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CHUONG 1 -

CAC KHAI NIEM CO BAN
VE MACH PIEN

1.1. GIOI THIEU

Chuong | s& gi¢i thién cic khai niém co ban v& mach dién, cdc ky hiéu linh kién
va cde md hinh toan hoc cua linh kién. Bﬂng thoi cung cép cac dinh lufdt cer ban
trong 1¥ thuvét mach. Sau dé dp dung cdc dinh Iy co ban nay dé giai mot sO bai
tap mach,

1.2. MACH DIEN VA MO HINH

Mach dién 12 m&t tép hop céc phin tir mach lién két lai véi nhau. Phian ti¥ mach
12 nhitng hinh v& tugng trung cho linh kién thue té dic tnng bdi mdt phuong

trinh toan hoc dai dién tinh chét vit 1y cda linh kién d6. Phidn tf mach la m® hinh
toan heoc cia linh kién thyc

Dirong nhién phuong trinh todn chi phan 4nh mét mit nao 46 cée tinh chat 1Y hoa
cita phin tir thye. Do d6, md hinh ¢6 sai s6, nén két qua trén mach s& khac két
qué thye trén thue té.

1.3. CAC PHAN Ty MACH CU BAN
1.3.1. Phén tir dién oo

Phan tir dién tr&r 1a mé hinh todn hoe cua linh kién dién tré ¢d quan hé dp va déng
e id tuan theo quy hufdt ult) = R.i(t)

R
oy

u(t)
Trong d6 Hinh 1.1 Phin tr dién trd
i(t) : déng chay qua dién tro
u(t) : hiéu dién thé hai diu dién o
R : gid tri dién trd, don vi Ohm (52)

Negudi ta con diing cdc wde sd va bdi 56 cua € trong viée doc cac gid tri dién trdr

p0 ne e mC) Q K MO GO
o 107 107¢ 1072 1 10* 10° 107

Trong phuong trinh cua dién tordr ngurdi ta con dong
i(1) = %u{t} = G.(D) (1.1)

Trang 5
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G: gld t] 2i8n dlls, G = l;— &6 Son vi 1A S (Siemen} hay mhs (TF)

1S= 1/O=0)' =
S (Siemen) cung 6 cac bdi va udc nhur £2
MO hinh

—AAA— — g
M¥. What Nga, PBéng Au
Hinh 1.2

1.3.2. Phiin ti¥ diém cim

Phan tir dién cam la phan & 2 cue ly tuomg co dién ap va dong dién trén nd tudn

theo quy ludt L.
.—I‘m—-
+ =
uL{t)

Hinh 1.3 Phin ur dién cam

uy (1) = Lﬂf (1.2)

L. gia tr] dién cam don v| Henry (H) va cé céc udce sb sau

pH nH uH mH H
1o 10" 10 10712 ]

1.3.3. Phiin tir dién dung

Phén or dién dung la phin tr 2 cue v tudng cod dién 4p va dong dién trén no tuan
theo quy luit

C
s —-
ue(1)
Hinh 1.4 Phin tr dién dung
ic(fp:c% (1.3)
C @ gid i dién dung don vi Fara (H) va 6 cac ude 53 sau
pF nF uF mF F
1072 107 10 1o'e i

1.3.4. Ngudn d5c lap
a. Ngudn ap dfc lap

ng&n' ap dée lip 14 phan tir hai cyc cé tinh chét dp trén hai cyc clia nd khéng
thay d6i bét ehdap dong di qua nd.

Trang 6
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UU=FE=¢const

m
+

Hinh 1.5 Ngudn 4p déc lip
Ky hiéu cuia Nga, Déng Au

-

Hinh 1.6 Ngubn dp dbc lap

b. Ngudn dong dde 1ap
Ngudn dong dc 14p 14 phdn tir hai cire ¢ tinh chit déng gua nd khéng thay doi
bét chip dién ap trén hai cire clia nod.

I =1J1=const

U J

Hinh 1.7 Ngudn dong déc lip

Ky hiéu Nga, Péng Au

()

Hinh 1.8 Nguén dong déc 1ap
1.3.5. Ngudn phu thuje

Nguén phu thudce la phén tir ngudn cé tinh chét gid tri eta né phy thude vao mat
tin hiéu khdc (dbng hay ap) & trén mach

Phan loal: ¢6 4 loa:

Trang 7
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a.Nguon ap phu thuje 4p
(Voltage controlled voltage source)

O

LTy ke, LI,

>
Hinh 1.9. Nguén déng phu thude dong

U, : hidu dién thé giita hai diém | va 2
kg, : hé s& khong thit nguyén
b. Ngudn dong phu thuje dong

(Current controlled current source)

I

Hinh 1.10. Ngudn dong phu thude dong

1, : déng trén nhanh |
k- : hé 86 khdng thi nguyén

¢.Ngudn ddng phy thude dp
{Voltage controlled current source)

b

i,

&
Hinh 1.11. Ngm]"m dong phu thudc ap

ks : hé s cé thir nguyén mho
d.Ngudn ap phu thujc dong

{Current controlled voltage source)

1
.—--—

2 ke

| e

Hinh 1.12 ngf_‘pn ﬁ.p Fhl_,l thubc d:‘:-ng.

Trang 8
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ks : hé 5O co thit nguyén £2
Kv hiéu Nga — Pong An

Ngudn dong phu thude déng

Hinh 1.13, Ngudn dong phu thude dong

1.3.6. Ha cam

Cho hai cudn diy ghép chung mébi tnrémg tir, M

.- ———
(Mutriai Inductor) hd cam gitra hai cudn day, duge T —— +
tinh 1 g E U
M =k L L2 trong dé k: hé sé ghép h8 cam : :

= .

Pom vi cia M Henry {H) va cac udc 6.

Phuong trinh toan

ot Dlspcp Wby
o =L, Gl s gl |
: *dt dt

Hinh 1.14. HS cam

Déu + trrde M tui theo cye tinh (ddu *) clia cdc cudn day. Néu
» Dang I, va I; ciing vao (hay ra) & cde cwe cing tén (ddu *) thi ddu +

= Con lai 1a ddu -

1.4. CAC PINH LUAT CO BAN
1.4.1.Pinh luit Ohm

[ ]
w(t) = R.i(1) + -
u, (ty==L d—lf l; -
llT_(L':l
: du.(th C
T e i
=Sy ——
Wct}
Hinh 1.15

1.4.2.Binh luit Kirchhoff

Trang %

http://tieulun.hopto.org



a. Dinh luft Kirchhoff vé dong di¢n (Kirchhoff current law)
Pinh luat Kirchhoff v& dong dién hay con goi la dinh ludt Kirchhoff 1 (K1)
Phit biéu: Tong dai s6 cde dong dién tai mas mit bdt kb thi bing 0
< .
hzﬂ;lk-?ﬂ (N: 58 nhanh di vao nar) (1.5)
Trong d6 quy ude: Dang di vao thi cé dau +, dong di ra thi ed diu —

Dinh ludt K1 6 thé phét biéu khdc nhu sau: Tong cde done dién vio mot it
Mﬂg téng cde dong dién ra khéi mor ni.

b. Pinh ludt Kirchhoff vé dién ap (Kirchhoff voltage law)
Dinh luit Kirchhoff vé dién dp hay con goi la dinh lugt Kirchhoff 2 (K2)

Phat biéu: T-f-'n;g dai 5':{ cdc dién dp trén cdc ph:in tir doc theo 1dt eqd cdc nhdanh
trén mot vong kin thi biang 0,

2. U,=0 (1.6)

v g

Hg¢ phtmngl lrmh Kl va K2 da: néu trong mdt mach co n nat va m vong kin ddc
lap thi ta cén viét n —1 phuong trinh K1 va m phuong trinh K2,

Vi dy 1.1 Cho mach nhu hinh 1.16. Viét hé phuong trinh K1 va K2 du
T-] By "-'.'DIE R & Iz Rs

Ea

Hinh 1.16
Giai:
Mach trén ¢6 3 nit va 3 mit ludi doc 1dp nhu vy hé phrong trinh Kirchhoff di
¢dn 3—] =2 phuong trinh K1 va 3 phuong trinh K2
Hé phuong trinh K1 va K2 40
Phuong trinh K1 cho nit 1

I =104 =0
Phuong trinh K1 cho ntt 2
| P ]3 —15 =0

Trang 10
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Phuong trinh K2 cho vong I

—E LR tLiRs—E; =Q
Phwong trinh K2 cho vong 11

~E; + LR, —I-R.—IsRs =0
Phuong trinh K2 cho vong 1

"I'I\R.g ~+ I:.R} +E-j - 0

1.5. Cing suét

Cho mét phin tr mach, ta ¢6 cong suit tic
théri

P = ua(t).i(t) B )

Theo k¥ hiéu déng dp nha hinh 1.17a. Phan
duge goi 14 tiéu thy céng sudt.

P> 0 : tiéu thy cdng sufi
P = 0 : phat cong sudt

Theo ky hiéu dong ap nhu hinh 1.17b. Phén tix
dugc goi la phit cdng suiit.

P > 0 : phat cong sudt
P < 0. tiéu thy cbng sudt

i(t)
4 -
.
{ u(t)
.
i{t)
————

|

Hinh 1.17. Cong sudt

Nguyén Iy céin h&ng cng sudt: Tdn g cong sudt phat cua ngudn bing tdng céng

suiit trong cac phéan ok tai

1.6. CAC PHEP BIEN DOI TUONG PUONG DON GIAN

1.6.1. Ngudn ap méc ndi tiép

E"I =3

Hinh 1.18. Ngudn ap mic ndi tiép

Céc nguon dp mic ndi tiép s& trong duong véi mot ngudn dp cé tri sd bing tdng

dar s6 cdc ngudn ap do.
E-Tﬂ o EIE}E

Déu + néu E; cing chiéu Erp
Déu — néu E, nguoc chi¢u Ep

Trra.nE,ll

(1.8)
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E

Hinh 1.19. Ngudn 4p mic ndi tiép

Vidu 1.2

Taco ;
E=E +E;-E;

Luu v: cac nguon Ap mic song song khi vachi khi E, =E;= "=Ey=E

—e

&

Hinh 1.2{. ngﬁm ap méc SONE 50Ng
Khi vachikhiE|=E;="=Eqy=E

1.6.2. Nguon dong mic song song
Csc ngudn dong miic song song s& tuong drong véi mot nguodn dong oo trj sd
bang tong dai s cdc nguon dong dé.

Jtp = 20y (1.9

Déu + néu J; cang chiéu Jrp
Déu ~ néu Y. nguoe chiéu Jp

CHD.E

Hinh 1.21. Ngudn déng méc song song

Vidy 1.3

Tacdl=1J, -]z +l:
1.6.3. N&i song Song va noi noi ﬁép cac pllﬁn tor trd
a. Pién tré mic ndi tiép
K. Ri RN F-TEI
- L. P g ¥ = W vw—
Hinh 1.22. Pién tr& méc noi ticp

Trang 12
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Tacb Rp=2Ri=Rj+Ra+""+Ry - (1.10)

b. Bién trir miic song song

Hinh 1.23. Bién trd mic song song

Fated il el apeepele (.11
R, R, R, Ry

hay

1.6.4. Bién d6i sao tam gidc (Y <> 4)

Hinh 1.24. Bién ddi ¥ = A
a. Bién ddi tir sao ra tam gidc (Y — A)

- R R, +RR,+R;R,

R,
R”=M? i.M (1.13)
R,
L _RR,+RR, 4 RR,
- =
K,
b. Bién @bi tir tam gidc ra sao (A — Y)
Row N30l
Ro+R,;+Ry,
R..R.
R = ppiay 1M14
: R,; + Ry, + Ry, ¢ ]
. R;R.,

R, =
R,+R,;,+R,
1.6.5. Bién d6i twong dwomg

Ngudn ap ndi tiep v&i mot dién tréx s& twong duwong véi mdt ngudn dong méc
song song voi dign trdr 46 va ngwrere lai.

Traug i3
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R T
‘SN ORE
- ————————8
Hinh 1.25

S s g % h

ay E = IR

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

Trong chuong nay, ching ta s& xem x€t gidi mach dién DC dung hai dinh lujt
Kirchhoff | va 2. Trinh ty gidai mdt mach dién DC cé thé tom tit nhu luu @5 hinh

1.26

lap

Pém sb nat va mit ledi doc

¥

Quy ude chiéu dong dién
va mat led tuy v

:

Viét hé phuong trinh
K2 di

Kilwva

Viét phuong trinh
nguon phy thud

cho
c

L 4 "

(Giai hg phorong tr

inh -

Hinh 1.26

lrang 14
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Yidy 1.4 Cho mach nhu hinh. Tim 1; va 12

I 152 I 203

I
av mjmm T Nav

Hinh 1.27
{=iai:

Ta ky hiéu chic¢u céc dong dién va chidu cdc vong nhu hinh 1.27

Heg phwong trinh K1 va K2 da
Phuong trinh K1 che nir 1

Lhi=la=13=10 (1)
Phuong trinh K2 cho vong [
—4+[1+2'3_U {:2)
FPhuong trinh K2 cho vong 11
Ta dwgc hé phurong trinh sau
[,-1,-1,=0
L4 3Ly=d

-5 | O
Gidi hé trénta duge 1, = 1.5A, I, = 0.25A va [, = 1 .25A

Vi du 1.5 Tim cfng suit tiéu thy wén dién trér 402

4{3 E

Cf]\ 4A

CT 4A

U, 4
62 g 2 +
- Un
20 §_
L
Hinh 1.28
Ta ky hiéu chifu déng dién va chiu vong nhu hinh 1.29
)
Il ‘L I]
40}
U,
L Lh 2 +
20 2 Yo
]. 3]
Hinh 1.29
Trang 13
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Phuong trinh K1 cho nit 1

—Il—l=+4ﬂ+l‘;ﬂ -0 ()
Phuong trinh K2 cho vong 1

6l - 61, =0 (2)
Phuong trdhh cho ngudn phy thudc

Up = 2I, (3)
Tir (2) = I3 = I, thé (2) va (3) vao (1)

= 1= 4A

Két qua Py =41 = 64W

Trang 16
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1.1. Tim cac dién trd twrong duong cuia cac mach sau

10
iAA
4 6
122
[ s
3 Hinh 1.1
DS: a, 37,502 b, 4002 c, 15.202 d. 2702 e, 16.682

1.2. Tinh cac gia tr| ctia R trén mach hinh 1.2
402

Pty

6A

ATk

50V R 952

BS: R =30 b L2

- - ‘b
1.3 Tinh cée di¢n dp U,, Us, U, U, vd E cia ngudn biét dién dp hai diu dién tro
2€2 1a 8V

452 400
i g
+ 1, = + U, — -+~
| L - Eﬂ} ]V :
E U:3180 - .~
- i -
4ﬂ§ U,

BS: U, =24V, Uy = 36V, U, = 12V, U, HISWIE - 60V

1.4 Tim I, va L,

§4nr.a

sl -
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PS: 1, =5A
1,=-3A

1.5. Diing phép bién d&i tam gidc = sao, tinh dong I
trong hai eomg hop
8. Rap= Ree=Ra=3Q 20 3 Rbe 5Q
b. Ryy=Re= 3002 va Rye= 400

ATy

PS:a 19A b. 3A b 1.3
80 I
1.6. Tim dong 1 S -+~
1202 (1) l
B A
BS: 1 =0.527A A a0 40 2 5
Hinh 1.6
1.7. Cho mach nhi hinh. Tim déng |
1082 1 252
"
sovf + gﬁﬂ 5 C")zw
-
Hinh 1.7
DS: 1=1375A
Trang 19
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1.8. Cho mgch nhir hinh 1.8 Tim dong [

3562
DS:1=24A
Hinh 1.8
1.9. Cho mach nhir hinh 1.9, Tim déng |
4082
e
1082 2082
60V |
PS: [ =_3A 2 I
Hinh 1.2

1.10. Tim doéng dién trong cdc nhdnh nhu hinh 1.10

1y
— 100 400

S —[ g '
0.4 | n_mﬁ® §1ﬂﬂ 1V
—

Hinh 1.10
DS L= 0.02A, [= 0.02A, ;=0.01lA

1.11. Tim dong va dp trén cac phan to \félﬁnghiﬁm lai s ¢fin bing cong suit trong

mach :

" (¥ b

40 142
A

A

33?@) € 5A é ke

Hinh 1.11
bS: Ti‘:‘mg CS phat (38W +40W +130 W) =Tﬁng CS thu (36W +64W +108 W)

Trang 20
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1.12 X4c dinh dién dp U, va cong sufit tiéu tan trém dién wd 80

641 4[1
3w :
' +
) 20V * )sv
40
L
PS: u, = -2V, P=2W Hinh 1.12

1.13 Tinh hé sé k = ‘_é&

1052
P @—
1 000 ¥
" E _ n-:; Ug
PS: Eﬂ = 50 T 1

-
Hinh 1.13

1.14 Tinh i va uy ciia mach sau theo E va o

ai fo
E 5092 3K $ uo
1 it
Hinh 1.14
. E dlakE
PSS i=—xn——u, =
S0a-2)" " o-2
1.15 Xac dinh ti sb %
”1 3
P -r —_— -
Eiq. ﬂi.!-
=+
= am f' 1j f‘: RZ ; Un
T Hinh L.15
Trang 21
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Z
ps: = - 2 RZ
E  (a-1’RI

1.16 Xdc dinh R dé I = 5A
Iy

1002

5V '_" 25V
DS: R = 602
Hinh 1.16
1.17 Xac dinh I; va U
10L) 4L
U —
+
...i...
31 9V
PS:U=6V:[ =34 | A -
— I
Hinh 1.17
1.18 Tim U 6 02 Al )
. e g e
" +
Y Ui § 4 02 g 24 O
p W 3 6 !;1; U
DS: U=-3V l
— e
Hinh 1.18
1.19. Tim ap U,
N 2.!1
. _
50 3 2 4 CT) 4A
1 iy _Uu
Hinh 1.19
1}51 Uﬂ = d-v
Trang 22

http://tieulun.hopto.org



1.20 Tim d&ién ap U,

U S Ax

BS: Uy=6V
1.21. Tim dién ap U,

21,

DS: Uy=-257V

L il r
§ 30
: +
EAC) Ua 1 $ - $120
Ix
- 3120 gpidtaia
L L 3 L
Hinh 1.20
13V
152
S + |
20 203 19 3y,
I
" Hinh 1.21
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CHUONG 2

MACH XAC LAP PIEU HOA

Chwong 2 tip trung vao phin tich mach & trang théi xéac lap diéu hoa. Cﬁc. IyEich
thich 14 cac ngudn 4p, ngudn dong bien thién hinh sin theo thdi gian véi clng
mbét thn sé.goc ©. O trang thdi xdc Igigndiéu hoa (xdc 18p hinh sin) céc ddp img
dong dién trén tit ca cdc nhanh, cdc phdn ti cling bién thién hinh sin véi cing tn
sé géc .

2.1.80 PHUC

Trong chuong 1 chiing ta khao sat chi yéu 1a céc mach mét chiéu (DC). Bé giai
mach Xoay chiéu, ching ta di ding phuong phép vector dé giai. Tuy nhién
phirong phép vector ¢6 nhuge diém 13 khéng thé giai dugce cac mach phirc tap.
Pé giai dugc cic mach phirc tap, ching ta s& diing sé phirc d¢ biéu dién céc dai
lwgng dién dp, dong dién va tong trd.

2.1.1 Pinh nghia

Pé giai phuong trinh dang x* + 4 = 0, ngudi ta dwa véao don vj ao, ky hiéu j, va
dinh nghia ba&i:

F="_1 (2.1)

Nhu vay j° = il (RS
S6 phirc 14 s6 co dang

A=ga+]jb (2.2)

Trong &6 a, b 1 cac sb thue. Cac s6 a, b duge goi 13 phin thye va phin 4o cla s6
phirc A. Ky higu

a=Re(A) va b=Im(A) (2.3)
S phite lién hgp cia A, ky hiéu A’
A=a+jb thiA*=a—-jb (2.4)

2.1.2. Biéu diZn hinh hoc ciia 56 phic
Imé
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2.1.3 Cac phép tinh trén s phire
Cho hai 56 phitc A = a, +jb, va B = a, +jb;
Hai 56 phirc bing nhau A=B <> a,=a, vab, — b,

Phép cong
A+ B = (a; tjb)+ (az +jba) = (a, + a;) +j(b, + by)

Vidy21l.3+jd+4_i2= 7+2

FPhép trir
A —B=(a, tjb))- (ax t]bz) = (a; = asz) +j(b; — ba)

Vidu2.2, 3+ i) —(4—-j2)= —1 +j6

Phép nhiin
A.B = {(a; +jby).(a; +jbz) = (a;a; — byba) + j(a,b; + azbs)

Vidy 2.3
B+id)4-j2)= 12-j6+jl6 -8 =12+ j10 +8 = 20+j10

Phép chia
i o AB’ - _(H'l + j'?l}[«ag — jb,) s {:aﬁ'r- b,b,)+ jlab, —a,b}
B BB" (a.+jb.Xa.=ib.) al+b?

Vidu 2.4
J+id  (3+ j4)4 +12) _ 4+ j22
4-j2 (4-32¥W4= i) 16+ 4

= 0.2+ jl.1

2.1.4. Dang hrgng gidc, dang mi, dang cwre

Xét 58 phitc A = a +jb, goi R 14 khoang céch M}
tir diém A dén gbe O va 0 |a gbée ma OA tao

V6T true thuc (-180° < 8 < 1807 BT

Trong hinh hec giai tich, cip 5:51 (R,5} chinh
la toa dd cwre cda A trong mit phing.

Ta cé a = Rcosb, b = Rsind Hinh 2.2

Nguge lai, néu biét a va b, ta tinh B va 0 tiy
¢ac hé thirg:

R=+a’+b®:tgf=2 (2.5)
A
Thay a va b theo R va 8, dang dai s8 A = a +jb tvd thanh
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A = R(cosB + jsinB) = (2.6)

Déy goi la dang lugng gidc cua s phirc. Tiép theo diing céng thirc Euler:

e’ = cos@ + jsin® (2.7)
ta duge dang mil cua sb phiirc:

A =R.el® (2.8)
Cubi cling néu ta ky hi¢u: £0 = cos® + jsind ta s& cod

A=R 26 (2.9)

Viée déi ur dang da;l s& sang dang cuc s& thuc hién nhi (2.5), viéc dbi tir dang
cuc sang dang dai s6 s& thyuc hién nhé (2.6)

Vi dq; 2.4. Bdi s6 phire 4 + j2 ra dang cue
= 4T 427 —4.47;1g0 = i- — 0=26.6°
Viy 4+ j2 =4.47226.6°
Nhdn chia s6 phire dwéi dang ewe

Cho hai sé phirc
A =a; )by = R,26,

B= i I ""jb: = R_g..-"'_JE; {2. Iﬁ}
Ta co

AB=R,Z£8;, .R;20; =R;R,20, + 0, (2.11)

L EL‘@_=E._£.B -0, (2.12)

B R,Z0. R,
Vidu25Cho A =4+j2 va B =4 —j3. Tinh A.B va —:-thm hai cach

a. Dung dang dai s
b. [DMing dang cuc
(xiai:
a. AB=(4+j2)(4-j3)=22—j4
A (4+)52)4+33) 10+ j20 .
- = —=——>="—=0.4+ j0.8
B (4-j3)4+j3) 16+9 !

b. Tacd A =447226.6"vaB = 5.,-36.97
AB=447-26.6"5-369" =2235.-.14.3"
A a 4.47.226.6°

e o =0.89.-63.5°

2.2. QUA TRINH BPTIEU HOA

:\dﬁt dai luong (1) duge goi 14 didu hoa néu né bién thién theo thoi gian theo quy
uat sau:

f(t) = F,cos(mt+ @) (2.13)
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O day (1) co thé 14 dong dién i(t), dién dp u(t), sire dién déng eft) holc ngudn
déong dién j(1)

Fn = 0 Bién d6
w >0 -tdn s6 gde, don vi rad/s
wt+ ¢ - géc pha tai th¥i didm t, don vi do 1a radian hodc dd
® - goc -pha ban dau, don vi do la radian hoac d6
-180°< @ < 180° hodc 0°< ¢ < 360°

Pai lugng didu hoa cling co thé diing ham sin

f(t) = Fsin(et+ ) (2.14)
Qud trinh didu hoa la ham tudn hoan theo théi gian vai chu ki
“*
g L (2.15)

1
Tén of r=_.:.1. = 2 don vj do 1 Hertz (Hz)
LY
Gia sir ¢6 hai dai lrong didu hoa 6 cong tin 56 gbe @

f:(t) = Fcos(ot @) va f2(t) = Focos{wt+ o) (2.16)
Blai lugng o = (ot+ ¢ ) — (ott ¢7) = @) — ¢, goi 1a goe léch pha gitia £1(t) va (1)

Néu ¢ > 0ta néi f; nhanh (som) pha hom i midt goe o
¢ < 01a néi f chiim (tr) pha hon £ mat géc @
=+ (180" ta ndi f, vi & tigirg'e pha nhau
0= 0tandi f; va £ eang pha nhan

Vi dy 2.6, Tinh goc 1éch pha gita hai dién ap
(1) = 4cos(2t+ 30%) va ux(t) = —2sin(2t+ 18%)
Giai:
Ta phii bién 8561 chang vé cung dang cos hodc cling dang sin
ua(t) = =2sin(2t+ 18%) = 2cos(2t+ 108
Véy uz nhanh pha hon u; mat géc 78° hoac 1, cham pha hon us mot goc 78°

Cde dal luvong dién

(1) = Isscos{wt+ q,)

u(t) = UJ'IIEUH‘{WI-—'_ '[F'u}

e{t) = Ecos(mt+ ¢p,)

J(t) = Jcos{wt+ o)) (2.17)

(14 tr] higu dung

| L E I
[ fe: U= - E o Sl
J2 JZ Nl J2

i

3
—
i

(2.18)
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2.3. PHUONG PHAP ANH PHUC
2.3.1. Biéu dién dai lwgng didu hoa bing s6 phire
Cho dai luong diéu hoa
fit) = Fcos(mt+ @) (2.19)

MNoudi ta dua ra rn:linh nghia

F=F.e" =F, <o (2.20)
la vector bién 4§ phic dac trung cho dai hrgng diéu hoa. D6 chinh 1a ngi dung
cua phuong phin tich tin hiéu digu hoa ding 35 phire

Ngoai ra, ngudi ra cling cd thé dac trung f(t) bing vector hiéu dung phirc

F=Fel = F£g trong d6 F la tri hi¢u dung cua fi) 2.21)
2.3.2. Phirc hod phin tir mach
a. Phin ur dién tre
R« R (2.22)
b. Phén tir dién dung

L <« jw (2.23)
¢. Phan tir dién cam
- ] - j
L S =
Joil’ wC {2-24}

2.4. DPINH LUAT OHM VA KIRCHHOFF DANG PHUC
2.4.1. Djnh luit Ohm
U= 2]} (2.25)
2.4.2. Djnh lujt Kirchhoff
a. Dinh luit K1

Phat bidu: Tcing dai 56 cde dong dién phirc tqi mér miit bdr ky thi bang 0

B_ -
> Ik =0 (N: s nhanh di vio ni) (2.26)

k=1

Trong dé quy wde: Dong di vao thi ¢é dau +, dong di ra thi ¢é ddu —
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b. Pinh luit K2

Phit biéu: Téng dai 56 cdc dién dp phire trén cdc phdn tir doc theo tdt ca cdc
rhanh trén mdt vong kin thi b&ng Q.

S U =0 | 2.27)

vile

2.5. GIAI MACH XAC LAP DIEU HOA DUNG SO PHUC

Quad trinh giai mach xdc lip dicu hoa ci’ing glfmg nhu giai mach DC & r:hm.mg 1.
Tuy nhién trirde khi giai ta phai bifn dbi cdc ngu&n kich thich, cdc phﬁn tor mach,

dap trng (doéng, ap) vE& anh phire.

Phirc hoa mach

Giai mach gidng nhir giai
mach RC & chuong 1

l

Bién d5i ¢de anh phire vé
mié&n thdi gian

Hinh 2.3
Vidy 2.122 Cho mach nhu hinh 2.4, Tim i(t)

) ‘ )

N
e(t) = 10cos(2t —a0") 10.2-90°
Hinh 2.4 Hinh 2.5

Tacod =2 rad/s
282 &> 202
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2H & jolL = j4 02

0.25F > —— = —Jd =

JuC oC

e(t) = 1 0cos(2t —

90" «— E =10.£-90"

Ta dugc mgch sau kKhi phuc hoa nbhu hinh 2.5

Suy ra

E 10—

i=—=

0"

Z 2+ j4—j2
Vay i(t) = 52 cos(2t -

SEqs . alfaiagst

45%

_ ] _ 1]
_102-90° _10£-90° . o o

Vidg 2.7. Cho mach nhyr hinh 2.6, Tim cac t;ﬁmg dign i(t), i;{t) va iz (1)

llﬂ

& i

i() 12 13(t)
(DY
(1) 10
Scaos3t i é
14
Hinh 2.6

Tin s6 goc cha ngu%m m = 2 rad/s

e(t) = Scosit «» E =5-0"

1£3 <> 102
302 & 302

I1H < jooL = j3 £2

Toiss; |

9 jeo

Ml SR W

ool

.'|

30
e 500 T = q — 30

Hinh 2.7 So d6 phirc hda

Ta cé so d8 phirc hod nhu trén hinh 2.7

Céach giai 1

Pinh luat K1 cho nat 1

I-1,-1,=0

(1)-

Pinh luat K2 cho vong 1 va Il ta duge
1+31, +j3i,-5=0
—3[1 _jBIi -jElg =

Tr(Dsuyra =11

Thay (4) vde (3) ta duge

ji+li=0=1;=

Thay (3) vao {2) ta durge
(=3} =5 = 1]=

—jl

=1

(2)
(3)
(4)

(3)

< —=0.8+j0.6 = 1.£36.87°
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(5) = 1, =-j1(0.8 +j0.6) = 0.6 — j0.8 = 12-53.13"
(4) = 1, = (0.8 +j0.6) 0.6 - j0.8)=0.2+j1.4 =141 £81.87"

Chuyen sang gia tri toc th-iri
i(1) = cos(3t + 36.87°) A
i() = cos(3t =53.13% A
i2(t) = L4lcos(3t + 81.87) A

Cach giai 2:
ETD_1+{3+133){ Bl =143 3= 443
= = - 2 = {J.8§ H0.6 = 1236, 3
e . 6.87
l = i ;) {GE+]E;'5}( 1) _ 5.6 -j0.8=1--53.13°
I, = -{3+J3] {UR+JU5J(3'J1} =02+jl.4=1.41-8%1.87"

3
Chuyén sang gia tri toc thii

i(t) = cos(3t + 36.87M A

(D =cosf3t-53.13 A

i2(t) = 1.4lcos(3t + 81.871) A

Vidu 2.7 Cho mach nhwr hinh 2.8, Tim ede domg dién i,(t) va iz(t)

i1 (1) ll E12E
i L
IE{t‘.} T: i ,/,—'_‘-\
. h g | -
3sindt C) u EIH.I @é u C)J,{ﬂ“ﬁu 40 ILU
- ! o !
Hinh 2.8 Hinh 2.9

Ta ¢ mach phac hod nhu hinh 2.9

K1 cho nit 1 2

[, +E-3=0 A1)
K1 cho nit |

2ty + %ﬂ—411= 0 2)
Phudng trinh cho ngudn phu thudc

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

gy +1.=0 (4)

Lay (1) — (4) 1a dugce
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d-ply=3=1 = 7{3—,11.5 +1.5 = 2:12.245°
— ]

(1)=I,= 3~1;=1.5-j1.5 =2.12.£-45°

Suy ra

(0 =2.12 sin(4t + 45" A

iz(0) = 2.12 sin(4t — 45" A
2.6. CONG SUAT XAC LAP BIEU HOA
2.6.1.Cong sudt tic dyng va phan khang
Cong suit tie thivi p(t) cho mdt phin ul

R = udt}.i(t)
Mach xac lip diéu hoa

(1) = Lycos(wi+ ;)
ult) = Unpcos{wtr ¢y)

Cang sudt tic dyng P duoe dinh nghia

P= lEUmImcﬂmp
vEl @ = Py —
Hofc P = Ulcosp
véi U, T 14 trihigu dung cha ap va dong
Céng suiit phan khing Q duge dinh nghia
Q= %Umlmsinm

Q = Ulsing
Donvi: P: Walt (W)
Q: VAR

2.6.2. Cong suit biéu kién

S=UlI Pon vi: VA
5= P+ QF

2.6.3. Cong suiit phive

S=P+jQ
Ta thiy

Trang 32
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S=Ul
Ta cd thé biéu dién § trén rn;it phﬁng phl.'rc: Ed.:ﬁ 14 tam Ei:ic {:.ﬁnE su:-it
Im &

|

Q

F Re
Hinh 2.10 Tam giac cong sudt
2.6.4. Do cdng suiit

Pé do cong sudt ngudi ta ding mdt thié bi gol la Waltmet. Waltmet cb 4 déu, 2
eudn diy eudn dong va cudn ap (Hinh 2.11)

-
Cufin dong +
L U
U
Cudn & -
M1 ap - = e
Hinh 2.11. Céu tao Walumet Minh 2.12. Cich mic Waltmet

Pé do cong suit tdc dung ngudi ta ding Waltmet véi cach mic cudn déng nébi
tiép v&i tai va cudn Ap song song v tai (Hinh 2.12).

Vi cich mic nhi hinh thi chi 56 trén Waltmet la gia try
P = 2 Unlncose = Ulcosp (2.34)

Néu kim Waltmet quay nguge thi ta dao chidu mét trong hai cuén dong hay ap
(thudmg 14 dong)

2.7. TRUYEN CONG SUAT QUA MANG MOT CUA

Cho mang mét ctra duoc ndi vdi tai nar hinh = - g >
2.13
. : =+
Taco | = ——rem E [] ‘i
£, +Z B
3
le'l .-Eln - Rn_ +jxl'|
7, =R, +jX, Hinh 2.13
lTrang 33
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E

=, =— - 2.35
NCYE Ty .
Cong suit tidu thu trén Z,
p=lrp.lp E.
2 TR, TR A (K, T XY (2.56)

;l‘{a. thay néu c6 X, = —X, thi P cyc dai. Trong truomg hop nay ta khao s&t P theo
;- 1aco

_l._ E-E"R[ —l EiRI‘
2R, 4R 27 2 e
[F- )
JR,
Theo bat ding thirc Cauchy
P cyc dai khi = - -
uc da T JR, =R.=R, (2.38)

Ni’}lI }’E:ﬂ cuoi cung ta co cong SUAL nhin dwoc trén tai cia mang mot cira la cyc
dai néu nhu

RT = R"I- F i
X -x by Z =2 (2.39)

BPay chinh la nguvén ly tru:grén cdng suit cuc dai lrong mang mot ¢ira
Céng suét cyuc dai

1 E? 1 EX
P =—-—m_ . ' =
ITaEx 2 -n'-"-Ru H, Rn {2.4[}-}

Vi dg 2.8 Cho mach nhur hinh 2.14 véi E = 24020° (higu dyng phirc). Tinh sb
chi ctia Waltmet, ¢ong suit tiéu thy trén méi dién trd 400 va 600,

29

602
gf +
T {8OC
&
Hinh 2.14 B

Cridi:
Tacd Zip= | +j2 + 40//(60 +i80) = | + iz + 4060+ j80) _ :

. ( 153 ) 40 + 60 + jBO 2498
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== E 733, -17.42°
31.24 + O.R

Do do

P = Re(Uapl ") = 220x7.33xcos(-2.96" + 17.42%) = 1625 W

Cac déng dién

1) = Uas _ 5 7267 — 2.96°
&0

1: = _Uan 2207 _ 56.00"
60 4+ j80

Suy ra cong sufit tiéu thu trén trér 402 la:
P, = 401, = 40(5.725)2 = 1311 W
CéHng sudt tidgu thy trén ted 602 la:
P; = 601" = 60(2.29)° = 314 W

Cé6 thé nghigém lai ring chi 58 cia Waltmet P =P, +~ P,

Trang 35
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BAI TAP CHUGNG 2 A
MACH XAC LAP PIEU HOA
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2.1. Mac dinh trén rnat phﬁng phl_rc: cdc so pin‘.’rc sau. Bién ddi s6 phire di cho sang

dang eyre va bidu difn sé phirc & dang cyc trén mit phing phite. So sanh hai céich
hiéu dién

2-j2 ; 3118 ; =53 . 4 =j4 (5Fj10 ; j6 ; -4  —j5
2.2. Thyc hign cac phép tinh sau

aE.—':l—-jﬁltfnhEE e.Z=2+B, tinhZ - Z°
b. Z=10£-40° tinh 2.7~ . Z=1044,tinhZ+ 2’
c. Z= 10.-:511”. tinh Z+7" g. Z=95-25 tinh - Z°
d. Z = 2.5--60° tinh Z.2" h.ZZ=rs0, tinh Z/ Z°

DS5ia.25:b.100 ;0. 24 ;d. 6.25;¢.jl6;f. 20;g. j80.2 ;h. 1220

2.3. Bién dbi cdc sd phic sau sang dang ciyrc

a.—12 + jlé b.2—;4 c. 59 — j25 d. 700 + j200
e. 0048 = j0.153 f. .0171 —j0.047 g, —69.4 — 40 hod+ 32

BS: a.20-126.8" b, 4.472-63.4° & 642203 4. 727216
e.0.16£-72.55° £ 0.05270° g 80-210° h.283.-135°

2.4, Chuyén dang cuce sang dang s8 phire cée sH phirc sau

a, 1023° b. 25 788" e.50--93° d.45-179°

g, 0.02.294° f. 0.702266" g 0.80-=5° h.200-181°
D&
a. 10+ j0.523 b.0.871 + j25 e—2.62 (50 d.—45 + j0.785

e.—~0.00139 + j0.02 {—0.0488 —jO.70 g.0.8—j0.0696 h.=200 —j3.49

2.5. Tinh cac biéu thire sau

a.10253.1% + (4 +j2) e.(— 5+j5)= 7.07£135°

b.102950% + (8 —|2) £02—=j10) — (1 —jl10)

A~ 4-j6) + (2 +jd) g.(l0+j1) +6 — 13.45.2-42°

d.2.86.245° — (2 j8) h.—5-53.1% - (1 —j6)
DS:

a. 10 +j10 b.8+;8 c. -2 —j2 d, j10

c. 0 o g.6+jl0 h. —4 +j2

2.6. Tinh cdc tich sau theo hai cdch
© Cic s phire & dang dai sé
@& Cac 56 phirc & dang cuc

a. (3=2)(1-j4) b. (2H10)(3-j3)  c. (—1-DA+j1)  d. (2)(4—53)
€. (12)(3) £ (11)0U0) E: (2+i2)(2-j2) h. (x+jy)(x=jy)
DS: a.=5=j14) b.(0=j6) c.{—j2) d{ﬁﬂﬂ]

e—10 f.6 E.8 h.x? + y*

2,7 Tinh cidc phép chia sau theo hai cach
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© Nhan tr va miu vdi sé lién hgp phnirc cia miu sb
® Chuyén ca tir va miu sang dang cuc va thyc hién phép chia

a.5+‘j_5 h.d_-?ﬂ c_ﬁ—!'l[l'
1=l - 24+ )2 3+ jd
c-3+,13 f_a-S—:ﬂIJ : lﬂ.
24 j2 2+ 34 6+ j8
BS: a5 b.—1—j3 c.—1—-j2
e.1.5 f-—2.5 g.0.6—0.8

2.8. Thuc higén cac phép tinh sau

a. (23.5 +j8.55) / (4.53 —j2.11)
b.(21.2 —j21.2) / (3.54 — j3.54)
c.(—7.07+j7.07) / (4.92 + jO.868)
d.(—j45) / (6.36 — 6.36)

d.E + '!12

2

i5
s
d.6—j4
h.—1.25+j1.25

e. 6.88212° /(2 +j1)
f. (5 +i5)/ 5280°
g. 1 /(6+ jB)

h.(=10 +j20) /(2 —j1)

PS: a,5245° b. 6.£0° c. 22125 d. 5.2-45°
e. 3.08.2-14.6° f. 1.4142-35° g. 0.12-53.1° h. 102143.2°
i s A . e
2.9. Thye hién phép tinh ——=2— khi biét

a.Zy=10+j5va Z;= 20.30° b. Z, =5245°va Z,= 10£-70°
-:.El-ﬁ—ijhEg= 1+j3 d. Z; = 20 va Z,=j40

BS: a. 7.18227.8° b.5.5.215.2° ¢, 5.52.723.81"

d. 17.9.26.6"°

2.10. Mach ndi tiép gbm R = 2002 va L = 0.02 H coé tbng tr 1a Z = 4020, Xac

dinh 8 vatinsd f
PS: 0=60°% f=275H=z

2.11. Mach ndi tiép R = 252 va L = 0.01 H 1am viéc & tan s6 f= 100Hz, $00Hz

va 1000Hz. Tinh céc téng tr& Z & cac tdn sd d6.

PS: 25821417 : 40251.4° : 67.7268.3°

2.12. Mach ndi tiép gdm R = 1002 va C = 40pF chiu tic dung cua 4p u(t) =

500cos(2500t —20%). Tim i(t) =
DS: i(t) = 252 cos(2500t +25%)

2.13. Mach ndi tiép gébm R = 82 va L = 0.02 H c6 dp tdc dung ia u(t) =

283sin(300t +20%). Tim dong i(t)
PS: i(t) = 202 sin(300t +53.1%

2.14. Trén mach gdm c6 R = 5Q va L = 0.03 H ghép ndi tiép c6 dong chém pha
so v&i ap moét gée bang 80°. Xdc dinh tan s6 ngudn va téng trd Z phirc ctia mach.

PS: f=151Hz ; Z= 5+j28.4 = 28.8-80"°
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2.15. Cho hai ngudn u;, = S50sin(®t--90% vi u, — -

5psig(ml+30°) mic nhu hinh 2.1. Tim dién dp u(t) - *
va sé chi ciia von ké. :

PS:  u; = 86.6sin(ot+60%)

V=51.2% e
Li=

2.16. Tim to6ng tr& va didn nap cia hai mach nhu &
hinh v&. Biét ¢d = 2rad/s

Hinh 2.1
253
14D
L L
1y
Ik 4
1 1632
- 0
Hinh 2.2
Ps: a 22— b, — :
2=

2.17. Cho mach hinh 2.3, Tim c¢dc dong nhdnh va ddng tong. Tim téng trér Z

+

.
-i-l TCI
bs: | =6+j8;lh=35 = s *
1 =13.6236°; 7 = 36, 7--36° 50,0 _> 31082
i

Hinh 2.3

2. 18. Tim cac dong L, 1, 1.

I 100
Ps: 1, =6.32-18.46"
I, =3.16--71.54° I le,
i = 7.07--8.13° 10020° ( + §100 50

- Hinh 2.4

ITrang 39
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2,19, Cho u(t) = 100sinomt. Xac dinh hiéu dung phic.cua céc dong digén nhanh

14 ja002 [ j60£2

Hinh 2.5
DS: 1 =24ZA L=-2A L=-42A ; i=2J2A1:=J2A;

2.20. Bidt u(t) = 102 sin10*. Tim 4p téc thdi trén ty 1uF

1 H
smH Q.66 7.F
smk 1508 b
il
20002 1pF
oh 18] 2
Hinh 2.6
PS: 2.5J2s8in10*t VvV
2.21. Xac dinh U,p
jSc
L2 r-y
i=10A
e i
jaL2
32 B AN
Hinh 2.7

DPS: Usp = 2.25-34 29"

2.22. Vén ké chi 5V, Tim chi sé eta ampe ké. Tim tri hiéu dung U,p
6Ly
" " ;
'|3£1 ‘

L
jac2

Y |

Ps: 2A, 1.84V Hinh 2.8
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2.23. Tim dién ap turc thdi ug(t) & mach sau

10mH
a2 ok
+ U, —
20coz 1000t E;L ug(t)y== 100uF

Hinh 2.9
PS: ug(t) = 202 cos(1000t —135%) V

2.24. Xdc dinh céc dp U3, Uzs, Uy, U (hiéu dung)

10V | 20V 20V 5 30V

10V 20V
Y Yy |

3 Hinh 2.10 ' 4
PS: Up3=20/2V ;U =40V ; U, =22.36V : U = 36V

1.256. Dign ap gita A va B cod hiéu dung la 50V. Xdc djnh gia tri hiéu dung caa

nguon ap

i
A 3260°0
5 4
s O o0
— B
PS: 53.53V 20 ==-j300
Hinh 2.11

2.26. Xdc dinh dong I (Cho X = - X = 10K£2). Nhin xét

20K.0
_|_
1 020" ©

20K

Hinh 2.12
BS: | = -jl mA (Khong phu thudc Z)
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2.27. Cho mach nhu hinh 2.13 v&i E = 500" (kigu dung). Xéac dinh céng suat
phét ra bdi ngudn va cdng sufit ti€u tdn trén dién trd,

=19
ol il .
302
PS8: Py= 198W :
Psn=83W soz0°{ + §J 10£2
Pia=113W T —— -ja2
L
Hinh 2.13

2.28. C]‘llﬂ e(t) = 10cost(V). Tinh i(t), i;(t), i2(t) va cdng sudt tac dung phan khang

cua ngubdn

. 50) 025 F
S|
w i:z i]
: 2H g
t Ocost (V) N
Hinh 2Z.14
bs:
i() = 2cos(t — 53.13%)
1, ({t) = 2. 83cos(t + 171 ,ﬂ’,}'“)
i-(1) = 4.47cos(t — 26.57")
Pe= 6W, Q= 8VAr
Trang 42
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CHUONG 3 -

CAC PHUONG PHAP
PHAN TICH MACH

1. GIOI THIEU

Trong hai chuong trwdc chiing ta dé giai mot sb6 mach dién don gian cha yéu
diing hai dinh luét Kirchhoff ciing nhu cdc phép bién dbi tuong duong mach dé
laim don gian mach trude khi giai. D6i voi cdc mach phic tap. co s& cla vige
phén tich vin la hai dinh luét Kirchhoff, tuy nhién c6 nhimg phuong phap cho
phép dp dung cic dinh luft nay mdt cach he théng hon, hidu qua hon va giai
mach nhanh hon s& duge trinh bay trong chuong ndy. Cic phuong phép, dinh ly
trinh bay & ché dd xac ldp hinh sin cling ¢6 thé dp dyung cho mach thuin tré cd
kich thich DC, chi cin thay khai niém anh phirc dong &p bdi cde bién tirc thai,
thay trés khidng b&i dién trd, din nap béi dién din.

2. PHUONG PHAP THE NUT (NODE ANALYSIS)

Phuong phép thé nit xdy dyng hé phuong trinh gidi mach tir biéu thirc ma trin
Gp=17 (3.1)

Trong mach co nhiéu nat chon mdt nit trong mach va gei no la nat goc cho it

dé c6 thé bang 0. @iz gh — 0). Sau dd ta co thé tinh thé cdc nat ¢cdn lai suy ra toan
h{ cAc gia tri dong ap trong mach

En Bz e Em_ _q:-‘l i gjl
Eun E: - Eaw Pz 172
LEHI Brar - Epn ,_";F‘:qJ _JHJ

(3.2)

Trong dé
. G: Ma trén dién din.
@ = tﬁng cdc dién din va nit i
g; = tdng céc dién din giita hai nit i ¥a j c6 dau —
B = B
* @ la ma trin cdt, biéu diZn thé cdc mit (trlr nGt quy chiéu)

- Ji = téng cac nguon va nit i
Ngudn dong: - Bj 1ém =]

- Dau + néu J vao nit, ddu — néu J ra nat.
Ngudn ap: -Dd ldn = % vdi Z 1a trd khang nhanh
- Déu + néu chidu duong E hudng vao nit, déu — nguge lai
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Vidy 3.1. Cho mach dién nhw hinh v& tim cac dong 1, I, va 15
I 262

Rt T P

252

ev

-Eu El:] [“Pn]= I,]
| Z2 Bz P, T,
e 2 o
sl o
i 2 22 L% <
Rﬁtgqnlal
s ) [o)-1a]
El.'l}rra-
9 -—0.5}
] 1 1O
= = — Y
el 1.5 -0.5 1.25 o
— 0.5 1

T &6

et
et
!

—
%]
I

12—, 12—8
2 2
o, +p. 8-6
2 "

Trang 44
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Vi dy 3.2. Tim céc dong dién 1;, Is trong mach himh 3.2

i sO @ 2 @

i120 403
100" T 2£-30"
902 -jm oraram—
) L ;
Hinh 3.2
Chon nit © 1am nit gde, ta 6 hé phuang trinh thé nat nhu sau;
l_|_ L) e : — _Il- 0, 2
5 2 9432 2
| 1 1 =
2 2 iz Lea] 22307
Ruat gon lai

0.74=j0.0533 -0.5 o 2
- 0.5 0.7+ 0.1 L@, ) [1.732-]

Suy ra
i ordes
B 1.732 = j u?+1r;11 o 2:266-303 o ooy
= j0.0533 — 0.5 02734+ J0.0367
[ -0.5 0.7 + jO.1
[ |El 05333 2
| 1732=3] _ 2228-0832 _. . .\ q; v
0.74 = Jﬂ 0533 — 0.5 0.273 + j0.0367
[ -0.5 ﬂ.?-n-jﬂ.l]
T d6
- m;q:.. - 3"'153-‘7 = 0.4+ j0.434 =0.59247.33" A
[ = U; = ;"Pl =0.2+j0.95 =097278.11° A
Vidy 3.3 Tim cac dang 1, Iz va I @ [ 502 a
trén mach hinh 3.3
I, I3
Griai: i
Quy wée cde nit nhur hinh 3.3 gvi 40 54 41,
Ta co
pz = 8V @
Hinh 3.3
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Viet phl.n:mg, trinh Thé nut cho nuat 1
1 | |
[E"‘EJ{D. _Emz = _4I| {I)
Theé ¢ = 8V vao (1)
2 = 8- 201, (2)
Taco I = it‘Z_:-'-= % = 2 thé vao (2)
=@ = -6V
P2 W = E = 4 BEA
5 5

P _ =16
5

_ﬁ-Tzz

1 B — = =0 A

3. PHUONG PHAPF MAT LUOI (MESH ANALYSIS)

Phuong trinh cé dang

Zi
-E]I Z, - Lo
Lo £Loaa - Lo
_EWI zI‘-II EN'M

Trong 46

= £ :ma trdn trd khang vong

—  Zj ™ tbng <¢éc trdr khang cua cdc nhanh thudc mit ludi i

(3.3)

(3.4)

= zg = Téng cac trd khing cia nhinh chung cia 2 mét ludi i va | ¢d
d

u + néu hai mit (e ciing chigu trén nhdnh chung dio — néu

nguge lai.

= I la ma triin cét. biéu dién cdc dong mit lodi
= E ma tréin sire dign déng cua mit ludi do céc ngudn giy ra

— Néula ng:fm ap ¢o gia tri badng E va s& cd dau + néu chiéu mait lhrai
tAng 4p va co diu — néu ngucre lal.

cung chi

— Néulan -ut’inrdﬁng, gid trj bng JZ  diu + : néu chiéu ngudn dong
cung chidu mit ludi va c6 diu - néu nguge lai.

Ll-ru.;nn -J-EI
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Vidy 3.4. Giai lai vi dy 3.2 bang phuong phép mit ludi

I, 50 28 I
itz 40—
100" f/I—\' (’(? TN CD 2.2-30°
502 -j262
L
Hinh 3.4

Phurong trinh mit leai

_E“ 2Ii:| il = é-]
_E=l z:: 1z E.;

(5+9+j12 — (9 + j12) L 10
{9+ jl2) 9+ j12+2+4—j2]| [], = (4= j2).2.2=30°
Rt gon
14412 —(9+§12)] |1, | 10
—(2+jl12) 15+jl0 1. | | =4.928 + j7.464
[ 10 - {E!'+j12}:|
. — 4 928+ j7.464 15+ jl '
[ = . EJ’_‘T +J 0 1005+ 10804 4. jO.434 = 0.59.247.33°
14+ j12 — {9+ j12) 153 + ;104
={9+j12) 15+ j10
[ 14+ jl2 10
- =(?+j12) —4.928+ jT.464| —68.56+ jl6S.36 : =
Pl = — = 0. 0.95 =0.97 <78,
: 14+ j12  —(9+jl2) 153+ j104 0.2+ Ll
= (9« jJ12) 15+ jicy

Vidg 3.5. Tim | & mach hinh 3.5 dﬁng phuong phap mit odi

Hinh 3.5

Phuong trinh mait ludi
[n.5+n.4—ju.3 — 0.4+ j0.8 ] [f,]{ 4 ]
-0.4+j0.8 2-j4+04-j0.8] [1,]| |6U.
Phrong trinh cho ngudn phy thudc
U, = 0.51 = 0.51,

Trang 47
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Thé vao hé trén
{(n.-;m— J0.8)1,+ (—0.4+ j0.8)T2 = 4
(0.4 + 0.8+ (2.4 — j1.8312 — 31,
(0.9~ j0.8) 1, + (0.4 + jO.8)I: — 4

(=2.4 + 0.8+ (2.4 — j1.8)T3 = O

Hodc dang ma tran
[n.a—jux - 0.4+ jO.8 NE
=34+ j0.8 2.4-—j1.8 .| Lo
4 —0.4+ 0.8

. . 0 2.4-ji.8

[ = ]_| = mum ; -
0.9 - 0.8
[—- 3.4 + jO.8

_96-j7.2
-0.4+j0.8| — j0.5
2.4—jl.8

4. MACH CHUA HO CAM
4.1. Phwong trinh toin hge
Cho hai cudn diy ghép hé cam nhue hinh 3.6

Phuong trinh dinh ludt Ohm

u, =L, g g dis
w, =L, Sa 49
= dt dt

Diu + trude M iy theo cue tinh (dfu *) ela cde
cugn diy, Néu
- Déng i) va i; cing vao (hay ra) &
ede ewe ciing tén (ddu *) thi dau +
- Con lai 1a dan —
So db phire hoa
X, =mlL,, -
3{; — tﬂ]-_.l
Xm = oM : dién khing hd cam
Phuong trinh dinh ludt Ohm dang phibc
U = jX, Tok j3, T3
Uz =jX, T2+ jX; 12
Déu X twomg W nhir xét & dinh ludt Ohm tie thei.

4.2. Phwong phiap phén tich mach hd cam

Trang 48

=14.4 +jl10.2 = 24,53 137

- = =+
L2 3] g LE )
e ) =

Hinh 3.6

& e j]{r-..{—"—"'l

I
- jH1§ ij; o,

- -
Hinh 3.7 Phirc hod hd carmn

(3.6)
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a. Phuomng phap Kirchhoff

Khi giai bai todn ¢6 chira hd cam theo phuong phip Kirchhoff cdn luu ¥ céach vié
dinh ludt K2 & mach ¢6 chita hd cam

Us = jeoL, I % jeoM I,
(AR e (.7
Uz = joL, T2+ joMI:

Lia v dau etia M

b. Phwong phip mit luéd

Phirong trinh mit Judi

Néu mach c6 chira M thi Z s& duoc bd sung. Quy tic bd sung nhu sau:

= Néu nhir hai thanh phdn M (cudn 1 va 2) nim trong ciing mat mét lusi i
thi 7Z; s& bo sung mot luong la 2joM vai déu
F Néu dong mat ludi cung vao {hay ra) & cuc cling tén
— Npuroe lal .
= N&éu nhir hai thanh phan M (cudn 1 va 2) ndm & hai mét heai i va | thi Z;
s& bd sung mdt heong 13 joM vdi diy
+ Néu dong mit ludi eing vao (hay ra) & cure cong tén
— Negwoe lai

Vi dy 3.6, Cho mach nhu hinh 3.8. Tim {1(1) va i2(t)
1H

il_(_’l:' T i

Hinh 3.8

CGriai:
Céch 1: Giai bing phweng phap Kichhoff
Tacoso d6 mach phiac hoa nhr hinh 3.9

IH — j2L2

2H — j412

I1F —= -50.50]
HE phuong trinh K1 va K2 dn

Lh=1,+1; (1)

(GH2I, + j21.—j0.51; =16 (2)

Trang 4%
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Thé (1) vao (2) va (3) ta dugc
G+jl.5l; +jl.5i;=16
iL.5L + (143.5)], =0

Suy ra
rﬁ i1.5 }
Ll VAP 16456, ey § 33 m4,85-—15.97 A
3+J] o jl .2 ji2
j1.5 1+135
3+jl.5
i1.5
2 Jjﬁzmﬂfﬁ? A
3=+ jl.5
jl1.5 1—4-_]3 3
Cach 2: Gida hing phmg phﬁp mdt lidd
3+j2-j05 —-j05+5270 |y, _[18
| -j05+12 1+j4-jos]| |1, 0
(3+j1.5 1S Ll [1e
| 1.5 1+j35] |1, LO
[15 jl.5 ]
- 0 1+ j3.5 16+ j56 a
h = —_— AT -]1.33 =485 150G A
T2 15 015 12 J
jl.s  1+jas
[3+_ﬂl5 lﬁ—l
: j1.5 o - j56 o
i | S =4 671807 A
“T3+915 1.5 2
1.5 1+ 3.5
K ét qua

i, (1) = 4.85cos(2t=15.9" A
t{t) = 4.67cos(21 + 180" A

5, CAC PINH LY MACH
5.1. Nguyén i xép chdng

Tn:lng mr,}t mach cd nhieu nEu-E‘bII doc lap, dap img {dong, ap) do nhidu ng_ué:n gay
ra biing tong cdc ddip Ung do irng ngudn pdy ra khi cho cde ngudn khdc bang 0
Ngudn dp = 0 : ngin mach

Trang 39
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ng-?‘_rn di"Jl'lE = (: hor mach

Nhu vly, mét mach bét k¥ ¢d N ngudn kich thich déc lap. Mot dép img X sé
durge tinh

- ol
K= X (3.8)
X, dap img cia mach khi kich thich 1a F; cdc kich thich khic cho bing 0

Pap (g tao bdi nhiéu ngudn kich thich tic déng ddng théi thi bing 1éng ede dap
ang o bai mbi ngudn kich thich tac ddng riéng r.

Vidy 3.7. Cho mach nhur hinh 3,1¢, Tim [ bang phuong phép xép c.hq.amg

43

6A G\) 22 —_|- T

Hiunh 3.10)

Gzimi:
a.Truwdmg hop ngudn 64, cho ngudn 18V = 0 nhir hinh 3.11

4L2 42
S
[ Iz
EACD 202 202 —+ "\ gV
Hinh 3.11 Hinh 3.12
Tucs Ty asdk
2+4 -
b.Trirémg hop nguon 18V, eho nguon 6A = 0 nhir hinh 3.12
18
Tacd I, = =3A
P 2+4

Nhuvavtaco =1, ¢, =2+ 3 =TA

Trang 51
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Vi dy 3.8. Cho mach nhu hinh 3.13, Tim V bing phuong phip xép chéng
I 1€2

+.
Vo212

1zv{ —+ CD 6A

20

Hinh 3.13
Gisi:

a.{ridi cho ngufjn 12V, ta duoc mach nhu hinh 3.14

=
Phueng trinh K2 cho vang 1 /:\‘ Vi §lﬂ

I+15L+ 21, =12 =
12V —+

= [, =3A = i
Nhwr viy V= 11, = 3V

b. Gidi cho ngudn 6A, ta duoc :h i !
g ¢ mach nhu hinh 2,15 Hioh 3.12

Ding phuong phap thé nit I 1£2 ay)

A+, =6+ 21, ) + 35
= 2¢q, = 6 + 21, Vgl

Mat khic I; = — ¢, thé vao (1) = e
= = 1.5V 6A
== - 1.5A 21,

=V,= @ - 21, =45V

D

Cudi cung ta duge két qua
V=V i+Vy=3+45=75V .15

s

Lau ¥ : Cdc trudmg hop bit bude phai ditng nguyén Iy xép chﬁﬁg
* Bai todn kich thich DC va AC
= Bai todn ¢6 cdc ngudn AC tan s0 khac nhau

5.2. Pinh Iy Thevenin va dinh 1y Norton
Bijnh 1¥ Thevenin: Mt mang mdt c¢ra bt kv ¢6 thé thay thé tuong drong b

mjt mach gdm e6 mét ngudn dp cé gid tri bing dién 4p ho mach mic ndi tiep v
mot (rd khdng Zqp

Trang 52
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Lo
R
A

Mach dién - _DE -
" -

b

Hinh 3.16 Mach twong duong Thevenvin

Dinh Iy Norton: Mt mang mét cira bét ky cb thé thay thé tuong duong bai mét
mgch gdm cé mot ngudn déng cd gid tri biing dong dién trén cira khi ngin mach
mdc noi liép vl mou e khing Zyp

A A

Mach dién - O 1=1. | |Zmw
B

Hinh 3.17. Mach twrong dirong Norton

Tr& khang Zrp chinh 14 & khang nhin vao hai cyre coa mang mét eira khi cho cae
ngué-n doc lap I:rﬁ.ng 0.

L J&

Ngudn ép = 0 : ngn mach
Ngudn déng = 0: h& mach

Dé tinh trd khdng Zp ta ¢6 thé diing cdc cach zau

Cach 1: Triét tiéu tit cd cdc ngudn doc ldp trong mang moHt cira A

Iy
¥ Mang mt cira
Mang mdt cira ng 1
(Triét tiéu tit ca (Triét tiéu tat ca
c#c nguon A%c |+ | N ede ngudn dje
lap) - lap)
B E
Zap = —
(a) = 1. (b)
Hinh 3.18

Kich thich & cira A, B mét ngudn ap nhu hinh 3.18a (gid tri E, cé thé chgn*wuy v,

vi du E; = 1V). Xdc dinh dong 1, chay vao mach tir nguérn Ee. Suy ra Z1p = = 3

-

I
Cilng co thé kich thich & cira A, B mét ng.uém dong J: nhu hinh 3.18b {giﬁ tr] T

cd thé chon tuv v, vi du ..I = 1A). Xac dinh dién dp U, tir d6 suy ra ZFp = Hi !
J.

Trang 53
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Cich 2: Lin lugt hé mach va ngén mach hai cye A, B d& xdc dinh dién ap Upm
va dong dién 1. Tir 46 suy ra

U

Zip= —= (3.9)

I
E.ichl..‘t Truong hgp mach khong chira ngudn phy thude nio ta tinh Zo bing cic
trigt tiéu tAt ca cdc ngudn ddc lip trong mach, sau dd tinh Z1p nhin vao hai cyc
A, B bing cédc phép bién ddi trong duong

H¢ qua cia dinh Iy Thevenin — Norton: Mt ngudn ap mic nbi tiép véi mdt trdy
khang Z s& toong duong v&i mbt ngudn déng, cb gii tri ;i mic song song vai rd
kKhing Z va nguge lai.

Vi dy 3.9, Tim dong I trong mach hinh 3.19 ding phurong phédp trong duwong

Th \
el 602 AT 16 B
2B T T
12vf —+ {
302 1 A 202
=) sag ﬁD ()
i
Ciai: Hinh 3,19
Ta tim mach twromg duong cho mang mot cira A, B
Xdc dinh g,
6L32
*—9
-1
12vi 3L2 1A 253 é 1T+ A
@
-
Hinh 3.20 6L
Dung thé nit cho nae 1 S A I
1 1 12
3+5fm-1+g =3 | 362g 20
= {p = 6V i
Ta ed
P3=22=4V H'i:j. 3.21
Um=06-2=2V
Xéc dinh Zqype

Zp =2+ 3//6 =42

Trang 54

http://tieulun.hopto.org



L y : 442 A |
So do tueng dueong Thevenin nhu hinh 3.22

£l

=] = - 0.4A 2V %lﬂ
31

B
A

Hinh 3.22

Vi dy 3.10, Tim mach tuong dwuong Thevenin ciia mach hinh 3,23, Xac dinh Ry
dé cong sudt trén Ry 1a cuc dai.
153 0.502

+ U, —
6V i_ 21, glﬁ Ry
B
i =
Himh 3.23
Kac dinh Uy, 10 o 0.5€2 5
Thé nit cho nat 1 ta co
[1+.']¢.l=5+zuh (1)
1.5 ER e o
6V < ?lﬂ
Tachd U_ = L ©, = P thé vao (1) — )
1+0.5 3
= m=10V B
1 0 20 *—e
— 1 1 [, ==———Y Hinh 3.24
1+0.5 1.5 3
Xac dinh Frp: 1£2 0,582 T A
PR i1, %
Bé tinh Z1p ta riét titu ngudn ap 6V,
kich thich vao hal cyc A, B mdt
ngudn dong J = 1A nhu hinh 3.25.
Xac dinh ap U, cung cap boi nguE‘m
Ap nay
- @ > E
Viét phuong trinh thé nit | Hinh 3.25
0.5 0.5 _
__...I'_ '|__|_L
| 0.5 0.5] L¥P: U,
3 =2 e 1
-2 3 $. | | 2U,
Trang 53
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3‘-P; 1o 2"39- = ] ]
£ == L], = = =¥
{q:-: =0 Ty
Nhu viy Lop = %=%ﬂ
Ta e mach twrong duong Thevenin nhir hinh 3.26
A I
_.- I
R
B
i
Hinh 3.26

Pé cong sufit truyén dén Ry cire dai theo phén 2.7 (Chuorig 2) ta ¢b

Rr=Zmp =%ﬁ

Trang 56
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) BAI TAP CHUONG3 |
CAC PHUONG PHAP

PHAN TICH MACH

PHUONG PHAP THE NUT VA MAT LUOT .
{(iai cac bii tip sau bang phuong phap thé nit va mit uardi)

3.1 Cho mach nhua hinh 3.0, Tim dong T

10€2 | 290)
- -+ S0 —+
PS: 1= 1375A EUVC_D Sy R
Hinh 3.1
3.2 Cho mach nhar hinh 3.2, Tim dong I
1082 I

P51 =2.44
Hinh 3.2
3.3 Cho mach nhua hinh 3.3, Tim dong |
40402
e e e
10€2 20802
60V I
D
30V 30V
PS: 1 =-3A
Hinh 3.3

3.4 Cho mach nhu hinh 3.4, Tim dién ap U

il il
_l_
PS: U = oV 12A 102 s 2A
Hinh 3.4

Trang 57
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3.5 Cho mach nhw hinh 3.5. Tim dong 1
J6L)

171

TS [ — w5 8524
31

4.6, Xac dinh ¢ va ¢

500"

1252

1A%

PS: ¢, = 159524994 va ¢, = 12.0.255.5°

Hinh 3.5
1042 1 202 o
M L. 2
362
* 3i50 =—_{l0c2
— j442
@
Hinh 3.6
LA

3.7. Xac dinh cic dong [, ig, Ic

BS:

1, = 3.46.290"
In=532-19.1°
1, = 5.32-160.97

1002120

0oz o

&
I
i 1002

- ™
Ic 1042
Hinh 3.7

-

3.8. Cho mach nhu hinh 3.8 vd&i E = 5020° (higu dyung). X4c dinh cdng suftphit
ra bé&i ngudn va cong sudt tiéu tdn trén dién tro.

DPS: Pr= 198W
Pjn = B5W
P3n = [13%W

5020

—+

30
P =
30
§ j1082
T
. 3
Hinh 3-3

Trang 58
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3.9. Xidc dinh edng sudt phét ra bdi ngudn va cbng sudt tiéu tan trén dién_trdy & hai

mach hinh a vajpo 202 11%r|1 k7o L 1.
Tk T
302
50.20° 562 =+ 10207 § j20 §lﬂ
ja2
-
a. b.
Hinh 2.9
DS:a. 140W 80W 60W b, 36.7W 27.8W 6.66W va 2.22W
J:.10. Lam bai tip cho hinh Sa, b ding phuong phép thé niit
a. Tim é.p f.r,qlﬂ
b.Tim thé ¢,
5L} A 203 1 3y -18L)
S S I
50
e 0 340
10045 4
b 2200 50200 T Ys020°
J20L3 is02 ATy
= B Hinh 3.10 b. 0

PS: Uin=75.4.552" h. o = 43.9.714_9"
3.11. X4dc I:j];ﬂh !]

563 i,
S s
s
js0 3 - 2100
PS: i) = 1.772135° 50.20° |
Hinh 3.11

3.12. Xdc dinh cOng suit cung cip cho mach trén hinh 3.12 va cdng sudt tiéu tédn

trén céac didn erdy,

Trang 25
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-j202 jsg2
fF—p—

-

R =502 RA4=20C)

SR2=303 3R3-502
50.0° ‘ i —— _j203

-
Hinh 2,12
DE: P=354W_P| = 256W, P2 = 77, IW, P3=9,12W,.P4=11.3W

3.13. Cho mach nhar hinh 3.13. Xdc dinh
a. Cong swudt tiéu tan trén dién trer 602
b. Dang qua téng trd 2+j3

5% 2403 1353 S0
™Y

+
3020 C_) :Ej:‘:ﬂ & C" 200"

i

Hinh 3,13
PS: P=39.6W. 1= 1.73.740"

3.14. Xdc dinh U, a& ddng qua nguém d6 bang O

J3L2 240 26y
WT R
0 -+
10240 A0 : - -+
BS: 42180 — 9242 - o),
Hinh 3.14
3.15Xd4c dinh I, Iy, I~ _ Ta

220.2120%
I, =254.,143.1° -
Ip = 28 4.-3% .10
fn= 254783 220207
fc
=
Hinh 3.15

Trang 60
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3.16 Tim cdc ap Uap va Ugc
30 AL
il i

S L

loz45°f + jte L o0
C
Hinh 3.16

BS: Uug = 0, Uge = 100451

3.17 Xdc dinh cfng suit do mbi ngudn cung cip biét £, = E, = 10.290°

j2€2 sy 1252
A ||
402
Ps: Pl=11W m§ g 9
P2 =9.34W - - 2
1
Hinh 3.17
BAI TAP TONG HQP
3.18 Tim cong sudr tidu thy trén dién trée 1042
10 50 50
P
2V 1062 4A ﬁréz\v®ln§ émr::z 4&%15{1
a. b
BS: P= 1.89W Hinh 3.18

3.19 Tim déng dién trong cac nhanh trong mach sau

L 20 I 10 12
B “ e
Is
p— 4A 202 20
1.

Hinh 3.19
PS: 1, =5A,1:=4A,1: =2A, 1. = -7A, I- = 6A

Trang &l
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3.20. Tim dong dién trong cac nhé+nh trong mach sau. Nghi¢m lai sy cédn bing

cong sufit tic dung.

2y 302 =) IEIn
I; | $39
s0-0° 500
iS50
Hinh 3.30

PS: ), =68-55.73"  la=1.5913.72° - [a= 7.51 7-44.17"
=Pr= TPy, = 269W

F0001
3.21 Tim it} i 05RO =
ore | 2557
4c0s5000t KLY 3 =——0.2uF
—— 0.2uF
. i -
Hinh 3.21
PS: i{t) = 0.024cos(50006+53.13% A
3.22. Tim ulit) va i(t) 0311
_ 0.5€2 +
i s » *
j—
IF 3
Scos2i L 5 5p G.ISH% lﬁg u
Hinh 3.22 *
PS: ult) = 25 cos(2t+63.43MV ¢ i) = 6. 3cos(2t+-18.43M) A
SN2t (&)
3.23. X4e dinh () & mach hinh 3.23
- 11 ;lﬂ
'F 11 i
+ O.5F
acoszt (A)( T -5H§ i 2u, §1H
PS: u (1) = leos(2t + YV
Hinh 3,23
Trang 62
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3.24. XAe dinh u(t)

—+- +
Scos(6t - 451:}() 1 F
—_ ” uEt}—— 36
My
Hinh 3.24
PS: ult) = 52 cos{6t — 36.87H V
3cosdt
3.25, Xac dinh u{t)
+ ™ -
4+ 202
Scosdt T i ;;'Eﬂ I:%F T 2s8indt
“ il o

PS: u(t) = 9.6cos(dt - 53.13) V Hinh 3.25
3.26. Tim E2 dé dong qua dién trd 4 biang 0. Tinh U.gc, Uge
52 a4 402 @B 20

- i g T o s

we'(F) 3 @

¢
Himh 3.26
PS: F, =2626113.2° v U = Upe=18B.57268.2°

Trang €3
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MACH TUONG PUONG THEVENIN - NORTON

3.27. Tim mach tuong duong Thevenin cia mach hinh 3.27

» - A
PS: E= 75V, Ry = 50 10£2 2002
gl{]ﬂ
100V 100Y

- B
Hinh 3.27
3.28 Tim mach tuvong duong Thevenin cia mach hinh 2,28
162 6L2

PS:E=10V.R, =30 34

Hinh 3.28

3.29. Thanh lap so db nrong duong Thevenin dbi vai hai cire A va B. Dya trén
d6 tinh déng trén hai téng ey Z; = 5 — j5 va Z2 = 1020 lan luot ndi vao hai cuc

A.B va cong suit tiéu tan trén chang. —j5|ri='1 s
Ds: 542
E=70.7245"Zmp =5—j5 ars
P = 125W, 1, = 5290° 50.70°
P. = 200W, i,= 4.47.<63.43" = is0
oB
Hinh 3.29
3.30. Thanh lap so d& tuong duong Thevenin clia mach sau
' 562 i502

bSs:

E=5.58-26.5" 0
Z1p = 2.5+ j6.25 SOl

& B

Hinh 3.30

3.31. Thanh lap so (3] trong durong Thevenin cua mach sau

Trang 64
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502

+ H
sl % 20.20° 10.£45°
DS:
E=11.392264.4° _ . L
Zrp=797-j2.16 77° T e
a B
Hinh 3.31

3.32. Thanh lap so dd twong duong Thevenin caa mach sau

2162

PSs: 20.20° Q

E=0328-170.5" t2qa " 3001
Zrp=47.4226.8° j2402 6002
Hinh 3.32
3.33. Thanh 14p so 46 tromg durong Thevenin cia mach sau
S£2 40
e T -2 A B H N
BSs:
E=59-164" 5.-30° ‘D 10c2 E1e) § 5.20°
Zop=5.55 _—
- -
Hinh 3.33
3.34. Thanh lap sor do tuomg diremg Thevenin cua mach sau
§20L2 502
1002 Sl
1002
PS: o .
E=10.6245" 10£0 .
Zie=11.18.2-63.4° 10290
& B
Hinh 3.34
Trang &5

http://tieulun.hopto.org



3.35. a. Tim so dd wrong duong Thevenin va Norton cia mang mét cira nhur
hinh 3.35

b. Méic gitra hai cyc A, B mt dign tr&r R. Xac dinh R dé cong suit tm}-'én
dén R 1a eyre dai. Tinh cong suat dé.

e A
) 302 1002
4.-45° T
0 25 790"
Hinh 3.35 =

PS:  a By = 22.18.298.07: [yn = 6.03262.07" ; Z1p = 2.973 + j2.162Q
b. R = 3.6802, Py = 37TW

3.36. Tinh R dé& céng sudt tidu thy trén nd 13 cye dai. Tim cong sudt dé
402 1242

Hinh 3.36
PS: R = 102, P = 900W
3.37. Tim mach tuong duong Thevenin —_—
o,
102 l 20 i
+ 1252
0.55V 3063 5»' Vi 3'5'51
3wy
l Hinh 3.37 2
PS: E=—0257V, Ry =8.152V
Trang 66
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BAI TAP DUNG NGUYEN LY XEP CHONG
3.38. Tim cac dong I, I, 15, L, bing phuong phiap xép ching
I, 202 302 1

203 L

Cher
|

Hinh 3.38

DS:[=04A, = 1 4A, 13 ==04A, l.= 1.4A

3.39. . Duang nguyén Iy xép chbng tinh dong qua 3 + j4

502 j2&2
i P W '
[
362
soz90®( T f 500"
= j4C2
Hinh 3.39

PS: = #3.-853%"

2,40. Trén mach hinh 3.40 cho ¢d¢ ngudn tic ddng riéng ré. Néu cic ddng tuong
rng trén trd 1002 bing nhau. Tinh ti s E,/E-

503 j52 BELT

E,

Hinh 3.40

1

PS: —=0.707<Z — 45"
E3

Trang o7
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CHUONG 4
MACH BA PHA

4.1, HE NHIEU PHA
4.1.1 Gidi thi¢u
Trong th];::qt&r, dé truyén dién nang tir mot ngudn dén tdi phai dang hai day; day

di va day ve ;
I va day ve - By &

R Diwv vé

Hinh 4.1
Trong truomg hop ta co nhiéu ngudn va nhigu tai thi ta phai ding nhiéu diy di va
day vé

Vi duy 4.1 Trudmg hop ¢6 hai ngudn nhar hinh 3.2

E Z
e
1.
E-;- EE
|
Hinh 4.2

Néu nhur ta ding chung diy vé va cdc géc pha ban ﬁ-:'ilikiu cia cac nguon E; va Ea
durge chon sao cho tdng cac dong dién wrén day vé bidng 0 thi hg nay c6 thé ba di
day vé, Pay chinh la tinh tiét ki¢m cia hé nhiéu pha

; . .
Trong hé m pha thi goce léch pha cia cac nguon trong hé la =2 | Trong thue té
g
ngwreri ta sir dung rong rii hé ba pha gom 3 ngudn sie dién déng léch pha nhau
maot goc 2%
3
4.1.2. Hé ba pha

a. Gidi thiéu

. , e :
Hé ba pha gom 3 sire dién ddng Ea, Eg, Ec 1éch pha nhau mbt gde Tﬂ Sur két

ndi ngudn tai ed hai dang chinh

Trang 68
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Dang hinh sao (YY) (star)
Dang hinh tam gidc (A) (mesh)

Vi dy 4.2. Sy két ndi nguén Y tai Y nhur hinh 4.3

E

F
|

Hinh 4.3. Két néi Y =Y

M{t 56 khai niém co bin trong h¢ ba pha

Bign ap diy la dién dp gita hai ddy di (day pha)

Dong dién day 1a dong dién trén ddv pha

Tro khdng pha cta tai: tré khdng cia tai bit Y mic sao hay tam giac
[Dong dién pha, dién ﬁ[::- pha la dong dién, di¢n ap l‘.rén tr& kkhang pha

E}Iﬂl‘n trung tinh nguun la diém chung khi noi 3 ngudn hinh saa (Y)

Diém trung tinh ai 13 -:hém chung khi ndi 3 tai hinh sac (Y)

Day trung tinh la dﬁ}' néi gitra hai diém trung tinh

Néi Y -~ Y 4 day: c6 day trung tinh. Néi sao ¥ — Y 3 diy khéng cé day

trung tinh.

s A
[
B

B '

P L

C

k.

Hinh 4.4 Hinh 4.5

Trong trrong hgp tai mic sao nhu hinh 4.4, a cd

14 la dong déy, dong pha
';I—]Ah ap day

Uxni ap pha

—» [DOng day = Dong pha
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Trong trudong hop tai mac sao nhu hinh 4.5, ta cd
I la dong diy, lap 12 dong pha
Uasp ap diy
— Ap day = .ip pha
b. Phin loai mach ba pha
Mach ba pha chia lam hai loai 1ém:
Mach ba pha d6i xdérng la mach ba pha c¢é tip cac dap dng cda céc pha déu thoa
didu kidn bing nhau vé bién 46 va léch pha nhau mdt géc %

Vi du 4.3 Trong mach ba pha d8i xdmg, tip hop dong diy 1, = [, Zoa. (g =
l-ﬁ.-:"r{pﬁ: T,: = Tﬁ:"'fp.althﬁa
{In =Jg =T
P —Pg =P —Pe =0 —19, =120°

-

Mach ba pha khong ddi dbi xdng 14 mach ba pha khéng thoa ddi ximng

4.2. HE BA PHA DOI1 XUNG
4.2.1. Phin loai

Hé& ba pha dbi xi‘mg c6 thé chia 1am hai loai: d6] x‘mg thir tu thuin va d6i ximg
thir twr nghich

P i xirng thi ty thuan

E, =Eg =E.
{ A £ C | {411
Pa — P =Pg—Pc =Pc — ¢, =120
Poi ximg th tr nghich
{Eh ool (4.2)
Pp —Pp =05 — P =Pc — P, =120° :
A A

B zu” E--120° E.~~-120 E.-120°

B C
Hinh 4.6. Déi xirng thir tir thuin  Hinh 4.7. B&i ximg th tu nghich
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4.2.2. Giai mach ba pha ddi ximg
a. Phuwong phiap giii tich

Chiang ta ¢6 thé giai mach ba pha bﬁng cac phuong phé‘ip giai tich ¢ cac chuong
trude nhur KirchhofT, mit ludi, thé niat bang cach coi hé ngudén ba pha nhu ba
nguon ddc 1ap B, Ep. Ec va giai binh thudmg

b. Phueng phap mdt day (one — line method)

Toan &t quay la mét s6 phire a, duoe dinh nghia
e | /3
=g b oy ju—n 4.3
R (4.3)

Toan 0 quay a ka mdt cdng cu dic lue chao viée giai ma.{.h ba pha déi xtmg theo
tu twromg phuong phap mot day. Todn {(ir quay a co mot s0 tinh chat ;

l
2 " (4.4)
Néu mdt vector bt kg nhén vdi a 58 bi quay di mét géc ==

=

Phuwong phap mot day

Trong hé ba pha dbéi ximg thir tir thudn ta cd

s T I'_L::|=EMS (4.5)
vai S=[1 a’ a] goila hé so todn ur quay

Ui Umc Uga [=UasS (4.6)

I Tu L-JELL-, (4.7)

s Tee Ica}zUmS (4.8)

Nhin xét: Trong ba dai lugng Ua. Ug, Ug ta chi ¢an tim mét dao luong 1a dd, ta
chi cén zidi cho pha A sau d6 suy ra cho cac pha khéc. Ddy chinh la y tuémg cua
phuong phip miu day. e ca—

Hinh 4.8
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So dd | day nhu hinh 4.9

Sau khi giai tim duoc 1, = U, = 1,2
Sau do ta suy ra dugc cac dai lugng khac i ke
thong qua S "‘

Hinh 4.2

Luu y: Nén hé ba pha d6i xyig thir i nghich thi hé sb todn tir quay

S={] a a’]

(4.9)

Vi du 4.4 Cho mach ba pha nhu hinh 4.10, Biét hé ba pha déi x(mg thir tr thudn

¢é &p pha hiéu dung bang 120V. Tim cdc dong day

Taco Ex = 12020". So d6 mdt day nhu hinh 4.11

262 Lu
12020 i_ | +i4 €2
Hinh 4.11

Suy ra

¥ (1} a

[, 2120207 12020°  12020° ., g oo

4+ 13 4+ 3 5-36.87

Tacd

[iﬂ B if]=iﬂs=ih[. = g

fa=a'la= 121207 205-36.87"=202-156 87
fe=al, = 12120° 202-36.87°=20./83.13°
Dong trén ddy trung tinh

In=ig+in+r[‘=ﬂ

Trang 72

http://tieulun.hopto.org



4.3. MACH BA PHA KHONG POI XUNG
4.3.1. Biéu kién
Mach ba pha dugc goi la khdng ddi xitng khi xdy ra mot trong ba trudng hop sau:

ngun khéng dm ximg va tai khong biing nhau
= ngnn Khong dbi :-:Lrng Va tai I:mng nhau
= Ngudn dbi x(mg va tai khong bang nhau

4.3.2. Phwong phip giii mach ba pha bit d5i xirng

B&i v&i mach ba ]'Jhd. thmg dbi xung ta khéng thé ding phl_rm]g phap mét diy
nhu truohg hop doi ximg. Do vﬁy, ta chu yfu dung cac phuang phap nhu
Kirchhoff the mit, mat ludi de giai cdc bai todn bat dbi xdimg,

a. Truomg hop ngudn Y tai Y

X &L mach ba pha téng quat

Chon nit O lam gde 1a ¢6 phuong trinh thé nit nhu sau

{Y_q"‘YR"‘Y(""" YN’ J*Pﬂlﬁ_ r,.:,l"l"'l,\ - FEVB—I—FCV,: {4‘”}'}
FAT -F—lln"f +br"t’

e 1, 4,11

e Y.+ ¥+ ¥+, ( )

- l | ] ] ,

VY, = — . Y, =~ JNezm—m——— e Y. = i e

M PR B L T M By e
Tasuy ra
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I.'..I.-tﬂj = &-.ﬂ.— Poro

{Usoi =Es~9g0 — (4.13)

Ucor = Ec— 04,4

I =la+In+ lc

,f\.p pha cua tai .-ﬂ.l.p diy cua tai
(Wi =l R AU TS
1Ua0i =1 25 IThad = W S e (4.14)
l'.Jr-m = Ic L LT:J C'a = ]:FC'IIH - I:T-d.'l:n

MOt bai todn gial theo trinh tir trén ngudi ta ¢dn goi 14 phwong phap dich chuyén
trung tinh. Trong do ©g o got 1a d6 dich chuyen. Cach giai nay chi 4p dung cho
mach ¥Y-¥ ba day va bon day

b. Trwomg hop nguﬁn Ytai A

Hinh 4.13

Néu Zp= 0: Viéc giai bai toan trér nén qua dé dang

Néu Zp # 0 thi
* Neéu bién dbi tdi tir A ra Y kha thi, ta bién doi tdi A ra Y va dung phuong
phap dich chuvén trung tinh nhu phin 4.3.3
o Ntfgu hil"éln df'}'i tai tr A ra Y khdng kha thi, ta chgn trung tinh nguon lam
diém gdc viét phuong trinh thé nat cho 3 dinh tam giac tai. Ho#c co thé
viét phurong trinh mit ludi che 3 vong nhu hinh ve.

4.4. PO CONG SUAT TAI BA PHA

Xét mot tai hinh sao dé cia 3 tai neuwdi ta dung 3 Waltmet
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Be
C®
Ne
Hinh 4.14
Ta ¢6 tong cong suit ba pha
R el ik s ts Tk e T (4.15)
o 2 2
Néu hé ba pha da cho 1a ddi xtng thar oo thuan thi
ﬂmi“ﬂﬁh[aﬁ,q] SRR b Tl (4.16)
[.-Jcin;' =EI[‘_I,=.(ELE,A.J =El1:r,n| El.?i.\.=l:.].-\i.h {4_1?}
:-as=§ur~.lﬁ=r}+j1:= (4.18)
MNhur vay ta ¢co
P= %Umlm“cusm
Q= 2 Unmlansing (4.19)

Trong do:

Usim - Bién dd ap pha A

Ipam : Bién d6 dong pha A

¢ Goc [§ch pha cda tdai pha A
Néu sir dung tri hi¢u dung

g AT Th =3y cosp st s sl {4.20)
Nhu vay ta co

] - \@-Udldnﬂsm

Q = 3 Uglgsing (4.21)
Trong doé

U, : Tri hiéu dung dp day

Ig . Tri hiéu dung dong day

Néu tai bit dbi ximg ngudi 1a phiai dung 3 Waltmet dé do ¢cong su:itr tal ba pha.
Nguréri ta goi phurong phap ba Waltmet nhu hinh 4.15 d€ do cdng suit cia hé ba
pha 4 diy.

=
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o i
Be- - W ._'E_LI—-
> =
C &
N e 4z l

Hinh 4.15. Do cbng suit trong hé ba pha 4 day

Trong truomg hgp hé ba pha 3 day, ta co
- 'I - -

; ;
"?—-;—”.1[1+—Uu[n+—llr]|:' (4.22)

] e

maacd o +lg+lc=0=Ilg=—1\+10

5= Iihiﬁ-—--ll‘la[iﬁ-l-‘fc) --]—Tlf:Ic' =iLllrx—lJ'nJ|ﬁ.+ [[JE—UE]'
2 2 2 2 2

S WSRO (4.23)
2 7

Vi biéu thire nay ta ¢6 thé xay dung so 46 do cong suat

LA

A W, 11—
L

e 31—+
2

Ceo W I

Hinh 4.16. Do céng suat trong hé ba pha 3 diy
5. MOT SO BAI TAP MACH BA PHA
4.5.1. Mach ba pha déi xing

pé gidi mach déi ximg truoc hét ta chuyén mach vé dang Y-—Y sau do dung
phurong phiap mdt day dé giai.

Vi -[Illl 4.5. Mach trén hinh 4.17 co R = 6043, wl. = 104}, noi vao hé ngudn h.—.t pha
d6i ximng tha tur thuan, co vector ::‘ip day hiéu dung 380V. Xac dinh chi s6 cac
dung cu do va biéu thire dong dién i.
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Hinh 4.17

Trrde hét ta bién déi so dd vé dang Y — Y nhu hinh 4.18

A la 11082 . A S Lai j108
:"5-.:! e
i

B j 0L e B

-— YT

c J10L2 "
|

? 200 2002 2 200

Hinh 4.18
, o i 1042
I'a ¢o sor do mot day nhu hinh 419 £
Eapn = 389 00 =219.4.70° e Lay
3 - i 2092 i 1052
: i 3
vy = {10 =44 3B
B =2 20 + jlO -
[ B0 Ll S SR qulE e Bpdas  ROORNGED
T 4+ j8
= Sé& chiampe ké A, =24.6 A
. » sl -
g figsc T8 JE0 122}‘c’;—j22=22.&—9ﬂ“

30 + 510 20 + {10
= S6chiampe ké A-=22 A
= . 10 {(11—-j22);10

Lay &1 = = 11.20°
W TESEIGE 2040

Trang 77 http://tieulun.hopto.org



I=Ip: =82 Taz: =110 1-120° =11 —-120"

5 i(t) = 1 lsin{ot+ 120%) A
Tach P = H.r:{l:l e IL,}
Uar =200 a2 = 220.20° = U = aU,. = 2202120°
e = Wi Ul = 220207 —220.21320° = 381, 1:230°
lo =a®las =222 -90%12-120° =112~-210°
P, = HE{I-.Jn-.:- 1 } = Re381230%112210°) = Ref4192.2240°} = 2006 W

4.5.1. Mach ba pha biit 48i xirng

Mach ba pha bt doi xung ta khong dung phuong phap mot day ma phal dung,
cdc phl.n:.mg phap gidi tich nhur thé nat, mit ludi, Kichhoff dé gidi coi hé ba pha
nhu 3 ngudn dde lp.

Vidu 4.6. Mach wén hinh 4.20 c6 R = 6002, e. = 10€2, néi vao hé ngun’:‘m ba pha
doi xitng tha tw thudn, ¢d vector dp pha hiéu dung 100V, Xdc dinh cdc dong dién
trén cdc pha.

100.20°

AD — N p— P, —

L 100.~-120" -/,_/:;"
J
L N\ | o
£:

|
100.2120° e

Ce YL J |
Hinh 4.20
Hinh 4.21
Cxiai:
Cich 1: Ding phuong phip thé nit
[ b w9 J 100 1002 120"  100.2120°
l+—+— @, = + - + :
j2 jd 1 J2 12
S 1D?+:]5EF _ 254 75
1
Ta co
]A =lﬂﬂl—ml =75-j75=1062 —45°
- o & — = "_' .
jp=idge=lad) =0, STI-IBL0 _ anise T899, 1.2054.00

2 j2
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i 1001207 ~ep; = FE=jl1.6

= : =58+ j37.5=37.95.81.21°
j2 12

Cdch 2: Diung phuong phdp mit ludi
B T S W Lo B 100 —1002 —120"
i2 2+ 32| |f. 100120° - 1002 —120°

“1+§2 j27 14| [150+ j86.6
L2 ) |1 | L B732

Suy ra ) )
llﬁﬂ + j86.6 sz
; 732 4 *
TRt I o (R .o AR, R T T
1432 j2 —4 14
2. j4
[H—jz 150 + _iﬂf:.t‘iJ
- iZ 732 : 126.
L R e LI U
142 j2 — kY 4
2 a4

- - -

[6 = —(la+1c)=-80.8+(37.5=289.1-155.1"
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BAI TAP CHUONG 4

MACH BA PHA

4.1. Cho mach nhir hinh 4.1, cé i = 9002, ndi vao hé ngudn ba pha déi ximg
thar g thuan, cd ap pha hiéu dung pha A la Us = 12020° Xdc dinh chi sb céc

dung cu do.

A ?:\
PS: I, =4A B c\/\,

| .
- C
V = 100+/3 =207.8V < |

Hinh 4.1
4.2. Mach trén hinh 4.2 ¢6 R = 760, wlL = 4443, ndi vao hé ngudén ba pha doi
ximg thur tir thuin, c6 vector dap day higu dyng Uag — 380230% Xdac dinh chi sb
cac dung ¢y do va bicu thace dong dién 1.

.ﬂ; o W /JD—N\L’V\_
g%l

B ey L

—(V) I ——

¥

G
s

PS: P=1900W. 1, =5-90° 1, = 8.66.20", i(t) = 8.66 /2 sin(wt — 120N

4.3. Mach uén hinh 4.3 cor = —IE =6£2, wl. = 202 n6i vao hé ngudn ba pha doi
®

xtrng thir tyr thuan, ¢6 ap diy hiéu dung 380V. Xdc dinh chi 88 cac dung cu do.

Trang %0 http://tieulun.hopto.org



Hinh 4.3
PS:V=5374V, Pl =36.IKW, P2=361KW,P3=0

4.4. Mach trén hinh 4.4 cé wlLy = 230, Z = 60 + j6002, X = 400, ndi vio hé
ngui‘m ba pha dbi ximg thir or thuidn, co ap diy hiéu dung 380V, Xac dinh 14, Ta;.
I-M: Iﬂ.b'

A Ia Lo [a2
u e Y Y e = —
B Lo
.—m L5
C Lo
- Y Y Y >
IAI'
3 C —41C
I Hinh 4.4

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

4.5, Mach trén hinh 4.3 noi vao hé ngudn ba pha dbi xung thir ty thudn, oo ap diay

higu dung 6600V. Biét wly = 7562, L{‘ = 30082 . Bong cor ¢o ba cudn diy noi
) L

hinh sao ¢6 tré khang méi cudn [a 50 + j50 £2. Xidc dinh chi s6 Waltmet
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L%
s
E_r"r!‘r'r‘\ E B
— YTy i

C L
Hinh 4.5

D5: 140K 02

4.6. Xac dinh ciac dong trén phu tai va trén day dan ctia mach hinh 4.6. Hé nguon
ba pha doi xmg thir tu thudn, c¢é dp day hiéu dung 380V. Biét wL, = 5, R = 10€2,
|

— = 3052,
m

A I_,.'c,. Lo I-*._f-!

— YTV -

; C C

E Tt! [..-[I' I'E‘._!

— Y Y . —

C | Lo Tes I?

FU— s A

I‘Jﬂ L IEH L’ i'-';:l I_. r I
RE RZ RE
Hinh 4.6
i

PS: J,=440°% g =44 .2-120°% ic= 4471207
iy = 3112458 15, =31.1.245" Ix; =31 125165
Lz =31.02:75% Tpa = 31.1.275% lca = 31.1 2165,

4.7, Mgch trén hinh ndi vao hé ngudn ba pha ddi ximg thir or thudn, 6 4p day
hidu dung 220V. Biét Z = 80 + j60 £2. Xac dinh chi s0 W, va W3
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PS: 2774 W . 110 W

Hinh 4.7

4.8. Cho mach ba pha ddi xtmg thir tw thuin, cé ap diy higu dung 320V, Trd
Ichang Z ciia tdi 1a bao nhiéu néu chi s& Walimet:

A »—E )

a. Pl =3400W,P2=0
b. Pl =0, P2 =3400W B e
¢. Pl =P2=5400W
d. Pl =6240W, P2=3210W
. e
Hinh 4.8
PS:a.Z=125+j2]1 680 b. Z2=12.5 - j21.6802
G &= 2388 d. Z=21.68+j12,5Q

J-‘J-hﬂhﬂ mach ba pha nhu hinh 4.9, Khoa K ma. Biét B = 400, mlL = 30,
nguon ba pha d6i ximg thir tuv thuiin cd ap day hié¢u dung 380V.

A R L
A s ANV
&
B R :
A
V, v

Hinh 4.9 0 -

L =0 In™ I =3:8A; V= Ny=380W, ¥2=330W
V3=V5=V{,_ 190V, V‘g=ﬂ

DS:

Trang 83 http://tieulun.hopto.org



4.10. Mach ba _pha nhu hinh 4.10 ¢o céc gia tr] Ly = 3A, Ig = 44, Ic = 4A. Hé
nguon ba pha ::lfrrﬁil xirmg thir o thudin. Xac dinh chi sé A

. >
I, R
N I.v"-“\.L
® A
Nk
i L
Da: 5A . -k
o le
L e

Hinh 4.10

4.11. Mach ba pha nhu hinh 4.10 néi vio hé ngudn ba pha doi ximg thir ty thudin.
Cde gid tri [, = 5A, Iy =2A, Ic = 2A. Xdc dinh chi s6 A

Ly

A
=2 —
L

M Fy

PS: 3A N
L L

B 1H

C

[ = e

Lo Hinh 4.11

4.12. Mach nhu hinh ndi vao hé ngudn ba pha ddi xémg thir w thudn, ¢4 4p pha
i

hidu dung Uyy = 2020 . BidtR = ol = — =20, Xic dinh céc dong dién trong
o
mach,
r R
AW 'ﬁ'r Ao
; L,
bs: _ R & FH_-_ Y v g
|4 = 13.66 e
b 0 | -
lp= 876171 T 1" Y :
ig= 8762189 | -
Ig = -3.66 N ® “e ey
Hinh 4.12
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4.13 Mach nhu hinh ndi vao hé n guEm ba pha dbi ximg thir tr thudn, ¢é ap pha

i 5 1
hiéu dung Uy = 173.20° . Biét R = wl =

— = 302, Xéc dinh cdc dong dién
il

trén cac day.

A Ia L

’ ” =k
PS: 2.6A, 5A, 5A

¢ g

w S

1 le

. -— AN

Hinh 4.13
4.14. Mach nhu hinh ndi vao hé ngudn ba pha d6i xtmg thir tr thudn, ¢6 ap dy
hiéu dung 10043 V. Biét R = 10£2. X4c dinh cic dong dién khi
a. KI, K3 ding, K2 mo

b, K1, K2 va K3 déu mo. K3
- oe
R
AR——0 O——— A9
R
e A Hinh 4.14
R
C & A :
K2
N g— o 0
PS:  a.30,17.3,173.0
b. 0. 8.66, 8.66, 0

4.15. Mach nhw hinh 4,13 néi vao hé nguén ba pha d6i ximg thir ur thuén. c6 ap
pha higu dung 200V. Xac dinh chi sé ciia V. Biét

Z=(0.5+71)Q, Zy=(1.2+]1.6)X2

Za={95-0, Zp=(55-j9Q, Zc=(5.5+)7)Q
Z Z
A ._._m—._..

Hinh 4.15

BS: U=543238"
V=543V Ne
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4.16. a Xac dinh chi 56 cia Waltmet khi nguérn ba pha déi xing thir tr thuan,

co dp pha hiéu dyng 100V . Biét R = ol = I-Ez 1062

LEL]
b. Gid tri ciia R bang bao nhiéu dé Waltmet ¢hi gia i 0.
+
Ex § R
¥
)
N C ”

Hinh 4.16
bS; a. LOUBKW b, 3,770

4.17. Mach & hinh 4.17 ndi vao hé n_gufjn ba pha dii xing thir iy thudn, ¢é 4p day
higu dyung 380V . Biét R = ol = = = 7602 . Xde dinh chi 86 cia Waltmet.

ml’
A
Wy
14
B
[
= ¢

C )\
- & i

Hinh 4.17

BS: 1643W, 255W

4.18. Cho hé ba pha nhir hinh 4,18, Ngudn ba pha ddi xémg thir ty thufn, ¢d dp
pha hi¢u dung 220V va cac tro khang:
La=50 Fy=3+ |0 Z-=3-]02 Z,,=0.1490Q),
Xie dinh dong va dp pha cia i trong cde trrdmg hop
a. Mo khod K 2,
k. Bdng khoa K Ae  —

B | '

Ce ' | L 4

Ly
Ne——_ } o™ o
Hinh 4.18
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DS: E.Uﬁ.ﬂ.= 2":}51?':, UHﬂ= l_J.E_-ﬂ= IEIT-:", I.-"u = 59A, IH- — [.-; =61.2A
b. Upo= 228V, Ugg= Uco=216.1V, I, =45 6A, [5 = [ = 68.3A
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CHUONG 5

MANG HAI CUA

5.1. KHAI NIEM

Mang hai coa

Cira 1
Hinh 5.1 Mang hai cira

Mang hai cua la mdt phan mach con lién hé vé nang lugng va tin hiéu véi bén
ngoai thong qua hatetra:era 1 {1 — ") vacura 2 (2 - 27)

5.2. CAC MA TRAN PAC TRUNG CUA MANG HAI CUA
Cac ma trin cua mgng hElI cira duge dinh nghia dua twén cac quan hé boi cac cap

bién trang thai U,. I; va Us, 1 v&i chiéu dong dién va dién ap quy trée nhir hinh
37

L [ >
- e
= o T
of Mang hai cira (I,
-— -

1’ 2’

Caa | Cia 2

Hinh 5.2

5.2.1 Ma tran Z
Biéu didn U, va U2 theo T, VA 1,

”I_?III] - Zyals (3.1)
Uy =21, + Z52l,
Dang ma tran

.-[I lJ 21 P2
! =Z : vii L= {__"' J"‘:| (5.2)
I:l x i1 ‘511 Ezz
Suy ra
B [:]' 2 Tra khang vao cira 1 khi hd mach eira 2, Pon vi 2
i e
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Loy = — B Trd khing vao cira 2 kkhi hd mach cira |
Fa (ML=

Z2.=3.  Tes khéng twong b8 cira | 881 vl e 2 khil he tiiach o 1.
I, [H1 =0

b l'_{f- . Trr khdng tuwong hd cia 2 461 vai cira | khi hér mach cira 2
I, |[lz =0

Cac théng sd dang Z g¢i la cac thong s& trd khang hd mach, 2, Z,., Z;,, £+ déu
cd don vi do 1a Ohm

5.2.2Matran Y

Biéu dién I;va [ theo U VA s
ti =Y]|_E]]+Y|_2f.]lz {ﬁ,j]
ll-g =Y11[j|+Y:!2E]2

Dang ma tran

[ U, N W
| =l | A "1":{ ¥ "'] (5.4)
1 EI& ¥ Tfn,
f y :
Y, =—- : Dan nap vao cia 1 kht ngan mach eira 2
Ll U: =0
I : . .
Y,=—"- : DEn ngp vio cira 2 khi ngdn mach etra |
u,(Ur =0
V. =1,  :DEnnap trong hi civa | 43i véi cira 2 khi nglin mach cia |
U; ‘_|| =0
il o = . ;o - = -
Ya =— 7 . : Dan nap twong hé ca 2 461 v edra | khi ngian mach ¢ira 2
Ldy | 2™

Cic théng s6 dang Y goi la cac théng s& din nap ngdn mach. Y, Y2 Yo, Yoo
déu ¢ don vi do 1A Mho (Q27") hay Siemen (S)

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

U, =Hpl, + H2Us (5.5)
is=Hal, + Hs U,
[2ang ma trin:
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e W

=H| ' | voi H=[:“ EJ (5.6)
], & 11

Hi = I:II . - T khang vao ctra | khi ngén mach cira 2, dom vi do 14 O
I U, =0 vl]
f:r| L » 5 e * . -
H, =—] Ham truyén dat tir cira 2 dén cva | khi hdr mach etra |
l_-llj [| = U
i" w % 1 - 5 - X )
H, == & Ham truyén dat tir cira 1 dén cira 2 khi ngin mach ctra 2
Jap] 5k =
I - e e e
H,, = TL . = — Ddn nap vao cira 2 khi hés mach eira 1. don vi do 1a mho

g Iy.=0 Liss

Cac thong s6 H got la cée théng s6 hdn hop. H,; ¢6 don vi do 12 €, Hay cod don vi
do la mho, H;; va H;; khong ¢& thir nguyén

5.2.4 Ma trin G

Biéu dién U, val, theo U, va [-
I = G U +Gysla (3.7
Us = Ga U +Gasls

Dang ma tran

I T T |
=G | vai 'Lim[ ) 1 (5.8)
U: [ sz (r..
[ | ) et 5 :
G, = [' . = —— DJan nap cira 1 khi hér mach cira 2, don vi mho
U] ]E‘ —'ﬂ E;”

Ham [ru*_*,?én dat dong tir cfra 2 dén cira 1 khi ngﬁn mach cira 1]

Ham truyén dat dp tir cira | dén cira 2 khi hé mach cira 2

L LJ . = ?]-Trrir khang vao cira 2 ngsin mach cua | don vi ohm
| = an
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Cdc thdng s6 G goi la cac thong s hbn hap nguoc

¢ don vi do 1a €2, G ; va Gy, khéng co tha nguyén,

5.2.5 Ma trin A
Biéu dién U, va I, theo U, va [,

Uy=Ay Uz ~ Aply
=AU — Axls
Hofic dang ma tran

T B : Ao A
= = A VTl A=|:A“ ALL}
[ 1 o R
Sy ra
0 1
AH:'.I o =G
17 I2=40 2l
A13= U.] * __L
s U-=0 Y1|
I l
*'!":| T T PR e S >
[T [: =0 ol 3
I 1
Ap =—r.- E_H
_ i, M= 1|

Cac thding g6 A goi l1a cac thong sO truyén dat. A g
vi do 1a mho, Ay va As; khing co thla nguyén.

5.2.6 Ma trin B
Biéu dién U, va I, theo U, va I,

tl:= Bnﬁ1 = Elzil
11 = H:'|I..]'| = Bjji|
Hodc dang ma tran

- s = B, B,
=B 1 Vi B=[ ]
Ej _i _Ezu E:z
Suy ra
lE l
B, Sl 5
U'I ]I _ﬂ Ix

Trang 91

. Hyy € dom vi do la mho, Haa

(5.9)

(5.10)

co don vi do la £2, A= ¢ don

(5.11)

(5.12)
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B]J - -.LI-_. e :_vl_
— T U, =90 12
- -—;
U =2 A
B.. - [f . _
— I Ui =0 GL'!

Cac thong s6 B goi la cdc thdng s6 truyén dat nguoe. B, cd don v do 1a L2, By
¢t don vi do la mbho, B, va B., khdng co thit nguyén.

5.3. CAC PHUONG PHAFP XAC PINH MA TRAN MANG HAI CUA -
5.3.1. Phwong phip dong dinh nghia
Vi du 5.1. Xac dinh cdc thdng sé ma trdn A cta mang hai cira hinh 5.3

20 40
Giai: AN d
Ta c¢d phuong trinh ma tran A A0}
I:-TI__"J""HE:rI_Ale: & *
[} = AU, — Aol Hinh 5.3
Ngﬁn mach cira 2 (IFI; =0) hinh 5.4
[ I
[:j i ‘—hl—ﬂ.n\..-'-. @ W?—
.!"‘LIJ = ll " "ll"ﬁ r"\.:: = .1 - Eﬂ 4“
—[1|U2_“ 1. Jz =40 &, 4ﬂ§
Taco
e a0 I i 1 2 ® =
Ii e i Y A:z _—i =2 Hinh 5.4
ﬂ[ = I {2"‘4#‘."’4]—4“ -"—ﬂ':
| U,
= Ay = i’ =& i, 202 402 [a=0
f=ox 2

Hé mach cira 2 (I = () hinh 5.5

A L-.]] Rt -EI
ST P = | R =
U.|12=0 i, (e Hinh 5.5

Tacod U, =2+ 0l = 6, va Uz =41,
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:‘*“"!"-u—"I:JI ‘E=% va => A, = .II _
U: 4 4 4 4
Vay . .
LA
:::-.""u.—]2
- 2
|4 =

5.3.2. Phuwong phip giai tich

Ta ding cac phuong phap nhu Kirchhoff, thé nit mit Judi dé tim ma tedn dic
trung ctha mang hai cua

Vidu 5.2. Cho mang hai ciaa nhu hinh 5.6, Tim ma trin 7,

-3282 j4 . -j202 452 .
- | ] rwrﬁn ° 1 L2
| »
RO N
& *— ;
Hinh 5.6 Hll‘l]] 5.7

Ta sir dung phireng phap mat ludi, coi eia 1 gén ngudn ap Uy, cira 2 gln ngudn

apU;
-2 2 1L (|G
2 2+ 4] |1, 1.

Ui={2~i2) 1 +21
Uz =204+ 2+ j)1a

e
S (2 — 230 202
203 (2 + j4)0

Vidu 35.3. Cho mang hat coa nhu hinh 5.8, Tim matrén Y

j] R: I: ':I} RI I:E:J
—————. . i T g

+ R + Ry
0, Rag iy 1(5) R Q\:)]

{ﬂl Elt.ir =
- . e IR S

©
Hinh 5.8 Hinh 5.9
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Ta diung phuong phap thé nut, ta c6 (p; = [}, va (ps = s, coi 1y, [a nhu hai ngudn
dong chay vao hai aat | va 2 nhur hinh 5.9,

1 1 ] ~ . T
+ P e P 1,
Ri R R, 1, .
b ; 1 = [T gl
s : L/ [:—
B - B ' Ho g R, |
i1: L-I-; EJ'|"—'1—|:.|E
R, R, R,
® ‘T - I "
lg—“L‘ =—LU.+ B Lls
R, R, R. R
Tir (2) = I o LY L B
2 e 1 L
R, R, Ry Ry
Tu (l1yva{3)suy ramatran Y
1 ] |
4~ A
o Ri Rs 2.
L l ]
_R3 R: R; R

5.3.3 Phuong phap xdac dinh tir ma tran khac

Vi du 5.3. Cho mang hai cira co ma trin £ =[

A ¢la mang hai ciua.

Griai: Ta cd

Uy =21, + 7L
tIEE EI-] "+" 4T2

(1
(2)

Tir(2)=I,= éirz—zl: thé vao (1) 1a duoc

IU.T! s E{]th—;‘i;_j + 71 = EJ: + 311

Nhu vay suy ra

U, = T, + 31,
: ;
], = EUE_‘H*

Tir phuromg trinh ma twrin A : " :
Up=AyUa ~ Ajala

Trang 94
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ii=Aa5 U5 Ajals
r 5 12 —35
Ta co ma tran 2 = lﬂ 20

7

it

5.4. PHAN LOAI MANG HAI CUA
5.4.1. Mang hai ctira thy d¢ng va tich cyc
= Mang hai cira thu ddng 1d mang hai cira khong chire nguﬁn
« Mang hai ctra tich cuc 14 mang hai cira cé chita ngudn (d§e ldp hay phy
thudc)
5.4.2. Mang hai ciwa twong hd

Nguyén Iy twong hé: Mot mang hal cua bt kew cd tinh chit “Dong phat sinh tai
ctra 1 khi kich thich ¢ cia 2 ci’ing béng dung phat sinh tai cira 2 khi kich thich &
cira 17 thi duge goi 1a mang ¢6 tinh twrong hd

Tinh wromg ho duge kiém chimg nhu sau

l 2 1 L
-
. Mang hai cua | i . | Mang hai cira
Ll i Iln
E] z:l L] 2.1
! A. 1 h.

Hinh 5.10. Tinh tuong ho
Néu iy, = 2, thi mang bai ¢ira ¢& tinh tromg hd

Didu kién d& mang hai cira ¢6 tinh trong hd d6i vdi cdc dang ma trdn 6 thé tra
trong bang 5.1

M;q. tran 2 L H G
Biéu kién tuong hd 2z = £y Yiz=Y4 H;. = —H;, Gy = -Gy
Ma trin . B 4
Didu kigntuong hd | AA= A\ Asa-AA, =1 | AB=B;;B,,- BB, = |

Bing 5.1 Biéu kién dé mang hai cira ¢6 tinh tuong hd
§.4.3, Mang hai eira dbi ximg

Mot mang hai cta duge goi la dbi ximg néu nhu ta dat cing mot ted khang 7 &
mot trong hai cira thi tedr khang vio nhin wr cira ¢on lai la nhwa nhau.

l'rang W5 http://tieulun.hopto.org




zlr

Mang hai
cira

|

hMang hai
clra

Hinh 5.11 Mang hai cira déi ximg
Zi = Z; thi mang ¢d tinh doi ximg

i

L
Ly

Diéu kién dé mang hai cira d46i ximg néu nhu nd thoa digu kién tuong hé va thoa
thém diéu kién sau

Ma t-re_"in

¥

Y

H

N

In= Ly

Y 1=Ym

AH = H_HH?_;:_-- HiaHy = 1

Ma tran

G

Briéu kién ddi xing

A

H-

-'ﬂil.l = Azz

AG =G O2 - G265 =

B, =By

Bang 5.2 Piéu kién dé mang hai ¢ira cd tinh doi ximg

5.5. CAC THONG SO LAM VIEC CUA MANG HAI CUA

5.5.1. Tro khang vao

Trong diéu kién lam viéc binh thudng mang hai cir thudmg duge noi giita nguén
va tal nhu hinh 5,12, Trong dd Z; la tro khang trang cia nguon ap E,, Z; la trd
khang tai. Thong thurdng ngudi ta coi elra ndi véi ngudn la clra so cfip, cira noi

v&i tai 1a cira thr cdp

' 14
2 : h —i2
ul +
U, Mang hai cira U | Lo
E, 1 Tf j 2?
Ngud Tdi
aHen Hinh 5.12 '
a. Tré khing vao sor ¢dp i i
Tre ; g 2 { ok oitie @i ; '—"L— :
E{.I }-:hang vao _5{1 :cap ﬁ:r}g 1 SO g]er.:l {ﬁn 4p e Maung hat cita
v dong dién & cita so cap mang hai cia khi 0,
cua thir cap mac tai Z; (hinh 5.13) 3
. ]

L= (5.13)

L,
Gia s mang hai cira duge md ta bai hé phuong
trinh trd kKhang

Trang 946
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Uy =Zuh+ Zasly (5.14a)
I:J:1= 13211 + ZEI: {5;141‘".

Trén tai 5&€ ¢o gquan he ddng 4p nhu sau:

[Ja= —Fals (5.15)
Thay (5.15) vac (5. 14b) ta cd
SR o (5.16)
L.+ 24,

i Zllgll o Enzz + AL (5_ 1'}-}
o TH il Lot s ;

f-ﬂ Elﬂu

b.Tro khang vao thu li:iflp

[ 2
Piy la trd khang vao nhin i *—— ——e
phia thr cﬂp khi triét tiéu 7 S N o s
nguén E; nhin tr phia so cip ] 2 ang hat cira | i
(cho &, = {) va duge xac dinh .
bai 11 sé gitia dién 4p va dong M Fis
dién trén cira thir cdp Hinh 35.14
Ta co
U,
Hﬂ...:z = "'—_ {(5.8)
[
[.dc nay nhin tir phia so J:Iip ta co
U, =-Zi1, (5.19)

Thay (5.19) vao {5.14a) suy ra
e L., I

| [ 5.20)
I Ly + 2y (
Thay (5.20) vao (5.14b) suy ra
Fo ="E.J_£=zzz Ll =Eﬁ_1, + AL (5.21)
12

R, BT E,

Ta ¢d cling ¢b the xac dinh céc théng s6 trd khang so cap va thi cap tir ¢h¢ ma
trdn ¢Hn lai eiing theo ecdach lam nhur trén.
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5.5.2. Tré khéing ngin mach va ho mach

Il 11= Q 1]
4 _ + | o .
iy Mang hai cura Ih Mang hai cida Uz =0
.Elh Eln
Hinh 5.15. Trd khdng ciia | khi hd Hinh 5.16. Tror Khang cira 1 ki ngﬁn
mach coa 2 mach cua 2

Theo phuong trinh ma tran A

fh:Anuﬂg—A@Ig {521]
[ =A3Us - Assls

Tro khang coa 1 khi ho mach cira 2 (.=

A {;]'h N (5.22)
[Ih A 21
Tr& khang eira 1 khi ngin mach etra 2 (U, = 0)
.
Lin= ["L Tyl L (5.23)
II:] All
I] = EE [2
s B e E—
o + o s
Mang hai cia 0, U1 =0 Mang hai cira T
Eih E:n
Hinh 5.17. Trd khang ciia 2 khi ha Hinh 5.18. Tré khang cira 2 khi ngén
mach cira 1 mach cwa |
Trer khang cua 2 Khi ho mach cua I{Il =1
| .
.2.1|,= [: - = — {5.2‘4}
h?.‘l
T2y 2 "
Tré khang cua 2 khi ngfin mach cira 1 (U, = 0)
i}
-?f:n: t.—ln :All (515}
].'!ll A“

Taco cling co thé xac ding cac thong SO ey khing ngﬁn mach va hd mach tr cac
ma tran con lai cing theo cédch tlam nhar wrén.
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BAI TAP CHUONG 5

MANG HAI CUA

5.1. a. Xdc dinh cac phéin tir cta cdc ma trin A, 7, Y, H cia mach hinh sau, véi
Z, = 100}, Z5= 502,

b. Néu cho Z, = 8K, 7, = 4K, xdc dinh dong cung r.'ﬁp [, vd ap trén tai
U, khi 4p ngudn cung cip la U, = 48V vdi tai ¢ tong tro Ry = oo, 6K, 0
—{ 1} o {_} —=
L1 Z,
. 2 2 .
U, Z U,
[ i
Hinh 5.1
p)
s 7. 10 TE : 5
PS: a. A= : T = 5; - 15 15,1r=?5tI
02 2 5 10 A & 0.5 0.1
15 15
b. |1 oz ﬁ]‘l‘lA, Ug= 24V

TmA, U, = 12V
8maA, U, =0

5.2. Xac dinh ma trdn A

v Lz
L N W

(W B DZ X T+ T
i ow | 2y z
oo a2 SETE ]
Z "
- 1 I'--___ .21

dn
Hinh 5.2

§.3, Xac dinh ma trin Y va H. Nghiém lai cac diéu kién @60 xirng ciia mang hai
cATa,

2082
| = e e - &2
DS5;
P 3
e o =0ig §mm 21000
- (.05 0.06
T 16.7 0.83 ' & - -’
- 0.83 0.0183 Hinh 5.3

Y11 = Yo, Yo=Y
H'|: T —H1|, AH = 1

Trang 599
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3.4 Xac dinh ma tran A

pS: [ .J._..M

_| 3.55 s45.45
0.0545  5.5%

17
5.5 Xdc dinh ma tran Y, A
DPS:
W D.01029 - 0.00828
— 0.00771 0.01
¥
s 1.297 1297
0.005 1.335
| * 4

Hinh 5.5

5.6, Cho mang hai cira nhu hinh 5.6
a. Xidaec djnh ma trin 2
b. Tinh tr& khing vao eira 1 khi méic ¢tra 2 mot dién tré R

DS:
" E,+R R, .
f;:ER ! 5 $R3 P‘L‘[-‘ﬁ 34
s=HR R, +R 2 3 :
- A L ‘ & .
{ R+2Z., Hinh 5.4

5.7. Xdc dinh ma triin A trong mach hinh 5.7a, b

200 j20£2 2 | 1002 Jrog 1082 4
‘L A, -—-‘\N'\.—.—r"lﬁﬂ Pt -
-140L) -j40$2 — =102
J L‘ Q!
- =)
Hinh 5.7 b

0.5+ jO.5 20 + j20
= 0.0125 + jO.0375 0.5+ j0.5

g b 10 + j20
.02 — j0.04 2

Trang 100 http://tieulun.hopto.org
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5.8. Cho mang hai cira vai Zq/2 = 22, = 10+ 10 £2. Xac dinh

a. Ma tran A

b. Ap déu vao (cira 1-1°) dé cho 4p dau ra wén tai 1002 (mic & cra 2-27) la
208

¢. Dang cia ngudn cung cip khi _cung cﬁp tir phia ddu ra (2-2°) va ngin
mach dau vao (1-1 ") neu ap ngunn Cumng cap 1a 100mV.

d. Xaic dinh chi s6 Waltmet khi déng vao cuén dong 13 1, va 4p hai diu cudn
ap la Ijg khi cho ddu ra héd mach va ap tic dung lén dau vao la u(t) =
BOsin(cot+457)V

1 il il 2
- [ |-+—=
DS T el
" 10 10 + j20 27, 2
002 — j0.04 2
1 i’
& e -
b. 56,6V C.4.47 mA d. bdW Hinh 5.8
85.9. Xacdinhmatrian Y . : ;
. j200 4082 j200r
DS: 5 I
i _i I el _
7 ﬁ.!j 3!:} -j400 ==-j400)
. ol 1 2
® & -
30 <0 Hinh 5.9
s, g " 1 e’ 282 182
5.10, Xac dinh ma tran A —— A A .,,A,q__E
I O N
DS: jo [ jor T
- I . L I’ g
R 1-2m° + jdo 4 - 2o + jéw ® . o a
2ot + j2;00 1 - 2o + j4o Hinh 5.10

- I.'Ii|
5.11. Xidc dinh ma tran H /\\

| — ¢t R2

Rl + l ] 1 R T 2
(—+Jn~,-(”] R2+ oone| ® I"‘ i T I *

DS: H = R2 JmC i |

e+ joCR2) 1 R2 joC

1+ jtoCR2 R 4+ I T 5
joC | ® ®

Hinh 5.11

5 G O
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