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Chwong 1. Cac khai niém va dinh nghia co’ ban vé mach dién

Bai giang s6 1
< Thoi lweng: 4 tiét.
< Tém tit ndi dung :
> Céac phén tir mach co ban
o Phén ti tich cue
o Phan tir thu dong
> Cac dinh nghia co ban vé mach dién.
o Nguodn ly twéng va khong ly twéng

o Cac dinh nghia vé nhanh, nit va vong trong mot mach dién

1.1 Céc phan tir mach co ban
1.1.1 Phan tir tich cue

Trong mot mach dién bao gém c6 thé c6 nhiéu thanh phan khac nhau nhung vé co ban bao gio
cling gdm céc phan tir nhu ngudn dién, dién tré, ty dién va cudn cam. Dua vao chirc nang va tac
dung ctia cac phan tir trong mach nguoi ta chia ra lam cac phan tir tich cuc va cac phan tir thu

dong trong d6 cac phan tir tich cuc chinh 1 cac ngudn dién con cac phan tir con lai nhu dién
trg, tu dién va cudn cam la cac phan tir thu dong.

1.1.1.1 Nguon dién dp
e La phén tu sinh ra tin hi€u dién ap.
e Ham tin hi¢u sinh ra la ham dién 4p, don vila V.

e D6 16n tin hiéu sinh ra dic trung boi ham suit dién dong e(t).
So do

Nguon ap xoay chleu Ngudn 4p mot chiéu
Chu y: chiéu dién ap trén nguon

e®®

o = ™7

Usa = -€(t)




1.1.1.2 Nguon dong dién
e L4 phan tir sinh ra tin hiéu dong dién.
e Ham tin hi¢u sinh ra la ham dong dién, don vi A.
e DO 16n tin hiéu sinh ra dic trung boi ham dong dién ngudn ing(t).

So db

Nguon dong xoay chiéu Nguon dong mot chiéu

1.1.2 Phan tir thu dong
1.1.2.1 Pién tro
- La phén tir bién doi tin hi¢u dién nh higu g can tro dong dién.
- So do:
R
—W—

) —J
- Con dugc goi la phan tir khong quan tinh.
- Thi nghiém: cho dong dién i chay qua dién tr¢, thay xuat hién dién &p u cung chiéu véi i

i R
-]
—_—
u
- Quanhéu-—i:
u=Rui
R: thong s6 déc trung, goi 1a dién tré c6 don vi la Ohm
- TuCT trén: I=u/R=u.G

G: thong sb dac trung, goi 1a dién dan c6 don vi la Siemen.
1.1.2.2 Tu diéen
- La phén ttr bién di tin hiéu nho hién tuong tich tu dién tich trén cac ban tu.
- Sodo:
C
- La phén tir ¢c6 quan tinh, giita dong dién va dién ap khong c6 quan hé tuyén tinh.
- Thi nghiém: cho dong dién i chay qua thay xuat hién dién ap u cung chiu vdi 1.
i C
—
u
- Quanhéu-—1i:
_~du

dt



1.
u= c '[ idt
Dai luong C la thong sb dic trung cho phén tur tu dién, goi 1a dién dung, c6 don vi Fara.
Nhan xét:
-Dong dién qua tu ty 1€ thuan véi bién thién dién ap trén tu. Néu dién ap khong ddi thi
dong dién bang 0.
-Dién ap trén tu dién bién thién lién tuc theo thoi gian.
Dé giai phuong trinh vi phén trén tu can c6 diéu kién dau uc(0).

1.1.2.3 Cuon cam

La phan tir bién doi tin hi€¢u dién dua vao hién twong cam ting dién tur.
So do:

L
—_rr

La phan tir ¢c6 quan tinh, dong dién va dién ap khong c6 quan hé tuyén tinh.

Thi nghi€ém: cho dong dién i chay qua cudn cam L thay xuat hién dién 4p u cung chiéu
Vol 1.

Quan hé u—1i:

L 1a dai lugng dac trung cho cudn cam, duoc goi la dién cam c6 don vi la Henry (H).
Nhan xét:
o Néu dong dién chay qua cudn cam khong doi thi dién ap trén cudn cam bang 0.
o Dong dién qua cudn cam la ham lién tuc theo thoi gian.

o D¢ giai phuong trinh vi phan cho cugn cam can biét dicu kién dau i (0).

1.1.2.4 Hé cim

HO cam 1a hién tugng tuong tac tir gitra cac dong di¢n dat du gan nhau.
Ta chi xét hién twong hd cam giira cic cudn cam.
Xét 2 cudn cam c6 cac dong dién iy, i, nhu hinh vé:

M

i, o=~
1 7, R

qul lqu




- Do hién tuong hd cam:
o Dong dién i; giy ra dién ap hd cam uy, trén cudn L,.
o Dong dién i, gy ra dién ap hd cam uy; trén cudn L.
= Can tim chiéu va d6 16n cta cac dién ap hd cam.
- Quy tic xé4c dinh chiéu dién 4p hd cam:
o M®di cudn cam c6 mot dau cung tén duoc danh dau *. (Xem hinh v&).

o Neéu dong dién di vao cudn cam & dau co6 dau * s€ duogc goi la dong dién vao. Néu
dong di¢n di vao ¢ dau khong c6 dau * sé dugce goi la dong dién ra.
o Néu 2 dong dién di qua 2 cudn cam la cung tén thi dién &p ho cdm trén moi cudn
s€ cung chiéu vé1 dong dién di qua no.
o Neéu 2 dong dién di qua 2 cudn cam la khéc tén thi dién ap ho cam trén moi cudn
s€ ngugc chiéu véi dong dién di qua nd.
- Cong thic tinh d6 16n dién 4p hd cam:

o Gitra cac cudn cam co6 hién tugng ho cam s€ xac dinh mot thong sé dac trung, goi
la thong s6 ho cam, ky hi¢u 1a M.

o b3 16n dién &p ho cam:

di

u,, =M-=-"2
H1 dt
di

u,, =M-—2
H2 dt

1.2 Tinh toan niing hrong trén cic phan tir thu dong
1.2.1 PDién tré

- bién tré khong c6 kha nang tich tu nang lugng.

- Ning luong cung cap cho dién tré duoc giai phong dudi dang nhiét va cac dang ning

lugng khac.
- Dinh luat Jule-Lenx tinh cong suit tiéu tan trén dién tro:
p(t) =u(t).i(t)
= Ri*(t)
1

:Euz(t)zGuz(t)

1.2.2 Tu dién
- (0 kha nang tich ty nang luong.

- Nang luong cung cr?ip cho tu dién dugc tich tu lai dudi dang nang luong di¢n truong nam
gitra hai ban cuc

- Goi E(t) 12 ning luong do dong dién tich tu trén tu tai thoi diém t.



E(t) = Jt‘u(t).i(t).dt

ju(t)C—

Clu(t)du(t)

O!—’.-»

:%Cu - Cu 0)

- Né:u tai, thoi diém ban dau tu khong tich dién u(O) = 0, thi nang luong trén tu tai thoi
dieém bat ky la:
E(t) = %Cuz(t)
1.2.3 Cudn cam
- C6 kha nang tich tu nang lugng.
- Ning lugng cung cip cho tu dién duoc tich tu lai dudi dang ning luong tir trudng.

- Goi nang luong do dong dién tich tu trén cudn cam la E(t)

E(t) = ju(t).i(t).dt

t .
:jLﬂi(t).dt
) dt

- Lj'i(t)di(t)
=%L| (t)— L| (0)

- Néu tai thoi diém ban d4u dong dién qua cudn cam bang 0 thi ning luong trén cudn cam
tai thoi diem bat ky 1a
1 .
E(t) =3 Li?(t)

1.3 Ghép ndi tiép va song song cac phan tir
1.3.1 Ghép néi tiép cac phan tir
Céc phan ttr duoc goi 1a méc ndi tiép khi chiing c¢6 chung mot dong dién chay qua va dién ap
tong cong bang tong dién ap cua ting phan tur.
- Vidu:
R1 R2
M 2'AAY

- Cong thire tinh toan thong s6:
Xét 2 dién tré mac ndi tiép:



i RL R2
> MN——AN——

> —>
ul u2
B

u(t)
u, (t) =Rji(t
(O=R, _( ) }: u(t) = u, (t) +u,(t)
U, (t) = Ryi(t)
=u) =it)(R,+R,)
=i(t)R
Trong do:
R =R1+R2
Nhén xét:
o R athong s6 biéu dién mach dién.
o Cho phép biéu dién mach nhu mdt phan tir duy nhat.
Truong hop tong quat:

o ndién tré mac noi ti€p
o Vi tu dién mac noi tiep:
o Vi cudn cam mac noi tiép:

1.3.2 Ghép song song cac phan tir
Cac phﬁn tor duge goi la mic song song khi ching c6 chung mét dién ap va dong dién tong
cong bang tong dong di¢n di qua tung phan tir.
- Vidu:
il(t) R1

i(t)

—>— R2 —
WN—
i (t)

—_—
u(t)

- Tinh toan thong s song song:



i) =0+, (0
1 1
= (g + R_z)U(t)
- %u(t)

- Nhén xét:
o R 14 thong s6 biéu dién mach dién.
o Mach dién duge biéu dién nhu mot ph?m tu.
Truwong hop tong quat:

o Vi n dién tré mac song song
51
Ri

|-

[N

o Voin ty dién mac song song.

O
I
.M:
O

I
[UN

o Voin cudn cdm mac song song.
n

1
L

|._|l—\

N

1.3.3 Ghép hdn hop
- Ghép hdn hop céac phan tir:

o Su dung nhiéu phan tir khac loai trong ciing mot mach.

o Céc phan tir dugc méc theo ciu hinh bat ky.
- Nhan xét:

o Mach van dugc biéu dién bang mot théng sd dic trung.

o Khong c6 cong thirc tong quat dé tinh thong sd dic trung tir cac thong sb thanh

phan ma phai tinh tuy theo tirng trudng hop cu thé.

- Théng sb dic trung c6 thé co 2 loai

o Tré khang Z théa man phuong trinh:

u(t) =Z.i(t)
o DannapY
I(t)=Y.u(t)
y=1
yA

10



1.4 Céc dinh nghia co ban vé mach dién

1.4.1 Nguén ly twéng va khong ly tuéng

1.4.1.1 Nguon Iy tuéng

Phén 16n trong cac mach dién chung ta xem xét trong chuwong trinh nay 1a ngudn 1y tudong. Vay
ngudn 1y tudng 1a gi ?

Nguén 1y twong 12 ngudn dién ma dién ap va dong dién dau ra cia ngudn khong thay do6i hay
phu thudc vao dac tinh cling nhu gia tri cua mach tai bén ngoai.

Ngudn dong dién 1y turéng 12 ngudn c6 ndi trd bang 0

Nguon dién ap 1y tuong 1a ngudn co ndi tré bang vo cung 16n

1.4.1.2 Nguon khéng Iy twong

Tuy nhién trong thyc té cac ngudn dién cua ching ta phan 16n 12 khong 1y tuong dé 1a do phan
16n cac ngudn dién cua chung ta c6 noi tro khac khong va khong phai la qua lon. Vi vay khi
lam viéc vdi cac nguon dién thuc té chung ta can quan tam tinh toan dén ndi tré trong cia

nguodn.
1.4.2 Nhanh

Nhanh 12 mot phan cia mach gom 1 hodc nhiéu phan tr mac nbi tiép c6 chung mot dong dién,
trong do6 co it nhat 1 phan tu thu dong.

S6 nhanh ky hiéu 1a B.
- Vidu:

E(t)
=>» 3 nhanh

R3

R1 R2

NN

E.(® E, (1)

=>» 3 nhanh
1.4.3 Nut

Nt 1a diém chung cua tir 3 nhanh trg 1én.
S6 nut ky hiéu 1a N. Dé thay N < B.
- Vidu:

11



E,() 2 E,(0)

= 2 nut
1.4.4 Vong
Vong 1a mot phan ciia mach gém cac nhanh va nit tao thanh vong kin.

- Vidu:

Vi du 1 vong mach

R3

R1
R2

AN

E.(0) E,(®)

= tong cong 3 vong
1.45 Vong co ban
Vong co ban 1a mot vong trong tip hop vong ma vong nay khong thé dugc tao thanh tir cac
vong con lai.
Xét trong mach ¢6 B nhanh va N niit, s6 vong co ban 1a
B-(N-1)

- Vidu:

12



R1

E,(®

R2

M\

R3

E,()

=> B-(N-1) =2 vong co ban

R4

M

R1 <

E,(®

R2

MV

R3

E, (0

=> B-(N-1) =3 vong co ban

13



Chwong 2. Cac hé phwong trinh mach co ban

Bai giang s6 1
< Thoi lweng: 4 tiét.
< Tém tit ndi dung :
» Cac dinh luat Kirchoff 1 va 2
> Phwong phap tong quat xAy dung h¢ phwong trinh mach dién
» Phwong phap dong dién vong
» Phwong phap dién ap nut

2.1 Dinh luat Kirchoff
2.1.1 Dinh luit1

Phét biéu 1: “Tong dong dién di vao mot niit bang tong dong dién di ra khoi nat d6”.
- Vidu:

i1+i4:i2+i3+i5
> Nhén xét: phuong trinh viét theo phat bi€u trén khong mang tinh tong quat, phu
thude chiéu dong dién cu the.

Coi dong dién 1a dong dién dai sb, theo quy wéc dau:
oDong dién di vao nat mang dau (-).
oDong dién di ra khoi nat mang dau (+).
Phat biéu 2: “Téng dong di¢n dai s6 tai mot nat béng 0.
- Vidu:

'i1+i2+i3'i4+i5:0
Nhan xét: Dinh luat 1 cho phép tao ra N-1 phuong trinh doc 1ap tuyén tinh tai N-1 nat ca
mach.

14



2.1.2 Dinh luat 2:

Phét biéu 1: “Trong mot vong kin bat ky, tong dién ap trén cac phan ti tich cuc bang tong dién
ap trén cac phan tu thu dong”.

- Vi du: xét vong

©
E
Chon chiéu (+) nhu hinh v&, 4p dung dinh luat ta c6 phuong trinh
Ri, + R,i, — Rji, —R,i, =E,—E, + E, — E,
Coi dién ap la dai lugng dai s0, theo quy udc d4u: chon mot chiéu (+) tuy y trong vong.
o Cac dién 4p cung chiéu (+) mang diu (+).
o Cac dién ap nguoc chiéu (+) mang dau (-).

Phét biéu 2: “Trong mot vong kin, tong cac dién ap dai sé bang 0”.

-E,+E,-E,+E,+ R, +R,i, —Rji; —R,i, =0

Nhién xét: Dinh luat 2 cho phép tao ra B-(N-1) phwong trinh doc 1ap tuyén tinh.

2.2 Phwong phap tong quat
2.2.1 Phwong phap

- Chon dong dién qua cac nhanh Iam an, nhu vay voi B nhanh cia mach s€ c6 B an so.

- Ap dung dinh luat Kirchoff dé tao ra hé gdm B phuong trinh. Pay chinh 13 hé phuong
trinh tong quat cia mach. Trong do:

o binh luat 1: tao ra N-1 phuong trinh.

o Dinh ludt 2: tao ra B-(N-1) phuong trinh.
2.2.2 Ap dung

- Xét mach

15



- Nhan xét:
o Sénhinh B =8
o SénutN=5
o > Sovongcoban=8—(5—-1)=4

Chuyén ngudn dong thanh ngudn ap

Ez(t) = 1ng(t).R7
Mach tuong duong

Chon chiéu dwong quy uée cho cac dong dién nhanh. Coi i; — i; 1a an
Ap dung dinh luat 1 tai 4 nat A, B, C, D.
(A):=l, +1,+i,=0
(B):—i, +i;+i, =0
(C):—i,+ig+ig =0
(D):=ig+i,—ig =0
Chon céc vong co ban va ap dung dinh luat 2
(1):-E+yR +i,R, +1,R, =0
() :+E; —i,R; +i,R, +i;R; =0
(m):—E,+E, -i,R; +i,R, +17R7 =0
(v):-g,-i,R, —i,R, —i;R, +i8R8=0

16



2.3 H¢ phwong trinh dong dién vong
2.3.1 Phwong phap

- Gia str trong mdi vong c¢6 mot dong dién chay qua. Dong dién nay chi ton tai trong vong
va chay qua tat ca cac phan tir thuc vong.

- Chon dong dién vong trong cac vong co ban lam an s6. Tong cong s€ cd B-(N-1) an so.

- Ap dung dinh lut 2 dé lap B-(N-1) phuong trinh doc 14p tuyén tinh. Day la hé phuong
trinh dong dién vong ctia mach.
2.3.2 Ap dung

- Xét mach

- Bién doi nguon dong thanh ngudn ap.

- Goi dong dién qua cac vong co ban lam an so6, chon chiéu (+) quy udc cho cac vong nay.
R8 0

S

- Ap dung dinh luat 2 tao hé B-(N-1) phuong trinh.
(1 :-E+i(R+R,+R,)-i,R, —-i,R, =0
(my:+g,+i,(R,+R, +R;)-i,R, —1,R, =0
(n):—E;+E, +i,(R,+ Ry +R;) =0
(IvV):-E+i,(R,+R, + Ry +R;) —i,R, —i,R, —i,R, =0

- H¢ phuong trinh dong dién vong dudi dang ma tran
Z,l, =E,

trong do

17



I . _Es
VE RS g e

I Ee
R1+R2+R3 -R3 0 -R2
7 - -R3 R3+R4+R5 -R5 -R4
Y 0 ~R5 R5+R6+R7 ~R6

-R2 -R4 -R6 R2+R4+R6+R8
Quy tic l4p ma tran:
o |, :Ma tran dong dién vong.

o Ey:Ma tran dién ap vong
E; = tong cac ngudn ap trong vong, theo quy tac dau:
Nguon ngugc chiéu + : mang dau (-)
Ngudn cung chiéu + : mang dau (+)

o Z,:Ma tran dién ap vong
% ;i = Tong trd khang trong vong thir i
<> zij = Tr6 khang chung gitra vong i va vong j, lay theo quy tic
Néu dong i va dong j cing chiéu
zjj = tr6 khang nhanh chung gitra vong i va vong j

Néu dong i va dong j khac chiéu
ij = - tr6 khang nhanh chung gilra vong i va vong |

2.4 Phwong phap dién z’lp nut
2.4.1 Phwong phap

- Trong N nut ctia mach, chon mét nut lam nut géc co dién ap béng 0.

- Tai mdi nit con lai ctia mach coi nhu xac dinh mot dién ap co dinh. Goi cac gia tri dién

ap nay la an so6. Khi do6 c6 tong cong N-1 an so.

- Ap dung dinh luat 1 tai N-1 nat dé xay dung hé phuong trinh N-1 4n s6. Pay 1a hé

phuong trinh dién 4p nat cua mach.
2.4.2 Ap dung

- Xét mach

18



1 S,
72 ) 74 3
1 1 1
21 [] Z3 [] - [] 15
EL () E3 () ©

0

Nhén xét: mach trén c¢6 4 nat. Bat nat dudi cung la nat gbc 0 va coi dién ap tai cac nut
1,2, 3 1aan so.
- Ap dung dinh luat I tai cac nut 1, 2, 3 thu dugc h¢ phuong trinh
(Y, +Y, + YU, =Y .U, =Y U, =Y. E, - YE;
YU, +(Y, +Y, +Y,)U, -Y,U, =-Y,E,
YU, =Y, U, + (Y, +Y, +Y ) U, =Y ,E, + 1
Day chinh 1a hé phuong trinh dién 4p nlt ciia mach. Néu viét dudi dang ma tran ta co:
Y U, =1,
trong do
Yor Y, —Ye Yo =Y, +Y, +Y,
Yo=Y, Yy, —Y.li Yy,=Y,+Y;+Y,
Yo Y, Yys Yna =Ys+Ys Y5

Ul YlEl_Y6E6
UN = Uz , IN = _Y3E3
U, YoEq + 15

- Céch thanh lap cac ma tran:
o Yy:
<y, : dan nap tai nat i.
Yy dAn nap chung giita 2 nat i va j 1ay dau -.
o |, cac ngudn di vao nit mang diu +, ngudn ra khoi nit mang dau -.
2.5 Mach dién tuyén tinh twong hd va cac tinh chat
2.5.1 Mach dién tuyén tinh
Cac phﬁn to thu dong tuyén tinh: 1a cac thong s6 thu dong R, L, C, M c¢ gia tri khong
phu thudc dong dién va dién ap.
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2.5.2

Ng1,16n tuyén tinh: 1a ngudn c6 tré khang trong Z (hay dan nap Y) 1a phan tir thy dong
tuyén tinh.

Mach tuyén tinh:
o La mach duoc tao thanh tir cac phén tr tuyén tinh.
o Chi can 1 phan tir khong tuyén tinh thi mach 1a khong tuyén tinh.
Tinh chit cua mach tuyén tinh
o Trong mach tuyén tinh thi quan hé u, i 1a bac nhét. (u = zi, z khéng phu thudc u, 1)

o Hg¢ phuong trinh téng quat cia mach tuyén tinh 1a hé phuong trinh vi phan hé s6
hang.

o C6 thé ap dung nguyén 1y xép chong.

Nguyén ly xep chdng: trong mach dién c6 nhiéu nguon tac dong thi dong dién trén mot
nhanh bang tong cac dong dién gay boi timg ngudn tac dung doc 1ap trén nhanh do.

H¢ qua:
o Chi c6 mach tuyén tinh méi ap dung duoc hé phuong trinh dong dién vong.

o Trong mach tuyén tinh, néu ta tac dong 1 ngudn c6 tan sé omega thi cac dap Gmg
trén cac nhanh cta mach ciing c¢6 tan sd omega. (Duéi tic dong cua tin hiéu vao
bat ky ciing s& khong sinh ra cac hai méi)

Mach twong hd

Khai niém: néu ngudn tac dung dit & nhanh i gy ra mot dong dién & nhanh j ciing tuong
duong v61 ngudn do dat & nhanh j gdy ra mot dong ¢ nhanh i.

Vi du:
H¢ qua:
o M =M
o Matran Z, (Yn) €0 Zjj = Z;i (Yij = Yji) chi khi mach 1a tuong ho.

Chu ¥: trong mén hoc nay chi xét mach tuyén tinh twong hd.
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Chwong 3. Cac phwong phap co’ ban giai hé phwong trinh mach

Bai giang s6 1
< Thoi lweng: 3 tiét.
< Tém tit ndi dung :
> PDiéu kién diu ciia mach
> Khai niém giai doan qua dé va 6n dinh trong mach.
> Biéu dién va tinh toan véi sé phirc.
> Cach chuyén ddi cic thong sé ciia mach sang dang phikc.

> Phwong phap so phirc giai hé phwong trinh mach.

3.1 Diéu kién dau ciia mach

Qua két qua xdy dung hé phuong trinh mach trong cac vi du ¢ trén, co the thiy cac
phuong trinh mach ¢ dang téng quat déu 1a cac phuong trinh vi phéan tuyén tinh hé s6
hing.

Céc phuong trinh vi phan tuyén tinh hé sé hang déu c6 2 loai nghiém: nghiém tong quat
va nghiém riéng.

o Nghiém tong quat dic trung cho phan tng ctia mach dudi tic dong ciia ngudn tin
hi€u bén ngoai lén mach dién. Nghiém tong quat duoc tinh toadn duwa vao gia tri
nguon tac dong va khong phu thudc trang thai cia mach tai trang thai bat dau hoat
dong.

o Céc nghiém riéng dac trung cho phan tng cia riéng mach khong phu thudc céc
tac dong dau vao bén ngoai. Nghiém riéng dugc tinh todn dua trén cac diéu kién
dau cuia mach. Vi cac mach 6n dinh nghiém riéng ctia mach la cac ham tin hi¢u
tat dan.

bicu kién dau cua mach dugc thé hién qua thong s6 tin hiéu dong dién, dién ap trén cac
phan tr quan tinh nhu tu dién, cuén cam...

Y nghia vat Iy cia nghiém riéng va nghiém tong quat dugc thé hién qua hai giai doan
xay ra trong qua trinh hoat dong cua mach gom giai doan qua do va giai doan xac lap.

o Giai doan qué do la giai doan cac tin hi€u trong mach chua dat dén trang thai 6n
dinh do tac dong ctia cac nghiém riéng cua phuong trinh mach.

o Do cac nghiém riéng la tat dan nén sau mot thoi gian tac dong cua cac nghiém
nay s€ cham dut va mach chuyén sang trang thai xac lap. Giai doan xac lap la giai
doan tat ca cac tin hi¢u trong mach dat trang thai 6n dinh va dao dong cung tan so6
v&1 nguon tac dong.
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v

P Qua do Xac lap

3.2 Phwong phap so phurc

Téng quan

Vi mach tuyen tinh twong ho, h¢ phuong trinh mach la hé phuong trinh vi phan tuyen
tinh hé sd hing. Viéc giai tryc tiép cac h¢ nay gap rat nhiéu kho khin. Do d6 phai biéu
dién hé phuong trinh mach sang cac mién khac dé chuyén phwong trinh vi phan thanh
phuong trinh dai s6 don gian hon.

Phuong phap sé phirc thuc hién chuyén hé phuong trinh mach sang mién s6 phirc co
dang h¢ phuong trinh dai s6 bac nhat.

Diéu kién ap dung:

o Céc ngudn tac dong phai 1 tin hiéu diéu hoa (dang sin hodc cos).

o BO qua giai doan qua do.

o Piéu kién dau cia mach bang 0, khong c6 niang luong tich liy.
Céch giai bai toan theo phuong phap s6 phirc:

o Chuyén céac thong sb trong mach sang mién phirc.

o Xay dung hé phuong trinh mach dang phuec.

o Giai h¢ phuong trinh thu dugc.

o Chuyén két qua can tim v€ mién thoi gian.

3.2.1 Phirc héa cac thong sé

¢ Nhdc lai vé so phirc

S6 phurc dugc xay dung dya trén don vi phire j thoa man: j2 = -1
S6 phirc c6 2 dang biéu dién:
o Dang phan thyc phan 40: s =a + jb

Trong do:
a: phan thuc
b: phan 4o
o Dang module va argument: s = [s|.e’
Trong do:
|s|: module
¢ : argument

o Chuyén d6i gitra 2 dang biéu dién

_faz e
|sl=va“+b a=|s|cosp

go:arctgg b=[s[sing
a
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Chu y: néu a < 0 thi cdn hiéu chinh o=@ 7
% Chuyén doi tin hiéu
- Chi 4p dung cho cac tin hiéu diéu hoa.
- Xét tin hiéu s(t) =S, cos(aw,t + ¢,)
Trong do
Sp: bién do
p: tan sO goc
¢o: pha ban dau
- Chuyén sang mién phirc thu dugc S(t) 1a tin hiéu trén mién phirc phy thudc thoi gian.
Khi do:
§(t) — Soej(%t+¢0)
- Ch0 y: khi tin hiéu cho dang sin, can chuyén vé dang cos rdi méi phtrc hoa duoc tin
hi¢u.

R/
0’0

Chuyén doi théng sé
- Muc dich: chuyén doi cac thong s6 R, C, L thanh tré khang, din nap trong mién phirc.

Mién thoi gian Mién phirc
. Z,=R
bién tro R .
Y. =G
Z.=—]j 1 _ iX.,
,C
Tu dié ;o .
v dien € Y(;:Ja’oC:—Ji
XC
X¢: dién khang cuia tu dién
7, = jo,L= jX,
Cuén cam L Vo——jt -t
w,L X,
Xi: dién khang cua cudn cam

3.2.2 Giai hé phwong trinh mach bang phuwong phap sé phirc
- Céc budec:
o Phuc hoa céc tin hiéu va thong sb.

o Coi cac thong sd nhu céc trd khang, dan nap c6 gia tri phirc, 1ap phuong trinh dai
sO trong mién phtrc.

o Giai phuong trinh thu duoc két qua dang phirc.
o Chuyén két qua can tim vé mién thoi gian.
- Nhan xét:
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Néu cac ngudn tac dong ciing tan s va pha thi c¢6 thé tam sir dung bién do thuc
dé tinh. Khi nao ra két qua thi nhan thém véi argument.

Néu cac ngudn tac dong cung tan sé nhung khac pha thi c6 thé sir dung bién do
phtrc, 161 nhan thém argument khi tinh ra két qua cuodi cung.

Truong hop cac ngudn tac dong khac tan so s€ tim hi€u ¢ phan sau.
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BALGIANE S04 oo e e e s s s s s eseresasasesenanaes
< Thoi lweng: 5 tiét.
< Toém tit ndi dung
> Phép bién d6i Laplace thuin va nghich.
Chuyén dbi cac thong sé sang mién Laplace.
Phuwong phap giai hé phwong trinh mach trong mién Laplace.

Cong thirc Heaviside.

>

>

>

> Bai tap ap dung.
» Dinh ly Thevenin-Norton

> Phuong phap xép chong

> Phwong phap mach d6i ngiu

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3.3 Phwong phap toan tir Laplace
3.3.1 Phép bién doi Laplace
- Xét tin hiéu trén mién thoi gian f(t)
- Phép bién doi Laplace thyc hién bién ddi tin hiéu f(t) sang mién toan tir Laplace
LT
f(t)>F(s)
(LT: Laplace Transform)
Khi do: ]
f(t) duoc goi la ham goc
F(s) goi la anh Laplace cua f(t)
s la toan tir Laplace (s phirc)

- Cong thirc cua phép bién dbi Laplace
F(s)= [ f(t)edt

1+00
f(t)=—— | F(s)e%ds
() 27rj£ (s)

(1) : Cong thirc bién d6i thuan, tir mién thoi gian sang mién Laplace.
(2) : Cong thirc bién d6i nguoc, tir mién Laplace sang mién thoi gian.

- Nhan xét: cong thirc bién d6i Laplace kha phuc tap, thuong khong ap dung truc tiép
cong thirc ma str dung bang tra Laplace thong qua mt s6 ham co ban.
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Bang tra Laplace

Ham gbc Anh Laplace
df (t)
— sk(s)—f(0
&t (s)-1(0)
1 0
[ f@at E{F(s)+ j f(t)dt}
—tf (t) —dfd(ss)
10 [F@)dz
t 0
e f (t) F(s+a)
f(t—a).l(t—a) e *F(s)
f(3) aF(as)
1(0) .
n!
tn Sn+1
1
—at _
€ s+a
. w
sin wt R
S
oS ak 1o
o(t) 1

3.3.2 Chuyén d6i thong so

a. bién tré

- Trong mién thoi gian:
R 1a hang so

- Chuyén sang mién Laplace:

- Nhan xét:
@] ZR(S) =R
o YG(S) =G

b. Cudn cam

- Trong mién thoi gian:

u(t) = R.i(t)

U(s) = R.I(s)
di,

u ()= LE
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3.3.3

3.34

Chuyén sang mién Laplace U(s) = L[sl (s)-i_(0)]

la

Trong d6 i.(0) 1a diéu kién ban dau trong mién thoi gian tai t = 0. Dat i, ()= L.(0)
S

diéu kién dau trong mién Laplace ta c6:
U, (s) =sLI(s)—sLi,(s)

Nhan xét:
o Z.(s)=sL
1
o Y (S)=—
L () oL
Tu dién
Trong mién thoi gian: u,(t) = é .f i(t)dt

0
Chuyén sang mién Laplace U (s) = %{I (s)+ j i(t)dt}

—00

0 0
Trong d6 [ i(t)dt 1a dicu kién dau trén ty. Pt 1 i(t)dt =u. (0) ta cd
C C

—00

U(s)——l(s) ! (0)

Nhan x&t:
1
o Z.(5)=—
c(s) <
o Y.(s)=sC

Giai hé phwong trinh mach bang phwong phap toan tir Laplace
Phuong phap:

o Chuyén cac thong sb va tin hiéu sang mién Laplace. Ap dung cong thirc bién d6i
Laplace va bang tra.

o Lap va giai hé phuong trinh trong mién Laplace. Hé phuong trinh thu dugc 1a hé
phuong trinh dai s6. K€t qua can tim cling & trong mién Laplace.

o Chuyén két qua can tim v€ mién thoi gian.

Nhén xét: can c¢6 phuong phap tong quat dé chuyén tin hi¢u tir mién Laplace vé mién
thoi gian. D6 1a phuong phéap st dung cong thirc Heaviside.

Cong thirc Heaviside

La cong thuc thyc hién bién ddi Laplace nguoc, chuyén tin hiéu tr mién Laplace vé
mién thoi gian.

Xét ham tin hiéu trong mién Laplace c6 dang phén thuc hitu ty
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atas+a,s’ +..+a,s"  H,(s) (m>n)

F(s)=1 7
L, +bs+b,s?+..+b s™  H,(s)

Nhan xét: Hy(S) 1a da thirc bac m nén c6 m nghiém. Xét 3 truong hop:

Trwong hop 1: Hy(S) c6 ding m nghiém thuc phan biét
Goi m nghiém cua Hy(S) 1354, S, .., sm. Khi d6 phan tich dugc F(s) thanh téng ctia m
phan thirc don gian c6 dang:
F(s) A LA L LA => A
s—s, S-S5, S-S, Is-5
Duya vao bang tra thyc hi¢n bién ddi nguoc s thu dugc két qua

f(t)=Ae" +Ae™ +..+ A e

Cong thuce tinh Aj:
— Hl(sl)
A i)

N

. Trwong hgp 2: H,(S) c6 m nghiém don, trong d6 c6 nghiém phirc

Xét truong hgp c6 mot cdp nghiém phirc lién hop s; va s,, 1a nghiém ctia tam thic
bac 2: as®+bs+c=0 voi A<0.Khido

b+,
2a

Ap dung cong thirc trudng hop 1 tinh A, Ap. Vi s; va s, la lién hop nén Ay, A, cling
1a 2 s6 phitrc lién hop.

1,2

A=l Ale"
A= Ale™
Do do
f(t)=Ae™ +Ae™
=| Aj_ | ej(pleateja)t_i_l Aj_ |e—j¢ﬁeate—jwt
:| Ai | eat |:ej(a)t+(pl) +e—j(a)t+(pl)]
=2| A |e” cos(at+¢,)

Trwong hop 3: Hy(S) c6 nghiém boi
Gia st Hy(s) c6 1 nghiém boi bac r 1a s;, con lai 1a k nghiém don phan biét sy, S, ...,
Sk (r+k=m). Khi do6
Hz(s) =(s— s1)(3 - Sz)---(s _Sk)(s _SL)r

Phan tich thanh tong cac phan thirc don gian hon

) A LS A

Hz(s) i1S—S oo (S _SL) :
Chuyén vé mién thoi gian thu dugc

f(t) = er“ n

AL EsLttr—j—l
j= 0( _J 1)'
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C@l’lg thirc tinh A, ALj:

A =— I|m d— F(s)(s-s.)"

Jlx—>s ds’

3.4 Pinh Iy Thevenin-Norton vé ngudn twong dwong
3.4.1 Dinh ly Thevenin-Norton

- Trong mdt sd trudong hop, nhiém vu phan tich mach khong doi hoi phai tinh tat ca cac
dong dién hay dién ap nhanh, ma chi yéu cau tim dong dién hay dién 4p trén mot nhanh
hay mot phan nao do cua mach. Khi do viéc ap dung cac phuong phap néu trén sé dan
dén nhiéu két qua thira ciing nhu ton nhiéu thoi gian tinh toan khong can thiét. Dinh 1y
Thevenin-Norton cho phép giai cac bai toan nhu vay mot cach don gian hon bang cach
thay thé mot phan mach béi mot ngudn ap hoic mot ngudn dong dién twong duong.

- Dinh ly: “Mot phan cua mach cé chira nguén noi voi phan con lai boi 2 diém va gitra 2
phan khong c6 ho cadm s€ twong duong vdi mdt ngudn™.

- Thong sé nguén twong duong: xét phan mach M thoa man diéu kién cua dinh 1y.

Moo e )
- 5 | IR B

@) (b) (©)
(a): phan mach ban dau M
(b): ngudn ap twong duong
(c): ngudn dong twong duong
o Chuyén sang ngudn ap twong duong:
X EAB = UAB khi ho mach AB.
*® Z=1Zppgkhi ngan mach tit ca cac ngudn 4p va hd mach cac ngudn dong cé
trong phan mach M.
o Chuyén sang ngudn dong twong duong:
¢ lag = lag khi ngén mach AB.
% Y = Ypag khi hé mach cac ngudn ap va ngan mach cac ngudn dong co

) trong phan mach M.
3.4.2 Ap dung

- Dinh 1y Thevenin-Norton cho phép bién doi cac doan mach phirc tap c6 chira ngudn
thanh cac doan mach don gian hon. Ttr d6 c6 thé giam bdt khoi lugng tinh toan va tim
cac tin hiéu ra mdt cach don gian hon.
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- Diéu kién ap dung: khong can quan tAm dén tit ca cac nhanh ciia mach, ma chi can tim
tin hi€u tai mot vai vi tri nao do.
3.5 Phwong phap xép chong
- Trong chuong 2 da xem xét mot tinh chat quan trong ctia mach dién tuyén tinh 13 c6 thé

ap dung nguyén 1y xép chéng. Nguyén ly nay la co so dé dé ra mot phuong phap rat
thuan loi cho viéc tinh toan mot sé mach cu thé, d6 1a phuong phap xép chong.

- Nhic lai nguyén Iy ‘Xep c}long: Trong mot mach co nhiéu nguon‘ tac dong thi dong dién
trong mot nhanh bang tong dai so cac dong dién do tung nguon doc ldp gdy ra trong
nhanh do.

- Phuong phép xép chong:
o Panh sb cac ngudn tac dong trong mach.

o Cho lan luot mdi nguon tac dong lam vi€e riéng re. Cac nguon khéac khong lam
viéc theo nguyén tic: ngan mach ngudn dién 4p va hd mach nguon dong dién.

o Tong cong cac dap tng ctia mach do tat ca cac ngudn lam viéc riéng ré gay ra.
3.6 Phwong phap mach ddi ngiu
3.6.1 Tinh chat d6i ngiu ciia mach dién

- Nhan xét: cac phﬁn tu, tin hiéu trong mach c¢o6 sy tuong tu nhau. Vi du:

u=Ri . x ,
o . }:> R d6i ngau véi G
i=Gu
Z=>)17 . o a
o = Z d61 ngau vo1 Y, song song doi ngau noi tiep
Y=>Y,
i —C dduC
o b 1= CdbingduvsiL
di,
u =L—=
dt

o Vong do1 ngau véi nut

o Dong dién doi ngau vt dién ap...

Tinh chat nay goi 1a tinh chat ddi ngiu cia mach dién.

- Sir dung tinh chét 601 ngau cho phép chuyen cac két qua da phan tich trén mot mach
sang cho mach d6i ngau cua no6 ma khong cén 1ap lai qua trinh phan tich.
3.6.2 Nguyén tic chuyén d6i mach ddi ngiu

- Chuyén dbi cac yéu t6 hinh hoc:
o Nut = vong, vong = nut.
o Ghép nbi tiép > song song, ghép song song = ndi tiép.
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Chuyén dbi cac thong so
o e(t) > i), i(t) 2 e(t). Quy udc dau:
< Dién ap cung chiéu vong chuyén thanh dong dién di vao nit va nguoc lai.
< Dong dién cing chiéu vong chuyén thanh dién 4p di vao nit va nguoc lai.
o L=>C,C->L.
o R>GG>G,Z2>Y,Y>Z
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