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Thong tin vé mon hoc E
e Mot bai kiém tra giita ky
e Mot bai thi cudi ky
o Cau triic dé thi: 9 diém lam bai va 1 diém trinh bay
e Dudc sit dung tai lieu 1a 1 to gidy A4
o Cong diém qua trinh (diém qua trinh t6i da: 10 diém)
o Giai bai tap tren 16p, thao luan trén 16p: cong tit 0 dén 2 diém
(lam bai sai, phat biéu sai khong bi trit diém)
e Noi quy 16p hoc
o Khong diém danh, khong tinh diém chuyén can
o Ra vAo tuy ¥, yén lang (khong xin phép)
o Khong lam dn, khong gay mat tap trung
o MBoi lan nhic trat tu: trir ca 16p 0.25 diém vao diém qua trinh
e Khi cé yéu cau tir gidang vién hoac nhém chuyén mén,
sinh vién cé nghia vu lam ré lai cac ndi dung da thuc hién
va giai trinh cac van dé trong bai thi
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Dé hoc t6t mon Ly thuyét Mach

1. Lam bai tap

2. Lam bai tap

3. Néu chua lam bai tap xem lai hai diéu trén
e Ngudn bai tap

Céc vi du trén 16p

Cac bai tap vé nha

Cac dé thi cii

Céc tai lieu tham khao
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Vi trf ciia mon Ly thuyét Mach 2 4

e Kién thiic dai cuong va co sd nganh
Phuong trinh vi phan

Phuong phéap tinh

Tin hiéu v hé théng

Ly thuyét Mach 1

o Ly thuyét Mach 2 < Ly thuyét diéu khién ty dong
e Kién thiic chuyén nganh

Dién ti tuong tu

May dién

Dién t1t cong suét

Truyén dong dién

Luéi dién

V.V.
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Cau tric mon hoc Ly thuyét Mach §

.......

Ly thuyét Mach 1
1. Mach tuyén tinh & ché do xac lap
Ly thuyét Mach 2
2. Mach tuyén tinh & ché do qua do
3. Mach phi tuyén (xac lap va qua do)
4. Dudng day dai (xac lap va qua do)
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LT Mach 2: Qua do — Phi tuyén — Duong day dai |k

@ Mach tuyén tinh & ché do qua do
e Hién tugng qua do, mo hinh trang thai, va so kién
e Phuong phap tich phan kinh dién
e Phuong phép toan tit Laplace

© Mach phi tuyén
e Khai niéem mach phi tuyén
e Mach phi tuyén xac lap mot chiéu
@ Mach phi tuyén xac lap diéu hoa
@ Mach phi tuyén xac lap bién thién tin hiéu nho
@ Mach phi tuyén & ché do qua do
© Duong day dai
e Khai niem duong day dai: mach c6 thong s6 rai
e Dudng day dai 6 ché do xac lap: truyén cong suat
e Duong day dai & ché do qua do: truyen song
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Mach tuyén tinh & ché do qua do

LT Mach 2: Qud do — Phi tuyén — Duong day dai B

@ Mach tuyén tinh & ché do qua do
e Hién tugng qua do, mo hinh trang thai, va so kién
e Phuong phap tich phan kinh dién
e Phuong phép toan tit Laplace
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

Noi dung E‘

@ Mach tuyén tinh & ché do qua do
e Hién tugng qua do, mo hinh trang thai, va so kién
@ Hién tugng qua do
@ Mo hinh trang thai
@ So kién
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién
Hién tuong qua do trong mach dién K
e Trong Ly thuyét Mach 1, ta xét mach & ché do xac lap, gdm trang
thai tinh (mot chiéu) va trang thai dimg (bién thién tuan hoan)
e Mach dién c¢6 thé lam viéc & cac trang thai xac lap khac nhau tng
véi mdi cau triic mach va/hodc gid tri cdc phan tit khac nhau
e Viéc chuyén tit trang thai xac l1ap nay sang trang théi xac lap khac
khong dién ra tdc thoi ma can mot qua trinh
e Vé mit vat ly: nang lugng trong cac kho dién (tu dién) va kho tir
(cuon cadm) khong thay ddi titc thai ma can thai gian phéng-nap; ta
néi cac phan t nay c6 “quan tinh”
o V@ miit toan hoc: quan hé dic trung ciia cic phan t& L va C 1a cac
phuong trinh vi phan — céc bién can tinh dao ham (goi 1a cac bién
trang thai) phai bién thién lién tuc theo thoi gian

= Goi la qua trinh qua do*

*Téng quéat hon: Trang thai qua do 13 khi mach khong & trang thai xac lap
(Gardner and Barnes, Transients in Linear Systems — Studied by the Lapalce
Transformation, 1948.)
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

Hién tuong qua do trong mach dién E‘
Vi du 1.1: Xét mach RC
o Tai thoi diém ¢ = 0 khoa K déng vao
o E=12V; Lo Jue®
o R=4%Q; 10! Trang thai
e C=0,1F; xac lap méi
o uc(0) =3V 81
) Trang thai 6 T,
O_i'i(ﬂ xXac lap et 4 |
K 27
t t'
E Uc(t)l—— C 3 4 1 2 3 4 5
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

Hién tuong qua do trong mach dién E‘

Mo t& hién tugng qua do

o Hién tuong quéa do xay ra c6 thé do sy ¢b hoiic chi dich
o Thay déi cau tric mach
o Thay déi gia tri cac phan ti

e Trong Ly thuyét Mach, ta mo t& hién tuong qua do bang 2 cach
1. Chuyén mach (déng md) mot khoa ly tudng (thuong goi 1a khoa K)
2. Dung cic ham suy bién

Ham buée nhay Heaviside | Ham xung Dirac

| khi t >0 khi £ = 0 S
1(7:):{ 1 5(75):{00 1 véi/ S(t)dt = 1

0 khi t <0 0 khi t # 0
£ . . 2 d
e Mobi quan hé gitta 2 ham suy bién: §(t) = %l(t)
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

Hién tuong qua do trong mach dién

Chii y: M6 hinh chuyén mach ciia ham 1(¢t) KHONG phai thé nay

E-1(t) 7£ E

|

o

yén Bao Huy (HUST) Qua do - Phi tuyén - Dudng day dai Ha Noi, 2026 13 /187



Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

M6 hinh mach trong khong gian trang thai

Bién trang thai

e Bién trang thai clia mach dién 1a cac dong dién va dién ap mo ta
trang thai hoat dong ctia mach

e Tap bién trang thai la tap hgp di dé xac dinh tat ci cac tin hieu
trong mach®

e Khi mach & ché do xac lap, bién trang thai c6 thé 1a bat cit dong
va ap doc lgp nao trong mach

e Khi mach & ché do qua do, ta thuong chon bién trang thai 1a cac
dong dién doc lap chay qua cac cudon day va cac dién ap doc lap
trén cac tu dién

“Néi theo ngdon ngit dai sé: tap bién trang thai 13 co s§ ctia khong gian cac
tin hiéu trong mach

Em.\
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

Mo hinh mach trong khong gian trang thai E‘

Hé phuong trinh trang thai

e La mo hinh toan hoc clia mach moé t4 quan hé giita bién trang thai
va bién dau vao 1a dong va ap tir cac nguon doc lap

e Khi mach c6 cac phan tit kho dién va kho tit, hé phuong trinh
trang thai 14 hé phuong trinh vi phan theo cac bién trang thai

e Khi mach & ché do x4c lap, hé phuong trinh vi phan suy bién
thanh hé phuong trinh dai s6 v6i mach mot chiéu hoic duge dai s6
hod bang anh phitc phasor ctia mach xoay chiéu diéu hoa

e Khi mach & ché do qua do, can gidi phuong trinh vi phan véi cac
diéu kién bién, trong Ly thuyét Mach goi 1a so kién
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

Mo hinh mach trong khong gian trang thai E‘

Vi du 1.2: Hé phuong trinh trang thai
Bn() > i

By ue, (t)l (s L3
Yic, (%)

e C6 2 bién trang thai: uc, (t) va i, (t) (he bac 2)
e Hé phuong trinh Kirchhoff:

i1(t) —icy(t) —iry(t) =0
up, (t) + ucy (t) — E1 =0
URs (t) +ur, (t) — UCy (t) =0

v
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

Mo hinh mach trong khong gian trang thai E‘

Vi du 1.2: Hé phuong trinh trang thai

e Tu quan hé diic trung clia cdc phan ti

duc, (t
Tu dién: ic,(t) = Cs UZ;( )
d
Cuon day: ur,(t) = L3 Zi;t( )

Dién tré: Ugr, = Ry - i1(t)
@ Thay vao hé phuong trinh Kirchhoff — hé phuong trinh vi phan
theo 2 bién trang thai:

d 1 1 1
ey (t) = ey (t) — ing(t) + B
prleAl) Rlcﬂ(’?() C2ZL3()+R102 !
d 1 Rs .

dtng (t) = EUCQ (t) - L731L3 (t)

v
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

M6 hinh mach trong khong gian trang thai E‘
Vi du 1.2: Hé phuong trinh trang thai
Baw) > Ao i

E ug, (t)l — Lj
Yic, (%)

= Dangmatrainx=A-x+B-u

-1 1

s b 1
i UCy (t) _ RICQ 02 ) UCy, (t) + Rl 02 X El
dt |ir, (1) 1 B i@ 0

L3 L3

o

Nguyén Bao Huy (HUST) Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026 18 /187



Mach tuyén tinh & ché do qua do

So kién

Hién tugng qua do, mo hinh trang thai, va so kién

.

(

shcien]

o Giai mach qua do la giai hé phuong trinh vi phan — ho nghiém
= Dé tinh nghiem duy nhat can cé diéu kién bién, trong Ly thuyét
Mach 1a diéu kién dau ciia cac bién trang thai goi 14 so kién

e Do thao tac chuyén mach khoa K, bai toan mach c6:
o So kién ngay truéc chuyén mach (07)
o Sad kién ngay sau chuyén mach (0F)

R )

K
E uC(t)l

— C

guyén Bao Huy

(HUST)

juclt)
Trang thai
10 | PR, o
xéc lap méi
Trang thai
xac lap cli
So kien (()*)/\Sd kien (0T) .
-2 -1 1 2 3 4 5
Qua do - Phi tuyén - Dusng day dai Ha Noi, 2026 19 /187



Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

So kién ”

e So kien (07) va so kien (07) c6 thé gidng nhau hogc khac nhau
o Bai toan qua do chinh: So kién (07) = So kién (07)
o Bai toan qua do khéng chinh: So kien (0%) # So kien (07)

e Chuyén mach chinh e Chuyén mach khong chinh
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

So kién E‘

Chuyén mach chinh
e Céac bién trang thai uc(t) va iz (t) bién thién lien tuc
= uc(07) = uc(07); ir(0%) =i, (07)
e Trong thyc té phai ddm bao chuyén mach chinh
e Tinh so kién tu cac dinh luat Kirchhoff

Chuyén mach khong chinh
e Dat cuéng bic moét dien ap 1én tu dién hoac cudng bic mot dong
dién qua cuon day — céc bién trang thai uc(t) va iz (t) bién thien
khong lién tuc & thoi diém dong mé — so kien (0F) # so kien (07)
e Trong thyc té can tranh chuyén mach khong chinh (vi sao?)
e Tinh so kién tit cic dinh luat Kirchhoff két hop véi dinh luat bao
toan tur thong va dinh luat bao toan dién tich

v
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

So kién E‘

Dinh luat bao toan tir thong

e Téng tit thong trong mot vong kin lién tuc tai moi thai diem
D Tk(07) = ) Wi(0F)

Dinh luat bédo toan dién tich

e Tong dién tich tai mot nat lien tuc tai moi thoi diém

> a(07) =D ar(0h)

A Chu y: Dinh luat bdo toan tu thong va dinh luat bao toan dién
tich ¢6 mitc wu tién thap hon hai dinh luat Kirchhoff
e Nghia la néu hai dinh luat bao toan mau thuin vé6i hai dinh luat
Kirchhoff thi phai wu tién thod man cac dinh luat Kirchhoff
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

So kién E‘

Vi du 1.3: Tinh cac so kién theo dinh luat bao toan tir thong

Ry is(t) o Ngay trudce chuyén mach:

Eq
_OA =
i3(07) i4(07) = Jy
e Tong tir thong ciia vong kin:
Eq
P3(07)+Py(07) =04+ Ly——————
3(07) + W4 (07) R

. e Ngay sau chuyén mach:

MUY o) = iafo")

o Téng tit thong vong kin: W3(0F) + U (07) = i3(07) - (L3 + La)

e Theo luat bao toan tir thong: W3(0) + ¥4 (07) = U5(07) + ¥y (07)
Ly Fq

Ls+ Ly R1 + Ry
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= 7,3(0+) = ’L4(0+)

v




Hién tugng qua do, mo hinh trang thai, va so kién

Mach tuyén tinh & ché do qua do

So klén gmn-\
Vi du 1.4: Tinh cac so kién theo dinh luat béo toan dién tich
R K
L (1) >
© e Trudc chuyén mach:
07)=F
By e, (t)l Oy ug, (t)l ——c e E(); 0‘1/
u =
Yis(t) yis(t) <
e Tdng dién tich tai nit: e Ngay sau chuyén mach:
qCQ(O_)+QC3(O_) =Cy-E1+0 u02(0+) = u03(0+)

o Téng dien tich tai nit: go, (01) + gy (07) = ue, (07) - (C2 + Cs)
e Luat béo toan dién tich: g, (07) 4+ g, (07) = gy, (07) + o, (07)

C
= UCQ(O+) = UC3(O+) = @Tzag . E1

v
Ha Noi, 2026 24 /187
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

So kién E‘

e Co6 nhitng bai toan yéu cau tinh so kién ctia bién trang thai va cia
dao ham cac cap ctia bién trang thai

Vi du 1.5: Tinh so kién ctia bién va ctia dao ham bac nhéat

R, . Ry . X
i »—o>{ 15 () e So kién can tinh:

K uc, (07); ue, (07);
Ei  ug, (t)l:: Co L in5(07); 0L, (0+);
Yic, (t) u/02 (0+); z"L3 (0H)

o Truéc chuyén mach:
uc,(07) = E1;ir,(07) =0
e Phép dong mé chinh
= uc,(07) =ue,(07) = Ey; i,(07) =47,(07) =0A

V.
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Mach tuyén tinh & ché do qua do Hién tugng qua do, mo hinh trang thai, va so kién

So kién

Vi du 1.5: Tinh so kién ctia bién va ctia dao ham bac nhéat

gm...\

v

s i, (1)
o uc,(07) = E
Ls in,(0F) =0A
o Tinh i} (07): o Tinh ug, (07):
Xét vong Co — R3 — Ls Xét nut tai khoa K
ir,(0%)Rs + Lai, (07) iy (07) + Caug, (07)
:UC2<O+):E1 :i1(0+):E1_UC2(0+) —0
= i (0F) = B R
Ls T L3 = g, (07) =0V/s
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1 tuyén tinh & ché do 5 Phuong phap tich phan kinh dién

Noi dung

@ Mach tuyén tinh & ché do qua do

e Phuong phép tich phan kinh dién
@ Tu tudng ctia phuong phap
@ No6i dung ctia phuong phap

Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026

E»mn\
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Vi du dén nhap: mach bac nhat RC 4

Vi du 1.6: Xét mach bac nhat RC

O_i'i(f)_ e Phuong trinh K2:

K R-i(t)+uc(t)—E=0

E UC(t)l ——C = Mo hinh trang thai ctia mach
duc(t
rR.c. W w—E
dt
. E— t d t)—F 1
o Gidi truc tiep: dust(t) = RUC?( ) Sé(’;i))_ = ) = f@dt

£ " 1

= Tich phan hai vé: In (uc(t) — EMuEE?ﬂ =20 t‘o

well) B o ot ue(t) = B+ (uc(0%) — B) e

A
7 M uc(0H —E - RC

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Vi du dén nhap: mach bac nhat RC 4

Vi du 1.6: Xét mach bac nhat RC

R @) e Nhan xét: gidi tryc tiép mo hinh trang
K o théai cdc mach phic tap sé kho khan
N 2 . 2 - oA 9. h
B ety ——c = Tim cach dai s6 hoa viéc giai mac
o Phan tich: nghiém = xac 1lap + qua do
uo(t) = E+ (uc(07) — E) e ot

e Thanh phan qua do c6 dang A - ¢! 14 nghiém ctia phuong
trinh vi phan thuan nhat RC%uc(t) + uc(t) =0

e Dé tim p, thay nghiém vio phuong trinh vi phan:
RC% (A-e?)+ A el =0=RC-p-A-e' +A- el =0

e Dé phuong trinh vi phan thod méan véi moi ¢ can ¢ p la nghiem

cua da thic dac trung: RC -p+1=0=p= _%

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Vi du dan nhap: mach bac nhat RC 4

Vi du 1.6: Xét mach bac nhat RC

e Xét phuong trinh vi phan thuan nhat

R g
:Z(' ) RC—uc(t) +uc(t) =0
K dt
Th ht = > sch:
e S
B

V6i p goi la toan t&@ Heaviside
o Dé tim hing sb tich phan A ta quay lai nghiém ctia pt trang thai
uc(t)=E+ A- e~ mot
o A phai thod man nghiém tai moi thoi diém — tai so kien:
uc(0)=FE+ A- e re¥ e A= uc(0T) — F

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Giai mach qua do bing tich phan kinh dién §

Cac budce thuce hién
1. Tinh thanh phan xac lap sau quéa do
2. Tinh cac so kién (07)
3. Lap hé phuong trinh vi phan trang thai clia mach
4. Triet tieu nguon doc lap (cho = 0)
— hé phuong trinh vi phan thuan nhét
5. Dai s6 hoa phuong trinh vi phan thuan nhat
— da thic dac trung véi toan tit Heaviside p
6. Giai phuong trinh dai sé ciia da thiic dic trung
— cac nghiém p, cta da thic
7. Xép chong thanh phan xac lap va thanh phan quéa do

8. Tinh nét cac hang s tich phan A tit cic so kién

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Gi4i mach qua do biing tich phan kinh dién 4

Céch khac dé lap da thiic dic trung: dai s6 hoa s dé6 mach

e Nhan thay: hé phuong trinh vi phan thuan nhat tuong duong véi
mach dién da triét tieu nguon doc lap
= (6 thé dai s6 hoa truc tiép so do mach véi toan tit p

(C6 thé goi 1a &nh Heaviside ctia mach)

uc (t)l —_—C¢ = udp)l ———

o Luat Kirchhoff 2 — téng trd trén mién anh Heaviside triét tieu:
1

1
R+ pvsha 0 — da thic dac trung. (Tai sao Z¢(p) = —— 7)
p .

p-C

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac nhat RL

Vi du 1.7: Xét mach bac nhat RL

N E
R 1. Thanh phan xéc 1ap: i;q = =
K L 5S¢ kien: in(0F) = ip(0-) = 0A
E ur ()| L 3. Phuong trinh vi phan trang thai:
Lin) + Tig(t) =
gt =7
. . d R : .
4. — ptvp thudn nhat: —ir(t) + —ig () =0 S Taiso kien:
d di L R 0= E + A- P_%O
5. %%pduocdathfrcdactru’ngp+z:0 :>AR: _%
6. — nghiém cta da thic dac trung p = —% . Nghiém
E _R, , "E E _=
7. — dang nghiém: iz (t) = = +A-e 1t ir(t) = E—Ee*%t
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac nhat RL 4

Bai tap 1.1
e Tai t = 0 khoa K déng vao. Trude dé, cudn day khong c6 dién.
e Tim biéu thiic dong dién qua cudn day dung phuong phéap tich
phan kinh dién bang 2 céch:
e Lap phuong trinh vi phan trang thai
o Dai s6 hoa so do mach

e So sanh két qua tim dudc v6i Vi du 1.7 va rit ra nhan xét
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Titrih anédt madn lsde mlnét B0 w5 B 4

Hzng s6 thoi gian 7: xét két qua ciia Vi du 1.6 va 1.7

° UC(t) =F+ (uc(0+) —FE)-e — ot

E FE
o ir(t)=———e ' (vdiiL(0") =0)
R R -
= Déu c6 dang wa |2

2(t) = 2 + (2(0F) — 2y) e 7
trong d6 T = % véi mach RC

VAT = % v6i mach RL i ~ 0,95(xx — x(0T))
e Ta thay 7: |
N ~ > Z .’17(0+) ‘
e La mot hang so — o
o C6 thit nguyén thai gian T S ﬁ
o C6 du cac tham s6 ctia mach T 27 317 47 57 67 TT

= 7 goi la hang s6 thdi gian ctia mach

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: nguon diéu hoa E‘

Vi du 1.8: mach RC déng vao nguon diéu hoa

o Tai t = 0 khoa K dong vio; e(t) = 12v/2sin (10t + 30°) V; R = 4Q;
C = 0,1F; ban dau tu C khong c6 dién.

R .
o_‘:’i(,t)_ o Xac lap:
K . 12/30°(—j 15%57)
o) wolty| ——c Uox= — — 2,9104/—45,96° V
4 J100.1
= ucw(t) = 4,1159sin (10t — 45,96°) V

e Giai tuong ty Vi du 1.6 v6i uc(07) = 0, c6 nghiem:
uc(t) = ucsa(t) + A - e wet

e Tai (07):
A = ue(0F) — uea(07) = 0 — 4,159 - sin (—45,96°) = 2,9588 V

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: nguon diéu hoa E‘

Vi du 1.8: mach RC déng vao nguon dieu hoa

O—ili@— o ucs(t) = 4,1159sin (10t — 45,96°) V
K 1 -1
A=2 ;== = 2
° 9588V o = 255

= Téng hop nghiem: uc(t) =
4,1159 sin (10t — 45,96°) 42,9588 - ¢~ 221V

Bai tap 1.2
o Giai mach véi
nguon e(t) c6

gbc pha 45°, 90°

e Mo phdéng mach
bing LTspice

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Bai tap

Bai tap 1.3: Chuyén mach lién tiép
e e(t)=12-(1(t) — 1(t — 1)) V;
e R=44Q;
e C=0,1F;

/én Bao Huy (HUST) Qua do - Phi tuyén - Dusng day dai

Ha Noi, 2026
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Mach tuyén tinh & ché do qua do

Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC

Vi du 1.9: xét mach bac hai RLC

e Tai t = 0 khoa K déng
e Ban dau khong c6 dién
R i) L

oo 00—
Uc(t)l —__—cC

K
E

R
= Da thtic dic trung: p? + = -p +

O

1

E%pzz

e Dai s6 hoa so do mach
:>R+p-L+]%:O
R iL(’p)p'L
1
Uc(p)l__p.c
L =0
LC
R J(RY_ L
2L 2L LC

Nguyén Bao Huy

(HUST)

Qua do - Phi tuyén -

Duong day dai Ha Noi, 2026
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC E‘

Vi du 1.9: xét mach bac hai RLC
R . (t) L

L
o 7000 e Tuy vao gia tri thong s6 mach ma
da thic dic trung cé 2 nghiém
E Uc(t)l_: C thuc don, nghiem phic lien hgp,
hoac nghiém kép

/L
1. R>2 C — 2 nghiém thuc don — Khong dao dong

/L
2. R<2 c — 2 nghiém phiic lién hgp — Dao dong

| L
3. R=2 C — nghiém kép — T6i han

o
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC

Vi du 1.9: Truong hgp 2 nghiém thuc don — Khong dao dong

R i) L e Thong s6 mach: E = 12V;

i
K I:I 000 R=4Q,C=0,1F; L=0,1H

_ -1
- welt)| == ¢ = pr = —2.679s
p2 = —37,32055~1

e _duc(t)
e V6iir(t)=C o

e T cac so kien uc(07) =0V vair,(07) =0A
— Heé phuong trinh dai s6 dé tim céc hing s6 tich phan
A+ Ay =—-F Ay =—12,9282V
{pl‘Al +p2-A=0 {A220,9282V

= uc(t) = Ugs + Ay - €' + Ay -

=>iL(t):C’~A1-p1~ep1t+C-A2-p2-ep2t

ep2t

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC

Vidu 1.9: Truong hgp 2 nghiém thuc don — Khong dao dong
B in(t) —2,6795¢
o 00— o uc(t) =12 — 12,9282¢ 2
" +0,9282¢ 373205t
E uc(t)l:: C' o ir(t) = 3,4641e~ 26795
-3 46416737,320& A
15 Juc(t) (V) 5 lir(t) (A)
10 | 5
51 1
te) (s)
L2 3 T2 3
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC 4
Vi du 1.9: Truong hgp 2 nghiém phtc lién hgp — Dao dong
R ZL(t) L R .
o~ 000 — e Thong s6 mach: £ =12V;
K R=050C=01F; L=0,1H
E uc(t)l:: C= pig=-25%+5968255""
o Cé dang: p1o = —a + jwy

= uc(t) = Ugx + Ay - el70tiwat 4 A,y . e(-a—jwalt
= Ugy + e (Ay - ¥ + Ay - e7Iwal)
= Ucy + e ¥ [A; (coswgt + jsinwgt) + Ag (coswgt — j sin wgt)]
= Ucy + e [(A1 + Ag) coswgt + j(A1 — Ag) sinwgt]
= uc(t) = Ucx + e (B coswgt + Ba sinwgt)
vOi By = Ay + Ay v By = j(A1 — Ag) 1a céc so thuc.

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC E‘

Vi du 1.9: Truong hgp 2 nghiém phtc lién hgp — Dao dong

o—|:'l—L>—f666\— e Thong s6 mach: F = 12V;
K

R=05Q,C=01F;, L=0,1H
E uc(t)l:: C= pro=—-25+79,6825s""1
o C6 dang: p1o = —a £ juwy

o uc(t) = Uy + e (B1 coswgt + Bosinwgt)
P d
o V6iir(t)=0C ugt(t)
= ir(t) = Ce " [(—aBy — Biwg) sinwgt + (—aBj + Bawg) cos wgt]

e T cac so kien uc(07) =0V vair(0T) =0A

By =—-F N By =-12V
—aBy + Bawg =0 By = —3,0984 V

v
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC

Vidu 1.9: Truosng hgp 2 nghiém phiic lién hgp — Dao dong

K o B e U o uc(t) =12 + e 25 (12 cos 9,6825¢
- wo t)l:: . — 3,09845in 9,6825¢) V
o i (t) = 12,3936e 2 sin 9,6825t A
20 Tuc(t) (V y.
uol®) (V) 10 1iz(®) (A)
i VT 5 |
7\ _ K (s)
| ) \/ T 2 3
1 2 3
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC 4

Vi du 1.9: Truong hgp nghiém kép — Té6i han

R ) L e Thong s6 mach: E = 12V;
K%‘:'—”m; R=20:C=01F; L=01H
_ -1
E wo(t) ——c = P= 7108
= uc(t) =Ucy + (A2 + Alt)ept
(Ching minh: ty doc tai lieu)

= ip(t)=C el [A1 +p- (Ay + Al -1)]
e T cac so kien uc(07) =0V vair,(07) =0A
= A = —120; Ay = —12
= uc(t) =12+ (=12 - 120 - t)e 19V
ip(t) =120t e 100 A
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC

Vidu 1.9: Truosng hgp nghiém kép — Téi han

K o uc(t) =12+ (=12 —120-t)e 10V
E uc(t)lZZC 0 ir(t)=120-t-e 10t A
15 Juc(t) (V) TiL(t) (A)
L. 4+
10 |
51 2]
t (s) | t(s)
1 2 3 1 1.5
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC §

.......

Vidu 1.9: M6 phéng LTspice

% b {R} Cc1 E V2

Vi {C}
PULSE(0 {E} 0 0 0 10 10) <= PULSE(0 100 0 10 10)

.step param val list 0.5 2 4

.param R={val} L=0.1 C=0.1 E=12

.model SW SW(Ron=1n Roff=1Meg Vt=0.5)
.tran 3.5
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Mach tuyén tinh & ché do qua do

Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC 4

Vi du 1.9: Két qud mo phéng LTspice

A

4 —R=0,50 N
20 Juc(t) (V)  R_90 10 lin(t) (A) — R=0,5Q
—  R=140Q —R=20Q
10117 5 —R=14Q
t(s)
o TV T
1 2 3
Bai tap 1.4:
o Giai mach va mo6 phéng véi R =01
e Giai thich hién tugng va két qua
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Tich phan kinh dién: mach bac hai RLC 4

Bai tap 1.5: Mach bac hai RLC nhiéu nhanh

R . 2
3 ip,(t) e Thong s6 mach:
L Cy=0,5F; R3 =4,

Lsy=1H
e t = 0 khoa K dong vao

o Goiy
o Vi L3 va C3 & cac nhanh khéac nhau nén ic, () # ir,(t)
— Khong dan ra phuong trinh iz, (¢) bang cach dao ham uc, (t) duge
— i, (t) cling c6 dang tuong tu nhung c6 cac hé s6 can tinh rieng
— Can c6 them cac so kién ciia dao ham bac nhat ug, (07) va if (07)
dé lap du phuong trinh cho céc an can tim
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Mach tuyén tinh & ché do qua do Phuong phap tich phan kinh dién

Phuong phap tich phan kinh dién E‘

Nhan xét

Tich phan kinh dién 1a mot phuong phap cé tinh hé thong, cho ta
quy trinh ré rang dé giai cac bai toan mach tuyén tinh qua do

Dac biét, phuong phap ciia Heaviside 13 mot bude tién quan trong
vé cach tiép can dai s6 hoa phuong trinh vi phan trang thai va dai
s6 hoa so do mach bing mot toan ti phiic

® Phuong phéap dai va phic tap; chi tien dé tinh cac mach co ban

S Phuong phap nay sit dung céic so kien (01), dé tim so kien (07)
trude d6 can tim céc so kien (07); mach c¢6 bac N thi can tim N
so kien (01) dé lap N phuong trinh

® Cni phit hgp dé giai cac mach c6 ngudn mot chiéu, diéu hoa, hodc
tuan hoan ma ta dé tim dugc nghiém xéc lap; khong phit hop véi
céc nguodn loai khac, ching han E - e~

v
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1 tuyén tinh & ché do qu 5 Phuong phap toan ti Laplace

Noi dung

@ Mach tuyén tinh & ché do qua do

e Phuong phéap toan ti Laplace
@ Tu tudng ctia phuong phap
@ Phép bién ddi Laplace
@ Anh Laplace ctia mach
@ Giai mach tuyén tinh qua do bing toan ti Laplace

Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Tu tudng cua phuong phap toan tit Laplace E‘

Y tudng
Nhitng vu vh nhuge diém clia phuong phap tich phan kinh dién véi
toan tit Heaviside cho ta dong Iyc tim kiém mot phuong phép:
e Phat huy uwu diém vé y tuéng dai sé hoa phuong trinh vi phan va
dai s6 hoa so do mach bang phuong phap toan tit phiic
o Khic phuc nhuge diém can tinh nhiéu so kien (07) va (07)
e Khong can tinh riéng nghiém xac lap, thuan tién cho nhiéu dang
ham ctia nguon kich thich

Nguyén Bao Huy (HUST) Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026 53 /187



Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Tu tudng cua phuong phap toan tir Laplace E‘

Nhitng dic diém ma phuong phap méi can co

o Can dya trén mot phép bién déi la song dnh tuyén tinh
o La song anh dé dam bdo su tuong ing 1 — 1 gitta tin higu trén mién
thoi gian ¢ va anh trén mién phic s
ey
e La anh xa tuyén tinh de thod méan nguyén 1y xép chong
Zak . fk(t) — Zak . Fk(s)
o C6 thé chuyén phép tinh dao ham trén mién thoi gian thanh phép
nhan véi toan tit s trén mién phiic dé dai s6 hoa bai toan gidi mach
p7 (t) «— sF(s)
o Phép bién déi c6 thé duge xac dinh tir so kien (07) dé tranh phai
tinh them cac so kien (07)

= Phép bién déi Laplace
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Tu tudng cua phuong phap toan tit Laplace E‘

Y tudng giai mach bing bién déi Laplace

PN - L 2 .
M6 hinh mach trén | Anh Laplace ctia mach

mién thdi gian trén mién tan sd phic

Gidai mach
“nhu mach zac lap”

—1
Do.nzg va fl'p t.rén Anh Laplage cf\1a df)ng va
mién thdi gian ap trén mién tan s6 phiic

= Ta can tim hiéu cac noi dung:
o Phép bién ddi Laplace
o Phép bién ddi Laplace ngudc

o Anh phifc clia cac phan i mach

v
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Phép bién doi Laplace E‘

Bién doi Laplace hai phia: anh xa tit ham thuc sang anh phiic
e Vé toan hoc, bién déi Laplace dugce dinh nghia tit —oo dén +o0
+oo
F(s) = L(f(z)) = (z)e™*dx

—00

Bién do6i Laplace mot phia: tit mién thoi gian sang mién tan s6 phic
@ VGi mach dién va cac hé vat 1y noéi chung, ta chi xét hé ttt =0s
o D@ thuan tién ng dung cho gidi mach qui do, ta lay can tit (07)

Fs) = £(f(1) = [ f()etdt

0-

v6i s = 0 + jw 1a mot s6 phiic ¢6 don vi s~ — goi 1 tan s phiic
.
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Anh Laplace cua tin hiéu

C6 thé tinh tryc tiép tit dinh nghia
o Anh phic ctia hiing s6 f(t) = E
> F(s) = £(f(t) = /OO Eo-edt
T b

t=0 s

Ey _
_ e st
S

o Anh phtc ctia tin hieu tat dan f(t) = Ey - e
o
= F(s)=L(f(t)) = Eo-e ™. e 5dt
o
o

= EO : 6_(s+a)tdt

0-
o0
_ B0 (eran| _ Fo
s+a =g STa
y
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Anh Laplace cua tin hiéu

Hoic tra bang

f(t) F(s)
5(t) 1 oY
coswt —_-—
1(¢) 1 52 + w?
s .
) S-S + w - CosSp
at 1 sin (wt + ) R
s+ a .
§-COS —w - sin
t
. 1 cos (wt + ¢) R
82 —at 3 t w
e *sinw T T—
t.eat 1 (s+a)? 4+ w?
(s+a)? ot s+a
e coswt 5 5
(s+a)?+w
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Mot 6 tinh chat co ban ctia anh Laplace E‘

Tinh chat tuyén tinh
e Phép bién ddi Laplace 1a mot anh xa tuyén tinh
e Cho 2 ham fi(t) va fa(t) 6
L(f1(t)) = Fi(s)
L(fa(t)) = Fa(s)
e Theo nguyén ly xép chong ta cé6
L(al . fl(t) “+ a9 - f2<t)) =aj - Fl(S) “+ as - FQ(S)

e Tinh chat tuyén tinh cho phép ta phan tich d&nh Laplace (va anh
nguge sé noi sau day) cia mot ham phiic tap thanh t6 hop tuyén
tinh (tdng ctia tich véi hing s6) clia cac ham co ban

e Vidu:

1 . s - sin 60° 4+ 5 cos 60°
s2+1 s2+25

2
L(243sint+4sin (5t 4+ 60°)) = ;+3
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Mot s6 tinh chat co ban ciia anh Laplace E‘

Anh ctia dao ham
e Cho ham s6 f(t) c6 anh Laplace L(f(t)) = F(s)
o Tinh £ (4 f(t)) tit dinh nghia béng tich phan timg phan:

c <C‘litf(t)> :/oojt (t)e—stdt:/ooo e d (f(1))
. ) e_St o _ > e—st
= f(t) N /O f)d (™)
=—f(07)+s- [ f(t)e *dt

0-

— sF(s) — f(0°)

= Chuyén phép tinh dao ham trén mién thsi gian thanh phép nhan
véi toan tit s trén mién phiic va mang thong tin ctia so kien (07)
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Mot s6 tinh chat co ban ciia anh Laplace E‘

Dinh 1y dich goc thoi gian
e Cho f(t); tinh £ (f(t —T)) dé xét chuyén mach & thai diéem T # 0
e Xét thay trong khodng [07,00]: f(t —T) = f(t—T)-1(t—T)

L(f(t—T)) = /Oo 1t —T)- f(t—T)e *'at

00 efs(th)
— [Cae-1) fe-1) S di )

0~ efst 00 efst
= [ 1) f(t) eSTdtJr/ 1(t) - f(t) et

0— e

=0+4+e" te >'dt = e~ S
sT f std STF

v
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Anh Laplace ngugc E‘
i, . PR p
e Mach trén mién Laplace S, anh phic (s) £ tin hisu goc (t)

Tuy ta c¢6 dinh nghia téng quat ctia anh ngugc . ..

o+joo
F(t) = LY (F(s)) = — / F(s)etds

B % —joo

. nhung khong dung cach tinh nay vi khong thuan tién

Tim anh ngugc bang phuong phap Heaviside (phuong phéap thing du)
e Trong bai toan mach, ta thuong gip dnh Laplace dang phan thiic
. F, -
dai so F(s) = ts(5) ; trong d6 da thic mau s6 Fiys(s) 6 cac

Fs(s)
nghiem don sq; hodic nghiém boi (bac n) s,

A, A
= phan tich thanh cic dang co ban Z LA Z ﬁ
Sdi 8 — Sp;

s —
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Anh Laplace ngudgc E‘

Tim anh ngugc bang phuong phap Heaviside (phuong phéap thiang du)
1. Trudng hgp nghiém don (thuc hoac phic lién hgp)

Ai
e Phan tich duge F(s) = Z

S — Sdi
= Tinh cac he s6 A; = (s — sdi)F(s)‘

$=38di
. 5s + 13
VD nghiém thuc don: Tim tin hiéu goc cia F(s) = ———
° nghiém thyc don: Tim tin higu goc ctia F(s) P 15546
A A
Phan tich duge dudi dang F(s) = ! 2
s+3 s+2
= A= (3Ll =% A=+, =3

= f(t) = L1 (% + 5_:%2) = <5+3> <s+2)

= 2e 3 4 32

V.
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Anh Laplace ngugc ”

Tim anh nguge bang phuong phap Heaviside (phuong phéap thiang du)
1. Trudng hgp nghiém don (thuc hoac phic lién hgp)
Ai
S — Sd;
= Tinh cdc he s6 A; = (s — s4;) F(s)|

e Phan tich dugc F(s) = Z

S=S84d;

1

s24+2s+5
Ay Ao

s+1—j2+3+1+j2
=0,25e772; Ay = A* = 0,25¢72

e Vi du nghiém phiic: Tim tin hi¢u goc ctia F(s) =

Phan tich dugce dudi dang F(s) =

_ - 1
= A= (s+1 _]2)m‘s=—1+j2
= f(t) = 0,257 2e("1HIDt 1 (25672 (— 1721

= 0,25e ¢ (e/=7/2) 4 I (=247/2)) = 0, 5e~ sin 2t

v

Nguyén Bao Huy (HUST) Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026 64 /187



Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Anh Laplace ngugc !‘

Tim anh ngugc bang phuong phap Heaviside (phuong phap thang duw)

2. Truong hop nghiém boi

AO Ay Ap—1
(s — sp)” + (s — sp)n1 ot s — Sp

e Phan tich duge F(s) =

= Ag=(s— sbo)”F(3)|

S=Sp

= Al = % ((3 - Sbo)nF(S)) ‘s:Sb

. ) 1 d® N
= Tong quat: Al = E : dii ((9 - Sbo) F(g)) ‘stb )
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Anh Laplace ngugc E‘
Tim 4nh ngugc bang phuong phap Heaviside (phuong phéap thing du)
2. Truong hgp nghiém boi
~ - A A Ap—
e Phan tich dugc F(s) = (s—s?,)" + (stbl)nfl 4+ 4 sfs;
(%)
= Az = % . (fiti ((8 — Sbo)nF(S)) ‘s:sb
p 1
e Vi du nghiém boi: Tim tin hiéu goc ctia F(s) = m
Ay Aso Agy
Phan tich thanh F(s) = —
an tich thanh F(s) . +(s—|—2)2+3+2
1 1
Ay =s——| =025 Ay = 2)?——— = —0,5;
1 85(5+2)2|s:0 0’ 5’ 20 (S+ ) 8(8_{_2)2‘5:72 ™
d 1
21 dt(s+ ) S(8+2)2|3:72 ’
= f(t)=0,25—0,5t - e 2" — 0,252

v
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Anh Laplace cia mach E‘

e Phép bién déi Laplace cho phép ta xay dung mo hinh mach trén
mién anh Laplace — Dai s6 hoa so do mach bang toan ti Laplace

Cac phan tit nguon
e Khong thay doéi vé hinh thiic; ngudn phu thudce ciing tuong tu
i(t) I(s)
L , L
e(t) — E(s)  j() u(t) —» J(s) Ul(s)

e Vidu

v

én Bao Huy (HUST) Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026 67 /187



JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Anh Laplace cia mach E‘

biéen tré

e Khong thay ddi vé hinh thitc phan tit vi quan hé dac trung
R L R
(T I(s
— (t) N — ()
— —
u(t) Ul(s)

o ut)=R-i(t) B U(s)=L(R-i(t) = R-L(i(t)) = R - I(s)
e Diéu nay la dé hiéu vi phan tit dién tré khong tich luy nang lugng,
khong c¢6 quan tinh véi dong va ap.

v
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Anh Laplace cia mach E‘

Tu dién
e Quan hé dic trung i(t) = C’%u(t)
L .
= I(s) =L (C4u) =C- L (4u®) =C (s U(s) —u(07))
=sC-U(s)—C-u(0") (md hinh so kién dang nguon dong)

1 0~ N
< U(s) = —Cl(s) + u(07) (md hinh so kién dang nguon ap)
s s
1 N
@ Zo(s) = < l& tr6 khang phiic clia tu dién trén mién anh Laplace
1 u(07) 1
C C sC s s , | |5
1 (t
R e R g | g
aln e
u(t) U(s) C - u(07)
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Anh Laplace ciia mach E‘
Cudn day
e Quan hé dic trung u(t) = L%z( )
L . o
—>U(3):L(L%z()) L(%z )) =L(s-I(s)—i(07))
=sL-1(s)— 07) (mo hinh so kién dang nguon ap)

i(
(0)

1 N
< I(s) = EU(S) (m6 hinh so kién dang nguon dong)

o Zr(s)=sLlatrd khang phiic clia cudn day trén mién anh Laplace

. . . L-i(07) sL

ml(t) ol 0 I(s) ( > horc I(s)

u(t) > —
U(s) i(07)

v
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Anh Laplace cua mach

H6 cam
u (t) _ L1 ) dZ(liit) + M- dZCQhEt)
wlt) — L dz’cglit) s dz’cliit)
£> Ul(s) = (8L1 Il(s)—Ll . 21(07)) + (SM . IQ(S)—]\/f . 2'2(07))
UQ(S) = (SLQ . IQ(S)—LQ . ZIQ(Of)) + (SM . Il(s)—M . 2'1(07))
N Ul(s) = (SLl . Il(s) + sM IQ(S))—(Ll . 11(07) + M - 7;2(07))
UQ(S) = (SLQ IQ(S) + sM Il(s))—(LQ . ZQ(O_) + M - il(O_))
N Ul(S) =sl;- Il( ):l:SM IQ( ) E12(0*)
UQ(S) :8L2 IQ( ):l:SM Il( ) E21(0 )
@ Mo hinh so kién dang nguon ap tuong ty cho moi cudn day

v
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace E

Cac buéc thyc hien vé6i thoi diém chuyén mach t = 0

1. Tim céc so kien (07) ngay trude chuyén mach

2. Vé so do mach trén mién anh Laplace sau chuyén mach

3. Giai mach trén mién dnh Laplace “tuong ty” nhu & ché do xac lap
— tim ra cdc dnh phic cia dong va ap I(s) va U(s)

4. Bién ddi Laplace nguge (biing phuong phap thiang du Heaviside)
tim nghiém goc u(t) va i(t) (va cong suat néu yeu cau)

Cht ¥

e Néu thoi diém chuyén mach ¢ # 0 c6 thé ding phép dich gbc thoi

gian vé 0 dé giai

e Do mach c6 thé phét sinh nguon so kién nén téng trd tuong duong
va xép chong (can triet tieu nguon) khong pht hgp trén mién (t)
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Giai mach tuyén tinh qua do bang toan tit Laplace E‘

Vi du 1.10:
i) X Rs i, (1) e Thong s6 mach:
K E1=12V; Ry =2
E uc, (t)l - 02 Ls g? gvg 5 R3 5
3 pr—
Lo (T
Yic,(t) e t = 0 khoa K déng vao
o e
1. So kién: 1
uc,(07) = 12V; G ——
ir,(07) =0A <+ £y Ie, (s) sL?%
2. Anh Laplace ctia mach ¢ uc,(07)
sau Chuyén mach: s
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace E‘

Vidu 1.10:
:Rl L(s) :Rs I1,(s)
3. Giai mach trén mién )
anh Laplace g sCy
< N + =t IC (S) SL3
e Vi du dung phuong — /) s . 2
phap dién thé nit uc, (07)
s
By
= + CLE;
UCQ (3) =1 SRlc 1
R T80 T mgars
. (E1 + SRlclEl)(Rg + 8L3) . (128 + 12)(5 + 4)
N 5(52R1L3C'2 + S(Rlecg + L3) + Ry + Rg) 8(82 + 55+ 6)
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace E‘

Vi du 1.10:
) B 1(s) By 1p,(s)
4. Tim tin hiéu goc uc, (t) e T s s B o o
bang phuong phap i
thang du Heaviside sCs
- +\ & I L
e Da thitc mau s6 c6 3 — /) s c,(s) Sha
nghiem don: sp = 0; uc,(07)
51 =—2; 59 =—-3 5

o Ay =sUc,(s)|,_, =8
Ap = (s+2)Uc,(s)|,__, =12
Ay = (s+ 3)U02(s)|8:_3 = -8
= uc,(t) = Ag + Aje’tt + Age’? =8 + 12¢7% — 8e 3V

v
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace

Vidu 1.11: Mach qua do véi mang hai ciia
e F1=18V; R =2Q; Cy=0,25F; R, =4Q; Lo =1H

o A= [0?5 130] ; tai t = 0 khoa K déng vao
Ry i (1) D¢ ) Ry
. K
Ey — Cilui(d) [A] us(t) Lo

1. Tinh so kién u;(07) va i2(07)
o Trude chuyén mach io(07) =0A

gm...\

v
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Mach tuyén tinh & ché do qua do

Phuong phap toan tit Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace

Vidu 1.11: Mach qué do v6i mang hai ciia

Z LT W AU UIEC
K
E1 :: Cl Ul (t) [A} U9 (t) L2

e Tinh u1(07) tit quan hé mang hai ctta khi hé mach ciia 2:

{ul(t) =anup(t) o _w(l) _an

i1(t) = agua(t) Vao T (t)  ag

=40

= Xac lap cii la mach phan ap: u1(07) = By g2 ViOR =12V

vao

gm...\
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Giai mach tuyén tinh qua do bang toan tit Laplace E‘

Vidu 1.11: Mach qua do véi mang hai ciia

2. Anh Laplace cua mach dién sau chuyén mach

L(s) Iy(s) 1%

SCl
g Ui(s)| [A] Us(s) sLo

3. Giai mach trén mién anh Laplace “nhu mach xac lap”

o Tong tré vao clia mang hai ciia va tai RL:
B all(RQ + SLQ) + a2 B 4s + 36
vao agl(Rz + SLQ) + a92 s+ 10

V.
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace E‘

Vidu 1.11: Mach qua do véi mang hai ciia

L(s) I(s) 1%

A g
SCl
guc(o) Ul(S) [A] U2(S) SLQ

o Giai mach vé6i bién dién thé nat Uy (s):

Ey _

Uiy — oY) s o)t 30
1 L 1 s(s? +12s 4 28)
Rl Zvao

v
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace

Vidu 1.11: Mach qua do véi mang hai ciia
4. Bién doi Laplace ngugc tim tin hiéu gbc

(35 + 9)(4s + 36)

o Anh Laplace cia dien ap tren tu: Uy (s) = (521 125 + 28)
s(s s

e Da thitc mau s6 c6 3 nghiém thuc: sg = 0;
s1=—642v2 = —3,1716; so = —6 — 2¢/2 = —8,8284
e Dung phuong phap thang du Heaviside tinh ra dugc:
Ag =11,5714; A; = 0,6689; Ay = —0,2403
= wuy(t) = 11,5714 + 0,6689¢ 31716t _ (,2403 88284 v

Em.\

Cha y

/\ Mang hai cita trong bai todn mach qua do phai thuan trd. Néu
mang c6 chita L hodc C thi khong dua thong tin dé gii mach.

o
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Mach tuyén tinh & ché do qua do Phuong phap toan tit Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace

Vi du 1.12: Mach qua do c¢6 hd cam

o ei(t) =220v2sin314tV; Ry = 2Q; L1 = 0,01 H; Ry = 209;
Ly =0,02H; M = 0,012 H;

B i) m

A A
. .

ia(t)

€1 (t) L1

1. Tinh so kién 41(07) va i2(07)
e Trude chuyén mach i2(07) =0A

o Iy = b =59,05/—57,51° A
= i1(07) = 59,095v/2sin (—57,51°) = —49,846 A

o
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JVEYS SRR Ao WG RV S R DERStM Phuong phap toan ti Laplace

Giai mach tuyén tinh qua do bang toan ti Laplace E‘

Vi du 1.12: Mach qué do ¢6 ho cam

2. Anh Laplace ctia mach dién sau chuyén mach

sM

A A 2204/2 - 314

° Bils) = 5 31

o Eu(O*) =1L il(O*) —
M -ip(07) = —0,498 V

) Egl(o_) =Lo- ig(o_) —
M -i1(07) = 0,698V

3. Giai mach trén mién &nh Laplace (phuong phép dong vong/nhanh)
{11(5) (R + sLy) — In(s) - sM = Ei(s) + E12(07)

_ — Giai va £71
IQ(S) . (RQ + SLQ) - 11(8) -sM = Egl(o )

v
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Mach phi tuyén

LT Mach 2: Qua do — Phi tuyén — Duong day dai

© Mach phi tuyén
e Khai niéem mach phi tuyén
e Mach phi tuyén xac lap mot chiéu
@ Mach phi tuyén xac lap diéu hoa
@ Mach phi tuyén xac lap bién thién tin hiéu nho
@ Mach phi tuyén & ché do qua do
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Mach phi tuyén Khai niém mach phi tuyén

Noi dung E‘

© Mach phi tuyén
e Khai niém mach phi tuyén
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Mach phi tuyén Khai niém mach phi tuyén

Khai niem mach phi tuyén E‘

Nhic lai vé mach tuyén tinh
e Mach tuyén tinh 1a mach c6 tat cd cac phan tit déu la tuyén tinh
e Phan tit tuyén tinh I& phan ti c6 quan hé dac trung la tuyén tinh

e Quan hé tuyén tinh 13 quan hé thod man nguyén ly xép chong

Khai niem mach phi tuyén

e Phan ti phi tuyén la phan tit ¢6 quan hé dac trung phi tuyén

Quan hé phi tuyén khong thod man nguyén 1y xép chong

Mach c6 it nhat mot phan ti phi tuyén 1d mach phi tuyén

e Trong mon Ly thuyét Mach, tam thdi chi xét cac phan ti thu
dong phi tuyén (cac phan tit nguon déu la tuyén tinh)
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Mach phi tuyén Khai niém mach phi tuyén

Dién trd phi tuyén E‘
2 fr o aea . . ou
e Quan hé dic trung tong quat cia dién trd: u = f(i) = R = 5
Dién trd tuyén tinh Dién trd phi tuyén
i) L iy RO
—{
_—»
u(t) e
ou u(t)
Rd—azconst R:?;;:R(z)

u=1,2-vi+0,03-
i(t)

v o
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Mach phi tuyén Khai niém mach phi tuyén

Tu dién phi tuyén E‘
e Quan he dic trung tong quét ctia tu dién: ¢ = f(u) = C = —=

Tu dién tuyén tinh Tu dién phi tuyén
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Mach phi tuyén

Cuon day phi tuyén

e Quan hé diic trung tong quat clia cuon day: ¥ = f(i) = L =

Cuon day tuyén tinh

o

Nguyén Bao Huy (HUST)

Qua do - Phi tuyén - Dusng day dai

Khai niém mach phi tuyén

Tu dién phi tuyén

L)
i(t)
u(t)
ov ,

U=25vi—0,05-42
i(t)

o

Ha Noi, 2026
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Mach phi tuyén Khai niém mach phi tuyén

Phan tit ban dan

Diode
e Phan t ban dan 2 cuc
e Chi dan dong dien theo mot chiéu (ddc tinh khong ddi xiing)
e Khi phan cyc thuan: gidi mach nhu dién trd phi tuyén
e Khi phan cyc nguge: hé mach
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Mach phi tuyén Khai niém mach phi tuyén

Phan t& bén din i

Transitor
e Phan ti ban dan 3 cuc: Base, Collector, Emitter
e Tam xét loai n-p-n
e Mach BE nhu diode
e ic = [ -ip (nguon dong phu thudc dong)
C
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Mach phi tuyén Khai niém mach phi tuyén

Tham s6 clia cac phan ti phi tuyén

Dang mo ta quan hé phi tuyén
e Dang ham s6 u = f(i) hodc i = f(u)
e Dang do thi ctia cac ham s6 trén
e Dang bang dit liéu thong s6

u(t) (V)

uw=1,2-vi+0,03-43

v
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Mach phi tuyén Khai niém mach phi tuyén

Tham s6 ctia cac phan tit phi tuyén E‘

Tham s6 tinh va tham s6 dong
e Cho mot quan hé phi tuyén, c6 2 thong tin chinh vé tham s6 clia
phan tit ma ta c6 thé khai thac duge:
o Tham sb tinh: 1a ty I¢ (tinh) giita cac dai lugng tai mot diém
lam viéc
o Tham s6 dong: 1a dao ham rieng thé hién xu thé bién thien
(dong) theo nhau cta céc dai lugng
e Vi du dién tré phi tuyén R c6 u=1,2-vi+ 0,034 tai i = 2A

u(t) (V) u(t) (V)
4 4 L9 41 Riong = 0,617
kT2 +0,09-i|_,
S | = 0,96850 2 w —0,7843Q
i(t) () i(t) (A)
2 1 2 4

v
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Mach phi tuyén Khai niém mach phi tuyén

Mach phi tuyén va giadi mach phi tuyén E‘

Heé phuong trinh Kirchhoff ctia mach phi tuyén
e C4c dinh luat K1 va K2 trén mién thoi gian van ding cho mach
phi tuyén
e S6 phuong trinh K1 va K2 (xac dinh tit cau tric hinh hoc) clia
mach phi tuyén van giéng mach tuyén tinh
e CAc phan ti tuyén tinh trong mach phi tuyén van “hanh x1t” theo
dtng quan hé dic trung tuyén tinh clia ching

Giai mach phi tuyén
e Cac phuong trinh K1 va K2 4 cac quan hé dac trung
— hé phuong trinh dong dién nhanh
e Hé phuong trinh dong nhanh ctia mach phi tuyén 13 hé phuong
trinh phi tuyén — Giai gan dung bang cac phuong phap sb

v
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Mach phi tuyén Khai niém mach phi tuyén

Mach phi tuyén va gidi mach phi tuyén

Cong suat trong mach phi tuyén

i(t) ]

o
u(t

)
o Cong suat tieu thu tiic thoi: p(t) = u(t) - i(t)
= —p(t)

o Cong suat phat tic thoi: p . (¢)
1 T
e Cong suat trung binh: P = T p(t)dt
0 v
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[N AANEIM Mach phi tuyén xac lap mot chiéu

Noi dung

© Mach phi tuyén

@ Mach phi tuyén xac lap mot chiéu
@ Phuong phap dd thi vi phuong phap lap
@ Phuong phap do ngudc

Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026
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JYEYS W SANNI M ach phi tuyén xac lap mot chiéu

Mach phi tuyén xac lap v6i nguon mot chicu ;

L

.......

Khi mach phi tuyén & ché do xac lap véi nguon mot chiéu, cic tin
hiéu dong va a4p déu 1a hang s6 u(t) = U; i(t) =1

Céc phan tit tich luy nang luong (kho dién va kho tir) déu suy bién

dv 0V di

Cuon day: u = = = 2. &

HOR WU T o ae

dqg 9q du

Tudlen:z:a—%'a

Mach phi tuyén mot chiéu tuong duong mach thuan trd

=0V — Ngan mach

i=const

=0A — HS mach

u=const

Hé phuong trinh phi tuyén tinh, khong chita cic dao ham va tich
phan theo thoi gian
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Mach phi tuyén Mach phi tuyén xac lap mot chiéu

Giai mach phi tuyén xac lap mot chiéu E‘
Vi du dan nhap
5 A U (V)
e F=5V; R =250;
Ry ¢6 dic tinh
w=1,2-vi+0,03- 3 47
R
1 3
I
2
Ct) E Us Ry
1 i
. I(A)
e Phuong phap do thi : \ : : —
1 2 3 4 )

v
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Mach phi tuyén

Giai mach phi tuyén xac lap mot chiéu

Vi du dan nhap

e FE=5V; R =25

o Tuluat K2 ¢c6: Ry -I+Us =F

Mach phi tuyén xac lap mot chiéu

Rs c6 dac tinh 5 1,2 0,03 4
u=12-vi+003-# 7175 95V 55]
R, e Khéi dau vé6i In = 1 A:
5 1,2 0,03
1. I = -2 - =I3=
L 2,5 2,5ﬁ 2,5 0
1,058 A
Ct)E UQ RQ
5 1,2 0,03
Y A B o/ Py
[ 2.5 2,5\F 2,5 0
1,3994 A
5 1,2 0,03
Ap 13 Y A T Y/ i
e Phuong phap lap 8. Ig 55 25Vl 95l
e Cho dang z = f(x) 1,3993 A
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Giai mach phi tuyén xac lap mot chiéu

Vi du dan nhap

Mach phi tuyén

Mach phi tuyén xac lap mot chiéu

2+U (V
e FE=5V; Ri =25Q; V)
Ry ¢6 dic tinh
u=12-vi+0,03i 151
Ry
I 1!
Ct) B Us Ry
0.5 |
o Phuong phap lap I(A)
e Cho dang = = f(z) 0.5 1.5 2
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Mach phi tuyén xac lap mot chiéu

Bai tap E‘
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Mach phi tuyén Mach phi tuyén xac lap mot chiéu

Phuong phap do nguge: Tu tudéng ctiia phuong phap E‘

Nhan xét vé phuong phéap lap
e La mot phuong phéap cé tinh hé théng
e Dai va kh6 néu mach c6 nhiéu nhanh, nhiéu phan t phi tuyén
e Vé ban chat 14 mot phuong phap s6 tim xap xi nghiém phuong

A

trinh phi tuyén kiéu “xudi

Y tudng ctia phuong phap do ngudce
e Nhan thiy: gidi phuong trinh phi tuyén dé tim nghiém (tinh

“xu6i”) thuong dai va kho; nhung kiém tra xem mot s6 c6 phai 1
nghiém ctia phuong trinh khong (do “ngugc”) thuong dé hon

e Vi du: tim nghiém cta phuong trinh 2,5-7+1,2-v7+0,03-i3 =5
v6i mot sai s6 cho trude thi kho; nhung kiém tra xem i = 1,4 ¢6
thod mén phuong trinh khong (v6i sai s6 bao nhiéu) thi dé

v
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Mach phi tuyén Mach phi tuyén xac lap mot chiéu

Phuong phap do ngude: Noi suy tuyén tinh E;

e Trong quéa trinh do, c6 nhiing trudng hgp ta can tim gia tri clia
mot diém ndm trong khoang gitta 2 diém da biét
— (C6 thé “noi suy” ra gia tri nim gitta d6. Néu noi suy bang mot xap
xi tuyén tinh — goi 1 noi suy tuyén tinh.
o Ngoai noi suy con cé thé “ngoai suy” néu gia tri can tinh nim
ngoai khodng da biét.

Cong thitc noi suy tuyén tinh (suy ra tit ty 1¢ tam giac dong dang)

Yo fooo o ‘ e Noi suy tim y3 tu =3
‘ T3 —T1
Ys - -5 ys=y1+——(y2— 1)
R S T2
L ; e Noi suy tim x3 tir y3
L R Ys — U1
T ‘ > r3 =2x1 + (x2 — 1)
1 T3 To Y2 — U1

v
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Mach phi tuyén Mach phi tuyén xac lap mot chiéu

Giai mach phi tuyén bang phuong phap do ngudc E‘

e Cach lam: Do gia tri u hofic ¢ trén phan tit phi tuyén — dung K1
va K2 tinh ra gia tri nguon dién tuong ting — lap lai dén khi (gan)
bing gia tri nguén da cho. Sai s6: ¢ = (|[E®) — E|/E) - 100%

Vi du 2.1: Giai vi du dan nhap bang phuong phap do ngugc
e =5V; Ri =25; o Lap bang do
Ry c6 dac tinh k| IT(A)|E=R-T+Us (V) | e (%)
u=12-vVi+003-i 1 1 3,73 25,4
R 2 2 6,9371 38,7
3 1,5 95,3209 6,4
I 4] 13 4,6841 6,3
Ry e Cach 1: Do tiép; Cach 2: Noi suy
_ 5—4,6841
I'=13+ 5,3200—4,6841 (1,5 —1,3)
=1,3992 A

v
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Mach phi tuyén Mach phi tuyén xac lap mot chiéu

Giai mach phi tuyén bang phuong phap do ngudc E‘
Vi du 2.2: Mach ¢6 nhiéu phan t phi tuyén

° =1V, o Lap bing do (U (V); I (A); & (%))
® Ry cho theo ham: @ Bué6e 1: Uy =5V — tra bang ra [

o 3.
u="7-1+0,5-17° — tinh U; theo ham — tinh F
o Ry cho theo bang: vy | 1 R | E | €

U(MV) [0 5 12 20 "5 |1 75 125 | 167
I(A) o1 2 3

e Budc 2: Uy = 7V — ndi suy tit bang
ra I — tinh U; theo ham — tinh E
7 | 1,2857 | 10,0627 | 17,0627 | 13,8
o Bugc 3: Up =6V — ... tinh F
6 | 1,1428 | 8,7463 | 14.7463 | 1,7
e Do tiép hodc noi suy véi E =15V

y
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Mach phi tuyén Mach phi tuyén xac lap mot chiéu

Giai mach phi tuyén bang phuong phap do ngudc

Vi du 2.3: Mach ¢6 nhiéu nguon
o By =15V; Ry = 109;
o Fr=12V; Ry =154,
e Dién tré Rs c6 dic tinh: 4 = 0,1 - u + 0,001 - w?

R Ry
Ey Ey

e CAch giai mach phi tuyén c6 nhiéu nguon:

Chon mot nguon dé do, c6 dinh cac nguon con lai.

gm...\

v
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Mach phi tuyén xac lap mot chiéu

Bai tap E‘
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NI Mach phi tuyén xac lap diéu hoa

Noi dung

© Mach phi tuyén

@ Mach phi tuyén xac lap diéu hoa
@ Cac hién tugng co ban
@ Phuong phép can bing diéu hoa (Gii truc tiép)
@ Phuong phép diéu hoa tuong duong (Giai trén mién phtic)

Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Hién tugng sinh tan va triet tan

o j(t) =2-sin3t(A) I’
e Dién tré phi tuyén Ry c6 dic tinh:
uw=1i+0,5- i
= up =2-sin3t+0,5- (23 - (sin 3t)3) CDj(t) Uz Ry
=2-sin3t+4- 2(3sin3t — sin 9t))
=5-sin3t —sin9¢ (V)

A

@ Mach phi tuyén —i(t) (A) —ua(t) (V)

c6 thé c6 dong va 5 |
ap mang tan s6
khac v6i ngudn t (s)

(sinh tan) w : ‘ : : ,

@ Hoic khong chia
tan s6 ciia ngudn =5
(trigt tan)
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Mach phi tuyén

Mach phi tuyén xac lap diéu hoa

Dinh luat Kirchhoff vé6i cédc thanh phan tan s6

e V6i toan bo tin hiéu, cac dinh luat Kirchhoff vAn bao toan:

S i) = 00 ui(t) = 0
nit vong
e Néu chi quan tam dén bai todn can bang cong suat
o Cong suat phat ctia nguon can bang véi cong suat do céc
thanh phan dong va 4p c6 cling tan s6 vdi nguon sinh ra
— Chi can xét thanh phan tin hiéu c6 cling tan s6 v6i nguon

R, T—it) () —uf (1) (V) — (1) (V)
5 N
AVARVIE
,5 1
Uy = 5sin 3t — sin 9¢
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Mach phi tuyén

Mach phi tuyén xac lap diéu hoa

Dinh luat Kirchhoff v6i cac thanh phan tan so

gm...\

Dinh luat Kirchhoff v6i thanh phan tan sé cd ban

e V6i timg thanh phan tan s6, cac dinh luat Kirchhoff van bao toan

Z i) =0

Z u(wt)

vong

'y
Ry

—uy (2
CT)J’(t) uz| \ | B2 AAA Aﬁ L),

v§7v2 vgvv 5
_5,,
ug = Hsin 3t — sin 9¢
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap can bang diéu hoa E‘

Tu tuéng ctia phuong phap
e M&di tin hieu diéu hoa c6 2 tham s6 dic trung (ngoai tan sd)
C6 thé biéu dién dusi dang f = A - sin (wt + )
Hoadc dudi dang f = A - sin (wt) + B - cos (wt)
— Xét thanh phan tan sbé wt

e Ding cac dinh luat Kirchhoff v& bién déi lugng giac, dua he
phuong trinh mach vé 1 trong 2 dang:

Aj -sin (wt + 1) = Ag - sin (wt + 2)
A - sin (wt) + By - cos (wt) = Ay - sin (wt) + By - cos (wt)
— Dong nhat thic:

= P2 B1 = By

2hoac{1 2

v
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap can bang diéu hoa E‘

Vi du 2.4: Mach thuan tré

e e(t) =10-sint (V)

e R1 =50

@ Rocou="5-i+0,5-43
e Tinh dong i(t)

Ngudn e(t) ¢6 w = 1rad/s — chi xét thanh phan i“*)(t) c6 dang:
i@ (t) = Iysint (mach thuan tré nén dong va ap dong pha)
ugdt) (t) = (5Iysint + 0,513 (sint)%) ")
=5Ipsint + 0,5 113 - (3sint — sin 3¢) (@)
us™ (8) = (51 + 0,37513) sin t (V)

ugwt) (t) = Ry -i“D(t) = 5Iysint (V)

v
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap can bang diéu hoa E‘

Vi du 2.4: Mach thuan tré

e e(t) =10-sint (V)

e R =50

® Rocou=5-i+05-4
e Tinh dong i(t)

o uy™(t) = (51 +0,37513) sint (V); uy” () = 5lgsint (V)

o Tit luat K2: e(t) = ul“" (t) + ul" (t)
= 10sint = (101y + 0,375I3) sint

o Can bang thanh phan bien do diéu hoa: 10 = 101y + 0,375I3
= Giai phuong trinh ¢6 1 nghiém thyc duong Iy = 0,966 A

= Dién ap va cong suat = Can bang cong suat?

v
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JYEYS WA Mach phi tuyén xac lap diéu hoa

Phuong phap can bang diéu hoa E‘
Vi du 2.5: Mach thuan cdm (hodc thuan dung)

e e(t) =10-sint (V)

e L1 =1(H)

0 Lyco¥=2-i—0,5-¢
e Tinh dong i(t)

Vi du 2.6: Mach RL (hoac RC)
e e(t) =10-sinbt (V)
e R=10Q
e Lco¥=2-i+05-13
e Tinh dong i(t)
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap diéu hoa tuong duong §

Tu tuéng ctia phuong phap

e Phuong phap can bang diéu hoa doi héi tinh toan lugng gidc phiic
tap — néu mach c6 nhiéu nhanh sé khong thuan tien

e Nhé lai mach tuyén tinh xac lap diéu hoa: thay vi gidi ham luong
giac — dimng anh phiic dé giai “nhu mach mot chiéu”

e Mach phi tuyén xac lap mot chiéu: ding phuong phap do ngude

— Phuong phap diéu hoa tuong duong: Do nguge anh phiic clia
thanh phan tin hiéu c6 tan s6 co ban ctia nguon
o Trinh ty: Do bién do truéc, Pay (dich) pha sau
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JYEYS WA Mach phi tuyén xac lap diéu hoa

Anh phiic cfia cAc phan tit phi tuyén

Anh phiic ctia dién tré phi tuyén véi tan sd6 co ban

QR 0w QR i
_— s
u@t (1) U
o I=I/p=U=Ry, = Ugl)'fﬁ

= U=U (1) /P
— Ting thanh phan tan s6 van c6 dong va ap cling pha

e U, I la tri hieu dung; U(I) l1a quan hé phi tuyén ctia dién tré tinh

theo tri hiéu dung

Nguyén Bao Huy (HUST) Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026

116 /187



Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Anh phiic cfia cAc phan tit phi tuyén

Anh phitc ctia cuon day phi tuyén véi tan sé co ban

L= L(z')'(wt) t Zr, = Zy(I)
3%,6 i (t) N ;%6 i

75 = jwLy,, = ij

. . v() .
= =251 =i = jow( e = (D) /o 4 90°

= Timg thanh phan tan sd van c¢6 dong tré pha 90° so vdi ap

e U(I) la quan he phi tuyén ctia cudon day tinh theo tri hieu dung

e Quan hé phi tuyén ciing c6 thé cho triyc tiép dudi dang U(I)
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Anh phiic ctia cac phan ti phi tuyén E‘

Anh phifc ctia tu dién phi tuyén véi tn s6 co ban

C = C(u) Zc=Zc(U)
JH/z'(wt:(t) _ JH/_L
— —_—
uh(t) U
. .U 1 1 U
o U=U/=1=— v6i Zgc = - = = -
Zc “ JwWCin jw% Jw@

= I= ZUC = jwQ(U)/0 = wQ(U)/0 + 90°

= Ting thanh phan tan s6 van c6 ap tré pha 90° so véi dong
e Q(U) la quan hé phi tuyén clia tu dién tinh theo tri hiéu dung
e Quan hé phi tuyén ciing c6 thé cho tryc tiép dusi dang I(U)
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Phuong phap dieu hoa tuong duong

Vidu 2.7: Mach RL

o E=12/0°(V)
e R=100

Mach phi tuyén

e L c¢6 quan hé tri hiéu dung
U=2-1+05-1°

e Tinh dong I

e Quy trinh do: Tw I tinh ra E; cho géc ban dau cta I = 1/0°
I/0° — Uy, =UL(I1)/90° — Ugr = R-I/0° - E=Ur+ Uy,

e Lap bang do:

Mach phi tuyén xac lap diéu hoa

I(A) | UL (V) |Ug (V) E (V)
1/0° 2,5/90° 10/0° 10,3078 {14,04O
1,2/0° | 3,264/90° 12/0° 12,436 {15,22O

v
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap dieu hoa tuong duong

Vi du 2.7: Mach RL
LA | U (V) |Ur(V) E (V)
1/0° 2,5/90° 10/0° | 10,3078/14,04°
1,2/0° | 3,264/90° | 12/0° 12,436/15,22°
e Noi suy tri hieu dung £ =12V — I:

12 — 10,3078

I=1
+ 12,4036 — 10,3078

(12—-1)=1,159A

e Dua vao bang do tinh lai E

IA) | 0oV |[Ue(V) | E(V)
1,159/0° | 3,0964/90° | 11,59/0° | 11,9965/14,96°

— Tri hieu dung dat yéu cau; Bu6c tiép theo: day (dich) pha

v
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap dieu hoa tuong duong

Vidu 2.7: Mach RL

o £ =12/0°(V)
e R=10Q

@ L c¢6 quan heé tri hiéu dung
U=2-14+05-1°
e Tinh dong I

IA) | Uo(V) |[Ue(V) |  E(V)
1,159/0° | 3,0964/90° | 11,59/0° 11,9965{14,96o

— Tri hieu dung dat yéu cau; Bu6e tiép theo: day (dich) pha
e Nhan xét: Néu tang goc pha ban dau clia I=1 ;159 /° thi goc
pha clia ngudn sé ting tuong ing F = 11 ,9965/14,96° 4 °

— Déc6 /[E=0°= p=-14,96° = [ = 1,159/—14,96° A

v
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap dieu hoa tuong duong

Vi du 2.8: Tu dién phi tuyén véi mang hai cita, tinh fg

o E=220/0°V Z_ I

e w=3l4rad/s

e Mang Z =

30 520
[j20 50] &

e Ty dién phi tuyén C c6 bang dic tinh theo tri hieu dung:
QmC)|o |o5 |1 |15 |2 [25 |3 [35

UN) |0 [3 |6 |10 [16 |50 |80 | 120
e Do theo Uc = Ug/0° — Tu phi tuyén: Iy = w - Q(Ue)/90°
(Chu y: U = —Us)

v
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Mach phi tuyén

Phuong phap dieu hoa tuong duong

Mach phi tuyén xac lap diéu hoa

Vi du 2.8: Ty dién phi tuyén v6i mang hai cita, tinh I

o F =220/0°V
QmC)|o |o5 |1 |15 |2 [25 |3 [35
UN) |0 [3 |6 |10 [16 |50 |80 | 120

e Do theo Ue = Uc/0° — Ir = w - Q(Uc)/90° (Cha §: Up = —Uh)

e Quy trinh do:

Ucﬁjgéjlzm—>U12211j1+212j2—>E:U1+Zj1

Z21
Uc (V) | I (A) I (A) UL (V) E (V)
50/0° [ 0,785/90° | 3,178/128,13° | 105,766/134,84° | 156,476 /157,15°
80/0° | 0,942/90° | 4,642/120,49° | 149,695/126,71° | 223,629/149,68°
@ Dich pha:

Iy =0,942/p = ¢ = 90° 4 (0° — 149,68°) = I = 0,942/—59,68° A
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Mach phi tuyén

Phuong phap dieu hoa tuong duong

Vi du 2.9: Mach ¢6 nhiéu nhanh va nhiéu phan tit phi tuyén

o L=1H
e R phi tuyén: U = 71 + 0,813
o C phi tuyén: U = 21 + 0,513
e Tinh I
o E =12/0° Z;, = j10Q. Quy trinh do:

I'C_>UC_>I.L:%—)jRZjL+jC—>UR—>E:UR+UC

e(t) = 12¢/2sin (10t) V

Mach phi tuyén xac lap diéu hoa

I (A) | Uc (V) I (A) In (A) | Ur (V) E (V)
1,5/0° | 4,688/=90° | 0,469/180° | 1,031/0° | 8,096/0° | 9,355/—30,07°
2/0° 8/90° 0,8/180° 1,2/0° | 9,782/0°

12,637/—39,28°
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap diéu hoa tuong duong §

Vi du 2.9: Mach ¢6 nhiéu nhanh va nhiéu phan ti phi tuyén
o £ =12/0% Z;, = j109. Quy trinh do:
jg—)Uc%jLZ%—>jR:jL+jc—>UR—>E:UR+UC
Ie (M) | Ue (V) Iy (A) I (A) | Ug (V) E (V)
1,5/0° | 4,688/-90° | 0,469/180° | 1,031/0° | 8,096/0° | 9,355/—30,07°
2/0° 8/—90° 0,8/180° 1,2/0° | 9,782/0° | 12,637/—39,28°

12 — 9,355
o Noisuy v6i £ =12V: Ic =1,5 ’

— (2 -15) =1 A
0+ 12,637 — 9,355( S) 903

e Tiép tuc do theo bang:

Ic(A) | U (V) | It A | Ir(A) | Ur (V) | E (V)
1,903/0° | 7,251/-90° | 0,725/180° | 1,178/0° | 9,552/0° | 11,992/—37,2°

o Dich pha véi /E = 0° — Ic = 1,903/37,2° A

v
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap diéu hoa tuong duong E‘

Vi du 2.10: Mach phi tuyén c¢6 nhiéu nguon — van dé dich pha

o Ey =18/20°V 0 &,_%»_

o Fy=12/30°V IrA

o Ry =10Q; Ry =79 R Zo, —

o Zo, = —j50 Us U g\lzs
e L3c6:U=5I+0,71 E, Es @

e Tinh jg

e Néu lam tuwong ty nhu mach phi tuyén c6 nhiéu ngudn mot chicu:
chon mot ngudn dé do theo tri hieu dung roi dich pha — SAI
o Cach lam SAIL: Chon Ey dé do: Is — U, — Us = Rsls + U,

— jg = 7E2ZZ~;]3 — El = Rl(jg — IQ) + Ug

v
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Mach phi tuyén Mach phi tuyén xac lap diéu hoa

Phuong phap diéu hoa tuong duong 4

Vi du 2.10: Mach phi tuyén c¢6 nhiéu nguon — van dé dich pha
e Céach lam SAT: Lap bang do theo E;
Iy (A) | U, (V) Us (V) Iy (A) B (V)
1/0° | 5,790° | 9,027/39,16° | 1,259/—32,62° | 17,633/—3,53°
12/0° | 7,21/90° | 11,07/40,64° | 1,038/—22,58° | 18,268/10,17°
o Noi suy tri hieu dung: I3 = 1 + gamgoee=(1,2—1) = 1,116 A

e Dua vao bang do tinh lai E;
LA [ U, (V) | Us(V) | @) | E(V)
L116/0° | 6,553/90° | 10,196/39,99° | 1,13/—27,17° | 17,919/4,46°
e Fy =17,919 ~ 18 V — Dich pha: I3 = 1,116 /15,54° A Két qua SAI
o Kiém tra: thay lai vio bang do — Ey = 11,906/10,42° # 18/20° V
e Céch lam DUNG: Dung Thévenin—Norton — do theo E’Th hodc jN
— Bai tap (Nhung néu khong tao dugc mang mot cita thi sao?)

v
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Mach phi tuyén xac lap diéu hoa

Bai tap E‘
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

.

Noi dung

=T

© Mach phi tuyén

@ Mach phi tuyén xac lap bién thién tin hiéu nho
@ Céac hién tugng co ban
@ Tuyén tinh hoa quanh diém lam viéc

n Bao Huy (HUST) Quéa do - Phi tuyén - Dudng day dai Ha Noi, 2026 129 /187



Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Cac hién tugng co ban E‘

Vi du dan nhap: Mach diode v6i nguon AC

0.8 [1(A) 0.8 [i(A)
0.6 | 0.6 |
0.4 0.4
02| 0.2 |
t(s) up (V)
2 4 6 —05 05

~0.5 0.5

up (V)

<
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Céc hien tugng co ban 4
Vi du dan nhap: Mach diode v6i nguon DC + AC (c6 dinh thién)
0.8 J1(A) 0.8 ]i(A)
0.6 | 0.6 |
04 | 04 |
0.2 | 02|
up (V)
2 4 6  —05 0.5
i=0,005-¢55 (A) —0.5 0.5
i(t) | up (V)
e(t) UDlXZ 2 3
o
e(t) =0,3+0,2-sin2t (V) t(s)g | |
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Cac hién tugng co ban

Vi du dan nhap: Mach diode v6i nguon DC + ac (tin hi¢u nhd)

gm...\

0.8 /(&) 0.8 17(A)
0.6 0.6 |
0.4 /\/\/ 0.4 1
0.2 ¢ 0.2 f
t (S) up (V)
2 4 6 —0.5 05
i=0,005-¢97 (A) —0.5 05
! \%
i(t) ] up(V)
e(t) uDlzz 2 |
4 l
e(t) = 0,45 + 0,025 - sin 2t (V) RO
v
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

e Titm treme e Bém 4

Vi du din nhap: Xac dinh diém lam viec DC + tuyén tinh hoa ac

0.8 1 (A) 0.8 N (A)

0.6 { 0.6 1\ °

0.4 /\/\/ RN O 1. Cho thanh phin DC
N\ tac dong: giai mach

0.2 7 0.2 7 AN phi tuyén DC tim

t (S) \ o Up (V) .2 N R ~
diém lam viéc tinh
2 4 6 —0.5 0.5 1

2. Tuyén tinh hoa
—05 0.5 1 quanh diém lam
up (V) viéc: tham sb dong

2 1 3. (Giai mach tuyén

‘ tinh ac tin hiéu nhé
41 ‘ R
| 4. Tong hop nghiém
e(t) = E+eg-sin2t (V) et OV DC + ac

v
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Tuyén tinh hoa quanh diém lam viec E‘
Dién tré
ou
i (t) R - (1) R4 = —?
g | —_——»
uac(t) (% (t)
. L i R . ou
e R phi tuyén cho dudi dang ham u = u(i) - Rq = e
t 1=Iqc

e R phi tuyén cho dudi dang bang s6 lieu:
o Vé ban chat da 1a nhiing khoang tuyén tinh hoa timg doan
o Néu diém lam viéc ndm giita 2 diém thit k va k + 1:
U1 — Uk
Ry= ———
Ye+1 — Uk
e Luu y: mo6 hinh tuyén tinh hoa ctia dién tré phi tuyén c6 ngudn
DC phat sinh, nhung triét tiéu khi chi xét tin hiéu ac — bd qua

v
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Tuyén tinh hoa quanh diém lam viéc E‘
Cudn day
L
) ok e (tyLa = 5t
—_— ac
u(t) u*(t)
. Z e < . a\P
e L phi tuyén cho dudi dang ham ¥ = V(i) — Lg = R
i=Iqc
£ . )\ - v
e L phi tuyen cho duéi dang bang so lieu: Lq = kR
Le+1 — Uk

e L phi tuyén khong c6 nguon DC phat sinh nhu dién trd (vi sao?)

o
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Tuyén tinh hoa quanh diém lam viec E‘
Tu dién
c Cqa= 21
i*°(t) -~ zacjt) ||
j( | -~ 1]
> B ——
0) u(t)
o " . 9q
e C phi tuyén cho dudi dang ham ¢ = q(u) - Lg = —
6” uiUdc
e C phi tuyén cho dué6i dang bang s6 lieu: Cyq = DAl — Qe
Uk+1 — Uk

e C phi tuyén khong c6 nguon DC phat sinh nhu dién trd (vi sao?)

v
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Phuong phéap tuyén tinh hoa quanh diém lam viéc E‘

Vi du 2.11: Tinh dong dién do ngudn phét ra
o e(t) =12 +sint (V)

e Rcoru=8-i+0,5-¢°
o Lc6: U =2-7+03 4

o (' cob:
u(V) |[0]6]17]21
g(C)|of1]2]3
1. Xac dinh diém lam viéc tinh DC: Ngudén mot 1°¢
chiéu EPC = 12V tac dong — cuon day va
tu dién suy bién
N :
o UPC =12V = 12=8.1PC 105 IPC N

= Do hogic lap — IP€ = 12 = 1,3467 A

v
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Phuong phéap tuyén tinh hoa quanh diém lam viéc E‘

Vi dy 2.11: Tinh dong dién do nguodn phét ra

2. Tuyén tinh hoa quanh diém lam viéc: tinh cac tham s6 dong

LY
oL, = — 24092 = 3,6322H = Z;, = j3,63220
i i=IDC i=1,3467 A
0 2—-1
0 Cy=L = 5 = 0.0000F = Zg, = —j110
au u:UCDC 17 —
0
o Ry=24 — 8+ 1,52 —10,7204Q
‘% —rbe i=1,3467 A
I
3. Giai mach tuyén tinh ho4 ac _
o Ec =L /0°V 7 1es
V2 — Z¢
o fac = % — 0,1227/17,43° A —
ZL Rd+ch
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Mach phi tuyén Mach phi tuyén xac lap bién thién tin hiéu nhé

Phuong phap tuyén tinh hoad quanh diém lam viéc

Vi du 2.11: Tinh dong dién do nguodn phét ra

e ¢(t) =12 +sint (V)
e Rcoru=8-i+0,5-3
e Lco:¥=2-i4+0,3¢3

e C co:
u(V)[0]6]17]21
gC)Jof1]2]3

o [%°=0,1227/17,43° A
= 3 =0,1735 - sin (¢ + 17,43°) A

4. Téng hop nghiem:
o iy = IPC +i3° = 1,3467 + 0,1735 - sin (t 4+ 17,43°) A

gm...\

v
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Mach phi tuyén xac lap bién thién tin hiéu nhé

Bai tap E‘
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phi tuyén Mach phi tuyén & ché do qua do

.

Noi dung

=T

© Mach phi tuyén

@ Mach phi tuyén & ché do qua do
@ Hién tugng qua do & mach phi tuyén
@ Phuong phép tuyén tinh hoa ting doan
@ Phuong phap cac budc sai phan lien tiép
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JVEYS W AANNEI Mach phi tuyén & ché do qua do

Hién tugng qua do ¢ mach phi tuyén E
e La qua trinh chuyén tir trang thai xac lap nay sang trang thai xac
lap khéc. (Téng quat: qua do 1a khi khong xac lap.)
e Qua trinh chuyén trang thai khong tic thoi do quan tinh ciia céc
phan tt kho dieén (tu dien) va kho tir (cuon day)
e Giai mach phi tuyén & ché do qua do:

o X4c dinh so kién (bang cac dinh luat Kirchhoff, cdc dinh luat
béo toan dién tich va tir thong)

o Lap hé phuong trinh trang thai ctia mach: hé phuong trinh vi
phan phi tuyén (bang cac dinh luat Kirchhoff va quan he dic
trung clia cAc phan tit)

o Giai hé phuong trinh vi phan phi tuyén

e Cach giai hé phuong trinh vi phan phi tuyén: tinh toan xap xi
1. Phuong phap tuyén tinh ho4 ting doan
2. Phuong phap cic budce sai phan lién tiép
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phi tuyén Mach phi tuyén & ché do qua do

Phuong phap tuyén tinh hoa timg doann E‘

e Xap xi dic tinh phi tuyén thanh cac doan tuyén tinh

o Giai mach tuyén tinh quéa do cho ting doan rdi tong hop nghiem
e Chi y: xac dinh so kién tai dau mdi doan

Bai toan

********** qua do n - —~=

So kiéen n
Bai toan

qua do 2

****** So kién 2
|
Bai toan

qua do 1
L

So kién 1

|

|
| |
| |
1 1
1 1
| |
| |
| |
| |
| |
| |
| |
| |
| |
1 1
1 1
| |
1 1

Qua do - Phi tuyén - Dudng day dai Ha Noi, 2026 143 /187



Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phéap tuyén tinh hoa ting doan

Vi du 2.12: Mach phi tuyén RL quéi do

R
o F=12V
e R=109
e L phi tuyén c6 dic tinh: E ur,

U(Wb) [0 [05]15
i(A) [0 |1 |2

o Ché do xac lap ci: i(0) =0A
o Ché do xac lap mdi: i(0) = F/R=12A
— Trong qué trinh qua do, diém lam viec
“treot” trén doan OAB gom 2 doan tuyén
tinh OA va AB
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phéap tuyén tinh hoa ting doan E‘

Vi du 2.12: Mach phi tuyén RL qui do

R
e F=12V
o R=100 ’
e L phi tuyén c6 dac tinh: E ug, L

U(Wb) [0 |05]|15
i(A) Jo |1 |2

v(A) - ¥(0)

Trén doan OA: Lo = i(A) = i(0)

= 0,5H

e So kién: i(07) =0A
12

o Anh Laplace ctia dong: Iox = m A

= ioa(t) = 1,2 —1,2e7 20t A
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phéap tuyén tinh hoa ting doan E‘

Vi du 2.12: Mach phi tuyén RL quéa do

R
o E=12V
e R=100 ‘
e L phi tuyén c6 dic tinh: E ur, L

U(Wb) [0 [05]15
i(A) Jo |1 |2

o Trén doan AB: La,g =1H

e Dich truc thoi gian t/ =t — tp

e So kien theo t': i(07) =i(A) =1A
12

o Anh Laplace ctia dong: Iap = SE10) A

= iap(t) = 1,2 — 1210 A
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phéap tuyén tinh hoa ting doan
Vi du 2.12: Mach phi tuyén RL quéa do

o F=12V

e R=10Q

e L phi tuyén c6 dic tinh:
U(Wb) [0 [05]15
i(A) Jo |1 |2

ur

e T6ng hop nghiem
o XAc dinh t4:
iOA(tA) =12- 1,26720“‘ =1A
= ta=33In(1-1/1,2) =0,0896s

i(t) =1,2— 1,272 A v6i 0 < t < 0,0896
i(t) = 1,2 — 1,2¢71000.0896) A y5i ¢ > 0,0896
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phap tuyén tinh hoa ting doan E‘

Vi du 2.13: Mach qua do c¢6 nhiéu phan tit phi tuyén

o E=12V R
e R va L phi tuyén c6 dic tinh:
u(V) |0 [ 10]15

i(A) [0 [08]16 E L
U(Wb) [0 |05 |15
i(A) Jo |1 |2

e Cach lam:
o Tinh dong dién xac lap mdi: gidi mach phi tuyén xac lap mot
chiéu duge nghiém i(o0) = 1,12 A
o Khi diém lam viéc c6 dong dien “trugt” tit 0 dén 1,12 A, no di
qua 3 doan: 0 - 0,8 > 1 — 1,12 A
o Giai mach tuyén tinh qua do cho titng doan rdi téng hop
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phap cac bude sai phan lién tiép §

.......

Tu tuéng ctia phuong phap

e Khong can tim nghiem qua do dusi dang ham s6 “chinh xac” (vi
ciing chi 1a nghiém ctia mach xap xi tuyén tinh hod timg doan)
e Thay vao do, ta tim ting diém lam viéc véi timg bude tinh theo
thai gian — tap hop cac diém lam viéc 1a “hinh dang” gan ding
ctia nghiém qué do
e Cach lam
o Dung 2 dinh luat Kirchhoff va quan hé dac trung ctia cac
phan tit — hé phuong trinh vi phan phi tuyén cia mach
o Xap xi phuong trinh vi phan thanh phuong trinh sai phan
(sai phan hod)
o Dua phuong trinh sai phan vé dang lap: g1 = f(xk)
o Tinh céac budc lap theo thai gian (bat dau ti so kien (07))
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phap cac budc sai phan lién tiép E‘

Sai phan hoa

e Tu dinh nghia dao ham: f'(x) = d‘];(;) = (%iIT[l) Jla+ 5()5 —J(@)
—

e Vé6i 6 = h da nhé — xap xi sai phan:

e Sai phan cap 2:

f(z4+h+h)—f(z+h)  f(z+h)—f(z)
h h
h
flz+2h)=2f(x+h)+ f(x)
2
e Tuong ti ¢6 thé tinh cac sai phan cap tiép theo

f// ~
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phap cac buée sai phan lién tiép

Vi du 2.14: Mach phi tuyén RL
R

o BE=12V .

e R=101Q2 i

e L phi tuyén c6 dac tinh: <_|_> B s I

U = 2i + 0,53 -
@ Buéde lap h = 0,05
dv 0V di di
e Cuodn day phi tuyén: uy, = Pl djf (241,50 )dt
di
o Luat K2: E = Ri+ (2 + 1,5@2)673f
i(t+ h) —i(t

. Sai phan hod: 12 = Ri(t) + (2 + WQ)W
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Mach phi tuyén Mach phi tuyén & ché do qua do

Phuong phap cac budc sai phan lién tiép E‘

Vi du 2.14: Mach phi tuyén RL

R
o F=12V
e R=10Q i
e L phi tuyén c6 dac tinh: E uL I
U = 2 + 0,53

e Buéc lap h = 0,05s

e Dua phuong trinh sai phan vé dang lap:

0 = G i

e So kien: i(07) =0A
— i(h) =0,3A — i(2h) = 0,511 A — i(3h) = 0,655 A
— i(4h) = 0,758 A — ... O méi budc c¢6 thé tinh dien 4p tuong tng
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Mach phi tuyén & ché do qua do

Bai tap E‘
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Dusng day dai

LT Mach 2: Qua do — Phi tuyén — Duong day dai

© Duong day dai
e Khai niem duong day dai: mach c6 thong s6 rai
e Dudng day dai 6 ché do xac lap: truyén cong suat
e Duong day dai & ché do qua do: truyen song
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Khai niem dudng day dai: mach cé thong s6 rai

Noi dung E‘

© Duong day dai
e Khai niem duong day dai: mach c6 thong s6 rai
@ Khai niém
@ Mo hinh, thong s, va quan hé dic trung
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IJUCHIIC ARGV [<hii niem dudng day dai: mach cé thong s6 rai
Khai niem duong day dai 4
M6 hinh truong dién tir

@ La mo hinh tong quat (c6 dién) clia cac hé dien tit

o Cac thong s6 va dai lugng bién thién trong khong gian va theo thoi gian

M6 hinh mach thong s6 tap trung

@ Khi kich thudc hé "dt nhd” so véi bude song dién tur thi coi nhu cac
thong s6 va dai lugng ctia hé dién tit khong bién thién trong khong gian

— Mo hinh mach véi cac phan t c6 thong s6 tap trung

M6 hinh mach thong s6 rai
@ Khi kich thudc mach “déang ké” so v6i bude séng dién tir

@ Trudng hgp thudng gip: dudng day truyeén tin hisu “da dai”
— xét tham sb thay doi theo 1 chiéu khong gian

V.
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IJUCHIIC ARGV [<hii niem dudng day dai: mach cé thong s6 rai

Khai niéem duong day dai ”

Gi6i han ap dung mo hinh duong day dai
e Khi chiéu dai duong day 16n hon 5% budc séng dien ti:

I > 5%\ = 0,05~
!
v6i c=3-108m/s va f 1a tan s6 ciia tin higu
e Duong day truyen tai dien: f = 50 Hz — budc séng dien ti:
A=2 108 = 6000 km — T 300 km tré len can ding mo hinh
dlrdng day dai

e Mach cao tan: tan s6 FM f = 100 MHz — budc séng dién tir:

A= 3&)28 = 3m — day tin hiéu 15cm la da dai

e Mach siéu cao tan: tan s6 mang 4G f = 2,5 GHz — budc séng dién

ti: \ = = 1? = 12cm — kich thuée 0,6 cm 1a da 16n

v
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IJUCHIIC ARGV [<hii niem dudng day dai: mach cé thong s6 rai

Mo hinh duong day dai: mach dién tuong duong E‘

M6 hinh mach tuong duong
e Xét dudng day dai c6 thong sb rai déu tuyén tinh

i (@, ) Az

iQ(l‘,t)

>
>

uy(z,t) us(z,t)

e Xét mot doan Az ¢6 mo hinh mach tuong duong:

iw,p) 8o LA izt A1) R : Q/don vi dai

Yic L :H/don vi dai
— —C-Az ju(z+ Ax,t) G : S/don vi dai
C : F/don vi dai
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IJUCHIIC ARGV [<hii niem dudng day dai: mach cé thong s6 rai

Mo hinh duong day dai: quan hé dac trung

Quan hé dic trung

———>—————

u(z,t) G- Ax

o Luat Kirchhoff 1:
i(x,t) —ig(z + Az, t) —ic(z + Ax,t) —i(z + Az, t) =0

A
& i(x,t)—G-Aw-u(w—l—Aw,t)—C-Aw-au@—gtx’t)—i(:U+A:U,t) =0
Ci(z 4+ Az, t) —i(z,t) G oulot Ant) + O ou(x + Ax,t)
Az ot
Ar 0= 2N o wzt) + C - du(@t)
ox ot )

i(z,t) - Ax L Aw i(z + Ax,t) R : Q/don vi dai
ic L : H/don vi dai
—— C-ar Julzt At g /don vi dai
C : F/don vi dai

Em...\
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IJUCHIIC ARGV [<hii niem dudng day dai: mach cé thong s6 rai

Mo hinh duong day dai: quan hé dac trung E‘

Quan hé dic trung

i(w,fAr L A i@+ At R:Q/don vi dai
ic L : H/don vi dai
——CAr Julz+Ant) g don vi dai

C : F/don vi dai

u(z,t) G- Ax

o Luat Kirchhoff 2:
ug(x,t) +ur(x,t) + u(x + Az, t) —u(z,t) =0

di(x,t) +u(z + Az, t) —u(z,t) =0

< R-Az-i(xt)+ L-Ax -

ot
o _u(z + Az, t) —u(zt) CRei(ed)+ L ﬁz(afz,t)
ou(x,t) . Oi(x,t)
T = R L(.T,t) + L 8t )
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IJUCHIIC ARGV [<hii niem dudng day dai: mach cé thong s6 rai

Mo hinh duong day dai: quan hé dac trung E‘

Quan hé dic trung

i(a,t) BBz L Ax w R : Q/don vi dai
¢ yic L :H/don vi dai
—— O Ar Jue+Ant) g9 /don vi dai

C : F/don vi dai

e Heé phuong trinh dac tinh ciia duong day dai déu tuyén tinh:

di(x,t) Ou(x,t)
e G-u(zt)+C T
ou(z,t) . di(w,t)
o =R-i(z,t)+ L- 5 |
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Dusng day dai 6 ché do xac lap: truyén cong suat

.

Noi dung

=T

© Duong day dai

e Dudng day dai 6 ché do xac lap: truyén cong suat
@ Dong va ap diéu hoa trén dudng day dai
@ Hé phuong trinh hyperbolic va mang hai ctta tuong duong
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Dong va ap diéu hoa tréen duong day dai 4
o Trén duong day dai, cac tin hiéu c6 tri hiéu dung va géc pha thay
ddi theo chiéu dai:
u(z,t) = U(z)y/2sin (wt + o(z)) — U(z) = U(zx) /o(z)
i(x,t) = I(x)v/2sin (wt + 0(x)) — I(z) = I(z)/6(x)
e Nhan xét: anh phiic chi 1a ham theo bién  — dao ham theo bién

nay khong anh huéng dén bién kia
ou(z,t) dU (z)

o Dao ham theo chiéu dai:

x dx
ou(z,t :
o Dao ham theo thoi gian: uéi: ) +— jwU(x)
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap diéu hoa trén duong day dai E‘
e Hé phuong trinh dic tinh ctia duong day dai déu tuyén tinh:
ou(x,t) , i(x,t)
_ —R-ilzt)+ L -
op i@t L
di(x,t) ou(z,t)
. =G u(zt)+C- 5
o Ap dung cac cong thic dao ham vdi tin hieu diéu hoa:
d(fl:(f) =R-I(z)+ jwL I(z)
I : :
_dlz) =G -U(z)+ jwC - U(x)
dx
dt : : _ N
U(.I?) =—(R+ij)I(x):—ZI(x) ZW—R—F](:UL laAtOIlg
o dql:c tré doc duong day
I . . _ . s 42
dx dan ngang duong day
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap diéu hoa trén duong day dai m.,.‘
o Can tim U(x) va I(z) tit he phuong trinh vi phan tuyén tinh
TN g
T (z)
di () .
YWY v.op
In (z)
— dao ham tiép theo x
d?U (z) __z dI(z)
de? dx
PI(z) v dU (x)
de? dx
e Thay chinh dao ham cip 1 vao phuong trinh vi phan cap 2:
d?U () .
=2V U)
d?I(x) .
P =YZ i)
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap diéu hoa trén duong day dai ”

.......

e Hé hai phuong trinh vi phan cap 2 thuan nhat doc lap

207 (1 _
ddiguzy.m)
2 (s _
dde(Q):YZ-I(:C)

e Dat ZY = 42, dung toan tit Heaviside lap da thic dac trung:
p? =72 < p=1vvéiy=a+jB lasd phic
= He phuong trinh ¢6 nghiém (v6i céc he sé phiic):
Ux)= A -e " 4+ Ay - e
{ I(z) =B -e 7 + By -e*
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Dong va ap diéu hoa trén duong day dai ”

.......

o Thay nghiém vao hé phuong trinh:

dU (x) B .
dl’ =—7Z -I(x)
C”C;;’) - V- U(a)

—’yAle_w + 7142671} = —ZB1e " — ZBye*

—vB1e7 " + yBoe™ = =Y A1e77* — Y Aye?*

. ) . o A . A

e Dong nhat thitc (can bang hé s6): By = Lzl va By = e

Z
e Dat — = Z. = nghiém c¢6 dang:
8

Ulx)=U"(z)+ U (z)

Ux) =A;-e 7" 4+ Ay - *
{j(x)=f+(93)—f_(x)

P L R 4
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap diéu hoa tréen duong day dai
Ut _ U@ _,
() I-(z) °°
= Z. goi la tong trd séng ctia dudng day
o Ban chat ctia Ut (z), U~ (z), I1(z), I~ (z) 1a gi?

e Modi quan hé giita cac phan ti:

Em.\

o Xét thanh phan Ut (z) = A - e 7% v6i A} = A1e7% vay = a+ j8

- U+(l‘) = Ayel#1 . g (atif)z
= Ajeo@ . gi(=Pate1)

— ut(z,t) = Are”* sin (wt — Bz + 1)

13 thanh phan song thuan lan truyén véi toc do v =

™| &

o Tuong ty v6i thanh phan U~ (x) c¢6 ham thdi gian:
u” (x,t) = A1e* sin (wt + Bz + p2)

R N . w
la thanh phan séng ngugc lan truyen véi toc do v = B
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap didu hoa tren dudng day dai 4

Heé s6 phan xa séng

e Hai thanh phan séng thuan v séng ngudc:

Ulx)=Ay - e+ Ay - e .
- é e 1T — 42 {

. 22w
Z. Zc

I(z)
o Tai mdi diém trén dudng day, ta hinh dung cé mot séng téi (+) va
mot séng phan xa (—) trd lai
e Su phan xa nay cé thé khong toan phan ma chi phan xa mot phan
o Ty lé gitta séng phan xa va séng t6i goi 1a hé s6 phan xa:
n(x> — U_(QZ) _ I_(I‘) —_ ée?yx
U+t(x) I+(z) A

— Heé s6 phan xa 14 mot sd phiic

v
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INCHIC LAY Duong day dai 6 ché do xac lap:

Dong va ap diéu hoa tréen duong day dai

Heé s6 phan xa séng

truyén cong suat

Em.\

n(x) = Uﬁ(m) = Iﬁ(l‘) jlﬁm) j2£33)
Ut(z) It(x) g >
U(x) = U+(x) + U (x) Z
I(z) = It(z) - I (2) D@ Daf@)| 2
Ut U () E
Z. Z.

— Tinh ra U+ (z) = L2 g 17— (y) = U@=Zel@)

2

Uz) — Z. - I(z) G - z. Z(z) - Z,
= n(z) == : S (C) =
Ux)+ Z. - I(z) % +Z, Z(x)+ Z,

v6i Z(x) 1a tré khéng ctia mach tai vi tri

v
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap dieu hoa trén duong day dai E‘
Heé s6 phan xa séng
Z(z) — Z. I1£JC) Izgz)
n(xr) = ——~——- > >
(z) Z(x)+ Z. 2
o Hai vi trf diic biet: . _ g
1) Tai dau duong day: Z(z) = | Ue) Ta(@) ) 2
Z(0) = Z, — 21— Ze b
= nG == —
T 2tz
2) Tai cudi duong day: Z(z) = Asy e Ay
22 _ Zc @ Ny = A.—e = A
Z(Z)ZZQ%nQZﬁ 2 2
2+ Zc = ng = nlerl )
Heé s6 phan xa séng: truong hop hoa hop tai
° Z2:Zc:>n2:0:>U{ = 0 = Khong phan xa

v
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap diéu hoa tréen duong day dai

gm...\

Heé s6 phan xa séng: truong hgp hé mach
Il&l’) IQS:K)
0o Jhp=00=>ny=1 7
. . 1
= Uy =U; Ui@) D)
— Phén xa toan phan E
He s6 phan xa séng: truong hop ngadn mach
Il&l’) IQS:K)
@ Zo=0=>ny=-1 7
. . 1
= Uy =-Uy Uie) D)
— Phan xa toan phan ddi dau E
Ha Noi, 2026 172 /187
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap diéu hoa tréen duong day dai

Tém luge cac thong s6 duong day dai

e Cho cac thong s6 dic trung R, L, G, C clia duong day va tan sb6 w

o Téng tré doc duong day: Z = R + jwL

e Tong dan ngang dudng day: Y = G + jwC
e Hé sb truyén soéng: v = V2ZY = o+ jf8
w

e Van tbc truyén séng: v = —

e He s6 phan xa: n(x) =

B

2 A 7
Tong tré séng: Z, = — = 1/ —
¥ Y

(z

I~(z)  Z(z) - Z

) _ @) _
)

U_
Ut(z) I+(z) Z(z)

uuuuu o

Nguyén Bao Huy

(HUST)

Qua do - Phi tuyén - Dusng day dai

Ha Noi, 2026
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Dong va ap diéu hoa tren duong day dai E‘

Vidu 3.1:

Cho dutng day dai deu c6 R = 1Q/km; L = 4mH/km; G = 0S/km;
C = 3,19nF /km. Biét dién 4p cudi duong day Us = 220/0°kV va tai
Zy = 501/3 — §50. Tinh dién 4p t6i va phan xa & cudi duong day.
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Hé phuong trinh hyperbolic ctia duong day dai E‘

Y tuéng ctia phuong phéap
e Céc phuong trinh séng phitc tap va khong thuan tien dé giai mach
duong day dai xac lap
e Nhan xét: cac nghiém c6 chita e7® va e *

= Duing cac ham hyperbolic ¢6 thé sé thuan tién hon

Cac ham hyperbolic dung cho duong day dai

e —e %
@ sinhy = ———— @ —sinhx = coshx
2 dzx
x —T
e’ +e .
@ coshe = ——— @ — coshz =sinhx
2 dx
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Hé phuong trinh hyperbolic cua duong day dai ”

I I
o Tai mét vi tri z trén duong day dai > >

e Cac nghiém séng thuan va ngudc co . _ _
thé dugc viét lai dudi dang: Uy Ux) Uy
U(x) = M - cosh (yz) + N - sinh (yz)

e Tit hé phuong trinh dac trung ciia duong day dai:

dUd f) — 7. i)
dI(:C) B :
i =-Y  -U(x)
- dléix) = yM -sinh (yz) + YN - cosh (yz) = —Z - I(x)

. M N
= I(x) = 7 sinh (yz) — A cosh (yz)

Cc C
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Hé phuong trinh hyperbolic ctia duong day dai

.......

. . I I
e Tai mot vi tri z trén duong day dai > >
e Cac nghiém séng thuan va nguge co . . '
thé dugc viét lai dudi dang: Uy Ulx) U,
U(z) = M - cosh (yz) + N - sinh (yz)
: M N
I(x) = ~Z sinh (yz) — Z cosh (yx)
o Céac he s6 phic M va N xac dinh tir diéu kien bien:
e Tai dau duong day: 2 =0
— U(0) =U; = M -cosh (0) + N -sinh (0) = M = M = U,
. . M N . i
— I(0) =1 = ——sinh (0) — - cosh (0) = N=—-Z.-1;
Ze Ze
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Heé phuong trinh hyperbolic cia duong day dai EQ

>

U(x) = Uy -cosh (yz) — Z,- I -sinh (yz) {1 {2
I(x) = —71 -sinh (yz) + I - cosh (yz) _ _ _
. ¢ U1 U(l‘) U2
e Tai cudi duong day:
w=1U(l) =Us; () = I
— Heé phuong trinh dang truyén dat nguge (ma tran B):
Uy = Uy - cosh (yl) — I - Z - sinh (y1)

) 1 )
Iy =-U; - 7 sinh (y1) + I - cosh (y1)

c

— He phuong trinh dang truyén dat thuan (ma tran A):
Uy = Uy - cosh (Y1) + Iy - Z,. - sinh (1)

. | .
L =Us- 7 -sinh (y1) 4 I - cosh (71)

C
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Mang hai ctta ma tran A tuong duong E

= Mach tuyén tinh thong s6 rdi — mach thong s6 tap trung
e Mang hai cita truyén dat thuan ma tran A tuong duong:

jl jz jl j2
> > — ——

| | . cosh (yl)  Z,-sinh (1) .
lUl Ugl = lUl A= Zi - sinh (1) cosh (1) U2l

e Chu y: v = a + j3 1a s6 phiic
= (Cach tinh cac ham hyperbolic phiic:
cosh (Oé + ]B) _ e(a+j/3)+2€*(a+jl3) _ e%(cos B+j sin,B)Jrze*a(cos,ij sin )
=& *‘26 ° cosﬁ+381nﬂ€

= coshacos 8+ j smhozsmﬁ

—Q

e Tuong tu: sinh (o + j3) = sinh accos 5 + j cosh asin
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INUCHIIC LAY Duong day dai 6 ché do xac lap: truyén cong suat

Mang hai ctta ma tran A tuong duong

Vi du 3.2:
Il j2
VAl
U1 Uz Z2 |::|
E
I L

gm...\
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Dusng day dai 6 ché do xac lap: truyén cong suat

Bai tap E‘
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Dusng day dai & ché do qua do: truyen séng

.

Noi dung

=T

© Duong day dai

e Duong day dai 6 ché do qua do: truyen séng
@ Duong day dai khong tiéu tan va séng chay trén day
@ Mo hinh Petersen cho séng danh t6i cudi duong day
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= Mang hai ctta: A =

IDNICHTIC LAY Duong day dai & ché do qua do: truyén séng

Duong day dai khong tiéu tan

Dé don gian hoé viéc tinh toan qua do trén duong day dai, tam
xét duong day khong tiéu tan: R = 0Q/km; G = 0S/km

Tong tré doc dudng day: Z = jwlL

Téng dan ngang dudng day: Y = jwC
Hésétruyénséng:yzm:jwm:>a:0;ﬂzw LC

Van tbc truyén séng: v = khong phu thuoc tan sé

B m
A

) | L . R
Tong tré song: Z, = — = ol la mdt so thue = Thuan trd
Y

cos (Bl)  jZ.sin (Bl)

jZlc sin (Bl)  cos (Bl)

via=0

.......
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IDNICHTIC LAY Duong day dai & ché do qua do: truyén séng

Song chay trén duong day dai khong tiéu tan E

e Duong day dai khong tiéu tan c6 cong suat tieu thu bang 0
= Tin hiéu truyén trén duong day dai khong tiéu tan chi c6 géc pha
thay doi theo chidu dai day con bien do khong bi suy gidm
= Tin hiéu § diém A truyén dén diém B sé bi “tr&” mot khoang thaoi
gian T bang thoi gian lan truyén séng tit A dén B:
l
up(t) =ua(t—T) véi T = 2B
v
e Tam xét hién tugng quéa do véi cac so kieén bang 0 (cho don gian)
o Mot séng xuat hién tai diém A
o Do déng ngudn & dau day
o do sy c¢b 3 mot diém trén day
= Séng nay chay doc duong day khong tiéu tan dén mot nit B
o C6 thé la diém cudi duong day
o (C6 thé la diém ndi cac duong day
o C6 thé la diém nbi tai tren dudng day
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IDNICHTIC LAY Duong day dai & ché do qua do: truyén séng

Song chay trén duong day dai khong tiéu tan z

o Khi s6ng “danh” t6i niat B sé ¢6 “phén xa” va “khic xa” tai B

o Néu B la diém ndi tai cudi duong day, ning luong khic xa sé
tiéu tan hoic dugc nap vao tai

o Néu B la diém ndi v6i dudng day khac, séng khiic xa sé tiép
tuc lan truyén trén dudng day nay

= Bai toan qua do tai mot nut:
o Biét séng t6i, cho thong s6 dudng day
o Tinh séng phan xa va khuc xa
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IDNICHTIC LAY Duong day dai & ché do qua do: truyén séng

Mo hinh Petersen cho séng danh téi cudi duong day
e Khi séng danh t6i cudi duong day:
Ui (2,) = u™ (1)
upx(z,t) = u (z,t)
o Tong tré séng Z. la s6 thyc (thuan tré) = c6 quan hé clia séng
dong va ap trén mién thoi gian:
Uy (T:8) = Ze -ty (2,t)
Upx(,t) = Z¢ - ipx(z,t)
e Tai cudi duong day:
U2 (t) = utéi(l7t) + UP-X(lﬂt)
iQ(t) = itéi(lﬂw - ip-X(l7t)
= Nhan hai vé v6i Z, roi cong phuong trinh:
ws(t) + Ze - ia(t) = 2uy, (1)
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IDNICHTIC LAY Duong day dai & ché do qua do: truyén séng

.......

@ Mo hinh Petersen:

ua(t) + Ze - ia(t) = 2uyq(t)
= Soéng dien ap u,;(t) ddnh t6i cudi dudng day tuong duong véi viec
déng mot ngudn ap 2u, 4 (t) va mot tong trd song Z. vao tai
(Hoan toan tuong tu cho séng dong dién)
= Dua bai toan qua do & cudi duong day dai déu khong tieu tan vé
bai toan qua do ciia mach tuyén tinh thong s6 tap trung

Ui (1) =5 ia(t) ia(t)

»
>

UQ(t) Z2
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