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LOI NOI DAU

Phan tich mach DC — AC 1a mon hoc co s¢ Qhé'tm cung cap cho cac sinh vién
nganh Dién - Dién tir phwong phap phan tich tong hop mach 1a co s¢ dé thict ké
hé thong Pién - Di¢n tu.

Nham gitp ngudi doc ¢ thé tmg dung duge cac phuong phap phan tich mach,
sau mdi chuong déu co phan bai tap Phan tich mach DC — AC duoc bién soan
theo ndi dung cua sach ly thuyét. Dé c6 thé nam vitng cac van dé Iy thuyet sinh
vién can lam cac bai tap trong sach nay. Tuy s6 luong bai tap khong nhiéu nhung
du dé nam duoc cac van dé cbt 16i cia mon hoc.

Gi4o trinh bao gébm 5 chuong duoc bién soan chu yéu dwa vao sach Mach dién
ctia Truong Pai Hoc Bach Khoa Tp.HCM. Tuy nhién, gio trinh ciing khong thé
tranh khoi thiéu sot, rat mong nhan duoc sy dong gop ¥ kién tir cac déng nghiép
va cac sinh vién.

TP. Hd Chi Minh nim 2004

ThS Nguyén Chuong Dinh






] CHUONG 1 )
CAC KHAI NIEM CO BAN

VE MACH PIEN

1.1. GIOI THIEU

Chuong 1 s€ gidi thi€éu cac khai niém co ban vé& mach dién, cac ky hi¢u linh kién
va cac mo hinh ton hoc cua linh kién. Pdng thoi cung cép cac dinh ludt co ban
trong 1y thuyét mach. Sau d6 ap dung cac dinh 1y co ban nay dé giai mot sé bai
tap mach.

1.2. MACH PIEN VA MO HINH

Mach dién 1a mdt tap hop céc phﬁn tir mach lién két lai v&i nhau. Phan tir mach
la nhitng hinh v€ tugng trung cho linh kién thyuc té dac trung bdi mot phuong
trinh toan hoc dai dién tinh chat vat Iy cua linh kién d6. Phan tir mach 1a mé hinh
toan hoc cua linh kién thuc

Duong nhién phuong trinh toan chi phan anh moét mat nao do cac tinh chat 1y hoa
ctia phan tir thyc. Do d6, m6 hinh c6 sai sO, nén két qua trén mach s& khac két
qua thyc trén thyc té.

1.3. CAC PHAN TU MACH CO BAN
1.3.1. Phén tir dién tré
Phan tir dién tré 1a mo hinh toan hoc cua linh kién dién tré c6 quan hé ap va dong
trén nod tuan theo quy luat u(t) = R.i(t)
R

° AAA °
—_—
u(t)
Trong 6 Hinh 1.1 Phan tir dién tro
i(t) : dong chay qua dién tro
u(t) : hiéu dién thé hai dau dién tro
R : gid tri dién trd, don vi Ohm (Q)

Nguoi ta con dung cac ude s6 va boi s6 cua Q trong viée doc cac gia tri dién trd

pQ2 nQ) pe mQ Q KQ MQ GQ
1072 107 10 10712 1 10° 10° 10°

Trong phuong trinh ctia dién tré nguoi ta con dung

i(t) = %u(t) ~ G.u(t) (1.1)
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G: gia tri dién dan, G = %, c6 don vi la S (Siemen) hay mho ()

1IS=1/Q=Q"'=TU
S (Siemen) cling c6 cac bdi va udc nhu QQ
M6 hinh
—MWA— —
My, Nhat Nga, Pong Au
Hinh 1.2

1.3.2. Phén tir dién cam

Phén tir dién cam 14 phan tir 2 cuc 1y tudng co dién ap va dong dién trén né tuan
theo quy luat L

® YN\ PY

+ —

U,L(t)
Hinh 1.3 Phan tir dién cam

di, ()
ty=L—-—= 1.2
u (=L I
L: gia tri dién cdm don vi Henry (H) va c6 cac udc so6 sau

pH nH uH mH H
1072 107 107 10712 1

1.3.3. Phén tir dién dung

Phén tir dién dung 13 phén tir 2 cuc Iy tudng c6 dién ap va dong dién trén né tuan
theo quy luat
C
° 1 °
+ >—
uc(t)
Hinh 1.4 Phan tr dién dung

. du.(t)

t)=C——2~ 1.3
1. (t) dt ’ (1.3)
C : gié tr1 dién dung don vi Fara (H) va c6 cac udc so sau

pF nF uF mF F
1072 107 107 10712 1

1.3.4. Nguon doc lap
a. Ngudn ap doc lap

Ngudn ap doc 1ap 1a phan tir hai cuc c6 tinh chét 4p trén hai cuc cia nd khong
thay do1 bat chap dong di qua no.
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E U =E = const

\4

Hinh 1.5 Nguén ap doc lap

Ky hiéu cua Nga, Pong Au
®

‘(D

[ )
Hinh 1.6 Nguén ap doc lap

b. Ngudn dong doc lap

Ngudn dong doc 1ap 1a phén tir hai cuc c6 tinh chat dong qua n6 khong thay doi
bat chap dién ap trén hai cuc cua no.

_|_
I=1J=const

U J

v

Hinh 1.7 Nguén dong doc lap

Ky hiéu Nga, Dong Au

Hinh 1.8 Ngudn dong doc 1ap
1.3.5. Ngudn phu thudc

Ngudn phu thudc 13 phan tir ngudn c6 tinh chét gid tri cua né phy thude vao mot
tin hi€¢u khac (dong hay &p) & trén mach

Phan loai: c6 4 loai
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a.Ngudn ap phu thudc ap
(Voltage controlled voltage source)

@

U, kU,

@
Hinh 1.9. Ngudn dong phu thudc dong

U, : higu dién thé gitra hai diém 1 va 2
k; : hé s6 khong thir nguyén

b. Ngudn dong phu thudc dong
(Current controlled current source)

I
*—p—

¢ (1

.—
Hinh 1.10. Nguén dong phu thudc dong
I; : dong trén nhanh 1
k, : hé s6 khong thir nguyén

¢.Ngudn dong phu thudc ap
(Voltage controlled current source)

O,
U1 k3Ul

@
Hinh 1.11. Ngudn dong phu thudc ap

ks : hé s6 c6 thir nguyén mho
d.Ngudn ap phu thudc dong

(Current controlled voltage source)

|
*—r—

¢ ki1

.—
Hinh 1.12 Ngudn ap phu thudc dong
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ks : hé s6 c6 thi nguyén Q
Ky hiéu Nga — Pong Au

Nguén dong phu thudc dong

] (D=

3 Hinh 1.13. Ngudn dong phu thudc dong
1.3.6. HO cam

Cho hai cudn day ghép chung méi truong tu, M I I,
(Mutrial Inductor) ho cam gitra hai cuon day, duoc + o +
tinh e
, A A a4 1 X U U
M =k,/L,L2 trong do k: hé s6 ghép ho cam
c o \ , r A ; ;
Don vi cia M Henry (H) va céac udc so. Hinh 1.14. H3 cam

Phuong trinh toan

o =L, G 3

di, . di, '
u, =L, S2+ML

dt ~ o dt

Déu * trudc M tuy theo cuc tinh (ddu *) cua cac cudn day. Néu
= Dong I, val, cung vao (hay ra) ¢ cac cuc cung tén (dau *) thi dau +
= (Con lai la dau —

1.4. CAC PINH LUAT CO BAN

1.4.1.Dinh ludt Ohm R
° AAN——O
u(t) = R.i(t) + Twn
diy (1 A
u (=080 . .
dt o
uL(t)
. du.(t) C
t)=C———=
" ——
uc(t)
Hinh 1.15

1.4.2.Dinh luét Kirchhoff
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a. Pinh luit Kirchhoff vé dong di¢n (Kirchhoff current law)
Dinh luét Kirchhoff vé dong di¢n hay con goi l1a dinh luat Kirchhoff 1 (K1)

Phét biéu: Tong dai s6 cdc dong dién tai mot niit bat ky thi bang 0

Z

Zlk =0 (N: s6 nhanh di vao niit) (1.5)
pam)

Trong d6 quy wdc: Dong di vao thi c6 ddu +, dong di ra thi c6 déu —

Dinh luat K1 c6 thé phat biéu khic nhu sau: Tong cdc dong dién vao mét niit
bang tong cac dong dién ra khoi mot nut.

b. Dinh luét Kirchhoff vé dién ap (Kirchhoff voltage law)
Dinh luét Kirchhoff vé dién ap hay con goi 1a dinh luat Kirchhoff 2 (K2)

Phét biéu: Tong dai so cdc dién dp trén cdc phan tir doc theo tdt cd cdc nhdnh
trén mot vong kin thi bang 0.

> U, =0 (1.6)

vong

Hé phuong trinh K1 va K2 du: néu trong mot mach c6 n nat va m vong kin doc
1ap thi ta can viét n —1 phuong trinh K1 va m phuong trinh K2.

Vi du 1.1 Cho mach nhu hinh 1.16. Viét hé phuong trinh K1 va K2 du

I R, @ 15} R, @15 Rj

Hinh 1.16
Giai:
Mach trén ¢6 3 nat va 3 mét ludi doc 1ap nhu vay hé phuong trinh Kirchhoff du
can 3-1 =2 phuong trinh K1 va 3 phuong trinh K2
H¢ phuong trinh K1 va K2 du
Phuong trinh K1 cho nut 1
Il — 12 —14 =0
Phuong trinh K1 cho nut 2
12 — I3 —15 =0
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Phuong trinh K2 cho vong [

—E1 + IlRl +I4R4— E2 =0
Phuong trinh K2 cho vong 11

—E2 + I4R4 —Isz —15R5 =0
Phuong trinh K2 cho vong [

_ISRS + I3R3 +E3 =0

1.5. Cong suit i(t)
Cho mét phan tir mach, ta c6 cong suit tic +
thoi H l
a. u(t)
P =u(t).i(t) (1.7) v
°
Theo ky hiéu dong ap nhu hinh 1.17a. Phan tir _
dugc goi 1a ti€u thu cong suat. it)
+
P >0 : tiéu thu cong suat b
P <0 : phat cong suat ' H
Theo ky hiéu dong 4p nhu hinh 1.17b. Phan tir e
dugc goi la phat cong suat. Hinh 1.17. Cong suat

P > 0 : phat cong suat
P <0 : tiéu thu cong suat

Nguyén 1y can bang cong sudt: Tong cong sudt phat ciia ngudn bang tong cong
suat trong cac phan tur tai

1.6. CAC PHEP BIEN DPOI TUONG PUONG DON GIAN

1.6.1. Nguﬁn ap mic ndi tiép

E, E, En Etp

----- ) - A

Hinh 1.18. Ngudn 4p mic ndi tiép

Céc nguon ap mac ndi ti€p s€ twong duong v mdt ngudn ap cd tri sO6 bang tong
dai sO cac nguodn ap do.

ETD = ZiEk (18)

Dau + néu E; cung chiéu Erp
Dau — néu E; nguoc chiéu Erp
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Vidu 1.2
E, E, E; E
Hinh 1.19. Ngudn 4p mic ndi tiép
Ta co
E= El +‘E2 —E3 ]
Luu y: cac ngudn ap mac song song khi va chi khi E; =E,="=Ey=E

55T &

Hinh 1.20. Ngudn ap mic song song

Khi va chi khi E] = E2 =" ZEN =E

1.6.2. Ngudn dong mic song song

Céc nguon dong mac song song s€ twong duong véi modt ngudon dong co tri s
bang tong dai sO cac ngudn dong do.

JTD = ZiJk (19)

Dau + néu Ji cung chiéu J1p
Dau — néu J, nguoc chiéu J1p

ST

Hinh 1.21. Ngudn dong mic song song

Vidu 1.3

Tacol=J, -1, +);
1.6.3. Ndi song song va néi néi tiép cac phan tir tré
a. Dién tré mic ndi tiép
R, R, Ry Rrp

O — " NA—AAN —NA—O = — A N—O
Hinh 1.22. Di¢n tr¢ mac noi tiép
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Ta cod RTDZZRkZRl‘i‘Rz‘f'“"i‘RN (110)

b. Pién tré mac song song

R 1 R2 RN — RTD

°
Hinh 1.23. Dién trd méc song song

Taco— =yl L (1.11)
TD 1 RZ RN
hay
GTDZZGk=G1+G2+m+GN (112)
1.6.4. Bién d6i sao tam giic (Y < A)
@
&
Rz Ri3
L 2. 23
Hinh 1.24. Bién doi Y — A
a. Bién doi tir sao ra tam giac (Y — A)
R,R, +R,R; +R,R;
Ry, =
R3
R, = RiR: +RR; +RoR, (1.13)
R2
R,R, +R,R; +R,R;
R, = R
1
b. Bién déi tir tam giacrasao (A-Y)
— R12R13
1
R12 + R13 + R23
,=— RuRa (1.14)
R12 + R13 + R23
R13R23

3 =
R12 + R13 + R23
1.6.5. Bién doi twong dwong
Nguon ap nodi ti€p véi mot dién tré s€ twong duong voi mot ngudn dong mac
song song voi dién tréd d6 va nguoc lai.
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Hinh 1.25
Khi va chi khi J = g hay E = JR

1.8. PHUONG PHAP GIAI MACH DUNG CAC PINH LUAT CO BAN

Trong chuong nay, ching ta s€ xem xét giai mach dién DC dung hai dinh luat
Kirchhoff 1 va 2. Trinh ty giai mét mach dién DC c¢6 thé tom tat nhu luu d6 hinh

1.26
BEGIN

Y
Pém s6 nut va mat ludi doc
lap

v
Quy wéc chidu dong dién
va mat ludi tuy y

Y
Viét hé phuong trinh K1 va
K2 du

v
Viét phuong trinh cho
nguon phu thude

v
Giai hé phuong trinh

\

END

Hinh 1.26
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Vi du 1.4 Cho mach nhu hinh. Tim I; va I,

I 1Q L, 20

Hinh 1.27
Giai:
Ta ky hiéu chiéu cic dong dién va chiéu cac vong nhu hinh 1.27
H¢ phuong trinh K1 va K2 du
Phuong trinh K1 cho nat 1
11—12—1320 (1)
Phuong trinh K2 cho vong [
—4+1,+2=0 (2)
Phuong trinh K2 cho vong 11
—213 + 212 +2=0 (3)
Ta duogc h¢ phuong trinh sau
I -1,-1,=0
I, +21,=4
21, - 21, =2
Giai h¢ trén ta dugc I, = 1.5A, [, =0.25A val; = 1.25A

Vi du 1.5 Tim cong suat tiéu thy trén dién tro 4Q

Ok

40
Yy
60 § 5 +
j. 20 ¢ Yo
Hinh 1.28

Ta ky hiéu chiéu dong dién va chiéu vong nhu hinh 1.29

Iz \

6Q§

OR

Hinh 1.29
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Phuong trinh K1 cho nut 1
U

—11—12+4+7°=0 (1)
Phuong trinh K2 cho vong 1

611 — 612 =0 (2)
Phuong trinh cho ngudn phu thudc

Up =21, 3)
T (2) = L =1, thé (2) va (3) vao (1)

= I] = 4A

Két qua Py =412 = 64W
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NHUNG KHAI NIEM CO BAN
VE MACH DPIEN
1.1. Tim céc dién tré tuong duong cua cac mach sau 0
YWWA
A 30 A 30 A 4 6
p *—4
12
B B
e c
A 10 10
1
B
3 Hinh 1.1
PS: a, 37.5Q b, 40Q0 c, 1520 d, 27Q e, 16.6Q2
1.2. Tinh céac gia tri cia R trén mach hinh 1.2
40
NN
6A
50V R § 92Q
PS: R=30 Hinh 1.2

1.3 Tinh cac di¢én 4p U, U,, U;, U,y va E cua nguén biét dién ap hai dau dién tro

20128V 10 40
AN 2 NN
+ U - + Us - +
20
N 8V
E U, § 18Q -
— +
408,
| _

Hinh 1.3
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bS: U, =24V, U, =36V, U; =12V, U, =16V, E = 60V

1.4 Tim I] va 12 32 Q)
AN/
6Q
AN/
L. 40 120
—>
PS: I,=5A A § 40 Q
12 =-3A
50v<‘|_3 15Q 6Q § 30Q
20 %
NN\ N/ @
Hinh 1.4

1.5. Dung phép bién d6i tam giac — sao, tinh dong I
trong hai truong hop

a. Rab: Rbcz Rcaz 3Q2

b. R;,=R,=30Q vaR,.=40Q

DS: a. 19A b. 3A :
Hinh 1.5
802 I
1.6. Tim dong I AN
12Q 6Q)
@ NN AN/
bS: 1=0.527A
3A C) $40 $40 $120
\ 4 \ 4
Hinh 1.6
1.7. Cho mach nhu hinh. Tim dong I
10Q2 1 2Q
AAA
Hinh 1.7

DS: [=1.375A



NHUNG KHAI NIEM CO BAN VE MACH DIEN 23

1.8. Cho mach nhu hinh 1.8. Tim dong I
10Q2 I

200
100V e § 35Q
100V e

DbS: 1=2.4A
Hinh 1.8
1.9. Cho mach nhu hinh 1.9. Tim dong I
40Q
AAA/
10Q2 20Q
60V I
PS: [ =_3A 30V 30V
Hinh 1.9

1.10. Tim dong dién trong cac nhanh nhu hinh 1.10
b 100 400

>
NN\ NN\
t
0.4V 0.03A 200 v
v

Hinh 1.10
bS:1,=0.02A,,=0.02A, 15=0.01A

1.11. Tim dong va 4p trén cac phan tir va nghiém lai sy cAn bing cong suit trong
mach ~

N
400 1Q

38V<t> <¢ SA § 30

Hinh 1.11
PS: Téng CS phét (38W +40W +130 W) =Téng CS thu (36W +64W +108 W)
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1.12 X4c dinh di¢én ap U, va cong sudt tiéu tan trén dién tro 8Q

602 4Q
5% |+
- u +
31,11
20V 5V
40
A%
PS:u, =-2V; P=2W Hinh 1.12

1.13 Tinh hé 6 k = %

Hinh 1.13

1.14 Tinh i va ug cua mach sau theo E va a

100 i\

E 500 3K $ ug

AN

Hinh 1.14
bS: i=L;u0 _ 60aE
50(a—2) o—2

OLil (085)

1.15 Xéc dinh ti s6 %

+

E Ail Aiz

R2§ U

Hinh 1.15
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.U a’R2

"E  (a-1)RI

1.16 Xac dinh R 3¢ I = 5A

L R 10Q
AAA
I
5V 51, 25V
DS: R =6Q
Hinh 1.16
1.17 Xac dinh I, va U
10Q2 40
NN AN\
+ U —
+
31
PS:U=6V;I,=3A 3V v
— Il
Hinh 1.17
1.18 Tim U 60 2’0
ANA- e AA—
: |
_l’_
5V U400 Y
S < §24 Q ¢ Q§ U
bS: U=-3V
® ® ®
Hinh 1.18
1.19. Tim ap U,
2Q
Yo
60 § 5 ; (/D 4A
l 103 U
Hinh 1.19

PS: U, =4V
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1.20 Tim dién ap U,

30
J’_
6A<> ue 40 § § 120
Ix
- 120 p1%40
2 2
Hinh 1.20
PS: U, = 6V
1.21. Tim dién &p U,
12V
10
9 @ 2
+
oL 203 20 12§y,
I -
. 2
Hinh 1.21

bS: Uy=-2.57V

4Ix
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i CHU’O}\IG 2 ) .
MACH XAC LAP PIEU HOA

Chuong 2 tap trung vao phén tich mach ¢ trang thai xac lap diéu hoa. Cac kich
thich la cac nguon ap, ngudn dong bién thién hinh sin theo thoi gian véi cung
mot tan s goc . O trang thai xac lap diéu hoa (xac lap hinh sin) cac dap Gng
dong dién trén tat ca cac nhanh, cac phan tir ciing bién thién hinh sin véi cung tan

sO g6c .
2.1.S0 PHUC

Trong chuong 1 chiing ta khao sat chii yéu 1a cac mach mot chiéu (DC). Dé giai
mach xoay chiéu, chung ta dd dung phuong phap vector dé giai. Tuy nhién
phuong phap vector ¢6 nhugc diém 1a khong thé giai duge cac mach phirc tap.
Dé giai duoc cac mach phire tap, chung ta s& dung sb phirc dé biéu dién cac dai
lwgng dién 4p, dong dién va tong tro.

2.1.1 Dinh nghia

bé gidi phuong trinh dang x>+ 4= 0, nguoi ta dua vao don vi 4o, ky hi¢u j, va
dinh nghia boi:

if=-1 2.1)

Nhu vayj’=+.j' =1, ..
SO phue 1a s6 c6 dang

A=a+ijb (2.2)

Trong d6 a, b la cac s6 thuc. Céc sb a, b duoc goi la phén thuc va phén 40 cua sb
phuc A. Ky hiéu

a=Re(A)vab=Im(A) (2.3)

S6 phirc lién hop cua A, ky hiéu A”

A=a+jb thiA*=a—jb 2.4)
2.1.2. Biéu dién hinh hoc ciia s6 phirc
ImA
) A=a+]b
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2.1.3 Cac phép tinh trén s phirc
Cho hai sb phirc A = a, +jb, va B = a, +jb,
Hai s6 phirc b?lng nhau A=B<a;=a, vab;= b,

Phép cong
A+ B =(a; b))+ (ay tjby) = (a; + ay) +j(b; + by)

Vidu2l.3+j4+4-2=7+j2

Phép triwr
A —B =(a; tjb;)—(ay tjby) = (a; —ay) +j(b; —by)

Vidu2.2.(3+jd)—(4—j2)= —1+i6

Phép nhan
A.B = (a; +jby).(a; +jby) = (a1a; — bby) +j(a;b, + asb,)

Vidu 2.3
(3+j4).(4-j2)= 12-j6+j16 -7’8 =12 +j10 +8 = 20+j10
Phép chia
A _AB" _ (a,+jb)(a,—jb,) _(aa, bb,)+j(ab,—a,b))
B BB' (a,+jb,)(a, - jb,) a3 + b
Vidu 2.4

344 B+jA)4+2) 4+
4-2 (4-2)@4+i2) 16+4

=0.2+jl.1

2.1.4. Dang lwgng giac, dang mii, dang cuc

Xét s6 phiic A = a +ib, goi R 1a khoang cach ImA

tir diém A dén gdc O va 0 1a goc ma OA tao L
o 0 0 b ————————————————— A =a+ _]b
vO1 truc thuc (-180" < 0 < 180%) ;
R |
Trong hinh hoc giai tich, cap so6 (R,0) chinh i
la toa do cuc cua A trong mat phang. 0 ) 0 I -
a Re
Ta cd a=RcosH, b =Rsind Hinh 2.2

Nguoc lai, néu biét a va b, ta tinh R va 0 tir
cac hé thic:

R=+a’+b ;tgd= > 2.5)
a
Thay a va b theo R va 0, dang dai sbA=a +jb tr¢ thanh
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A =R(cosB + jsinB) (2.6)
Pay goi la dang luong giac cta sd phuc. Tiép theo dung cong thirc Euler:

e’ =cos0+ jsin@ (2.7)
ta duoc dang mii cua sb phirc:

A=R.e" (2.8)
Cudi cung néu ta ky hiéu: Z0 = cos0 + jsind ta s& c6

A=R /6 (2.9)

Viéc doi tur dang dai, $6 sang dang cuc s€ thyc hién nho (2.5), vige ddi tur dang
cuc sang dang dai sO s€ thuc hién nho (2.6)

Vi du 2.4. D6i sb phirc 4 + j2 ra dang cuc
R= 4 127 =447 tgh = % — 0 =26.6"
Vay 4 +j2 =4.47,26.6°

Nhan chia s6 phirc dwéi dang cuc

Cho hai sé phtc
A =a; tjb; =R 46,
B= a +jb2 = Rzéez (210)
Ta co
A.B=R;Z0; .R,Z06, =R;R,£0; + 0, (2.11)
A R0, R

—= =—1/0,-0 2.12
B R,s0, R, ' (2.12)

Vi du 2.5 Cho A = 4 +j2 va B = 4 —j3. Tinh A.B va %theo hai céch

a. Dung dang dai s6
b. Dung dang cuc
Giai:
a. AB=(4+2)4-i3)=22—j4
A (4+2)(4+j3) _10+]20
B (4—3)4+3) 1649

=0.4+j0.8

b. Taco A=4.47,266°vaB=5,-36.9°
AB=4.47,266"5/-36.9" =22.35,-14.3°
0
A _387£206 09,6350
B 5/-369
2.2. QUA TRINH PIEU HOA

Mot dai lwong f(t) duoc goi la diéu hoa néu nod bién thién theo thoi gian theo quy
luat sau:

f(t) = F,cos(ot+ @) (2.13)
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O day f(t) co thé 1a dong dién i(t), dién ap u(t), stc dién dong e(t) hodc ngudn
dong di¢n j(t)

F.,> 0 Bién d6
>0 - tan sd goc, don vi rad/s
ott+ @ - gbc pha tai thoi diém t, don vi do 1a radian hodc do
¢ - gbc pha ban dau, don vi do 14 radian hodc do
-180°< ¢ < 180° hodc 0°< ¢ < 360°

Dai luong diéu hoa ciing c¢6 thé dung ham sin

f(t) = Fpsin(ot+ @) (2.14)
Qua trinh diéu hoa 13 ham tuin hoan theo thoi gian véi chu ky
T=2" 2.15)
()
Tén sé f=1 =% don vi do 14 Hertz (Hz)
T 2=

Gia str c6 hai dai luong diéu hoa c6 cung tan s goc ®
fi(t) = Fncos(ot+ @) va fy(t) = Fypcos(wtt+ ¢y) (2.16)
Dai lugng ¢ = (ot+ @1 ) — (ot+ @;) = @; — ¢, goi la gbc léch pha giira f1(t) va (1)

Néu ¢ >0 tanéi f; nhanh (sém) pha hon f, mot goc @
¢ < 0 ta néi f; cham (tré) pha hon f, mot goc @
¢ = 1 (£180%) ta noi f, va f, ngugc pha nhau
¢ = 0 ta noi f; va f, cung pha nhau

Vi du 2.6. Tinh goc 1éch pha gitra hai dién ap
uy(t) = 4cos(2t+ 30°) va uy(t) = —2sin(2t+ 18°)
Giai:
Ta phai bién d6i chung vé cung dang cos hoic cing dang sin
uy(t) = —2sin(2t+ 18°) = 2cos(2t+ 108°)
Vay u, nhanh pha hon u; mot goc 78° hodc u; cham pha hon u, mdt goc 78°

Cac dai luong dién

1(t) = [,cos(ot+ ;)
u(t) = Ucos(ott ¢,)
e(t) = Ecos(ot+ ¢.)

J(t) = Jmcos(ot+ ;) (2.17)
Gia tr1 hiéu dung
I U E J
[=—=;,U=—"2E=—"*2;]J=2; 2.18
VTR R 219
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2.3. PHUONG PHAP ANH PHUC
2.3.1. Biéu dién dai lwgng diéu hoa bing s6 phic
Cho dai luong diéu hoa
f(t) = Fiycos(ott @) (2.19)

Nguoi ta dua ra dinh nghia

F=Fe" =F /¢ (2.20)
1a vector bién d¢ phirc déc trung cho dai luong diéu hoa. P6 chinh 14 ndi dung
ctia phuong phan tich tin hiéu diéu hoa dung sb phirc

Ngoai ra, ngudi ra ciing c6 thé dic trung f(t) bang vector hiéu dung phirc

F = Fel® = FZ¢ trong do F 1a tri hi¢u dung cua f(t) (2.21)
2.3.2. Phirc hoa phén tir mach
a. Phan tir dién tr&
R+< R (2.22)

b. Phan tir dién dung

Lo jo (2.23)
c. Phan tir dién cam
Co lc - é (2.24)
joC  ®

2.4. PINH LUAT OHM VA KIRCHHOFF DANG PHUC
2.4.1. Dinh luat Ohm

U=17zi (2.25)
2.4.2. Pinh luat Kirchhoff
a. Pinh luat K1
Phét biéu: Tong dai s6 cdc dong dién phire tai mot nit bat ky thi bang 0

N o

;Ik =0 (N: s6 nhanh di vio nit) (2.26)

Trong d6 quy udc: Dong di vao thi c6 ddu +, dong di ra thi c6 ddu —
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b. Pinh lujat K2

Phét biéu: Tong dai s6 cdc dién dp phie trén cdc phan tir doc theo tdt cd cdc
nhanh trén mot vong kin thi bang 0.

D Uk=0 (2.27)

2.5. GIAI MACH XAC LAP PIEU HOA DUNG SO PHUC

Qua trinh giai mach xac 1ap diéu hoa clng glong nhu gidi mach DC & chuong 1.
Tuy nhién trude khi giai ta phai bién ddi cac ngudn kich thich, cac phan tir mach,

dap ung (dong, ap) vé anh phirc.
BEGIN

v
Phtrc hoa mach

Y
Giai mach gidng nhu giai
mach DC ¢ chuong 1

Y
Bién d61 cac anh phuc ve
mién thoi gian

\
END

Hinh 2.3
Vi du 2.122 Cho mach nhu hinh 2.4. Tim i(t)

022 Sn 4P R A &
- )
e(t) = 10cos(2t —90%) 10.£-90°
Hinh 2.4 Hinh 2.5

Taco w=2rad/s
20 20
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2H < joL = j4 Q

025F > 1 -"J=ho
joC  oC

e(t) = 10cos(2t — 90°) <> E =10£-90°

Ta dugc mach sau khi phttc hod nhu hinh 2.5
Suy ra
_E_ 10£-90° 10£-90° 10£-90°
Z 2+i-2  2+j2 22,45
Vay i(t) = 5+/2 cos(2t — 45%)

=52/ —45°

Vi du 2.7. Cho mach nhu hinh 2.6. Tim cac dong di¢n i(t), 1;(t) va 1,(t)

ity 10 i5(t) i 10 O i,
1(t) I
30 30
5cos3t + %F:: s T /I\ Q:z-j3g
1H 3O
Hinh 2.6 Hinh 2.7 So d6 phirc hoa

Tan s6 goc cua ngudn o = 2 rad/s
e(t) = 5cos3t <> E =520°

1Q - 1Q
3Q0 <> 3Q
1H <> joL =3 Q

9 joC  oC
Ta ¢ so d6 phirc hoa nhu trén hinh 2.7

Cich giai 1

Pinh luat K1 cho nut 1

1 — 11 — 12 =0 (1)
Dinh luat K2 cho vong I va II ta dugc

[+31,+j31,-5=0 (2)

—311 —j?)i] —j?)iz =0 (3)
Tu (1)suyra I,=1-1, 4)
Thay (4) vao (3) ta dugc

i+ = 0= 1, =i 5)
Thay (5) vao (2) ta dugc

@3)i=5=1= %.; 0.8 +j0.6 = 1./36.87"
Y



34 CHUONG 2

(5) = I, =-j1(0.8 +j0.6) = 0.6 — j0.8 = 1.£-53.13°
(4) = 1, = (0.8 +j0.6) (0.6 —j0.8) = 0.2 +j1.4 = 1.41./81.87°

Chuyén sang gia tri trc thoi
i(t) = cos(3t + 36.87°) A
i)(t) = cos(3t -53.13%) A
i)(t) = 1.41cos(3t + 81.87°) A

Cach giai 2:
Zip=1+C R — 143 3= 433

i= £ _ 5 _08+j0.6=1,3687"
Z. 4-3
i =1 (‘3J3) _(08+ J(;'6)(‘J3) ~0.6—j0.8 = 1./-53.13°
i, = i(3+3J3) _(08+ JO?“ 1) 02+i1.4=1.41,8187

Chuyén sang gia tri tirc thoi
i(t) = cos(3t + 36.87°) A
i;(t) = cos(3t —53.13%) A
i)(t) = 1.41cos(3t + 81.87%) A

Vi du 2.7 Cho mach nhu hinh 2.8. Tim cac dong dién 1;(t) va i,(t)

(1) i, 12¢
1p(t) 1 I,
3sind + gF 1 + /1\‘ lfj
sindt 0112 4QQ —
u 840 Su 3,20°U 5
Hinh 2.8 Hinh 2.9

Ta c6 mach phirc hoa nhu hinh 2.9

K1 chonut 1

11 + 12 -3=0 (1)
K1 cho nut I

20, + %f} _41,=0 )
Phuong trinh cho ngudn phu thudc

U =4, (3)
Thay (3) vao (2) ta dugc

JLi+thL=0 4)

Lay (1) — (4) ta duoc
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A-ii,=3=1,= %=1.5 +1.5=2.12/45"
-]
()=1h=3-1=15-j1.5=2.122-45"
Suy ra
i)(t) =2.12 sin(4t + 45%) A
ip(t) = 2.12 sin(4t — 45%) A
2.6. CONG SUAT XAC LAP PIEU HOA
2.6.1.Cong suit tac dung va phan khang
Cong suat tirc thoi p(t) cho mot phan tir
p(t) = u(t).i(t)

Mach xac lap diéu hoa

1(t) = [,cos(ot+ ;)
u(t) = Ucos(ot+ @)

Cong suét tac dung P dugc dinh nghia

P= 1 Upnlncose
2

VOi @ = @y — ¢;
Hoac P = Ulcos@

voi U, I 1a trihi¢u dung cta &p va dong
Cong suat phan khang Q dugc dinh nghia

Q= %Umlmsin(p

Q = Ulsinop

Pon vi : P: Walt (W)
Q: VAR

2.6.2. Cong suit biéu kién

S =UI bon vi: VA
S=,P*+Q’

2.6.3. Cong suat phic

(2.28)

(2.29)

(2.30)

2.31)

(2.32)

(2.33)
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§=Ul
Ta c6 thé biéu dién S trén mat phing phuc goi 13 tam gidc cong suat
Im
S
Q
0] > -
P Re

Hinh 2.10 Tam giic cong suat

2.6.4. Po cong suit

Pé do cong suit nguoi ta dung mot thiét bi goi 1a Waltmet. Waltmet c6 4 dau, 2
cudn day cudn dong va cudn ap (Hinh 2.11)

Cudn dong

Hinh 2.11. Cau tao Waltmet Hinh 2.12. Cach mic Waltmet

Pé do cong suét tac dung nguoi ta ding Waltmet v6i cach mic cudn dong ndi
tiép vai tal va cudn ap song song vaéi tai (Hinh 2.12).

Vi cach mic nhu hinh thi chi sb trén Waltmet 1a gia tri
P= %Umlmcosq) = Ulcoso (2.34)

Néu kim Waltmet quay nguoc thi ta dao chiéu mot trong hai cuén dong hay ap
(thuong 1a dong)

2.7. TRUYEN CONG SUAT QUA MANG MOQT CUA

Lo e . 7z i
Cho mang mdt ctra dugc ndi voi tai nhu hinh — f I
1
2.13
Ta co I = E E
Z +7Z,
.
.. R4
Vor Z, =R, )X, Hinh 2.13

Z,=R; +th

Z
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] = E, (2.35)

"OJR, R (X, + X, )

Cong suit tiéu thu trén Z,

1., 1 E’
P=—R.I- =—R m 2.36
R S R R AR XX (2:30)

Ta thdy néu c6 X, = —X, thi P cuc dai. Trong truong hop ndy ta khao sat P theo
R:. Taco

2 2
pot EaRe 1 E.R. (2.37)
2 (Rn + Rt) 2 R
n 4 \/R—t
VR,
Theo bat dang thirc Cauchy
P cye dai khi = = JR, =R, =R, (2.38)

-

Nhu vay, cudi cung ta ¢c6 cong suat nhan dugc trén tai cia mang mot ctra la cuc
dai néu nhu

" " hay Z, =Z' (2.39)
a = .
X, =X, Lo

Day chinh 13 nguyén 1y truyén cong suat cyc dai trong mang mot cira
Cong suat cuc dai
2 2
max —Ztn 2By (2.40)
24R, 8R

n

Vi du 2.8 Cho mach nhu hinh 2.14 véi E = 240.20° (hiéu dung phirc). Tinh s
chi ciia Waltmet, cong suét tiéu thu trén mdi dién tré 40Q va 60Q.

Hinh 2.14 B

Giai:
Ta 06 Zrp = 1 + 2 + 40//(60 + j80) = 1 + j2 + 60+ )80)

) =31.24+9.8
40+ 60 + 30
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E
>l=——
31.24+ 9.8
Do do
Uap = 1 {40//(60+j80)} =229./-2.96° V

=7.33/-17.42°

P =Re(Uapl') = 229x7.33%cos(-2.96" + 17.42%) = 1625 W
Céc dong dién

I = U?)B = 5.726./ —2.96"

~ Uas
"7 60+ 80
Suy ra cong suat tiéu thu trén tro 40Q 1a:
P, = 401,> = 40(5.725)* = 1311 W
Cong suét tiéu thy trén trd 60Q 1a:
P, = 60L,° = 60(2.29)* =314 W
C6 thé nghiém lai rang chi s6 cua Waltmet P =P, + P,

=2.29/-56.09°
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2.1. Xac dinh trén mit phiang phirc cic sb phuc sau. Bién d6i sé phuc di cho sang
dang cyc va biéu dién sé phtrc & dang cyuc trén mit phing phirc. So sanh hai cach
bicu dién

2-12 ; 3+38 ; =5+3 ; 44 ;5H10 ; 6 ; 4 ; —5

2.2. Thuc hién céc phép tinh sau

a.Z=23—j4tinh 2.Z" e.Z=2+j8,tinhZ-Z"

b. Z=10£-40°, tinh Z.Z" f.Z=10-j4,tinh Z+Z"
c. Z=20,53.1°, tinh Z+Z" 2. 2=95,25"tinh Z-Z"
d.Z2=2.5/-60°, tinh Z.Z" h.Z=1/6,tinhZ/Z

DS:a.25;b.100;c¢c.24;d.6.25;¢.j16; 1. 20; g.j80.2; h. 1.£20

2.3. Bién d6i cac s phuic sau sang dang cuc

a.—12+j16 b.2—j4 c.—59-325 d.700 + 3200
e. 0.048-j0.153  £.0.0171—-30.047 g.—69.4—3j40 h.2+j2

PS: a.20-126.8° b.4.47/-63.4° c¢.64.,203° d.727/16°
e.0.16£-72.55" £.0.05270° g.80,210° h.28.3/135°

2.4. Chuyén tir dang cuc sang dang sb phirc cac s6 phiic sau

a. 1023° b. 25./88° c.502-93° d.45.179°

e. 0.02.294° f.0.70.£266" . 0.80£-5° h.200,181°
bS:
a. 10 +30.523 b.0.871 +j25 c.—2.62 —j50 d.—45 +j0.785

~0.00139 +j0.02 £—0.0488 —j0.70  g.0.8—j0.0696  h.—200 —i3.49

2.5. Tinh cac biéu thirc sau

a.10£53.1° + (4 +j2) e.(— 5+j5) — 7.07£135°

b.10£90° + (8 —j2) £.(2-j10)— (1 -j10)

c.(— 4-j6) + (2 +j4) 2.(10+j1) +6 — 13.45.£-42°

d.2.86245° — (2-j8) h—5253.1° = (1-j6)
bS:

a.10+j10 b.8+j8  c.-2-j2 d. j10

e. 0 f 1 g 6+j10 h. —4 +j2

2.6. Tinh céc tich sau theo hai cach
© Cic s6 phiic & dang dai s6
® Cic s6 phiic & dang cuc
a. (3+2)(154) b. (2+j10)(3—j3) c. (~19D(1+1) d. (G2)(4-3)
e. (j2)(5) f. (=51)(6) g. (2+12)(2-2) h. (x+jy)(x—jy)
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PS:  a.(-5-14) b.(6-j6) c.(+2) d.(6+}8)
e—10 £.6 2.8 hx®+y

2.7 Tinh cac phép chia sau theo hai cach
© Nhan tir va mau véi so0 lién hgp phirc cia mau so
® Chuyén ca tir va mau sang dang cuc va thuc hién phép chia

a.5+_¥5 b.4—J.8 C.S—J.IO d.8+._]12
1-31 2+32 3+ 54 J2
e.3+J'3 f.—5—'JlO g 10' h _]5'
2452 2+ 34 6+ 38 2-32
bS: a;js b.—1-3 c—1-2 d.6—j4
e.l.5 f-2.5 2.0.6-50.8 h.—-1.25+1.25
2.8.Thuc hién céac phép tinh sau
a. (23.5 +j8.55)/(4.53 —j2.11) e. 6.88./12° /(2 +j1)
b.(21.2 421.2) / (3.54 —j3.54) f. (5+j5)/ 5/80°
c.(=7.07+37.07) / (4.92 + ;0.868) g. 1/(6+j8)
d.(—j45) / (6.36 — j6.36) h.(—=10 +j20) / (2 —j1)
PS: a. 5245° b. 6.£0° c.2/125° d. 5£-45°

e.3.082-14.6° f.1.4142-35" g.0.1£-53.1° h. 102143.2°

2.9. Thuc hién phép tinh —2-Z2 khi biét

1 + 2
a.Z,=104j5va Z,=20,30"° b.Z,=5-45"vaZ,=10--70°
C. Z] =6—j2 VéZzz 1+_]8 d. Z] =20va 222]40

PS: a.7.18227.8° b.55,152° ¢.5.52,23.81° d.17.9.226.6°

2.10. Mach nbi tiép gom R = 20Q va L = 0.02 H ¢6 tong tré 1a Z = 40£0. Xac
dinh 0 va tan s6 f
PS: 0 =60, f=275Hz

2.11. Mach ndi tiép R =25Q va L = 0.01 H 1am viéc ¢ tan s £ = 100Hz, 500Hz
va 1000Hz. Tinh cac tong tré Z & céc tan so do.
PS: 25.8214.1° ; 40-51.4° ; 67.7£68.3°

2.12. Mach ndi tiép gdbm R = 10Q va C = 40pF chiu tic dung cua ap u(t) =
500c0s(2500t —20°%). Tim i(t)
PS: i(t) = 25+/2 cos(2500t +25°%)

2.13. Mach ndi tiép gbm R = 8Q va L = 0.02 H c6 ap tac dung 13 u(t) =
283sin(300t +90°). Tim dong i(t)
PS: i(t) = 20+/2 sin(300t +53.1°)
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2.14. Trén mach gom c6 R=5€Q vaL =0.03 H ghep n01 tiép c6 dong cham pha
s0 v6i ap mot goc bang 80°. Xac dinh tan sé ngudn va tong tré Z phirc ciia mach.
PS: f=151Hz ; Z = 5+j28.4 = 28.8 /80"

—@
2.15. Cho hai ngudn u; = 50sin(wt+90%) va u, = +
50sin(wt+30") méc nhu hinh 2.1. Tim dién &p u(t) "'
va so chi cua von ké. G) u(t)
PS:  u, = 86.6sin(wt+60°)
V=612V e B
3 A 5 \ X 5 . \ 4 ‘
2.16. Tim tong tré va dan nap cua hai mach nhu Hinh 2.1
hinh v&. Biét ® = 2rad/s mh 2.
20
1Q
{
1 i
i 10 |
Hinh 2.2 °
PS: a.2-j b
2-]
2.17. Cho mach hinh 2.3. Tim cic dong nhanh va dong tong. Tim tong tro Z
i
> - -
i i
PS: =648 6 =5 30
o h=0ms, L= 0 10Q2
i =13.6236";2=36.72-36° 5040
_l_-jm
Hinh 2.3
2.18. Tim cac dong I, I, I -
im cac dong I, I, I, i 100
pS: 1,=6.32-18.46° . .
i,=3.16/-71.54" L I
i= 707,813 100£0° j100 5Q

Hinh 2.4
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2.19. Cho u(t) = 100sinmt. Xéac dinh hi¢u dung phirc ctia cdc dong dién nhanh

I, j400 I, j60Q
I5-j20Q 500

4300

U _
Hinh 2.5

PS: [ =22A;1,=-V2A;1;=-2A;1,=2V2A;5=42A;

2.20. Biét u(t) = 10+/2 sin10%*. Tim 4p tirc thoi trén tu 1pF
10mH
YN

0.667uF
pF

200Q 1
n U -
Hinh 2.6
PS: 2.54/2 sin10*% V
2.21. Xac dinh Uyp
i50
i=10A
—> ¢
g 40
«3/9\, (A g g
Hinh 2.7

PS: Upp =2.25,34.29°

2.22. Von ké chi 5V. Tim chi s6 cta ampe ké. Tim trj hiéu dung Upp

PS: 2A, 1.84V Hinh 2.8
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2.23. Tim dién ap tuc thoi uy(t) & mach sau

IOmH
+ U -
20c0s1000t uo(t)__ 100uF

Hinh 2.9
PS: uy(t) = 20+/2 cos(1000t —135%) V

2.24. Xac dinh cac ap Uy, U3, Uy, U (hi€u dung)
10V 1 20V 20V 5 30V

10V 20V
YN | }
3 Hinh 2.10 4
PS: U;, =2042 V ; U, =40V ; U4 =22.36V ; U=36V

2.25. Dién ap gitta A va B c6 hiu dung la 50V. Xac dinh gia tri hi¢u dung cua

ngudn ap A 3460°0
| I |
50 400
B
PS: 53.53V 0 T_jmg
Hinh 2.11

2.26. Xac dinh dong I (Cho X; = - X¢ = 10KQ). Nhan xét

20KQ
10.20°

20KQ

Hinh 2.12
DS: [ = -j1 mA (Khong phu thudc Z)
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2.27. Cho mach nhu hinh 2.13 v6i E = 50.£0° (hiéu dung). Xéac dinh cong suit
phat ra bo1 nguon va cong suat ti€u tan trén dién trd.

50
AN
DS:  P;=198W . . 30
Pi—gsw 5020 3i100
P3n=113W 40
[ ]
Hinh 2.13

2.28. Cho ¢(t) = 10cost(V). Tinh i(t), 15(t), ix(t) va cong sut tic dung phan khang
cua nguon
50 0.25F

2H

10cost (V) o

Hinh 2.14
bS:

i(t) = 2cos(t — 53.13°%)

i;(t) = 2.83cos(t + 171.87°)

i(t) = 4.47cos(t — 26.57°)

Pf: 6W, Qf: 8VAr
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] CHUONG 3 ]
CAC PHUONG PHAP

PHAN TICH MACH

1. GIOI THIEU

Trong hai chuong truéc ching ta dé giai mot sb mach dién don gian chu yéu
dung hai dinh luat Kirchhoff ciing nhu cac phép bién ddi trong dwong mach dé
lam don gian mach trude khi giai. DPdi v6i cac mach phtrc tap, co s¢ cua viéc
phan tich van 13 hai dinh luat Kirchhoff, tuy nhién c6 nhitng phuong phap cho
phép ap dung cac dinh luit ndy mot cach hé thdng hon, hiéu qua hon va giai
mach nhanh hon s¢ dugc trinh bay trong chuong nay. Cac phuong phap, dinh ly
trinh bay ¢ ché do xac lap hinh sin cting c6 thé 4p dung cho mach thuan trd co
kich thich DC, chi can thay khai niém anh phirc dong 4p bdi cac bién tirc thoi,
thay tr¢ khang béi dién trd, dan nap boi dién dan.

2. PHUONG PHAP THE NUT (NODE ANALYSIS)
Phuong phép thé nut xay dung hé phwong trinh giai mach tir biéu thirc ma tran
Gop=]J (3.1)

Trong mach c6 nhiéu nat chon mét nit trong mach va goi n6 1a nat gdc cho nut
d6 c6 thé bang 0. g g6c = 0). Sau do ta co thé tinh thé cac nut con lai suy ra toan
bd cac gia tr1 dong &p trong mach

g1 8 - 8Bin 0, 1

gy 8»n - 8in 0, _ J)

v 81 o+ BN (N Ix (3.2)
Trong do
Ll G: Ma tran dién dan.

gi; = tong cac dién dan va nit i
gi; = tong cac dién dan gitra hai nliti va j c6 dau —
gii = &ij
* ¢ la ma trin cOt, bi€u dién thé cac nlt (tror nit quy chiéu)
. Ji = tong cac nguodn va nut 1

Ngudn dong: - Do 1on=1]
- Dau + néu J vao nut, dau — néu J ra nut.

Ngudn ap: - Do Ion = ; v6i Z 13 tré khéng nhénh

- Dau + néu chi€éu duong E hudng vao nut, dau — nguoc lai
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Vi du 3.1. Cho mach dién nhu hinh v€ tim cac dong I;, I, va I;

I 20 ® 20 L ® I3

12V

Hinh 3.1
Ta ki hiéu cac nat nhu hinh v& nat 0 13 nat quy chiéu, ta c6
_gn g12:| {(Pl:|:{]1:|
1821 E» P, 1,

Lo TTe

-0.5 1
Tur do
L2 128
2 2
12:(p1+(P2 :8_6:1A
2 2
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Vi du 3.2. Tim c4c dong dién I, I, trong mach hinh 3.2
sa o© 20 Lo
1020° C) 2/-30°
20
o |
Hinh 3.2
Chon niit 0 1am nut gdc, ta c6 hé phuong trinh thé nit nhu sau:
LI S R B I P
5 2 9+j12 2 B
_1 L B 0
2 2 4| Lea] (2430
Rut gon lai
0.74-j0.0533  —0.5 o] [ 2
-0.5 0.7+30.1] |, | |1.732—]
Suy ra
{ 2 ~0.5 }
1.732—j 0.7+]0.1 i
0 = 2- ] ] _ 2.266. j0.3 817V
0.74—j0.0533  —0.5 0.273+ j0.0367
-0.5 0.7+ j0.1
{0.74 ~j0.0533 2 }
-0.5 1.732—j i
0 = . i] _ 2228 :]0.832 76— 407 V
0.74—j0.0533  —0.5 0.273+ j0.0367
-0.5 0.7 +j0.1
Tur d6
i =10 ; ¢ _ 2% J52.17 = 0.4+ j0.434 =0.59,47.33° A
I = % - % ~02+0.95=0.97/78.11° A
Vidu 3.3 Tim cac dong [, I, va I; oL 50 @
trén mach hinh 3.3
I, I
Giai:
Quy udc cac nat nhu hinh 3.3 8V 4Q 30 .
Ta co

Hinh 3.3

41,
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Viét phuong trinh thé niit cho nut 1

(1 lj(pl _l(Pz =41, (1)

5 5 5
Thé @, = 8V vao (1)
2¢, =8-20I, (2)

Ta ¢6 Ilz%zgzzthévao(z)

= Q= -16'V

:>IZ :u=%=48A

S, =270 5op
5 5

3. PHUONG PHAP MAT LUOI (MESH ANALYSIS)

Phuong trinh c6 dang

Zi-E (3.3)
Z, Z, Zy Ii Ei
Z, Z, Zyy I, _ E, (3.4)
Zy, Zy ... Zyy iN }::N

Trong do

* Z:ma tran tré khang vong
Z;;= tong cac tré khang ciia cac nhanh thudc mat ludi i
Z= Tér;g cac tr¢ khang cta nhanh chung cua 2 mat ludi i va jco
dau + néu hai mat ludi cung chiéu trén nhanh chung dau — néu
nguoc lai.
Zii=Zj

» [ ]a ma tran cot. biéu dién cac dong mat ludi
» E ma tran stc di¢n dong ctia mat ludi do cac ngudn gay ra

- Néula nguon ap co gia tri bang E va s€ co dau + néu chiéu mét ludi
cung chiéu ting ap va c6 dau — néu nguoc lai.

— Néula nguon dong, gia tri bang iz , ddu + : néu chiéu ngudn dong
cung chiéu mat ludi va co dau — néu nguoc lai.
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Vi du 3.4. Giai lai vi du 3.2 bang phuong phap mat luéi
I 50 20 I,

> 2./-30°

Phuong trinh mét luéi

_le le:| il — él

12y 2y I E>

[5+9+j12 —(9+il2) Ll 10
—O9+i12) 9+jl2+2+4-j2] [1,| [-(4-i2).2£-30"

Rut gon

[ 14+j12 —O9+j1)] |1, | 10
—(9+j12)  15+10 | |],| |-4.928+j7.464

{ 10 —(9+j12)}

« | -4.928+i7.464 15+il0 i

L = .J , ! =16'08+ﬂ08'04=0.4+j0.434=0.59447.33°
14+j12  —(9+jl2) 153 + j104
—(9+j12) 15+ijl0

{14+j12 10 }

© | —(9+j12) —4.928+i7.464| -—68. i165. .

, =0+ *) _Z68:56+)16536 _ 5, i095-0.97.,78.11°
14+512 - (9+]12) 153+ jl04
—(9+j12) 15+il10

Vi du 3.5. Tim I & mach hinh 3.5 dung phuong phép mat ludi

. 6U
0.5Q ‘

420°V c 1 HOA_j (gll\‘ H 2§ 0

\ 4
Hinh 3.5
Phuong trinh mét luéi

0.5+0.4-j0.8 —0.4+j0.8 Ll [ 4
~04+j0.8 2-j+04-j0.8] |1, | |6U«
Phuong trinh cho ngudn phu thudc
U, =0.51=0.5I,



50 CHUONG 3

Thé vao hé trén
(0.9 j0.8) 11 +(~0.4+ 0.8) 1, =4
(=0.4+ j0.8) L1+ (2.4 — j1.8)I> = 31,

_ JO09-j08)Ii+(-04+j08)L: =4

(=3.4+j0.8) 11+ (2.4 j1.8)1> =0
Hodc dang ma tran
0.9-j0.8 —0.4+j0.8] |1, | [4
~34+j0.8 24-jl.8 | |1, | |0
{4 —0.4+ jo.s}
. 0 24-jl.8 i
I=L = L _2:6-772 =14.4+j19.2=24,53.13°

""T09-j08 —04+j0.8] —j0.5
~34+i0.8 24-jl.8

4. MACH CHUA HO CAM

4.1. Phwong trinh toan hoc i iy
o M
Cho hai cudn day ghép ho cam nhu hinh 3.6 T 1 +
Phuong trinh dinh luat Ohm U h
u =1, i di C o
dt dt (3.5) Hinh 3.6
u, =1, 32 4 9
dt dt

Déu + trudc M tuy theo cuc tinh (dau *) cta cac
cudn day. Néu :
— Dong i; va 1, cung vao (hay ra) ¢
cac cuc cung tén (dau *) thi dau +
—  Con lai la déu -
So d6 phirc hoa
X, = oL, Hinh 3.7 Phirc hoa hd cam
X2 = (,0L2
Xy = oM : dién khang hd cam
Phuong trinh dinh ludt Ohm dang phtic

[.Jl =jX11.1inM I.z (3.6)
U, =X, L+ jX,, 2
DAau Xy tuong tu nhu xét ¢ dinh luat Ohm tic thoi.

4.2. Phuong phap phan tich mach hd cam



CAC PHUONG PHAP PHAN TiCH MACH 51

a. Phwong phap Kirchhoff

Khi giai bai toan c6 chira hd cam theo phuong phap Kirchhoff can luu ¥ cach viét
dinh luat K2 ¢ mach c6 chira ho cam

Ui = joL, L joM I, 3.7)

[.Jz = joL, izijO)Miz
Luu ¥ ddu cia M
b. Phwong phap mét lwéi
Phuong trinh mét luéi
Néu mach c6 chtra M thi Z s& duoc bd sung. Quy tic bd sung nhu sau:

= Néu nhu hai thanh phan M (cudn 1 va 2) nam trong cing mot mat ludi i
thi Z;; s& bo sung mot luong 1a 2joM voi dau
+ Néu dong mit ludi cung vao (hay ra) & cuc cung tén
— Nguoc lai
= Néu nhu hai thanh phin M (cudn 1 va 2) ndm & hai mét lué6i i va j thi Z;
s& bo sung mot luong 1a joM voi dau
+ Néu dong mat ludi ciing vao (hay ra) & cuc cung tén
— Nguoc lai

Vi du 3.6. Cho mach nhu hinh 3.8. Tim 1(t) va i,(t)

11(t)

@
Hinh 3.8 Hinh 3.9

Giai:

Cich 1: Giai bang phwong phap Kichhoff

Ta c6 so @6 mach phtrc hoa nhu hinh 3.9
IH — j2OQ
2H — j4Q
IF — -j0.5Q

H¢ phuong trinh K1 va K2 du
13 = Il + 12 (1)
(3+H2)I, +j21, -j0.5I;=16 (2)
-j0.515 + 1, + j4l, +2i, =0 (3)
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. ~ Thé (1) vao (2) va (3) ta duogc
(3+J15)11 +J1512 =16
j1.5L + (1+53.5)1, =0

Suy ra
{16 jl.5 }
0 1+3.5 ~
o L0 TEPS] 1646y 67 133-485/-159° A
3+31.5 315 12
L5 1+3.5
{3“‘1.5 16}
. 15 0 i
Lo L 82 O] _=ZB6_ 47 A
3+31.5 315 12
1.5 1435

Ciach 2: Giai bang phwong phap mit ludi
3+12-j0.5 —jo.s+j2] |1, | [16
| -j0.5+2 1+j4-jo.s] |1, | |oO
3+j15 L5 | |1, | _[16
s 1+35) |1, ] Lo
{16 jl.5

o 1+j3.5} 16+ 56
{3+j1.5 jl.s} jl2

=4.67—j1.33=4.852-159° A

il5 1+j3.5
{3+ jl.5 16}
. 15 0 .
Lot 8> 91 _ZB0_ 4671800 A
3+31.5 315 j12
il 1+j3.5
Két qua

i)(t) = 4.85cos(2t —15.9°) A
ir(t) = 4.67cos(2t + 180%) A

5. CAC PINH LY MACH
5.1. Nguyén ly xép chong

Trong mot mach co nhiéu ngudn doc lap, dap ung (dong, ap) do nhiéu nguon gay
ra bang tong cac dap tmg do tirng ngudn gy ra khi cho cic ngudn khac bang 0

Nguén ap = 0 : ngan mach
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Nguén dong = 0: hé mach

Nhu vay, mot mach bit ky co N ngudn kich thich doc 1ap. Mot dap tmg X sé
duoc tinh

X, =YX, (3.8)
X; dap tng ctia mach khi kich thich 1a F; cac kich thich khac cho bang 0

Dép tng tao boi nhidu ngudn kich thich tac dong ddng thoi thi bang téng cac dap
ung tao béi moi nguon kich thich tac dong riéng re.

Vi du 3.7. Cho mach nhu hinh 3.10. Tim I bang phuong phap xép chong

Hinh 3.10

Giai:
a.Trudng hop ngudn 6A, cho ngudn 18V = 0 nhu hinh 3.11

4Q
AAA
L
6AC> 2Q 20 18V
Hinh 3.11 Hinh 3.12
, 4
Tacol;= 6——=4A
2+4 ‘

b.Truong hop nguon 18V, cho nguon 6A = 0 nhu hinh 3.12
Tacol, = 13 =3A

2+4

Nhuvaytaco =1+, =2+3=T7A
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Vi du 3.8. Cho mach nhu hinh 3.13. Tim V bang phuong phap xép chdng

I 1Q
+
V 21Q
12V C> 6A
21,
Hinh 3.13

Giai:
a.Giai cho nguff)n 12V, ta duwgc mach nhu hinh 3.14

Phuong trinh K2 cho vong
111 + 111 + 211 =12

= Il =3A
Nhu viy V, = 11, = 3V

b. Giai cho nguén 6A, ta duoc mach nhu hinh 3.15

Hinh 3.14
Dung phuong phap thé nat L 1Q @
——AAA
(1+1);, = 6 + 21, (1) R
V,<1Q
= 2(p1 6+ 211 1

Mit khac I, = — @, thé vao (1 -

At K 1 ?1 (1) A oA
= =15V
=I,=-15A 21,

= V2 = P — 211 =4.5V

©
Hinh 3.15

Cubi cing ta duoc két qua
V=V,;+V,=3+45=75V

Luwu ¥ : Céc truong hop bit budc phai dung nguyén 1y xép chong
e Bai toén kich thich DC va AC
e Bai toan c6 cac ngudn AC tan s6 khac nhau

5.2. Dinh ly Thevenin va dinh ly Norton

Dinh ly Thevenin: M6t mang mot cta bat ky c6 thé thay thé tuong duong boi
mot mach gdm c6 mot ngudn 4p c6 gia tri bang dién ap hd mach miéc ndi tiép véi
mot tréd khang Zrp
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Mach dién

Hinh 3.16 Mach tuong duong Thevenvin

Dinh 1y Norton: Mot mang mot cura bat ky co thé thay thé twong duong boi mot
mach gém c6 mot ngudn dong co gia tri bang dong dién trén cira khi ngin mach
mic ndi tiép voi mot trd khang Zrp

oA

_.A

Mach dién J=i

- Inm ZTD

I

B

Hinh 3.17. Mach tuong duong Norton

Tro khang Zrp chinh la tr6 khang nhin vao hai cyc ciia mang mot cira khi cho cac
ngudn doc lap bang 0.

Ngué)n ap = 0 : ngan mach
Nguon dong = 0: hé mach

Pé tinh tro khang Z1p ta c6 thé dung céac cach sau

Cach 1: Triét tiéu tat ca cac ngudn doc lap trong mang mot ctra A

| I A N
Mang mot cira Ma_}?g p}(,)t ? lIa"
A gia . Ay 2 (Trigt tiu tat ca
(Triét tiéu tat ca . , A
, PO E, cac ngudn doc
cac nguon doc A
lap) ap)
B g
(a) ; (b)
Hinh 3.18

Kich thich ¢ ctra A, B mot ngudn ap nhu hinh 3.18a (gia tri E, c6 thé chon tuy v,

E:

vi du E, = 1V). Xac dinh dong I, chay vao mach tir nguén E,. Suy ra Zp = —.
I
Ciing c6 thé kich thich & cra A, B mot ngudn dong J  nhu hinh 3.18b (gié tri J ¢
6 thé chon tuy v, vi du J = 1A). Xac dinh dién ap U,, tir 46 suy ra Zp = &
i
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Cach 2: Lan .lugt ho mach va ngrfm mach hai cuc A, B dé xac dinh dién ap Upm
va dong dién I,,,. Ttr d6 suy ra

Uhm

Z1p= (3.9)

Inm
Cach 3. Truong hop mach khong chira ngudn phu thudc nao ta tinh Zp bang cac
triét tiéu tat ca cac nguon doc lap trong mach, sau do6 tinh Zrp nhin vao hai cuc
A, B bang cac phép bién dbi twong duong

H¢ qua cua dinh ly Thevenin — Norton: Mot ngudn ap mac noi tiép véi mot trd
; ~ re A A \ , .,.. E z fe s
khang Z sé€ twong duong vé1 mot nguon dong, co gia tri 7 mac song song Vo1 tr&

khang Z va nguoc lai.

Vi du 3.9. Tim dong I trong mach hinh 3.19 dung phuong phap tuong duong
Thevenin 60 AT 10 B

12V

- Hinh 3.19
Giai:
Ta tim mach tuong duong cho mang mét ctira A, B
Xac dinh Uy,
6Q @ @
o—9o
12V 3Q§ 1A 29§ CDZA
©
® ®
Hinh 3.20 60
Dung thé nat cho nut 1
I 1 12
(3 6J¢1_1 6 30 §29
=0 = 6V
Ta co
P =22=4V Hinh 3.21

Upy = 6—2=2V
Xac dlnh ZTD

ZTD=2+3//6=4Q
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4Q A 1

So d6 twong duong Thevenin nhu hinh 3.22 AAA o——
2
=>[=——-=04A 2V §IQ
4+1
B
L
Hinh 3.22

Vi du 3.10. Tim mach twong duong Thevenin cua mach hinh 3.23. Xac dinh Ry
dé cong suat trén Ry la cuc dai.

10 0.50 A
AAA/ AAA *—o
+ Uy —
6V 2Ux §1Q Rt
B
@ . g
Hinh 3.23
Xég dinh Uy, 10 ™ 0.50
Thé nut cho nut 1 ta c6 AN +’\G/\' oA
1 o
I+—|p, =6+2U 1
1455 O
, 6V 2Ux §
Taco U, =—22 o =P thé vao (1) 16
1+0.5 3
=U —L —E—EV Hinh 3.24
™05 15 3 inh 3.
Xac dinh Zrp: 10 o 0.5Q O A
AN/ - '\6\/\, ® .
Dé tinh Zrp ta triét tiéu ngudn ap 6V, o
kich thich vao hai cuc A, B mot J
nguon dong J = 1A nhu hinh 3.25. 2Uy ng N LA
Xéc dinh 4p U; cung cap bdi nguon
ap nay B
© o—o
Viét phuong trinh thé nut Hinh 3.25
1+ L _L P, 1
05 05 _
S
05 05 Le] [2U,
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Taco Uy =@, — ¢

{3@1 —2¢, =1
=
-2, +30, = 2((P2 _(Pl)

3p, - 20, =1
:>{(p1 2 :>Ut=(p1=lV
¢, =0 3
U, 1
Nhu Vé.y ZTD =—1=—0
I 3
Ta c6 mach tuong duong Thevenin nhu hinh 3.26
A 1
ANAA/ o—r—
1
EQ
20, §RT
3
B
L
Hinh 3.26

Dé cong suét truyén dén Ry cyc dai theo phan 2.7 (Chuong 2) ta co

RT = ZTD Z%Q
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CAC PHUONG PHAP

PHAN TICH MACH

PHUONG PHAP THE NUT VA MAT LUOI ,
(Giai cac bai tap sau bang phuong phap thé nat va mat luoi)

3.1 Cho mach nhu hinh 3.1. Tim dong I

10QQ 1 20
AAA
5Q
pS: [ = 1.375A 30"@‘\/\*‘{ é} 20V
Hinh 3.1
3.2 Cho mach nhu hinh 3.2. Tim dong I
10Q2 I

Hinh 3.2
3.3 Cho mach nhu hinh 3.3. Tim dong I
40Q
AAA
10Q2 20Q
60V I
30V 30V
bS: [=-3A
Hinh 3.3

3.4 Cho mach nhu hinh 3.4. Tim dién ap U

20
+
pS: U=9V 12A@ 1 308U (7

Hinh 3.4

7
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3.5 Cho mach nhu hinh 3.5. Tim dong [

36Q I
12Q
8Q
90V 2A §
60V

Hinh 3.5
bS: 1= % =5.52A

3.6. Xac dinh ¢, va ¢,
10Q2 ® 2Q
L 4

NN ®
30
50.£0° 3150 —=100
40
| @

Hinh 3.6
PS: ¢, =15.95249.94° va ¢, =12.9.,55.5°

3.7. Xac dinh cac dong i, 15, Ic

>
1002120° . 2002
g 10Q
bS: . > AAA
i, =3.46.290°
Ip=532-19.1° 100.£0° 6 . 100
i, =5.3,-160.9° Ie

>~
Hinh 3.7

3.8. Cho nqach nhu hinh ,3.8 v6i E =5020° (hi¢u dung). Xéac dinh cong suét phat
ra bdi ngudn va cong suat ti€u tan trén di¢n tro.

502
AN
bS: P;=198W 3Q
Pso=85W 500" §jloﬂ
P3Q =113W

-14Q

_'

Hinh 3.8
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3.9. Xac dinh cong suat phat ra boi ngudn va cong suét ti€u tan trén dién tro ¢ hai
mach hinh a vaipQ 20 -j2Q 30 J3Q

0
50.20° 1020 %jm ng

o @

Hinh 3.9

DS: a. 140W 80W 60W b. 36.7W 27.8W 6.66W va 2.22W

3.10. Lam bai tap cho hinh 5a, b dung phuong phap thé nat
a. Tim ap Uup

b.Tim thé of)
50 A 20 ] 3Q 80
AN/ AN/
0
. > 30
100.£45 §209 50.20° 500"
200 13Q
a B Hinh 3.10 b. 0

PS: Uy =75.42552° b.@,=43.9214.9°

3.11. Xac dinh |,

50 I
AN/ 4—
i10Q
is0 § §1OQ
PS: i, = 1.77£135° 50.20°
Hinh 3.11

3.12. Xac dinh cong suét cung cip cho mach trén hinh 3.12 va cong suit tiéu tan
trén cac dién tro.
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20 i50

R1=5Q % R4=20Q

§R2=3Q §R3=5Q
50.20° — .20

&

°
Hinh 3.12
DS: P=354W, P1 =256W, P2 =77.1W, P3=9.12W, P4 =11.3W

3.13. Cho mach nhu hinh 3.13. Xac dinh
a. Cong sudt tiéu tan trén dién tro 6€2
b. Dong qua tong tré 2+j3

50 20 13Q 50
AAN/ NN
-0
|
30.£0° %jSQ 60 § 200"
2 2
. Hinh 3.13
PS: P=39.6W, i =1.73240°
3.14. Xac dinh U, dé dong qua ngudn d6 bang 0
50 i2Q 50
L 4 YN L 4
10£0° 30 S0 — °
PS: 4.,180° § ! U,
L 2
Hinh ?.14
3.15X4c dinh 1y, Ig, 1c ﬁ
2202120° c . _ 334
bS: Ig 3-j4
[,=254,143.1° > L}
Iy =25.4,23.1° .
Ig =25.4,83 220.0° 6 3-j4
Ic

Hinh 3.15
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3.16 Tim cac ap Uxp va Upce

10£45°

C

PS: Uyp =0, Upe = 100245°

&

Hinh 3.16

§j109 —_— -j10Q

3.17 Xac dinh cong suit do mdi ngudn cung cap biét E, = E, = 10.£90°

20
Y\

pPS: Pl=11W 208
P2 =9.34W

50 J2Q

4Q

BAI TAP TONG HQP

E,

Hinh 3.

17

3.18 Tim cong suét tiéu thu trén dién tro 10Q

1Q 5Q

159§2VC

DS: P=1.89W

E

Hinh 3.18

3.19 Tim dong dién trong cac nhanh trong mach sau

Hinh 3.19
DS: [ =5A, L, =4A, =2A,1,=-7A, Is=6A
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3.20. Tim dong dién trong cac nhanh trong mach sau. Nghiém lai sy can bang
cong suat tac dung.

20 30 -18Q2

. NN .

i i i,
30

|
50.20° 50.20°
i50
Hinh 3.20

PS: 1,=682-5573";1,=1.59213.72° ; 1;=7.51£-44.17°
>Pe=Y Py, ~269W

3000i
3.21 Tim i(t) i 0.5KQ
2KO
4c0s5000t
0.2uF
\ 4 \ 4
Hinh 3.21
PS: i(t) = 0.024co0s(5000t+53.13%) A
3.22. Tim u(t) va i(t) 0.5H
i ' *
IF *
2
S5cos2t L o sF 0.25H§ 1Q§ u C) S5cos2t

Hinh 3.22

DS: u(t) = 2+/5 cos(2t+63.43°)V ; i(t) = 6.3cos(2t+18.43°) A

sin2t (A)
3.23. Xac dinh u;(t) 6 mach hinh 3.23 m

4cos2t (A) (}O.SH% u 2u, % 1H
DS: u(t) = lcos(2t + A)V

Hinh 3.23
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3.24. Xac dinh u(t)

5cos(6t — 45°)

39%

u(t) S

[ 36

PS: u(t) = 5+/2 cos(6t — 36.87°) V

3.25. Xac dinh u(t)

Hinh 3.24

3cosdt

8cos4t C

PS: u(t) = 9.6cos(4t — 53.13%) V

Hinh 3.25

3.26. Tim E2 dé dong qua dién trd 4Q bang 0. Tinh Uac, Upc

50.20°

+

50 A 4Q g 20
2% 4 M/ ® NN\
§j2Q ——-j2Q
C
\ 4 L4 \ 4
Hinh 3.26

PS: E,=26.262113.2°V ; Upc = Upc=18.57268.2°

<> 2sin4t
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MACH TUONG DUONG THEVENIN — NORTON
3.27. Tim mach tuong duong Thevenin cua mach hinh 3.27

oA

@
PS:E=75V,Ry=5Q  [09< 200
§209
100V 100V
e—eB

Hinh 3.27

3.28 Tim mach tuong duong Thevenin cia mach hinh 2.28
1Q 6Q2

L

_|_
N 20 120 18V

DS: E= 10V, Ry =3Q 18A<> § . -
L I @

Hinh 3.28

3.29. Thanh 1ap so do twong duong Thevenin d6i v6i hai cuc A va B. Dua trén
do tinh dong trén hai tong tr6 Z, =5 —-j5va Z, = 1020° 1an luot ndi vao hai cuc

A,B va cong suét tiéu tan trén chiing. -J5Q A
bS: ' 50
E=70.7£45"Ztp=5-]5 ¥
P, =125W, I,=5.90° 500" C)
P, =200W, I,=4.47.,63.43° - 50
oB
Hinh 3.29

DS:
BE=5.58,26.5°

0
Zep=2.5+i6.25 1020

Hinh 3.30

3.31. Thanh 1ap so d6 twong duong Thevenin ctia mach sau
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50
+ | A
3Q 200" 10.£45°
bS:
e _ 0
E= 11.3942§4.4 40
Zrp=797-j2.16 T 10Q
® B
Hinh 3.31
3.32. Thanh 1ap so db twong duong Thevenin ctia mach sau
210 500
PS: 2020° Q)
E=0.328-170.5 120 30Q
Zrp=47.4,268" j24Q 600
Hinh 3.32
3.33. Thanh 1ap so db twong duong Thevenin ctia mach sau
5Q 4Q
AN » oA B
bS: 0
£ =59,164° 5/30° $100 50 520
ZTD =5.55 ‘
\ 4 L
Hinh 3.33
3.34. Thanh 1ap so db twong duong Thevenin ctia mach sau
10Q j20Q 15Q
A
10Q
bS:

E=10.6245" 10£0° e
Zp=11.182-63.4° Q 10.£90°
o B

Hinh 3.34
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3.35. a. Tim so dd twong dwong Thevenin va Norton cta mang mot ctra nhu
hinh 3.35

b. Mic gilta hai cuc A, B mdt dién tré R. Xac dinh R dé cong suat truyén
dén R 1 cuc dai. Tinh cong suét do.

o A
3Q 10Q
4445°<>
j4Q 25./90°
o B
Hinh 3.35

PS:  a. By, =22.18298.07° ; Iym = 6.03.262.07° ; Z1p = 2.973 +j2.162Q
b. R =3.68Q), Py = 37W

3.36. Tinh R dé cong suat tiéu thu trén né 1a cuc dai. Tim cong suat do

40 12Q2

NN
©-

Hinh 3.36
bS: R=1Q, P=900W
3.37. Tim mach twong duong Thevenin 200
M/
10Q2 20
ANA——G——AAN A
N 120
0.55V 3008 v $60
_ 3V1
- * ¢ B
Hinh 3.37

bS: E=-0.257V,R;=8.152'V
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BAI TAP DUNG NGUYEN LY XEP CHONG

3.38. Tim céac dong I, I, L5, L, bang phuong phap xép chong

I 2Q 30 I
1A
L 3Q 20 L
5V
+ |
Hinh 3.38

PS:1,=0.4A, 1, = 1.4A, I, = —0.4A, I, = 1.4A

3.39. . Dung nguyén 1y xép chdng tinh dong qua 3 + j4

50 502
—AAA Y Y

3Q
50.290° <+> 50.20°
_ 40

Hinh 3.39

bS: = 8.385.3"
3.40. Trén mach hinh 3.40 cho cac ngudn tic dong riéng r&. Néu cac dong twong
ng trén tré 10Q bang nhau. Tinh ti so E,/E,

50 j5€2 i10Q

E| <i' 10Q <__|'> Ey

Hinh 3.40

ps: E =0.707£ - 45°
E-
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CHUONG 4
MACH BA PHA

4.1. HE NHIEU PHA
4.1.1 Gi6i thiéu
Trong thuc té, dé truyén dién ning tir mot ngudn dén tai phai dung hai day: day

di va day vé A g
X Day di

Y Day vé

Hinh 4.1
Trong trudng hop ta c6 nhiéu ngudn va nhiéu tai thi ta phai dung nhiéu day di va
day vé

Vi du 4.1 Trudng hop ¢ hai ngudn nhu hinh 3.2

1
El Zl
LT
. b
E2 ZZ
T

Hinh 4.2

Néu nhu ta ding chung diy vé va cac géc pha ban dau cua cac ngudn E; va E,
dugc chon sao cho tong cac dong di¢n trén day vé bang 0 thi hé nay cé thé bd di
day ve. PBay chinh 1a tinh ti€t kiém cua h¢ nhiéu pha

Trong hé m pha thi goc léch pha cia cac ngudn trong hé 1a E Trong thuc té
ngudi ta sit dung rong rai hé ba pha gdm 3 ngudn stc dién d(;llg léch pha nhau
mot goc 2?71

4.1.2. H¢ ba pha

a. Giéi thiéu

Hé ba pha gdm 3 strc dién dong E,, Eg, Ec 1éch pha nhau mét goc 2—; Su két

noi nguodn tai co hai dang chinh
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» Dang hinh sao (Y) (star)
* Dang hinh tam giac (A) (mesh)

Vi du 4.2. Sy két ndi ngudn Y tai Y nhu hinh 4.3

Hinh 4.3. Két noi Y -Y
Mt s6 khai niém co ban trong hé ba pha

» Dién dp day la dién &p gitra hai day di (day pha)

* Dong dién day la dong dién trén day pha

= Tro khang pha cua tai: tré khang cia tai bat ky mic sao hay tam giac

= Dong dién pha, dién ap pha la dong dién, dién ap trén tr6 khang pha

= Diém trung tinh ngudn 1a diém chung khi nbi 3 ngudn hinh sao (Y)

= DPiém trung tinh tai 1a diém chung khi ndi 3 tai hinh sao (Y)

= DAy trung tinh 1a day ndi giita hai diém trung tinh

= NG&i Y — Y 4 day: co day trung tinh. Noi sao Y — Y 3 day khong co day

trung tinh.
o A ix
® > .
IAB
Zca, s
B
&
B
-— C Zpc
C
>
Hinh 4.4 Hinh 4.5

Trong truong hop tai mac sao nhu hinh 4.4, ta cé

I, 1a dong day, dong pha
[:JAB ap day

Uao1 ap pha

= Dong day = Dong pha
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Trong trudng hop tai méc sao nhu hinh 4.5, ta co
I, 1a dong day, 1x5 1a dong pha
UAB ép déy
= Ap diy = Ap pha

b. Phan loai mach ba pha

Mach ba pha chia lam hai loai 16n:
Mach ba pha déi xéng 13 mach ba pha c6 tip cic dap ting cua cac pha déu thoa
diéu kién bang nhau vé bién do va 1éch pha nhau mot goc 2?“
Vi dy 4.3 Trong mach ba pha d6i xung, tap hop dong day I, = InZo,, Ig =
IAnZ@p, Ic=1sZ@athod
I, =15 =1

{@A — 05 =0y —Qc =Pc —¢, =120°
Mach ba pha khéng dbi d6i xirng 13 mach ba pha khong thoa d6i xtng
4.2. HE BA PHA POI XUNG
4.2.1. Phan loai

Hé ba pha ddi xtmg c6 thé chia 1am hai loai: ddi xtmg thtr tu thuan va dbi xing
thtr tw nghich

Poi xirng thir ty thuin

{EA:EB:EC 4.1)
Pr—Pp =05 —Pc =@ —9, =120° '
P6i xirng thir tw nghich
{EA =E; =E, 42)
Pp —Pp =Pp —Pc = e — ¢, =120° .
A A

6 E£0° 6 E0°
E41zo° E4-120° E4-120 Q E£120°
C B

C B
Hinh 4.6. D6i xtng th tu thuan Hinh 4.7. D6i xtng th tu nghich
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4.2.2. Giai mach ba pha déi ximg
a. Phwong phap giai tich

Chung ta co thé giai mach ba pha bang cac phuong phap giai tich ¢ cac chuong
truée nhu Kirchhoff, mat lu6i, thé nat bang cach coi hé ngudn ba pha nhu ba
ngudn doc lap Ea, Eg, Ec va giai binh thudng

b. Phwong phap mot day (one — line method)

Toan tir quay 1a mot sb phirc a, duoc dinh nghia

L TG
a=e¢’ =—+j— 4.3
e S+ (4.3)
Toan tir quay a 1a mot cong cu dic luc cho viée giai mach ba pha d6i xtng theo

tu twong phuong phap mot day. Toan tir quay a c6 mot sb tinh chat

l+a+a’=0
a’=1
a’=a (4.4)

Néu mot vector bit ky nhan véi a s& bi quay di mot goc 2?“
Phwong phap mét day

Trong hé ba pha ddi xing thir tu thuan ta c6

Ua Us Uc:l =UaS (4.5)
v6iS=[1 a® a]goilahé sd toan tir quay

Uas Usgc UCA:| =UasS (4.6)

In Is Ic] =18 (4.7)

Ias  Inc ICA:I =UasS (4.8)

Nhér} xét: Trong ba dai luong Ua, Ug, Uc ta chi can tim mét dao luong 1a du, ta
chi can giai cho pha A sau do suy ra cho cac pha khac. Pay chinh 1a y tuéng cua
phuong phap mot day. —-

Ea

EC EB

¢

Hinh 4.8
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So d 1 day nhu hinh 4.9 I

Sau khi giai tim dugc [y, = Ux=1,Z +

Sau do ta suy ra dugc cac dai lugng khac .

thong qua S A Ua
Hinh 4.9

Luu y: Néu hé ba pha dbi xtmg thtr ty nghich thi hé s6 toan tir quay
S=[l a a’] (4.9)

Vi du 4.4 Cho mach ba pha nhu hinh 4.10. Biét hé ba pha ddi xtimg thir tur thuan
c6 ap pha hi¢u dung bang 120V. Tim cac dong day

ix 20
—AAN
Ea 1+j4 O

. 144 Q
1+34 Q

VW

ic 20

Hinh 4.10

Ta c6 Ex = 12020°. So d6 mot day nhu hinh 4.11

20 Ia
NN\ -
12020° 1+j4Q
Hinh 4.11
Suy ra
0 0 0
P =1204.0 =1204.0 _ 12020 20/-3687°
4+ 73 4+i3  5/36.87
Ta co

|:iA iB ic:|=iAS=iA[1 a’ a]

[g=a%ly=12-120° 202-36.87°=20,-156.87°
[c=ai,=12120° 202-36.87°=20.,83.13°
Dong trén day trung tinh

1N=IA+IB+1C:O
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4.3. MACH BA PHA KHONG POI XUNG
4.3.1. Piéu kié¢n
Mach ba pha dugc goi 1a khong ddi xtmg khi xdy ra mot trong ba truong hop sau:

. Nguon khéng ddi xing va tai khong bang nhau
. Nguon khong dbi xtmg va tai bang nhau
= Nguon ddi ximg va tai khong bang nhau

4.3.2. Phwong phap giai mach ba pha bét ddi xirng

Dbi v6i mach ba pha khong dbi ximg ta khong thé dung phuong phap mot day
nhu truong hop d01 xtng. Do vay, ta chu yeu dung cac phuong phap nhu
Kirchhoff,thé nut, mat ludi dé giai cac bai toan bat d6i xtng.

a. Truwong hop nguodn Y tai Y

Xét mach ba pha tong quat

Chon nut O 1am gdc ta ¢6 phuong trinh thé nut nhu sau

(Yat+Ys +YC+YN )poi0 = EaYA + EgYg + EcYc (4.10)
E Y. E Y, E Y.
= Qg0 = : tee tEe (4.11)
Y, +Yy + Y.+ Yy
L. 1 1 1 1
Vi Y, =— Y=Y, = Y= (4.12)
Z,+7Z, Z,+7Z, Z.+7 Zy

Ta suy ra
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. In = Usor.Y
Unor = Ba o .A ) A01.Y
. . Is = Usgoi .Y,
Usol = Es— @0 =N A (4.13)
. . Ic =Ucor .Y,
UCOI = EC_(POIO L] L] L] L]
In =Ia+1Is+1c

Ap pha cua tai Ap day cua tai
Unor =14 Z, U = Unor—Uno
Usor =15 Z,, Usc = Usor— Ucor (4.14)
Ucor =1Ic Z, Uea = Ucor- Unor

Mot bai toan giai theo trinh ty trén ngudi ta con goi 1a phuong phéap dich chuyén
trung tinh. Trong d6 ¢o10 goi 1a d6 dich chuyén. Cach giai nay chi 4p dung cho
mach Y-Y ba day va bon day

b. Truwong hop nguodn Y tai A

S
EC O Q EB -
I Zn
Zp
Hinh 4.13

Neéu Zp= 0: Viéc giai bai toan trd nén qua dé dang

Néu Zp, # 0 thi
= Néu bién dbi tai tir A ra Y kha thi, ta bién ddi tai A ra Y va dung phuong
phap dich chuyén trung tinh nhu phan 4.3.3
= Néu bién doi tai tir A ra Y khong kha thi, ta chon trung tinh nguén lam
diém gbc viét phuong trinh thé nut cho 3 dinh tam giac tai. Hodc co thé
viét phwong trinh mét ludi cho 3 vong nhu hinh v&.

4.4. PO CONG SUAT TAI BA PHA

Xét mot tai hinh sao dé ciia 3 tai nguoi ta ding 3 Waltmet
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Z
A WIJ L
: z
B.— W2 | I ®
N Z
Ce
Ne ® l
Hinh 4.14
Ta c6 tong cong suit ba pha
S:l[.JA iA+l[.JB IB+1£JC ic (415)
) 2 2 ) 2
Néu hé ba pha da cho 1a d61 xting thtr tu thudn thi
fJBiB:aszA(aziA) zaszAaiAzl}AiA (416)
chic:afJA(aiA) zafJAaziAszAiA (417)
300 :
:>S=5UAIA=P+_]Q (4.18)
Nhu vay ta co
P= %UAmIAmCOS(p
Q= %UAmIAmsin(p (4.19)

Trong do:

Uam : Bién d¢ ap pha A

Iam : Bién do dong pha A

¢ : Goc léch pha cua tai pha A
Néu st dung tri hiéu dung

S=3Uala =3U,1, cosg+ 3U,I, sing (4.20)
Nhu vay ta co

P=.3 Uglgcoso

Q = /3 Uglgsing (4.21)
Trong do

Uy : Tri hi¢u dung ap day

Ig : Tri hiéu dung dong day

Néu tai bat dbi xtmg nguoi ta phai dung 3 Waltmet dé do cong suét tai ba pha.
Nguoi ta goi phuong phap ba Waltmet nhu hinh 4.15 dé do cong suat cua hé ba
pha 4 day.
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A

Be———

Ce

Ne ® l

Hinh 4.15. Po cong suat trong hé ba pha 4 day
Trong truong hop hé ba pha 3 day, ta co
1 . * 1 . * 1 . *
S=—Uala+=Usls+—Uclc (422)
2 2 2
métaC(')iA—i-iB-FIc:O:>13=—(IA+IC)
1 ° * 1 ° * * 1 ° * 1 ° ° * 1 ° ° *
S=—Ua IA——UB(IA'FICJ'F—UC Ic :—(UA—UBJIA'F—(UC—UBJIC
2 2 2 2 2
SS:%{JAB IA+%[’JCB IC (423)

Vi biéu thirc nay ta co thé xay dung so dd do cong suit

Za

A W, 0
Zp

Be e
Zc

Ce W,

*

Hinh 4.16. Do cong suét trong hé ba pha 3 day
4.5. MOQT SO BAI TAP MACH BA PHA

4.5.1. Mach ba pha déi xting

Dé giai mach d6i xing trude hét ta chuyén mach vé dang Y-Y sau dé dung
phuong phap mdot day dé giai.

Vi du 4.5. Mach trén hinh 4.17 ¢6 R = 60Q, oL = 10Q, ndi vao hé ngudn ba pha
doi xang thu tu qthuafm, co vector ap day hi€u dung 380V. Xac dinh chi s0 cac
dung cu do va bi€u thurc dong dién 1.
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Yi

3R | 3r| 3R

Hinh 4.17

Trudc hét ta bién dbi so do vé dang Y — Y nhu hinh 4.18
A Ly j100 @ A @ i 100
._._fvwx‘ Y
: Vi :
B 110Q A2 < j100Q
—r Yy \\\ND_/YV‘V\_o

100 e
—— 7YY Y\ i C Y'Y
Vi
%zog %209 %209
Hinh 4.18
‘ i jloQ ,
Ta c6 so d6 mot day nhu hinh 4.19 A A
B = 20 /00 2219.4.20° I Tai
V3 Eax 200 j100Q
. 200 .
Z., =310+ =4+ 18
o= g0 )
- T Hinh 4.19
[oo D 2194 4663430 mn

Zoy 4+38
= Sb chi ampe ké A; =24.6 A

Ta=ly 20 (122220 hh 5 gg0
204710 20+ 10

= Sb chi ampe ké A, =22 A

Tar =10 _(MIZRDRO_ 4y 0

20+il0 20+jl0
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T=Is =a’la =1120°1/-120° =11/ —120°

= i(t) = 11sin(ot+ 120°) A
Tacod P, = Re{[.J AC I;}
I°JA = 201A2 =22020° = Ug = aUu- = 2202120°
UAC —UA —Ue=22020°-2202120° = 381.1.230°
Ioi =a’lar =22/-90"12-120° =112 - 210"
P, = RG{GA'C' 1;;1} = Re{38130°.11£210° } = Re{4192./240° | = 2096 W

4.5.1. Mach ba pha bat d6i xirng

Mach ba pha bat ddi xung ta khong dung phuong phap mét day ma phai dung
cac phuong phap giai tich nhu thé nat, mat luoi, Kichhoff dé giai coi h¢ ba pha
nhu 3 nguon doc lap.

Vi du 4.6. Mach trén hinh 4.20 c6 R = 6002, oL = 10, nbi vao hé ngudn ba pha
doi xuing thir ty thuan, co vector ap pha hi¢u dung 100V. Xac dinh cac dong dién
trén cac pha.

100.20°
R
Ae@ AAA 4@
L 100£-120° /\‘
Be YL & i j20
@o—@ > Y'Y\ 'Y0)
L 0
1002120
Ce YN JZQ
‘C
Hinh 4.20 | +)—
Hinh 4.21

Giai:

Cach 1: Dung phuong phap thé nut
( 1 1 j 100 100£—-120° 100./120°
I+—+— |9, = + +

+ =
2 2T B B
= g, =100+ 50_ 55, 175
1-]
Ta cod
.+ 100—0,

=75-j75=1062 —45°

Ia =

+ 100£-120° - -
[y - 100271207 9, Z75-J616 _ g4q., 1375-89.1,155.1°

2 2
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©100£120° -, -75+jl11.6

Ic =5.84(37.5=37.95,81.21°
2 2

Cich 2: Dung phuong phap mat ludi
l+2 } [ﬂ[ 100-100£ —120° }
L2 22+32] 1| [100£120° 1002 -120°
(142 jz} [iA] ) {150+ j86.6}
2 4 e jl73.2
Suy ra

{150 +i86.6 2

i173.2 '4} '
. — B 0000 05 75— 106/ —45°

{1+j2 jz} 444

2 4
{H 2 150+ j86.6}
. 0 1732 _1732— 126 _
=t _ 173271268 _ 56 375237958121
F+J2 J2} —4+j4

2 4

In = —(In+Ic) = —80.8+ 37.5 =89.1./155.1°
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MACH BA PHA

4.1. Cho mach nhu hinh 4.1, c6 % =900, ndi vao hé ngudn ba pha dbi xtng
o

thr tu thuan, c6 ap pha hiéu dung pha A la Ua = 120£0°. Xac dinh chi s cac
dung cu do.

A CAl
PS: 1, =4A B C\/\/ c
1 — ™

L=2Y2_23A
23

[ J@!

V =100+/3 =207.8V | A2

Hinh 4.1
4.2. Mach trén hinh 4.2 ¢6 R = 76Q, oL = 44Q, ndi vao hé ngudn ba pha dbi
xtng thtr tu thuan, cg') vector ap day hi¢u dung Uxp = 380.,30°. Xac dinh chi sb
cac dung cu do va biu thirc dong dién i.
L

Y Y Y

2

PS: P =1900W, I; =52-90°, I, = 8.66.£0°, i(t) = 8.66/2 sin(wt — 120°)

4.3. Mach trén hinh 4.3 co6 r = % = 6Q, oL = 2Q ndi vao hé ngudn ba pha ddi
o

xung thtr ty thuan, c6 ap day hiéu dung 380V. Xac dinh chi s6 cac dung cu do.
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AN

Hinh 4.3
PS: V=5374V, P1=36.1KW, P2 =36.1KW,P3=0

4.4. Mach trén hinh 4.4 c6 oL, = 23Q, Z = 60 + j60Q, X = 40Q, ndi vao hé
nguon ba pha doi xtirng thir ty thuén, cé ap day hi€u dung 380V. Xac dinh 14, 141,
IAZ: Iab'

A Ia Lo Iao
—p— Y Y >-
B Lo

. ~Yy "

C Lo

. Y Y —-

IAIY

&
A

@)
Q

Hinh 4.4

DS: 4.75A,4.75A, 6.7A, 3.9A

4.5. Mach trén hinh 4.5 n6i vao hé ngudn ba pha ddi xtmg thir tw thuan, c6 ap day

. ” 1 .
hiéu dung 6600V. Biét oL, = 75Q, _C =300Q. PBong co cbd ba cudn day nodi
®

hinh sao c6 tré khang mdi cudn 1a 50 + j50 Q. Xac dinh chi s6 Waltmet
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B Lo b

Hinh 4.5 /\

4.6. Xac dinh cac dong trén phu tai va trén diy din ctua mach hinh 4.6. Hé ngudn
ba pha dbi xtng thi ty thudn, c6 ap day hiéu dung 380V. Biét oL, = 5, R = 10Q,

—t

DS: 140KQ

|
—=30Q.
oC
A I Lo Ins
._.>_Nw\ >
. . C C
B IB Lo IBZ
._.>_fWY\ _F
. ; C

R§ R R
Hinh 4.6

PS: 1,=4420° iz =44,-120°, 1. =44,120°
[a; =31.12-45% ip, =31.1£45% ic; = 31.1£-165°
[ =31.12-75% 1, =31.1275°, iy = 31.1.£165°,

4.7. Mach trén hinh ndi vao hé ngudn ba pha déi xtung thir ty thudn, c6 ap day
hiéu dung 220V. Biét Z = 80 + j60 Q. Xac dinh chi s6 W; va W,
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DbS: 2774 W, 110 W

C e

Hinh 4.7

4.8. Cho mach ba pha ddi xﬁ:/ng tht tu thuan, c6 ap day hi¢u dung 520V. Tré
khéng Z cua tai l1a bao nhiéu néu chi s6 Waltmet:

Z
A W1 1
a. P1=5400W,P2=0 * 7
b. P1=0, P2 =5400W Be * W, —— .
c. P1=P2=5400W
d. P1=6240W, P2=3210W 7
C ® | I |
Hinh 4.8
PS:a. Z=12.5+j21.68Q b.Z=12.5-3j21.68Q
c.Z=25Q d.Z=21.68 +j12.5Q

4.9.‘Ch0 mach,ba pha nhu hinh 4.9. Khod K mé. Biét R = 40Q, oL = 300,
nguon ba pha doi xting thir tu thuén co6 ap day hiéu dung 380V.

V,
A R L
RCRE G
B R L
() T
RU L

(v)
C
@ Hinh 4.9 \ WV@NYY\7'

[»=0,Ig=1c=3.8A, V, =V,=380V, V2 =330V
V3 = V5 ZV() = 190V, V7= 0

bS:
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4.1Q. Mach ba pha nhu hinh 4.10 c6 cac gia tri Ir = 3A, Iy = 4A, I = 4A. H¢
nguon ba pha df}i xung thtr ty thuan. Xac dinh chi s6 A

>
1A R
3 (A)
\_/
C C
C Ic
® >

Hinh 4.10

4.11. Mach ba pha nhu hinh 4.10 ni vao hé ngudn ba pha dbi xtng thir tur thuén.
Cac gia tri [, = 5A, Iz = 2A, Ic = 2A. Xéac dinh chi s0 A

A Ia
® >
L;
N (A
PS: 3A \_/
L L
B I
o >
C
P -
i Hinh 4.11

4.12. Mach nhu hinh ndi vao hé ngudn ba pha dbi xtng thir ty thuan, c6 ap pha
1

hiéu dung Uan =2020° . Biét R = oL = prol 2Q) . Xac dinh cac dong di¢n trong
®
mach.
| R
Ae A} AAA
bS: Is L
iy =13.66 B e > g“—'
S 0 I
1]3 8.7641710 C e Cf H ®
Iz =8.76£189 I R
I =-3.66 N o "¢ A

Hinh 4.12
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4.13 Mach nhu hinh ndi vao hé ngudn ba pha dbi xtmg ther tir thudn, c6 ap pha

hiéu dung Usy = 17320° . Biét R = oL = L 30Q. Xéc dinh cac dong di¢n

oC
trén cac day.

A Ia
® —Pp—
bS: 2.6A, 5A, 5A
Is
L >
B Ic
. >

Hinh 4.13
4.14. Mach nhu hinh ndi vao hé ngudn ba pha déi xtmg the tu thuén, c6 ap day
hiéu dung 100+/3 V. Biét R = 10Q. Xac dinh céac dong di¢n khi
a. K1, K3 déng, K2 mo

b. K1, K2 va K3 déu mé. K3
o o
R
A® o\c ANAA ®
R
Be ANAA ®
Hinh 4.14
R
Ce AANA/ ®
K2
Ne oo
PS: a.30,17.3,17.3,0
b. 0, 8.66, 8.66, 0

4.15. Mach nhu hinh 4.15 ndi vao hé ngudn ba  pha dbi xtng tht tu thuan, c6 ap
pha hiéu dung 200V. Xac dinh chi sé cua V. Biét

Z=(0.5+))Q, Zy=(1.2+j1.6)Q2

Za=095-)Q, Zg=(5.5-]9)Q, Zc=(55+]7)Q

V4 Za
Ae [ 1 [
z Zs
Be {1 [ 1}
c z Zc | Hinh 4.15
pS: U=543,38" =® L1 I

V=543V Ne EZN
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4.16. a. Xac dinh chi sd cia Waltmet khi ngudn ba pha ddi xtng thtr tu thuén,

¢6 4p pha hiéu dung 100V . Biét R = oL = — = 10Q.,
oC

b. Gi4 tri ctia R bang bao nhiéu d¢é Waltmet chi gia trj 0.

. C L
EC N 7 EB /\

Hinh 4.16

DPS:a. 1.098 KW  b.5.77Q

4.17. Mach & hinh 4.17 ndi vao hé ngudn ba pha dbi ximg thtr tu thudn, c6 ap day
. v 1 , .
hiéu dung 380V . Bi¢t R = oL = —— =76Q . Xac dinh chi s0 cua Waltmet.

oC

A
o~ o (W

Y

R
B ; N\
& W2 C
<

¢ /\
i Hinh 4.17

DS: 1645W, 255W

4.18. Cho hé ba pha nhu hinh 4.18. Ngudn ba pha ddi xtng thtr tu thuan, co ap
pha hi¢u dung 220V va céc tr¢ khang:
ZA=50,7=3+]Q, Zc=3—jQ, Zxy=0.149Q,
Xac dinh dong va ap pha cua tai trong cac truong hop
a. M¢6 khoa K

Z
b. PéngkhoaK o :A|_

Zy

Be [ +—
Zc

Ce [ +—

7N K
Ne ] oo
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bS: a.UA(): 295V, UBO: UCO: 193V, IA = 59A, IB = IC =61.2A
b. Upo=228V, Ugp=Ucp=216.1V, I, =45.6A, Ig = I = 68.3A
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CHUONG 5

MANG HAI CUA

5.1. KHAI NIEM

Mang hai cura

Cua 1 Cua 2
Hinh 5.1 Mang hai ctra

Mang hai ctra 1a mét phﬁn mach con lién hé vé nang lugng va tin hi€u véi bén
ngoai thong qua hai cra: ctta 1 (1 — ") vactra2 (2-2")

5.2. CAC MA TRAN PAC TRUNG CUA MANG HAI CUA
Cac ma tran cua mang hai ctra dugc dinh nghia dua trén cac quan h¢ bédi cac cap

bién trang thai Uy, 1, va U,, I, véi chiéu dong dién va dién ap quy wéc nhu hinh
5.2

Il 12 2
—Pp— —4¢—o
+ _ +
U, Mang hai cura U,
_ _

I’ 2’

Cual Ciura2
Hinh 5.2

5.2.1 Ma tran Z
Biéu dién U; va U2 theo I; VA i,

[:Jl = Z111.1 + leig (5.1)
U, =2yl + Zyl
Dang ma tran

U Ll Z, 7
.1 =7 .1 voi Z= {Z“ 12} (5.2)
U, 1, 21 2

Suy ra
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7, =2, Tro khang vio cira 1 khi hé mach cira 2. Don vi Q
L |2~ 0
z,, =92, Trg khang vio cira 2 khi hé mach cira 1
I, Ii=0
Z,= [.Jl . Tro khang twong hd cira 1 d6i véi cira 2 khi hd mach cira 1.
I =0
z, =2, | Tro khiing twong h{ cira 2 d6i v6i cira 1 khi ho mach cira 2
L=
Ii

Céc thong ) dang Z goi la cac thong $O tré khang hé mach. Z,,, Z1,, Z»1, Z», déu
c6 don vi do la Ohm

522 MatranY

Biéu dién i;va i, theo U; VA U,

I =Y1161+Y1262 (53)
I, =Y Ui+ YU,

—_

Dang ma tran

I Ul oo Y, Y
=z vei Y{ g 12} (5.4)
Iz [J2 Y21 Y22
Y, = {1 . : Dan nap vao cira 1 khi ngan mach cira 2
Ui |Uz =
1
Y,, = P . : Dan nap vao cira 2 khi ngan mach cira 1
U,|U1=0
2
Y, = .Il . : Dan nap twong h cira 1 di véi cira 2 khi ngan mach cira 1
U,V = 0
Y, = {2 . : Dan nap tuwong h cira 2 ddi véi cira 1 khi ngan mach cira 2
U.=0
U | -2

Cac thong sO dang Y goi la cac thong s6 dan nap ngén mach. Y1, Yo, Yar, Yoo
déu c6 don vi do 1a Mho (") hay Siemen (S)

5.2.3 Ma tran H
Biéu dién U, va i, theo i, va U,

U,=H,i,+H,U, (5.5)
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L= Hyl, + HuU,
Dang ma tran:

U I , H, H
=l | vei H{ : 12} (5.6)
12 U H21 H22
I.Jl 1 L o .y , . .
H,=—- = —Tré khang vao cua 1 khi ngan mach ctra 2, don vi do la Q
Ii Ua=0 Yy
H, = I.Jl . Ham truyén dat tir cira 2 dén ctra 1 khi hé mach cira 1
U2 Il =
H, = I.z Oi—o Ham truyén dat tir cira 1 dén cira 2 khi ngan mach ctra 2
|
H, = Tz . _ ! pin nap vao cira 2 khi hd mach ctra 1, don vi do 1a mho
U2 Il = 0 Zzz

Céc thong s6 H goi 1a cac thong s6 hon hop. H;; ¢c6 don vi do 1a QQ, Hy, c6 don vi
do 1a mho, H,, va H,; khong c6 thir nguyén

5.2.4 Matran G

Biéu dién U, va I, theo U, va i,
I, = G11U1+G121.2 (5.7)
U, = Gy U +Gpoly

Dang ma tran

I Ul .. . [6,G
L=G| | vei G{ ; 12} (5.8)
U , G21 G22
G, = {1 . _ ' Din nap cura 1 khi hd mach ctra 2, don vi mho
U1 IZ = O le
G, = .Il 5 OHém truyén dat dong tir cira 2 dén ctra 1 khi ngén mach ctra 1
I~ —
G, = [.Jz . Ham truyén dat ap tir ctra 1 dén cira 2 khi ho mach cira 2
U, [L=0
[.Jz 1 s o z , .
G,,=—- = ——Tré khang vao ctra 2 ngan mach ctra 1 don vi ohm
I, Ui =0 Yzz
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Céc thong s6 G goi 1a cac thong sb hdn hop nguoc
c6 don vi do 1a Q, Gy, va G, khong c6 thir nguyén.

5.2.5Ma tran A

Biéu dién U, va I, theo U, va i,
GIZAII}OJZ - Algiz
[,=A Uy — Apl

Hodc dang ma tran

T véi A{A“ A”}
i] _iz AZ] Azz
Suy ra

U, 1
Ay =—1 = G

U2 Iz —0 21

U, 1
Ap=—r- =Ty

—12 U2 :0 21

I 1
Ay =—1 =Z_

U2 Iz :0 21

I 1
Ap=—r- =T

—12 U2 :0 21

Cac thong s6 A goi 13 cac thong s truyén dat. A,
vi do 1a mho, A, va Ay, khong co6 thir nguyén.

5.2.6 Ma tran B
Biéu dién U, va I, theo U, va i,
[°J2= Bllﬁl - BIZII

12 = BZIIOJI _BZZII
Hodc dang ma tran

oY | e B=[B“ B”}
iz _i le Bzz
Suy ra
U
B, = M =

1
H12

. Hy; ¢6 don vi do 1a mho, H,,

(5.9)

(5.10)

co don vi do 1a QQ, A,; c6 don

(5.11)

(5.12)
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U, 1
B, =—- :_Y_
_Il Ul =0 12
iz 1
B, =+ i _ :Z_
UM =0 12
iz 1
B,, = . =TS

_il U =0 G12

Céc thong sé B goi 1a cac thong sb truyén dat ngugc. By, ¢6 don vi do 14 Q, By,
c6 don vi do 1a mho, B;; va B,, khong c6 thir nguyén.

5.3. CAC PHUONG PHAP XAC PINH MA TRAN MANG HAI CUA

5.3.1. Phwong phap dung dinh nghia

Vi du 5.1. Xac dinh cac thong s6 ma trin A ctia mang hai cira hinh 5.3

Giai:
Ta c6 phuong trinh ma tran A

ﬁl - AIII;JZ - Alziz
I =AU, — Axly

Ngin mach cira 2 (U, = 0) hinh 5.4

A12=U.1 ° VéAzz— I.l .
_L|Ua=0 _1LIUs=0
Ta co
i, = —I—lezz_I—i=2
. —L .
U] = I] (2 + 4//4) = 411 :—812
:>A12:U—.1:8
-1z

Hé mach cira 2 (I, = 0) hinh 5.5

U it
T Ay =— _
U2 IZ—O Uz IZ—O

Taco U, =@+ 4, =61, va U, =4I,

All

20 40
40
( 4 @
Hinh 5.3
Il 12
20 40
U, 40
@
Hinh 5.4

Hinh 5.5
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=>AH—[,Jl zgzg va = A, = .Il :%
U, Us
Vay
S g
=>A= %
- 2
4

5.3.2. Phwong phap giai tich

Ta dung cac phuong phap nhu Kirchhoff, thé nit mét ludi dé tim ma tran dic
trung ciia mang hai cira

Vi du 5.2. Cho mang hai cua nhu hinh 5.6. Tim ma tran Z

-J2Q j4Q .20 j4Q

Hinh 5.6 Hinh 5.7

I,

U,

Ta st dung phuong phap mit ludi, coi ctira 1 gin ngudn ap Uy, cira 2 gan ngudn

épUz
F_p 2 } Lo
2 2+i4 iz {Jz

U =2-12)i+21»
:> L] L] L]
U, =21L+2+4) ]2

,_[@-pa 20
|20 2+4)Q
Vi du 5.3. Cho mang hai ctra nhu hinh 5.8. Tim ma tran Y

I 1 RZ 12 (D R2 @
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Ta dung phuong phép thé nit, ta c6 @, = U, va @, = Uy, coi I;, I, nhu hai ngudn
dong chay vao hai nut 1 va 2 nhu hinh 5.9.

1,0 :
R, R, R, Ui | l['J
AR U Y 1 S i A
R, R, 3 R,
] 1 1 . 1 .
L=| —+— |U-——U> (1)
Rl RZ R2
Iz—OLUl =—LU1+(L+L)U2 (2)
3 RZ 2 R3
: 1) 1 1)
Ta (2) = I =(i——]U1+(—+—jUz 3)
R3 2 2 3
Tu(l)va(3)suyramatran Y
1 1 1
R,'R, R,
— 1 2 2
le 111
R3 R2 R2 R3
5.3.3 Phwong phap xac dinh tir ma tran khac
. o 20 7Q0
Vi du 5.3. Cho mang hai ctra ¢6 ma tran Z = . Hay xac dinh ma tran
2Q 40
A cua mang hai ctra.
Giai: Ta co
g1=211+712 (D
U2=211+412 (2)

T (2) = 1, = %ﬁz— 21, thé vao (1) ta duoc

ﬁl = 2(%62— 212 ) + 712 = Ijz + 312
Nhu vay suy ra .
U] = U2 + 312
. | .
I, = =U,-2I
1 52 2
Tu phuong trinh ma tran A
Ui=AnUs - Apl
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11:A21ﬁ2 - Azziz

1Q -3Q
Ta coma tran Z = %Q 0

5.4. PHAN LOAI MANG HAI CUA
5.4.1. Mang hai ctra thu dong va tich cuc
» Mang hai ctra thy dong 1a mang hai ctra khong chire nguén
= Mang hai ctra tich cyc 1a mang hai ctra c6 chira nguoén (doc 1ap hay phu
thude)
5.4.2. Mang hai cira twong hd
Nguyén 1y twong hd: Mot mang hai ctra bat ky c6 tinh chat “Dong phat sinh tai
cua 1 khi kich thich ¢ ctra 2 cling bang dong phat sinh tai ctra 2 khi kich thich ¢

ctra 1 thi duoc goi 1a mang c6 tinh twong hd

Tinh twong hd duge kiém chimg nhu sau

1 2 1 2
- Mang hai ctra v i 1,y Mang hai ctra
@ L ——eo
I 2 I 2
a. b.

Hinh 5.10. Tinh tuong hd
Néu I,, = I,, thi mang hai ctra c¢6 tinh twong hd

Diéu kién dé mang hai ctra ¢ tinh twong hd ddi véi cac dang ma tran co thé tra
trong bang 5.1

Ma tran Z Y H G

Dicu kién tuong ho Ly =17y Y=Yy Hy, =-Hy, G =-Gy;

Ma tran A B

Piéu kién trong hd | AA=A;;Ap-ApAy =1 | AB=B;By-BpB, =1

Bang 5.1 Piéu kién dé mang hai ctra ¢6 tinh twong hd
5.4.3. Mang hai cira ddi xirng

Mot mang hai ctra dugc goi la dbi xung néu nhu ta dat cung mot tré khang Z &
mot trong hai ctra thi tré khadng vao nhin tir ctra con lai 1a nhu nhau.
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*— —e
Manfg hai } 7 7 Mang hai
cua | | cua
o—— —
Z 1 ZZ

Hinh 5.11 Mang hai cira d6i xting

Z, = Z, thi mang c6 tinh dbi xtmg

bicu kién dé mang hai cira d61 xiing néu nhu no6 thoa di€u kién twong ho va thoa
thém diéu kién sau

Ma tran Z Y H

bicu klén do1 Xl,l’l'lg le = ZQQ Y11 = Y22 AH = H11H22 - H12H21 =1
Ma tran G A B
bicu klén doi XI,Ing AG = G11G22 - G12G21 =1 All = A22 Bll = B22

Bang 5.2 Diéu kién dé mang hai cira c6 tinh d6i xtimg
5.5. CAC THONG SO LAM VIEC CUA MANG HAI CUA
5.5.1. Tré khang vao
Trong diéu kién 1am viéc binh thudng mang hai ctr thudng dugc nbi gitra ngudn
va tai nhu hinh 5.12. Trong d6 Z, la tro khang trong cua ngudn ap El, Z, 1a tro

khang tai. Thong thuong ngudi ta coi clra ndi vol ngudn 13 cira so cap, cira nbi
voi tai la cua thir cap

B
2
+
Mang hai ctra U, |:| Z,
) 1
Nguédn Ai
8 Hinh 5.12 Tai
a. Tré khang vao so cip i i
1 2
. . I o, —Pp—
Tré khang vao so cap bang ti s6 gitra dién ap .
L 13 A 2 X . . Mang hai ctra
voi dong dién ¢ cua so cap mang hai cura khi of 7,
cua thir cap mac tai Z, (hinh 5.13) _
U M
Zy=— 5.13
T 6-13) Hinh 5.13
1

Gia st mang hai cira dugc mo ta bdi hé phuong
trinh tré khang
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Ui=Zli + Zol, (5.14a)
U, =Zpli + Zool, (5.14b)

Trén tai s€ c6 quan hé dong ap nhu sau:

U, =-2,I, (5.15)
Thay (5.15) vao (5.14b) ta c6
. 71
=22l (5.16)
Z,+7,

Thay (5.16) vao (5.14a) vao ta dugc

g g nly 7,7, +AZ 5.17)
Yz, 42, Z,+Z,

b.Tré khang vao thir cip

bay la tré khang vao nhin tu —+—@
phia the cdp khi triét tiéu
ngudn E; nhin tir phia so cap
(cho E, = 0) va duoc xac dinh )
boi ti sO gilra dién 4p va dong : Zs
dién trén cua thir cap Hinh 5.14

Z, U, Mang hai ctra |« U2

Tacod

Zyy = (5.8)

I>
Luc nay nhin tir phia so cép ta co

U, =-2, (5.19)

Thay (5.19) vao (5.14a) suy ra

= Lal2 (5.20)
Z,+7Z,

Thay (5.20) vao (5.14b) suy ra

7,2 7,7, +AZ
_ [.JZ =7, - 12421 _ Zn% + (5.21)
L Z,+7Z,, Z,+7,,

ZV2

Ta c6 cling co6 thé xac dinh céac thong so tré khang so cap va thu cap tir cac ma
tran con lai cling theo cach lam nhu trén.
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5.5.2. Tré khang ngin mach va hé mach

11 12 =0 11
+o—>— q—o +0—>—
of Mang hai ctra of Mang hai ctra U,=0
- ‘ Z _ ‘
Z 1h Zln
Hinh 5.15. Tro khang cira 1 khihé ~ Hinh 5.16. Tré khang cira 1 khi ngén
mach ctura 2 mach ctra 2

Theo phuong trinh ma tran A
U1=A11°U2 - Alglz (5.21)
L1I=A5U; - Al

Trd khang ctra 1 khi hé mach cira 2 (I, = 0)

U A
Zp=—=21 (5.22)
Lin Ax
Tré khang cua 1 khi ngdn mach ctra 2 (U, = 0)
Un A
Zip= — =212 (5.23)
Iln A22
11 = O 12 12
—p— —4—; 4o
. . +
Mang hai ctra U, U,=0 Mang hai ctra U,
Zin Zon
Hinh 5.17. Tr6 khang ctra 2 khi hd  Hinh 5.18. Tré khang cua 2 khi ngan
mach cua 1 mach ctra 1

Trd khang cira 2 khi hé mach cia 1(1; = 0)

A
Zoyy= 02 _An (5.24)
Ion A
Tré khang cua 2 khi ngan mach ctra 1 (U; = 0)
. ) A
Zon = U—2 = (5.25)
I2n All

Ta c¢6 cling c6 thé xac ding cac thong so trd khang ngan mach va hé mach tir cac
ma tran con lai cling theo cach lam nhu trén.
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5.1. a. Xac dinh cac phan tir cua cdc ma tran A, Z, Y, H cua mach hinh sau, vdi

Z] = 10Q, Zzz 5Q2.
b. Néu cho Z, = 8KQ, Z, = 4KQ, xac dinh dong cung cép I, va ap trén tai

U, khi ap ngudn cung cip 1a U, = 48V véi tai c6 tong trd Ry = o0, 6KQ, 0

° '. } } °
Z Z
. 2 2 .
U, Z, U,
° ®
Hinh 5.1
2 1
2 15 10 5 Tz 1% 7.5 0.5
bS: a A= ; 2= ;Y=15 15;H:
02 2 5 10 1 2] 0.5 0.1
15 15
b. I] = 6mA, U2 =24V
I, = TmA, U, =12V
I] = 8mA, U2 =0
5.2. X4c dinh ma tran A
7, 7,
]1e® L 1 I o2
1 2 L2, +2,2,+ 22,
bS: A= Zs Zs Zy
1 Z,
— 1+—= l
Z3 Z3 17. .29
Hinh 5.2

5.3. Xac dinh ma tran Y va H. Nghiém lai cac diéu kién ddi ximg ctia mang hai

cua.
200
le AAA Py

DS:

v _|006 -005 100Q 1000

~0.05 0.06
y| 167 083 e o
“1-0.83 0.0183 Hinh 5.3

Y=Y Yo=Yy
Hi;=-Hy, AH=1



104 BAI TAP CHUONG 5

5.4 Xac dinh ma tran A 1IKQ
PbS:
B 5.55 545.45
7 10.0545  5.55
Hinh 5.4
5.5 Xacdinhmatran Y, A 0.150.
PbS:
v 0.01029 —0.00828
 1-0.00771 0.01
1.297 129.7
A =
0.005 1.335
1'e o2’
Hinh 5.5

5.6. Cho mang hai ctra nhu hinh 5.6
a. Xac dinh ma tran Z
b. Tinh tr¢ khang vao ctra 1 khi mac ctra 2 mot dién tr¢ R

PbS:
R, +R; R,
R,-puR, R,+R,

_ 2,2, .
R+Z, Hinh 5.6

ZV :le

5.7. Xac dinh ma tran A trong mach hinh 5.7a, b

. 200 j20Q 5 R (1o T 110 I VT TS
-j40Q 400 100
T TI ' TI :
L ] ® L J
a Hinh 5.7 b

0.5+ 0.5 20 + j20
~0.0125 + j0.0375 0.5+ j0.5

1+ 10 + 520
0.02 — j0.04 2
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5.8. Cho mang hai ctra v61 Z,/2 = 27, = 10+j10 Q. X4ac dinh

a. Matran A

b. Ap diu vao (ctra 1-17) dé cho ap dau ra trén tai 10Q (mic & cira 2-2°) 1a
20V

c. Dong cua ngudn cung cap khi _cung cap tir phia dau ra (2-2) va ngin
mach dau vao (1-1") néu ap ngudn cung cp 1a 100mV. )

d. Xéc dinh chi s0 Waltmet khi dong vao cudn dong 1a I; va ap hai dau cudn
ap la U, khi cho dau ra hé mach va 4p tdc dung lén dau vao la u(t) =
80sin(ot+45°)V , .

1 I I, 2
~—> [ <o
PpS: Z,
A 10 10 + j20 27, 2
0.02 — j0.04 2
1’ 2’
® °
b. 56.6 V c.4.47 mA d. 64W Hinh 5.8
5.9. Xac dinh ma tran Y )
| 120Q j400Q j20Q
bS:
I} I
J ) 1 _I _I 2
° ®
3060 Hinh 5.9
5.10. Xac dinh ma tran A 1 1Q 20 1Q 2
1 I LI
bS: J_Q) jo
A _[I7207 + b0 4-20° + 60 i Z

PS: H=

—20°+j20  1-20+ j4o Hinh 5.10
5.11. X4c dinh ma trin H /(xh\
l-a R2
RI1+ 1 1 1 RI - )
—~ +joC| R24+——| O™ * |
joC| T

3 (o0 + joCR2) 1 R2§ ToC
1+ joCR2 R2+; T N
joC| @ * P

Hinh 5.11

SO R
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HUONG DAN SU DUNG MAY TINH
DE TINH TOAN SO PHUC

Pé tinh toan nhanh cac phép tinh trén sb phirc, nén ding may tinh dé tinh toan.
Mot s6 may tinh co thé dung dé tinh toan sé phirc nhu TRULY, KARCEL khoa
hoc (Scientific Caculator), hodc may tinh CASIO FX570MS. Céc may tinh khac
nhu CASIO FX500, FX500MS chi c6 thé dung dé d6i sd phirc khong dung dé
tinh toan duoc

1. HUONG DAN SU DUNG MAY TiNH TRULY
1.1.Vao ché @) tinh toan sé phirc

Nhan phim 2ndF (hoic phim SHIFT tuy loai may) sau d6 nhn

cPLX CPLX

DEG
G - (=) ~ |

1.2. i s6 phire tir dang a + jb sang R0

Vidu 1.3 +j4=5,53.13"
Cac budc thuc hién ’ ‘
* Vao ché do phttc nhu phan 1.1

» Nhépa
— 1
3 —
= Nhépb Sy
4 —>
= Poi qua dang R£O
—> 10 DEG CPLX

Go) = Ca )~ 5

Két qua hién trén man hinh chinh bang R, muon xem tiép 0 nhan

- Xy DEG CPLX
- 53.13010235

Muon xem lai R, nhan

— 10 DEG CPLX
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1.3. Poi s6 phirc tir dang R0 sang a + jb

Vidu2.5260°=2.5+j4.33

Cac budc thuc hién
= Vao ché d6 phtc nhu phan 1.1
= NhipR

—>ro
5 —»

= Nhip 6 S xy

60 —

= Poi qua dang a +jb

— Xy DEG CPLX

G~ D~

Két qua hién trén man hinh chinh bang a, muon xem ti€p b nhan

—> Xy DEG CPLX
- 4.330127019

Mudn xem lai a, nhan

—> 10 DEG CPLX

1.4. Cong, trir, nhin, chia s6 phirc

Dbi voi may tinh TRULY chi thuc hién phép tinh trén dang a + jb, cac s6 ¢ dang
R0 phai d6i sang dang a + jb trude khi thuc hién cac phép tinh.
Cac budc thuc hién

= Vio ché d6 phuc nhu phan 1.1

= Nhap s6 phirc thir nhét

= Nhén+,—, %,/

= Nhép s phuc thir hai

= Nhin=
Vidu 3.

(3+j2)2-j4)=14—38
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Cac budc thuc hién:

Vao ché do phic
CPLX DEG CPIX
- - )
Nhap va tinh toan
—> I — Xy
s Ci)= 2 =G~ G~
—> 10 — Xy
= Cr =G~
DEG CPLX
> 14.

Két qua hién trén man hinh chinh bang a, mudn xem ti€p b nhan

—> Xy DEG CPLX
- -8

Muon xem lai a, nhan

— 10 DEG CPLX

2. HUONG DAN SU DUNG MAY TiNH CASIO FX570MS
May tinh FX570MS c6 chirc nang da dang hon TRULY, c6 thé tinh toan trén
moi dang sO phtrc va hién thi truc quan hon

2.1.Vio ché d¢ tinh toan sé phirc

Nhén phim MODE sau d6 nhén 2

CMPLX

| cowr owmx | . D! 0

2.2. Nhip s6 phic
a. Nhap sb phirc dang a + bi

Vi du 4. Nhap 3 + 4

CMPLX D]

)S V4 «— i
OO =>O—=>O*| 3+ 0.
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b. Nhép s6 phirc dang R0

Vi du 5. Nhap 2.245°

SHIFT CMPLX ]

©+Q+©+©©+ 2./45 0.

2.3. Tinh to4n trén s phic

Déi v6i may tinh FX570MS ¢6 thé +, —, *, / & ca hai dang a + jb va RZ6. Can
lwu ¥ rang chi thi “Re <> Im” & gbc phai cia may tinh dung dé hién thi phan thuc
va phan 40 cua sb phirc. Nhan [SHIFT] Re <> Im| dé chuyén d6i hién thi giita phan
thue va phan 4o cia két qua.

Vidu6.(2+3i)+(4+51)=6+8i
ey - KN - B - R - I
SHIFT] Re <> Im

Vidu7. (2 +3i)+ +2 £45°= 3+ 4i
ol - EIEIN - BRERASTTPARTS - |
SHIFT|Re © Im

2.4. Dbi s6 phirc tir a + bi sang RZ0

Vidu8.Déi3+4i=5,53.13"
3 [ 4[i] sary [rz0 | | 5
SHIFT] Re <> Im 153.13010233|

2.5. Pdi s6 phirc tir RZ0 sang a + bi

Vidu9.D6i5 £120° = —2.5+4331

5 120 SHIFT [a + bi | [N | — 2.5

SHIFT] Re <> Im 14.330127019

Luwu y: Cac don vi do goc (DEG, RAD, GRAD) anh huong t61 két qua trong ché
do tinh toan so phtc. Do @6 can luu ¥ dén don vi do goc trude khi chuyén qua
ché do tinh s6 phtrc, thudng dé & DEG (d9)
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