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v Ham nic don vi

v Ham déc

v Ham xung luc

v Ham sin

. v Ham tudn hoan

4 PHAN TU MACH PIEN
v Phén tir thy dong

 Phin tir tac dong

4 MACH DPIEN

v Mach tuyén tinh

\ Mach bat bién theo thoi gian

\ Mach thuan nghich

\ Mach tép trung

© MACH TUONG DPUONG
\ Cuén day

\ Tu dién

\ Ngudn doc 1ap

Ly thuyét mach 13 mot trong nhitng moén hoc co s& ciia chuyén nganh Dién t-Vién
thong-Ty dong hoa.

Khong giéng nhu Ly thuyét treong - 13 moén hoc nghién ciru cac phan tir mach dién
nhu tu di€n, cudn day. . . d¢ giai thich sy van chuyén bén trong ctia chiing - Ly thuyét mach
chi quan tdm dén hi¢u qué khi cac phan tir nady ndi lai véi nhau dé tao thanh mach dién (hé
thong).

Chuong nay nhéc lai mot s6 khai niém co ban ctia mén hoc.
1.1 DANG SONG CUA TIiN HIEU

Tin hiéu 1a sy bién ddi cia mot hay nhiéu thong s6 clia mot qué trinh vat ly nao do
theo qui luat cua tin tuec.

Trong pham vi hep ctia mach dién, tin hiéu 14 hiéu thé hoic dong dién. Tin hiéu co thé
c6 tri khong doi, vi du hi€u thé ciia mot pin, accu; c6 thé co tri s thay doi theo thoi gian, vi
du dong dién dac trung cho am thanh, hinh anh. . . .

Tin hi¢u cho vao mot mach dugc goi 1a tin hi€u vao hay kich thich va tin hi¢u nhan
dugc ¢ nga ra cia mach la tin hiéu ra hay dap wng.

Nguoi ta dung cac ham theo thoi gian dé mo ta tin hiéu va dudng biéu dién cua chung
trén hé truc bién d¢ - thoi gian dugc goi 1a dang song.

Duéi day 1a mot so ham va dang song ciia mot so tin hiéu pho bién.
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1.1.1 Ham mi (Exponential function)

v(t) = Ke" K , ¢ 1a cac hang sb thuc.
(H 1.1) 1a dang séng ciia ham mil voi céc tri 6 khac nhau

G<0 9O
G=0 K
G=0
t
(H1.1)

1.1.2 Ham néc don vi (Unit Step function)

1, t>a
ut-a)=
0, t<a
DAy 1a tin hiéu ¢4 gia trj thay doi dot ngot tir 0 1én 1 & thoi diem t = a.
(H 1.2) 1a mot s6 truong hop khac nhau ciia ham nac don vi

1 wit) 1loo.s Wit-a) 1 [altai-air-b)
0 t 0 2 t a0 Bt
(a) (b) (c)
(H1.2)

Ham nic u(t-a) nhan v6i 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 hi¢u dbc don vi.
r(t) = [ u(x)dx
Néu ta xét tai thoi diém t=0 va mach khong tich trir ning luong trude do thi:
r(t) = [ u(x)dx +u(0) voi u(0) = [ u(dx =0

Dua vao két qua trén ta c6 dinh nghia cua ham déc don vi nhu sau:

r(t-a):{t , t>a

0, t<a
(H 1.3) 1a dang song cua r(t) va r(t-a)

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

Ham ddc r(t-a) nhan v6i hé s6 K cho ham Kr(t-a), dang song 1a dudng thang c6 d6 doc
K va gép truc t ¢ a.

1.1.4 Ham xung luc (Impulse function)

Cho tin hiéu nic don vi qua mach vi phan ta duoc tin hi¢u ra 1a mot xung luc don vi

du(t)

d(t) ot

(3(t) con dugce goi 1a ham Delta Dirac)

Ta thiy (t) khong phai 1a mot ham s6 theo nghia chit ché toan hoc vi dao ham cia
ham nic ¢o tri = 0 & t = 0 va khong xac dinh & t = 0. Nhung ddy 1a mot ham quan trong trong
ly thuyét mach va ta c6 thé hinh dung mot xung lyc don vi hinh thanh nhu sau:

Xét ham f(t) c6 dang nhu (H 1.4a):

lr(t), t € {0,3}

f1(t)= S
1 , t>0
fo(t)
folt) 5 ] 8(t)
10
s 1
1 1
3 bq
; o s i 055, 5, t of t
(b) () (d)
(H 1.4)
Ham fy(t) xac dinh béi:
df,(t)
fy(t) = —>~
o) ==

fo(t) chinh 1a do déc ctia fi(t) va = % khi (0< t <) va = 0 khi t > & (H 1.4b).

Véi cac tri khac nhau cta 8 ta c6 cac tri khac nhau cua fy(t) nhung phan dién tich gi6i
han gitra fy(t) va truc hoanh luén luén =1 (H 1.4c¢).
Khi 60, fi(t) > u(t) va fy(t) = o(t). i .
V@y xung lyc don vi dugc xem nhu tin hi¢u cé bé cao cuc 16n va bé rong cuc nhod va
dién tich bang don vi (H 1.4d).
Téng quat, xung luc don vi tai t=a, d(t-a) xac dinh boi:
1, t>a
[ s(tydt =
oo 0, t<a
Céac ham néc, déc, xung luc duge goi chung 1a ham bat thuong.
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1.1.5 Ham sin
Ham sin 1a ham kha quen thudc nén & day chi gidi thi€u vai ham c6 quan hé voi ham
sin.
< Ham sin tat dan:
v(t)=Ae°'sinot, t>0 va A 1a s6 thuc duong (H 1.5a)
4 Tich hai ham sin ¢6 tan so khac nhau
V(t)=Asinom,t.sinw,t (H 1.5b)

: Uﬂuﬁ : ﬂUﬂUﬂ”m”ﬂUﬂUﬂUﬂ |

(a) (H 1.5) (b)

=]

1.1.6 Ham tuin hoan khéng sin

Ngodi céac tin hiéu ké trén, ching ta ciing thuong gap mot sd tin hi¢u nhu: rang cua,
hinh vuéng, chudi xung. . . . dugc goi 1a tin hi¢u khong sin, co thé 13 tudn hoan hay khéng.
Céc tin hiéu nay c6 thé du’()’c dién ta boi mot to hop tuyén tinh ciia cic ham sin, ham mii va
cac ham bat thudng.

(H 1.6) m6 ta mot s ham tudn hoan quen thude

v
V V |
0 i 0 i O ‘ ‘ ‘i 0 i
(H 1.6)

1.2 PHAN TU MACH PIEN

Su lién hé gitra tin hi€u ra va tin hi€u vao cua mét mach dién tuy thudc vao ban chét
va do 16n cua cac phan tir ciu thanh mach dién va cach ndi véi nhau cua ching.

Ngudi ta phin cac phan tir ra lam hai loai:

< Phan tir thy dong: 13 phan tir nhan ning luong ciia mach. N6 c6 thé tiéu tan ning
luong (dudi dang nhiét) hay tich trit nang luong (dudi dang dién hodc tr truong).

Goi V(t) 12 hiéu thé hai dau phan tir va i(t) 1a dong dién chay qua phéan tir. Nang lugng
cua doan mach chira phﬁn tr xac dinh boi:

W(t) = j v(t).i(t)dt

- Phan tr 13 thu dong khi W(t) > 0, nghia 1a dong dién di vao phan tir theo chiéu giam
cua dién theé.
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Dién tr6, cudn day va tu dién 1a céc phén ti thy dong.
< Phan tir tac dong: la phan tr cap nang luong cho mach ngoai. Nang lugng cua
doan mach chira phan tir W(t)<0 va dong dién qua phan tir theo chiéu ting ctia dién thé.

Cac nguon cap dién nhu pin , accu va cac linh kién ban dan nhu transistor, OPAMP la
céc thi du ctia phan tir tic dong.

1.2.1 Phan tir thu dong

1.2.1.1 Dién trér

- Ky hiéu (H 1.7)

- Hgé thirc: v(t) = R. i(t)

- Hay i(t) = G.v(t)

- Véi G=1/R (goi la dién dan)
Pon vi cua dién tr¢ 1a QQ (Ohm)

Va cua dién dan 1a Q' (doc 1a Mho)

- Nang lugng: W(t) = [ v(t)i(tdt = [ Ri(t)ydt >0

+

ity i (tjl

(H17)

1.2.1.2 Cudn day

+ 1it)
+ o
oit) f(ﬂl L it C) %L
) - i(fy)

(a) (b)

(H 1.8)

- Ky hiéu (H 1.8a)

- H¢ thtrc: v(t) = ai®)

- Hay ()= [ vityat
L —0

Pon vi ciia cudn day 1a H (Henry)

Do cudn day 1a phan tir tich trir nang luong nén ¢ thoi diém to nao d6 c6 thé cudn day
da trit mot nang lugng tir truong tng vai dong dién i(to)
Bicu thirc viét lai:

it) :%fov(t)dt +i(t,)

Va mach tuong duong ctia cudn day dugc vé lai & (H 1.8b)
4 Nang lugng tich trit trong cudn day:
W(t) = j v(t).i(t)dt

Thay v(t) = Ldl—(t)

W(t) = L}Li(t)di - %Li(t)z]‘_ = %Li(t)z >0 (vi i(-00)=0)
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1.2.1.3 Tu dién
+ iit)
e Dlty)
o) f(t)l::(: L)
_ = C
(a) (H 1.9) (b)
- Ky hidu (H 1.9a)
_Hethe: i) =c IV
dt
1t .
- Hay v(t) = < Lol(t)dt

Pon vi cua tu dién 1a F (Farad)

Do tu dién 13 phan tir tich trit ning luong nén ¢ thoi diém to nao do6 c6 thé nod da trix
mét nang luong dién truong ing voi hicu thé v(to)

Biéu thirc viét lai:

v(t) = ELO i(t)dt +v(t,)
Va mach tuwong duong cua tu di¢n dugc vé nhu (H 1.9b)

4 Nang lugng tich trit trong tu dién

W(t) = j v(t).i(t)dt

Thay i(t) = ¢ (V)

- J' Cvtgav =T cwv?1. = 0w 0 i ve0)

Cha y: Trong cac h¢ thirc v-i cua cac ph?m tir R, L, C néu trén, néu ddi chiéu mot trong hai
luong v hoac i thi hé thirc doi dau (H 1.10): v(t) = - R.i(t)

1] Jo ]

E) f(t)l K vit) f(tﬂ R

T N
(H 1.10)

1.2.2 Phan tir tac dong

O day chi dé cap dén mot sd phan tir tac dong don gian, d6 14 cac loai nguon.
Nguon 13 mot phan tir ludng cuc nhung khong c¢6 mdi quan hé truc tiép giita hiéu thé v ¢ hai
dau va dong dién i di qua ngudn ma sy lién hé nay hoan toan tily thudc vao mach ngoai, do d6
khi biét mot trong hai bién sb ta khong thé xac dinh duoc bién sb kia néu khong ré mach
ngoai.
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1.2.2.1 Nguon djc lap

La nhimg phan tir ma gié tri cia n6 doc lap ddi v6i mach ngoai

- Nguon hiéu thé doc 1ap: c6 gia tri v 1a hang sb hay v(t) thay doi theo thoi gian. Ngudn hiéu
thé c6 gia tri bang khong tuong duong mot mach noi tat

- Nguon dong dién doc 1ap: co gia tri i 1 hang sd hay i(t) thay d6i theo thoi gian. Ngudn
dong dién co gia tri bang khong twong dwong mét mach hé

T +
o *) io(]) oo

(H1.11)
1.2.2.2 Ngudn phu thudc

Nguén phu thudc ¢ gia tri phy thudc vao hiéu thé hay dong dién ¢ mot nhanh khac
trong mach. Nhitng ngudn nay dac bit quan trong trong vi¢c xay dung mach tuong duong
cho cac linh kién dién ta.

C6 4 loai ngudn phy thudc:
- Ngué)n hiéu thé phu thudc hi¢u thé (Voltage-Controlled Voltage Source, VCVS)
- Nguén hiéu thé phu thudc dong dién (Current-Controlled Voltage Source, CCVS)
- Ngué)n dong dién phu thudc hi¢u thé(Voltage—Controlled Current Source, VCVS)
- Ngudn dong dién phu thudc dong dién (Current-Controlled Current Source, CCCS)

+ + — +
1 _
(a)VCVS (b) CCVS
n — — —
13 5] 1y
£ 57 oy
()VCCS (d) CCCS

(H1.12)

1.3 MACH DIEN

Co hai bai toan vé mach dién:
- Phan giai mach dién: cho mach va tin hi€u vao, tim tin hi¢u ra.
- Tong hop mach dién: Thiét ké mach khi c6 tin hi¢u vao va ra.

Gi4o trinh nay chi quan tdm t&i loai bai toan thi nhat.
Quan h¢ gitra tin hi¢u vao x(t) va tin hi€u ra y(t) 1a moi quan hé nhan qua nghia la tin
hi€u ra ¢ hién tai chi tuy thudc tin hi€u vao ¢ qua khir va hién tai chir khong tuy thudc tin hiéu
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vao & tuong lai, noi cach khac, y(t) & thoi diém ty ndo d6 khong bi anh hudng cia x(t) ¢ thoi
diém t>t, .

Tin hi¢u vao thuong 1a cac ham thyc theo thoi gian nén dap tng cling 1a cac ham thuc
theo thoi gian va tuy thude ca tin hi¢u vao va dac tinh cia mach.

Du6i day 1a mot s6 tinh chat ctia mach dwa vao quan hé cua y(t) theo x(t).

1.3.1 Mach tuyén tinh

Mot mach goi la tuyén tinh khi tuén theo dinh luét:

Néu yi(t) va y2(t) lan luot la dap ung cua hai nguon kich thich doc 1ap véi nhau x,(t)
va x,(t), mach 1a tuyén tinh néu va chi néu dap tng d6i voi

x(t)= kixi(t) + koxa(t)
la y(t)= kiyi(t) + kaya(t) véi moi x(t) va moi k; va k.

Trén thuc té, cic mach thuong khong hoan toan tuyén tinh nhung trong nhiéu truong
hop su bt tuyén tinh khong quan trong va c6 thé bé qua. Thi du cac mach khuéch dai dung
transistor l1a cac mach tuyén tinh d6i v&i tin hiéu vao c6 bién do nho. Su bét tuyén tinh chi thé
hién ra khi tin hiéu vao lén.

Mach chi gdm céc phan tir tuyén tinh 13 mach tuyén tinh.

Thi du 1.1
Chtrng minh rang mach vi phan, dic trung béi quan hé giita tin hiéu vao va ra theo hé

thirc:
y(t) = d)d(it) 12 mach tuyén tinh
Giai
Goi  yi(t) la dap ing dbi véi x;(t): y,(t) = d);l(t)
Goi  ya(t) 1a dap tng d6i voi  xa(t): y,(t) = dt(t)

Voi  x(t)= kixi(t) + ks xo(t) dép tmg y(t) la:
(o) = dx(t) Ly ) dxa(h

dt dt
y(t)= lel(t)+ koya(t)
Vay mach vi phan 1a mach tuyén tinh

1.3.2 Mach bit bién theo thoi gian (time invariant)

Lién hé gitta tin hi€u ra va tin hi¢u vao khong tuy thudc thoi gian. Néu tin hiéu vao tré
to gidy thi tin hiéu ra ciing tré t, gidy nhung d6 16n va dang khong doi.

Mot ham theo t tré to gidy twong Gng v&i dudng biéu dién tinh tién ty don vi theo chiéu
duong cta truc t hay t duoc thay thé boi (t-to). Vay, ddi véi mach bat bién theo thoi gian, dép
g d6i véi x(t-to) 13 y(t-to)

Thi du 1.2 o
Mach vi phan ¢ thidu 1.1 1a mgch bat bién theo thoi gian
Ta phai chting minh dap ung doi voi x(t-to) 1a y(t-to).

That vay:
it —tg) _dx(t=to) dlt—to) _ (i,
dt d(t -t,) d(t)
Nguyén Trung Lap LY
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N Pé minh hoa, cho x(t) c6 dang nhu (H 1.13a) ta duge y(t) 6 (H 1.13b). Cho tin hi¢u
vao tre (1/2)s, x(t-1/2) (H 1.13c¢), ta dugc tin hiu ra cling tré (1/2)s, y(t-1/2) dugc vé & (H
1.13d).

x(B)] y(t)]
== 1
o 1 t o 1 t
(a) (b)
x(t-1/2) y[t;nz)

0[1/2 242 i 0] 1/2 242 t

(c) (d)
(H1.13)

1.3.3 Mach thuin nghich
Xét mach (H 1.14)

- A .
Vi Mach i Ay Mach Vi

(H 1.14)

Néu tin hiéu vao & cip cuc 1 13 v; cho dép tmg & cip cuc 2 1a dong dién nbi tit i, . Bay
gi0, cho tin hi€u v; vao cap cuc 2 dap ing ¢ cap cuc 1 1a i’,. Mach c6 tinh thuan nghich khi
i,2:i2.

1.3.4 Mach tap trung
Céc phan tir c6 tinh tap trung khi c6 thé coi tin hiéu truyén qua né tic thoi. Goi i 1a
dong dién vao phan tir va i, 1a dong dién ra khoi phan tir, khi i;= i; v&i moi t ta ndi phan tir ¢o6
tinh tap trung.

i+ | Phantlr [p—>»
(H 1.15)

Mot mach chi gdm cac phan ti @p trung [a mach tap trung..

V6i mot mach tap trung ta c6 mot s diém hiru han ma trén d6 c6 thé do nhiing tin
hiéu khac nhau.

Mach khong tap trung 1a mot mach phan tan. Day tmyén song 1a mot thi du cia mach
phén tan, n6 twong duong voi cac phan tir R, L va C phan bd déu trén day. Dong dién truyén
trén day truyén song phai tré mat mot thoi gian dé dén nga ra.

Nguyén Trung Lap LY
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1.4 MACH TUONG PUONG

Céc phan tir khi cdu thanh mach dién phai dugc biéu dién béi cac mach twong dwong.
Trong mach tuwong duong c6 thé chira cac thanh phan khac nhau
Dud¢i day 1a mot s6 mach tuong duong trong thuc té€ ctia mdt so phan tur.

1.4.1 Cudn day

L

(H 1.16)
Cuon day ly tuong dugc dédc trung boi gia tri dién cam cua nd. Trén thuce t€, cac vong
day co dién tro nén mach tuong duong phai mac nbi tiép thém mot dién trd R va chinh xac
nhat can ké thém dién dung cta cic vong diy nam song song voi nhau

1.4.2 Tu dién

— — &=k —C=R,

(a) (b) (©)
H 1.17)

(H 1.17a ) 1a mot tu dién 1y tudng, néu ké dién tré R, cua 16p dién moi, ta c6 mach
tuong (H 1.17b ) va néu ké ca dién cam tao bdi cac 16p dan dién (hai ma cua tu di€n) cuon
thanh vong va dién trd cua day nodi ta c6 mach tuong ¢ (H 1.17¢)

1.4.3 Ngudn doc lap co gia tri khong doi
1.4.3.1 Ngudn hiéu thé

Nguén hiéu thé d& cip dén & trén 13 ngudn 1y tuong.

Goi v 1a hiéu thé cua nguén, Vo 12 hiéu thé gitia 2 dau cua nguén, noi ndi véi mach
ngoai, dong dién qua mach 13 iy (H 1.18a). Néu 1a ngudn 1y tuong ta ludn ludn c6 vy = v khong
d6i. Trén thuc té, gia tri Vo giam khi io tang (H 1.18c¢); diéu nay c6 nghia 1a bén trong ngudn cd
mot dién tré ma ta goi la nodi tré cuia nguén, dién tré nay da tao mot sut ap khi c6 dong dién
chay qua va sut ap cang 16n khi iy cang 1én. Vady mach tuong dwong ciia ngudn hiéu thé co
dang (H 1.18b)

Nguyén Trung Lap LY
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P ——r— T e
i, T ’
o Ct) % v _—___—__——————___
—: » I-D
(a) (b) (©)

(H 1.18)
1.4.3.2 Nguon dong dién
Tuong tw, ngudn dong dién thuc té phai ké dén néi tré cua ngudn, mic song song véi

ngudn trong mach tuong duong va dién tré nay chinh 1a nguyén nhan 1am giam dong dién
mach ngoai iy khi hi€u thé vy ctia mach ngoai gia tang.

I u
—+ e

Iy + fil i + fn
IO O f
- o Y U
(H1.19)

BAI TAP
oo --

1. V& dang song cuia cac tin hi¢u mo ta boi cac phuong trinh sau day:

10
a. Y 5(t—nT) voi T=ls

b. u(t)sinz?ﬂt va u(t-T/Z)sinz?ﬂt
c. r(t).u(t-1), r(t)-r(t-1)-u(t-1)

2. Cho tin hi¢u c¢6 dang (H P1.1).

Hay dién ta tin hiéu trén theo cac ham:
a. u(t-a) va u(t-b)

SR b. u(b-t) va u(a-t)

c. u(b-t) va u(t-a)

(HPL1)

3.Viét phuong trinh dang séng cua céc tin hi¢u khong tuan
hoan ¢ (H P1.2) theo tap hop tuyen tinh cua cac ham bat thuong (nac, doc), sin va cac ham
khac (né€u can)

Nguyén Trung Lap LY
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Xl:tj"

10}~ xith
K.

0 Sy

1 2 3 4 a9t

0 1 b

A0 m m e

(a) (b)
(HP1.2)

4. Cho tin hi¢u c6 dang (H P1.3)

®(ts

o I1
A AN
0 1 EUS 4 5 eU? 8 tia)
tﬂi— T — t

(H P1.3) (HP1.4)

a. Viét phuong trinh dang song cta céc tin hiéu theo tip hop tuyén tinh cta cic ham sin va

cac ham nic don vi.
b. Xem chudi xung c6 dang (H P1.4)
Chudi xung nay ¢ dang cua cac cong, khi xung 6 gia tri 1 ta n6i cong mé va khi tri nay =0
ta noi cong dong.
Ta c6 thé dién ta mot ham cong mé & thoi diém to va kéo dai mot khoang thoi gian T bang
mot ham cong c6 ky hiéu:

[T, . = utt —to)-u(t —t, - T)

Thir dién ta tin hiéu (H P1.3) bang tich ctia mdt ham sin va cac ham cong.

04

5. Cho y kién vé tinh tuyén tinh va bét bién theo t ctia cac tin hiéu sau:

a. y=x
dx
b y=t2X
YT
o vex X
YT

6. Cho mach (H P1.6a) va tin hi¢u vao (H P1.6b)

Tinh dap ung va v& dang song cua dap ung trong 2 truong hop sau (cho vc(0) = 0):

a. Tin hiéu vao x(t) la ngu6n hiéu thé Ve va dap umg la dong dién ic.

b. Tin hiéu vao x(t) 1a ic ngudn hiéu thé va dap ung la dong dién vc.

Bang dudi day cho ta dir ki¢n cua bai toan trng voi cac (H Sa, b, c...) kém theo. Tinh dap Gng
va v€ dang song cua dap ting

— ([t
+-£ Elt) (1) N
u  3F 2 /v\ A
012 3 4 ¥ ol T 2 2 4 i
(a) (b) (©)
(H P1.6)
Nguyén Trung Lap LY
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Chuong 1 Nhirng khai ni€ém co

ban - 13
—_— =t
it
+ L 2 _______________
o it %H% )
; 0] 1 2 3 4 t
(@) (b) (©)
x(t:'u.
2 L -
®(t) R
3 /\/\ o 1 2 3] |4 ¢t 1F-5
o 1234 ¢ T G f
(d) (e) ®
(HPL.5)
Cau Mach hinh Kich thich x(t) Dang song Dép ung

a a Ve d Ic

b a Vc f iC

C a ic C Ve

d a ic d Ve

e b VL c i

f b Vi, d iL

g b iL € VL

h b iL f VL
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chwong 2 Dinh luat va dinh ly mach 1

dién -

# CHUONG 2

PINH LUAT VA PINH LY MACH PIEN

% PINH LUAT KIRCHHOF

% PIEN TRO TUONG PUONG

% PINH LY MILLMAN

# PINH LY CHONG CHAT

#% PINH LY THEVENIN VA NORTON

# BIEN POI 'Y & A (PUNH LY KENNELY)

Chuong nay dé cap dén hai dinh luat quan trong 1am co s& cho viéc phan giai mach,
do 1a céc dinh luat Kirchhoff.

Chuing ta cling ban dén mot s dinh 1y vé mach dién. Viéc ap dung cac dinh 1y nay
gilip ta giai quyét nhanh mot sd bai toan don gian hodc bién d6i mot mach dién phic tap
thanh mdt mach don gian hon, tao thuan lgi cho viéc ap dung cac dinh luat Kirchhoff dé giai
mach.

Trude hét, d& don gian, ching ta chi xét dén mach gom toan dién tré va cac loai
ngudn, goi chung 13 mach DC. Céac phuong trinh dién ta cho loai mach nhu vay chi 13 cac
phuong trinh dai sé (Pdi v6i mach c6 chira L & C, ta can dén cac phuong trinh vi tich phéan)

Tuy nhién, khi khao sat va ing dung cac dinh 1y, chiing ta chi cht y dén céu tric cua
mach ma khong quan tim dén ban chit cua cac thanh phan, do d6 cac két qua trong chuong
nay ciing ap dung duoc cho cac trudong hop tong quat hon.

Trong cac mach DC, dép tmg trong mach luon ludn c6 dang giéng nhu kich thich, nén
dé don gian, ta dung kich thich 1a cac ngudn doc 1ap cé gia tri khong doi thay vi la cac ham
theo thoi gian.

2.1 dinh luat kirchhoff

Mot mach dién gdm hai hay nhiéu phan tir ndi voi nhau, cac phan tir trong mach tao
thanh nhitng nhanh. Giao di€ém cua hai hay nhi€u nhanh dugc goi la nat. Thuong nguoi ta coi
nut 1a giao diém cua 3 nhanh tr¢ nén. Xem mach (H 2.1).

E4
L

vt CD ——cC N

(H2.1)
- Néu xem mdi phan tir trong mach 1a mot nhanh mach nay gdm 5 nhanh va 4 nut.
- Néu xem ngudn hiéu thé ndi tiép véi R 1a mot nhanh va 2 phan tr L va R, 1a mot
nhanh (trén cac phan tir nay c6 cing dong dién chay qua) thi mach gdm 3 nhanh va 2 nt.
Cach sau thuong duogc chon vi gitip viéc phan giai mach don gian hon.

Nguyén Minh Luan KY THUAT
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2 Chuwong 2 Dinh luat va dinh ly mach
dién -

Hai dinh luét co ban 1am nén tang cho viéc phan giai mach dién la:

2.1.1. Pinh luit Kirchhoff vé dong dién : ( Kirchhoff's Current Law,
KCL)

Tong dai s6 cac dong dién tai mdt nut bing khong .
2.i;=0 1)
j

Ij 1a dong dién trén cac nhanh gap nut j.
Vi qui udc: Dong dién roi khoi nat c6 gia tri &m va dong dién hudng vao nut co6 gia
tri duong (hay nguoc lai).

9 (H2.2)
Theo phat biéu trén, ta c6 phuong trinh ¢ nat A (H 2.2):
) i1+i2-i3’+i4:0 ) (2.2)
Néu ta qui udc dau nguoc lai ta cling dugc cung két qua:
-il-iq2+’i3-i4:0 (2.3)
Hoac ta c6 thé viét lai:
i3=i1+i,+1ia (2.4)

Va tur phuong trinh (2.4) ta c6 phat biéu khac ciia dinh luat KCL:

Téng cac dong di¢n chay vao mdt nit bang tong cac dong dién chay ra khéi nut
do.
Dinh luat Kirchhoff vé dong dién 13 hé qua ctia nguyén 1y bao toan dién tich:

Tai mdt nut dién tich khong dwoe sinh ra ciing khong bi mit di.

Dong dién qua mot diém trong mach chinh 1a lugng dién tich di qua diém d6 trong
mdt don vi thoi gian va nguyén ly bao toan dién tich cho rang luong dién tich di vao mot nit
ludn ludn bang lugng dién tich di ra khoi nut do.

2.1.2. Pinh luat Kirchhoff vé dién thé: ( Kirchhoff's Voltage Law, KVL).

Tong dai so hiéu thé ciia cic nhanh theo mdt vong kin bing khong

D V() =0 2.5)
K

bé ap dung dinh luat Kirchhoff vé hiéu thé, ta chon mdt chiéu cho vong va dung qui
wéc: Hiéu thé co dau (+) khi di theo vong theo chidu giam cua dién thé (tc gip cuc duong
trudc) va nguoc lai.

Dinh luat Kirchhoff vé hiéu thé viét cho vong abed cua (H 2.3).

Nguyén Minh Luan KY THUAT
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chwong 2 Dinh luat va dinh ly mach 3

-V +Vya-v3=0

(H2.3)

Ta ciling c6 thé viét KVL cho mach trén bang cach chon hiéu thé gita 2 diém va xac

dinh hiéu thé d6 theo mot dudng khac cta vong:
V1= Vba = Vet Vea = V2 - V3

Dinh luat Kirchhoff vé hiéu thé 1a hé qua ctia nguyén 1y bao toan ning lugng: Céng
trong mdt dwong cong kin bang khong.

Vé trai ciia hé thuc (2.5) chinh 1a cong trong dich chuyén dién tich don vi (+1) doc
theo mot mach kin.

Thi du 2.1.
Tim ik va vy trong (H2.4)

oT —~
f“\b?/

& :
\_J 112 .

!

2500

/

/cLJSh 6 ,c&."’*

(H2.4)

Giai: ‘

Ap dung KCL lan lugt cho cac chonuta, b, ¢, d
—i1—1+4:0 = i1:3A
-2A+i1+i2=0 = i2=-1A
-i3+3A-i,=0 = i;=4A
ix+is+1A=0 = ix=-5A

Ap dung dinh luat KVL cho vong abed:

-V -10+vy-v3=0
Véi V2:5i2:5.(-1):-5V

V3=2 i3:2.(4) =
= Vy=-10-5-8= -23V

*Trong thi du trén , ta c6 thé tinh dong iy tir cac dong dién & bén ngoai vong abed dén
cac nut abcd.
Xem vong abed dugc bao boi mot mat kin ( v€ nét gian doan).

Dinh luat Kirchhoff tong quat vé dong dién c6 thé phat biéu cho mit kin nhu sau:
Tong dai s6 cac dong dién dén va roi khéi méit kin biang khéng.

V6i qui woc ddu nhu dinh luat KCL cho mt nat.

Nhu vay phuong trinh dé tinh iy 1a:

Nguyén Minh Luan KY THUAT
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4 Chuwong 2 Dinh luat va dinh ly mach
dién -

-ik-4+2-3=0
Hay ix=-5A
Dinh luat ¢ thé dugc ching minh dé dang tir cac phuong trinh viét cho cac nit abed
chura trong mit kin c6 dong dién tir cac nhanh bén ngoai dén.

Thi du 2.2:

L va R trong mach (H 2.5a) dién ta cudn léch ngang trong TiVi néul =5H,R=1Q
va dong dién c6 dang song nhu (H 2.5b). Tim dang séng cta ngudn hiéu thé v(t).

it 4
i oEL=sH )
. i
A JR R=1{2 ! .
- 0 5 6 1T 12 Ttie)
(a) (b)
(H 2.5)
Giai:
Pinh luat KVL cho :
-V(t) +VRr(t) FVL(t)=0 (1)
hay V(t)=VR+VL(t)=Ri(t)+ delj—(tt)
Thay tri sé cua R va L vao:
5 di(t)
vi(t 2
L) = d " (2)
vr()=1.i(t) 3)
Vi v(@©=i+ 5—d;(tt) ()

Dua vao dang song ctia dong dién i(t), suy ra dao ham cua i(t) va ta vé dugc dang song
cua vi(t) (H 2.6a) va v(t) (H 2.6b) tir cac phuong trinh (2), (3) va (4).

Uity Uitiy
2 / /
1 1
s 6 11 [12 A s 6 11 12 t
5 L | L
(a) (H 2.6) (b)
Nguyén Minh Luan KY THUAT
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Chwong 2 Dinh luat va dinh ly mach 5

dién -
2.2 Dién tro twong duwong

. Hai mach goi la trong dwong v6i nhau khi nguoi ta khong thé phan biét hai mach nay
bang cach do dong dién va hi¢u thé ¢ nhimg déu ra cta chiung. ’
Hai mach ludng cuc A va B ¢ (H 2.7) tuong duong néu va chi néu:

i, =1p v&i moi nguon Vv

Ta—y Iy

(H2.7)

Dudi day la phat biéu vé khai niém dién trd twong duong:

Bat cir mot lwong cuc nao chi gom dién tré va nguon phu thugc deu twong dwong
voi mot dién tré.

bién tré tuong duong nhin tir hai dau a & b cua mot ludng cuc duge dinh nghia:

%
Ry= |_ (2.6)

Trong d6 v 12 ngudn bt ky ndi vao hai dau ludng cuc.

a a
TF BPign e TF
o et Va Nguén o Red
: rhu thude
v] Ryt v]
(H2.8)

Thi du 2.3: . ) .
Mach (H 2.9a) va (H 2.9b) la cau chia dién thé va cau chia dong dién. Xac dinh cac
dién thé va dong dién trong mach.

R4
At

Tt o T

wit) C’) Uae Ky i (D K1 Fg

(a) (H2.9) (b)
Giai:
a/ (H 2.9a) cho
V=Vi+V, =Ry i+R2 i= (R] +R2)i

= th:.X:Rl"'RZ
|

Tur cac két qua trén suy ra : i =

Nguyén Minh Luan KY THUAT
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Chuwong 2 Dinh luat va dinh ly mach

dién -
= vi=R,i = R, v va V,=Ryi = R, v
R, +R, R, +R,
b/ (H 2.9b) cho
=i+ | ha v_ v,V
1 ’ Y Rté R1 RZ
1 1 1
= _— =t — hay Gu =Gt G
Rté R1 R2
Tir cac két quéa trén suy ra: vV = ;i
G,+G,
= i1 =Gv= G1 = R2 i va i2:G2V: G2 i = R1 |
G, +G, R/ +R, G, +G, R/ +R,
Thi dy 2.4: ‘
Tinh Ry ctia phan mach (H 2.10a)
1;1.-"'3 I-1-"'I3
=] =8
TI' 20 1_1' 20
iy + R iy v(3)
. i
b b
(a) (b)
(H2.10)
Giai:

Mic ngudn hiéu thé v vao hai ddu a va b nhu (H2.10b) va cha y i = iy.

Pinh luat KCL cho

. 1. . 2.
h=L+ =, = 3= =l

3

Hiéu thé giita a &b chinh 14 hiéu thé 2 dau dién tré 3Q

V=3i3=2i1=2i

=

2.3. dinh ly Millman

Dinh 1y Millman gitip ta tinh duoc hiéu thé hai dau cia mot mach gém nhiéu nhanh
mic song song.

Xét mach (H 2.11), trong d6 mot trong cac hiu thé Ve = V, - Vi (s =1,2,3 ) ¢6 thé
triét tiéu.

El

5] ! Uy
fil 1 le 2 1'31 3
Ry Ky Ka
b
(H 2.11)

Dinh Iy Millman ap dung cho mach (H 2.11) duoc phat biéu:

Nguyén Minh Luan
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Chuwong 2 Dinh luat va dinh ly mach

D V.-G,
SZGS

Véi Gy = Rila dién dan & nhanh s.

S

Vab = (27)

Chirng minh:
Goi Vg, 1a hiéu the hai dau cua Rg: Vsb = Vap - Vas
Dong dién qua Rg:

. Y \Y \Y

|s — sb — ab (Vab _ )G

S
Tainltb : Zis=0

S
Hay VabZGs = ZvasGs

Thi du 2.5
Dung dinh Iy Millman, xac dinh dong dién i, trong mach (H 2.12).
102 a 0562
—
1'21
v 50 64V
=]
(H2.12)
8,64
, 1 05 8+1238
taco Vp= = 16
1+-+2 —
5
Vab = 6,5V
Vay Ih= 6?5 =1,3A

2.4. Dinh Iy chong chit ( superposition theorem)

Dinh 1y chong chat 1a két qua cua tinh chét tuyén tinh ciia mach: Pap tng ddi véi
nhiéu nguén doc 1ap la tong s6 cac dap ung doi voi moi ngudn riéng I¢. Khi tinh dap tmg doi
v6i mot ngudn doc 1ap, ta phai triét tiéu cac ngudn kia (N6i tat nguodn hi¢u the va dé ho ngudn

dong dién, tirc cit bo nhanh co ngudn dong dién), riéng ngudn phu thudc van giit nguyén.

Thi du 2.6 ’
Tim hiéu thé v, trong mach (H 2.13a).

Nguyén Minh Luan KY THUAT
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8 Chuwong 2 Dinh luat va dinh ly mach

dién -
40 40
Ul N I U'.l g 1 4@ +|| :
~ 6{2%?2 ] _ﬂ:: 60272 54 s
() (b) (c)
‘ v (H2.13)
- Cho nguon i3 = 0A (d€ hd nhanh chira nguon 3A), ta c6 mach (H 2.13b):

V= 6 v, = 1,8V (dung cau phan thé)
b r U 4 + 6 N
- Cho nguon vy = 0V (noi tat nhanh chtra nguon 3V), mach (H 2.13c¢).
Dong dién qua dién tré 6Q2: 6;44 2=0,8A (dung cau phan dong)
+
Vi =-08x6=-48V
Vay V=V +Vv', =18-48=-3V

Vo) = - 3V
Thi du 2.7 Tinh v, trong mach (H 2.14a).

30 20

liy A + I

C—D é 4 24 & CD (—) § 40 21y

s _ A il

(a) (b)

Giai:
- Cat ngudn dong dién 3A, ta c6 mach(H 2.14b).
_2_1,
4 2
. ’i3=2i1=1A—)’V'2=2-3i3=-1V
- Noi tat nguon hiéu theé 2 V, ta ¢c6 mach (H 2.14c).
Dién trs 4Q bi ndi tit néni; =0 A
Vay i3=3A=Vv",=-3x3=-9V
Véy V2:V'2+V"2:-1-9:-10V

I

Nguyén Minh Luan
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chwong 2 Dinh luat va dinh ly mach 9
dién -

2.5. Dinh ly Thevenin va Norton

Binh 1y nay cho phép thay mot phin mach phirc tap bang mot mach don gidn chi
gom mot nguon va mot dién tré.

Mot mach dién gia sir dugc chia lam hai phﬁn (H2.15)

y &
Mach A T
tuydr tinh a4 Mach B
=]
(H2.15)

binh ly Thevenin va Norton ap dung cho nhiing mach théa cac diéu kién sau:
* Mach A 1a mach tuyén tinh, chira dién tro va ngudn.
* Mach B ¢6 thé chtra thanh phan phi tuyén.

* Ngudn phu thudc, néu co, trong phan mach nao thi chi phu thudc cac dai lugng nam
trong phan mach do.

Dinh 1y Thevenin va Norton cho phép chung ta s& thay mach A bang mdt ngudn va
mot dién tré ma khong lam thay d6i hé thure v - i & hai cuc a & b cua mach .

Trudc tién, dé xac dinh mach tuong duong cia mach A ta 1am nhu sau: Thay mach B
bai ngudn hiéu thé v sao cho khong c6 gi thay ddi & ludng cuc ab (H2.16).

i,a
A Qf)ﬂ
w]
’ ‘ , (H2.16)
Ap dung dinh 1y chong chat dong dién i c6 thé xac dinhbdi:

=10+ (2.8)
Trong do6 i; la dong dién tao bdi nguon va mach A da triét tiu cac nguodn doc lap

(H2.17a) va is 1 dong dién tao boi mach A véi ngudn v bi nbi tat (short circuit, sc) (H2.17b).

i1 & fse A
A A
Thu déng v Téc déng
b
(a) (H2.17) (b)
- Mach thy dong A, tuong duong véi dién tré Ry, goi 1a dién tré Thevenin, xac dinh
boi:
. Y,
= — (2.9)
Rth
Thay (2.9) vao (2.8)
i=- 4 (2.10)
th
Nguyén Minh Luan
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10 Chuwong 2 Dinh luat va dinh ly mach
dién -

Hé thirc (2.10) dién ta mach A trong trudng hop tong quat nén nd dung trong moi
truong hop. i
Truong hop a, b d€ ho (Open circuit), dong i = 0 A, phuong trinh (2.10) thanh:

0= - Voc + isc
th
Hay  Voc =R . s (2.11)
Thay (2.11) vao (2.10):
V=-Ryp .1+ Vs (2.12)

H¢ thuce (2.12) va (2.10) cho phép ta vé cac mach tuong duong ctia mach A (H 2.18)
va (H 2.19)

e = -
Ein _ +
Uad v Tsc Egh @
(H2.18) (H2.19)

* (H 2.18) dugc vé tur hé thuc (2.12) dugc goi 1a mach twong duong Thevenin cua
mach A ¢ (H 2.15). Va ndi dung cta dinh 1y dugc phat biéu nhu sau:

Mot mach ludng cue A c¢6 thé dwge thay béi mét ngudn hi¢u thé v, ndi tiép véi
mot dién tré' Ry, Trong dé Ve 12 hiéu thé ciia ludng cue A dé hé va Ry, 1a dién tré nhin
tir ludng cue khi triét tiéu cac ngudn doc 1ap trong mach A (Giit nguyén cac ngudn phu
thudc).

Ry con duoc goi la dién tré tuong duong cia mach A thu dong.

* (H 2.19) dugc vé tur h¢ thue (2.10) dugce goi la mach tuong duong Norton ciia mach
A & (H 2.15). Va dinh Iy Norton dugc phét biéu nhu sau:

Mot mach ludng cuc A c6 thé dwoe thay thé béi mét ngudn dong dién i song
song voi dién tré' Reg,. Trong do is. 1a dong dién ¢ lwdong cuc khi noi tit va Ry, 1a dién tré
tuwong duwong mach A thu djng.

Thi du 2.8 o
V& mach tuong duong Thevenin va Norton cia phan nam trong khung cia mach
(H2.20).

1 1
: 0
| T
! .
; T4 Bl 20 P IR
| i
| 1
(.
(H 2.20)

Giai:
bé co mach tuwong duong Thevenin, ta phai xac dinh duoc Ry, va V..
0 Xac dinh Ry,
Ry 1a dién tréd nhin tir ab ctia mach khi triét tiéu nguon doc lap. (H 2.21a).

Nguyén Minh Luan KY THUAT
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dién -
Te (H 2.21a):
Ru=2+ X3 40
6+3
6V
200 d - a0 .
oo T
50 20 +— Ry A el 22 Toce
B 3
(a) (b)
(H2.21)

* Xac dinh vy

Voc 12 hiéu thé gitta a va b khi mach ho (H 2.21b). Vi a, b hd, khong c6 dong qua dién
tré 2Q nén V, chinh 1a hiéu thé V. Xem nut b 1am chuén ta c6

Vi=-6+tV.=-6+ Vg
b/L KCL ¢ nut b cho :

Voo, Ve =0 _pp

3 6

Suyrave, =6V

Vay mach tuong duong Thevenin (H2.22)

154 40

(H2.22) (H2.23)

DPé c6 mach tuong dpofng Nortgn, R, da c6, ta phai xac dinh ig.. Dong i,SC c,hinh la dong
qua ab khi nhanh nay no6i tat. Ta c6 thé xac dinh tir mach (H 2.20) trong do6 n6i tat ab. Nhung
ta cling c6 thé dung h¢ thirc (2.11) d€ xac dinh ig. theo Vo:

= Voo _ 6 =1,5A
Ry, 4
Vay mach tuong duong Norton (H 2.23)
Thi du 2.9
V& mach tuong duong Norton cua mach (H 2.24a).

ISC

21,

30 a
— + - oy ——
lf-l 112

104 40 60

(a)
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12 Chuwong 2 Dinh luat va dinh ly mach

214
302 a
e e
lf-l 112 .
104 40 60 foc |
=)
(b) (©)
(H 2.24)
Ta tim i tr mach (H 2.24c¢)
KCL & nat b cho:
i1=10-i2-i5c

Viét KVL cho 2 vong bén phai:
-4(10 - iy - i) - 21 + 61, =0

-6l +3i. =0
Giai hé thong cho ig. = 5A

Pé tinh Ry, & (H 2.24b), do mach c¢o6 chira nguén phu thudc, ta cé thé tinh béng cach ap
vao a,b mot ngudn v rdi xac dinh dong dién i, dé c6 Ry, = V/i ( dién tré tuong duong ).

Tuy nhién, ¢ day ta s€ tim vV, & ab khi a,b dé ho (H 2.25).

20
—{— + —t
11 It +
104 n o
40 60 oc
(H2.25)

Ta’C6 VOC = 6i2 .
Viét dinh luat KVL cho vong chira nguon phu thudc :

-4(10 - Iz) -2+ 6i,=0

Hay iz =5A
va Voc=6x5=30V
Viy Ry-Ye=0_gq
lSC
Mach tuong duong Norton:
=%
SA i

(H2.26)

Thi du 2.10: ‘
Tinh v, trong mach (H 2.27a) bang cach dung dinh ly Thevenin

Nguyén Minh Luan KY THUAT
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dién -
17311 1731y
I‘i y I-‘l I-4=|:| oy ]
g 1
b = ; by ==
¥ ¥ %,
GBIV v 10039, (v G U
(a) (b)
1/3iy
i v Ry
e[ Ay
l; He=l o+ 20
7! - i
0 — R‘th [ (_) e 100 éﬂn
© (H2.27) )

Pé c6 mach thy dong, ndi tit ngudn v, nhung van giit ngudn phy thudc 1/3 iy, ta co
mach (H 2.27c). Mach nay giong mach (H 2.10) trong thi du 2.4; Ry, chinh 1a R4 trong thi du
2.4.

. Rth =2Q
be tinh v, ta c6 mach (H2.27b)

Voe = V5 T Vy

V5:3i5

I4=0 A ( mach h¢ ) nén:

= L o A 20 =32 a6y
3 3 2 3 2 3 3

Voc =6V

Mach tuong duong Thevenin v€ & (H 2.27d).

i ve=—Ye 10-L10-5v

2+10 12

Vo=5V

2.6. Bién doi A - Y ( Dinh ly Kennely ).
Coi moOt mach gém 3 dién trd R,, Ry, Re ndi nhau theo hinh (Y), ndi v6i mach ngoai

tai 3 diém a,b,c diém chung O (H 2.28a). Va mach gém 3 dién trd Rap, Rue, Rea ndi nhau theo
hinh tam giac (A), ndi v6i mach ngoai tai 3 diém a, b, ¢ (H 2.28b).
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14 Chuwong 2 Dinh luat va dinh ly mach

(H2.28)
Hai mach A va Y tuong duong khi mach nay c6 thé thay thé mach kia ma khong anh
huong dén mach ngoai, nghia 1a cac dong dién iy, ip, i di vao cac nut a, b, ¢ va cac hiéu thé
Vab,Vbe, Vea gitta cdc nut khong thay ddi.
-Biéndéi A > Y 1a thay thé cac mach A bfing cac mach Y va nguoc lai.
Nguoi ta chimg minh dugc :

< Bién d6i Y > A:

_ R.R, + R R, + R.R,
R,

_ R.R, + R,R; + R.R,
Ra

_ R.R, + R,R, + R R,
Ry

Rab

(2.13)

be

ca

< Bién d6i A > Y:
Ry R
Ry + Ry + R

R, -R
R, = & * be (2.14)
Ry + Ry + R
Ric -Rea
Ry + Ry + R
Nén than trong khi 4p dung bién d6i A <> Y. Viéc ap dung dung phai cho mach tuong
duong don gian hon.

R.=

R =

Thi dy 2.11:
Tim dong dién i trong mach (H 2.29a).
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dién -

=1

d

i, A 0803

20 ﬁ 20 f

o

A c 2,40 140 088403

STo R 1o 10 g

d

(a) (b) (©) (d
(H2.29)

- Bién ddi tam giac abc thanh hinh sao, ta dugc (H 2.29b) véi cac gia tri dién tro:

Rl 22 _4 o
2+2+1 5
Ryr= 24_2_ 0,40
5 5
5 5
- bi¢n tré tuong duong gitra f va d:
14x24 _ 0,884 Q)
1,4+ 24

- Dién tr¢ gitta a va e:
Rac =0,8 + 0,884 +1 =2,684 Q
va dong dién i trong mach :
v v

- A
R, 2,684

2.7 Mach khuéch dai thuét toan ( Operation amplifier,
OPAMP)

Mot trong nhitng linh kién dién tir quan trong va thong dung hién nay 13 mach khuéch
dai thuat toan ( OPAMP ).

Céu tao bén trong mach s& dugc gi6i thi¢u trong mot giao trinh khac. O day chung ta
chi gi6i thiéu mach OPAMP duoc dung trong mét vai truong hop phd bién véi muc dich xay
dung nhimg mach tuong dwong ding ngudn phu thudc cho né tir cac dinh luat Kirchhoff .

OPAMP 1a mot mach da cuc, nhung dé don gian ta chi dé ¥ dén cac ngd vao va ngd ra
(bo qua cac cuc ndi ngudn va Mass...). Mach ¢ hai ngd vao (a) 1a ngd vao khong dao, danh
dau (+) va (b) 12 ngd vao dao danh dau (-), (c) 1a ngd ra.

Nguyén Minh Luan KY THUAT
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16 Chuwong 2 Dinh luat va dinh ly mach

11=ﬂ -
(&l 'B - + 1'35"E 0
) '? - (9]
n=

(H 2.30)

Mach c6 nhiéu dic tinh quan trong , & day ta xét mach trong diéu kién 1y tuong: i, va
i, dong dién & cac ngd vao bang khong (tlc tong tré vao ciia mach rat 1on) va hiéu thé gitta
hai ngd vao ciing bang khong .

Luu ¥ 13 ta khong thé dung dinh luat KCL tong quat cho mach (H 2.30) duogc vi ta da
bo qua mot s6 cuc do dd mac dui; =i, =0 nhung i3 # 0.

Mach OPAMP 1y tuéng c6 do loi dong dién — oo nén trong thuc té khi sur dung
ngudi ta luén ding mach hoi tiép.

Trudc tién ta xét mach c6 dang (H 2.31a), trong d6 R, 1a mach hdi tiép mic tir ngd ra
(c) trd vé nga vao dao (b), va mach (H 2.31b) 1a mach twong duwong .

(a) (b) (c)
(H2.31)

Dé v& mach tuong duong ta tim lién hé giira v, va v,.
Ap dung cho KVL cho vong obco qua v,

Ve T V2 - Vo =0
Hay  Vbe = Vbo - V2 = Vi - V2 (Vpo = V1)
Ap dung KCL ¢ nut b:
h_kh :£+—V1 _V2 =0
R R, R R,
. . R,
Giai phuong trinh cho: Vo=A, Vi VoI A, =1+ —=
]
Ta c6 mach twong duong (H 2.31b), trong d6 A, 13 do loi dién thé.
Xét :[rtr(‘)’ng hop dac biét R, =0Q va Ry =00, Ay=1vav, = Vi (Hﬂ2.3ﬁlc) mach khong
c6 tinh khuéch dai va dugc goi la mach dém ( Buffer ), c6 tac dung bién doi tong tro.

Mot dang khac cia mach OP-AMP vé ¢ (H 2.32a)
Ap dung KCL ¢ nga vao ddo.
V1 V2

Ve V2 g payv,=-Rey,
R R, R,

Ta théy V, c6 pha déo lai so véi v nén mach Quqc goi lé} mach dao. ’
Mach tuong duong v€ & (H 2.31b), dung ngudn hi¢u thé phu thudc hi¢u the .
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chwong 2 Dinh luat va dinh ly mach 17

dién -

Néu thay % =i, , ta dugc mach twong duwong (H 2.32¢), trong d6 ngudn hiéu thé phu
1
thudc hiéu thé da duogc thay bﬁing ngué)n hiéu thé phu thudc dong dién .

Ky
R
'_"5;1”“ 21— c L L
C R e B
(a) (b) (c)
(H2.32)
--000--
2.1. Cho mach (H P2.1)
Ry
W
5y
=}
T
v
1 '{}26"&\3; [
b
(HP2.1)

Ching minh: v3 = — R{% + %]
1 2

Luu y 13 v3 khong phu thude vao thanh phan mic ¢ a, b.
Pay 1a mot trong cac mach lam toan va c6 tén 1a mach cong.

2.2. Cho mach (H P2.2a)

Ry
2 = =
: &) 3 © f
_1, "
T : c
2 At b =
K2 B, 12v
] o
z @) 2 o2 4 20 30
gt
(H P2.2a) (H P2.2b)
Nguyén Minh Luan KY THUAT
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18 Chuwong 2 Dinh luat va dinh ly mach

dién -

Chtrng minh réng taluon cd: vi=v, va i =%i2
1

Vi bat ky thanh phan ndi vao b,d. 7

Ap dung két qua trén vao mach (H P2.2b) d¢ xac dinh dong dién i.

2.3. Tim dong dién i trong mach (H P2.3).

[2) 4] ek

2k

%5
2sin3000t

(H P2.3)
2.4. Cho mach (H P2.4)
a/ Tinh v,,.
b/ Ap dung bang s v; =3 V, v, =2V, R; =4KQ, R, = 3KQ, Ry=6KQ va R = IKQ.
2.5. (H P2.5) 1a mach tuong duong cua mot mach khuéch dai transistor.
Dung dinh 1y Thevenin hoic Norton dé xac dinh i,/i; (46 loi dong dién).

R h &y
1 - 2 J
R A
2 _ 4 ) I-bl _ 110
™ i Fyq 'BII:! Eao
™ ey w
‘ R i °
.l

(H P2.4) (H P2.5)

2.6. Cho mach (H P2.6a). Tim cac gia tri C va R, néu vi(t) va i(t) c6 dang nhu (H P2.6b) va (H
P2.6¢).

(a) (b) (c)
(H P2.6)

2.7 Tinh V1T(tt)) trong mach (H P2.7) va thir dit tén cho phan mach ndm trong khung ké nét
I1

gian doan.
2.8. Tinh Ry ctia (H P2.8).
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—

14it)
it

USR] S S (R —

(HP2.7), 7 (H P2.8)

2.9. Cho mach (H P2.9), tim dicu kién d€ v, = 0. ‘

2.10. Thay thé mach dién trong khung cua (H P2.10) bang mach tuong duong Thevenin sau
do tinh i,.

(HP2.9) (H P2.10)

2.11. Dung dinh 1y chong chat xac dinh dong i trong mach (H P2.11).
2.12 Tim mach tuong duong cia mach (H P2.12).

60 1202
12
=N - + =
e CT) - lf_l a
60 200 ag M a0
g
(HP2.11) (HP2.12)

2.13. Dung dinh ly Thevenin xac dinh dong i trong mach (H P2.14).
W 4

FT ) Ea
0 s CT s 403 °

+
4A
12v (1) 2030 ¥ an
. v

(H P2.13) (H P2.14)
2.14. Dung dinh ly Norton xac dinh dong i ciia mach (H P2.1).
2.15. Dung dinh 1y Norton ( hay Thevenin ) xac dinh dong i trong mach (H P2.16).

gkLa

Pl
4}L

1
IR 12603 6k0 l

(HP2.15)
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Chuong 3 Phuong trinh mach

dién -1

Chuong 3

PHUONG TRINH MACH PIEN

#* KHAI NIEM VE TOPO

= Mot s6 dinh nghia

= Pinh 1y vé topo mach

#* PHUONG TRINH NUT

®* Mach chira ngudn dong dién

® Mach chira nguén hiéu thé

#* PHUONG TRINH VONG

®* Mach chira ngudn higu thé

) ™ Mach chira ngudn dong dién
#* BIEN POI VA CHUYEN VI NGUON
= Bién d6i ngudn

* Chuyén vi ngudn

Trong chuong nay, chiing ta gidi thiéu mot phuong phéap téng quat dé giai cac mach
dién twong ddi phirc tap. D6 1a cac hé phuong trinh niit va phuong trinh vong. Ching ta ciing
dé cap mot cach so luoc cac khai niém co ban vé Topo mach, phan nay gitip cho viéc thiét lap
cac hé phuong trinh mot cach c6 hiéu qua.

3.1 Khai niém vé Topo macH

Trong mdt mach, an sé chinh 1a dong dién va hiéu thé cua cac nhanh. Néu mach c6 B
nhanh ta ¢6 2B 4n s va do d6 can 2B phuong trinh doc 1ap dé giai. Lam thé nao dé viét va
giai 2B phuong trinh nay mét cach c6 hé thong va dat duoc két qua chinh xac va nhanh nhét,
d6 1a myc dich ctia phan Topo mach.

Topo mach chi dé ¥ dén cach néi nhau ciia cac phan tir trong mach ma khong dé y dén
ban chét ctia chiing.

3.1.1. Mt s6 dinh nghia
» Gian d0 thang

bé vé gian d6 thang tuong irng cua mot mach ta thay cac nhanh ctia mach bodi cac
doan thang (hoac cong) va cac nit boi cac dau cham.

iy
| I |
i i
a 4—E‘|_| b 2' 1 aC
| I L1 =1 [

lff' lf4 D lf@

O
O

(a) (b)
(H3.1)
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Chuong 3 Phuong trinh mach

dién -2

Trong gian dd cac nhanh va nat duoc dit tén hodc danh s tht ty. Néu cac nhanh duoc
dinh hudng (thuong ta liy chiéu dong dién trong nhanh dinh huéng cho gian dd ), ta c6 gian
d6 hiru hudng.

(H 3.1b) 1a gian do dinh hudéng twong tng ctia mach (H 3.1a).
= Gian d6 con

Tap hop con cua tap hop cac nhanh va nut ciia gian do.
» Vong

Gian dd con khép kin. MJi nat trong mdt vong phai ndi véi hai nhanh trong vong do.
Ta goi tén cac vong bang tap hop cac nhanh tao thanh vong hodc tdp hop céc nit thudc vong
do.

Thi du:

(H 3.2a): Vong (4,5,6) hoac (a,b,0,a).

(H 3.2b): Vong (1,6,4,3) hoac ( a,b,o,c,a).

1
=} ] - =} [
WLI
o O

(a) (b)
(H3.2)

Gian d6 con chtra tit ca cac nit cta gian dd nhung khong chtra vong.
Mot gian d6 c6 thé c6 nhiéu cay.

Thi du:

(H 3.3a): Cay 3,5,6 ;

(H3.3b): Cay 34,5 ....

o]
= 5 [ =l . C
:_5 a - W
0 O

(a) (b)
(H3.3)

* Cach vé mdt cAy: Nhanh thir nhat dugc chon ndi véi 2 niit, nhanh thir hai ni 1
trong hai nat nay véi nat thir 3 va nhanh theo sau lai ndi mot niit nira vao cac nut truéc. Nhu
vay khi ndi N nat, cdy chira N-1 nhanh.

Thi du dé vé cay cua (H 3.3b) ta lan luot 1am timg budc theo (H 3.4).

v
a E T a : LI a S
\ _.Nal . W
o o o

(H3.4)
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dién -3

D¢ phan biét nhanh cua cay vdi cac nhanh khac trong gian do, ngudi ta goi nhanh cia
cay la canh va cac nhanh con lai goi 1a nhanh noi. Canh va nhanh ndi chi c6 y nghia sau khi
da chon cay.

Goi L 1a s0 nhanh noi ta co:

B=(N-1)+L

Hay L=B-N-+I 3.1
Trong d6 B 14 s6 nhanh cua gian do, N 14 s6 nit.

Trong gian dd trén hinh 3.1 : B=6,N=4vayL=6-4+1=3

Nhan théy, mot cdy néu thém mot nhanh ndi vao s& tao thanh mot vong doc 1ap ( 1a
vong chura it nhat mot nhanh khong thude vong khac ).

Vay s6 vong ddc Iap clia mot gian dd chinh 1a s6 nhanh néi L.

3.1.2. Pinh ly vé Topo mach

Nhic lai, mdt mach gém B nhanh cin 2B phuong trinh doc lap dé giai, trong d6 B
phuong trinh 13 hé thirc v - i ctia cac nhanh, vay con lai B phuong trinh phai duogc thiét 1ap tir
dinh luat Kirchhoff .

*Pinh Iy 1:

Gian d6 ¢6 N nut, c6 (N -1) phuong trinh doc 14p do dinh luat KCL viét cho (N-1) nut
cta gian do.

That vay, phuong trinh viét cho nut thir N ¢6 thé suy tir (N-1) phwong trinh kia.
* Dinh 1y 2

Hiéu thé ctia cac nhanh (tirc gitra 2 niit) cua gian d6 c6 thé viét theo (N-1) hiéu thé doc
1ap nho dinh ludt KVL.

That vay, mot cay nbi tat ca cac nut cia gian dd, gitta hai nat bat ky luon c6 mot
duong ndi chi gdm céc canh cia cy, do d6 hiéu thé gilta hai nut co thé viét theo hiéu thé cua
cac canh ctia cdy. Mot cdy c¢6 (N - 1) canh, vay hiéu thé cia mot nhanh nao cta gian dd ciing
c6 thé viét theo (N-1) hi¢u thé doc 1ap cua céc canh.

Trong thi du ctia (H 3.1), cdy gdm 3 nhanh 3, 4, 5 ddc biét quan trong vi cac canh ciia
n6 nbi voi mot nit chung O, O goi la nut chuin. Hiéu thé cta cac canh 13 hidu thé gitta cac
nat a, b, ¢ (so voi nit chuan). Tap hop (N - 1) hiéu thé ndy dugc goi la hi¢u thé nut.

Néu mach khong c6 dic tinh nhu trén thi ta co thé chon mot niit bat ky lam nat chuan.
*Dinh 1y 3

Tac6 L =B - N +1 vong hay mét lu6i doc 1ap voi nhau, trong d6 ta cé thé viét phuong
trinh tir dinh luat KVL.
* Dinh ly 4

Moi dong dién trong cac nhanh cé thé duoc viét theo L =B - N +1 dong dién doc lap
nh¢ dinh luat KCL.

Céc vong doc 1ap co dugce bing cach chon mot cay cua gian do, xong ctr thém 1 nhanh
n6i vao ta duge 1 vong. Vong nay chira nhanh ndi méi thém vao ma nhanh nay khong thudc
mot vong nao khéac. Vay ta c6 L = B - N + 1 vong ddc lap. Cac dong dién chay trong céc
nhénh ndi hop thanh mét tap hop céc dong dién doc 1ap trong mach tuong Ung .

Thi du: Trong gian d6 (H 3.1b), néu ta chon ciy gdm cac nhanh 3,4,5 thi ta dugc cac
vong ddc 1ap sau day:
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dién -4

o

o

n

|

o

n

[

o

]

n

[0
)H
n

// h -, T
5 ¢ 5 4ar 7 N ! 5 i .
rd ~ I
o o o o
Vong I Vang 11 Wong III
(H3.5)

Mot phuong phap khac dé xac dinh vong doc lap 1a ta chon cac mét ludi trong mot
gian d0 phang (gian dd ma cac nhanh chi cat nhau tai cac nit). Mt ludi 1a mot vong khong
chtra vong nao khac. Trong gian do (H 3.1b) mat ludi 1a cac vong gdm cac nhanh: (4,5,6),
(2,3,4) & (1,2,6).

Mot mit lu6i Tuon luon chira mot nhanh khong thude mit lu6i khac nén n6 1a mot
vong doc 1ap va sé mit ludi ciing 1a L.

Céc dinh 1y trén cho ta du B phuong trinh dé giai mach :

Gom (N-1) phuong trinh nat va (L = B - N + 1) phuong trinh vong.

Va tong s6 phuong trinh 1a:

(N-1)+L=N-1+B-N+1=B
3.2 Phuwong trinh Nut

3.2.1 Mach chi chira dién tré' va ngudn dong dién

Trong trudng hop ngoai dién tré ra, mach chi chira ngudn dong dién thi Viét phuong
trinh nfit cho mach 1a bién phap dé dang nhat dé giai mach. Chung ta ludn c6 thé viét phuong
trinh mt cach tryc quan, tuy nhién néu trong mach c6 nguén dong dién phu thudc thi ta can
c6 thém céac hé thire dién ta quan hé giira cac ngudn nay vdi cac an sd cta phuong trinh méi
du diéu kién dé giai mach.

» Ngudn dong dién doc 1ap:

Néu moi nguén trong mach déu la ngué)n dong dién doc lap, tat ca dong dién chua biét
c6 thé tinh theo (N - 1) dién thé nat. Ap dung dinh luat KCL tai (N - 1) nut, trir nat chuan, ta
dugc (N - 1) phuong trinh ddc 1ap. Giai hé phuong trinh nay dé tim hiéu thé nut. Tir d6 suy ra
cac hidu thé khéc.

Thi du 3.1:
Tim hiéu thé ngang qua mdi ngudn dong dién trong mach (H 3.6)

b 1

5A<D a0 30 EACD 6c
o

(H 3.6)
Machco3nat1,2,0;N=3vay N-1=2,taco2 phuong trinh ddc lép. ‘
) Chon nuat O lam chuan, 2 nat con lai la 1 va 2 . v; va v, chinh 1a hiéu thé can tim.
Viét KCL cho nut 1 va 2.
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dién -5
Nat1: —5+1.Y1=V2 _g 1)
4 2
Nat2: Vi Ve Vo 5 g 2)
2 3 6
Thu gon:
11 1
—4+—=|V,—=V,=5 3
Y o
1 1 1 1
=V, +|=+=+=|V,=-2 4
R Y @

Giai hé thong (3) va (4), ta duoc :
vi=8(V) va  v,;=2(V)

» Thiét lap phwong trinh nat cho truong hop tong quat ) .
o Xét mach Chi gom dién tré R va ngudn dong dién doc lap, c6 N nat. Néu khong ké
ngudn dong dién noi gitra hai nit j va k, tong s6 dong dién roi nit j dén nat k ludn c6 dang:

Gik (Vi -V ) , N (3.2)
Gix 1a tong dién dan noi truc tiép gitta hai nat j , k (j # k ) goi 1a dién dan chung giira hai nut |
,k;taco:

ij = ij (33)

Goi ij1a tong dai s6 cac ngudn dong dién ndi véi nut j.
DBinh luat KCL 4p dung cho nut j:

3G, (v, -v)=i, (i; > 0 khi di vao nit j )
k
Hay v G,-> GV, =i, (j=k) (3.4)
k k
Z G K La téng dién din cua cac nhanh c6 mot dau tai nit j. Ta goi ching 1a dién
k

dan riéng cua nut j va ky hi¢u:

G, =ijejk (3.5)
Phuong trinh (3.4) viét lai:
GV, =2 Gy, =i; (j#k) (3.6)
k
Viét phuong trinh (3.6) cho (N - 1) nat (j =1, ..., N - 1), ta duoc hé théng phuwong trinh
Nut 1: Giivi - Giova - Gizvz ... - Gl(.N-l)VN-l = i.1
Nut 2: -Gy V1 +GnVr-Gy Vs ... ‘Gz.(N-l)VN-l =1
Nut N -1: - G(N-l).l Vi - G(N-l)g Vo ... +G(N-1)(.N-l) Vol = Int

Du¢i dang ma tran:
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dién -6
(G, —Gpp e G, s
-G, Gy e G,y
Y PP c NP Gy in.1
Hay
[GIIV] =[]

(3.7)

[G]: Goi 1a ma tran dién dan cac nhanh, ma trin ndy c6 cac phan tir d6i xtimg qua duong chéo
chinh va cac phén tr ¢6 thé viét mot cach truc quan tr mach dién .

[V]: Ma tran hiéu thé nut, phﬁn ttr 1a cac hiéu thé nat.

[1]: Ma trin ngudn dong dién ddc 1ap, phan tir 1a cac ngudn dong dién ndi v6i cac nat, cd gia

tri duong khi di vao nut.

Tré lai thi du 3.1:
G11:E+1 5 G22:E+E+1
4 2 2 3 6
i1:5AV51i2:-2A
H¢ phuong trinh thanh:
1.1 v s
4 2 2
_E 14_&4_} 2
2 23 62 7

Ta dugc_két qua nhu trén.
= Nguon dong dién phu thudc :

N

Phuong phap van nhu trén nhung khi viét hé phuong trinh nut tri s6 ctia ngudn dong dién nay
phai dugc vict theo hi¢u theé nat dé gidi han so an so van la N-1. Trong truong hop nay ma
tran dién dan ctia cdc nhanh mat tinh doi xting.

Thi du: 3.2

Tin hiéu thé ngang qua cac ngudn trong mach (H 3.7).

Ta c6 thé viét phuong trinh ntit mot cach truc quan:

5A CD 40

™ 20
L g

Uy
L

-
Ig

20

Sl

(H3.7)
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Chuong 3 Phuong trinh mach

dién -7
(1+EJV1—EV2=5
4 2 2 )
1 (1 1 1} :
——V,+| —+—+—= |V, =3I,
2 2 3 6

Hé théng c6 3 4n sé, nhu vay phai viét i3 theo v; va vs.

.V, -V

iy = @)
Thay (2) vao (1) va sap xép lai

3 1 1

Zvl—zv2 =5& VI_EVZ =0

= v;=-20 (V) vavy=-40 (V)

Thi du 3.3
Tinh v, trong mach (H 3.8).

q (H 3.8)
Chon nut chuan O, v; & v, nhu trong (H 3.8)

H¢ phuong trinh nut la:

(%Jrl]vl—vz =4+i,

. (M

-V, +(1+§jv2 =—i,
Véi i3 =5v, (2)
Ta duoc :

—Zv1 -Vv,=4

2 3)
10

4v, +3v2 =0

Suy ra:
v, =-114 (V)

3.2.2 Mach chi chira dién tré va ngudn hiéu thé

» Nguon hiéu thé doc lap
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Chuong 3 Phuong trinh mach

dién -8

Néu mot nhanh ctia mach 13 1 ngudn hiéu thé doc lap, dong dién trong nhanh d6
khong thé tinh dé dang theo hiéu thé nat nhu trude. Vi hiéu thé cua ngudn khong con 13 an s6
nén chi con (N-2) thay vi (N-1) hiéu thé chua biét, do do ta chi can (N-2) phuong trinh nut,
viét nho dinh luat KCL dé giai bai toan. De c6 (N-2) phuong trinh nay ta tranh 2 nut nbi voi
ngudn hiéu thé thi dong dién chay qua ngudn nay khong xut hién.

Cubi cing, dé tim dong dién chay trong ngudn hiéu thé, ta 4p dung dinh luat KCL tai
nut lién hé véi dong dién con lai nay, sau khi tinh dugc cac dong dién trong cac nhanh tai nut
nay.

Thi du 3.4
Tinh v4 va dién tr¢ twong duong nhin tir 2 dau cia nguon hiéu the v, trong (H 3.9).

1 — 2 + 'U4 - 3
L

Sl

(H3.9)

Mach ¢6 N = 4 nit va mot nguén hiéu thé doc 1ap. Chon nut chuan O va nit v; ndi voi
ngudn V; = 6 V nén ta chi can viét hai phuong trinh cho nuat v, va vs.

Viét KCL tai nat 2 va 3.
V,—6 Vo Vo=Vy 0
1 2 1
(1)
V-V, V;-6 Vv, 0
1 4 2
Thu gon
—V,-V,=6
2
. 2)
—W+ZW >
Giai hé théng (2):
Vo = % Vv va V3 = é Vv
9 9
2
= Via=Vy-Vz=—V
4 2 3 3
Dong i; 1a tong cac dong qua dién tro 1Q va 4Q.
|1 = 6_\/2 +%:§+Z:§ A
1 4 9 9 9
bién tré tuong duong:
6 54
= e = Q
d 29~ 29
9
54
Ru=—Q
td = 29
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Chuong 3 Phuong trinh mach

dién -9

Chuing ta chua tim duoc mot phuong phép tong quat dé viét thang cac phuong trinh
nut trong nhitng mach ¢ chira ngudn hiéu thé.

Trong thuc t& ngudn hiéu thé thudng dugc méc ndi tiép véi mot dién trd (chinh 1a ndi
trg ctia ngudn) nén ta c6 thé bién d6i thanh ngudn dong dién mic song song véi dién trd d6
(bién doi Thevenin, Norton).

Néu ngudn hiéu thé khong mic ndi tiép véi dién ta phai dung phuong phap chuyén vi
ngudn trudc khi bién doi (dé cap ¢ trong mot phan sau ).

Sau cac bién d6i, mach don gian hon va chi chtra ngué)n dong dién va ta co thé viét hé
phuong trinh mot cach tryc quan nhu trong phan 3.2.1.

Trong thi du 3.3 & trén, mach (H 3.9) c¢6 thé v& lai nhu ¢ (H 3.10a) ma khong cé gi
thay d6i va bién cac ngudn hiéu thé ndi tiép véi dién tré thanh cac ngudn dong song song voi
dién trd ta dugc (H 3.10b).

+—Q% o E+ by by % %
WC_ M (_) eAG 107 20 0% 40 (D

%m &Y 1,54

L
At

&) (e

(H 3.10)
Va phuong trinh nut:

[1+%+1jv2—v3 =6

-V + l+1+1 v, =15
4 2

Giai hé théng ta tim lai duoc két qua trén.
= Nguodn hiéu thé phu thudc :

Ta can mot phuong trinh phu bang cach viét hiéu thé ctia ngudn phu thudc theo hiéu
the nat.

Thi du 3.5 )
Tim hi¢u the v; trong mach (H 3.11)
20
g
+H - g 20
am W vy B
10

()2av a4 20,

o
(H3.11)

Mach ¢6 4 nat va chira 2 ngudn hiéu thé nén ta chi can viét 1 phuong trinh nit cho nit
b. Chon ntt O lam chuén, phuong trinh cho nut b la:

v,o—24+vb—2v1_4=0 ()
1 3
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Chuong 3 Phuong trinh mach

dién - 10
Véi phuong trinh phu 13 quan hé giira nguén phu thudc va cac hiéu thé nut:
v, =24-v, (2)

Thay (2) vao (1), sau khi don gian:
vi=2 (V)

3.3 Phwong trinh Vong

Mach c6 B nhéanh, N nat ¢6 thé viét L =B - N + 1 phuong trinh vong doc 1ap . Moi
dong dién c6 thé tinh theo L dong dién ddc 1ap nay.

3.3.1 Mach chi chira dién tré va ngudn hiéu thé
» Ngudn hiéu thé doc 1ap :

Néu mach chi chira nguén hiéu thé doc 1ap, céac hiéu thé chua biét déu c6 thé tinh theo
L dong di¢n doc lap.

Ap dung KVL cho L vong doc 1ap (hay L mat ludi) ta dugc L phuong trinh goi 1a hé
phuong trinh vong. Giai hé phuong trinh ta duoc cac dong dién vong rdi suy ra cac hiéu thé
nhanh tir hé thic v - i.

Thi du 3.6: Tim cac dong dién trong mach (H 3.12a).

20 b 40 3 b 4l

& e » . C e e g C
R (5 | ()
24V
(Deov o0 s d C s0v 603 Vha
20 20

(@ (b) (©

(H3.12)
Mach co N=5vaB=6
Vay L=B-N+1=2

Chon cdy gdm cac duong lién nét (H 3.12b). Cac vong c6 dugc bang cach thém céc
nhanh ndi 1 va 2 vao cay.

Dong dién i; va i, trong cac nhanh ndi tao thanh tip hop cac dong dién doc lap. Cac
dong dién khac trong mach cé thé tinh theo i; va i,.

Mit khéc, thay vi chi rd dong dién trong mdi nhanh, ta c6 thé dung khai niém dong
dién vong. D6 1a dong dién trong nhanh nbi ta tuong tuong nhu chay trong ca vong doc 1ap
tao bai cac canh cua cay va nhanh ndi d6 (H 3.12¢).

Viét KVL cho mdi vong:

{G(il-i2)+3i1-6020 0
2i, +6(i,-i,)+4i,+24=0
Thu gon:
(6+3)i, - 6i, = 60
{-6i1+(2+4+6)i2=—24 @
Giai hé thdng ta duoc :
Ih=8Avai,=2A
Dong qua dién tré 6Q: Ii-i2=6 (A)
Nguyén Trung Lap LY THUYET
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Chuong 3 Phuong trinh mach
dién - 11
» Thiét 1ap phuong trinh vong cho truong hep tong quat

Coi mach chi chira dién tr¢ va ngudn hi¢u thé doc 1ap , c6 L vong.

Goi ij, Iy ...]1a dong di¢n vong cua vong j, vong k .. .Tong hiéu thé ngang qua cac dién tré chung
cua vong j va k luon c6 dang:

Ry (i £ i) (3-8)
Dau (+) khi Ij va Iy cung chiéu va nguoc lai.
Rjx 1a téng dién tré chung cta vong j va vong k. Ta ludn ludn cé:

v; la téng dal sd cac ngudn trong vong j, cic ngudn nay cé gia tri (+) khi tao ra dong dién cing
chiéu i I ( chiéu ctia vong ).

Ap dung KVL cho vong j:
ZRik(ijiik)=Vj (3.10)
k
Hay ijZRJk_ZR i\ (3.11)
k

Z R ik chinh 14 téng dién tré chung cia vong j voi tat ca cac vong khac tirc 1a tong dién tro
k
cO trong V(‘)ng ]

Dat Z R.. =R; vavéi qui wéc Ry c6 tri duong khi i; va iy ciing chiéu va am khi nguoc lai,

ta Vlet lai (3.11) nhu sau:

Rijij + DRy, =V, (3.12)
k
Déi v6i mach c6 L vong doc 1ap :
V(‘)l’lg 1: R11i1+R12i2+. .. .R]LiL:V1
V(‘)ng 2: R21i1 + R22i2 +.... RzLiL =Vy
V(‘)l’lg L: RL1i1 + Rinz +.... RLLiL =VL

Du¢i dang ma tran

Ri Ry R, |y 1
R, R, Rl |V,
(R: R, R Ilic] [V

Hé phuong trinh vong viét duéi dang van tat:

[R] .[I] =[V] ‘ (3.13)
[R]: Goi l1a ma tran di¢én tré vong doc lap. Cac phan tr trén dudong chéo chinh luén ludén
duong, cac phan tir khac co tri dwong khi 2 dong dién vong chay trén no cung chiéu, ¢6 trj &m
khi 2 dong dién vong ngugc chiéu. Cac phan tir nay dbi xtmg qua dudng chéo chinh.
[I] : Ma tran dong dién vong
[V]: Ma tran hiéu thé vong

Nguyén Trung Lap LY THUYET
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Chuong 3 Phuong trinh mach

dién - 12
Tr6 lai thi du 3.6 ta co thé viét hé phuong trinh vong mot cach truc quan véi cac sd liéu sau:
Ri1=3+6=9Q,
Rn=2+4+6=12Q,
Ry =Rip=-6Q,
=60V
va

V2 =-24 (V)
» Ngudn hiéu thé phu thudc

Néu mach c6 chaa nguén hiéu thé phu thudc, tri sb cua nguén nay phai dugc tinh theo
cac dong dién vong. Trong truong hop ndy ma tran dién thé mat tinh dbi xtmg.

Thi du 3.7 Tinh i trong mach (H 3.13)

21V
+ —_
I
4 =] 20
=L g g NC
o :
<+>15‘~" ' lag b 40%
o
, (H3.13)
Viét phuong trinh vong cho cac vong trong mach
6i1-2 H‘ 4|2=15 (1)
4iy+2 i+ 6i,=2 1 (2)
—2i1+ 8 i+ 2i2:O (3)
(2) cho i, = —§i2 4)
2
3) cho | :'1;'2 (5)
Thay (5) vao (1)
11i;+ 9i,=30 (6)
Thay (4) vao (6) ta duoc
i2=- 4 A
i1: 6A
Va 1=2,5 (A)

3.3.2. Mach chira ngudn dong dién

» Ngudn dong dién ddc lap

Néu m6t nhanh ctia mach 13 mot ngudn dong dién doc lap, hiéu thé clia nhanh nay kho
c6 thé tinh theo dong dién vong nhu truge. Tuy nhién néu mot dong dién vong duy nhat duoc
v& qua ngudn dong dién thi né ¢o tri so clia ngudn nay va chi con (L-1) an sb thay vi L (bang
cach khéng chon nhanh c6 chira ngudn dong 1am canh cia cay).

Thi du 3.8: Tinh dong dién qua dién tré 2Q2 trong mach (H3.14a)
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Chuong 3 Phuong trinh mach

dién - 13
1
s
40 20 ,-"/
1 60
()uA 2 4 1
|
)
82 4,4 510 3
S
3 S
30
W
(a) (H 3.14) (b)

Mach c6 B =8, N =15, cay c6 4 nhanh va 4 vong doc lap .
Chon cdy nhu (H 3.14b) (nét lién), canh cua ciy khong 1a nhanh c6 chira ngudn dong doc 1ap.
Ta co:
i=10Avaiy=12A
Viét phuong trinh vong cho hai vong con lai.

Vong 1: (4+6+2)i;-6i,-4i4,=0 (1)
Vong 2: -6i; +18i,+3i3-8iy, =0 (2)
Thay ii=10Avais=12 Avao (1) va(2)
12i1- 6i2 =48
- 6i;+ 18I, =66
Suy ra iy =7 (A)

Thi dy trén cho thay ta vin c6 thé viét duoc hé phuong trinh vong cho mach chua
ngudn dong dién doc lap. Tuy nhién ta ciing co the bién doi va chuyén vi nguén (néu can) dé
¢6 mach chtra nguon hiéu thé va nhu vay viéc viét phuong trinh mot cach tryc quan dé dang
hon.

Mach & (H 3.14a) c6 thé chuyén doi va bién doi ngudn dé duoc mach (H 3.15) dudi

day.
1 1y
o W
124 48 202 Lao
7 602 o 48V
> B 60
¥ 7 e W
124 an 16 :
il I o YO
i 5 146
3
104 @ 96‘“’;@{ . T
S e
(a) (H3.15) (b)
Véi mach (H 3.15b), ta viét hé phuong trinh vong.
Vong 1: 12i; -6, =48
Vong 2: - 601 + 181, =96 - 30
Ta dugc lai két qua trude.
* Nguon dong dién phu thuge
Tim v, trong mach (H 3.16)
Nguyén Trung Lap LY THUYET
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Chuong 3 Phuong trinh mach

dién - 14
2 2
, e
40 !
9 (
3 T 1 %20@ || , - 1 \\
74 ;‘ 90 Vo |
| |
_1 \\‘x i
2
o 5]
(a) (b)
(H3.16)

Mach c6 B =5, N =3 cy co hai canh va 3 vong doc lap . )
 Chon cay la duong lién nét cua (H 3.16b). Cac nguodn dong dién 6 nhanh n6i
Viét phuong trinh cho vong 3

26i3 +20i, +24i; =0 (1)
. .V :
Véi  ij=T7TAvai=-21=—=i 2
1 2 3 4 3 ( )
Thay (2) vao (1)

26i3-5i;+ 168 =0 = i3=-8 (A)vavi=16 (V)
3.4 Bién doi va chuyén vi nguon

Cac phuong phap bién ddi va chuyén vi nguén nhim muc dich stra soan mach cho
viéc phan gidi dugc dé dang. Mach sau khi bién doi hodc phai don gian hon hodc thuan tién

hon trong viéc &p dung cac phuong trinh mach di¢n .

3.4.1. Bién d6i ngudn

» Ngudn hiéu thé ndi tiép va ngudn dong dién song song (H 3.17).

— s =
_>v1+t?2 i C)Iz = f+1y
S} B &
. ) . H 3.171 )
* Nguon hi¢u thé song song va nguon dong dién noi tiep.
Ta phai c6: vi =V, vai; =i,
a
+ +
OuOo =
B,

(H 3.18)
* Nguon hi¢u thé song song v6i dién tréd va nguon dong dién noi ti€p dién tro : Co thé bo dién
tr¢ ma khong dnh hudéng dén mach ngoai.

o
-}

O i

B,

— C)U

————a
=%

&
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Chuong 3 Phuong trinh mach

dién - 15

(H3.19)
» Nguodn hi¢u thé mac noi tiép véi dién tréd hay ngudn dong mac song song voi dién trd. Ta co
thé dung bién d6i Thevenin <> Norton dé bién d6i nguon hi¢u thé thanh ngudn dong dién hay
nguoc lai cho phu hop véi h¢ phuong trinh sdp phai viét.

=1 =1

(H 3.20)

3.4.2. Chuyén vi nguon :

Khi gip 1 ngudn hiéu thé khong co dién tro ndi tiép kém theo hodc 1 ngudn dong dién
khong c6 dién trd song song kém theo, ta c6 thé chuyén vi ngudn trude khi bién dbi chung.
Trong khi chuyen vi, cac dinh luat KCL va KVL khong dugc vi pham.

» Chuyén vi ngudn hi¢u thé :

(H 3.21) cho ta thdy mot cach chuyén vi nguon hiéu thé . Ta c6 the chuyen mot ngudn
hi¢u thé " xuyén qua mdt nit " t61 cac nhanh khac n6i voi nit do va nbi tit nhanh c6 chira
ngudn ban dau ma khong lam thay d6i phan bd dong dién ctia mach, mic du c6 su thay doi vé
phan bd dién thé nhung dinh luat KVL viét cho cic vong ciia mach khong thay ddi. Hai mach
hinh 3.21a va 3.21b tuong duong v&i nhau.

=] 4

(a) (b)
(H3.21)
Thi du 3.9: Ba mach dién cta hinh 3.22 twong duong nhau:

(H3.22)

» Chuyén vi ngudn dong dién:

i Nguédn dong dién i méc song song voi R; va R, ndi tiép trong mach hinh 3.23a duogc
chuyén vi thanh hai ngudn song song v&i R; va R, hinh 3.23b.

B
v oL Ot

C
ul

=T u]

o

(H3.23)
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Chuong 3 Phuong trinh mach

dién - 16

Dinh luat KCL & cac nut a, b, ¢ ctia cac mach (H 3.23) cho két qua giéng nhau.
Hoac mdt hinh thirc chuyén vi khac thyc hién nhu & (H 3.24a) va (H 3.24b). Dinh luat
KCL & cac nut cta hai mach cling giéng nhau, mic du sy phan bd dong dién co thay d6i
nhung hai mach van tuong duong .
)
2 b h

a R2 b

() J K R, = Ry Ry ] ()

Ry d

Ry
i
Pl
e

(a) (H3.24) (b)

Thi du 3.10: Tim hi¢u thé giita a b clia cic mach hinh 3.25a

) 24

MO

best sty D 3+ ¢

To
(=)
(H 3.25)
Suy ra Vg =l—5£':5—5 Vv
8 3 8
Vab :5—5 \%
8
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Chuong 3 Phuong trinh mach

dién - 17
Tom lai, khi giai mach bang cac phuong trinh vong hodc nit chung ta nén sira soan
cac mach nhu sau:

- Néu giai bang phuong trinh nut, bién d6i dé chi c6 cac nguon dong dién trong mach.
- Néu giai bang phuong trinh vong, bién d6i dé chi c6 cac ngudn hiéu thé trong mach.

BAI TAP

--000--
1. Dung phuong trinh nut, tim v, va v, cia mach (H P3.1)
2. Dung phuong trinh ntt , tim i trong mach (H P3.2).

214
40
12 1 : -
+ q Lo
+
6A<T> ?1 20 14 20 tiz CT)lE'A 20 40
a Q
(HP3.1) (HP3.2)
3. Dung phuong trinh nat tim v va i trong mach (H P3.3).
4. Dung phuong trinh ntt, tim v trong mach (H P3.4)
1 2 ,r’_‘__;_‘\ 2 gt
Q) KET{;’ s 202
+ ¥ +
28V §2L—.! v g‘gﬂ §12Q 18V<_> 40 4La § v
402
& A
(HP3.3) (H P3.4)

5. Dung phuong trinh ntt, tim v va v, trong mach (H P3.5)
6. Cho v, = 8cos3t (V), tim V, trong mach (H P3.6)

(HP3.5) (H P3.6)
7. Tim v trong mach (H P3.7), dung phuong trinh vong hay nut sao cho c6 it phuong trinh
nhat.
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Chuong 3 Phuong trinh mach
dién - 18
S
12
L
60 300
202
4@% (1)
e
24

(HP3.7)

8. Tim Ry, theo cac R, R,, R3 mach (H P3.8).
Cho Ry =R3; =2KQ. Tim R, sao cho R;, = 6KQ va R;, = 1IKQ

Aot
K
Cr L
Ug
Ry =

(H P3.8)
9. Cho mach khuéch dai vi sai (H P3.9)
- Tim v, theo Vi, Vo, Ri, Ry, R3, Ry,
: . A R
- Tim lién hé gitra cac dién trd sao cho: Vo= —2(v, —V,)

Rl

10. Tim hiéu thé v ngang qua ngudn dong dién trong mach (H P3.10) bang cach dung phuong
trinh vong rdi phuong trinh nut.

(H P3.9)

(H P3.10)
11. Tinh d6 lgi dong di¢n I_—° cua mach (H P.11) trong 2 trudng hop.
i

a. Rz =0Q
b. R2 =1Q
12. Tim iy trong mach (H P.12)
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dién - 19
501,
10 ﬁ
mhA .
; 1
s 5002 e
i, Tea IR 100
(HP.11) (HP.12)
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Chuong 4 Mach dién don gian- RL1
& RC -

* CHUONG 4
MACH DPIEN PON GIAN: RL VA RC

% MACH KHONG CHUA NGUON NGOAI - PHUONG TRINH VI PHAN THUAN NHAT
& Mach RC khéng chira ngudn ngoai
& Mach RL khéng chira ngudn ngoai
) & Thoi hing
% MACH CHUA NGUON NGOAI - PHUONG TRINH VI PHAN CO VE 2.
% TRUONG HOP TONG QUAT

& Phuong trinh mach dién don gian trong trudng hop tong quat
& Mot phuwong phép ngan gon

% VAI TRUONG HQP PAC BIET

& DPap ung d6i v6i ham nac

< Dung dinh 1y chong chat

Chuong nay xét dén mot 16p mach chi chira mot phan tir tich trit ning luong (L hodc
C) véi mot hay nhiéu dién tro.

Ap dung cac dinh luat Kirchhoff cho cac loai mach niy ta duoc cac phuong trinh vi
phan béc 1, do do ta thuong goi cac mach nay la mach dién bac 1.

Do trong mach c6 cac phan tir tich trit ning lugng nén dap tng cua mach, néi chung,
c¢6 anh huong bai diéu kién ban dau ciia mach. Vi vay, khi giai mach chung ta phai quan tim
tGi cac thoi diém ma mach thay d6i trang thai (thi du do tac dong cia mot khoa K), goi 1a thoi
diém qui chiéu to (trong nhiéu truong hop, dé don gian ta chon t,=0). Dé phan biét thoi diém
ngay trudc va sau thoi diém qui chiéu ta ding ky hiéu to.(trudc) va to: (sau).

4.1 MACH KHONG CHUA NGUON NGOAI - PHUONG
TRINH VI PHAN THUAN NHAT

4.1.1 Mach RC khong chira ngudn ngoai

Xét mach (H 4.1a).

- Khéa K & vi tri 1 dé nguén Vo nap cho tu. Luc tu da nap déy (hiéu thé 2 dau tu la
V) dong nap triét tiéu i(0-)=0 (Giai doan nay tng véi thoi gian t=- o dén t=0-).

- Bat K sang vi tri 2, ta xem thoi diém nay 1a t=0. Khi t>0, trong mach phat sinh dong
i(t) do tu C phong dién qua R (H 4.1b).

Xac dinh dong i(t) nay (twong ung vdi thoi gian t0).

_I_
+ +
+ 1
"”CD (Si— tIct:I R e—

(a) (b)
(H 4.1)

Nguyén Trung Lap LY THUYET
MACH



2 Chuong 4 Mach dién don gian- RL
& RC -

, Goi V(t) 12 hiéu thé 2 dau ty luc t>0
Ap dung KCL cho mach (H 4.1b)
cV. Y _p
dt R

Hay

dv.. 1

—+—v=0

dt RC , ,
bay la phuong trinh vi phan bac nhat khong c6 ve 2. Loi gidi cua phuong trinh la:

-t

v(t) = AeRe
A 13 hang sé tich phan, x4c dinh béi diéu kién dau ctia mach.
Khit=0,v(0)=Vo=Ae" = A=V,

-t

Toém lai: v(t) = V,eR° khit >0
Dong i(t) xac dinh boi

-t
i(t):@:ﬁe% khit>0
R R

: V,
1(0+) R
Tir cac két qua trén, ta co thé rat ra két luan:
- Dong qua tu C d4 thay doi dot ngot tir tri 0 & t=0- dén V(/R & t=0+. Trong liic
- Hiéu thé hai dau tu khong d6i trong khoang thoi gian chuyén tiép tir t=0- dén t=0-+:
VC(O+):VC(Q'):VO- .
Pay 1a moét tinh chat déac biét cua tu dién va dugc phat biéu nhu sau:
Hiéu thé 2 dau mot tu dién khong thay doi tirc thoi

Dang song cua V(t) (twong tu cho i(t)) dugc vé ¢ (H 4.2)

(b)

. (H4.2) ) )
- (H 4.2a) trong tmg voi Vo va R khong doi, tu dién c6 tri C va 2C (d6 doc gap doi)
- (H 4.2b) tuong tmg voi Vi va C khong d6i, dién trd co tri R va 2R

Chu ¥: Néu thoi diém dau (lac chuyén khoa K) 1a to thay vi 0, két qua v(t) viét lai:
—(t-tg)

v(t) =V,e R¢ khit>t

4.1.2 Mach RL khéng chira ngudn ngoai
Xét mach (H 4.3a).
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eI )

S _ L§T
@ |l e )k

(a) (H43) ®)

- Khéa K ¢ vi tri 1, dong qua mach da tich trir trong cudén day mot nang luong tur
truong. Khi mach dat trang thai 6n dinh, hi€u thé 2 dau cudn day v(0-)=0 va dong dién qua
cudn day 1a i(0-) = Iy= Vo

- Bat K sang vi tri 2, chinh nang luong tur truong da tich duoc trong cudn day duy tri
dong chay qua mach. Ta xem thoi diém nay 1a t=0. Khi t>0, dong i(t) ti€p tuc chay trong
mach (H 4.3b).

Xac dinh dong i(t) nay.

Ap dung KVL cho mach (H 4.3b)
di

L—+Ri=0
dt

Hay ﬂ+Ei=0
d L

Lo1 gidi ctia phuong trinh la:
R

it)=Ae &
Ala hfmg s6 tich phan, xac dinh bdi diéu kién dau cta mach

Khi t=0,i(0)=Io=%ZAe° = A=

R

Tém lai: i) =1,e - khi t> 0
R
v () = —Ri(t) =-Rl,e ©  khit>0

Tir cac két qua trén, ta co thé rat ra két luan:

- Hiéu thé hai ddu cudn déy da thay dot ngot ddi tir v (0-)=0 dén L Vi (0+)=-Rl.

- Dong qua cudn day khong doi trong khoang thoi gian chuyén tiép tir t=0- dén t=0+:
iL(0+) =1.(0-) =Ip= V¢/R.

bay 1a mét tinh chét dic biét cua cudn day va dugc phat biéu nhu sau:

Dong dién qua mot cudn day khong thay doi tirc thoi

Dang song cua V(t) (twong tu cho i(t)) dugc vé o (H 4.4)

t.‘-

(H4.4) (b)
- (H 4.4a) tuong tmg v6i Vo va R khong ddi, cudn day co tri L va 2L
- (H 4.2b) tuong ung voi Vj va L khong doi, dién trd co tri R va 2R
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4.1.3 Thoi hang

Trong cac mach c6 chira céac phﬁn tur tich trit ndng lugng va céac dién trd, khi mach
hoat dong ning lugng ciia phéan tir c6 thé giam dan theo thoi gian do sy tiéu hao qua dién trg,
dué6i dang nhiét. Bé do mirc d6 giam nhanh hay chim cua cac dai lugng ndy, nguoi ta ding
khai niém thoi hang.

Trong hai thi duy trén, dap ing c6 chung mot dang:

t

yt) =Y,e - 4.1)
Dai luong T trong biéu thiic chinh 1a thoi hang.
Véimach RL: T =L/R (4.2)
V6i mach RC: 1T =RC (4.3)

T tinh bang gidy (s).

Khit=1 = y() = Y,e * = Y,e* = 0,37Y,

Nghia 13, sau thoi gian T, do phong dién, dap tng giam con 37% so véi tri ban dau
Béng tri s6 va gian d6 (H 4.5) dudi day cho thay sy thay doi cua i(t)/I, theo ti sd t/T

1 | o 1 2 3 4 5
yO/Yo | 1 037 0,135 005 0,018 0,0067

o 1 3 5 g 3
(H4.5)
Ta thay dap tng giam con 2% tri ban dau khi t = 4T va trd nén khong déng ké khi t =

57. Do d6 nguoi ta xem sau 4 hodc 57 thi dap Ung triét ti€u.

Luu v 1a tiép tuyén cta duong biéu dién tai t=0 cit truc hoanh tai diém 1, tic t = T,
diéu nay c6 nghia 1a néu dong dién giam theo ti 16 nhur ban dau thi triét tiéu sau thoi gian t
chur khong phai 4t hodc 57.

Thoi hing ciia mot mach cang nho thi dap tng giam cang nhanh (thi du tu dién phong
dién qua dién tré nho nhanh hon phong dién qua dién trd 16n). Ngudi ta dung tinh chat nay dé
so sanh dap ung cua cac mach khac nhau.

42 MACH CHUA NGUON NGOAI-PHUONG TRINH VI
PHAN CO VE 2

4.2.1 Mach chira nguon DC

Chiing ta xét dén mach RL hodc RC dugc kich thich boi mot ngué)n DC tir bén ngoai.
Céc ngudn nay duoc goi chung 1a ham ép (forcing function).

Xét mach (H 4.6). Khoa K dong tai thoi diém t=0 va tu d3 tich dién ban du véi tri V.
Xac dinh cac gia tri v, ic va ig sau khi dong khoa K, tirc t>0.
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=
lfR =0 JIF +Ic
WD ox e
, (H 4.6)
Khi >0, viet KCL cho mach:
dv v
—+—==1,
dt R
Hay
dv. 1 I
—+—V=—
dt RC C
Gidi phuong trinh, ta dugc:
—t
v(t) = AeR¢ +RI,
Xac dinh A nho diéu kién dau.
O t=0+: v(0+H)=Vv(0-)=Vy, =  VE=A+RI

Hay A=V0-RI()
-t —t -t
V(t) (V, - Rl,)eRe + RI, = V,eRe + Rl (1-eR¢)
Hing s A bay gio tuy thude vao diéu kién dau (Vo) va ca nguodn kich thich (Ip)
bap g gom 2 phan:
¢ Phan chira ham mil c6 dang giéng nhu dap tng cua mach RC khong chira ngudn
ngoai, phan nay hoan toan duoc xac dinh nho thoi hing ciia mach va dugc goi 1a dap dng tw

nhién:
-t

vi=(V, - Rl,)eR¢

Péylav, —> 0khit— o

4 Phan thtr hai 1a mot hang s, ty thudc ngudn kich thich, dugc goi 1 dap wng ép
V=Rl .

Trong truong hop ngudn kich thich DC, v; 1a mét hang sd.

(H 4.7) 1a gian d6 cua cac dap ing V, Vova Ve

U4 v
Yo
v;Rlp
Rlg % Rlgl ——coem oo oo
vﬂ
o} t 0 t
(H4.7)
Dong ic va ig xac dinh boi:
t
@y =c8V o VoRlo
dt R
V,-RI, v

() =1g-ic =1, +-2——0e RS =~
(O =1 -ic = 1o+ 2 -

Luu ¥ 14 khi chuyén d6i khoa K, hiéu thé 2 dau dién tro da thay doi dot ngot tir Ry &
t=0- dén V, & t=0+ con hiéu thé 2 dau tu thi khong ddi.

Vé phuong dién vat 1y, hai thanh phan cta nghiém ctia phuong trinh duoc goi 1a dap
rng giao thoi (transient response) va dap @ng thuwdng true (steady state response).
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Pép tng giao thdi — 0 khi t — oo va dap tng thuong truc chinh 1 phan con lai sau
khi dép trng giao thoi triét ticu.

Trong trudng hop ngudn kich thich DC, dap tng thudng tryc 1a hiang s6 va chinh 14 tri
ctia dap ung khi mach dat trang thai 6n dinh (trang thai thuong truc)

4.2.2 Piéu Kién diu va diéu kién cudi (Initial and final condition)

4.2.2.1 Piéu kién dau

Trong khi tim 10i giai cho mot mach dién, ta thdy can phai tim mot hang sd tich phan
b?mg cach dua vao trang thai ban d4u ctia mach ma trang thai nay phu thudc vao céc dai lugng
ban dau cua cac phan tir tich trit ning luong.

Dua vao tinh chét:

Hiéu thé ngang qua tu dién va dong dién chay qua cudn day khong thay doi tic thoi:

Ve(0+)=vc(0-) va i (0+)=iL(0-)

- Néu mach khong tich trit ning luong ban dau thi:
Ve(0+)=vc(0-) = 0, tu dién twong duong mach ndi tit.
iL(0+)=iL(0-) =0, cudn day tuong duong mach ho.

- Néu mach tich trit ning lugng ban dau:

* Hiéu thé ngang qua tu tai t=0- 13 Vy=qo/C thi & t=0+ trj d6 ciing 1a V, , ta thay bang
mot nguén hiéu thé.

* Dong dién chay qua cudn ddy tai t=0- 1a I, thi ¢ t=0+ tri d6 ciing 1a I, , ta thay bang
mot ngudn dong dién.

Céc két qua trén duoc tom tit trong bang 4.1

Phan tir vi diéu kién dau Mach tuong duong Gia trj dau
R R
O ™ —0 O M —0
L IL(0+)=IL(O-)=O
o ==  — Mach h¢
V(0+)=V¢(0-)=0
C L
D_{ }_Q > Mach noi tat
oL I C 1L (0+)=1.(0-)=Iy
o g
oo v, Ve(0H)=V(0-)=V
+ 0 C C 0
el —)—
Béang 4.1

4.2.2.2 Piéu kién cudi

Pép tng ctia mach d6i voi nguén DC gom dap ung tu nhién — 0 khi t—o0 va dap ung
ép 1a cac dong dién hodc hiéu thé tri khong (101 ‘
Mit khac vi dao ham ctia mot hang sd thi bang 0 nén:

dv.

Ve =C*=i, = C—C =0 (mach h¢) va i, =C*=v, =L % =0 (mach nbi tit)

Do d6, ¢ trang thai thwong truwe DC, tu dién dugc thay béng mot mach hd va cudn
day dugc thay bang mot mach ndi tat.

Ghi cha: Péi véi cac mach c6 su thay d6i trang thai do tac dong cua mot khoa K, trang thai
cuoi cua mach nay c6 thé 1a trang thai dau cua mach kia.

Thi du 4.1

Nguyén Trung Lap LY THUYET
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Xéc dinh hiéu thé v(t) trong mach (H 4.8a). Biét rang mach dat trang thai thuong truc
trudc khi mo khoa K.

\/\/\/—I_f :—
40 802 1502 K
|+
20 20 1F_ Ei':t:' j_DDVC‘l‘)
(a)
40 a0 150
o+ +
20 0 oo 1001?(49 1052 g
(b) (c)

(H4.8)

(H 4.8b) 1a mach tuong cua (H 4.8a) ¢ t=0-, tirc mach (H 4.8a) dat trang thai thuong
tryc, tu dién tuong dwong voi mach hé va dién tré twong dwong ciia phan mach nhin tir tu vé
bén trai:

_g. 3(2+4)
@ 3+(2+4)
va hiéu thé v(0-) x4c dinh nhd ciu phan thé 10Q va 15Q

v(0-)= 100i 40V

10+15
Khi t>0, }(hoa K md, ta c6 mach tuong duong ¢ (H 4.8c), day chinh 1a mach RC
khong chira nguon ngoai. .
Ap dung két qua trong phan 4.1, dugc:
t
v(t) =V,e °
v6i T =RC=10x1=10 s va Vo= v(0+)=v(0-)=40 (V)
t

v(t) = 40e 1 (V)

4.3 TRUONG HQOP TONG QUAT

4.3.1 Phuwong trinh mach dién don gian trong truwong hop tong quat

Ta c6 thé théy ngay phuong trinh mach dién don gian trong trudong hop téng quat co
dang:

dy

—+P 4.4

g TPY= Q o | ( | ) |

Trong d6 y chinh 1a bién s0, hi¢u thé v h‘oéc dong dién i trong magh, P }é hang so tuy
thudc cac phan t R, L, C va Q tuy thudc nguon kich thich, c6 thé 1a hang s6 hay mdt ham
theo t.
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Ta cé the tim 10i giai tong quat cho phuong trinh (4.4) bang phuong phap thira s6 tich
phan: nhan 2 vé phuong trinh v61 mot thira s6 sao cho vé thtr nhat 1 dao ham cia mot ham va
sau d6 lay tich phan 2 vé
Nhén 2 vé cta (4.4) v6i ™

((:i_i/_i_ Py)ept — ert 4.5)

Vé 1 cua phuong trinh chinh 1a dd—t (ye™) va (4.5) tro thanh:

e - Qe (46)
LAy tich phan 2 vé:

ye? = erptdt +A
Hay y= e‘th' Qef'dt + Ae™ (4.7)

Biéu thic (4.5) dung cho truong hop Q la hing sé hay mot ham theo t.
Truong hop Q 1a hang so ta co két qua:
y =Ae™ +% (4.8)
Pap tng ciing thé hién rd 2 thanh phan :
- Pap tmg tu nhién y,=Ae™ va
-baping epyr=Q/P. ) ‘
So sanh voi cac két qua phan 4.1 ta thay thoi hang 1a 1/P
Thi du 4.2

Tim i, cua mach (H 4.9) khi t>0, cho i,(0)=1 A

40 80
0¥ (T]em ﬂ 1H
, (H 4.9)

Viét phuong trinh vong cho mach

Vong 1: 8i;-4i,=10 (1)

Vong 2: -4i1+12iz+%20 (2)
Loai i trong cac phuong trinh ta dugc:

‘l'tz +10i,=5 3)
Dung két qua (4.6)

ir(t)=Ac "+ % 4)

Xac dinh A:
Cho t=0 trong (4) va dung diéu kién dau i>,(0)=1 A

1 1
b(0)=A+ ==1 = A==
12(0)= > >
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, 1 o, 1
(== =
2(t) > >

4.3.2 Mot phwong phap ngin gon

Duéi ddy gidi thiéu mot phuwong phap ngin gon dé giai nhanh cac mach bac 1 khong
chira ngudn phu thudc.

Lay lai thi du 4.2.

Loi giai iy co thé viét: iy = iy, + iny

- Bé x4c dinh iy, ta xem mach nhu khong chtra ngudn (H 4.10a)

Dién tro twong duong nhin tir cudén day gom 2 dién tré 4Q méc song song (=2Q), ndi
tiép voi 8Q, nén Ry = 2Q+8Q = 10Q

41 a2l 462 L
(@) (b)
(H 4.10)
. L 1 . -10t
Va T=—=— ()= In=Ae
R " 10 (s) 2

0
- Pap tng ép 1a hang s6, n6 khong tuy thudc thoi gian, vay ta xét mach ¢ trang thai
thuong truc, cudn day tuong duong mach noi tat (H 4.10b).

Dbién trd twong duong cua mach: Ry=4Q+ 48 20 Q
4+ 8 3
: 10 3
hf= ——=— (A
o3 2 W

) 1
= = — (A
of 2()

Vay  ia(t)=Ae "+ % (A) va A duoc xac dinh tir didu kién dau nhu trudc day.
Thi du 4.3
Tim i(t) cia mach (H 4.11) khi t>0, cho v(0)=24 V

Gl

1A C) 40 02F :Z—g(nj

(H4.11)
Ta co
=10, + g
o Dé xac dinh i, ta luu ¥ no6 ¢6 cung dang cua hi¢u thé v & 2 dau tu dién.
Nguyén Trung Lap LY THUYET
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That vay, tit ca cac dap ung tu nhién khac nhau trong mot mach thi lién hé véi nhau
qua cac phép toan cong, trur, vi tich phén; cac phép toan nay khong lam thay doi gia tri trén
mil ma nd chi lam thay doi cac hé s6 ctia ham mil.

Thoi hang ctiia mach 1a:

T =RC=10x0,02=0,2 s

i, =Ae™"
0 trang thai thuong tryc, tu di€n twong duong mach ho:
if: | =1A
Vay i) =A™ +1(A)
o Deéxac dinh A, ta phai xéac dinh i(0-)
Viét phuong trinh cho vong bén phai
-41(05) +6[1-1(05)] t24=0 = i(0)=3 A
3=A+1 = A=2
Vay  i(t) =2¢™" + 1 (A)
Thi du 4.4
Xac dinh i(t) va v(t) trong mach (H 4.12a) khi t>0. Biét réng mach dat trang thai
thuong truc ¢ t=0- vdi khoa K ho.

150 a 100

i J
|+ L
1H 200 K‘fﬂ: ASF— o 200 C)eA

b
(H 4.122)
150 105
—
i
+ |
1H§ a)b R — 00 C)ea
(H 4.12b)

O trang thai thuong truc (t=0-), tu dién tuong mach hé va cudn diy 1a mach néi tit.
Hiéu thé 2 dau tu 1a hiéu thé 2 du dién tro 20Q va dong dién qua cudn day chinh la dong qua
dién tro 15Q

Dung cau chia dong dién xac dinh dé dang cac gia trj nay:

i(0-)=2A vav(0-)=60V

Khi dong khoa K, ta da nél tét 2 nut avab (H 4. 12b)

coe .

* Phan bén trai ab chira cudn day la mach khong chtra ngudn:
i(t)=Ae ™" (A)

Véi o i(0-)=i(0-)=2 = A=2
i(t)=2¢e""(A)

* Phan bén phai ab 1a mach c6 chira ngudn 6A va tu .15F

Hiéu thé v(t) c6 thé xac dinh d& dang bang phuong phap ngin gon:

Nguyén Trung Lap LY THUYET
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V(t) = 20e™+40 (V)

4.4 VAI TRUONG HOQP PAC BIET

4.4.1 Pap vng d6i véi ham nac

Xét mot mach khong chira nang luong ban dau, kich tl}ich bd1 mot ngué)n 12 ham néc
don vi. Pay 1a mét trudng hop dac biét quan trong trong thuc te.
Mach (H 4.13), trong do v=u(t)

| =2+

uft) CD rap—

(H 4.13)
Ap dung KCL cho mach
v—u(t
cdv, v-ul) _
d R
Hay
ﬂ + L — L u(t)
dt RC RC
* Khi t <0, u(t)=0, phuong trinh tré thanh:
dv + v 0 va co6 nghiém la: v(t)=AeR¢

dt  RC
bicu kién dau v(0-) =0 = A =0 va v(t)=0

*Khit>0,u(t) =1, pt thanh:

v v _1
dt RC RC
V(t) = Vv

Ve duge x4c dinh tr mach ¢ trang thai thuong tryc: ve=ve=u(t) =1V
V(t)=Ae R+ 1

Voi  v(0+H)=v(0-)=0 =>A=-1
v(t)=1- e"R¢

Tom lai {v(t) =0, t<0

' vi)=1-eR°  t>0
Hay v(ty=(1- ¢ *Yu(t) (V)
Thi du 4.5

Mach (H 4.14). Xac dinh v,(t)

Nguyén Trung Lap LY THUYET
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C
R
vy R
>
T
, (H 4.14)
Viét KCL ¢ nga vao ddo cua OPAMP:
vV, dv,
—+C =
R dt
Hay
dv, v
dt RC

Lay tich phan tir pt 0, dén t

1 ct
Vo(t) = _%J-m v,dt + v (0+)

Ta thdy V,(t) ti 16 v6i tich phan cta vi(t), néu vo(0+)=0.
Mach nay c6 tén la mach tich phan.
Xét truong hop Vi(t) = Vu(t)

V ot
Vo(t) = _Ejm u(t)dt +v, (0+)
Tu dién khong tich dién ban dau nén v,(0+) =0
Vv
va Vo(t) =——tu(t
® RC. (t) | ‘
Dbay chinh la ham doc véi do doc -V/RC. Gian do v,(t) dugc vé ¢ (H 4.15)

(H 4.15)

Thi du 4.6

Xac dinh v(t) trong mach (H 4.16a). V&i ngudn kich thich ig(t) c6 dang séng nhu (H
4.16b)
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=H
A (£ 44
1
+ 10
iECD 20 pieLds!
- n| 1 HE)
(@) (b)

(H4.16)
Mach khong tich trir nang luong ban dau nén i(0-)=0; & t=0 ngudn dong dién 10A ap
vao mach, cho dén ltic t=1 s thi ngudn nay bi ngat (giéng nhu md khoa K)
Tém lai, ta c6 thé hinh dung mach hoat dong nhu sau:
* 0<t<1, mach c6 ngudn ngoai i=10A va khong tich trit ning luong ban dau.
* t > 1, mach khéng c6 ngudn ngoai va cudn day da tich trir ning luong tmg v6i dong
i(1-)
Loi giai cta bai toan gdm 2 phan:
+ Khi 0<t<lI, tim dap trng d6i voi ham nac 10 A
V(t) =V, V¢
V= A RADIZALSUS = Aot
V= 2(103T3’2)= 12 V (nbi tit cuén day, dung dl Ohm va ciu phan thé)
v(t) = Ae' +12
i(t) 1a dong dién qua dién tro 2Q cling 1a dong dién qua cudn day, dong dién nay khong thay
d6i tirc thoi nén hiéu thé qua dién tré' 2Q cling khong thay doi tic thoi
1(0+) =i(0-) =0 nén v(0+) =v(0-) =0
suyra A=-12
Toéom lai
v(t)=0khit<0
v(t)=12(1-e" ) khi0<t< 1

+ Khi t > 1, mach khong chira ngudn nhung c6 tich trir ning lugng ban dau, ta tim dap ung tu
nhién cuia mach:

v(t) = Be ™"
O t=1-,v(l1-)=12(1-e")
O t=1+,v(l+)=B
Do tinh lién tuc: v(1+) = v(1-) = B=12(1-¢")
va 1oi giai cudi cung:
v(t) = 12(1-e™ )e ™ khi t>1

Loi1 giai cho moi t:
V() = 12(1-e)[u®-u(t-1)] + 12(1-¢" e Pu(t-1).
Gian db v(t) cho & (H 4.17)
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Uity ()
1 2' ____________________________ : : -__:_ _____
T o -7 ’1_2’f1f-e'tll
i 12(1-e-Lje-t-1)
0 1 ) 3 t(s)

(H 14.7)

4.4.2 Ap dung dinh ly chong chat

V6i cac mach ¢é chira 2 hay nhiéu nguén doc lap, chiing ta c6 thé dung dinh 1y chong
chat dé giai
Tro lai thi du 4.6.
Nguén dong i ¢ trong mach c6 thé viét lai:
ig = 10u(t) - 10u(t-1)
Nguon nay c6 thé xem nhu gdm 2 ngudn mic song song i | va i
=11+ voii;=10u(t) vai,=-10u(t-1) (H 4.18)

H
[ i i

—

1

i) () 30 20404y,

(H4.18)
Goi v, va v; lan lugt 1a cac dap g doi vai tung nguon i va i,

Trong phan trudc ta da xac dinh duoc:

vi(t) = 12(1-¢" u(t)

Dong i; ¢6 dang dao cta i va tré 1s.Vay Va(t) c¢6 duoc bang cach nhan vi(t) véi -1 va
thay t béi (t-1):

va(t) = -12(1- " yu(t-1)
Va két qua cudi cung:

V(D) = vi(t) + V(1) = 12(1-¢™ Ju(t) -12(1-¢“" Jut-1)

Két qua nay co vé nhu khac véi két qua truéc. Tuy nhién sinh vién cé thé chimg minh
hai két qua chi 1a mot.

Thi du 4.7

‘ Mach (H 4.19). Xéc dinh higu thé v(t) & 2 dau tu khi t>0. Biét rang tu da nap dién ban
dau vo1 hiéu thé V,

W) & (Dn

, (H 4.19)
Ap dung KVL cho mat luéi bén tréi:

Nguyén Trung Lap LY THUYET
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(Rl+R2)i+%jio|t+v0 =V,-Rl,

Nhan 2 vé phuong trinh cho hing s6 K

(R, + R)Ki J%j Kidt + KV, =KV, - R,(KI,)

Biéu thtic cho thdy dap ung dong dién i trg thanh Ki khi cac ngudn doc 1ap (V& 1)) va
hiéu thé ban dau cua tu (Vo) nhan véi K. Két qua nay cé thé mé rong cho mach tuyén tinh
chtta mot hodc nhiéu tu dién (hay cudn day). Hiéu thé ban dau cua tu (hay dong dién ban dau
cua cudn day) cling dugc xem nhu mdt nguén doc lap.

Ap dung dinh 1y chdng chat, ta xac dinh v 1a tong cta Vi, V2 va v 1an luot 1 dap tng
riéng 1€ cua Vi, [; va V. Cac mach dién tuong tmg la (H 4.20a), (H 4.20b) va (H 4.20c)

W Ry Ry C) I E;

(a) (b) (c)
(H 4.20)

Ap dung phuong phap giai ngian gon, ta duoc cac két qua:

V1:V1(1 _e—t/(R1+R2)C

V2:'R211 ( 1 _e-t/(R1+R2)C)

Va=V, e RITR2C
Trong d6 v; va v, 1a dap g ciia mach c6 chira nguén DC va v 1a dap ting ciia mach khong
chtra nguon.

— V]‘ RZI]+(R211' V]+ Vo)e-t/R1+R2)C

Co thé thay ngay dap tmg gdm 2 phan: dap tng ép va dap tmg tu nhién
V= V]- Rle
va Vi=(Rol - Vi Vo)e RIFRIC
Céc két qua nay ciing c6 thé kiém ching nhu sau:
Tu (H 4.20a) va (H 4.20b) ta c6 ngay:
Vir= Vi
Var = - Roly .
Va dap tng tu nhién, x4c dinh tir mach khong chira ngudn:
vy =A e RI*RIC A 13 hing s6 tich phan
V()= Vi- Ryl +Ae RITRIC
Véi V(0)=Vo = A=RyI;- V|+V,
Ta duoc lai két qua trén.

BAI TAP

4.1 Mach (H P4.1). Khoa K m¢ ¢ t=0 va i(0.)=2 (A). Xac dinh v khi t>0
4.2 Mach (H P4.2). Xac dinh v khi t>0, cho i(0+)=1 (A)

Nguyén Trung Lap LY THUYET
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i,
—
a0 K t=0 1500 I—l
+ +
20V 1/20F " — p 4% U _1M40F  3p0 iy
(H P4.1) (HP4.2)

4.3 Mach (H P4.3) dat trang thai thuong truc ¢ t=0- voi khoa K 6 vi tri 1. Chuyén K sang vi
tri 2, thoi diem t=0. Xac dinh v khi t>0
K t=0

1
46 L 2%

80 < @ QACD

——1/16F 60

(H P4.3)
4.4 Mach (H P4.4) dat trang thai thuong truc ¢ t=0_ vdi khoa K dong. Xac dinh i khi t>0

l_ IS t=0
1

&il
02F

-

20

6l

120 45%

(H P4.4)
4.5 Mach (H P4.5) dat trang thai thuong truc ¢ t=0. vdi khoa K dong. Xac dinh i va v khi t>0
4.6 Mach (H P4.6) dat trang thai thuong truc ¢ t=0.v6i khoa K dong. Xac dinh v khi t0

[,
K =0 1720 i X K t=0
20 . | . -
32V 1204V 21—1% a0 o 3H§ﬂ
- 1oV
(H P4.5) (H P4.6)

4.7 Mach (H P4.7) dat trang thai thuong triuc ¢ t=0. v6i khoa K 6 vi tri 1. Chuyén K sang vi tri
2, thoi diém t=0.

a. Xac dinh i khi t>0

b. Lam lai cau a, cudn day 2H dugc thay béng tu dién C=1/16 F

K i
7 - .
1t=n lz o
&0 u T +
4% 21—1% 1204 0 13"(_) 1F——p 30
12V 24V B
(H P4.7) (H P4.8)

4.8 Mach (H P4.8).

a. Xac dinh v khi t>0, cho i(0+)=1 (A)

b. Lam lai bai toan, thay ngudn 18V bai ngudn 6e™ (V) va mach khong tich trir ning
lwong ban dau
4.9 Mach (H P4.9) dat trang thai thuong truc ¢ t=0. vdi khoa K mé. Xac dinh i va v khi t>0

Nguyén Trung Lap LY THUYET
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& RC -
i + U -
— AR
10K l 20mH 2K

= 10uF KR K'ff: , KO aov (™)

(H P4.9)
4.10 Mach (H P4.10). Xac dinh v,, cho vi=5e¢™u(t) (V) va mach khong tich ning lugng ban dau
[l
1/4F
70
B
Ui 4n 0
>
T
(H P4.10)
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Chuong5 Mach dién bac 1

hai -

% CHUONG 5

MACH DIEN BAC HAI

% MACH PIEN VOI HAI PHAN TU TiCH TRU NANG LUQONG (L&C)
* LOI GIAI PHUONG TRINH VI PHAN BAC HAI

<+ Pap ung tu nhién

<+ Dap ung ép

4+ Pép tng diy du

) + Dicu ki¢n dau va diéu kién cudi

* TINH CHAT VA Y NGHIA VAT LY CUA CAC PAP UNG

+ Pap ung tu nhién

+ Dap mg ¢p

* DAP UNG EP POI VOI ¢*

Trong chuong trude chung ta di xét mach don gian , chi chira mot phan tir tich trix
nang lugng (L hodc C), va dé giai cac mach nay phai dung phuong trinh vi phan bac nhat.
Chuong nay sé xét dén dang mach phirc tap hon, d6 1a cac mach chira hai phan tir tich
trir nang lwong va dé giai mach phai dung phuong trinh vi phan bac hai.
Tdong quat, mach chira n phan tir L va C duoc dién ta boi phuong trinh vi phan bac n. Tuy
nhién dé giai cdc mach rat phtic tap nay, nguoi ta thuong dung mot phuong phap khac: Phép
bién ddi Laplace ma ta s& ban dén ¢ mot chuong sau.

51 MACH PIEN VOI HAI PHAN TU TiCH TRU NANG
LUQNG (L&C)

Thi du 5.1: Xac dinh i, trong mach (H 5.1) ’
Viét phuong trinh vong cho mach

o0 OH 2‘;'t1+12|1 4, =v, (1)
- - di,

Nl (g G @)

Ug 40 %11—1 g

. |
T (2): i, =—(=2+4i 3
, @: 1 4(dt 2) 3)

Lay dao ham (3)

(H5.1) - 2 -

%_1 di, 4%) 4)

dt 4vde
Thay (3) va (4) vao (1) ta dwoc phwong trinh dé xac dinh i,
d?i, 410912
dt? dt
Phuong trinh ~ dé xéc dinh i, 12 phuong trinh vi phan bac 2 va mach (H 5.1), ¢6 chira 2 phan
tod L va C, dugc goi 1a mach bac 2.

+16i, = 2v, (5)

Ciing c6 nhitng ngoai 1€ cho nhitng mach chira

2 phan ttr tich trit nang luong nhung dugc dién ta boi
o <+> 182 2! céc phuong trinh vi phin bac 1. Mach (H 5.2)
gl _ ﬂl ﬂz
_|_11: TE}F i .
o) LY THUYET




2 Chuong5 Mach dién bac
hai -

Chon O 1am chuéan, viét KCL cho nut v; va va:
dv
d_t1 +V, =V, (6)
dv
d_t2 +2V, = 2V, (7)

(6) va (7) 1a 2 phuong trinh vi phan bac 1, mdi phuong trinh chira 1 4n s6 va
khong phu thudc 1an nhau.
O mach (H 5.2) vi cung mot nguon Vg tac dong 1én hai mach RC nén ta co thé thay
mach nay bang hai mach, mdi mach gdm nguén Vv, va mOt nhanh RC, day 1a 2 mach bac 1, do
do phuong trinh cho mach nay khong phai la phuong trinh bac 2.

5.2 LOI GIAI PHUONG TRINH VI PHAN BAC HAI

Dang tong quét ciia phuong trinh vi phan bac 2 véi cac hé s6 1a hang s6

42 d
dtZ +a, di’ +ay = F(t) (5.1)

a1, a 1a cac hang sb thuc, duong, y thay cho dong dién hoic hiéu thé va F(t) 1a mot ham tuy
vao ngudn kich thich.
Ap dung cho mach (H 5.1) thi a;=10, ap=16, y=1, va F(t)=2v,
Nghiém ctia phuong trinh (5.1) gdm 2 thanh phan:
- Nghiém tong quat ctia phuong trinh khong vé 2, chinh 1a dap tng ty nhién y,
- Nghiém riéng cta phuong trinh c6 vé 2, chinh la dap ung ép yr:

y=Yntys (5.2)
* Pap ung tu nhién y, 1a nghiém cua phuong trinh:
d*y, . dy,
at? +a, ot +a,y, =0 (5.3)
* Pap L'mg ¢ép yrla nghiém ctia phuong trinh:
d’ d
Aty =F(Y (54)

Cong vé vai vé cua (5.3) va (5.4):

d?(y, + d(y, +
(ydnt2 Vo) | g (ynOIt Y Laty +y,)=F() (5.5)

(5.5) két hop véi (5.2) cho thiy nghiém ctia phuong trinh (5.1) chinh 13 y=y,+y;

5.2.1 Dap trng tu nhién

Dép tng tu nhién 1a 101 gidi phuong trinh (5.3)
~ ¥a cOdang ham mi: y,=Ae" (5.6)
Lay dao ham (5.6), thay vao (5.10), ta dugc

As’e’+Aa;se’FAape®=0

Ac®(s*+a;s+ag)=0
Vi Ae® khong thé =0 nén

sz+a1s+a0=O (5.7)
(5.7) dugc goi la phwong trinh dac trung, c6 nghi¢m la:

—a, +4a,’—4a,
(5.8)
2
Ung véi moi tri cta s ta ¢ mot dap ung tu nhién:

S

Nguyén Trung Lap LY THUYET
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st
Yo =A€7

Sot
Yo =A€7

yn = ynl + Yn2 = A 1es1t +A2682t
Tro lai thi du 5.1, dap Gng ty nhién ctia mach:

d?i,
dt?

$*+10s+16=0

+10%
dt

+16i,=0

=

: -2t -8t
i,=A,e” +Ae

+ Cac loai tan so tu nhién

»* 312- dap>0 =

2
—a,tq/a," —4a,

S;=-2; $,=-8

Chuong5 Mach dién bac 3

(5.9)

Sy, = > = y. (1) =Ae" +A, e
*2a°4a,<0 = s =-atjp =y ()=A A bt
Dung cong thitc EULER: ejezcos6+j sin@ va e'jezcos(?)-j sinO
y,(t) = e*(B,cospt + B, sinBt)
Trong d6 B, va B, x4c dinh theo A; va A; Bi=A+A, B=i(A1-AL)
* a,”- dag=0 = $127k<0 = Yo = (A +At)e"
#* a,=0va ap=0 = s12=1jB = y,.(t) = A,cosBt + A, sinft

Céc két qua trén co thé tom tit trong bang 5.1

Truong b. kién Nghiém ciia Ya(t) Dang song cia Tinh chit ciia
hop cac hé sb p.t dic trung Ya(t) i ‘yn(t)
1 a;"-4ap>0 | Nghiém thuc, | y,(t)=A ™ +A,e* i Tat dan khong
phan biét, Am _/\ dao dong
o] t
2 a;°-42,<0 | Phuc lién hop | y.(t)=e“ (B cospt +B,sinft) | * Dao ‘d(f)ng
s12=-atjp 0| ¢ | tat dan
(a>0)
3 a,"-4ay=0 Kép, thuc y. ()= (A, +A,t)e" * Tt dan toi han
$1,=k<0 _/\
o] t
4 a;=0 Ao, lienhgp | V.(t) = A,cosBt + A, sin Bt & Dao dong bién
Béang 5.1
Thi du 5.2 Xac dinh dap g tu nhién v, trong mach (H 5.3)
A Phuong trinh nat A:
40 . V=Vy . 1dv
Il R S pit——= (1)
o C—I—) 1 r—— + 4 4 dt
B\ Eae i Phuong trinh vong bén phai
1H Ri di )
i+—=vV
pm 2)
Thay i tir (1) vao (2)
(H53)
| 1(dv Vv d| 1 dv+v—v v @
4\ dt 9 dt| 4\dt ’
Nguyén Trung Lap LY THUYET
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hai -
Lay dao ham (3) va don gian

d3v dv dv,

+(R+1)—+(R+4Nv=Rv_, +—

dt? ( )dt ( ) ¢ dt

Dép tng tu nhién 1a 101 gidi phuong trinh:
2
d t"; +(R+1)d(;’tn +(R+4V, =0

Phuong trinh dac trung va cac nghiém cua no:
s’ +(R+1)s+(R+4)=0

_ —(R+1)i\/(R+1)2 -4(R+4)

12—

2
_ —(R+1)£,/R*-2R-15)
B 2

1,2

Két qua ing voi vai gia tri cu thé cua dién tré R:
BR=6Q,s12=-2,-5 =  Vy=Ae +Ae™
BR=5Q,51=-3,-3 =  Vi=(A+Ast)e™
BR=1Q, s;o=-1£j2 =  v,=¢"(B;cos2t+B,sin2t)

ThiduS5.3  Xa&c dinh dong i(t) trong mach (H 5.4). Chov, =1V 1a ngudn DC

MSS’E

it
g CD m Z:%F

(H S A\

Phuong trinh dic trung va cac nghiém : s*+3s+2=0

Vay  i(t)=in(H)=A e +Ax™

5.2.2 Dap ung ép

* Truong hop tong quat

=

(4)

(5

Phuong trinh mach:
1.
Ri +EI idt =v,

Lay vi phan 2 vé , thay cdc tri sO vao:

1.

L—+ R_t+_| =0

C

—+3—+2i=0

S1,2:-1, -2

Chuong5 Mach dién bac

Dap (g ép cua mot mach bac 2 phai thoa phuong trinh (5.4). C6 nhiéu phuong phap
dé xac dinh dap ung ép; & ddy ta dung phuong phap du doan 16i giai: Trong luc giai phuong
trinh cho cdc mach béc 1, ta dd thay dap tmg ép thuong c6 dang ctia ham kich thich, diéu nay
cling dung cho trudng hop mach dién co bic cao hon, nghia 13, néu ham kich thich 13 mot
hang s6 thi dap ung ép ciing 1a hang sd, néu ham kich thich 1a mot ham mii thi dép tung ép

cling 1a ham md. . ..
Xét mach thi dy 5.1 voi ve=16V

d?i di .
dt22+10dt2+16|2=32 (1)

Nguyén Trung Lap
MACH
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hai -
Dap g ép ixrla hang s6:  h=A  (2)

Lay dao ham (2) va thay vao pt (1):
16A=32 = A=2 = ixy=2
Ta c6 thé x4c dinh i>r nhd mach & trang thai thuong truc DC: (H 5.5)
1,=16/8=2 A
Va dap tmg ddy di ciamach: i, =i, +i, =A,e” +A ™ +2
Béng 5.2 cho két qua dap tmg ép ing véi cac ngudn kich thich khac nhau

_ F® - yi(t)
Hang s6 A Hang s6 C
Bit" Bot"+ Bt '+, .. .. +Bp t+By
B2 eott C eoct
Bssinf3t, Bscosft A sinft+ Bcosft
Bst" e cospt (Fot™ Fit"™'+. .. .. +F, t+F,) e cospt+
Bgt" ¢ sinft (Got"+ Git™'+. . . .. +Gy t+Gy) e sinpt
Béang 5.2

* Pap wng ép khi kich thich & tan sb tw nhién

Phuong trinh mach dién c6 dang

d’y dy

—(a+b)——+aby=e" 5.10

gz (@bl -+aby (5.10)

s’—(a+b)s+ab=0 = s=avas,=b vay =A.e"+A,e"
Dap g ép yr=Ae" phai thoa (5.10), thay vao ta dugc

0=e™ (day 1a biéu thirc khong thé chap nhan duoc)

Néu chony=Ate", 1iy dao ham , thay vao (5.10):
Ate™(a’t+2a-(a+b)(at+1)+abt)= ™
Sau khi don gian:
A(a-b) e*'=¢&"
H¢ thtrc dung v61 moi t nén:
A = 1
a-b
va nghiém tong quat cta phuong trinh (5.10) 1a
te at

y=Ae"+A,e" + (5.11)

Tro lai thi du 5.1, cho v, c6 chira tan s tu nhién:
Vg =6¢7+32
d?i di .
t22+10 dt2+16|2:12e’2t+64 (1)

i, =A.e?+Ae® (2)
Kich thich vg c6 sb hang trung véi ip, (e'Zt) nén ir xac dinh nhu sau:

i»=Ate™+B (3)
Lay dao ham (3) va thay vao (1)

6Ae+16B=12¢7"+64 = A=2 & B=4

i =2te " +4

=i, +i, =A,e? +A,e®+2te”+4

Nguyén Trung Lap LY THUYET
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* Truong hop kich thich c6 tin so trung véi nghiém kép ciia phwong trinh diic trung
Phuong trinh mach dién c6 dang:

d? d

#—Zaﬁjtazy =e® (5.12)
Phuong trinh dac trung

s’-2as+a’=0 = S1=S,=a

yu=(A+Ast)e"
a la nghiém kép cua phuong trinh dac trung nén yr xac dinh boi:
y=Ate"
Lay dao ham y; va thay vao (5.12):
2AeM=e™ = A=12 = y=(1/2)t%"
V=yntye= (A+A)e +H(1/2)e™ (5.13)

5.2.3 Pap ung day di

Pép tng diy du ciia mach dién bac 2 14 tong cua dap Gmg ép va dép ung tu nhién,
trong d6 co chira 2 hfmg sb tich phan, dugc xéac dinh boi cac diéu kién ban dau, cu thé 1a cac
gia tri cua y(t) va dy(t)/dt & thoi diém t=0.

Thi du 5.4

Xéc dinh v khi t0 cta mach (H 5.6). Cho v,=5c0s2000t (V) va mach khong tich trit

nang luong ban dau.

Vi=Vg V. V.-V dv
L9 T C,—1=0 ()
KR Ry O ::%,&F R1 Rz Rs dt
R R
. ) = v, dv
% 1KQ | 2KQ | . g G 7Y 2
+ —L v 2 . . g
til——l #1F + Thay tri s6 vao (1) va (2) va sap xép lai:
N e 4v, - v+ 21 03% = 2v, = 10c0s20001(3)
1, . 5dv
H56) Vi= 1% % @)
Thay (4) vao (3), sau khi don gian:
d’v dv
~+2.10° —+2.10°v = -2.107 c0s2000t (5)
dt dt
§%+2.10°s+2.10°=0 = s, ,=1000(- 14j) (6)
vp=c¢"""'(A,c0s1000t+A,sin1000t) (7)
Vi=Ac0s2000t+Bsin2000t (8)
Xac dinh A va B:
Lay dao ham (8) thay vao (5):
. (-2A+4B)cps2000t+(-4A-2B)sin2000t=-20cos2000t
Can bang cac h¢ so
-2A+4B=20 va -4A-2B=0 = A=2 vaB=4
v=e"""(Ac0s1000t+A,sin1000t) +2c0s2000t-4sin2000t 9)
Xéc dinh A va A,: Thay t=0+ vao (4)
Nguyén Trung Lap LY THUYET
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1, ~5dv(0+) . _ _ dv(0+)
v,(0+) 2 10 " vi vi(0H)=vy(0-)=0 = " 0 (10)
v(0-+)=v(0-)=0 (11)
Thay t=0 vao (9) rdi dung diéu kién (11)
Vv (0):A1+2:0 = A1=-2
Lay dao ham (9), thay t=0 va dung diéu kién (10)
1000A,-1000A;-8000=0 = A,=6
Tom lai:
v(t)=e""*"(-2c0s1000t+6sin1000t) +2c0s2000t- 4sin2000t (V)

5.2.4 Dieu kién dau va diéu kién cuoi

C6 thé noi cac diéu kién ban dau va diéu kién cudi ciia mach bac 2 kl}éng khac gi so
v6i mach bac 1. Tuy nhién vi phdi xac dinh 2 hang s6 tich phan nén chiing ta can phai c6 2 gia
tri dau; 2 gia tri ndy thuong dugc xac dinh béi y(0+) va dy(0+)/dt.

* y(0+) duge xac dinh gidng nhu & chwong 4, nghia 14 dya vao tinh chét hiéu thé 2 dau
tu hodc dong di¢n qua cudn day khong thay doi tirc thoi.

* dy(0+)/dt thuong dugc xac dinh boi dong dién qua tu va hiéu thé 2 dau cudn day vi:
di,

o=C S vay =L

Thi du 5.5

Cho mach (H 5.7a), xéc dinh céc diéu kién du vo(0+) va d";(tOJ

1) icl | :, f1) icl fo g,
D Rt D 3

Iit=ult) L It)=u(t)

i
(a) (H5.7) (b)
V0(0+):i0(0+)20
(H 5.7b) 1a mach tuong duong ¢ t=0+
,(04) = %) _g
1
i0(0+)=0
ic(0+)=i(0+)=1A
iC=C% N dvczl.C
dt dt C
dv, dv 1. 1
—9(0+)=—L(0+)=—i.(0+)=—= V/s
dt() OIt( ) Cc( ) c
Thi du 5.6
Xic dinh i1(04), ix(0), 21(0+), '2(0+) (1 5.8 2)
dt dt
Nguyén Trung Lap LY THUYET
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C F; I

11 iz 11 iz

w@® 5T O,

(a) (H5.8) (b)
Xac dinh i;(0+), i,(0+)
Tt mach tuong duong & t=0+ (H 5.8b)
i,(0+) = % va  I(0+)=0

1
Xac dinh 31 (0+), 92 (04)
dt dt

Viét phuong trinh vong cho mach khi t>0

1¢. .
EI|1dt+R1(|1—|2):A (1)
—R1(i1—i2)+R2i2+L%:O 2)
Tir (2)
di | I :
d_’[ZZE[R1I1_(R1+R2)IZ]
diy g0 [ A _o]_A
dt L R, L
Pao ham theo t phuong trinh (1)
i, g di g dis
C dt dt

G kg 8]
d R, C 'dt

ﬂ(oﬂzi[_limﬁ}:é_ A
R, R,

dt C L

Thi du 5.7 . o )
Tré lai thi du 5.3 dung dicu kién dau dé xac dinh A; va A, trong két qua cua
in(t):Ale_t‘i‘Aze_Zt

i(t)=i,(D)=A e +Ae™ (1)
O t=0, cudn day tuong duong vo1 mach ho,
i(0-)=0 = AtA=0 2)
Va tu dién tuong duong véi mach ndi tat
1 0.
vC(O+)=EI_OO|dt =0 3)
Ngoai ra
Ri(0+)=0 4)
Nguyén Trung Lap LY THUYET
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Thay (3) va (4) vao phuong trinh mach:
di di v
L—(0+)=v, hay —(0+)=-%=1
LGy, ey G =3
Lay dao ham (1), thay céc tri s6 vao:
%(O+)=—A1—2A2=1 (5)
Giai hé thong (2) va (5):
A1:1 va A2:-1
Va
i(t)y=e'-e™
Thi du 5.8

Khoa K trong mach (H 5.9a) d(’)ng kha lau dé mach dat trang thai thuong truc. Mo
khoa K tai thoi dieém t=0, Tinh vg, hi¢u thé ngang qua khoa K tai t=0+

K 20 Dy — 200
— B o

t=0 —t
1 .
| i

10V %21_1 300 Lok 2H§U 30}
(a) (H5.9) (b)
10

11(0-)=i,(0-)=—-=5A
Viét phuong trinh cho mach khi t>0 (H 5.9b)
2dO:L 43,20 = i -Ae?
i (0H) =i (0)=5 = A=5 = i, =5e?
khi  t>0 Ve =10+ R,i, =10+ 15¢ 2
0 =0+ vk=10+15=25V

Két qua cho thdy: Do su c6 mit ciia cudn day trong mach nén ngay khi mo khoa K, mot hi¢u
the rat 16n phat sinh gitta 2 dau khoa K, c6 thé tao ra tia lira dién. Be giam hiéu thé nay ta phai

mic song song véi cudn diy mot dién trd da nho, trong thyuc té, ngudi ta thuong mic mot
Diod.

5.3 TINH CHAT VA Y NGHIA VAT LY CUA CAC PAP
UNG

5.3.1 Dap tng tu nhién

Pap mg tu nhién 14 nghiém cua phuong trinh vi phan bac 2 thuan nhét, twong Gng véi
truong hop khong co tin hi¢u vao (ngudn ngoai). Dang cia dép tng tu nhién tuy thudc vao

Nguyén Trung Lap LY THUYET
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nghiém cua phuong trinh dic trung, tirc tiy thudc cac thong sb6 cua mach. Tinh chit cua dap
mg tu nhién x4c dinh dé dang nhd vi tri clia nghiém cuia phuong trinh dic trung trén mit
phang phic.

Goiavapla2 s6 thuc, cho biét khoang céach tir nghiém 1an luot dén truc 4o va truc

thue.
Ta c6 céac truong hop sau:

»* Phwong trinh dic trung c6 nghiém thuc, phin biét s1,= oy, a2

Vi tri thuc cua a, dap tng c6 dang mii (H 5.10)
Tuy theo 0>0, a=0 hay a<0 ma dang séng ctua dap tng la dudng cong tang theo t, duong
thang hay duong cong giam theo t.

g e N e ) o il ol

o <0 |D:=D =0

(H5.10)
* Phwong trinh dic trung cé nghiém phirc s ,=-a +j

- Néu dbi nghiém phtrc nam & 1/2 trai ctia mat phang (o va p # 0), dap tng 1a dao dong tit
dan (H 5.11)

- Néu 1a nghiém 4o (0=0 va B = 0), dap tmg la mot dao dong hinh sin (H 5.11)

- Néu d6i nghiém phirc nim & 1/2 phai cia mit phang (o va p = 0), dap tmg 1a dao dong bién
d6 tang dan (H 5.11)

bt
i ] 3
0 t
o] t o] t
Fn ¥n ¥
i) t a t 0 Py
o)

(HF.11)

»
»

* Phwong trinh dic trung c6 nghiém kép (H 5.13)
- Nghiém kép trén truc thyc : s;=s;= -a. y, = (A, +A,t)e™, dap tmg co gia tri tit dan t&i

han
- Nghiém kép trén truc do s;=s;=+jp hodc -jp yr=kicos(Bt+®;) + katcos(Bt+d,), dap tng la
dao dong bién d¢ tang dan

jo

Nguyén Trung Lap LY THUYET
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B
- (e}
-B
Fn ¥
& a t
0 f
(H5.13)
Thi du 5.9

Khao sat phuong trinh dac trung cua mach RLC péi tiép.
Khi R thay do6i vé quy tich nghi€ém s trén mat phang phuc

N L—+R|+—_[|dt_ (1)
I
Lay dao ham 2 vé
VL) /_\ 2 .
> diRdi 1, ddv
dt© Ldt LC Ldt
Phuong trinh ddc trung
(H5.14)
s® +Es+ 1 0 (3)
L LC
5 R 1 .
bat o=— va ®,=,/—=,(3)tré thanh
2L LC
s’ +2as+w,” =0 (4)

* a=0 (R=0) s=tjmo
Dap tmg tu nhién 1a dao dong hinh sin c6 bién do khong doi, R=0 c6 nghia 1a cong suat khong
tiéu tan thanh nhiét nén ning luong tich trit ban dau khong mat di ma dugc chuyén hoa va
trao doi qua lai gita tu dién (dién trudng) va cudn day (tir trudng).

. 2 .
* 0<o<my  S=-0atjyw, —a® =—atjo,

ya(t)=ke *'cos(wqt+D)

Khoang cach tir nghiém dén gdc O ciia mit phang phirc 1a Wy = /0% + (od2 , khi o thay ddi,

quy tich nghiém la vong tron tdm O, ban kinh o (H 5.14). Dap ng tu nhién la dao dong hinh
sin ¢6 bién d6 giam dan theo dang ham mii (do ning luong mat di dudi dang nhiét trén dién
tro R).

R N O
o= oL duoc goi la thtra so tat dan.

[ 1 N . 2 . .
0y = E—az dugc goi la tan s6 goc gid va T, = T duogc goi 1a chu ky gia cua dao dong
Wy
tat dan.

* o=amg 51=5=-0 yo(t)=(ki+kat)e o
Pap g c6 gia tri tit dan t6i han hay phi tudn hoan.

* o>mp s12,=a<0 (2 nghiém am phan biét trén truc thuc)

Nguyén Trung Lap LY THUYET
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bap (g tu nhién tat dan khong dao dong, nghia 1a R ¢6 tri kha 16n du dé ngan chan sy trao
doi nang luong gitta L va C.

. [ 1 .
Tom lai, khi a<wp hay R<R. =2 c Mach dao dong hodc tat dan

R¢ duogce goi 1a dién trd téi han
Dat p=2 Tish giam dao dong
®q
s2+2‘Pcoos+o)02=0
* ¥=0, Dao dong thuan tiy
* 0<W¥<l1, Dao dong tat dan
* P>1, Tt dan khong dao dong
* R<0 (hay ¥, 0<0), phuong trinh dac trung
c6 nghiém nam & 1/2 mit phing phai va dap
ing tang khong gi6i han, ta n6i mach bat
on. Pién trd 4m 1a mdt ngudn ning Iluong,
=0 ¢6 duoc do tac dung ciia mot ngudn phu
(H5.14) thudc 1én mot dién tro duong. Khi mach thy
dong co6 chura nguon nang luong, dép Gng tu
nhién c6 thé co gia tri ting mai theo thoi gian va tao ra mot sy bat 6n.

5.3.2 Pap ung ép

Pap mg ép cua mot mach chinh 13 nghiém riéng cua phuong trinh c6 vé 2, nd tiy
thudc ca tin hiéu vao va cac thanh phﬁn trong mach dién.

Mot truong hop dic biét anh huong dén dap ung ép 1a khi mot sb hang cua F(t) co
cung dang cta yy(t). Luc d6 y(t) dugce nhan véi t. Vé phuong dién vat 1y, diéu nay ¢ nghia la
mach budc phai dap tmg nhu khi khong c6 tin hi¢u vao hay noi cach khac mach bi kich thich
theo mot trong nhiing cach van chuyen tu nhién cua nd. Noi ndm na la mach dap ng nhay
hon binh thuong va diéu nay duoc biéu thi mot cach toan hoc bang cach nhan voi thtra s t.

Luu ¥ 13 ning luong tich trit ban du chi anh huong dén do 16n (cac hing sd tich phan)
chtr khong anh huong dén dang cua y,(t). Mit khac, cac hang sb tich phan ciing tiy thude vao
ngudn kich thich va cac thanh phan trong mach. Chinh vi nhiing Iy do nay ma ngudi ta chi
xac dinh cac hang s tich phan sau khi c6 két qua cudi cung (dap tmg day du). Tom lai, khi
tinh todn dép Umg ciia mot mach, cac héng s6 tich phan duge xac dinh dua trén dép ung day
du y(t)=y(t)+yi(t) va cac diéu kién ban dau.

Ngoai ra, xét dén anh huéng cua dap tmg cua mach theo dién tlen thoi gian, nguoi ta
chia dap tng ctia mot mach ra 2 thanh phan: Thanh phan chuyén tiép (giao thoi, transient
time) va thanh phan thuong truc (steady state).

- Thanh phan chuyén tiép y,(t): triét tiéu sau mot khoang thoi gian.
- Thanh phan thudng truc y«(t): con lai sau khi thanh phan chuyén tiép triét tiéu.

Néu cac nghiém cua phuong trinh dic trung déu & 1/2 mit phang trai hé va dap Gng
¢ép khong triét tiéu khi t —oo thi

yi(t) = ya(t)

Yss(t) = yi(t)

Nguyén Trung Lap LY THUYET
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5.4 DPAP UNG EP DOI VOI e

Trong phan giai mach dién, mdt truong hop dac biét can quan tam, do6 1a nhirng mach
v6i tin hidu vao c6 dang ham mii ¢*, s 12 hang s6 doc 1ap voi t. Chung ta s& xét ngay dudi day
truong hop nay

Véi x(t) va y(t) 1an luot 1a kich thich va dap tmg, phuong trinh mach dién c6 dang
tong quat

n n-1 m m-1
and—ZJralHdT_}l% ............ +a1d—y+a0y:bmd—j+bm71dT_)f
dt dt dt dt dt

Cho x()=¢" = ygt)=H(s)e"
Bang cach liy dao ham y(t) thay vao (5.14) ta xac dinh dugc H(s)

H(s) = b,s"+....+b;s+b,

as' +...+as+a,

H(s) duoc goi 1a ham sé mach, giit vai tro rét quan trong trong bai toan giai mach.

Quan sat (5.15) ta s& thay H(s) 1a ti s6 coa 2 da thirc theo s ¢6 bac la bac cua dao ham
va cac hé s6 chinh 1a cac h¢ so tuong ung cua 2 vé cia phuong trinh mach di¢n. Vi vay, khi
c¢6 phuong trinh mach dién ta c6 thé viét ngay ra ham sé mach.

dx
F o +b,—+b,x(5.14
g T Do (5.14)

(5.15)

Thi du 5.9 Tim dap ng V,(t) ctia mach (H 5.15), cho i(t)=¢™.

Phuong trinh mach dién

ce® 1y i
) - + d R °
it C) —c B4 Ham s6 mach H(s)
B 1 R
sC+1/R 1+sRC
(H 5.15) Daép tmg ép d6i véi i(t)=e" 1a
Ve (t) = R e = Rt

e
1+sRC 1-RC

Thong s s trong ham sé mach c6 thé 1 s thuc hay phirc. Trong thuc té tin hiéu vao
thuong 1a mot ham thuc theo t. Tuy nhién tinh dap tmg ddi véi mot ham phuc ciing rat hitu
ich vi tir 46 chung ta c6 thé suy ra dap ung dbi vai tin hiéu 1a ham thyc tir dinh 1y sau day:

" Néu yg(t) 1a dap wng ddi véi tin hiéu phire x(t), dap ung dbi voi phan thwe cuaa x(t)
chinh 12 phén thue ciia yi(t) va dap &ng ddi véi phan a0 ciia x(t) 1a phan a0 cia y((t)"

* Tro lai thi du 5.9. Xét truong hop kich thich ¢6 dang x(t)= coswt
Tir cong thire EULER &/®'=cosot +jsinot, ta thiy cosomt 1a phan thyc cia ¢

Vay trudc tién ta tim dap tng ép ddi voi e
R

Vo (t) = ————e
=77 joRC
Dung cong thirc EULER viét lai Vg
R

Vv, =——(1- joRC)(cosnt + jsinmt
of 1+(®RC)2( joRC)( +jsinot)

Phan thyc ciia dép Gmg ép Vor(t)

Nguyén Trung Lap LY THUYET
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Relv, (1)} = ﬁ(co&ot + oRCsinot)

chinh 1a dap tmg ép ctia mach ddi véi coswmt (vi cosot =Re[e!™" ] 14 phan thuc cua /)

BAI TAP
1O JCS

5.1 Cho mach di¢n (H P5.1), khéa K dong cho téi khi mach dat trang thai thuong truc. Mo
khoa K, coi thoi diém nay 1a t=0. Xac dinh dong iy lac t>0.

5.2 Cho mach di¢n (H P5.2), khoa K dong cho tdi khi mach dat trang thai thuong truc. Mo
khoa K, coi thoi diém nay 1a t=0.

a. Tim biéu thic ciia Vg, hiéu thé ngang qua khoa K & t=0+.

b. Giasuri(0+)=1 A va %(OH =-1A/s . Xac dinh dd\iK (0+)
t=0 ) LJVU\K__{ }J R2 l
| ¥ :
L %11—1 104F == ‘“’CD Ri L
(HP5.1) (H P5.2)

5.3 Mach (H P5.3). Tim v khi t>0.
5.4 Cho mach diéq (H P5.4), khoa K dong cho téi khi mach dat trang théi thuong truc. M&
khoa K, coi thoi diém nay 1a t=0. Tim v khi t>0.

T
10mH 1H 46
. +
100ui-t 1Lt 12V - —
. D SEFT U 400 =) 1H4F =T
(H P5.3) (H P5.4)
5.5 Cho mach dién (H P5.5). Tim v khi t>0 trong 2 truong hop:
a. C=1/5F
b. C=1/10F
5.6 Cho mach dién (H P5.6). Tim v va i khi t>0
Nguyén Trung Lap LY THUYET
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1/20F J_-I?_ Il T
CT) 4;1{&} oL 'EE CTD 2 i{ﬂ
1H 10 1H
(HP5.5) (H P5.6)

5.7 Mach (H P5.7) dat trang thai thuong tryc ¢ t=0- v&i khoa K ¢ vi tri 1. Chuyén K sang vi

tri 2, thoi diém t=0. Xac dinh i khi t>0
5.8 Mach (H P5.8) dat trang théi thuong tryc ¢ t=0. Xac dinh v khi t>0

L
EW ?
1
2 20 30
40
(H P5.7)

PI?’ 300
L
t=0
t 1.1 L3
Q 204 030 y=—1F lp——v 20
(H P5.8)

5.9 Mach (H P5.9) dat trang thai thuong truc ¢ t=0- Vi khoa K ¢ 1. Tai t=0 bac K sang vi tri

2. Xac dinh i khi t>0

5.10 Mach (H P5.10) dat trang thai thuong truc ¢ t=0- Xac dinh i khi t>0

1
1 K a | |EF b
A0 [ ]
2 i|
a0 K1)
C
CD&A 51—1%

1)

o
(H P5.9)

240

J—

=0

(H P5.10)

Nguyén Trung Lap
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Chuong5 Mach dién bac

O t>0, mach chi con cudn day va tu dién mic song song va da tich trit nang lugng.

Phuong trinh vong cho mach

di 1.
L—+—|idt =0 1
- e ®
Lay dao ham 2 vé phuong trinh (1)
2.
L o
dt© C
Thay gia tri cia L va C vao
d4 :
—+10°i =0 2
at2 2)
Phuong trinh déc trung
s?+10°=0 (3)
Cho nghiém

s12=+7100/10 =+j316
Vay
i(t) = Acos316t + Bsin316t  (4)
Xac dinh AvaB
Tt mach tuong duong ¢ t = 0- (H P5.1a)
1(0-)=10(A) vav(0-)=0

Tir két qua (4)
i(0H)=i(0-)=A=10
Ta lai co
di(t)
v(t)=L——=
(t) it

~ w1 9y
= v(0+)—v(0)—Ldt(0) 0

Nguyén Trung Lap
MACH

LY THUYET



Chuong5 Mach dién bac 17

hai -
di di
Ha —(0+)=—(0-)=0 5
’y Clt( ) dt() ’()
Lay dao ham (4), cho t=0 va dung két qua (5)
M: 316 B=0
dt
B=0
Tom lai

i(t) = 10cos316t (A)

5.2 Cho mach diéq (H P5.2), khoéa K dong cho téi khi mach dat trang théi thuong truyc. M&
khoa K, coi thot diém nay la t=0.
c. Tim bi€u thurc cta vk, hiéu thé ngang qua khoa K ¢ t=0+.

' dv,

d. Giasui(0+)=1 Ava %(Oﬂ =-1A/s . Xac dinh p (0+)
k
t=0
i
v Cf SN L
(H P5.2)
Giai

a. Mach dat trang thai thuong truc voi khoa K dong

i(0-) = l

R,

Tai t=0+, tu dién twong duong mach ndi tit nén hiéu thé vk chinh 13 hiéu thé 2 dau R,

vk = Ry. i(0+) =R;. i(0-) = Rll.

R2
Vk = Ry i .
2
b. Xac dinh dd‘iK (0+)
Hiéu thé vk khi t>0 xac dinh boi
. 1.
’ vk =Rj. I,+Ej-ldt

Lay dao ham 2 vé

v g o1,

dt dt C

Tai t =0+, thay i(0+)=1 A va %(Oﬂ =—1A/s vao phuong trinh

dv, di 1. 1

0+)=R,—(0+)+—=i(0+)=R,.(-DH)+—=(1
dt( ) ‘dt( ) C( )=R.(-1) C()
Tom lai
dv, 1
0+)==-R, Als
m (0+) c R

5.3 Mach (H P5.3). Tim v khi t>0.
Nguyén Trung Lap LY THUYET
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10mH

lﬁl}t}' CT) 5UFT— ) 4002

(H P5.3)

Giai
Dang song cta ngudn dong dién 100u(-t) duoc vé & (H P5.3a) va mach twong duong voi (H
P5.3) duge vé & (H P5.3b)

4] md K= e
iim : "_f—-{o 10mH
100 i
(H P5.3a) ‘ (H P5.3b)
- Khi >0, khoa K hé, mach khong chira nguon ngoai, phuong trinh mach dién
L—+R|+—J'|dt (1)
Lay dao ham (1) va thay tri s6 vao
;’tl 4103 +2.10i=0 )
Phuong trinh dac tru‘ng va nghiém
$2+4.10°s+2.10"=0 (3)

s12=-2000 £ j4000

Mach khong chira ngudn ngoai nén dap ung chi 1a thanh phan tu nhién v,
V=V, = ¢~ "%(Acos4000t + Bsin4000t) 4)

Xac dinh AvaB

Tir mach twong duong & t = 0- [(H P5.3) véi tu hé va cudn day ndi tit]
v(0-) =40Q.100mA =4 Vvai(0-)= 100 mA=0,1 A

Tir két qua (4)
v(0+) =Vv(0-)=A =4
Ta lai co
. . dv(t)
it)=i(t)=-C——=
(t) =i.(t) at

= 5.10°[-2.10°¢ 2" (Acos4.10°t+Bsin4.10°t)+ ¢ 2°%(-4.10° Asin4.10*t+4.10°Bcos4.10°t)]
Tai t=0 i(0+)=i(0-)=0,1=-5.10%-2.10°A + 4.10°B)
=  -A+2B=-10
V61 A=4 taduogc B=-3
Tom lai
v(t) = 2" (4054000t - 35in4000¢t) (V)

5.4 Cho mach diéq (H P5.4), khoa K dong cho téi khi mach dat trang théi thuong truc. M&
khoa K, coi thoi diém nay 1a t=0. Tim v khi t>0.

Nguyén Trung Lap LY THUYET
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1H 40
12V - L7
t=DKK1,l"4F —
(HP5.4)
Giai
1H 40 40 oy
+
12v 1{;4];_({; C_Duv
(H P5.4a) (H P5.4b)
Phuong trinh cho mach tuong duong khi t>0 (H P5.4a)
di . .
—+4i+4|idt =12 1
g »
Lay dao ham (1)
d4 di .
—+4—+4i=0 2
dt>  dt @
Phuong trinh dac trung va nghiém
S +4s+4=0 (3)
s12 = -2 (Nghiém kép)
V(t) co6 dang
V(t) = (At+B)e™ + 12 (v=12 V) (4)
Xac dinh AvaB
Tt mach tuong duong ¢ t = 0- (H P5.4b)
Ci(0-)=12vV/4Q=3 A va  Vv(0-)=0
Tur két qua (4)
v(0+) =v(0-) = B+12 =0 = B=-12
Mat khac
i(t) = Cdv—(t) = 1[Ae 21 (At +B)(-2)e ]
dt 4
i(0+)=1i(0-)=3 Z%(A —-2B)
Vo6iB=-12tadugc A=-12
Tom lai
V(t)= 12- 12(1+t)e> (V)
5.5 Cho mach dién (H P5.5). Tim v khi t>0 trong 2 truong hop:
c. C=1/5F
d. C=1/10F
6Ll
Due o
1H
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(H P5.5)
Giai
Ngudn u(t) trong duong voi khoa K déng lic t=0. Vay day la mach bac 2 khong tich trir
nang lugng ban dau nhung c6 ngudn ngoai.
bép tng v(t) cia mach gom v, va vy

B Xéac dinh v¢ o
Luc mach dat trang théi thuong truc, cudn day tuong duong mach noi tat va ty dién tuong
duong mach ho nén vi=6Q.4A =24 V

B Xac dinh v,
Phuong trinh xéc dinh Va
di .
L—+R|+— idt =0 1
" | cl (1)
Thay L va R vao va léy dao ham
d? di 1.
+6—+—1=0 2
dt?> dt C @
kK C=(1/5)F
Phuong trinh (2) thanh
d?i di .
+6—+5 =0 3
dt® dt 3

Phuong trinh dac trung va nghiém

$+6s+5=0= sip=-1&-5

=Ae'+Be™

V(t) =V, + vi= Ae" + Be™' + 24 4)
Tai t=0,v(0)=0 = A+B+24=0 (5)
Tai  t=0-, dong qua cudn day 1a 0, nén luc t = 0+, dong nay ciing bang 0, do d6 dong qua
tu 1a 4A (ngudn dong)

6(0+)=C S (0+) = 4

4
a(0+) e (6)

Lay dao ham két qua (4) ta duoc
dv(t)

=—Ae ' -5Be™
dt

dv

Yior)=-A-58B 7

at (0+) (7)
(6) vi (7) cho

A-5B=2-20 (8)

C

Giai hé (4) va (8)

A=-25vaB=1

Tom lai
v(t) =-25¢"+ e +24 (V)

k C=(1/10) F
Phuong trinh (2) thanh

Nguyén Trung Lap LY THUYET
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d%i . di .
+6—+10=0 3
dt? " dt )
Phuong trinh dac trung va nghiém
s+ 6s+10=0
Si2=- 3 ij

Vn = e'3t(Acost+Bsint)
V(t) = Vy + Ve = e (Acost+Bsint) + 24(4")
Dung cac diéu kién dau nhu trén, ta dugc

Tai  t=0,v(0)=0=A +24 (5

=  A=-24

Tt két qua (4') ta dugc
d:ﬁt) = —3e ' (Acost + Bsint) + e *(-Asint + Bcost)
%(Oﬂ - 3A+B 7

(6) va (7 cho
3A +B = 40 (8

Thay A = - 24 vao (8') ta dugc

=-32
Tom lai
V(t) = e>'(-24cost - 32sint) + 24 (V)

5.6 Cho mach dién (H P5.6a). Tim v va i khi t>0

1/0E—=7 . > Jz?f _
C)zum - il 230 C 2 uft) - i 2300
[ )4 [ )°A
10 1 10
(@) (H P5.6) (b)

Giai
Ngudn u(t) trong duong voi khoa K déng lic t=0. Vay day la mach bac 2 khong tich trir
nang lugng ban dau nhung c6 ngudn ngoai.
Dap g v(t) ciia mach gdm v, va v¢ va i(t) ach gdm iy va i.
Luu y la cac dap ng tu nhién ludn c6 cung dang. Phéan khac nhau trong cac dap tmg 13 cac
hang s va dap tmg ép.

B Xac dinh cac dap ung ép
Tur mach twong duong khi dat trang thai thuong truc, ta tinh dugc
Vi=3Q2A =6V vair=2A

B Xac dinh cac dap tu nhién

Viét KCL cho mach
1dv .
+i=2 1
) 20dt M
Viét KVL cho vong bén phai
di
—+4i-2=v 2
™ (2)

Tu (1) suy ra
1dv ., d4 1 dv

40 dt dt? 40 dt
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Thay vao (2) va rut gon
2
9V 4 20w =120 3)
dt dt
Phuong trinh dac trung va nghiém
" +4s+20=0
S12= - 2+ J4
Vp = e 2(Acos4t+Bsin4t)
V(t) = Vy + Ve = e 2(Acos4t+Bsindt) + 6 4)

i(t) = iy + if = e *(Ccos4t+Dsin4t) + 2(4")

B Xac dinh A va B
Tai t=0,v(0)=0=A+6 (5"
= A=-6

Tai t = 0-, dong qua cudn day la 0, nén lic t = 0+, dong nay ciing bang 0, do d6 dong qua tu 1a
2A (nguodn)
dv

Ic(0+)= Cd—t(0+)

2 (6)
Tir két qua (4) ta duoc

d;’it) — 27! (Acos4t + Bsindt) + e 2 (—4Asin4t + 4BcosAt)

%(oﬂ =-2A +4B (7)

(6) va (7) cho
-2A +4B =40 (8)
Thay A =-6 vao (8) ta duoc
B=7
Tom lai
v(t) = e*(-6cost+7sint) + 6 (V)
B XdacdinhCvaD
i(0)=0= C+2=0 => C=-2
Tai t = 0-, dong qua cudn day 1 0, nén luc t = 0+, dong nay ciing bang 0, do d6 dong qua tu Ia
2A (ngudn) tao ra dién thé 2V ¢ 2 dau dién tro 1Q.Day ciing chinh 1a hi¢u thé 2 dau cudn day
tai t= 0+

v (0+)=L %(Oﬂ =2 (6"
Tu (4') ta co
dclj—(tt) = —2e*'(Ccos4t+ Dsin4t) + e #(—4Csin4t + 4Dcos4t)
% (0+) = —2C+4D (7)
(6") va (7") cho
-2C+4D =2 @)
Thay C=- 2 vao (8') ta dugc
D=1
2

Tom lai

i(t) = e*'(-2cost - %sint) +2 (A)
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5.7 Mach (H P5.7) dat trang thai thuong truc & t=0. voi khoa K & vi tri 1. Chuyén K sang vj tri
2, thoi diém t=0. Xac dinh i khi t>0

« 1H 1H
'
g ia
1
L8 20 20
405
(HP5.7)
Giai

Khi t>0, khoa K & vi tri 2, mach khong chita ngudn ngoai nhung c6 tich trit ning luong.
Mach tuong duong dugc veé lai & (H P5.7a)

1H 1H
 w w T Sa's
_ o) o)
m 1
20 20 20 70 20
40
, (H P5.7a) (H P5.7b)
Viét phuong trinh vong cho mach
di, . ,
—+2i,-21=0 1
gt T A (1)
Codi
51+ —-2i,—=0 2
el (2)
Tt (2) suy ra
. . - - 1 - 2.
= tsie gl A gt d
2 dt dt 2 dt dt
Thay céc tri nay vao (1), sau khi rat gon
d? di .
—+7—+6i =0 3
dt®>  dt ©)
Phuong trinh dac trung va nghiém
S+ 7s+6=0=>  sp=-1&-6
i=Ae'+Be® 4)
Xac dinh AvaB
Tt mach tuong duong ¢ t = 0- (H P5.7b), ta co
Dbién trd twong duong cua mach
Ri= 2Q+(20Q.30Q/20+3Q) = 3,2Q
11(0-) =40V/3,2Q0=12,5 A
va 1(0-) = 12,5A2—Q =5A
20+ 30
i(0+) =1i(0-) =5
—  A+B=5 (5)
Twr (2) suy ra
%(O-f-) =-5i(0+)+2(i,(0+) =-25+25=0
Lay dao ham két qua (4) va thay diéu kién nay vao
Nguyén Trung Lap LY THUYET
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-A-6B=0 (6)
Giai hé (5) va (6)
A=6vaB=-1

Tom lai
i(H)=6e"-e® (A)

5.8 Mach (H P5.8) dat trang thai thuong tryc ¢ t=0. Xac dinh v khi t>0

K 20

+
CT 204 »300 E::%F %F::U 200

(H P5.8)
Giai
Khi t>0, khéa K m¢, ta c6 mach khong chira ngudn ngoai
Viét KCL cho mach
VizV + 1dv, =0 (1)
3 6 dt
vov v v g 2)
3 2 6dt
Tt (2) suy ra
2
v, =t Eva DYy g e 1 gdv d
2 dt dt 2 dt dt
Thay céc tri nay vao (1), sau khi rat gon
2
v 79 ev=0 3)
dt dt

Phuong trinh dac trung va nghiém
s+ Ts+6=0=>  sp=-1&-6
vV=Ac"+Be™ (4)

Xac dinh AvaB
Tt mach tuong duong & t = 0- ((H P5.8), trong d6 céc tu 1a mach ho) ta co
Dbién trd twong duong cua mach
Ri= 3Q(3Q+20Q)/(3Q+20Q+30Q) = (15/8)Q
vi(0-) =20A(15/8Q2) =75/2 V
va v0-) = (75/2\/)2—Q =15V
20 + 30

V(0+) = v(0-) = 15

= A+B =15 (5)
Twr (2) suy ra
dv

E(O+) =-5v(0+)+2v,(0+) =-75+75=0

Lay dao ham két qua (4) va thay diéu kién nay vao

A-6B=0 (6)
Giai hé (5) va (6)
A=18vaB=-3

Tom lai
V(t)=18¢* - 3¢ V)
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5.9 Mach (H P5.9) dat trang thai thuong truc & t=0. Vi khda K & 1. Tai t=0 bac K sang vi tri
2. Xac dinh i khi t>0

(Do ori3

gLl

o
(H P5.9)
Giai
Khi t>0, khoa K & vi tri 2, ta ¢c6 mach khong chtra ngudn ngoai va da tich trit ning lugng ban
dau. Dap ung chinh 1a dap tung ty nhién.
Mach tuong duong ¢ t>0 trd thanh mach (H P5.9a) va duoc vé lai (H P5.9b)
c %\Q b b

1 1 . 1 1 B
205 el T tl%SH 50 o ki el 11%5H

(&5 Cya
(H P5.9a) (H P5.9b)
Phuong trinh mach dién

l+——+—==0 (1)

Véi V=5—t va —=5—

Thay vao (1)
2 .
d—L + 4ﬂ +4i=0
dt dt
Phuong trinh dac trung va nghiém
s+4s+4=0 (3)
s12 = -2 (Nghiém kép)
i(t) co dang
i(t) = (At+B)e™ 4)

Xac dinh Ava B
Ttr mach twong duong ¢ t = 0- (H P5.9¢)
a0 c 2L b

a

(Des e 0]

O
(H P5.9¢)
i(0-) = 6A.6Q /6Q+3Q =4 A va
Tir két qua (4)
i(0H)=i(0-)=B=4=B=4
Mat khac
Nguyén Trung Lap LY THUYET
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V(0-) = Viu=- 6A.[3Q + (6Q.3Q/60Q+3Q) = -30 V
v(t) = d('j—(tt) = 5[Ae % + (At + B)(-2)e ]

v(0)=L %(Oﬂ =[A - 2B)]
v(0+) =v(0-) = -30 =5(A-2B) = 5A-10B
Vo1 B =4 ta duogc A=2
Tom lai
i(t)= 2t+4)e™ (A)
5.10 Mach (H P5.10) dat trang thai thuong truc ¢ t=0. Xac dinh i khi t>0

J—

(H P5.10)
Giai

Khi t>0, khoa K ho, ta c6 mach khong chira ngudn ngoai va di tich trit ning luong ban dau.

Dbap ung chinh 1a dap tng tu nhién.

Mach tuong duong ¢ t>0 trd thanh mach (H P5.10a) va dugc vé lai (H P5.10b), trong do

nhom dién tré ctia mach twong dwong mot dién trd duy nhéat = 10Q

i
1000 &
i| ¥
L T0-) 200
——O0F gy % _
(H P5.10a) (H P5.10b) (H P5.10c)
Phuong trinh mach dién
d’i di .
—+10—+30i =0 (1)
dt dt
Phuong trinh dac trung va nghiém
s+ 10s+50=0 )
S12= - 5+ _]5
i(t) = ¢”'(Acos5t+Bsin5t) (3)
B Xac dinh A va B

Mach tuong duong tai t = 0- dugc vé ¢ (H P5.10c¢)
Ri= 3Q + (6Q2.30Q2 /6Q+30Q2) + 2Q = 10Q2

. 50V

1(0-) R 5(A)
Tir két qua (3)

i(0+)=1(0-)=5 = A=5
Ta lai co

vc(0-) = 50 - 3i(0-) - 6i1(0-)
Trong do

ta
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1,(0)=i(0-)— 2 51>

6Q + 240 + 6Q 6 6

ve(0-) = 50V - 3Q05A - 6Q (5/6A) =30V (4)
Tait=0+
= VC(0+)=%(O+)+1Oi(O+) (5)
Tir két qua (3) cho

% = —5e *(Acos5t + Bsin5t) + e *(-5Asin5t + 5Bcos5t)

di

a(0+)=-5A +5B (6)
(5) va (6) cho

-5A +5B + 10x5 = 30 (7)
Thay A =5 vao (7) tadugc

B=1
Tom lai

i(t) = ¢”'(5cost +sint) (A)

5.11 Mach (H P5.11) dat trang thai thuong truc ¢ t=0. Xac dinh i khi t>0
5.12 Mach (H P5.12) dat trang thai thuong truc ¢ t=0. Xac dinh v, va v, khi t>0

(HP5.11) (HP5.12)
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Chuong6 Trang thai thuong 1
truc AC -

* CHUONG 6

TRANG THAI THUONG TRUC AC

* PHUONG PHAP CO DPIEN - DUNG PHUONG TRINH VI PHAN

* PHUONG PHAP DUNG SO PHUC

X 'So luoc VeSO phuc

X Dung so phtrc dé giai mach

* VECTO PHA

* HE THUC V-I CUA CAC PHAN TU'R, L, C.

, * TONG TRO VA TONG DAN PHUC

* PHUONG PHAP TONG QUAT GIAI MACH CO KiCH THiCH HINH SIN
* MACH KiCH THICH BOI NHIEU NGUON CO TAN SO KHAC NHAU

Chuong trudc da xét mach RC va RL véi ngudn kich thich trong da s6 truong hop 1a
tin hi¢u DC.

Chuong nay dac biét quan tdm t6i truong hop tin hiéu vao co dang hinh sin, bién do
khong doi. Pay 1a truong hop dic biét quan trong, gap nhiéu trong thuc té: Pién k§ nghé,
dong dién ddc trung cho am thanh, hinh anh. . . déu 13 nhitng dong dién hinh sin. Hon nifa,
mot tin hiéu tudn hoan khéng sin cling c6 thé duoc phan tich thanh tong ctia nhitng ham sin.

Mic du nhitng phuong phap néu ¢ chuwong trude van co thé dung dé giai mach véi
kich thich hinh sin, nhung cting c6 nhitng k¥ thuat giap ta giai bai toan mot cach don gian
hon.

Chung ta gia sir dap tng tu nhién y,(t)—> 0 khi t — oo dé dap tng ép yi(t) chinh 1a dap
ing ¢ trang thai thudng truc yu(t). Pé c6 duoc diéu nay, nghiém cua phuong trinh dic trung
phai co phan thuc am, trc vi tri cua no6 phai & 1/2 trai ho cia mat phang S.

Dé co thé so sanh cac phuong phap giai, ching ta s& bt dau bang phuong phéap ¢
dién, sau d6 dung sd phiic va vecto pha dé giai lai bai toan.

Cudi cliing chiing ta s& thiy rang viéc ap dung céc dinh luat Kirchhoff, cac dinh 1y, cac
phuong trinh mach dién ¢ chuong 2 va 3 vao cac mach vi kich thich hinh sin cling hoan toan
gidng nhu 4p dung cho mach véi ngudén DC

6.1 PHUONG PHAP CO DIEN - DUNG PHUONG
TRINH VI PHAN

Thi du 6.1
Xéc dinh dap tmg ép i(t) cuia mach (H 6.1) v6i ngudn kich thich v(t)=Vcoswmt
L
w® (@) %
(H 6.1)
Phuong trinh mach dién
di(t)
+ Ri(t) = Vcosot (1)
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bép timg ép co6 dang:
, i(t)=Acosot+Bsinmt (2)
Lay dao ham (2), thay vao (1), suy ra dugc A va B
RV
- v 3
R+ o’L? @)
oLV
B=———-— 4
R® + w’L? @
) RV oLV :
Va I(t)= ———— cosott ———— sinwt 5
ey 10 R? + 0’L? R? + 0’L? ©)

Thuong ta hay viét i(t) dudi dang
i(H)=Icos(ot+d) (6)
Vay, dung bién doi lugng giac cho hé thuc (5)

. \% oL
i(t) = ————cos(t —tan "' — (7)
VR? + 0°L?
Trong d6 | = v va @ =-tan™? oL
R® + @’L? R

6.2 PHUONG PHAP SO PHUC

6.2.1 So lwgc vé so phire

Mot sb phtrc dugc viét dudi dang chir nhat
Z=x+jy (6.1)

x la phén thuc cia Z, ky hiéu x=Re[Z],

yla phan do cua Z, ky hi¢u y—Im[Z]

j: s6 40 don vi, xac dinh boi ] =1
Biéu dién sb phre trén mat phang phirc (bleu dién hinh hoc)

(H 6.2) 1a cac cach biéu dién khac nhau ctia mot sd phure trén mit phing phirc:
- Piém M vdi toa do x va y trén truc thyc va truc ao.

- Vecto OM , véi suit |Z| va goc 0

ao ao
A A
y M y .M
' Z]
(.
X Thuc Xi Thuc
() > th >
) . (H6.2) ) )
Vi cach xac dinh s6 phirc bang vecto (H 6.2b), s0 phirc duge viét dudi dang cuc:
z= |zl =zl 20 (6.2)

Dudi day la cac biéu thirc quan hé gilta cac thanh phan cta s6 phue trong hai cach
biéu dién, cac biéu thirc nay cho phép bién ddi qua lai giira hai cach viét:
=|z] cos0, y=I|7Z fsm@ (6.3)
z=x+jy=|z\cose+j\zlsinezIz\ée (6.4)
(6.4) 1a cach viét s6 phirc dudi dang chir nhat nho cac thanh phan trong dang cuc.
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7] = x> +y? G:tan‘l%
1Y

z=Jx?+yZe x (6.5)

(6.5) 1a cach viét sb phirc dudi dang cuc nhd cac thanh phan trong dang chit nhat.

6.2.2 Cac phép toan voi sé phirc

- Cong thirc Euler
eijezcoseij sinO (6.6)
V6i 0=n/2= &°=e/"*=]

Twr cong thice Euler, ta cling suy ra dugc:

‘ io _io
COSBZRe[eJe]Z% 6.7)
, 0 _ ai
va smezlm[eﬁ]z% 6.8)
J
- SO phirc lién hop  Z* 1a s6 phirc lién hop cua Z:
7=xtjy = Z*=x-jy (6.9)

- Phép cong va trir: Dung dang chir nhat:

Cho Z=x11jy) va Z;=x,1Hjy>

/= Z]i Zz= (XliXZ) +j(y1iy2) (610)
- Phép nhan va chia: Dung dang cuc:

Cho Z=17,| & va 7,=|7,| &":

7=7:.7=2,1.12,| e®+® 6.11)
z=%e“°f92’ (6.12)
2

# Khi nhan s phirc voi j =1.290° ta duoc mot s phirc co suat khong ddi nhung ddi
sd tang 90° twong mg véi vecto biéu didn quay mot goc +90°

#* Khi chia s6 phirc véi j=1.290° ta duoc mot sd phirc c6 suat khong d6i nhung ddi sb
giam 90° twong Gmg véi vecto biéu dién quay mot goc -90°

6.2.3 Dung s6 phirc dé giai mach
Ap dung s6 phtrc vao thi du 6.1, gia sir ngudn kich thich 1a:

Vi(H=Ver™ (1)
Pap tng ép i1(t) xac dinh boi phuong trinh:
L% +Ri () =v, = Ve )
Ham s6 mach tuong tng:
, Vv
H(ow)= 3
o) R+ joL &)
bap ung ép:
()= e @)
Y joL+R
Nguyén Trung Lap LY THUYET
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. Vv j(ot-tan )
Hay i,(t)=——— e :
T JRE s L2
Phén thyc: Rdi,(t)]= v cos(ot —tan* (DL)
S WA= 22 B =y
VR? + @°L R

So séanh véi két qua trudc day: Re[ii(t)]=i(t)
That vay, lay phan thuc ctia phuong trinh (2)

R{L%+ Ril(t)} = Rev, |
LW* R Rei,(1)] = Relv, ()]

Thay Re[i;(t)]=i(t) va Re[vi(t)]= Vcosmt
Lw + Ri(t) = Vcosot
dt

Nhu vay:
Re[i1(t)] chinh la dap @wng ctia mach véi Kich thich 1a Re[vi(t)|=Re[Ve'®'|=Vcosot

Thi du 6.2
Xéc dinh v(t) ciia mach (H 6.3), cho ngudn kich thich i(t)=Isin(ot+®d)

it

o) %

(H6.3)

Viét KCL cho mach
v 1 .
—+—|vdt =Isin(ot + ®
~+7) ( )

Lay dao ham 2 vé:

id_v+ 1v = wlco s(ot + D)

Rdt L | o
Tim dép tmg v, d6i vdi kich thich ol =wle' ™
Ham s6 mach

HG o) = wle®  oLRle”
jo/lR +1/L R+joL
o
v,(t) = —mLR!e et
R+ joL

oLRI j(wt+¢>—tan’1m—L)
e R

v,() = ——2
"R + L2

oLRI —cos(ot +® —tan'oL/R)

V(=Re[Vi(H)]=
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6.3 VECTO PHA

Mot ham sin v(t)=Vcos(wt+0) ¢ thé dugc xac dinh hoan toan khi biét V, o va 0. Néu
xem o 1a thong s thi chi can V va 6. Nhu vay ta chi can thay v(t)=Vcos(ot+0) bang mot sd
phirc co suat1a Vva ddisd1a 0

V(t)=Vcos(ot+0) — V=V =V 0

S6 phirc V ding dé thay cho ham v(t) trong cic phuong trinh mach dién, goi 1a vecto
pha tuong rng cua v(t)

Thi du ham v(t)=10cos(4t+30°) dugc biéu dién bdi vecto pha V = 10.230°

* Céac phép tinh dao ham va tich phan trén vecto pha:

V=ve®=v,6

dv . .

s joV =oV.20+90 (6.13)

Ith _tvoY o (6.14)
Jo )

Giai lai Thi du 6.1 bang cach ding vecto pha
Phuong trinh mach dién

¥+ Ri(t) = Vcosot (1)
Viét lai phuong trinh (1) dudi dang vecto pha:
L ar +RI =V (2)
dt
Véi V=V ZL0°
va I=14£0

Thay %: jol vao (2)

=  joLI+RI=V (3)
Phuong trinh (3) cho:
\% V£0°

" R+joL {R?+ 0?2 /tan {(wL/R)
Hay

- v tan " (oL/R) 4)

VR? + 0?2

Ham i(t) twong tng ctia vecto pha I la:

— 3 - -1 L/R 5
i(t) s cosfot - tan " (oL/R)] (5)

Giai lai Thi dy 6.2 bang vecto pha:
Viét lai phuong trinh mach dién (H 6.3)

%+%Ivdt ~i(t) = Isin( ot + ®) (1)

i(H=Isin(wt+®)=Icos(ot+P-90°) — I =1LD-90°
Thay v va i bang cac vecto pha tuong ung:

Nguyén Trung Lap LY THUYET
MACH



truc AC -
VoY o 2)
R oL
R+ joL
Ha V=1 3
Y JRoL &)
- V = jRQLI
R+ joL
S6 phirc tuong tng:
oLRI 1
V=—ror—r—/0-90°-tan "(oL/R) +90° (4)
VR? + 0°L?
Va dap ung cua bai toan:
oLRI o
V(t) = cojot + d —tan (oL/R)] (5)
R? + 0’L?
Thi du 6.3

Cho mach (H 6.4) voi v(t)=Vcos(wt+0), xac dinh dong i(t)

q , , (H64)
Ta c6 thé dung ham s6 mach két hop vdi vecto pha dé giai bai toan
Phuong trinh mach dién:

d? di 1. dv

L—+R—+—=i=— 1
odt?dt C dt M
Ham s6 mach:
S 1
H(s) = —; = ()
Ls*+Rs+1/C Ls+R+1/sC
Thay s=jm ta dugc ham s6 mach & trang thai thuong truc
, 1
H(jo)=-5— 3)
R+ j(oL -1/ ®C)
Doi sang dang cuc
H(jo) = L /—tan 2L oC 4)
JR?+ (oL - 1/ oC)?
Vecto pha dong dién I xac dinh boi
I=H(jo). V (5)
va c6 dang
I=1£D (6)
Véi  I=| H(jow)|.v= v (7)
JR?+ (oL - 1/ oC)?
Vi ®--tant@- Y eC ®)

Két qua dap ung cta mach la:

Chuong6 Trang thai thuong 6
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Chuong6 Trang thai thuong 7

truc AC -

\% ,oL-1/oC

cos[ot + 0 —tan ] 9)
JR? + (oL - 1/ ©C)?

i(t) =

6.4 HE THUC V-1 CUA CAC PHANTUR, L, C

Xét phan tir ludng cuc, c6 hiéu thé hai dau 1a v(t) va dong dién qua né 13 i(t)
* v(t)=Vcos(ot+0) 1a phan thuc cua Vel©* vecto pha tuong tmg V =V Z£0
* j(ty=Icos(ot+®d) la phan thuc cua 19" | vecto pha twong ing I =1£®
Duing vecto pha cac hé thirc V-I ctia cac phan tir xac dinh nhu sau:

* Dién tré
Hg¢ thuc V(t)=Ri(t) = V=RI
R 14 s6 thyc nén V va I cing pha 0=

D) g
o{ty v=Ri R — ¥V V=RI R

T T

(H6.5)

* Cudn day
H¢ thuc v(t) = % =>V=joLI= V=oLl & 0=0+90°

D [

+
?(:) =Lt %L — ‘fT V=-jwLl §jWL

(H 6.6)

* Tu di€én

Hé thic i(t) = C% =>I5joC V= [FoCV & 6=0-90°

o T
o) .CY —C — v I1-5wCV T F
) )

(H6.7)

Nguyén Trung Lap LY THUYET
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truc AC -
6.5 TONG TRO VA TONG DAN PHUC

6.5.1 Tong tré va tong din phirc

D6i voi mbi phan tir thu dong trong mach véi ngudn kich thich hinh sin, ti s6 V /1 1a
mot hang s0. Vay ta co6 thé dinh nghia tong tr¢ phitrc ciia mot phan tur 1a

Z= \I/— trong do V=V val=1£LO

7=z|20,= m £6-0

bién tré Z =R
Cudn day Z .= joL=0L£90°,
Tudién Z = -j/oC=1/0C~£-90°
Téng dan phic:
1
Z V
Dudi dang chir nhat
Z=R+jX va Y=G+jB
R: DPién tré (Resistance) X: Dién khang (Reactance)
G: bién dan (Conductance) B: Dién nap (Susceptance)
Mac du Y=1/Z nhung R#1/G va X#1/B
Lién hé gitra R, X, G, B xac dinh béi:

1 _R-X _ R X
TR+jX R+X2 R+X2 R+X
G B
TG 4B T GY+B?

Viét duéi dang cuc
Z=R+jX=+/R? + X? Ztan*(X/R) =Z /0,
Y=G+jB=+G” + B*Ztan*(B/G) =Y £6,

Tam giac tong trd Tam gi4c tong dan
(H 6.8)

6.5.2 Pinh luat Kirchhoff

Vi khéi niém tong tré va tong dan phic, hai dinh lut Kirchhoff KCL va KVL 4p
dung dugc cho mach véi kich thich hinh sin ¢ bat ctr thoi di€ém nao.

D=0
K
D V=0
K

Nguyén Trung Lap LY THUYET
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truc AC -
Tir cac két qua co dugce ta co thé thay mot mach véi ngudn kich thich hinh sin bang
mot mach voi nguon duge viet dudi dang vecto pha cung cac thanh phan la cac tong tré

phiic tuong tng cta ching. Ta duge mach twong duong trong lanh vyc tan so.

6.5.3 Tong tré noi tiép va tong tré song song

— O HI S PO PO A
2 : T 7z Z, Z;
v - a
(H6.9) o (H 6.10)
Xét mGt mach véi céc phan tur thy dong mac noi tiép (H 6.9), trong do
e A

TacéV1=Z1 I,V2=Z21,V3=Z3I
Y:V1+V2+V3: (Z+Z,+Z5) 1
Suy ra tong tré tuong duong

ZZ\I/—:Z1+Z2+Z3

Trudng hop nhidu phan tir mic song song (H 6.10)
Il :Y1V,12:Y2V,I3:Y3V
I=1+1+13 =(Y:1+Y2rYs3)V

=YV
Suy ra tong dan twong duong

I
Y:V:Y1+Y2+Y3

1 1

Z, 23

Hay 1 = L
Z 7,
Thidu 6.4

Giai lai mach ¢ thi du 6.3 bang cach dung khai niém tng tro phirc
Vecto pha biéu dién ngudn hiéu thé:

V=V S (D)
Tong tré mach RLC mac noi tiep:

7= R HjoL+1/joC=R +j(0L-1/®C) 2)

vl VAVA: 3)
12| = \R? + (0L - 1/ oC)? (4)

LoL-1/ oC
—_— (5)

0z=tan
Vecto pha biéu dién dong dién:
| = % =1/®=|1| £06-0, (6)

Trong do

Nguyén Trung Lap LY THUYET
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truc AC -
v %
-8 -— 2 g
Z]  JR?+(0L-1/wC)
©=6-0,=0—tan + 2L/ ©C ®)
Két qua dap tng cua mach la:
i(t)= v cos(ot0 — tan* 2L 0C (9)

JR? + (oL - 1/ oC)?

6.5.4 Tong tré va tong din vao

O chuong 2 ta da thay mot ludng cuc chi gdm dién trd va ngudn phu thude co thé
duoc thay thé boi mot dién tré twong duong duy nhat.

Tuong tu, dbi v&i mach & trang thai thuong truc AC, mdt ludng cuc trong lanh vuc tan
s6 chi gdm tong tré va ngudn phu thudc cé thé thay thé bai mot tong tré twong duong duy
nhit, goi 1a tong trd vao.

Tong tro vao 1a ti sb ciia vecto pha hiéu thé dit vao ludng cuc va vecto pha dong dién
chay vao mach.

.V
I
|
1, =
Mach khdng
v chifa ngudn VC"’) |:j| Z;
dée lap T
Z;
(H6.11)
Thidu6.5
Tim tong tré vao cia mach (H 6.12a)
202 2H 202 2jo
.:,_/\\’/\/L
L — —1/2F 10
(a) (H 6.12) (b)

Mach twong duong trong lanh vuc tﬁp s6 (H 6.12b)
Dung qui tac xac dinh tong tré ndi tiép va song song
7 24 1+ j.2co)(—.12/ ®)
1+j20-j2/ ®
P TR, L (1)
o+ j2(w" —1)
Nhan s6 hang th 2 cta (1) voi lugng lién hiép cia miu sb

Nguyén Trung Lap LY THUYET
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il 3
_o. 442rj( 8(02+6c2)
o +4(0" -1)
4 2 _ 2
Z=8(L; 140; +122+J. ZL)(8032+6)2:R+J.X @)
o +4(o -1) o +4(o" -1)
Tir két qua ta nhan thay:

# R luon luén duong
#* X thay doi theo ®

V3

* o <7, X >0 Mach co6 tinh dién cam

V3

* 03>7 , X<0, Mach c¢ tinh dién dung

. V3

0327 , X=0, Mach la dién tr¢ thudn Z =R = 6Q

6.6 PHUONG PHAP GIAI MACH VOI TIN HIEU VAO
HINH SIN

Béng cach dung sb phirc hodc vecto pha thay cho cac lugng hinh sin, chung ta da thay
cac phuong trinh vi tich phan boi cac phuong trinh dai s6. Piéu nay cho phép ta giai cac mach
hinh sin gidng nhu cac mach chi gdm dién tr& voi ngudn DC.

Noi cach khéac , cac két qua ma ta di dat duoc & chuong 2 va 3 ¢o thé ap dung vao
mach hinh sin sau khi thay cac mach nay boi mach tuong duong cua ching trong lanh vyuc tan
sO.

Nhu vay, phuong phap tong quat dé giai mach hinh sin ¢6 thé tém tit nhu sau:

* Chuyén mach & 1anh vyc thoi gian sang mach ¢ 1anh vuc tan sb.

* Dung cac DPinh luat Ohm, Kirchoff, cdc Pinh 1y mach dién ( Thevenin, Norton,...) va cac
phuong trinh nat, vong dé viét phuong trinh & lanh vuc tan sd.

* Giai cac phuong trinh, ta dugc dap ung ¢ lanh vuc tan s6.

* Chuyén két qua sang lanh vuc thoi gian.

Thi du 6.6
Xéc dinh tin hiu ra v,(t) ¢ trang thai thuong tryc ctia mach (H 6.13).
Cho v;(t)=10cos(10t+20°)
1/10H 1720 1/5H

1/10F
+
s *) 10
M 10 7%
(H 6.13) 7
_ _ * Phwong phap 1: Tinh tong tré twong duong
Anpa 328 A HE
oL Z1=1/2+{2+1/2=1+2
: : . +
TRy N . 1g
Ot fo ke 30N
i i | LY THUYET
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truc AC -

_ (1-)A+j2)
2 — . .
(1-)+1+j2)
LV 10220 o) g
Z 161297

V,=27,1,=(1,14/-8°)(6,21£ -9,7)

= 1,414/ — 8 = 1,40 j0,20Z=j+(1,40-j0,20)=1,40+j0,80=1,61/29, 7

=8,75/-17,P
V, x4c dinh béi cau phan thé: V, = 10’52 (8,754 -17,7)=1,96/-81,3
+]
Chuyén két qua sang lanh vuc thoi gian: Vo(t)=1,96c0s(10t-81,3°) (V)

* Phwong phap 2: Dung phuong trinh nat

Phuong trinh cho nat a (H 6.14): V,—10220° v, V,

] 1] 1/2 +j2+1/2 -

Suy ra V,=8,7-17,P
Va V, = (0—’1_5)Va =1,96/-81,2
1+j2

* Phwong phap 3: Dung phuong trinh vong (H 6.15)

] 17200 | Phuong trinh vong cho hai mét luéi:

YT z\/\/\_ﬁ’\"\_ i
I, —(1-j)l, = 10£20°
W (T

m 10 + -(L-pL+@2+1, =0
7 EID Giai hé thong phuong trinh, ta dugc

|, =392/-813

V, = I? ~1,96/-81,3

g‘—\/\/\/—| |—n=

. . * Phwong phap 4: Dung Dinh 1y Thevenin
Thay phan mach bén trai ab bang mach twong duong Thevenin

V. dugc tinh tir ciu phan thé: V,_ = 10/20° 1f1 -=14,14/ - 25°
1-j+]
Téng tré twong dwong ctia mach nhin tir ab khi ndi tit ngudn V;: Zy = (1 ) =1+]
—j+]
: : Mach tuong duong Thevemn (H6.16)
i . ”
M A et V., xdc dinh tir cAu phan thé
V,=14,14/ - 25°L
+ 1+j+1+j2
¥, (CJD S, 05
h
28 =14,147 25—
2+]3
b V,=196/-813
(H 6.16)
Nguyén Trung Lap LY THUYET
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truc AC -

6.7 MACH KiCH THICH BOI NHIEU NGUON CO TAN
SO KHAC NHAU

Tim tin hiéu ra v,(t) cia mach (H 6.17a). Cho v;(t)=3+10cost+3cos(3t+30°)

1H 40 jo 401 4
e — T
H +
. T 1 + 1 1 L
yl.;tj.c_) %Q 1F 2 0,(f) Vi C_) 3 = G T Yo

(a) (H6.17) (b)

Xem nguér} kich thich gdm 3 thanh phan, ap dung dinh 1y chong chit dé xac dinh dap
ing thuong truc doi voi moi thanh phan cua kich thich.
Két qua cudi cung s€ 1a tong hop tat ca cac dap ung.

* D6i v6i thanh phan DC: v;(1)=3 V. o
Xem mach dat trang thai thuong truc (tu ho va cuon day noi tat),
1/2 1/2 1

= Voi(t)=

V.. =
4+1/2 " 4+12 3
* Déi v6i cac thanh phén hinh sin, v& lai mach & 1anh vuc tan sb (H 6.17b)
Viét phuong trinh nat tai a
Va _.Vl + Va Ya — :>Va = 1 - Vl = 21 - Vl
d+jo 12 1ljo 1+(4+ jo)(2+ jo) 9-0" + j6m
* Vo1 vip(t)=10cost =Vp,=10£0°

= 104_0 =1/-36,9
8+)6

= Voa(t)=cos(t-36,9°) V

* Vis(t)= 3cos(3t+30°)= Vi3=3.£30°
- 3.430O :l4—60°
j18 6
= Vo3()=(1/6)cos(3t- 60°) V q , ‘
Keét quéa dap tng v,(t) chinh la tong cua cac dap trng do6i véi cac ngudn kich thich riéng

Vo(t)= Vo1 () Ve (t)+HVe3(t)=1/3+ cos(t-36,9°)+(1/6)cos(3t - 60°) V

Nguyén Trung Lap LY THUYET
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truc AC -

BAI TAP
-0 % o0-

6.1 Cho mach (H P6.1), tim dap tmg v; v&i ngudn 2¢'™
Dung két qua nay dé xac dinh dép tmg v, ddi véi:

a. Ngudn 2cos8t (A)

b. Ngudn 2sin8t (A)

1/20F
I N
| ]
+
2e F*G 50< Y, N
(&) _ =3
o
(H P6.1)
6.2 Tim dong dién i(t) ¢ trang thai thuong truc AC ctia mach (H P6.2) trong 2 truong hop
a. ®=4 rad/s
b. o= 2 rad/s
2H 1
M &0 4t
— —— AT
I{t)

+> 1.1
20coz ot =F T~
C— cos ] C)léccs&t ) 400 | S—

(H P6.2) (HP6.3)

6.3 Mach (H P6.3). Xéc dinh C sao cho tong trd nhin tir ngudn c6 gia tri thuc. Xéac dinh cong
sut tiéu thu boi dién tré 6 trong truong hop nay.

6.4 Mach (H P6.4). Xac dinh dong dién i va iy ¢ trang thai thuong truc

Nguyén Trung Lap LY THUYET
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truc AC -
[ |
[
2pF
1K
4H aH 40 7K
' I O NN s -
LB, .
i lfl . —3
+
C+>1C|cnst 1200 1p—
— m 4
s
(HP6.4) (HP 6.5)

6.5 Mach (H P6.5). Xac dinh v 6 trang thai thuong truc. Cho vg=10c0s10.000t (V)
6.6 Mach (H P6.6). Xac dinh dap Gmg day du cua i néu i(0)=2A va v(0)=6V.

1/2H 40
— S8
iit) 1H
n 1* > +
C_)EDcnsﬁt 1/6F 0 E"SC—D 105 5
1F -
1H
Ty
(H P6.6) (H P6.7)
6.7 Mach (H P6.7). Xéc dinh v ¢ trang thai thuong truc. Cho vg=20cos2t (V)
6.8 Mach (H P6.8). Xac dinh i ¢ trang thai thuong truc.
20l

CDI'S 100¢ 1/4F = %41_1

(H P6.8) (H P6.9)

6.9 Mach (H P6.9). Xac dinh i ¢ trang thai thuong truc.
Cho 1,=9-20cost -39cos2t+18cos3t (A)

6.10 Mach (H P6.10). Xac dinh v ¢ trang thai thuong truc.
Cho v, = 5cos3t

Nguyén Trung Lap LY THUYET
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truc AC -

252

1/12F 1/12F

U‘;_H H B

28

(H P6.10)
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phtic -

% CHUONG 7

TAN SO PHUC

* TIN HIEU HINH SIN CO BIEN PQ THAY POI THEO HAM MU
) * TAN SO PHUC

* TONG TRO VA TONG DAN

* HAM SO MACH

¢ Cuc va Zero ciia ham s6 mach

¢ Xac dinh dap frng'tu nhién nho ham sf) rnagh

¢ Ham sO ngd vao va ham so truyen

Chuong nay xét dén dap ung ép ciia mach vdi kich thich 1a tin hi¢u hinh sin c6 bién d¢
thay doi theo ham mil. Céc tin hiéu da dé cip dén trude day (DC, sin, mii . . .) that ra la cac
truong hop ddc biét cua tin hiéu nay, vi vay, ddy 1a bai toan tong quat nhat va két qua cé thé
duoc ap dung dé giai cac bai toan vai cac tin hiéu vao khac nhau.

Chuing ta cting s€ nghién ctru ky hon vé ham sd mach, nho khai niém cuc va zero, dé
thdy vai trd quan trong ctia no trong viéc xac dinh dap tng cua mach.

7.1 TIN HIEU HINH SIN CO BIEN PO THAY POI
THEO HAM MU

Tin hiéu xac dinh bdi

V(t)= Ve°'cos(wt+o) (7.1)

Pay 1a tich cta ham sin Vcos(ot+¢) va ham mil e”. o 14 s thuc, co thé duong hoic
am. Tuy theo gia tri cia ® va o, ta c6 cac truong hop sau:

* 6=0, ®=0 V(t) = Vcosp =V la tin hi¢u DC

* 5=0, @20  V(t) = Vcos(ot+¢) 1a tin hiéu hinh sin c6 bién d6 khong ddi

* 6<0, @20  V(t) = Ve cos(ot+¢) 1a tin hiéu hinh sin c6 bién d6 giam dan

* 5>0, 020  V(t) = Ve cos(ot+¢) 1a tin hiéu hinh sin c6 bién d6 ting dan

* 5<0, =0 V(t) = Vo e Ia tin hiéu mil c¢6 bién do giam dan

* 5>0, =0 V(t) = Vo e 14 tin hiéu mil c6 bién do ting dan

Ul:t:l FY UI:t:I Fy

AWANATENE ,
AVAVAVEE . |

W
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phtic -

.Er;ll:t:l &+ vl:t:l F

-l
C
o

IaNavARE /
VAVEVEEEIE. t

H 7.1)

Nhic lai don vi cia o 14 rad/s, ¢ 1a radian hay d6. o ¢6 don vi 1a 1/s(s™).
o c6 quan hé voi tan so tu nhién , ot c6 don vi la Neper (Np) va ta goi ¢ 1a tan s6 Neper véi
don vi Np/s.

Thi du 7.1
Tim dap tng ép i(t) cia mach (H 7.2). Cho v(t)=25¢"cos2t

Phuong trinh mach dién

2% +5i = 25e'cos2t (1)

bap tng ép i(t) co dang
_ i(t)= e"(Acos2t+Bsin2t) (2)
T i) Lay dao ham (2) thay vao (1)
ot C) %m (3A+4B)e cos2t+(-4A+3B) e'sin2t=25¢"cos2t
= 3A+4B=25 (3)
-4A+3B=0 4)
Giai (3) va (4) dugc A=3 va B=4
Vay i(t)= e"(3cos2t+4sin2t)
Hay i(t)=5e"(cos2t-53,1°)
Nhu vy dap tng ép d6i véi tin hiéu hinh sin ¢6 bién d6 giam dan ciing 1a tin hiéu hinh
sin ¢ bién do giam dan.

7.2 TAN SO PHUC (Complex frequency)

Nhic lai, trong chuong 6, mot nguén hinh sin

V(t)= Vcos(ottd) (7.2)
Co6 thé dac trung boi vecto pha
V=Ve'=V /¢ (7.3)

Thuyc chét v(t) chinh 13 phin thuc cia Ve
V(t) = Vcos(ot+¢)
= Re[Ve%e™ (7.4)
Bay gid xét dén ngudn kich thich

Nguyén Trung Lap LY THUYET
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phtic -

V(t)= Ve°'cos(mt+o) (7.5)

Do tinh chét va cac phép tinh trén ham sin c6 bién d6 thay ddi theo ham mil khong
khac gi v6i ham sin nén ta c6 thé mo rong khai niém vecto pha cho trudng hop nay.
Viét lai (7.5)

V(t) = Ve“'cos(ot+d)

— Re[Vectej(mt+¢)]
, = Re[Vel%e® )]
Néu chung ta dinh nghia
=0 +jm (7.6)
Ta duogc
v(t)= Re[Ve¥e*'|=Re[V "] (7.7)

So sanh (7.7) va (7.4) ta thiy hé thirc (7.7) chinh 13 (7.4) trong d6 jo da dugc thay thé
boi s=c +Hjw. Diéu nay co6 thé dan dén két luan: Nhitng gi da thuc hién duoc v6i ham sin ciing
thuc hién dugc voi ham sin c6 bién d thay d6i theo ham mil.

Dé phan biét hai truong hop ta co thé dung ky hiéu V(s) va V(jo)

Thi du, vecto pha dac trung cho

V(t)=25¢ cos2t 12V (5)=252£0° v6i s=o +jo=-1+j2

Do s 1a mét s phirc ¢6 thir nguyén 14 tin s6 nén dugc goi 1a tan sé phirc.
Céc thanh phan cia s 1a

o = Re[s] Np/s

o =Im([s] rad/s
Thi du 7.2
Tim dap g €p Vo(t) cua mach (H 7.3). Cho i(t)=e"cost
Viét KCL cho mach
d"to +3v, =i(t)
+ ’ 4
. 1 Thay cac vecto pha tuong g
(1) T 1e95%0  aeaVe 1()
- 1(s)
V. (s) =
o(8) = s+3
Vi s=-1+, 1(s)=1£0°
(H 7.3) 1.20° 120°
Vo(s) = - =
2+j /5,26,5°
1 1
V,(s)=——=/-26,5 va V() = —=e'cos(t- 26,5
o(s) 75 o® NG ( )

7.3 TONG TRO VA TONG DAN PHUC

Véi cac két qua c6 duoc khi mé rong khai niém vecto pha trong d6 jo da dugc thay
thé boi s=o +jm, ta c6 thé mo rong khai niém tong trd va tong din phic.

Trong lanh vuc tan sb phirc (goi tat 1a 1anh vuc s) Cac dai luong duoc ky hiéu véi
chir s dé phén biét v6i truong hop khac

ves)

28=7

Nguyén Trung Lap LY THUYET
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Puoc goi 1a tong trd phic. (hay van tat 1a tong tré néu mach da duoc chuyén sang lanh
vuc tan so).

Mot cach tong quét, tong trd phiic ciia mot phan tir ¢6 dugc tir Z(jo) ctia phan tir ndy
va thay jo bdi s.

1 Dién tro Zx=R = Zr(s)=-R

1Cudn ddy  Z;=joL=0L/90°, = Z;(s)=sL

] Tudién Zc=-j/oC=1/0C~£-90° = Zc(s)=1/sC

1 I(s)

Z(s) V(s)

] Dién tr& Yr(s)=1/R

]Cudnday  Yi(s)=1/sL

] Tudién Yc(s)=sC

Pén day chic chiing ta thdy ngay mot didu hién nhién 1a tit ca cac dinh luat va dinh Iy
mach dién ciing nhu cac phuong trinh vong, nat . . . déu 4p dung dugc trong 1anh vuc tan sb.

Tong dan phirc: Y(s)=

Thi du 7.3 ‘ ﬂ
Gidi lai Thi du 7. 1 bang cach dung tong tr¢ phirc.

Mach duogc vé lai trong lanh vuc s (H 7.4)

3% Ta cod Z(s)=5+2s
V(s)=2520°
Iis] V(s) 25«£0°
N (V0 _250
v.:;;;(_) %259 (s) () 5125
Voi s=-1+j2
I(s)= 2520 _ 254) _ 2520 _5/_5371
5+2(-1+j2) 3+j4 5453,r
H _ -t 0
(H 7.4) suy ra i(t)= 5e"(cos2t-53,1°)
Thi du 7.4
Tim dap ung €p Vo(t) cia mach (H 7.5). Cho vg(t)ze'Ztcos4t (V)
| |
|
1/4F
282 182
Ugl:t:l — 0
+ Ut
1/4F——
162
iﬂa
s
(H7.5)
V¢ lai mach trong lanh vuc s
Nguyén Trung Lap LY THUYET

MACH
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||
4f| lE“&
5
288 | 182
Vg (s) ¥y ¥ —
N V(5]
digf2 " —
152
iy
b
, (H 7.6)
Viét phuong trinh nit V; va V,
1 S 1 S
(§+1+Z)V1—EV9—V2—ZVO =0 (1)
L+ )V, -V, =0 2)
Giai hé phuong trinh
béy V, =V—2° 3)
16
Vo(s) =—5——=V, (s 4
O() Sz+28+8 g() ()

Voi  vg(t)=eZcosdt =  Vy(s)=1£0° ; s=-2+j4
Thay céac gia tri nay vao (4), sau khi rat gon:
Vo(s)=422-135° = vo(t)= /2 e¥(cosdt-135°)

Thi du 7.5
L Vo(s) .,
Xac dinh H(s)= cuia mach (H 7.7a)
Vi(s)

Tim dép ung ép Vo(t)img véi
* vi(t)= 5¢”'(cost-10°) (V)
* Vi(t)= 10(cos10t-20%) (V)
* V()= 10e" (V)
*Vi(t)=10 (V)
V¢ lai mach trong 1anh vuc s (H 7.7b)

1/10H 1420 1/5H Sflﬂﬁvj_fgg 5/552
+ 1/10F + - 10/5 82 +
wit) (_) %Q it Vi'FI'CD % SEQ AT
1% - 152 Bl
(a) H 7.7) (b)

V& lai mach trong lanh vuc s (H 7.7b)
Phuong trinh nit 6 V

V-V, \Y \

+ + =

s/10 1+10/s 1+s/5

Nguyén Trung Lap LY THUYET
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10(s+5)(s+10)

‘ s® + 20 +200s+ 500
Dung cau phan the

Vo(s):

= V(s)=

Vi(s)

1/2 25(s+10)
V(s)=—
1+5s/5 s® + 205 + 200s+ 500
Vo(s) 25(s+ 10)
V.(s) s®+ 205 +200s+ 500
Xét cac truong hop cu thé:
a. Vi(t)=5¢>"(cost-10°) (V)

Vi(s)=5£-10° va s=-3+j
Ham s6 mach H(s) tr¢ thanh

Vi(s)

H(s)=

B 25(-3+j+ 10)
(-3+))° + 20(-3+ j)* + 200(-3+ j) + 500
Vo(s)=H(s).Vi(s)=1,552-60,3°. 5.2-10°=7,75.2-70,3°

Vo(t)= 7,75¢*(cost-70,3°) (V)

H(-3+]) =1,55/-60,3

b. vi(t)= 10(cos10t+20°) (V)
Vi(s)=10220° va s=0+j10

Ham s6 mach H(s) trd thanh
25(j10+ 10)
(j10)° + 20(j10¥ + 200(j10)+ 500

Vo(s)=H(s).Vi(s)=0,1962-101,3°. 10£20°=1,96 2-81,3°
Vo(t)= 1,96(cos10t-81,3°) (V)

H(j10)= =0,196/-101,3

c. Vi(H)=10e* (V)
Vi(s)=10 va s=-1+j0=-1
Ham so6 mach H(s) tré thanh

H(1)= 25(-1+10) _
(-1)* + 20(-1} + 200(-1)+ 500
Vo(s)=H(s).Vi(s)=0,705. 10=7,05
Vo(t)=7,05¢"* (V)

0,705

d. vit)=10 (V)
Vi(s)=10 va s=0
Ham so6 mach H(s) tré thanh

H(0)= 25(0+ 10) _
(0)* + 20(0 + 200(0)+ 500

Vo(s)=H(s).Vi(s)=0,5. 10=5
Vo(t)=35 (V)

Nguyén Trung Lap LY THUYET
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7.4 HAM SO MACH

7.4.1 Cuc va Zero cia ham so mach

Khai niém ham s6 mach dugc mé rong cho lanh vuc tan sé va né van duogc xac dinh nhu
trudce day (chuong 5)

H(s) = N(s) _ bms:‘ +....+b;s+b,
D(s) a;s' +...+as+a,
(Xem lai chuong 5 cach xac dinh N(s) va D(s))
Gia su phuong trinh  N(s)=0 c6 m nghiém z,, z5,. . . Zp,.
va phuong trinh  D(s)=0 ¢6 n nghiém p1, pa, . . . .pa, H(s) duoc viét lai

H(s)= K (s-z,)(s-2,).....(s-2,,,)
(s-P1)(s-Py)-....(s-Py)
71, Z2,. . . Zm duQc goi la cac Zero cua H(s)
P1, P2, - - - -pn dugc goi 1a cac Cyc cua H(s)
Biéu dién trén mit phang s, véi truc thuc o va truc 40 jo
Zero duoc ky hiéu boi vong tron nho (o) va Cuc boi diu (x)

Thi dy 7.6 ,
Ve gian do Cyc va Zero cua ham s6 mach Ty
2432
H(s)= 6(s+ 1)(S + 25+ 2) OSSR I
s(s+2)(S +4s+13) §
Viét lai H(s) | T2
: . L -1
H(s) = 6(s+1)(s+1+j)(s+1-)) -
S(s+2)(s+2+j3)(s+2-j3 S
(s+2)( 13X 13) S of —
Cac Zero: -1, -1-j, -14j | G- g
va cac Cuc: 0, -2, -2-j3 va -2+j3 !
i -2
|
Gian d6 Cyc va Zero ctia H(s) (H 7.8) E
Vai diém can luu y vé Cuc va Zero Kommmmo o3
* Néu N(s) hodc D(s) c6 nghiém lip lai -1-3]
bac r, ta n61 H(s) c6 Zero hay Cuc da (H 7.8)

trung bac r
* Néu N(s) (hodc D(s)) — 0 khi s— oo ta n6i H(s) c6 Zero hay (Cuc) & vo cuc.
* Cac Zero va Cuc ¢ vo cuc khong vé dugc trén mp s
* Néu n>m, H(s) c6 Zero bac n-m ¢ vo cuc
* Néu n<m, H(s) c6 Cuc bac m-n & vo cuc
* Ké ca cac Zero va Cuc ¢ oo thi s Zero va Cuyc cta H(s) bang nhau.
Nhu vy, trong thi du 7.6 ta phai ké thém mot Zero & vo cuc
Thi du 7.7

Nguyén Trung Lap LY THUYET
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V& gian do Cyc va Zero cua ham s6 mach :
Jor ¢

7s(s+ 3)°
(s+1-j)*(s+1+j)?

H(s)=

Ham s6 mach nay co: A+i
* Zero bac 1 tai s=0 va Zero bac 2 tai s=-3 ¥--- 41

* Cuc bac 2 tai s=-1+j va -1-j

(alf)

-2

|

B
* Ngoai ra khi s— oo, H(s) =7/s — 0 nén H(s) % -~ -1
c6 mot Zero ¢ vo cuc -1-1]
Gién do6 Cuc va Zero ctua H(s) (H 7.9) 1-2

7.4.2 Xac dinh dap wng ty nhién tir (H 7.9)
ham s6 mach

Nhic lai, phuong trinh vi phan tong quat ctia mach dién la:

i i m m-1
dy d y+ .............. +alg+aoy:b d”x d"x dx

a,—-+a, , — il e
dt dt dt dt dt

Phuong trinh dic trung tuong ing
aps"Fa, s+ L +ajstap=0 cOnghiém sy, sy,. .. .S,

bép tng tu nhién Ya (t)= kleslt + kzes2t ..... + kneSnt

* Nghiém cua phuong trinh dic trung chinh la nghiém cua D(s)=0, chinh la cac Cuc
ctia H(s) (Ké ca cac cyc di don gian véi Zero, néu cd)

* Vay khi biét Cuc ciia H(s) ta co ngay dang cta dap wng ty nhién.

Va tinh chét ctia dap tng tu nhién c6 thé duoc phat biéu dya trén vi tri ctia cac Cuc
ctia H(s) trén mit phang phirc.

7.4.3 Ham ngi vao va ham truyén (Driving point & Transfer function)

7.4.3.1 Ham nga vao

Iis)
S
+ Mach khéng
Vis) chifa ngusn
3 déc lap
(H 7.10)

Xet mot ludng cuc (H 7.10) ) ,,
Néu kich thich 1a nguoén dong dién thi dap Gmg la hi¢u thé va Ham nga vao la tong trd
Z(s)

Nguyén Trung Lap LY THUYET
MACH
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R0
Z(s)= s)

Néu kich thich 1a ngudn hiéu thé thi dép tmg 1a dong dién va Ham nga vao la tong dan

Y(s).
1 I(s
Yig)=—L = 1®)
Z(s) V(s)

* Poi véi mot ludng cuc, Z(s)=1/Y(s) nén Cyc ciia ham nay 1a Zero cua ham kia nén
dap g tu nhién c6 the xac dinh béi Cuc hay Zero.

* Mot mach khong chira nguon phu thude thi luQn luén on dinh nén Cyc (hodc Zero)
cua Z(s) nam ¢ 1/2 mp trai hé va chi nhitng Cyc bac nhat méi nam trén truc ao.

* Mot mach ¢6 chira nguon phu thudc thi di€u kién 6n dinh tuy thude gia tri cia nguon
nay.

Thi du 7.8

Tim téng tré vao cua mach va diéu kién cua gp, dé mach on dinh khi mach duoc kich
thich bé1 mot ngudn dong di¢n (H 7.11a)

=,

182 () 152 Y
* ¥
. 502 562
2= Iy(3) V]
U‘l I:t:I 4 gmﬂl 1 '_I.I:S:I
T 1/2F . T%Q

(a) ‘ (H7.11) (b)
V¢ lai mach ¢ 1anh vuc s, voi nguon kich thich I;(s) (H 7.11b).

Viét KCL cho mach
_ V,(s)
1,(s)= IZ(S)+5+2/S (1)
Vo 1,(8)=9,V.(S) (2)
Va  V,(s)=V,(s)=-1,(s) 3)
Thay (2) va (3) vao (1)
Z(s) = V.(s) _ 6s+ 2

I,(s) ~ (1+59,)s+2g,,
Dap ung tu nhién xac dinh boi Cuc cua Z(s)
P.= ~20n
1+5g,
p1 la s6 thuc nén diéu kién dé mach 6n dinh 1a pi<0
2gm(1+5gm)<0 hay g, <-1/5 va g,>0.

Nguyén Trung Lap LY THUYET
MACH



Chuong 7 Tan s 10

phtc -
7.4.3.2 Ham truyén

&
l,jL‘+LH

(H7.12)
Xét mot tor cuc (H 7.12). Tuy theo tin hi¢u vao va tin hi€u ra, ham s6 mach c¢é thé la
mdt trong bon lugng sau:

Va(S) Va(S) 15(s) 15(s)
HON Vy(s)’ HON Vi(s)

* Trong mdi trudng hop, ham sb mach dién ta quan hé giira dong dién va hiéu thé & 2
cdp cuc khac nhau va duoc goi 1 ham truyén.

* Cyc cua ham truyén ciing xac dinh tinh chét ciia dap ung ty nhién
V6i mach 6n dinh H(s) khong thé c6 Cyc nam trén 1/2 mit phang phai hay c6 Cyc da tring
trén truc ao.

* Tong quat 1/H(s) khong 1a ham truyén khac ciia ciing mot mach nén tinh chét cia
dap Gmg tu nhién khong thé xac dinh boi Zero cua H(s).
Thi du 7.9

Tim ham truyén H(s)= \I/z((s)) cua mach (H7.13)
S
1
Xac dinh vi tri Cyc ctia H(s) khi A bién thién tir 0—>o0,
Gia tri A d€ mach 6n dinh

¢
152
fﬂtIICD §1le—1 —1F %g‘g Ty t)
AT,
o (H7.13)
Vé lai mach ¢ lanh vuc tan so (H 7.14)
)
182
Iyfs) D %sm 1188 %Q W, (5)
AV,
) (H 7.14)
Viét KCL cho mach
Nguyén Trung Lap LY THUYET

MACH



Chuong 7 Tan s 11

phtc -
Vo [ Vp  V, Vo-AV, 0
sl2 1/s 1/2 1
Ham truyén
V., (s S
H(s)= Y2 _ _ @)
[,(s) s"+(B3-A)s+2

Cuc cua H(s) tuy gia tri cia A

Nghiém cua D(s)=0
s +(3-A)s+2=0 (3)
A=(3-A)*-8=A%-6A+1
A>0 khi A <3-2v2 hay A >3+24/2

Khi A bién thién tir 0—o0 ta ¢ cac trudng hop sau:

* A=0 phuong trinh (3) tr6 thanh ‘sz—3s+2=0 cd nghiém sj,=-1 & -2
H(s) c6 2 Cuc phan biét nam trén phan am cua truc thyuc
pi=-1 va p;=-2

* 0<A<3-24/2

- Khi A tang tir 0 dén 3-2 V2 phuong trinh (3) van c6 2 nghiém am phén biét, cac Cuc
piva p; nam trén phan am cua tryc thyuc va tién lai gan nhau.

_IELJ +

A1

A=3

7 2Y7<A<3,2Y7
\\ ;

A=Z-242

N
_?\.\ i

3-2W2<a<342\0
ams /10

(H7.15)
* Khi A=3-2+/2=0,172 phuong trinh (3) c6 nghiém kép,
H(s) c6 mot Cuc béc 2 tai pi= p,=-+/2

* 3-24/2<A<3+2+/2 phuong trinh (3) ¢6 2 nghiém phirc lién hiép

pi= 61+j0)1 va p2= O1- j0)1 Véi P1- p2= (512+(1)12: (\/5)2:2

- Khi A thay d6i, quy tich nghiém 1a vong tron tim O ban kinh J2 , n61 cach khac Cuc
cua H(s) di chuyén trén vong tron nay

* A=3 , phuong trinh (3) c6 2 nghiém 4o lién hi¢p, 1] J2 p1Vva pa ndm trén tryc 4o

* A=3+2+/2=5,828, phuong trinh (3) ¢6 nghiém kép,

H(s) c6 mot Cuc bac 2 tai pi= p=~/2

‘ * A>3+24/2 , phuong trinh (3) ¢6 2 nghiém thuc duong, H(s) c6 cac Cuc nam trén

phan duong cua truc thuc

* A—o0 mot Cuc —o0 va mot Cuc —0 )

Tém lai, qua bién luan trén ta rat ra dugc két qua sau:

Nguyén Trung Lap LY THUYET
MACH
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* A<3: Mach 6n dinh

* A=3: Mach dao dong véi tan s6 o = J2 rad/s
* A>3 : Mach dao dong véi bién d tdng dan (bat 6n)
(H 7.15) cho vi tri cac Cuc theo tri cua A, goi l1a hinh quy tich nghiém.

BAI TAP
--000--

7.1 Xac dinh dap tng ép v(t) cia mach (H P7.1). Cho Vg1=4e'2tcos(t—45°) Viva igo=2¢"A
7.2 Mach (H P7.2). Xac dinh H(s)=V,(s)/Vi(s). Suy ra dap tng ép V,(t) néu vi=5Scost V

e 40 ||
1/16F

&

+ -
ﬂsx(t}C) 1/4F =0 Q 2(t) 2H N || =
- i 1/4F -
1 ¥ . w,

(HP7.1) (HP7.2)
7.3 Mach (H P7.3). Xac dinh Z(s), tong trd vao ctia mach, va v(t). Cho Vg 16e™*cos2t V
7.4 Mach (H P7.4). Xac dinh H(s)=V,(s)/Vi(s). Suy ra dap tng ép V,(t) néu vi=e'cost V

%

R NITC ol

. N
R Ay
+ = [
it 200 — + =
3”(—) 1/4F -V 1/2F "
(275150 400
)iqﬁ
s
(HP7.3) (H P7.4)

7.5 Mach (H P7.5).

o , | , Chtrng minh
N & Y(s)=Y, + 1
|_’ Yl YB YE Zz + 1
e Yoroy
Z,+—
(H P7.5) Y5

7.6 Dung két qua bai 7.5 dé xac dinh tong trd vao cia
mach (H P7.6), sau d6 xac dinh dap tng ép v(t). Cho i gZSe'ztcost (A)

Nguyén Trung Lap LY THUYET
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19 e l
iglt ; 1/4F”"— 1/3F—— lfIEFT
(H P7.6)

7.7 Dung dinh ly Thevenin xac dinh dong dién i(t) trong mach (H P7.7).
Cho ig(t)=8e*'cos4t A ,
7.8 Mach (H P7.8). Xéac dinh H(s)=V(s)/Vi(s). Suy ra dap ung ép V,(t) néu vi=e'cost V

288 4 eF

i 1) 5 50
- il

(HP7.7) (H P7.8)

7.9 Mach (H P7.9). Xac dinh H(s)=V,(s)/Vi(s) va dap tng ép V,(t) néu vi=2e'cost V

[
I
1F

+
o, m(ﬁ) N p— f e o,

o

(H P7.9) ,
7.10 Mach (H P7.10). Xac dinh H(s)=V,(s)/Vi(s) va dap g ép V,(t) néu vi=6e'cost V

162
162
1F a5
[ 1i1/80
I s
1720
1F
Iﬁifﬂﬂ
[l T W — _
v 1/20 Y 1 -~
+ —
+ %
s
s
(H P7.10)

Nguyén Trung Lap LY THUYET

MACH



Chuong 7 Tans6 14

phtc -

Nguyén Trung Lap LY THUYET
MACH



Chuong 8 Pap tng tan s -

¥ CHUONG 8
DAP UNG TAN SO

_ % DAP TUYEN TAN SO

#* DUNG GIAN PO CUC-ZERO PE VE PAP TUYEN TAN SO
#* MACH LQC

#* CONG HUONG

#* HE SO PHAM

#* Ti LE HOA HAM SO MACH

© Qui ti 18 tng tré

® Qui ti 16 tAn sb

#* DECIBEL

Chung ta quay lai v6i mach kich thich bai nguon hinh sin va ding ham sé mach dé
khao sat tinh chat cia mach khi tan s6 tin hiéu vao thay doi.

Pbi tugng cia su khao sat s& 1a cac mach loc, loai mach chi cho qua mot khoang tan
s6 xac dinh. Tinh chat ciia mach loc s& thé hién rd nét khi ta v& dugc dép tuyén tan sb cua
chung.

Céc dai luong lién quan dén tinh chat cia mach nhu hé s6 pham, d9 rong bing tin
ctng duoc gidi thiéu ¢ day.

Cudi cung chung ta s& gidi thiéu phuong phap qui ti 1¢ ham s0 mach (network
scaling) dé dat dugc cac mach dién véi cac phan tir ¢ gia tri thuc té.

8.1 PAP TUYEN TAN SO

Ham s mach cta mach c6 kich thich hinh sin 13 H(jo), thuong 1a mot sé phtic nén ta
c6 thé viét:

H(jo)=Re[H(jo)]HIm[H(jo)] (8.1)
Hay dudi dang cuc ‘
H(jo)= H(jo)*® (82)
[H(jo)| 1a bién d6 va ¢p(w) 1a pha cia H(jo)
H(jo)| =y Re[H ()] + Im[H(jo)]? (8.3)
oo IM[H(jo)]
d(w) =tan ReH(0)] (8.4)

Ta goi dap tuyén tan sd dé chi cac duong biéu dién cua bién do | H(o) | va goc pha
¢(w) theotans6 . ] ]
Céc duong biéu dieén nay dugc goi la Dap tuyen bién do va Pap tuyen pha

Thi du 8.1

V,(jo)

Il

V& dap tuyén tan s6 cta ham s6 mach H(jo) = cua mach (H 8.1)

Nguyén Trung Lap LY THUYET
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2
it CD R %T_ rt:::J_r 4t
(H8.1)

Ta co

o) =202 -2

l,(jow) 1/R +j(wC-1/ L)
: 1
[HGe) =

JWR) 2 +(oC - 1/ 0L)?
d(o0) = —tan "R(0wC - 1/ wL)

ViR, L, Clacac héng s6 nén ‘ H(jo) ‘ dat tri cuc dai khi o=w, xac dinh bdi
®©,C-1/ oL =0 hay o, =

JLc

va |H(J(D)|max |H(10)0) =R

Dé vé& dap tuyén tan s ta xac dlnh | H(jo) | va ¢O(w) ung voi vai tri dac bict cua o
*0=0 = H(jw)=0 va ¢(o)=r/2
*m=m, = H(jo)| =R va ¢(w)=0

*o—>o = [H(jo) -0 va ¢(0)=-n/2
bép tuyén vé ¢ (H 8.2)

1Hijeo) + i)

]

ung tan sO -

r3|=

(a) (H8.2)
Trong thi du trén, gia st i;(t)=Icoswt thi I;(jw)=I,20°

(b)

bap g V>(jw)=1,.H(jw). Ta thdy V, dugc xac dinh mot cach don gian 1a tich cua
ham mach v&i mot hang sé. Vi vay nhimng thong tin ma ta c6 duoc khi khao sat ham s mach
ciing chinh 1a nhiing thong tin ciia dap ung. Vi Iy do nay va ciing vi ham s6 mach chi tuy
thudc vao mach ma khong tiy thudc vao kich thich nén nguoi ta thuong dung dap tuyén tan

sO cua ham s6 mach dé khao sat mach dién.

8.2 DUNG GIAN PO CUC - ZERO PE VE PAP TUYEN

TAN SO
Coi ham sé mach
H(s) = K (s-z,)(s-2,).....(s-2,,,) (8.5)
(s-P.)(s-P2)....(S-Py)
K 12 hing sb
Nguyén Trung Lap LY THUYET
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Néu cac Cuc va Zero duoc dién ta trén mat phang phtic boi cac vecto thi cac thira sb
(s-z) cling dugc dién ta boi cac vecto. (H 8.3) 1a mot thi du

Joo ¢
5-F s
Zy
0 &
(H8.3)

Trén do thi, tri s dugc ghi bang mot cham dam, vecto vé tir z; dén s dién ta thira so s-
7.

Suit va goc pha cua thira s6 nay 1a |s-zy| va goc hop bdi vecto S—Z; véi truc thuc.
Nhu vay suét va goc pha ctiia H(s) xac dinh boi
S-27,(S-Z,|....{S-Z
|H(SX =K | 1” 2| l m| (8.6)
|S-Pyfs-Py|...|s- P,
0(s) = O(K) +[d(s—Z) + d(s—Z;,) +.... 1= [d(S—Py) + d(S—P2) +.....]
K 1a s thuc nén
o(K) =0 khi K>0 va
= +180° khi K<0 (8.7)

Céc thira s6 trong (8.6) va (8.7) duoc xac dinh bang cach do trén d6 thi cac d6 dai cua
cac vecto tuong ing va cac goc hop bdi cac vecto nay véi truc thuc.

Thi du 8.2
Tinh
25(s+10) ..
H(s)= khi s=j10
(s) s® + 205 + 200s+ 500 !
2 1
H(s) 5(s+ 10)

" (s+3,52)(s+ 8,24- 8,61)(S+ 8,24+ j8,61)

‘ Gian do Cuc-Zero va cac vecto xac dinh H(j10) cho trén (H 8.4). Cac tri ghi kém trén
do6 thi c¢6 dugc bang cach dung thudce do.

Nguyén Trung Lap LY THUYET
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4
Joo 4
e 4
8,24+5,61 15=i10 o
- ]2 JoN.
___________________ -3,24"' '3}51 8’36 9’5 J'.U:l
F i
L Tyt
1
1
|
1
1
I
1
| [a}
A 5 B
10 352 0 & .t
1
1
1
1
|
:
H
W — oo
-8,24-j8 61 -8,24-j8,61

‘ (H 8.4)
T c4c gia tri trén do thi ta tinh dugc

H(j10) - 2141 96
10,6.20,28,36

0(10)=45°-(70,6° +66,1 ° +9,6 °)=-101,3 °
H(j10)=0,196./-101,3°

Thi du 8.3

V& dap tuyén tan s6 mach (H 8.5)

jou 4
R .
b S =jou
+
Uit) C_D al—
1/RC 0 “
) . (H38.5) (H 8.6)
Ham s6 truyén cua mach
Hg-Ye®_ 1 1

V/(s) RCs—p,
Voéi  pi=-1/RC
Gian d6 Cyc-Zero vé o (H 8.6)
Dé vé dap tuyén, thay s=jo vao ham s6 mach. Trén do thi s nam trén truc 4o cach gdc
O doan bang ®. Khi o thay doi tir 0—o0, diém s di chuyén trén tryc 4o tir gc O ra vo cing.

Tai  *©=0, s-p1=1/RCZ0° [H(jo)=1 va ¢(w)=0°
* 0=1/RC=0c s-pi=+/2/RCL45° H(jw)=1/v2 va ¢(w)=-45°
* —»00 s-p1—0290° [H(j®)|—0 va ¢(w)—>-90°

Diép tuyén tan s6 vé ¢ (H 8.7)

Nguyén Trung Lap LY THUYET
MACH



Chuong 8 Pap tng tan s -

+Hije

Thi du 8.4

-45% e

] TS ST S P PSS PSS S S S S S S S

(H8.7)

Xac dinh ham s truyén V(s)/Vi(s) ctia mach (H 8.8). V& dap tuyén tan s trong 2 trudng hop

* 0=,
* oL<<@,

Trong d6 0=R/2L & ®,’=1/LC

o)

Ta c6
VO(S): Vi (S) S
R+sL+1/sC sC
_ Vi(s)
s’LC +sSRC+1
vV, (s) 1/LC
H(s)= =—
V,(s) s?+SRIL +1/LC
2
®
HES) ="
) S? + 205+,
* 0=M,
0(,2
H(s)=
() (s+a)?

(H 8.8)

H(s) c6 mot cuc kép tai s=-o.. Gian dd Cuc-Zero gdm 2 vecto trung nhau (H8.9a). Cac
dap tuyén tan s6 v€ o (H 8.9b) va (H 8.9¢)

*0=0, [s-pi|=s-p2| = H(jo)| =1 va ¢(w)=0°
*o=a  [s-pilFls-p2| = J2a [H(jw)| = 1/2 va ¢(®)=-90°
* @0 [s-pi|=|s-pa|—>0 [H(jo)| > 0 va ¢(w)—>-180°
lox el
S=jru —'E‘DD--_-__---_:
5P :
_p 1
‘ ! st - ]
o 0 & @
(a) (b) (©)
Nguyén Trung Lap LY THUYET
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(H8.9)
#* 0<<

. , . . /. 2 2 y X ’
Khi a<o, , H(s) c6 Cuc tai s=-atjog voi 04 =+/0,” —a” . Do do, néu a<<w,, cac
Cuyec 0 rat gan truc 0. Gian do cuc - zero vé lai (H 8.10)

Cho o thay ddi tir 0— oo, ta X6t cac gia tri ddc biét cia w:

* »=0 hai vecto c6 cting d6 dai nhung goc hop véi truc thuc dbi nhau nén
H(jo)[=1 va ¢(w)=0°

* o tang tr 0— oo s=jo di chuyén trén truc ao tir gbc O ra xa oo
+ ¢( s-p1) va ¢( s-pz) déu tang theo chiéu duong nén ¢(m) c6 gia tri Am.
+ [H(jo)| tang, lac dau cham sau nhanh hon (vi |s-p;| luén luén giam, nhung lic ddu cham lic
sau nhanh hon, con |s-py| ludn ludn tang, nhung mirc do tang luén nhé hon mic do giam cua
pi) o -
* m=w,, diém s doi dién vbi py, [s-pi1| ngan nhat, |H(jo)| dat tri cuc dai
s-p1=aZ0° va s-pr=21,2£90° nén

2 2
o, (Q) Q)

. H o _ O
Jm HG) . = |s— p1||s p2| a2n, 20

va d(®)=-90°

* 0=, (0=mota ) dlem s van con & gan py, |s-pi| thay
d6i nhanh trong khi |s-p,| gan nhu khong doi

s-p1= V2o /+45°  va $-pr= 2o £90°
g 2 H(o
|H(J(D)| (Do — | (J )|max
f 2 V2 J2
O(0)=+45°-90° 450 & -135°

T * o rat 16n (0—w)
15y
|s-p1|=Is-p2l—> 0 ¢( s-p1) = ¢( s-p2)—> +90°
H(jo) >0 va ¢(w)—> -

e 180°
Dap tuyén tan s6 v& & (H 8.11)

1| Hijesd|
iy s o by G
20 Q T 1 '
o 1 1 1 &
flaial s N _45‘:'_______ 1 1
242 A
=T il IR ,
1
I A
T o
(H8.11)
Nguyén Trung Lap LY THUYET
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7
8.3 MACH LOC

Pip tuyén ciia mach loc dai thong
Xét mach ¢ thi du 8.1, [H(jo)| c6 tri cuc dai tai o=wm,.
Dai tan sd qua mach loc xac dinh boi 0. <o <me
Trong do ®.; va o 1a cac tan so cét, xac dinh tai diém ma bién do tin hiéu ra bﬁing 1/+/2 1in
bién do ra cyc dai (hay [H(jo)/=( 1/ v2 )JHG®)|max)-
Biing thong hay P§ rong bing tin duoc dinh nghia:
BW=wmc2-01
Mach trong thi du 8.4 cling 1a mach loc dai thong, co

1
/_L 5
TAn sb cit 1a o, * a,
Do rong bang tan BW=2a. (H 8.12).

Tan so gitra o, =

+ Hije)|
+ Hije)

3l

5

@.=1/RC @
(H 8.12) (H 8.13)
Mach cua thi du 8.3, 1a mach lgc ha thong (low pass filter),

TAn sb cét o~1/RC
va bang thong BW=1/RC - 0 = 1/RC.

(H 8.14) va (H 8.15) 1a dap tuyén ciia mach loc thwgng théng va mach loc dai loai

+ |HGen| B e
|H e max |HG e s
|t max |H e |
T —g
ft;'ﬂ {-:JD {tli'cz ]
(H 8.14) (H 8.15)

8.4 CONG HUONG

Mot mach dién kich thich badi tin hi€u hinh sin ¢ trang thai cong huong khi bién do cia
ham so6 mach dat gia tri cuc dai hodc cuc ticu.

Nguyén Trung Lap LY THUYET
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Mach thi du 8.1, |H(jw)| c6 tri cuc dai tai o=w,.

0, = 1a tan sd cong huong ciia mach.
° JLC
Tai tan so nay tong trd cua mach Z(s)=R, ciing dat tri cuc dai.

* Poi voi mach RLC mac song song (xem thi du 8.1), cac Cuc ciia ham s6 mach xac dinh béi
Pl,zz - ij(Od

2 2

Trong do a:i Va 0y =4/0," —a
2RC

]

1 (8 A A A ,

o, Tic la tan s6 cong hudng
Ta thiy o, chinh 1a ban kinh vong tron
quy tich cuia Cuc khi a thay do6i
* Khi R kha lon (hay o rat nho) , tan sb
cong hudng rat gin voi tan s ty nhién.

Py Pap tuyén bién d6 c6 dinh nhon
(HG®)[max=R)
* Khi R— oo, tan sd cong huong trung voi
tan sb tu nhlen Pinh ctia dap tuyén c6
bién 3o —

(H 8.16) * Poi voi mach RLC rpéc nbi tiép, kich
) 9 N thich bdi nguon hiéu thé V(s), dap ung la
dong dién I(s), Ham s6 mach chinh 1a tong dan

N (O 1
H(jo) = Y(jo) = V(o) R+j(oL+1/ oC)

Cong huong xay rakhi o =@ = 1 tuong tng vai tri cuc dai cua [Y(jo)| la 1/R

JLC
Khi ¢6 cong huong xdy ra, tdc dung cua cac phan tr L va C triét ti€u voi nhau va mach tuong
duong voi mot dién trd thuan.

8.5 HE SO PHAM

Téng quat, ham s6 mach cua mot mach loc dai thong bac 2 c6 dang:

Ks
HS)=——— 8.10
(s) s’+as+b (8.10)

K, a> 0 & b> 0 1a cac hang sd thuc.
Dé khao sat bién do ctia H(s), thay s =jm
Ko _ N

HGe) Jo-0)?+a%e? L Ja’+[(b-0?)/ o]
CRE s
|H(J ) tai tan sO cong hudng wo=+/b (8.11)
max a
Tén s6 cit xac dinh béi:

oy Mo KKK

2o a2 T et bed) el a2
Diéu nay dat duoc khi

Nguyén Trung Lap LY THUYET
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b-w,’ 2
=ta hay o, tan,-b=0

O

Phuong trinh c6 4 nghiém, ta 1y 2 nghiém duong

—a++a’+4b . a++a’+4b
Wy = > VA Op = —— (8.12)

Do rong bang tan
BW=w®.,-0.1=a
Thay céac gia tri vira xac dinh dugc vao (8.10)

Ks

s’ +BWs+ao,’

Pay 1a dang tong quat ctia ham s6 mach ciia mach loc dai thong bac 2 ¢ tan s giita
®, va bang thong BW

Ngoaira tir (8.11), (8.12) ta co:

0302 c2.0c1

Mot mach loc dai thong thuong cling la mach cong huong ma tinh chét cia n6 duoc

xac dinh bdi mot da1 luong goi 1 hé s6 pham Q, duoc dinh nghia nhu sau:

= 8w
Mot mach c¢6 hé s6 Q nho thi d6 rong bing tan 16n va nguoc lai. Bang thong nho
déng nghia voi dd chon loc tdt, vay h¢ ) phém Q xac dinh do chon loc cua mach.
Q cang 16n d6 chon loc cang tét, sy cong hudng cang nhon.
Dung hé ) phém Qta viét lai biéu thirc ham sb mach

H(s)=

(8.13)

)= — (8.14)
S’ +—2s5+0,°

a)Cl,mz—_ZQ/ ((02)_2Q ol Q (8.15)

Néu Q 16n (Q>>5) 1/2Q<<I, hé thtc (8.15) tré thanh

va

W, O, = 7 BW (8.16)
L T2Q 2 '
Hay
BW . BW
Oy, =0y ——— Va0, =0, +——
2 2
®¢2 Va o¢ cach déu m,. Dap tuyén bién dd gan doi xung.
Thi du 8.5 Cho mach lgc dai thong co:
2s
H(S)= 5—————. Xacdinh o,, 0, ©: va BW
s°+0,2s+1
0302=1 = m,=1 rad/s
2
—-a++va‘+4b -0,2+./0,04+4
0y, = = = 0,905 rad/s
2 2
Nguyén Trung Lap LY THUYET
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c2

2
_ a_{_\/ﬁ _ 0,2+ 2’04+4 =1,105rad/s

Béng thong

BW=w- ®.1=0,2 rad/s
hé s6 pham
0, 1

= = —= 5
Q BW 0,2
Néu xem Q=5 14 16n, ta dung (8.16) dé xac dinh o va o
BW 0,2
0y, =0, ——— =1-——=0,9 rad/s
2 2

0, = O, +¥= 1+07’2: 1,1 rad/s

So v&i cac két qua trén, sai bi¢t khoang 0,5%.

8.6 TI LE HOA HAM SO MACH (Scaling network function)

Trong céc bai toan trudc day ta luon ludn gip cac R, L va C véi nhitng gia tri that 1a 1y
tuong nhu R = 1Q, 2Q, 3Q .. ..L=1H, 2H, 3H . . .,C =IF, 2F, 3F . . .va cic tan so thi khoang
1vai rad/s. Mach dién véi céc tri nhu thé qua la khong thuc té chat nao, vay dé co nhiing
mach véi cac phan tir gan voi that, chiing ta phai chuyén d6i cic gia tri nay bang cach qui ti 18
cho mach.

C6 2 cach qui ti 1&: qui ti 16 tong trd' va qui ti 1¢ tan s

8.6.1 Qui ti 1¢ tong tro

Téng tré ciia mach Z'(s)= R'+SL'+%
S
Quitile voihés6Ki  Z(s)=KiZ’(s)
1
Z(s)=K.(R+sL+—)
sC'
1

sC'/K ,
Cac ph'?ln tor R, L, C cia mach sau khi qui ti 1¢ théa h¢ thac

Z(s)= R+SL+i
sC

Z(s) = K,R4sK L'+

Ta thay ngay

R=KiR L=K{L” C=C’/Kj

Nhu vay, dé qui ti 1¢ tong trd cia mach v6i hé sb K; ta nhan R va L véi K; va chia C
cho Ki

bdi véi nguén phu thudc, su qui ti 1€ tuy vao don vi cua hé s6 cla nguén, néu hé sb
cua ngué)n c6 don vi téng trd, ta nhan cho K;, néu la téng dan, ta chia cho K.

8.6.2 Qui ti 1¢ tin s
Khi qui ti 1¢ tan s6 cho mdt mach, gia tri cia ham s6 mach phai khong doi
Gia str ham s6 mach 1a H’(S) véi S=jQ
Sau khi qui ti I¢, mach lam viéc véi tan s6 =K.

Nguyén Trung Lap LY THUYET
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K14 hé sb qui ti 18 tan so.
H’(S)=H(s) voi S=s/Ks
Goi R’, L, C’ 1a cac gia tri trudce khi qui ti 1€
Goi R, L, C la cac gia tri sau khi qui ti 1¢.
Pé ham sb6 mach khong doi, cac téng tr¢ Zr, Z1, Zc phai khong ddi sau khi qui ti 1¢,
nghia 1a ta phai co:

SL=SL' hay L=>L'= =
s K,
R=R’
Vi Aol eScC
sC sC s K,

Toém lai, dé qui ti 1€ tan sd cho mach, ta chia L va C cho K¢ va gilr nguyén R.
Thi du 8.6
£ g \ A V0 (s) .
Xac dinh ham so mach H(s)= V—() cua mach (H 8.17)
S

Ult)

1/4F ——

s

(H 8.17)
a. Qui ti 1€ tong tr¢ ciia mach voi hé s6 Ki=500, cac phan tir trong mach c¢6 tri nhu thé nao ?
b. B¢ dat dugc tan so cat 1a 20.000 rad/s, phai qui ti 1€ tan s6 voi hé so 1a bao nhiéu ?

H(s):VO(S): : 2
V(s) s°+2s+2
Thay s=jo
. 2
|H(J(D)| - 2N\2 2
\/(2-(0 )+ 4w

1

- o

|[H(o)| giam khi o tang, day la mach loc ha thong
Tan so cat xac dinh bdi

. |H(j(o)|rnax 1 1 1
H PN - hay e —
HGo.) V2 2 1+o /4 2

= ol=4 = o,= V2 radss

(1)((,0) = —tanfl 230\) 2
®=0 = H(jo)| =1 va ¢(0)=0"°
o=oc =2 = H(o)| =1/+/2 va ¢(0)=-90°
Nguyén Trung Lap LY THUYET
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®—> o0 = [H(jo)|—0 va ¢(w)—>-180°
bap tuyen

" (i;f]wj
plHG) 0 G2 :
1 ! “
B S T, L .
Y2
: 4807 ¢ e e
&J;_:".J'f I:;L]:
‘ » (H 8.18)

a. Voi Ki=500 céac phan tu thay d6i nhu sau:

R=2Q trd thanh 2x500 = 1000 Q

C=12F = 1/2x1/500=1/1000 F

C=l/AF = 1/4x1/500 = 1/2000 F 7
Mach OP-AMP c6 d6 lgi khong doi , ti sO V/V; cling khong doi
b. Dé c6 oc =20.000 rad/s

K=20.000/+/2 =10.000+/2
Céc tu trong mach

C=12F = 1/2x1/10.0004/2 =35 F

C=1/4F = 1/4x1/10.000~/2 = 17,5 uF
Thi du 8.7
Tro lai thi du 8.1
Cho R=1Q, L=2Hva C=1/2 F
Dap tuyén (H 8.2) c6 céc tri cu thé o, =1 rad/s
IH(®)|max =R=1 : o
Gi4 str ta phai qui ti 1€ tong trd va tan so sao i4it) ]) %'_Lml—l A1 +1:J p
cho , =10° rad/s véi tu c6 trj InF. Xac dinh R 50082 1B -2
va L.
Ta c6 K=10°

C—10° < 2. 1 (H8.19)

KK, 210K, —

Suyra K=500 “
CactriRval 5001------2 .

R=1Q = 1x500=500 Q i

L=2H ZK—K - 2)1(3?0 = 10 H=1mH 10° 5

f

Mach da qui ti 1¢ (H 8.19) va dap tuyén (H 8.20) (H 8.20)

8.7 DECIBEL

Thinh gidc ctia con nguodi nhay cam theo am t

logarit cua bién d¢.

hanh c6 tinh phi tuyén: Do nhay ti 18 voi

Nguyén Trung Lap
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Pé so sanh 4m thanh nguoi ta dung logarit ciia ham sb mach (tic d6 loi cua mach)
thay vi dung ham s6 mach va don vi duoc tinh bang Decibel (dB)

dB=20log;o|H(jo)|
Pon vi dugc biét dén dau tién 13 Bel, dinh nghia bai Alexander Graham Bell (1847-1922).
Bel dugc dinh nghia nhu 1a mét don vi cong Suat

P
Bel=log,,—*
910 P,
Vi Bel 1a don vi qué 16n nén nguoi ta dung dB (1dB=1/10Bel)

P
dB = 10log,,—2
I:)1
Néu P, va P; 1a cong suit trung binh trén ciing tong trd thi:

P,
P,

Ngoai ra , trong k¥ thuat nguoi con dung mot dai luong 1a do suy giam (attenuator)
hay d6 hao hut (loss) xac dinh béi

0B = 1010, -2 = 10/0g,,(~2)? = 20l0g,(~2)
V, V,

V \
a(w) = -20log,,—2 = 20log,,—
(®) 910 v, 910 v,
Mot tin hiéu c6 tan s6 ©; v6i a(o;) cang nho thi qua mach it bi suy giam.

Thi du 8.8 ’

Mach loc ha thong ¢c6 ham s6 mach cho béi

Vi(s) s+ J2s+1 0
Xac dinh bién d6, tan s cit, do suy giam va v& o)
Ta co 10
. 1 .
|H(J(D)| = = = [H(®)|max= 1 2l
Vit o i

o, = 1 rad/s

a(m) = 20Iogmm = 20log(1 + ®*)"?

(H8.21)

(H 8.21) 1a gian do a(w).

Nguyén Trung Lap
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BAI TAP
--000--

8.1 Chung té mach di¢n c6 ham s6 mach dudi day 1a mach loc thugng thong.
25

s*+s+0,5

Tim |H(jo)max va o

H(s)=

8.2 Chung to mach dién c6 ham s6 mach duéi day 12 mach loc dai loai. Tim [H(®)|m va @,
®c¢1, Oc2

3(s® +25)
S +s+25
Vv
8.3 Mach (H 8.P3). Xc dinh H(s)= (>
Vi(s)

8.4 Mach RLC nbi tiép véi R=1Q, L=1/2 H va C=0,02 F (H P8.4).
Xac dinh H(s)=V(s)/Vi(s). V& dap tuyén tan sd ctia mach. Xac dinh w,, & d6 bién d6 H(jw)
cuc dai va goc pha béng 0. Xac dinh o1, ®e2

452
it vy ﬁ oA
5
Eie) —L— ELl R K
& v + U + # R
' Bit) C_) Tolt)
1 . 16%
4 28
(H P8.3) (H P8.4)
8.5 Mach (H P8.5). Xac dinh H(s)=V(s)/Vi(s) theo Ry, R, va Ra.
Chutng t6 day la mach loc dai thong. Tan so gilra ?
Vi gié tri nao cua Ry, R, va Rj ta ¢6 két qua giong BT 8.4 ?
1F
]|
11
10
R3 el T S
"
i
1F
| |
I
Ry
. """ ——— 10
1
U%:D‘ﬂ 10
%
rrra
(H P8.5)
Nguyén Trung Lap LY THUYET

MACH



Chuong 8 Pap tng tan s -

15

8.6 Mach (H P8.6). Xac dinh H(s)=V,(s)/Vi(s). o
Chting t6 day la mach loc dai thong. Tim do loi, bang thong va tan so gitra ?

40

(H P8.6)

8.7 Mach (H P8.7a). Chung té Z(s) c6 dang:
K(s-z
(s—P1)(s—P,)
Xé}c dinh z;, py vapy theo R, L va C
Neéu Cyc va Zero cua Z(s) c6 vi tri nhu (H P8.7b). Tim R, L va C. Cho Z(j0)=1

oo
1,|'12E
ro - 1. i O 5
o ) VL
(a) (H P8.7) (b) :

8.8 Mach (H P8.8). Xac dinh H(s)=V(s)/Vi(s). o
Ching t6 day la mach loc dai thong. Tim d¢ loi, bang thong va tan so gitia ?
Ti 1& hoa mach sao cho tan sb giira 1a 20.000 rad/s dung tu .01uF.

| |

|

05F
aL

1748
i S
&
+ %

(H P8.8)

8.9 Mach (H P8.9). Xac dinh H(s)=V(s)/Vi(s). =~ o
Ching to day la mach log déi’ loai. Tim d6 loi, tan so gita va hé s6 pham?
Ti 1€ hda mach sao cho tan s6 gitra 1a f,=60 Hz dung tu 1nF va 2nF.

Nguyén Trung Lap LY THUYET
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’ (H P8.9)
8.10 Chung t6 ham s6 mach ctia mach (H P8.10) cho boi:

V,(s)  K(s?+1)

H(s)=

V.(s) s®+1/Qs +1
Va day la mach dai loai, co tan s6 gitra wp = 1 rad/s. Xac dinh d¢ rong dai loai.
Ti 1& hoa mach sao cho tan sb gitra la 10° rad/s dung tu .001pF. Cho Q=5 va K=0,5.

S

+
Uiit) Cf) qll—fm 15 Ualt)
1K) -
Y T
(H P8.10)
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Chuong 9 Tu cucl

% CHUONGY9

TU CUC

# QUAN HE GIUA CAC BIEN SO CUA TU Cy'C
# THONG SO TONG DAN MACH NOITAT Y
# THONG SO TONG TRO MACH HO Z

<> Quan hé gii théng Y va thong s6 Z

% Thay mot mach that béng mot tir cuc

% THONG SO TRUYEN A, B,C,D & A", B', C', D'
<~ Thong sé truyén

< Thong s0 truyén ngugc

< Quan h¢ gla thong so truyen va thong s6 Z

# THONG SO HON TAPh & g

< Thong s6 h

< Thoéng s6 g

# GHEP TU CUC

<> Ghép chudi

< Ghép song song

< Ghép ndi tiép

Hau hét cac mach dién va dién tr déu c6 thé duoc dién ta dudi dang tr cuc, d6 1a cac
mach ¢6 4 cuc chia lam 2 cdp cuc, mot cap cuc goi la nga vao (noi nhan tin hiéu vao) va cap
cuc kia 12 nga ra, noi ndi véi tai. Néu trong 2 c@p cyc c6 chung mdt cue, mach tr¢ thanh 3
cuc. Tuy nhién, du la mach 3 cuc nhung van ton tai 2 nga vao va ra nén viéc khao sat khong
c6 gi thay ddi so véi mach tir cuc.

Chuong nay dé cap dén mot 16p cac ham sé mach dic trung cho tir cuc. Cac ham sb

mach nay cé khac v6i cac ham s6 mach trudc day & chd 1a dugc xac dinh trong dicu kién noi
tat hoac dé hd mot trong 2 cdp cuc (nga vao hodc nga ra)

9.1 QUAN HE GIUA CAC BIEN SO CUA TU CUC

I1 I;
gt | |+
+ +
vy TU CUC V3
— Y
(H9.1)

Dé khao sat tir cyc, ta dung cac dai luong trong 1anh vuc tan sb.

C6 4 bién sb lién quan dén tir cuc, d6 1a hiéu thé va dong dién ¢ c4c ngd vao vara.
Goi Vi(s), I,(s) 12 hiéu thé va dong dién ngi vao

Goi Va(s), Ix(s) 1a hiéu thé va dong dién nga ra

Trong 4 bién sd trén c6 2 12 bién doc lap, cac bién khac duge xac dinh theo 2 bién nay.
Tuy theo cach chon bién doc 12p ma ta c6 cac thong s6 khéc nhau dé dién ta mach

| Tén goi thong s6 | Bién sb doc lap | Ham s6 | Phuong trinh |

Nguyén Trung Lap LY THUYET
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Chuong 9 Tu cuc

Tong trd mach ho I, I, Vi, V, V,=z,,+2,l,
Vo =2yl +25l,
Tong dan mach nbi tat Vi, Vs L, I I, =y, V,+Y.,V,
I, =y Vi+Y2VY,
Truyén Vo, Ih Vi, I V,=AV, -Bl,
l,=CV, -DI,
Truyén nguoc Vi, 1 Vo, I V,=A"V, -B'l,
l,=C'V, -D'l,
Hon tap Vo, Iy Vi, L V,=h,l,+h,V,
I, =hyl +hyV,
Hoén tap nguoc Vi, L Vo, 1y I, =94V, +9,l,

V, =09,V +9xl,

Béng 9.1 Cac loai thong s va phuong trinh tuong g

9.2 THONG SO TONG DAN MACH NOI TAT (Short-circuit
admittance parameter)
Day 1a loai thong sb co thir nguyén cta tong dan va khi xac dinh can ndi tit mot trong

cac nga vao hodc ra.
Phuong trinh dién ta tir cuc bang thong s6 tong dan mach noi tat

Ly =y Vi +Y,VY, hay qu{yﬂ Wz}{vq ©.1)
l, =YV, +Y,5,VY, I, Yor YoV,
1, S u, &
(a) (H9.2) (b)

Pé xéac dinh cac théng sb y, cho V=0 (ndi tit ngd vao) (H 9.2a) hodc V,=0 (ndi tat
nga ra) (H 9.2b)
I
Y1 =

1

v,=0 V2 v,=0 V1
Néu mach thuén nghich y;»=y»;
Thi du 9.1

Xéc dinh cac thong sb y ctia mach (H 9.3)

Nguyén Trung Lap LY THUYET
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— A —
b L | i
ald P
o )
(H9.3)
Lan lugt noi tat cac ngd vao va ra, ta c¢6 thé xac dinh thong s6 y mot cach truc quan
y 1= Ya + Yc
Yi2=Yu=-Y,
y 2 = Yb + Yc

9.3 THONG SO TONG TRO MACH HO (Open-circuit
impedance parameter)
Day 12 loai thong sb c¢6 thir nguyén cua tong trd va khi xac dinh can dé hé mot trong

cac nga vao hodc ra.
Phuong trinh dién ta tr cyc bang thong s6 tong tréd mach ho.

Vi=zuli +24l, hay {Vq:{zﬂ Z12}P1} 9.2)
Vo =2yl +25l, Vs, Zy Zp |l

I1=0 L=D
+ + + +
¥y W I I1 Wy V,

(a) (H9.4) (b)

Dé x4c dinh cac thong s6 z, cho 1,=0 (dé ho nga vao) hoac I,=0, nghia 1a (H 9.4a) (dé
ho nga ra) (H 9.4b)

V, V, V, V,
Z11:|_ Z12:|_ Z21_|_ Zzz_l_
1 11,=0 2 11,=0 111,=0 2 11,=0
Néu mach thuén nghich z;, =z,
Thi du 9.2
Xac dinh céc thong sb z ciia mach (H 9.5)
Nguyén Trung Lap LY THUYET
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Céc thong so z cling xac dinh duoc mét cach truc quan bang cach dé hé cac nga vao

vara
z,=2,+7Z,
Zip =2y :Zc
z,=2,+2,
Thi du 9.3

Xéc dinh cac thong sb z ciia mach (H 9.6). Pay 1a mach tuong dwong cua transistor
rap cuc nén chung

. R R; _C_mjll 112_:,
+ +
Vi Ry k!
o 2
, (H9.6)
Viét phuong trinh vong cho mach
Vi=(R+R3)[;+Rs], (1)
sz((XRz‘l‘Rg)Il‘l'(Rz‘l‘Rg)Iz (2)
Suya ra
z11= RitR3
z12= R3
71— 0LR2+R3
720= Ro+R3

Do mach c¢6 chira ngué)n phu thudc nén khong c6 tinh thuén nghich, két qud z12#7Z))
9.3.1 Quan hé giira thong sd y va z

Giai h¢ phuong trinh (9.1) dé tinh V; va Vo theo I, va I,
v, =Yz Y

l,

Ay Ay
v, = Yoy Yy
Ay Ay
Vi AY =Y 1Y 5, =Y 15-Y 51 = det[Y]
Suy ra
y y y y
Z 44 =2 212:_i Zy =--2 222:J (9.3)
Ay Ay Ay Ay
Giai h¢ phuong trinh (9.2) dé tinh I, va I, theo V; va V,
Z -Z
[ =£V1 + 12 V,
AZ AZ
-Z Z
[, =—21Vv, +1V
2 Az ' oAz P
Suy ra
Z22 Z12 Z21 Z11
=22 =12 =——=t —_— 9.4
Y1 Az 12 Az Y 21 Az 2=, 9.4)
Nguyén Trung Lap LY THUYET
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9.3.2 Thay mdt mach that bing mot tir cuc

Tir cac phuong trinh dién td mach bang cac thong sb cua tir cuc ta co thay mot mach
bang tr cyc chi chira nguon va céac thong so twong tng
Vi thong s z, ta c6 mach (H 9.7) suy tir phuong trinh (9.2)

i Z1 22 I
_— i i —
| | | |
+ +

+
" 1213 Znly L)
o o
(H9.7)

Dé c6 mach chi chita mot ngudn phu thudc, ta co thé viét lai (9.2)
Vi=zuli+z,l,
Vo =2,l +2l, +(2 —2)l,

Va mach tuong tmg (H 9.8)

Eqq —
I, Z117%12 zp-zq; C2521N
= - + )
+ +
“ e :
o >
(H 9.8)

Tuong tu, cho trudng hop thong s6 y, ta co cac mach twong dwong sau (H 9.9a) va (H
9.9b)

5 2 I;
c__+ .
+
W ¥11 o W, W DF +¥ DF +7 W,
1 22 Y7 1 11TH2 22T 2 2
12 ¥y (¥ 1% 0V
= 0
(H9.9) (b)

9.4 THONG SO TRUYEN (Transmission parameter)

9.4.1 Thong sb truyén

Thong so truyén dugce dung dé dién td moi quan hé gitra hi€u theé va dong dién & mét
cap cuc va hiéu the va dong dién & cap cuc kia.

V,=AV, -Bl, V, A B|V,
hay = (9.5)
l,=CV, -DI, l C Dj-I,
A, B, C, D goi 1a thong s6 7truyén, doi khi con dugc goi 1a thong s0 chudi (chain
parameter) hoac don gian hon, c6 the goi la thong so6 ABCD o .
Déu - trong 2 thong s6 B va D ¢6 tir qui u6e dau cua L. (1an déau tién thong s6 nay

dugc dung dé giai bai toan day truyén song, dong dién trén day truyén co chleu nguoc lai ).
Cac thong s6 ABCD dugc xac dinh trong diéu kién mach hé hodc nbi tit.

Nguyén Trung Lap LY THUYET
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Vv . ;
1 =2 (B0 1o1 hiéu thé mach ho)
AV, -0
| L ‘ o
S (Tong dan truyén mach noi tat)
B 11v,=0
1 V 2 X
—=—2 (Tong trd truyeén mach ho)
Cc I, 1,20
I : . o
— l =2 (P9 lgi dong dién mach noi tat)
D I, V,-0
Thi dy 9.4 o
Xac dinh thong so truyén cua tr cuc (H 9.10a)
Iy R, L Iy R, L
— I_/\/v\ — P | l_/\/\/\:_g
LA * g *
vy Q= K W, ke V=0
; 5 = —

. (a) (H9.10) . (b)
Hai thong s6 A va C dugc xac dinh tir mach véi nga ra d€ ho (I, = 0) (H 9.10a)

1
2
é +R, 8102
il +R,
A=i_ S
V, 1
sC, °
! +R,
sC,
~ (1+sC,R;)(1+sC,R,)+sCR,
sC,R,
_ |—1=sC2+i=302R2 +1
V2 R2 R2
Thong s6 B va D duoc xac dinh tir mach voi nga ra ndi tat (V, = 0) (H 9.10b)
b Vi (1 gy _SCR +1
I, sC sC,

|
D=-"1=1
P

9.4.2 Thong s6 truyén nguwoc (Inverse transmission parameter)
Néu xac dinh V; va I, theo V; va I; ta c6 thong sb truyén nguoc, hay A’B’C’D’
V,=A"V, -B'l, V,| [A" B"|V,
' ] hay = ] ] (96)
l,=C'V, -D'l, I, C' D'|-I,
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9.4.3 Quan hé giira cac thong s6 truyén va thong s z

Bang cach giai cac hé phuong trinh lién quan ta c6 mdi quan hé giira cac thong s véi
nhau. Duéi day 1a quan hé gitra thong so0 ABCD va z

A:ﬁ B:E :i D:ﬂ 9.7)
Z21 221 221 221
z
Tir cac phuong trinh (9.7) suy ra AD -BC=—"% (9.8)
Z2‘1
Néu mach thuan nghich z1,=731 = AD-BC=1 9.9)

9.5 THONG S() HéN TAP (Hybrid parameter)

9.5.1 Thong s6 h

bay la loai thong s6 thuong duge dung trong cac mach twong dwong cua cac mach
dién tir, do cac thong so nay c6 thé do duoc dé dang trong phong thi nghiém.
Phuong trinh dién t4 mach bang thong s6 h

V1 =h11|1 + h12V2 hay |:V1}:|:h11 h12:|{|1 } (9.10)
I, =hyl +hyV, l, hyy hyp |V,

h,,=—Y  (Tong tr& vao mach ndi tit)

h,,= V— (Nghich dao dg loi hi¢u thé mach ho)
V2
I

Y
P _I_
1

-

(D6 loi dong dién mach ndi tat)

V,=0

I
_ 1
ho, =

2

(Tong dan ra mach ho)
1,=0

9.5.2 Thong s6 g
Nghich dao ctia théng sé h 1a thong s6 g

i =9V, +94,l, hay {h }:{911 912}{\/1} ©9.11)
V, =0,V +9yl, Vv, d21 92l

_h
911—\/

1

(Toéng din vao mach ho)
1,=0

1

9 =7

2

(Nghich dao d¢ loi dong dién mach ndi tit)
V=0

Nguyén Trung Lap
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Vv o :
g, = —2 (P9 loi dién theé mach hd)
v, 1,=0
Vv . (.
g, = |—2 (Tong trd ra mach noi tat)
2 |v,=0

Mach dién biéu dién boi thong sé h va g (H9.11)

I hyy L L g2 L
P | — — —
+ + + +
¥y hy 3ty hzly D hpa¥y ¥ 511[] ¥ ¥
— it 51212 o i g}f‘.ﬁ
o 0 ; 0
(H9.11)
Thi du 9.5
Xac dinh thong sb h ctia mu transistor rap cuc phat chung (H 9.12)
L I,
o T —
+ F, Te +
L
v iy (T oy W,
rd _
= 0
(H9.12)

Viét KVL cho phan mach bén trai va KCL cho phan mach bén phai

Vi=(r, +1)ly +uV,
1

I, =al, +
2 1
rc+rd

\Z

Suy ra hii=ry+tr
hip=p
h21: o

h,, = 1
22 —
ry +1,

9.6 GHEP TU CUC

Mot mach dién phirc tap ¢ thé xem nhu gdm nhiéu tir cuc don gian ghép lai theo cach nao
do.
Sau day la vai cach ghép pho bién

Nguyén Trung Lap LY THUYET
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9.6.1 Ghép chudi (H 9.13)

I
3 g La Iy b b
+ + + + ¥ +
Vi vy, Ny Vo Vi M, Vop ¥y
- - = — — =
(H9.13)

Trong cach ghép nay thong sé ABCD dugc ding tién loi nhat. Ap dung cho 2 tir cuc

V1a Aa Ba V2a \ V1b A b Bb V2b
= va =
I1a Ca Da '|2a |1b Cb Db '|2b
Xem mach dién tuong duong vdi mat to cuc duy nhét thi:
_V1 ] B ‘A B V,
I, | |C DJ-I,

Pé y la:

Vil _ V} , {V% }_{Vm} ‘ {V% }_{Vz }
= ; = va =
I _I1a -1z |16 -l -1,

Ta duoc két qua

{A B} {Aa Ba}{Ab Bb}
= (9.12)
c bD| |c, D,|c, D,

Co két qua v6i thong sé6 ABCD ta co thé ddi ra thong sd khac tir bang bién do6i (bang

9.2).
Gia sir ta can tinh thong sb z cta tr cuc twong duong theo thong sb z cia cac tir cuc
thanh vién ta lam nhu sau: (thi du tinh z;)
Tur bang (9.2)
A
C
Thay A va C tir phép nhén ma tran
S A, A, +B,C,
" C,A,+D,.C,
Tir bang (9.2), thay cac tri Aa, Ay . . . . bang cac thong s z,, zy,. . . tuong (ng
Z‘l‘la Z11b + A 1

za

Zy1=

_ z21a Z21b 221a Z21b

Zy1=
1 z z 1
11b %223
Zo1a Z21b Z21a Z21p
Sau khi don gian
Z Z
_ 21a*“12a

Z1W=Zyga - _

Zooa t 24y

9.6.2 Ghép song song (H 9.14)

Nguyén Trung Lap LY THUYET
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Cac nga vao va ra cua tir cuc ghép song song vdi nhau

+ +
W My vy
- o
I, L
Ny,
(H9.14)

Trong cach ghép song song cac hiéu thé nga vao va ra ciia cac tr cuc bang nhau va
bang hiéu thé ‘ngd vao va ra cua cac tir cuc thanh vién. Dong dién ¢ cac nga cua tir cyc tuong
duong bang téng cac dong dién ¢ cdac ngd cua tir cuc thanh vién

Dung thong s tong dan mach nbi tit

_|1_=_|1a}+{|1b}
o] [l |2
_|1_:_Y11a y12a:||:v1a:|+|:y11b y12b:||:v1b:|
o] [Y2a Yooa| Vo Yoo Yo | Vo
Lol [Yasa+ Yian Y12a+Y12b}{V1}
o] [Yoat Yo Yout Yo Vo

Hai tr cuc ghép song song twong duong voi mot tir cuc ¢6 ma tran téng dan mach ndi
tat bang tong cac ma trin tong dan mach nbi tat ctia cac tr cuc thanh vién

[Y3=[Ya]+[Yo] (9.13)

9.6.3 Ghép nbi tiép , con goi 1a ghép chong (H 9.15)

I
L da b
+ 0 +
Via Na Vaa
Wy v,
+ +
Vi N, Yo
_ ’ B -
(H9.15)
Nguyén Trung Lap LY THUYET
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Trong cach ghép nbi tiép cac dong dién ¢ ngd vao va ra cla cac tir cuc bang nhau va
bang cac dong dién & ngd vao va ra cia cac tr cuc thanh vién . Hiéu thé & cac ngi cua tir cuc
tuong duong bang tong hiéu thé cic nga cua tir cuc thanh vién.

Dung thong s6 tong trd mach ho

V, :_Vﬂ{Vw}

Vol Vo Va,

v, :_Zm Z12a:||:|1aj|+|:z11b Z12b:||:|1bi|
Vol [Z21a Zoea ] l2a Zyiy Zog )| 1w
_V1_:_Z11a+z11b Z12a+z12bj||:|1:|

Vol [ZoatZow ZyatZop |l

Hai tr cuc ghép ndi tiép twong duong voi mot tir cuc cd6 ma tran tong tré mach ho

bang tong cac ma tran tong trd mach hé cua céc tir cuc thanh vién

[Z}=[Z.]+([Zs]

(9.14)

2] [y] 1] 1] [h] l¢]
Zi Ziz | Y2 Vi | A AT | D Ao oah P 1 n9p
[2] Ay Ay c c|c C | hyp  hyy | 994 9y
20y oy |4 D[ AT Ay 91 Ag
by C C c ¢ hgy hgy | 911 9q
Zyp  “Z12 | Yu yi2 | D -AT | A -1 1 -hyp Ag 912
Az Az B B | B B" | hyy  hy 9y Unp
Wl| -21 24 | ¥ ya2 -1 A | AT g hor  ah | -9y 1
e B i i hi1  hyq 922 922
21 sz | yp 1A B D B | _an Mg | 1 9
[T] Zp1 21 Y21 Y21 AT AT ho1 ho1 | 921 921
0oz |y oy | © Ple Al ny 1| an 4
AT AT
Zy1  Zpq Y21 Vo1 ho1 ho1 | 921 924
Zp sz | yn 1 | D B A’ i | -ag n9p
[T] 2y 24 Y12 Yq2 | AT AT B’ hia  hyp 912 912
Ao |y vyl | & AT D | M2z ah | -9y -d
Z1g  Zyp Yig Yip | AT AT hig  hqg 912 912
Az ozp | 1 v | B AT E A b hio | 92 912
bl 2o 2 | var v D D | A A A9 A9
2y 1 Yo1 Ay L ha T
Zp 2 Y1 Y1 D P A A Ag Ag
Az | oy Y2 | C AT | C -1 | he -hp g g2
l¢] Z11 24y Yoo Y22 A A D D' Ah AR
2yy Az vy 1|1 B | AT B thy Py B0 B2
a ; y722 722 A A D' D' Ah Ah
Bang 9.2 Bién doi giita cac thong so cua tir cuc
Nguyén Trung Lap LY THUYET
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BAI TAP

0% 0--
9.1 Xac dinh thong scf) y va z cta tr cuc (H P9.1)
9.2 Xac dinh thong so y va z ctia mach cau T (H P9.2)

|
18 18 '_Ll,-’ZF

[ A
+ I .+
1 2 o ]
v, v, U 1Q 17240 I, t
202 1720 v 1/2F = W,
o . - _
[ 1

(HP9.1) (H P9.2)

9.3 Xéc dinh thong Sf:) h cua mach tuong duong cua Transistor (H P9.3) ’
9.4 Xac dinh thong so y ciia mach (H P9.4) bang cach xem mach gom 2 t&r cuc mac song song

N N Rz L
[

h R ! z ¥ T
o L —
¥ Ry + Ry

Lt E k!
M R ¥ v ATA
o o = 5
(H P9.3) (H P9.4)

9.5 Cho 2 ttr cyc hinh IT va hinh T (H P9.5a) va (H P9.5b).
a. Ching minh rang diéu kién dé 2 tor cuc nay tuong duong la:
Z 2 Y Z 3 . Y Z 1

Y = — ; = — ) = —
°AZ * T AZ Vi
Trong dé AZ=71\Zo+ 7275+ 737,
b. Tinh Z1,7Z,vaZ; theoY.,YpvaY,
I —~ L
e I BT ey
WHOH
(H P9.5a) (H P9.5b).

9.6
a. Xéac dinh thong sd y cua tir cuc (H P9.6)

Nguyén Trung Lap LY THUYET
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’ . . V,(s

b. Mac vao nga ra cua tr cuc di¢n trd 1Q. Xac dinh H(s) = 2(8)
Vi(s)

i I
ot —.
+ X +
20

Yy 16 Wy R

- T Lo

[ uu

‘ (HP9.6)
9.7 Giai lai bai tdp 9.6 bang cach dung thong so truyén ‘
9.8 Cho ttr cuc, ghép dién trd tai Ry vao nga ra (H P9.8). Ching minh rang:

Vv

a. Z21(S) — Z(S)= 221 RL
1i(s) Z,+Ry
|

b YZ](S)_ Z(S)_ y21GL

I I
= —
+ +
Wy TU CUC ViR
_ Z

, (H P9.8)
9.9 a. Xac dinh thong s6 y va z cua tir cyc (H P9.9)
b. Mic vao ngi vao tir cuc mot ngudn dong i(t) = 15¢>'cos10t (A) va ngd ra véi tai
Rp = 1Q. Xéc dinh vy(t).
V,(s)

Vy(s)

9.10 X4c dinh thong sb z cua tir cuc (H P9.10). Suy ra H(s) = khi mic vao ngi vao

mot ngudn Vi (t) va dé ho nga ra

I I,
J— JR—— Iy Ry L
+ 1 + D—|" I—/\/\/\ - ta}
1y 25 1
Wy 10 Wy Wy g v,
- o - 5
(H P9.9) (H P9.10)
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Chuong 10 Phép bién doi

Laplace - 1

% CHUONG 10

PHEP BIEN DPOI LAPLACE

* DAN NHAP

% PHEP BIEN POI LAPLACE

¢ Phép bién dbi Laplace

¢ Phép bién dbi Laplace nguoc

% CAC PINH LY CO BAN CUA PHEP BIEN POI LAPLACE
% AP DUNG VAO GIAI MACH

% CAC PHUONG PHAP TRIEN KHAI HAM P(S)/Q(S)
¢ Trién khai timg phén

4 Cong thirc Heaviside

% DINH LY GIA TRI PAU VA GIA TRI CUOI

¢ Dinh Iy gi4 tri ddu

¢ Dinh 1y gia tri cudi

% MACH PIEN BIEN POI

¢ Dién tro

¢ Cudn day

¢ Tu dién

10.1 DAN NHAP

Phep bién d6i Laplace, mdt cong cu toan hoc giup giai cac phuong trinh vi phan, dugc
st dung dau tién bdi Oliver Heaviside (1850-1925), mot k¥ su nguoi Anh, dé gidi cac mach
dién.

So v6i phuong phap co dién, phép bién ddi Laplace c6 nhitng thuan loi sau:
* Loi giai day du, gdm dap tng tu nhién va dap ung ¢p, trong mot phép toan.
* Khong phai ban tdm xac dinh cac hang s6 tich phan. Do cac diéu kién dau da duoc dua vao
phuong trinh bién d6i, 1a phuong trinh dai sd, nén trong 10i giai ddy du da chira cac hang sb.

Vé phuong phép, phép bién ddi Laplace twong tu voi mot phép bién do6i rat quen
thudc: phép tinh logarit

(H 10.1) cho ta so sanh so d cta phép tinh logarit va phép bién doi Laplace
|

X I
Lay logprit logarit cua cac
! sO

Céc con sO

A 4

~

Cong cag¢ so

|
Nhan chig tryc tiép :

. I
i Lay logarit nguoc v

| 2 .
Tong logarit

Két qua cac
nhin tinh
Pt vi tich
phan

A

I
I
| Pt sau

Ny Bién doi
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Chuong 10 Phép bién doi

Laplace - 2

Bién doi Laplace

Phép giai c¢b dién ‘ Pk dau  Phép tinh dai sd
Pk dau

Bién doi Laplace nguoc

lanh vyc thoi gian Lanh vuc tan so

(H 10.1)
Dé 1am cac phép tinh nhan, chia, iy thtra . . . ctia cac con so bang phép tinh logarit ta
thue hién cac budc:

1. Lay logarit cac con so
2. Lam céc phép toan cong, trir trén logarit cua cac con sO
3. Lay logarit ngugc dé c6 két qua cudi cung.

Thoat nhin, viéc lam c6 vé nhu phtc tap hon nhung thuc té, voi nhiing bai toan co
nhicéu sO ma, ta s€ tiét kiém duoc rat nhi€u thoi gian vi c6 thé st dung cac bang 1ap san (bang
logarit) khi bién dbi. Hay thir tinh 1,4356%'%7° ma khong dung logarit.

Trong bai toan giai phuwong trinh vi tich phan ding phép bién doi Laplace ta ciing thuc
hién cac budc tuong tu:

1. Tinh céac bién ddi Laplace ciia cac sd hang trong phuong trinh. Céc diéu kién dau dugc dua
vao

2. Thuc hién cac phép toan dai sd.

3. Lay bién ddi Laplace nguoc dé c6 két qua cudi cung.

Gidng nhu phép tinh logarit, & cac budc 1 va 3 nhd sir dung cac bang 1ap sin chung ta
c6 thé giai quyet cac bai toan kha phure tap mot cach dé dang va nhanh chong.

10.2 PHEP BIEN DOI LAPLACE

10.2.1 Phép bién ddi Laplace

Ham f(t) xac dinh véi moi t>0. Bién d6i Laplace cua f(t), dwoc dinh nghia
L[f(t)] = F(s)= J.:f(t).e’Stdt (10.1)
s ¢6 thé 1a s6 thuc hay sd phtrc. Trong mach dién s=o+j®
Toén tir L thay cho cum tir 'bién d6i Laplace cta"
Diéu kién du dé f(t) c6 thé bién ddi duoc 1a
[ If®)edt <o (10.2)
8 14 s6 thuc, duong.

Diéu kién nay hau nhu dwoc théa dbi véi nhitng ham f(t) gip trong mach dién. Vi e™
la ham mti giam khi t ting nén khi nhan vai [f(t)| ta cling duoc két qua tuong tu.
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Laplace - 3

Thi dy, v6i ham f(t)=t", ding qui tic Hospital, ngudi ta chimg minh duoc
im t"e®=0, §>0

t—wo

Voin=1, ta cbd

th.e‘&dt =i, §>0
0 S

2
Vi gia tri khac cua n, tich phan trén cling xac dinh voi & # 0

C6 nhiing ham dang e® khong thoa diéu kién (10.2) nhung trong thyc té véi nhiing
kich thich c6 dang nhu trén thi thuong dat tri bao hoa sau mdt khoang thoi gian nao do.

at?
Thi du vy {8 0ststo
K , t>t,

v(t) trong diéu kién nay thoa (10.2)

Ta noi toan tur L bién d6i ham f(t) trong lanh vyc thoi gian sang ham F(s) trong lanh
vuc tan s6 phtrc. Hai ham f(t) va F(s) 1am thanh mot cap bién doi

Thi du 10.1 q ,
Tim bién d6i Laplace cua ham nac don vi

o[ 120
0 t<o

o0

* 4 -st __1 -st
L[u(t)]:J.Oe dt =——e™| =

N fo-ve = Lvaer =Y
Thi du 10.2

Tim bién ddi Laplace cua f(t) = ¢™, a 13 hing s
cat] _ [ C a-at o-stgs . [F A—(ats)t
L[e ]_Ioe e dt_joe dt

1 e—(a+s)t00= 1
s+a 0 s+a

Két qua ctia 2 thi dy trén cho mot bang nhé gém 2 cip bién d6i

(t) F(s)
u(t) 1
-at S
c 1
s+a

Bﬁng cach tinh bién ddi cia mot s6 ham quen thudc, ta s€ xay dung dugc mdt bang
dung dé tra sau nay.

10.2.2 Phép bién ddi Laplace ngwoc

Phép bién ddi Laplace nguoc dugc dinh nghia
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Laplace - 4
fi(t) = L F(s)= —— ["F(s)e’ds (10.3)
2mj Yo
Day la tich phan duong, lay doc theo dudng thing dimg s=o, tir -joo dén +joo
jo 4 Moo
(O S
_jc,()
(H 10.2)

Do tinh doc nhat cia phép bién d6i Laplace, ta khong sir dung dinh nghia (10.3) dé
xac dinh f(t) ma ta thuong dung két qua ciia nhing cip bién dbi dé xac dinh f(t) khi dd co F(s)

10.3 CAC PINH LY CO BAN CUA PHEP BIEN DPOI
LAPLACE

10.3.1 Bién ddi ciia mot t6 hop tuyén tinh

Cho 2 ham fi(t) va fi(t), véi cac hing sb a, b. Fi(s) va Fa(s) 1an luot 1a bién d6i Laplace
cua f(t) va fo(t). Ta co:

L [afi(t) + bfa(t)] = a Fi(s) + b Fx(s) (10.4)
That vay

Liaf, t) + b, ()] = [taf, (1) + bf, (e dt

=a| 0°°f1 (tedt +b| : f,(t)edt

= L [afi0 + bB®] = a Fi(s) + b Fx(s)
Thi du 10.3

Tim bién doi Laplace cua coswt va sinmt

Twr cong thic Euler
e’ +e” . . -e
coswt=—va sinot=——
2 2
Ap dung (10.4) va dung két qua & thi du 10.2

L[Co&ot]—L[ertJreJmt]:—[ LIPS

2 2's—jo s+jo %+

jot jot jot jot

L[coswt] =

s? + o?
Tuong tu:
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Laplace - 5
ju)t_ —jot
L[sinwt]:L[e -e ]=l.[ 1. - 1. 1= 2(0 2
2j 2 s—jo s+jo  Ss°+o
. ()
Lsm t] =
[sine] s* + 0’

10.3.2 Bién doi ciia e™'f(t)

L[e‘a‘f(t)] = | : e *f(t)e dt = [ : f(t)e “*9'dt = F(s+a)
Lie=f(t)] = F(s+a) (10.5)

Khi ham f(t) nhan voi e™, bién doi Laplace twong ting ™ f(t) c6 dugc bang cach thay
F(s) boi F(s+a)
Thi du 10.4
Tim bién d6i Laplace ctiia e*'cosot va e *sinot
Chi can thay s boi s+a trong cac cac két qua bién ddi ctia ham sinot va cosmt & trén.

[e ™ cosnt] = __s5*a
(s+a)’ + o’
: ®
L e?sinot] = — ———
[ ] (s+a)’ + o’
Thi du 10.5
Tim f(t) tng véi F(s)= __6s
’ s 7 s*+2s+5
Viét lai F(s) , sao cho xuat hién dang F(s+a)
6s _ 6(s+1)-6

F(s)= 2, 2 2 ~2
(s+1)"+2° (s+1)+2

Dung két qua cta thi du 10.4 véia=1va =2

(s+1) 3 2
(s+1Y7+2° (s+1)+2°

F(s)=

= f(t) = L [E(s)]=6e"cos2t - 3e'sin2t

10.3.3 Bién doi caa f(t-t)u(t-t)
f(t-t) 1a ham f(t) tré T don vi thoi gian. (Luu y 1a f(t)=0 khi t<0 nén f(t-1)=0 khi t<t)
[f(t —1).u(t —1)] = j: f(t - ).ut - )edt = [ “f(t —7).edt

Poi bién so: x= t-t

L[f(t —t)u(t -] = : f(x).e*dx = e [ f f(x)e **dx
Lif(t —o).u(t — <)) = e=F(s) (10.6)

Hay so sanh (10.5) va (10.6)
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Chuong 10 Phép bién doi

* 0 (10.5), F(s+a) biéu thi su chuyén dich cta F(s) tir s dén s+a trong lanh vyc tan s6 twong

mg vo&i nhan ham f(t) véi e trong 1anh vuc thoi gian.

* O (10.6), f(t-t) biéu thi sy chuyén dich ctia ham f(t) tir t dén t-t trong lanh vuc
tuong tng v4i nhan F(s) véi e trong lanh vyc tan sb.

Thi du 10.6
Tim bién ddi cua f(t)=e 'u(t-2)
Viét lai f(t):

fit)y= P ut-2) =e%e P ut-2)

vi L [e'3tu(t)]=£
+

e-2s
S

Nen L [e Pu(t-2)]=
+3

e—25
)
s+3

L [e 'u(t-2)]= e

10.3.4 Pinh 1y két hop (Convolution theorem)

Pay la dinh 1y dung dé tim bién doi nguoc y(t) cua tich 2 ham F(s)va G(s)

t
y(t)= L G(s).F(s)]= Iog(r)f(t —1)dt (10.7)
Tich phan trong biéu thirc dugc goi 12 két hop hai ham g(t) va f(t), ky hiéu:

g®*f(t) = [ g(0)fit - 1) (10.8)

Thi dy 10.7
Tim két hop 2 ham e va ™
Dung (10.8)

t
et*e? = IO e".e " dr

_ -2t t T
=e IO e'dt
e-t * e-2t: e-t _ e-2t
Thi du 10.8

Xéc dinh L- [;]

(s> +1)°
Dung dinh 1y két hop vé6i F(s)=G(s)= 3 1+ ]
Ta duogc f(t)=g(t)=sint
L1 L rece)
(s*+1)

= g(t)*f(t) =sint*sint
=I;sinr.sin(t —1)dt

Ap dung cong thirc bién d6i lugng giac roi 14y tich phan, ta duoc

thoi gian
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Laplace - 7

1
(s + 1Y

L'l[

1_.
=— t-tcost
] > [sint-tcost]

10.3.5 Bién ddi ciia dao ham

% DPao ham bac 1
L df(t) (-~ d st
—==| —f(t)e *dt
’ dt J. 0 dt ®
Lay tich phan tirng phan
bit u=e¢" = du=-se™
dv=df(t) = v=A1(t)

L ? =& *f(t)| ‘z | : f(t)e 'dt

Vi lim e *f(t) =0, s6 hang thi nhit & vé phai = - f(0,)
t—w
L% =sF(s) - f(0+) (10.9)

£(0.) 1a gié tri cta f(t) khi t — 0,

#* Dao ham bic 2

UL

dt? dt| dt
_ SL{df(t) } _ df(0.)
dt dt
df(0,)
dt

dfz(t)_ 20 (e i
a2 =s“F(s)-sf(0,)

df(0. ) df(t)
dt

Trong d6 at la gia tri cua

(10.10)

khit— 0.

%* Dao ham bic n

Tir két qua trén, ta suy ra trudng hop dao ham bac n

d"f(t) . N .2 df(0,)  df™'(0,)
L e = s"F(s) - s"'f(0,) - s™ G g (10.11)

10.3.6 Bién d6i ciia tich phan

L [ [ ftet } - [T fodt 1 "t
Pat  u=| f(tydt =du =t

. 1 _
dv=e™dt = v=——¢
S
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Laplace - 8

L [ j;f(t)dt} __e” [Tt

o e —st
. O+gj0 f(t)e 'dt

Khi t—oowe™—>0

t 4 4 4 . “ A “ A
va IO f(t)dt =0 nén so hang thir nhat cua vé phai triét tiéu

t=0

L [[fwat |=1res) (10.12)
ot

S

Khi 4p dung vao mach dién, thoi gian thudng xac dinh tir - co dén t, nhu vay j_‘ f(t)dt co thé
chia 1am 2 phan
[ttt = [ syt + [ ft)ot
—0 -0 0
S6 hang thir nhat ctia vé phai 1a hang s6 va ta dat £ ' (0.)= I_O f(t)dt

He thirc (10.12) c6 thé viét lai cho trudng hop tong quat nhat:

L U; f(t)dt]:ls)+m (10.13)

S S

10.3.7 Bién d6i cia tf(t)

Lay dao ham hé thuc (10.1), dong thoi hoan chuyén cac toan tir 1dy dao ham va tich
phan, ta dugc:

dF(s) = d [ ale [ -
e jo—s[f(t)e Bt = [ [ e = it

V& phai cta hé thuc chinh 1a L [-tf(t)]

viy Lo - =

(10.14)

Thi du 10.9
Tim bién ddi ctia ham tu(t) va tcoswmt

f(t)=u(t) = F(s)= %

d 1
L [tu(t)=] = _E — :S_2
f(t) = cosot = F(s)= — S >
s’ +o
d S s? —w?
L [teoset] = _ELZ +? } - (s* + ©%)?

Dua vao cic dinh 1y co ban ta c6 duge mot s6 cip bién doi. Két hop cac dinh 1y nay
v6i dinh nghia cia phép bién doi ta c6 thém mdt so cap bién doi thong dung.
Bang 1 dudi day cho bién do6i cua mdt sO ham
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10.4 AP DUNG VAO GIAI MACH

Chuong 10 Phép bién doi

bé ap dung bién d6i Laplace vao bai toan giai mach, ta co thé thuc hién theo mot

trong hai cach:

- Viét phuong trinh vi tich phan cta mach dién, dung bién déi Laplace ta duogc cac

phuong trinh dai so.

- Bién d6i mach sang lanh vuc tan s6 nho bién doéi Laplace, viét cac phuong trinh dai

s0 cho mach.

10.4.1 Gidi phuwong trinh vi tich phan

Duéi ddy 1a mot sé thi du cho thay cach ap dung bién d6i Laplace vao giai mach.

Thi du 10.10

Mach RC nbi tiép (H 10.3), khoa K dong ¢ t=0. Xac dinh i(t), cho tu tich di¢n ban dau

voi dién tich q

Béang 1
STT f(t) F(s)
1 3(t) 1
2 u(t) 1
s
3 t 1
SZ
4 n-1 1
————, n nguyan Iy
o1y W 8"
5 eat 1
s-a
6 te™ 1
(s-a)’
7 tn—1 at . 1
e®, n nguyan
(n—1) oy (s-ay
8 1-¢* -a
s(s-a)
9 1 (eat _ ebt ) 1
a-b (s—a)(s—b)
10 Sinwt Q)
s+’
11 Cosmt S
s’ + o?
12 Sin(wt+0) Ssind + ®cosH
s® +
13 Cos(wt+0) scod) — wsind
s° + o2
14 ™ Sinwt ®
(s+a)? +w?
15 e™ Cosmt s+a
(s+a)’ +w?
Nguyén Trung Lap LY THUYET

MACH



Chuong 10 Phép bién doi

Laplace - 10
16 Sinhot Q)
s? — ?
17 Coshot S
s — o2
18 df(t) sF(s)-f(0.)
dt
19 d2f(t) SF(s) - s0+) - df(0,)
dt? dt
20 dnf(t) SnF(S) _ Sn-lf(0+) _ Sn-2 df(0+)__ df n-1 (0+)
dat" dt dt"’
21 [ foet Fis), £70.)
-0 s s
22 f(t—1).u(t—1) e F(s)
23 afy(t) + bh(t) a Fy(s) + b Fy(s)
24 e 'f(t) F(s+a)
25 tf(t) _dF(s)
ds

* Khi str dung bang 1, phai nhan f(t) véi u(t), noi cach khac, f(t) thoa dicu kién 1a f(t)=0 khi t<0

Phuong trinh mach dién

KX FDHARAT <[t + Ri= vuy (1)
v CD m . :{U Lay bién d6i Laplace cac s6 hang pt (1)
T L[l It idt ]+ L[Ri] = L[Vu(t)] (2)
(H 10.3) C-= )
118, O Ris)=Y 3)
C s S ]

e 0,
Vi £1(04)= j idt =q,
qo ¢6 diu (+) ¢ ban trén cua tu, cing ddu voi dién tich tich béi ngudn V nén c6 tri

duong ’
Pt (3) duoc viét lai

I(s) , 9o v
—+—+RI(s)=— 4
Cs GCs (®) ] @
V-q,/C 1
= I(s)= 5
) R s+ 1/RC ©)
Dung bang 1 1iy bién ddi Laplace nguoc dé duoc i(t)
t
= i Yo90C Re
R
Dang song cua i(t)
(H 10.4)
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Laplace - 11

Thi du

10.11

Mach RL néi tiép (H 10.5), khoa K dong ¢ t=0. Xac dinh i(t), cho mach khong tich trir nang
luong ban dau

Phuong trinh mach dién

X 14
>§D'_VVV_ R|+L%—Vu(t) (1)
v C+) m §L Lay bién doi Laplace cac sd hang pt (1)
. Vv
RI(s)+ L[sl(s)-i(0, )] =— (2)
(H 10.5) S XA
Mach khong tich trit nang lugng ban dau nén i(0+)=0
V 1 Vv 1
= I(S):r = —
s(s+ ) s (sL+R)
L
3)
Dang cua I(s) khong c6 trong bang 1.
Viét lai I(s) sao cho gom tong ctia cac ham don gian
- — = o @
s(s+-) S sy
L L

A, B 1a 2 hang s0 can xac dinh
Qui dong mau so ve 2, can bang 2 ve, ta dugc:

A(s+|f)+Bs AT+(A+B)S

s(s+B) s(s+|5)
AE:X A=Y
L L R

Vv

A+B=0 = B=-A=——

R

Thay A va B Vélo (4)

I - —g)
s+—
L

Vv —
= i9=_(1-et), 20

10.4.2 Mach dién bién doi

Trong chuong 6, voi khai niém vecto pha, ta da bién ddi mach dién tir 1anh vuc thoi
gian sang lanh vyc tan sd va viét cac phuong trinh dai s6 cho mach.

Tuong tu , voi phép bién dbi Laplace, ta cling bién d6i mach dién tir 1anh vuc thoi
gian sang lanh vuc tan s6 phtre (s), ké ca cac loai ngudn kich thich khac nhau va ta c6 10 giai
day du thoa cac diéu kién dau.

* Dién tré
Vr=Ri(t) = Vr(s)=RI(s) = Zg(s)=R va Ygr(s)=1/R (10.15)
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Laplace - 12
N i(t) N Ts)
oty wv=Ri R V(s E(S)
(H 10.6)
%* Cufn day
o di (1) N
| qu(t)—L - Hayiu®= - j v (bt
Bién do6i Laplace tuong ting
Vi(s)=L[sIL(s)-1.(0+)]
\% Li, (O
S = ) L0 (10.16a)
sL sL
hay  SLIi(s) = Vi(s)+Lir(0+) (10.16b)
Biu thire (10.16a) cho mach bién d61 (H 10.7b)
Bicu thirc (10.16b) cho mach bién do6i (H 10.7¢)
o(t) L3 YiE) o] HOY) %)
= T — T ? 5 Cl) - T sL
(a) (b) ©
(H 10.7)
% Tu dién
. dv,(t :
o= 2e® o Vc(t)Z% ["ic(tat
Bién ddi cua v(t)
1 1 0+
C s S
Vi Vo (04) = @ la dién thé do tu tich dién ban diu
Vels)=— 1 (s) + Y0 (10.17a)
sC S
Hay I (s)=sCV.(s)-Cv.(0+) (10.17b)
Pt V(s) = Ve(s)- O
S
o a. \%
Bién doi tong trd cua tu la: Zc(s)=ﬁ _ 1
l.(s) sC
Biéu thirc (10.17a) cho mach bién doi cia tu (H 10.8b)
Bicu thirc (10.17b) cho mach bién doi cua tu (H 10.8c¢)
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Laplace - 13
+l E e +l 1) lc +l I(_S]’
?({) S— \i(? o \i(? Q—CH C T (0] D

(@) (b) (©)

Thi du 10.12
Xéc dinh i(t) khi t>0 ctia mach (H 10.9a). Cho i(0)=4A va v(0)=8V

ti | e wlra

. (a) (H10.9) (b)
Mach bién doi cho béi (H 10.11b)
I(s)= (2/s +3)+4-8I/s
3+s+2/s
_ 2s+(4s-8)(s-3)
(s® + 3s+ 2)(s+ 3)
_ 48’ +6s-24
(s+1)(s+2)(s+3)
Trién khai I(s)
I(s)=— 13 N 20 3
s+1 s+2 s+3
Suy ra, khi t>0
i(H)=-13¢"+20e- 3¢ A

Thi du 10.13
Xac dinh v(t) cia mach (H 10.10a). Cho i(0)=1A va v(0)=4V

i
e

)
Ry

482 3H§lé'(tj| 2l41: ::;_T:t:l 45 35% (Dlg L

(a) (b)
(H 10.10)

Viét phuong trinh nit cho mach bién d6i (H 10.10b)

V. V. 1 sV 4

—+—+—+—-—=0
4 3s s 24 24

Nguyén Trung Lap LY THUYET
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_ 4s-24 16 20
= V()= =— +

(s+2)(s+4) s+2 s+4
va  v(t)=-16e2+20e* V

10.5 CAC PHUONG PHAP TRIEN KHAI HAM P(s)/Q(s)

Trong phan giai mach dién bang phép bién doi Laplace, két qua dat duoc 14 mot ham
theo s co dang P(s)/Q(s) , trong d6 P(s) va Q(s) la cac da thuc.

Néu P(s)/Q(s) c6 dang trong bang 1 thi ta c6 ngay ket qua bién d6i Laplace nguoc.
Trong nhiéu trudng hop ta phai trién khai P(s)/Q(s) thanh téng cac ham don gian hon va c6
trong bang.

Goi m va n la bac cua P(s) va Q(s)
Co 2 truong hop

* m<n, c6 thé trién khai ngay P(s)/Q(s)
* m>n, ta phai thyc hi¢n phép chia dé€ dugc

P _ =A,+As+....+A s +m (10.18)
Q(s) | Q)
Pi(s) va Q;(s) c6 bac bang nhau va ta c6 the trién khai P(s)/Q;(s)
10.5.1. Trién khai tirng phan
* Truong hop 1
Q(s)=0 c6 nghi¢m thyc phan biéts; , s, . . . sp.
PE)_ Ky K LK (10.19)
Q(s) s-s;, s-s, S-S,
K; (i=1,2.... ., n) 1a cac hang sb xac dinh bai:
K, =(s-s, )E (10.20)
Q)
Thi du 10.14
Trién khai ham I(s)—L, xac dinh i(t)=L 1(s)]
s® +3s+2
Phuong trinh s 2135+2=0 ¢6 2 nghiém s;=-2 va s,=-1
165 s-1 K, N K,
s°+3s+2 s+2 s+1
P
K, =(s+ 2)ﬁ =3
Q(s)s
P
K, =(s+ 1)ﬁ =-2
Q(s)—y
3 2
I(s)= ———=
©) s+2 s+1
Nguyén Trung Lap LY THUYET
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= i(t)=3e*2e"

%* Truwong hop 2
Q(s)=0 c6 nghiém da trung bac r

Po)__Plo) _ Ko Ko\ 4+ K (10.21)
Q(s) (s-s) s-s, (s-s) " .

bé xac dinh Ky, Ko, . . . K, ta xét thi du sau:

Thi du 10.15
P(s) s+2
Q(s) (s+1)
P(s)_ Ky, K,
Q(s) s+1 (s+1)
Nhan 2 vé phuong trinh (1) véi (s+1)
s+2=(s+1)K;+K; (2)
) Cho s=-1, ta duogc I§2=1 ,
Ne:u ta cling lam I}hu vay dé xac dinh K thi s€ xuat hién cac lugng v6 dinh
bé¢ xac dinh K, lay dao ham theo s phuong trinh (2)
1+0=K1+0 = K1=1
Tom lai
P(s) 1 N 1
Q(s) s+1 (s+1)
Vait)=e¢'+te'
V61 Q(s)=0 c6 nghiém kép, mot hang sé duoc xac dinh nh¢ dao ham béc 1.

Suy rong ra, néu Q(s)=0 c6 nghiém da trung bac r, ta cdn cac dao ham tir bac 1 dén
bac r-1

Trién khai

(1)

* Truong hop 3
Q(s)=0 c6 nghi¢m phtrc 1ién hop s=a * jo

P(s) = P(s) (10.22)
Q(s) (s-o-jw)(s-a+jo) '
P)___ K| K" (10.23)
Q(s) (s-a-jo) (s-a+jm)
Céc hang s K xac dinh boi
K:(s—a+jm)@ =Ae™”,
Q(s) S=0—j®
va  K* :(s—oc—jco)E =Ae™ (10.24)
Q(s) S=0+j®
Thi du 10.16
Triénkhai 1= o=
Q(s) s“+4s+5
Q(s)=0 c6 2 nghi¢m -2 *
Nguyén Trung Lap LY THUYET
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I(s)- P(S)= K . K |
Q(s) (s+2+j) (s-2-))
K = (s+ 2+ ) ) o Lo
Q(s)s_5_ | 2 2
K* = (s+ 20 1 T
Q(s)&_zJrj 2 2
I(s)- j1/2 - 11/2.
S+2+] s+2-]j
. T oy (=24))t _ot e —e
i(H)=j=[e -e =e
= O=11 ] [ > ]

Hay i(t)=e'sint A

10.5.2 Cong thirc Heaviside

Téng quat hoa cac bai toan trif:n khai ham I(s)=P(s)/Q(s), Heaviside dua ra cong thirc
cho ta xac dinh ngay ham i(t), bién doi nguoc cua I(s)

10.5.2.1 Q(s)=0 c6 n nghiém phan biét

=L sy = Ly g((s))]_z( PC(;()G)ST (10.25)
Hoac
n P(s
i(t) = Z%esﬂt (10.26)
=1 &S,

Trong d6 s; 1a nghiém thtr j cua Q(s)=0

Thi du 10.17 ‘
Giai lai thi du 10.14 bang cong thirc Heaviside

I(s )_—1, xac dinh i(t)=L ()]

s +3s+2
Phuong trinh s*+3s+2=0 c¢6 2 nghiém s;=-2 va s,=-1
Q(s)= s"+3s+2 = Q’(s) = 2s+3
Ap dung cong thuc (10.26)
s 2 P-1) —
=3 P& st _ PED ot PED) -t
Q) Q- 2)° Q'(-1)
=  i(t)=3eM2e'A

10.5.2.2 Q(s)=0 c6 nghiém da trung bac r

=L ey = L2 ez t! d7R(S) (10.27)

mi(r-n)(n-1) ds"™" |[s=s5

Nguyén Trung Lap LY THUYET
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si 1a nghiém da trung béc r

R(s) = PES;(S— (10.28)

Thi du 10.18 ‘
Giai lai thi du 10.15 bang cong thirc Heaviside
I(s)~ P(s) s+2
Q(S) (s+ 1)
Q(s)=0 c6 nghiém kép, r=2, s;=-1
Ap dung cong thuc (10.27)

Véi  R(s )—Lzz(su) —5+2

(s+1)
it)=¢e [lﬂM lﬂ(s+2)] ; s=-1

Va i) =e'+te' A

Thi du 10.19 )
Cho mach dién (H 10.11), tu C tich di¢n dén V=1V va khoa K déng ¢ t=0. Xéc dinh
dong i(t)

Ri +Lﬂ+jtidt -
ooodt S
K P{ . R2o Lay bién doi Laplace 1
LISS)-(0)THRI) = [1(5)+q(0)]=0

+ () %L Dong dién qua cudn day lién tuc nén
Va——l!'?ﬁ IH  j0,)=i(0.)=0 ‘
- q(0+): dién tich ban dau cua tu:
@0,) v, 1
Cs S S

(Dé y diu cua dién tich dau trén tu nguoc chiéu
dién tich nap boi dong i(t) khi chay qua mach)
Thay gia trj dau vao, sap xép lai

1 1
I(s) = 2 = 2
$°+2s+2 (s+1) +1

=N i(t)=L 1(s)]=e"sint.u(t)

Thi du 10.20 ‘
Cho mach (H 10.12), khoa K dong ¢ t=0 va mach khong tich trit ndng luong ban dau.
Xac dinh iy(t)

1H 1H .
K ._\}E\,%m T Viét pt vong cho mach
=0 —_— I_(t]T .
At 2 a4 | 201, 101, = 100u(t) (1)
100% 1052 1042
di . .
d—t2+20|2—10|1=0 (2)
Nguyen lrung Lap LY THUYET
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Lay bién d6i Laplace, dé ¥ mach khong tich trir nang lwong ban dau:

100

(s1t20)11(s)-101x(s)= P 3)
-10 Ii(s)+ (s+20)L,(s)=0 (4)
Giai hé (3) va (4)
s+ 20 1—()0
S
L -10 0| 1000
205420 —10|  s(s* + 40s+ 300)
~10 s+2
Trién khai I(s)

3,33 5 1,67
= + +
S s+10 s+ 30

15(s)

= iy(t)=3,33-5¢""+1,67¢>"

10.6 PINH LY GIA TRI PAU VA GIA TRI CUOI

10.6.1 Pinh ly gia tri dau

e T
Tur phép bién doi cuia dao ham: a9t = sF(s)-f(0+)
Lay gidi han khi s— oo

lim [L%]ﬂim [sF(s)-f(0+)]

S—®

df(t) - df(t)
voim (L8 mim [ esgt—
ma fim (L= metim
Vay lim  [sF(s)-f(0+)]=0
£(0.) 1a hang s6 nén

f(0+)= lim  sF(s) (10.29)

~ (10.29) chinh Ia ni dung cua dinh Iy gié trj dau

Lay truong hop thi du 10.10, ta co:

I(S)ZV_QO/C 1
R s+1/RC
V-q,/C

i(O)=lim sis)= ——2

10.6.2 Pinh ly gia tri cudi

Nguyén Trung Lap LY THUYET
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T )
Tt phép bién do61 dao ham: d—t = sF(s)-f(0+)
Lay gi6i han khi s— 0
| dit) pedf) .
lim i [LT] = IlrsrLo IO Te dt= I|rll0 [sF(s)-f(0+)]

S—

ma  lim jwi(tt)e-stdt:nm :j:df(t):f(oo)-f(o+)
Vay  f(o0)-f(0+)=lim  [sF(s)-f(0+)]
s—0
Hay f(o0)=lim  sF(s) (10.30)

s—0

(10.30) chinh 14 noi dung cta dinh 1y gia tri cudi, cho phép xac dinh gia tri ham f(t) &
trang thai thuong truc.

Tuy nhién, (10.30) chi x4c dinh duoc khi nghiém cua miu sb cua sF(s) c6 phan thuc
am, néu khong f(co)=lim  f(t) khong hién hitu.

t—ow

Thi dy, vdi f(t)=sint thi sinoo khong ¢ gia tri xac dinh (twong tu cho €*). Vi vay (10.30)
khong 4p dung dugc cho truong hop kich kich 1a ham sin.
Léy lai thi du 10.13, xac dinh dong dién trong mach ¢ trang thai thuong truc

V1
=R G iR
o V.. s _Vv
ieoy=lim sl RS R TR
oV
I(oo)—R
BAI TAP
* M x

10.1 Mach (H P10.1). Khoa K déng ¢ t=0 va mach khong tich trit ning luong ban dau. Xac
dinh i(t) khi t>0
10.2 Mach (H P10.2). Xéc dinh v(t) khi t> 0. Cho v(0)=10V

K 7{ 20 1H 100
PPN i i B
t=0
1it)
EDVC") m —1g C"’) e-1cost C) 1.3
_ — 24 i
AN D e
(HP10.1) (HP10.2)
10.3 Mach (H P10.3). Xac dinh vo(t)
Nguyén Trung Lap LY THUYET
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4V, t<0
Cho vi(t)= o

4e, t>0
10.4 Mach (H P10.4). Xac dinh Vo(t). Cho Vo(0)=4V va i(0)=3A

1H 1/2H
20 A 652 iy
f—

i

+
+> Tiit) 4 C"‘)lrﬁcoaat 1. L
C_ G} 00 T Jreco e

L5 207
(H P10.3) (HP10.4)
10.5 Mach (H P10.5). Xdc dinh is(t).
10.6 Mach (H P10.6). Dung dinh 1y két hop x4c dinh V(t).
E 1H
I H L
Sui-t)
-2t W +
C—r) e vum 10 CT) ut) 8 %H % lp——g
25 -
10 lfn

(H P10.5) (H P10.6)

10.7 Mach (H P10.7) dat trang thai thudng truc ¢ t=0. v6i khoa K & vi tri 1. Chuyén K sang vi

tri 2, thoi diém t=0. Xac dinh i khi t>0

LM
1 1
L8 20 20
405
(H P10.7)

10.8 Mach (H P10.8) dat trang thai thuong truc ¢ t=0. Xac dinh v khi t>0

+ 1 1_1 |t
204 =F L
Q 30 3 =—%F Lp=—0 20

(H P10.8)
10.9 Mach (H P10.9) dat trang thai thuong truc ¢ t=0. Xac dinh i khi t>0

Nguyén Trung Lap
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Y
t=0
100 300
il
C+> - %F:: . %
(HP10.9)
10.10 Mach (H P10.10). Xac dinh i(t) khi t>0. Cho v(0) =4 V vai(0)=2 A
(0
RN
+
— Tt}
(H P10.10)
Nguyén Trung Lap LY THUYET
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