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TOng quan

Céc thong sO tadc dOng va thu dOng

Biéu dién phlfc cac tic dOng di€u hoa. Trd khang va dan nap
C4c khai niém co ban cUa mach dién

Céc dinh luat KIRCHHOFF

MOt sO phuong phép phan tich mach dién.
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1. Téng quan (1)

e Su tao ra, thu nhan va xU 1y tin hi€u 1a nhing qua trinh phUc tap xay ra
trong cac thi€t bi & hé thOng khac nhau. Viéc phan tich vé 1y thuyét sé
dugc ti€n hanh thong qua cic loai mé hinh goi 1a mach dién.

* Tin hiéu 1a dang bi€u hién vat 1y cUa thong tin, né qui dinh tinh chat va
k€t cau cla cic hé théng mach. V& mat toan hoc, tin hiéu dugc biéu
dién bdi ham cla cac bién ddc lap S(x,y,...).

SS(H.TS)A
Sa(l) 4 . .
a(t) A Analog signal D1€€rete signal
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1. Téng quan (2)

*  Céc nguon tin hiéu trong tu nhién dugc bi€u dién theo nhiéu dang khac
nhau, vi du: am thanh, hinh dnh, chuyén d0ng co hoc...

*  PE& x(U 1y hodc luu tr(t cac tin hiéu dé ngudi ta thuong chuyén doi chiing
thanh tin hi€u dién - tin hi€u tuong tu' (di€én ap hoac dong dién) théng qua
Sensor, detector, or transducer.

* MO0 hinh xUr1y hai loai tin hi€u

Tin hié1 tuohg tu

Mach xUly tin
hié tuag tu

Mach xGly
tin hiéu s6

A
Y

A
WY

Tin hiéu s6

ADC: Analog to Digital

Converter
NDAC: NDNicgitnl ta Annlaa
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2. Cac thdng sd tac dong va thu dong cua mach dién (1)

2.1. Cdc théng s6 tdc ddéng cua mach dié

n.

 Thong sO tdc dOng con goi 1a théng sO tao ngudn. Do 1a cac thong sO
dac trung cho tinh chat tao ra tin hiéu va cung cap ning luong cla
cac phan t& mach dién. Thong s dac trung cho nguon co thé 1a:
—  SUc dién dOng cUa ngudn: mOt dai luong vat 1y co gia tri 1a dién 4p
hé mach cla nguon, do bang don vi “von” va dugc ky hiéula V.
— Dong dién clla ngubn: m&t dai luong vat 1y c6 gid tri 1a dong dién
ngan mach cla ngudn, do bang don vi “ampe” va duoc ky hiéu 1a A.

*  Céc ky hiéu ngubn

+

Dle O O O K

a) Nguén _ p ®c IEp b) Nguén dng ®c IEp ¢) Nguéan _ p phé thuéc

[

+

P

d) Ngun dng phé thuéc
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2. Cac thdong sd tac dong va thu dong cua mach dién (2)

NguOn dién 1y tudng 1a khéng c6 tOn hao ning luong. Nhung trong
thuc t€& phai tinh dén tOn hao, c6 nghia 1a tOn tai dién tré trong cUa

ngubn R .
E, I
— g — ng
Uab - Rt It - Rn
R, +R, R, +R,

: —= ' E - >
: ' a + A
i | U, ' 5
i Eng il b R; - HR” i R,
: b b

Yéu cau: + V&ingubn ép R, nhé (U, > E, )
+ V&ingubn dong: R, 16n (I, > 1))
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2. Cac thdng sd tac dong va thu dong cua mach dién (3)

2.2. Cdc thong s6 thu dong ctia mach dién.

Wr = @p(0)d: = @O0 uw| ~ |Phan

tu
|

Trong d6 p(t) =u(t).i(t) 1a cong suat tUc thoi.

« NE&u u(t) va i(t) ngugc chi€u thi p(t) c6 gia tri &m = phan tU cung
cap nang lugng, nghia 1 phan t(r ¢6 tinh chat tich cuc (vi du ngudn).

« NeEu u(t) va i(t) cing chi€u thi p(t) c6 gia tri duong, vay tai thoi
di€m do6 phan t( nhan ning luong, nghia 1a phan tUr cé tinh chat thu
dbng.

*  Pac trung cho sU tiéu tan va tich luy ning lugng 1a cac théng sO thu
dOng cla phan tU.
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2. Cac théng s tac dong va thu dong cua mach dién (4)

2.2. Cdc thong s6 thu dong clia mach dién.
a. Thong s0 khong quan tinh (R).

Thong sO khong quan tinh ddc trung cho tinh chat cUa phan tU khi dién
ap va dong dién trén no ti 1€ truc ti€p v4i nhau. N6 dugc goi 1a dién trd
(R), R 1a mOt sO thuc, va xac dinh theo cong thic:

; R
u(t) = R.(t) hay i(t) = %u(t) =G.u(t) —1(9— M—

——-

u(t)

+ G = 1/R goi 1a dién dan, c6 don vi 1a 1/Q hay S (Siemen).
+ V& mat thOi gian, dong di€én va dién ap trén phan tU thuan tré 1a
tring pha nén ning lugng nhan dugc trén phan tU thuan trd ludn
ludn ducng, vi vay R dac trung cho su tiéu tdn ning lUong.
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2. Cac thong so tac dong va thu dong cua mach dién (5)

b. Thong sO c6 quan tinh.
*  Théng sO dién dung (C) dac trung cho tinh chat cla phan t( khi dong
dién chay trén né ti 1& véi tdc dO bién thién cla dién ap, dudc xac dinh
theo cong thUc:

du(t) 1! 0 i(t) G
i(t)=C - hay u(t) =— i(t)dt = q\¢) —>
C C LG
) u(t)

[C] = F (fara).
|9 ’ ~ ~ du 1
Nang lugng tich luy trén C: w, = t)dt = = un).de = =cu?
p = @KOd = @ u().dt =2

- Xét vé mat ning luong, théng sO C dac trung cho su tich luy ndng
lugng dién trudng.

- Xét vé mat thdi gian dién ap trén phan tU thuan dung cham pha so
v@i dong dién mOt goc 2.
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2. Cac thdong so tac dong va thu dong cua mach dién (6)

b. Thong sO c6 quan tinh.

*  Théng s6 dién cdm (L) dac trung cho tinh chat cUa phan t& ma dién ap
trén no ti 1& vai toc d6 bién thién cUa dong dién:

. t ) L
u(t):Ldl(t) hay it) -1 u(t)dt 20 R
dt L 0
u(t)
[L] = H (Henry).
. di . 1. .
Nang lugng tich luy trén L: Wy = LEl(t) dt = Ele
- Xét vé mat nang lugng, thong sO L dac trung cho su tich luy ning
lugng tU truong.
- Xét vé mat thoi gian, di€én ap trén phan tU thuan cdm nhanh pha so
v@i dong dién 1a Tv2.
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2. Cac thdong so tac dong va thu dong cua mach dién (7)

b. Thong sO c6 quan tinh.

*  Théng s6 ho cdm (M) c6 cung ban chat vat 1y v6i thong s6 dién cam, dac
trung cho su' dnh huéng qua lai cla hai phan t& dat gan nhau, n6i hodc
khong n0i vé dién, khi c6 dong di€n chay trong chiing:

dll dlz

U1 =M U, =M , M .
1 2 12 127 N
dll dlz
=Ly —s M- ”1[ L Ly le
_ dll dlz
Uy = Mo — o +Lyy —= I

*  Trong do6, n€u cac dong dién cliing chdy vao hodc cling chdy ra khéi dau
c6 danh dau * (dau cung tén) thi cdc bi€u thlc trén 14y dau ‘+’, néu
ngudgc lai lay dau ‘-’
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2. Cac thdong so tac dong va thu dong cua mach dién (8)

AUL
Quan hé veé pha gilta dong dién va dién ap .
~ , 2 > Ur
tren cacphantU R, L, C > >
I
\ 2
UC
c. Thong sO clla cac phan t& mac ndi ti€p va song song
Khi c6 k phan t0f mac noi ti€p hodc song song
Cach mic Théng s6 dién tré Théng s6 dién cam Théng s6 dién dung
L 1 1
Nbi tiep R=>'R, L=>"L, b ex
K k ok
1 1 1 1
Song song —=) — —=> — C:ZCk
R . R, L . L, .
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2. Cac thdng so tac dong va thu dong cua mach dién (9)

2.3. Pac tuy€n Pién dp — Dong dién (Pac tuyén V-A)

*  DPac tuyén dién dp — dong dién (hay con goi l1a dac tuyén V-A) clla mOt
phan t0 mach dién mo td moi quan hé gita dong dién chay qua phan tU
va dién ap roi trén no.

* DO thi dac tuyén V-A cla mOt cau kién vé tat cd cac di€ém lam viéc cla
cau kién do.

*  Vidu moOt dién tré c6 dac tuyén V-A theo dinh luat Ohm 1a: i = wR. PO
dOc cla dac tuyén tinh dugc nhu sau:

i (mA) 5

di 1 08F  DPHdEe=0,1mANV
T h 0,6

du R iy

0,2

© ViduvGidénwR =10k, ST

d0 dOc cUa dac tuyén 1a 0,1 mA/V 04
06}
08}
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2. Cac théng so tac dong va thu dong cua mach dién (10)

Vidu 1.1.
Vé dac tuyén V-A cho hai di€m
X-X’ dong i, chay t&r X dén X’
Khi c6 mOt phan tU nOi vao hai
diém doé (vi du mot dién trd c6
gid tri trong khodng 0 < R, < ),

Giai
Tathayu, = E, —uy, =E, — iR,
E _—u E
91’){: g X:—iux+ 9
Rl Rl Rl

D6 dOc cla dac tuyén la:
di, 1

du R,

X

R, =1kQ
[ o X
> 4
lX
Eng 5V U,
bt
I (mA)‘
6| o o )
ng \ bac tuyéen V-A cua
=SmA ——> hai d&u X - X’

/
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2. Cac théng so tac dong va thu dong cua mach dién (11)

Bai tap 1.1
Trén cing mOt hé truc toa dd, vé dac tuyén V-A cUa cac dién tré co gia
tri: 1kQ, 5kQ va 20Q.

Bai tdp 1.2
V& dac tuyén V-A cho hai di€m X-X" trén hinh B1.1 khi R, = 10kQ, E, =
SV.
Bai tap 1.3
V& dac tuyén V-A cho hai diém X-X’ trén hinh B1.1khi R1 = 1kQ, E,, =
10V. > X
—>
: +
IX
Eng u,
- X’
Hinh B1.1
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3. Biéu dién phuc cac tac déng diéu hoa, tré khang & dan nap (1)

3.1. Cdch biéu dién phtrc cdc tdc déng diéu hoad
1.3.1. Cach biéu di€én phtrc cic tac ddng di€u hoa s ()
Xét cach bi€u dién phic tU cong thirc Euler: |

e’® =cosd + jsind

Lt
Khi c6 mOt dao dOng di€u hoa, vi du sUc dién dOng: \/
T :

e(t) = E,, cos(wx +9,)

A

Ta c6 th8 viét: e(t) = ReE

7/

VOi

Vi du: DBién 4p

E - FE ej(wt+¢u) = ej(l)ejoot u =220\/§cos(oot+60°)
m m

Em — Emej%

. o

Théng thudng bién dd phlc dugc tinh theo U = 220¢/ (@07
bién d0 hiéu dung: _ £

Dang phuc sé la:

J2
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3. Bi€u dién phuc cac tac déng diéu hoa, tré khang & dan nap (2)

3.1. Cdch biéu dién phtrc cdc tic déng diéu hoa (tt)

Viéc bi€u dién tin hi€éu tuan hoan theo dang phuc rat thudn 10i khi ta
chuyén cac phuong trinh vi phan, tich phan & mién thdi gian sang céc
phuong trinh dai s6 & mién tan so0.

Xét tin hi€u tudn hoan u(t) = U,,cos(wt), bi€u dién dang phUc cla né:

U=U,.e™
du _ Y
Vi phép dao ham: 5~ = joU,e™ = jou
G ohép tich phan: Ut = U e = LG
VOi phép tich phan: iw M %
du oo 1 -
Hay néi cach khac: - j W udt —U

J[)
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3. Bi€u dién phuc cac tac dong diéu hoa, tré khang & dan nap (3)

3.2. Tro khdng va dan nap

* Trong mOt mach dién, thong sO cla cic phan tU xac dinh mOi quan hé
gi(ta dién dp dat trén va dong dién chay qua chung.

* C6 th€ coi mach dién thuc hién moOt toan t p vOi cac ham tin hiéu tac
dOng 1én no, toan tl d6 thuc hién su bi€n doi dién 4p — dong dién hay

nguagc lai.

+ Trong trudng hop bi€n doi
dong dién — dién ap, toan tUr
g0i 13 trd khang Z cla mach:
U=ZI

+ Trudng hop bién dbi dién ap
— dong dién, toan tU goi 1a dan
nap Y

.1

I=—U=YU
Z

X(t) Y(O=pix()}
p >

Z =R+ jX =|Z|e’"* (Q)

Y =G+ jB=[Y|e/"" (S)

Ngo Blc Thién - PTIT

Chuong 1
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3. Bi€u dién phtic cac tac dong diéu hoa, tréd khang & dan nap (4)

3.2. Tro khdng va dan nap (tt)

' (@+9,) | ()
_U_Ue _U io.-0) vy-1_1Ie 1 o,

I Iej(wt+¢i) B I U - Uej(wt+¢u) - U

Z

‘Z‘:‘\/R2+X2 :% ‘Y‘:\/G2+B2:é

X B
q)z =argZ :arcth :q)u _q)i o, =argY:arcth:(|)i -oy =-0,
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3. Bi€u dién phuc cac tac déng diéu hoa, tré khang & dan nap (5)

3.2. Tré khdng va dan nap (tt)
*  POi v6i phan t thuan tré R: UR =RI=Z,1 Z, =R

«  POi vdi phan tU thuan dung C:

1 1
Z =—=-jX X, =—— Y. =jwC = jB B. =uC
c jac e T¢ Tac c~J JBc  Bc
*  POGi vdi phan tU thuan cdm L:
Z =jol=jX X, =d Y=L =—jB B =-_
¢ L C  jwL L wL
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3. Bi€u dién phuc cac tac déng diéu hoa, tré khang & dan nap (6)

3.2. Tré khdng va dan nap (tt)

*  Tré khang tuong duong cla cac phan t& mac noi ti€p: Ly= 2,
k

»  Trd khang tuong duong cla cac phan t& mac song song¥q = Y,
k

Vidu 1.2: Cho mach dién nhu hinh vé a.
Tinh tr& khang tuong duong Z, ,

Vidu 1.3: Cho mach dién nhu hinh vé b. [] ’
Tinh dan nap tuong duong Y ,,
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3. Bi€u dién phuc cac tac dong diéu hoa, tré khang & dan nap (7)

Bai tap 1.4

Cho mach dién nhu hinh B1.2, biét

Z, = (4,55 + 6)Q; Z, = (2,59)Q; Z, =] Q, Z, = (4 + j2)Q;
Z;=(4-]j2)Q;

a) Ve so do tuong duong chi tiét theo cac tham sO r, X, X,

b) Dat lén hai ddu A, B mOt dién ap phlc c6 gid tri hiéu dung 1a 6V,
viét biéu thlc thoi gian cUa dong dién chay trén Z.,.

A 4 Z3 Zs
e—{ 1 1 [
Zz Z4
B
[ —
Hinh B1.2
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3. Bi€u dién phuc cac tac déng diéu hoa, tré khang & dan nap (8)

Bai tap 1.5
Cho mach dién nhu hinh B1.3, vOi
Y, =3-35;Y,=1+3;;Y,=2-2j; Y,=1+4j; Y. =1-2]

a) Ve so do tuong duong chi tiét theo cac tham s g, B,, B,

b) Cho dong dién vao I, c¢6 gia tri hi€u dung phUc 1a 3A, hay viét bi€u
thUrc thoi gian cla dién 4p dat trén hai dau A va B cla mach dién.

A Iy Y Y; Y;s
=[] ] -
Y2 Y4

B
[ —
Hinh B1.3
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4. Mach tuyén tinh va phi tuyén (1)

*  Phan tU tuyén tinh (linear): La phan t& ma cac thong sO cla né khong
phu thuOc dién 4p & hai dau hay dong dién di qua né. Nguoc lai 1a phan
tUr phi tuy€n (non-linear). Vi du cac linh kién thu dong R, L, C 1a cac linh

kién tuy€n tinh.

*  Mach dién tuy€n tinh: LA mach ch(ra tat cd cac phan t( tuyén tinh, chi
can 1 phan t trong mach 1a phan tU phi tuyén thi mach sé trd thanh

mach phi tuyén.

* 4 tinh chat cUa phan tU tuyén tinh va phi tuyén:

Phan tU tuy€n tinh Phan tU phi tuyén

»  DPdctuyén V-A la dudng thang. .

*  Phuong trinh cUa mach 1a phuong
trinh vi phan hé s6 hang.

*  Co6thé€ ap dung nguyén ly x€p chOng.  *

«  Khong phat sinh cac hai mGi khi ¢6 -
tac dOng cla c6 pho bat ky.

Péc tuyén V-A khong 1a duOng thang.
Phuong trinh cUa mach 1a phuong

trinh vi phan phi tuyén.

Khong thé ap dung nguyén 1y x€p chong.
C6 thé€ phat sinh cac hai mdi khi c6

tac dOng cla c6 pho bat ky.

Ng6 Buc Thién - PTIT Chuong 1

24



4. Mach tuyén tinh va phi tuyén (2)

s [ (mA) 4l (mA)
Tuyén tinh
.
\ N
Phi tuyén
> >
u(v) u(v)
Pac tuyén V-A Bdc tuyén V-A
cUa dién trd thuan cUa diOt ban dan
R
Ng6 DBuc Thién - PTIT Chuong 1 25



5. Cac khai niém co ban vé mach dién (1)

5.1. Cdc yéu t6 hinh hoc cta mach dién

Graph: cUa mach dién 1a so d6 cau triic hinh hoc
mo td su ghép noi gilta cac phan tU trong mach
dién.

Nhanh: 1a phén mach nam gilta hai nit va chi
ch(ta c4c phan t& mac noi ti€p nhau (N,,)

Niit: di€ém gdp nhau cUa 3 nhénh tr& 1én (N,).

Cay va nhanh cay: Cay la phan mach bao gbm
mOt sO nhanh di qua toan b0 céc niit, nhung khong
tao thanh vong kin.

— Nhanh thubc cay goi 1a nhanh ciy (N,)

— Nhanh khong thudc cay goi la bu cay (IV,)
N.=N, -1 N =N_,—N

b nh C

Vong: 1a phan mach bao gdm mOt sO niit va mOt
sO nhanh tao thanh mo6t vong kin ma mOi nhanh va
mOi nut chi gdp mét 1an. Vong co ban (Ung véi
mOt cdy) 1a vong chi chfa mOt bu cay (Nv).

Nv = b = nh N +f/

Eg
s -
Al L2 B  ¢Cc Zs |p
Zy T
Zl[] Zs[] Zs [] Z;
s [V

-N =5(A, B, C,D, 0)
«N =8

eN.=N —1=4

N, =N, —N_.=4

«N =N, =4

Ng6 Buc Thién - PTIT Chuong 1
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5. Cac khai niém co ban vé mach dién (2)

5.2. Khdi niém tuong ho

Phan t tong ho 13 phan t( ¢6 tinh chat dan dién hai chiéu, thod man
diéu kién:

Zab = Zba
Mach dién tuong ho 1a mach dién bao gdm cac phan t tuong ho. Néi
mOt cach tOng quét né thod man diéu kién:

Z,=72Z,hay Y, =Y,

Z,(Z,,): tr0 khang chung gilta vong p va vong k (vong k va vong p).

Y,,, (Y,,) dan nap chung gilra niit M va niit N (niit N va niit M ).
Nhu vay trong mach tuong ho, dong dién trong vong p (sinh ra bdi cac
nguOn dat trong vong k) bang dong dién trong vong k (sinh ra bdi chinh
ngubn do6 chuy€n sang vong p).
Cac phan tU tuy€n tinh va mach tuyén tinh c6 tinh chat tuwong ho (nhu
cac phan tr thu dOng dan dién hai chiéu R, L, C...)

Ng6 Buc Thién - PTIT Chuong 1
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6. Cac dinh luat Kirchhoff (1)

6.1. Pinh ludt Kirchhoff 1 (dinh luat Kirchhoff vé dong dién)

 “TOng cac dong dién di vao mOt nit bang tOng cac dong dién di ra khoi
nit d6 ”. Hodc 1a: “TOng dai sO cac dong dién tai moOt nit bang khong”:

a,= 1 néu dong dién nhanh di ra khoéi nit dang xét.
a,=-1 néu dong di€én nhénh di vao nit dang xét.
a,= 0 néu nhanh khong thuOc niit dang xét.

a.l =0
k

6.2. Pinh ludt Kirchhoff 2 (dinh luat Kirchhoff vé dién ap)

* “TOng dai sO cac sut ap trén cac phan tU thu dOng clla mOt vong kin bang
tOng dai sO cac sUc dién dOng c6 trong vong kin d6 . Hodc 1a: “T0Ong dai
s cac sut ap cUa cac nhanh trong mOt vong kin bang khong”

by =0 D= 1 néu chiéu dién 4p trén nhanh ciing chiéu vong quy udc .
K~k . =-1 néu chiéu dién 4p trén nhanh ngugc chiéu vong quy udc
k A , ~ A N ,
. = 0 ne€u nhanh khong thuOc vong dang xet.
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6. Cac dinh luat Kirchhoff (2)

6.1. Pinh ludt Kirchhoff 1 (dinh luat Kirchhoff vé dong dién)

Bai tap 1.6
* Dung phan mém CircuitMaker:
— Quan sat quan hé pha gi(ra dién 4p va dong dién trén cac phan tU thu
dbng R, L, C.
— Kiém tra cac dinh luat Kirchhoff
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7. Cac phuong phap co ban phan tich mach dién

7.1. Phuong phap di€n ap nut

7.2. Phuong phap dong dién vong

7.3. Phuong phap dung nguyén 1y xép chOng.

7.4. Phuong phap nguon tuong duong (Thevenin)
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7.1 Phuong phap dién ap nait (1)

7.1. Phurong phdp dién dp nut
*  NOi dung phuong phap nay dua trén dinh luat Kirchhoff 1.
*  Céac budc cla phuong phap:
— Budc 1: Tinh sO niit N_ cUa mach dién can phén tich, chon 1 nut
lam gOc va coi dién th€ cla nit d6 bang 0.
—  Budc 2: Viét phuong trinh dong dién cho N, — 1 con 1ai, ta sé ¢6
moOt hé (N, — 1) phuong trinh ddc 1ap tuyén tinh, vdi cac an sO 1a
dién 4p tai cac nut.

[YN1[Ux] = [ N1 Size([Y,])= [(N, - 1) x (N, - 1)].

— Budc 3: Gidi hé (N, — 1) phuong trinh ta sé tim dugc dién thé tai
cac nit cUa mach dién, va tU dé ta c¢6 thé tim duoc dong dién trong
tat ca cac nhanh cla mach dién.

[Un] = [Yy 1" [, ]
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7.1 Phuong phap dién ap nit (2)

Vi du 1.4: Tinh dong dién trong tat cd cac
nhanh cUa mach dién nhu hinh vé.

- Budc 1: SO mit clla mach 1a: N, = 5, chon
O 1am gdc, coi U, = 0.

*  Budc 2: Viét phuong trinh dong dién cho
4 nit A, B, C va D (c6 thé quy dinh chiéu
cac dong dién tuy v).

— TainutA: I,+1,+1,=0

Uy —E +UA —Up + Uy, “Up +Eq —
Z, Z, Zg

Hay:

Bién dobi ta dugc: E B
(Y, +Y,+Y;) U, - Y, U -0U. - Y, Up = Z—1 —Z—8 =1~ Igs (*)
1 8

TU bi€u thlc (*) sinh vién hdy dua ra quy tac viét truc tiép phuong
trinh dién ap cho cac nit cUa mach dién?
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7.1 Phuong phap dién ap nit (3)

Thuc hién tuong tu v4i 3 nut con 1ai (B, C
va D) ta s€ c6 3 phuong trinh con l1ai.

NatB: -Y,U,+(Y,+Y,+Y,)U;-Y,U.-0U, =0
E
NatC: 0.U,-Y, U, +(Y,+Y. +Y)U.-Y.U,=—2=1 . 0
z. "
- . Eg _
NatD: -Y,U,-0U,-Y.U.+(Y,+Y, +Y,).U, Z—-Ing8

= ta s& dugc hé 4 phuong trinh dOc 1ap tuyén tinh viét dudi dang ma trén

1 +Y2 +Y8 -YZ 0 _Y8 A
1Y, Y,+Y, +Y, 'Y, 0 5
0 'Y, Y, +Y, +Y, Y, c
Y, 0 Y, Y +Y, +Y, o

[Yy 1[Ug] = [T,y 5]
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7.1 Phuong phap dién ap nut (4)

*  Budc 3: Gidi hé 4 phuong trinh 4 an ta s€
tim dugc dién ap tai cac nit A, B, Cva D
cUa mach dién.

Khi biét dién ap tai cac nit ta c6 thé dé

dang tinh dong dién trong cidc nhanh cUa
mach. Vi du:

I :UA —E I =UA'UB. I =UA'UD+E8

1 Zl ’ 2 Z2 8 Zg
Chu y:

* Néu cic dong dién sau tinh todn 1a dong mOt chiu va c6 gia tri (-) thi chiéu

dong di€én s& ngugc lai. Con néu né co gid tri (+) thi chiéu do 1a diing.

* N€u cac dong dién 1a xoay chi€u (th€ hién bang sO phUic) thi chiéu cUa
dong dién da dugc thé hién & pha cla né (Arguymen).
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7.1 Phuong phap dién ap nut (5)

Bai tap 1.7

* Tinh dong dién trong cic nhianh cla mach dién hinh B1.4 va hinh B.1.5

bang phuong phép dién ap niit.

* Kiém tra k€t qua trén phan mém Circuitmaker.

R, =5Q E¢ =6V

— )

— N

_ _ E,=8V

fe 720 R =40 %
R =1Q R, =5Q R. =2Q
E1 =2V
Hinh B1.4
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7.2. Phuong phap dong dién vong (1)

*  NOi dung phuong phap nay dua trén dinh luat Kirchhoff 2.
*  Céacbudc cla phu‘dng phap:
— Budc 1: Tinh sO vong dbc lap cUa mach dién can phan tich, chon
chleu cho dong dién trén cac Vong (Ve nguyen tac chon moOt cay

cUa mach, sau do6 thém vao cic bu cdy, ¢ mdi bu cdy thém vao sé
cho 1 vong dOc lap)

—  Budc 2: Viét phuong trinh dién 4p cho N, ,VOng, ta s€ c6 mOt hé N,
phu‘dng trinh dOc 1ap tuyén tinh, v&i cac an sO 1a cac dong dién
cUa cac vong.

[Z 1.11y 1= IE,] Size([Z,])= [N, x N,].

—  Budc 3: Giai hé N, phuong trinh ta sé tim dugc dong dién trén cc,
va tU do ta c6 thé tim dugc dong dién trong tat cd cac nhanh cla

mach dién.
[I,1=[Z\]"[E,]

* PO phuc tap khi gidi mach dién phu thuOc vao sO b cay cla mach.
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7.2. Phuong phap dong dién vong (2)

Vi du 1.5: Dung phuong phap dong dién vong

E
d& phan tich mach dién nhu hinh v&. L
. Buéc 1: Chon céc vong kin va danh ddu C v 2
chiéu dong dién nhu trén hinh. Al 22 B 4 ¢ Zs b
*  Budc 2: Viét phuong trinh dién dp cho 4, | Nzl [\ zll 1z,
vong I, 1L, 1T va IV.

— Vongl: Uy + U, +Uyi-E =0 E’Q ESQ QE

Hay: Z,0; +Z,(I; -1)+Z;(I; -1;)-E =0

Bién dobi ta dugc:
(Zl +Z,+ Z3) 1, =251y, —0.Ip —Z,1, =E (**)

TU bi€u thifc (**) sinh vién hay dua ra quy tac viét truc ti€p phuong
trinh cho cac vong con lai cUa mach dién?
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7.2. Phuong phap dong dién vong (3)

Thuc hién tuong tu v4i 3 vong II, III, IV
ta s€ c6 3 phuong trinh con lai:

VongII: -Z,1, +(Z,+Z,+Z)1,-2.1, -Z,1,, =-E,

Vong IIl: -0X,-Z.1,+(Z.+2,+Z2,)Y,-Z,1,, =—E,+E. E’Q

vonglv: -Z,1,-7Z,1,-2.1, +(Z,+Z,+Z, +Z;)1,, =-E,

A

z,[

= ta s& duoc hé 4 phuong trinh dOc 1ap tuyén tinh viét dudi dang ma tran:

1+ZZ+ZB

-Z, 0 -Z,
Z.+Z,+Z, -Z. -z,

-Z, Z . A+Z A2, Zg

-Z, Zg Z,+Z,+Z+Z,

Z 11,1 = [E,,]

I E,

T €p_ —E;

1 E; +Eg
v —Eq

Ngo Blc Thién - PTIT
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7.2. Phuong phap dong dién vong (4)

*  Budc 3: Gidi hé 4 phuong trinh 4 an ta s€
tim dugc cac dong dién trong cic vong, va
c6 th€ dé dang tinh dong dién trong céc
nhanh cla mach. Vi du:

I, =1 1, =1 =1y 1,3 =1 — 1

Ng6 Buc Thién - PTIT Chuong 1
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7.2. Phuong phap dong dién vong (5)

Bai tap 1.8

* Tinh dong dién trong cic nhidnh cla mach dién hinh B1.6 va hinh B.1.7
bang phuong phap dong di€n vong.

* Kiém tra k€t qua trén phan mém Circuitmaker.

— ) o 7
— \_
R =2Q — E,=8V _ E,=6V
2: RSQ C3) o RSQ h 9
R =1Q R, =5Q R =2Q H H
R, =10 R. =20
El =2V
@
Hinh B1.6 Hinh B1.7
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7.3. Phuong phap diing nguyén ly xép chong (1)

Nguyén ly x€p chéng trong cdc mach dién tuyén tinh

* Théng thuOng dac tuyén V-A cla mo6t phan tU tuyén tinh c6 dang:
u=ai, +bi, hay i =cu, +du,; (a,b,c,d =const)

* TOng quat cac phan t& c6 dac tuyén V-A c6 dang sau ciing 1a phén t&
tuyén tinh: di
dt

* Cb6 th€é 4p dung nguyén ly x€p chong (superposition) cho cic phan t
tuy€n tinh : Pap Ung clla mOt mach tuy€n tinh cho trudc vdi tOng cac
dau vao bang tOng cac dap Ung clla mach do6 véi tUng dau vao riéng 1€.

e Vidu: giad st i, vai,la cac dap Ung cUa mOt mach khi ¢ cac dién ap tac
dbng tuong Ung u,, u,. TUcla: i, = f(u,) va i, = f(u,).

Néu ta dOng th0i cho cd hai dién 4p u,, u, tac ddng thi sé dugc dong dién
i,. Néu mach 1a tuyén tinh ta sé& co:

= f(u* uy) = fluy) + fluy) =1+ 1,
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7.3. Phuong phap diung nguyén ly x&p chong (2)

Chu y:

* Khi 4p dung nguyén 1y xép chOng cho mOt mach c6 nhi€u ngubn tac
dbng thi néu cic ngubn khong lam viéc 1a ngubn sUc dién dOng thi sé bi
ngan mach con cac ngudn 1a ngudn dong sé€ bi hd mach.

R, 10kQ ix
Vidu 1.6. ——e —— X
AY A ’ n’ n ’ +
a) Dung nguyén ly x€p chOng, tinh g 0 5V
u,, trong mach hinh bén? L(P)1.5mA R2H 5kQ
b) V& dac tuyén V-A khi c6 tai mac = )1V
vao hai diém X, X’? ! ! > X
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7.3. Phuong phap dung nguyén ly xép chong (3)

e ? o :—X
Giai: T l. -
) 3 . E.(")5v ?
a) Lan lugt cho 3 ngudn: E,, E, va I, X RZH kQ
tdc dOng vao mach. E, =0 3]<
KhinguOn E, tdc dOng (hinh a) | .
D E _ R 10ko Q)
uy =R,i, =R, Rk, =1,67V ) X
E =0 2
o . n ’ JAN N 1= ,
Khi nguon E, ta(]:E dong (hinh b) 1 X . RZH Qo
=
— . 2 —
Uy —R212 —Rzm—O,SSV E, 1V T
o - X’
«  Khi ngu0n I, tic ddng (hinh c) R 10ko D)
_— _— = X
uy =I,(R///R,) =5V "\Li R
El =0 2
, \ , <A> RZH 5kQ
* Xép chOng két qua: E,=0 I 1,5mA
Uy Uy TUy, tUuy, =7V _
? X’
c)
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7.3. Phuong phap dung nguyén ly xép chong (4)

Pac tuyén V-A cla hai ddu X va X’

m

Ix

Do mach dién 1a tuyén tinh nén dac
tuy€n sé 1a duong thang. Ey
Dién ap u, = 7V la dién ap hG mach,
Ung vGi iy, = 0. (ky hiéu u,.). b2

Pi€m dac tuyén cat truc tung 1a dong

SO

ngan mach i . Ung véi u, = 0.
E +E,

Igc =

=1+ =2,1mA

1

P06 dbc dac tuyén: i,.=2,1mA —

_ Ay iy _—2,1mA = —0.3mA/V
Auy Uoc 7V

Phuong trinh dac tuyén:

i, (MA)A

P06 doc=-0,3mA/V

Uy =7V

=muy, +ig- =(—0,3mA/V)u, +2,1mA

Ng6 Buc Thién - PTIT Chuong 1
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7.3. Phuong phap dung nguyén ly xép chong (5)

Bai tap 1.9

Tim dién &p u, trong hinh B1.8 vGi ® '
E, =10V, E, = 4V,

Ol
I,=4mA, R, = R, = 10kQ. I
Bai tap 1.10

Tim dién ap u, trong hinh B1.8 vGi Hinh B1.8
E =10V, E, =4V,
I,=-4mA, R, = R, = 10kQ.
Bai tap 1.11
Tim dong dién qua R, trong hinh B1.8 v§i hai trudng hop:
. E, =8V, E, =4V, I,=4mA, R, = R, = 10kQ.
. E, =8V, E, =4V, I,=-4mA, R, = R, = 10kQ.

Bai tap 1.12

Vé dac tuyén V-A 6 hai dau X-X’ cUa mach dién hinh B1.8 v6i E, = 4V,

' Ngo Bic Thian=P1V, 13 =4mA, R, = R, = 1(hdng 1
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7.4. Phuong phap nguén tuong duong Thevenin — Norton (1)

Trong mach dién, phan mach AB c6 ch(fa ngubn (va no6i véi phan con
lai Z CNCIa mach tai cdp diém AB, dOng thoi gilta hai phan khong co
ghép hO cdm vGi nhau), c6 th€ dugc thay thé tuong duong bang mot:

« Ngubn dién ap V., c6 slic dién dOng bang dién ap hé mach trén cdp
di€m AB (Thevenin) hodc mOt ngudn dong I, c6 dong dién ngubn bang
dong dién ngan mach trén cap di€ém AB (Norton).

. Ry A
Tré khang trong cUa Thevenin - ©
n > 2 , > i : R
nguoOn R, bang \trd }{hailg Mach dién | A . Vi | 5 | R,
tuUong duong nhin tU cap trd (chi chla —— : o
diém AB vd&i nguyén tac cacdintd | g | b
<z 2 24 hoac cac -
ngan mach nguOn suat <~ | B : A
A A < - nguOn tuyel — : _
dien dOng va hO mach tinh) i :
nguOn dong c6 trong phan _) Ron i ' R,
mach nay. e B

Norton > | o
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7.4. Phuong phap nguon tuong duong Thevenin — Norton (2)

Vidu 1.7

Tinh dong dién trén R, cUa mach
dién hinh v& bén bang phuong
phap nguOn tUong duong.

Giai:

*  XA4c dinh dién dp hd mach trén cap
di€ém AB, chinh 12 V_, (loai bd R,)

El R ES

Vo =U, U, = e
TH A B R1+R2 2 R4+R5

R,

« Xéc dinh R, nhin tU cap diém
AB, chinh la R ;.

RR R,R
Riy = Rgpp = S

R +R, R,+R

) . _ u
>¢ - tinh dugc i, L=
TH 3

_______________________

Ry = Rig aB
o — —0
A
Ci) Vi = UhmABE ” R
B

Ng6 Buc Thién - PTIT Chuong 1
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7.4. Phuong phap nguén tuong duong Thevenin — Norton (3)

Bai tdp 1.13 R A

Tinh dong dién trén R cUa mach
dién hinh B1.9 bing phuong phap  E== ] L
nguOn tuong duong Thevenin. 5

Bai tap 1.14

R (Td)

. . . Hinh B1.9
Tim nguOn tuong duong Thevenin

va ngubn tuong duong Norton tai

hai di€ém A, B cla mach dién hinh R, Ry A
B1.10. — 1 o

Bai tap 1.15 E<> R,
S dung phuong phap ngudn tuong [
duong d€ vé dac tuyén V-A tai hai o
di€m A va B cla mach dién hinh Hinh B1.10
B1.10.

Néu E = 6V, R, = 2kQ, R, = 4kQ va
R, = 5kQ

Ng6 DBuc Thién - PTIT Chuong 1 48




7.5. Quy tac phan ap va phan déng (1)

a) Quy tac phdn dp o s
* Quy tac phan ap dung dé€ tinh cho cac Vi
mach chi chlfa cidc dién trd mac noi R Uj
tiép. . <> ix ¥ )
« NEéubiéttrudc E ya i, = 0, ta co: . L i,
L. =1, =
b R, +R, R, Uz
v
O D
« Dou, =R, u,=i,R,nén: R
u=E—"" [ EE-——2_
Rl T R2 Rl + R2

Téng qudt: Khi c6 nhiéu dién trd mac nobi ti€p va biét dién ap E trén toan b
cac dién trd d6 thi dién ap roi trén moOt dién trd bat ky s€ bang dién 4p E
nhan voi gid tri dién trd d6 va chia cho tOng tat cd cac dién trd.

R, R, R,

_ER - -- —
URk_n E&
R.

J=1
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7.5. Quy tac phan ap va phan déng (2)

Luuy: Quy tac phan ap chi c6 thé ap dung khi khéng c6 phén t&r nao mac
vGi dién trd ma ngudn cung cap ning lugng (Hay dong i, phdi bang 0)

Bai tap 1.16

Tim dién ap u, va u, trén hinh B1.11 khi:

E =12V, R, = 22kQ; R, = 33kQ. 7 P ’
(dap sO u, = 4,8V, u, = 7,2V) R j u
1

EC X, ,
Bai tép 1.17 T i
Tim dié€n ap u, va u, trén hinh B1.11 khi: R Uz
E=-6V, R, = 18kQ; R, = 27kQ.
(dép sO u, = -2,4V, u, = -3,6V) " ?

Hinh B1.11
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7.5. Quy tac phan ap va phan déng (3)

b) Quy tac phan dong

+ Tuong tu nhu quy tac phan 4p, quy tac
phan dong dung cho cac mach chla hai
dién tré mac song song.

«  Néubiét trudc I, tai nit N ta co:

i, =1, 1

- Dién ap trén R, va R, phdi bang nhau:

LR, =1,R,

e Taco:

L =,

I N
—
O
lll l i2
R, R
O
1' — IORl
2
Rl + RZ
Hay: IR
l' — 0+*2
1
Rl T R2

Ngo Blc Thién - PTIT
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7.5. Quy tac phan ap va phan dong (4)

Bai tap 1.18
Tim dong dién i, qua R, trén hinh B1.12 néu: I, = 12mA, R, = 2kQ; R, = 1kQ,
R, =1kQ va R, = 4kQ. (Pé4p s0 2,4mA).

Bai tap 1.19
Tim dién &p trén R, trén hinh B1.12 néu: I, = 10mA, R, = 2kQ; R, = 5kQ,
R, =1kQ va R, = 2kQ. (P4p sO = 8,6V).

Bai tdp 1.20 I
Tim dong dién i, qua R, trén hinh B1.12 —— 1 |
néu: I, = 6mA, R, = 2kQ; R, = 2500, 2 v
R, = 750kQ va R, = 2kQ. D R[] T &[]
(Pap sO 2,4mA). R
L]
Hinh B1.12
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8. Mang bon cuc (1)

*  Mang bOn cuc (con goi 1a mach hai clra) 1a md hinh cla cac phan tU va
cac phan mach dién thudng gap trong thuc t€ (nhu mod hinh bién 4ap,
transistor...).

*  Cé4c dinh luat tOng quat dung cho mach tuyén tinh déu c6 thé€ 4p dung cho
bOn cuc tuy€n tinh, nhung 1y thuyét mang bon cuc chl yéu di sau vao
phan tich mach dién theo hé théng, lic dy c6 thé khong can quan tam téi
mach cu thé n{ta ma coi ching nhu mOt hOp den va van dé ngu0i ta can
dé€n 1a mo6i quan hé dong va dp G hai clra clla mach.

« Ly thuyét mang bbn cuc cho phép nghién cltu cdc mach dién phUc tap
nhu 13 su ghép noi cla cic bOn cuc don gidn theo nhi€u cach khac nhau,
n6é 1a moOt trong nhitng phuong phap hitu hiéu diung d€ phan tich va tOng
hgp mach. I, I

U,, I,: dién ap va dong dién tai cUa 1 e—>—
U,, I: dién ap va dong dién tai cla 2 U,

V4 +3
Mang ban U
cuc 2
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8. Mang bon cuc (2)

8.1. Cdc hé phuong trinh dac tinh ca bén cuc.
*  Hé phuong trinh ddc tinh trd khdng [Z]

U =z I +2z,1 L
1= 211y T 24y 1 1 O —
— [Z]. =~
U, =2z,1 *t2,I, %2% %Z% Ull Malg ban lUQ
—

cuc
A 2 , Z
Ma tran tro khang: [Z] = %1 12%
1 22

»  POi vGi trudng hgp bon cuc tuong ho ta co:

Z12 = Z21
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8. Mang bon cuc (3)

8.1. Cdc hé phuong trinh dac tinh ca bén cuc.
*  Hé phuong trinh ddc tinh dan nap [Y]

I = ynUs + U, ' %%[Y] %% ME_:'ng bén
I, = y,)U, + yU, cuc

Ma tran dan nayl = %11 y12§
1

s

Y2

Vi = ! Yoy = L
11~ 7, 2 T T
Ul U2:0 U2

Y, =L
12 U2

|
-
No

yzl‘?1

U,=0 U,=0 U,=0

»  POi vGi trudng hgp bon cuc tuong ho ta co:
Yi2 = Vo
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8. Mang bon cuc (4)

8.1. Cdc hé phuong trinh dac tinh ca bén cuc.

*  Hé phuong trinh ddc tinh truyén dat [A] I I
Mang ban U
U,=a,U, +a,l, U; cuc 2
—_— [A]
I, =a,U, +ayl, o— —_—
Ma tran truyén daf] =
b)
U, I U, I
ay = dy, =— Qyp =+ ayy = —
U2 1,=0 12 U,=0 12 U,=0 U2 1,=0

»  POi vGi trudng hgp bon cuc tuong ho ta co:
AA =-1
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8. Mang bon cuc (5)

8.1. Cdc hé phuong trinh dac tinh cta bén curc.
*  Hé phuong trinh ddc tinh truyén dat nguoc [B]

I
U, =b,U,+b,I —> B
2_ Y1 T 0k %2%[]3]%1% Mang bén
I, =b, U, +byI; 2 1 U; cuc U

C—
A A - 11 b12
Ma tran truy@n dat ngutl = b
1 22

b,=—*= by, =—= b, =—=

U, 1,=0 L U,=0

»  POi vGi trudng hgp bon cuc tuong ho ta co:
AB=-1
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8. Mang bon cuc (6)

8.1. Cdc hé phuong trinh dac tinh ca bén cuc.
*  Hé phuong trinh ddc tinh hOn hop [H]

Il IZ
U, =h,I, +h,U, %% M gl % o—> Mang o ——3
I, = hy I, + hy,U, 2 Ull cuc 1U2

_

A X h
Ma tran hon hoptH] = %1 h12§
1 22

h, =— hy, =—=
Ly o U,

1,=0

»  POi vGi trudng hgp bon cuc tuong ho ta co:
h12 = h21
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8. Mang bon cuc (7)

8.1. Cdc hé phuong trinh dac tinh ca bén cuc.
»  Hé phuong trinh ddc tinh hOn hop ngu'oc [G]

Il IQ
I =g,.U +qg,1 -
R O Tl o
U, =gnU; +3gxl, 2 U, e ,
= )
Ma trén hon hop nguoc: [G] = %11 912§
21 Y9»
L Us I U,
911:— g22:_ 912 — 1 921_—
Ui I,=0 L, U, =0 I, U,=0 U, I,=0

»  POi vGi trudng hgp bon cuc tuong ho ta co:
9o = ~9n
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8. Mang bon cuc (8)

8.2. Cdc phurong phdp ghép n6i mang bén cuc .
a) Ghép n0i ti€p - ndi ti€p = ommmmmmmmmmmommeomooon

Ghép noi ti€p G cd hai clal va Il Lot L
Mang 4 cuc m&i, c6 ma tran i ;l‘ U| I

tr@ khang [Z] nhu sau: Ul | 1"

2] =1Z]+1Z ] e
v ‘k u” | I

TOng quat khi c6 k mang 4 cuc mac ndi ti€p — noi tiép:

n

[Z]= [Z,]
k=1
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8. Mang bon cuc (9)

8.2. Cdc phuong phdp ghép néi mang bén cuc .

a) Gheép song song — song song

Ghép song song & ca hai clra I va Il I

Mang 4 cuc m&i, c6 ma tran i |

dan nap [Y] nhu sau: U; i
[YI=[Y ]+ Y] |
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8. Mang bon cuc (10)

8.2. Cdc phuong phdp ghép néi mang bén cuc .
a) Ghép noi ti€p — song song

Ghép n0i ti€p & clra I va song song & clra II
Mang 4 cuc m&i, c6 ma tran

hon hop [H] nhu sau: o—>—0—>

[H]=[H]+[H ] ‘

TOng quat khi c6 k mang 4 cuc mac ndi ti€p — song song:

[Hl= [H,]
k=1
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8. Mang bon cuc (11)

8.2. Cdc phuong phdp ghép néi mang bén cuc .
a) Ghép song song — noi ti€p

Ghép song song G clra I va ndi ti€p & clra II
Mang 4 cuc m&i, c6 ma tran
hon hgp nguQc [G] nhu sau:

[GI=[G]+IG ]

TOng quat khi c6 k mang 4 cuc mac song song — noi ti€p:

[G]= [G,]

k=1
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