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Mach phi tuyén

Co s0 1y thuyét mach dién



NO1 dung
« Gidi thiéu
» Pic tinh cta phan tir phi tuyén
» Ché dd xac lap
» Ché dd qua do

» Giai mot so bai toan phi tuyén bang may tinh

Mach phi tuyén 2




Gidi thigu (1)

Vé mach dién phi tuyén

Mach diép phi tuyé:n: c6 it nhat mot phan tir phi tuyén
(khong ké cac nguon ap hoac dong doc lap)

Phan tir phi tuyen: dap tng & kich thich lién h¢ v6i nhau
bang mot ham phi tuyén hoac mdt quan h¢ phi tuyén
(Dong/ap, dong/tir thong, ap/dién tich)

Tat ca cac mach dién trong thuc té déu phi tuyén

Mach phi tuyén 3



TRUONG BAIHOC,

dau ra

Gidi thidu (2)

dau ra

\ » \ »
dau vao dau vao

Tuyén tinh Phi tuyén
Mach phi tuyén 4
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Gici thiéu (3)
e Céc luat Kirchhoff van ding
» Khong xép chong dap tng
. Ung dung: dién tur, mach tu, ...
e Cac linh vuc nghién curu:

— Xac lap
— Qua dod

Mach phi tuyén 5




" BACHKHOAHAY

dau ra

V3=t

V2

V1

Gioi thicu (4)

Khong xép chong dap vng !!

Tuyén tinh

A \
dau ra
______________________ .
|
|
|
l
--------------- | V3#F Y1+,
I I
| |
| |
| |
| |
| |
_______ | |
| | |
| | |
L &
| | |
| | 10y x5) Y
| | | >
X1 Xy dau vao

Mach phi tuyén

!

A
______________________ |
|
|
|
|
|
|
|
|
_______________ I
| |
| |
——————— . | () x,)
| | | -
Xy X dau vao
Phi tuyén
6




o I

Gi6i thiéu (5)

Tuyén tinh Phi tuyén
R = const R=R(,¢t, ...)
L = const L=L(t¢t,...)
C = const C=C(u,t,...)

A
el

/
{7+ N %

—

Mach phi tuyén 7 N



Gisi thiéu (6)

Mo hinh toan: hé phuong trinh vi phan phi tuyén
Rut ra tur 2 luat Kirchhoff

PTVP c6 cac van dé chinh:

— Nghiém c0 ton tai khong

— Nghiém c6 6n dinh khong
Moén hoc nay gia thiét rang d ton tai nghiém, chi can tim nghiém
Mach tuyén tinh c6 phuong phép tong quat cho nghiém chinh xéc
Mach phi tuyén khong c¢6 phuong phap tong quat cho nghiém
chinh xac
Thuong dung cac phuong phap gan dung

Mach phi tuyén 8
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BACH KHOAHAINO1}
NoO1 dung

G161 thi€u

» Pic tinh ciia phan tir phi tuyén

Ché d6 xac lap
Ché d6 qua do

Giai mot so bai toan phi tuyén bang may tinh

Mach phi tuyén




BACH KHOATHAINO
Pic tinh cta phan tir phi tuyén (1)

» XAy dung: bang thi nghiém
» Biéu dién bang;

— DO thi

— Ham giai tich

— Bang s0

Mach phi tuyén




~BACH KHOAHAINO
Dic tinh cta phan tir phi tuyén (2)

i(A) | 1 2 3 4
(V) u(V)| 3,5 | 55| 61 | 53
L A A ;

———————————————————————————————————————————————

u(i)=— 0,72+ 4,1

A RV

Mach phi tuyén 11




Dic tinh cta phan tir phi tuyén (3)

 H¢ s6 dong:

kg (x) = 6];()6)
X
 Vidu:
0 0 0
p="20 L= =

Mach phi tuyén
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Dic tinh cta phan tir phi tuyén (4)

e H¢ so tinh:

kt (X) — f(X)

X

 Vidu:

l 1 1

Mach phi tuyén
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Dic tinh cta phan tir phi tuyén (6)

ke _, ),

Mach phi tuyén 15



Pac tinh cua ph?m tur phi tuyén (7)

 Ho dac tinh

le = 30 mA

I =20 mA

Iz=10 mA

Diong collector (mady)

' L'l ' 3 .. V-:_ E
—2 0 2 4 6 B

Ap collector - base (V)

Mach phi tuyén 16



 BACH KHOAHAINO)

Pac tinh cua phén tur phi tuyén (8)

2 tinh chat co ban:
1. Tao tan
u(i) = 31

i(¢) = 5sir.t A } =2 u(t) = 3(5sin314¢)?

— 75sin2314¢

2. Khong xép chong dap tng
u(i) =32

[ =2A D ug(2+4) =108 # uy(2) + uy(4) = 60
ih=4A

Mach phi tuyén -



NO1 dung

* (G101 thiu
e Dac tinh cua phan tu phi tuyén
« Cheé do xac lap
— Ché d¢ hang
* Khai niém
« Phuwong phap d6 thi
* Phwong phap do
* Phwong phap lap
 Mach twr
* Mach tir c6 nam cham vinh ctru
— Ché d¢ dao dong
. Ché d6 qua do

o Giai mot so bai toan phi tuyén bang may tinh

Mach phi tuyén




Khai niém

Dong & ap khong bién thién theo thoi gian
- L ngan mach, C hé mach
(hé) phuong trinh vi phan phi tuyén > (h¢) phuong trinh dai so
phi tuyén
Y nghia:
— La md hinh cua cac thiét bi dién mét chiéu (vidu ac quy)
— La mét budc quan trong dé tinh toan cac ché do khac
Giai:
— P/p d06 thi
— P/pdo
— P/p lap

Mach phi tuyén
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TG aHOANAN]

Phuong phép d6 thi (1)

» Dung d6 thi trén mit phang 2 chiéu (hoic mit phang
trong khong gian 3 chiéu) dé tim nghiém
» Chi dung cho phuong trinh t6i da 2 an
» Cac phép toan trén do thi:
— COng/tru
— Tile
— Nhan/chia

— Tim nghiém

Mach phi tuyén 20



SEs  uiooanao
Phuong phap d6 thi (2)
o Cong/trir do thi: £.(x) £ ()

AR T N VO Rs
| | fé

|
| /1) - /)

Mach phi tuyén




Sisuss | koo uo R
Phwong phap do thi (3)
e Tileé: kf(x)

2f,(x)

k

|
\)

Mach phi tuyén
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Phuong phap d6 thi (4)
» Nhan/chia: vi du f;(x).f5(x)

, i) A

/>

Mach phi tuyén
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Phuong phap do thi (5)

 Tim nghiém:  f,(x) = f,(x)

f
A
A
g
0 N P

Mach phi tuyén




VD1 Phuong phép dé thi (6)

Tim dong dién trong mach.

A

/

“(V) (l) + 1,51

s

I =

R
]-:-SQ i i : |

+

u (i) +ryi

2> u(i)+1,5=9

S>i=22A

OV
=

=9

‘ 

Mach phi tuyén 25



VD1 Phuong phép d@) thi (7)

Tim dong dién trong mach.

P u (V)]
A 1 ——
rl I'EZ]. :.5 Q

OV
=

u(i)+ryi=9
2> u(i)+1,5=9
2 u(i)=9-1,5i

S>i=22A

Mach phi tuyén 26



Mach phi tuyén




§iidun- | BACHKHOAHAINQI)
VD2 Phuong phap do thi (9)

u (V)] u, (1) + uy(i)
A R
r
9V
|-
uy (i) + uy(i) =9
i=23A

Mach phi tuyén 28



VD3 Phuong phap do thi (10)
Tim dong dién trong mach.
u (V)]
A
/1 B
— 1 4
A
g pam
5
(i) ?
[5(uy) = i (u) + ip(u)

p g@n-_xﬂﬂﬂ HAINOIf

Mach phi tuyén




BATH KHOAHANOTIN
VD4 Phuong phap do thi (11)

Tim dong dién trong mach.

u (V)
P T

Mach phi tuyén
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VD5 PhlI'O’Ilg pha dO thl

e, =16V;e,=9V;j=2A; R, =4Q;
R,=6Q;R;=2Q; R,=10 Q; Tinh 7.

— ] I — .
R, “ Ry |5 { ¢
R
Ry D
R,
| L,
e T B +— o
R Ry |5 ¢
R
@ >R B, {
]
82 CI‘ % fI

Mach phi tuyén



— Phuong phap dé thi (13)

e,=16V;e,=9V;j=2A; R, =4 Q;
R,=6Q;R;=2Q; R,=10 Q; Tinh 7.

—_ ] L * { E?'
R

R, 4 Ry |b
Ry DR4 i)

. |

R, =[(R//IR,)+R;]// R,

(4466+2j10

= 42 ~3.06 O
—+2+10
4+6

Mach phi tuyén



e,=16V;e,=9V;j=2A; R, =4 Q;
R,=6Q;R;=2Q; R,=10 Q; Tinh 7.

—1 1 s
R, 9 Ry |° ¢
RZ
™ R @, |es
E’l .
2 Cl - fi
bat ¢, =
(1 NI l)cﬁa—i¢b=ﬁ+e—2
) Rl R2 R3 R3 Rl RZ
1 1
- __|__
\ R3 (061 (R R )¢b

—>¢,=1528V e, =@, =1528V

Mach phi tuyén




VD5 Phuong phép dé thi (15)

e,=16V;e,=9V;j=2A; R, =4 Q;
R,=6Q;R;=2Q; R,=10 Q; Tinh 7.

R,=3,060; e, =1528V

(i) + Ryl = e,y
=2 u(i) + 3,06i = 15,28
=2 u,(i) = 15,28 — 3,06i

2>i=29A

Mach phi tuyén




Phuong phap do thi (16)
Uu diém: truc quan
Nhuoc diém: chi cho 2D & 3D
Dung cho mach don gian, c6 it phan tir phi tuyén
Thuong phai phoi hop véi cac phuong phap don gian
hod mach dién (bién do1 tuvong duong)
Néu mach phirc tap, co nhiéu phan tir phi tuyén = kho
vé do thi

—> phuong phap do

Mach phi tuyén 35




TRUONG BAIHOC,

84T KhOA WAIND)

NoO1 dung

G161 thi€u
DPac tinh cua phan tir phi tuyén
Che do6 xac lap
— Ché d6 hang
e Khai niém
« Phuong phéap d6 thi
* Phwong phap do
* Phuong phap lap
* Mach tu
* Mach tr c6 nam cham vinh ctru
— Ché d6 dao dong
 Ché do quadod
e (Gid1 mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén




~ BACH KHOALHAINO]

Phu:ong phép do (1)

Do thong s6 (nghiém) dé thoa man mach dién (phuong trinh mo
ta mach dién)

VD1 — T u (V)
r, =150 ] S R

Ny wDFri =9

Mach phi tuyén 37




1 ’

Phu:ong phép do (2)

Lap so d6 tinh

v

Gan cho nghiém
mot gia tri

v

=35 :
u1(2) =57V Thay vao
u,\D=151=15V so do tinh

111(1) + 1/2(1) =5\V_

O F =9V

iM=22A

u (i) +ryi=9

[ u(V)

]

___________________________

————————————————————

u, (i)

l (A)

=22 A 4

|

38



Phu:ong phép do (3) 2

;’/
i > u,(i), ry - : L r, r=1358
’ Lap so do tinh u(i)+ri=9
=2 u, (i) +ryi D WORSE
v || . v
Gan cho nghiém - L
i@=22A mot gia tri
u@=57V Thay vao I K
B 1599233V so dd tinh ( ( )+u( ))—9‘
u2 — 1,0.4,2 =3, S E
' — 9
1, + 11,@ =®V Kh@ng ‘ 0 onst‘
Co
const
M=22A
Mach phi tuyén 39



Phuong phap do (4) 2

/
2 uy (D), uy(i) 2 uy (i) T uy(i) . . ;1'1 r.=1,50
u (i) +ryi=9 2
1OV
A 1 V - —
k 1 |2 |3 (V) |
(k 12 - o o i
i (A) 1 2 2,5 : : : :
u,® (V) 35 | 55 |62 | Li i
w®=150N) | 15 | 3.0 | 3,75
e® =y, ® +14,B (V)| 5,0 8.5 9,95
e —9
5 (%) 44,0 | 5,6 10,6
& i : :
0 4
Mach phi tuyén 40



Phu:()’ng phép do (5)

i (A)

1

e(k) = ul(k) + uz(k) (V) 590

U

v
Do tiép
v
=22 A
v

u®=57V
w,®=1,522=33V

v

u1(4) + u2(4) =0V

v
=22 A

v

Noi/ngoai suy

0

iM=22A

Mach phi tuyén

i (A)

41
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VD2 Phuong phap do (6) g g
Tim dong dién trong mach. f{ "f/l‘/
1 2
e 2
L2 uy(0), uy(i) 2 uy (D) + uy(?) [ 4 (V) L
P R e O S
i® (A) 1 2 250 |
u,® (V) 3,5 5,5 6,2 . . . .
G 05 |20 |29 | ol

eW=u®+u,® (V) 44 |75 | 9l
e =9
9

(%) 51,1 | 16,7 | 1,1

0(/
Mach phi tuyén




B BACH KHOAJHANO

Phuong phép do (7)
» La phuong phap so
 Ap dung cho mach dién c6 nhiéu phan tir phi tuyén
» Ap dung cho phuong trinh 1 an

At

bt

W

Mach phi tuyén 43
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VD3 PhlI'O’Ilg phé do (8

e, =16V;e,=9V;j=2A; R, =4Q;
R,=6Q;R;=2Q; R,=10 Q; Tinh 7.

Mach phi tuyén



TRUONG BAIHOC,

84T KhOA WAIND)

NoO1 dung

G161 thi€u
DPac tinh cua phan tir phi tuyén
Che do6 xac lap
— Ché d6 hang
e Khai niém
« Phuong phéap d6 thi
* Phuong phap do
* Phwong phap lap
* Mach tu
* Mach tr c6 nam cham vinh ctru
— Ché d6 dao dong
 Ché do quadod
e (Gid1 mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén




 BACHKHOA RAINO!

Phuong phép lép (1)
* Ap dung cho dang x = f(x)
» Nghiém: giao diém ctia duong thang y = x & dudng cong

y =fx) )

y=x

A0 D 0= fx0) Y
x() :y(O) > y(l) Zf(x(l)) y(o) ________________________________
X® = ()
X =y~ 1) L e A :

a y = fix)

n="~" N , ‘
i X0 XD D x

Mach phi tuyén



Phu:ong phép lép (2)

Lip dén khi nao thi da?

Cho dén khi nghiém gan
ding du sat vo1 nghiém

, Y
ding

Thé nao 1a da sat?

‘x(") _x(”_ 1)‘ S )

O !
Mach phi tuyén x(0
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Phuong phap 1ap (3)

DPuong cong bén phai déc hon duong phan giac y = x

Hoi tu

x(lo) X ]

Mach phi tuyén




Phuong phép léflp (4)

Dicu kién hoi tu: duong cong f(x)
it doc hon dudng phan giac y =x
> @) < =1

D¢ 1a diéu kién gian ti€p

y

Diéu kién truc tiép:

Tai sao phai xét diéu kién gian
tiep?

Néu khong thoa man diéu kién hoi
tu?

Mach phi tuyén
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)
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Phuong phap 1ap (5)

)
X = f,(X,X5,..0,X,)

X, = fo (X, %y, X,)

\xn = fn ('x19x29‘”9xn)

X = F(X)

Mach phi tuyén




x=f,(x,»)
y:fz(xay) Az

fz(l) =y

£, = x

Phuong phjc’}p

A




 BACH KHOAIHAING)

Phuong phép lép (7)

Diéu kién hi ty clia hé da bién?
Ciing dung do nghiéng ctia ham da bién:
dd nghiéng< 1

P06 nghiéng? n n n
ST ey A 3 2 s T
1 Ox, 1 Ox,

k=1 OX}

}

" of o o of
Zf 9 i

o Ox, Ox, Ox, Ox,

Pi1éu kién ho1 tu:

0,
)y

k=1 axk

a2
Zf

max{

o,
2o,

klxk

}<1

Mach phi tuyén
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 BACH KHOAIHAIN!

VD1 Phuong phép 1ap (8)
Tim mién hoi tu cta dong dién. u (V)A
i
#,/ 12
S 6 L2
I‘ 9V
malll

u, (i) +ryi=9

O—u, (i) 9—u, (i)

—i= = =fQ |
v, 6 f( ) i : : ! (A)
0° ' | | >
8
g @O _, || _|do-u®] _1du@)|_, | |du®|_o .,
di di 6di | 6| di di
Mach phi tuyén 53



VD2 Phuong phép 15113 (9)

il = O, 5— O, 0051/!1 (ll) + O, 003142 (12) = ]Fl (ll R l2)
i2 = 0,6 + O, 003111(11) — O, 0047/!2(12) = fz(il,iz)
voi uy (i) = =221i% +260i; u,(iy) = —438i3 +405i,
X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.
} <1

n
max

Cho h¢ phuong trinh {

9oy

of | & of,| | o
Shiy Pl 39

o Ox | | Ox, 1 Ox,
e 2
2.0 2.9
—> max 1 (Zaij ,[Zaﬁj - <1
) )
([N i 20,2,1,=0,3| ML 20,2203
Mach phi tuyén 54



VD2

Phuong phép lép (10)

Cho h¢ phuong trinh {

il = 0,5—0, OOSul(ll) +O, 003142(12) — _f](ilal.Z)
iy =0,6+0,003u, (i) —0,004u, (i) = f,(i,1y)

voi uy (i) = =221i2 +260i,; u,(iy) = —438i3 +405i

X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.

2

4

. [szJ

k=1

\

[i%]
k=1 Ol ;,=0,2;i,=0,3
k=1 Ol ;,=0,2;1,=0,3

i =0,2;i,=0,3

k=1
I
@ll i=0,2
%5
all _02

Mach phi tuyén

2, of,
(Za—

J

L
512

)
@lz

i =0,2;i,=03

i,=0,3

> < 1

i,=0,3

95



VD2 Phuong phap 1ap (11)

il = O, 5-— O, 0051/!1 (ll) + O, 003142 (12) = fi (ll R lz)
i2 = 0,6 + O, 0031/{1(11) - O, 0041/!2(l2) = f2(i19i2)

voi uy (i) = =221i2 +260i,; u,(iy) = —438i3 +405i,
X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.

Cho h¢ phuong trinh {

(i %) _ @] L%
= i,=0,2;i,=0,3 O ;0.2 812 $,=0,3
9 _ =0, oosah“‘1 2,215 —1,3— % =—0,858
all ll ll _0 )
D _ 000392 = 6280, 11,2155 L Z0.427
812 dlz 6l2 i 203
Mach phi tuyén 56



VD2

v -
Phyong phap lap (12)

Cho h¢ phuong trinh {

X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.

il = O, 5— O, 0051/!1 (ll) + O, OO3M2 (12) — fi (ll ) 12)
iy =0,6+0,003u, (i) —0,004u, (i) = f,(i,1y)
voi uy (i) = =221i2 +260i,; u,(iy) = —438i3 +405i,

y
[i %] _ || Lo

=1 Ol i =0,2;i,=0,3 Olizon %2203

2
0

5_f1 = 0,858 >—> (ij

hli0,2 k=17 Jli —0,2:1,=0,3
%l o407 =|-0,858+0,427|= 0,431

21i =03 J

Mach phi tuyén

Y



~ BACHKHOAJHAINO}

VD2 Phuong phap 1ap (13)

ij =0,5—0,005u, (i, ) + 0,003, (i) = f;(iy, i)

i» =0,6+0,003u; (i) —0,004u, (ir) = f>(iy, i)
voi uy (i) = =221i2 +260i,; u,(iy) = —438i3 +405i,

X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.

Cho h¢ phuong trinh {

2
22:% —0.431: Z% — % 8f 2
i,=0,2;1,=0,3 i,=0,2;i,=0,3 L=Y, =
% 0003‘11”1 =—1,326i,+0,78 —>—= )3 =0,515
511 dll 511 _092
% =—0, 004% =3,504i, —1,62 —>Q =—-0,569
alz dlz 12 i ~0.3

Mach phi tuyén 58 N
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VD2 Phuong phap lap (14)

il = O, 5-— O, 0051/!1 (ll) + O, OO3M2 (12) = fi (ll R lz)
i2 = 0,6 + O, 0031/{1(11) - O, 0041/!2(l2) = f2(i19i2)

voi uy (i) = =221i2 +260i,; u,(iy) = —438i3 +405i,
X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.

Cho h¢ phuong trinh {

, A
=g ,=0,2:1,=0,3 O lic02 9203
2
9k
P 515 = [Z gj
iy |, 95 k=1 77k )i —0,2;i,=0,3
=10,515-0,569|= 0,054

A ‘
012 i2=0,3 j

Mach phi tuyén
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VD2

Phuong phép lép (1 5)

Cho h¢ phuong trinh {

il = O, 5-— O, 0051/!1 (ll) + O, OO3M2 (12) = fi (ll R lz)
i2 = 0,6 + O, 0031/{1(11) - O, 0041/!2(l2) = f2(i19i2)
voi uy (i) = =221i2 +260i,; u,(iy) = —438i3 +405i,
X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.

max <

7
:

2

k=1

2

k=1

9

i

A

Oi;

J » [Z
i =0,2;i,=0,3| [\F=1

2, of,
%

k=1

S
i

] =0,431
i =0,2;1,=0,3

1

i =0,2;i,=0,3

i=0,2;i,=0,3

><1\

»— max {0,431; 0,054} <1

=0,054)

Mach phi tuyén
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VD2 Phuong phép lap (16)

ij =0,5—0,005u, (i, ) + 0,003, (i) = f;(iy, i)

i» =0,6+0,003u; (i) —0,004u, (ir) = f>(iy, i)
voi uy (i) = =221i2 +260i,; u,(iy) = —438i3 +405i,

X¢ét tinh ho1 tu cua hé tai 7, = 0,2; i, = 0,3.

25 2 5
max - (z%} (kzla%

k=1 I, :0,2;i2 =0,3 i1=092;i2 =0,3

\ J

— max {0,431; 0,054} <1

Cho h¢ phuong trinh {

> < |

—0,431<1 (dung)

— H¢ phuong trinh héi tu tai i, =0,2; i, =0,3
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Phuong phap lap (17)

Xay dung x = f(x)
v
Co
k=0;chon x¥) € G
v
k=k+1 ¢
v
x® = fixtk —D)

<
0 I Khong
! Co

{ Dung }

\4

Mach phi tuyén




VD3 Phuong Phép lap (1 8)
Giai mach dién bang phuong phép lip, y = 0,1.
o 9—-u (i) 9—-u (i .

i)+ i =9 — =2 220Dy

o u (V)
(theo VDI1) (i) ho1 tu vo1 i > 0.
k 1 |2 |3 |4 5
oo o oS [
(V) 0 |44 |27 |34 |30
O—u®V) |9 |46 |63 |56 |60
0= G 105 [ [ 1
i® —i® D (A)] 1,5 | 0,73 ] 0,28 | 0,12 | 0,07

e S

0"

Mach phi tuyén

63



muims i A Eﬁ[]

VD4 PhlI'O’Ilg phé 15 19

e, =16V;e,=9V;j=2A; R, =4Q;
R,=6Q;R;=2Q; R,=10Q; Tinh 7.

Mach phi tuyén



B BACH KHOAJHANO

Phuong phép lefip (20)

» La phuong phap so

e Truoc khi tinh todan phai xét xem ¢ ho1 tu khong

. Phu:ong phap nay chi tim dugc nghi€ém chir khong tim
dugc tat ca cac nghiﬂém

/

Mach phi tuyén X ] 65



TRUGNG[BALHOC]

BACH KHOATHAIN]]

NO1 dung
e (G161 thi€u
« Dic tinh cta phan tir phi tuyén
« Che do xac lap
— Ché d6 hang
e Khai niém
« Phuong phéap d6 thi
* Phuong phap do
* Phuong phap lap
 Mach twr
* Mach tr c6 nam cham vinh ctru
— Ché d6 dao dong
 Ché do quadod
« Giai mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén




TRUGNGIBALHOC]

'BACH;KHOA{HAING]

Mach tur (1)

Mo hinh hoa su phan bo dong tir thong cua 16i thép (cua,
vi du, may bi€n ap)

C6 tinh phi tuyén (quan hé giita cuong d6 tir truong H &
cuong do tur cam B)

Cé su tuong tu gitta mach tir & mach dién mot chiéu >
cO thé ap dung cac phuong phap giai mach dién phi
tuyén (DC) cho mach tu

Mach ttir ¢6 it nhanh & it nut
Cap bién cua mot doan mach: dong tur & ap tu

Mach phi tuyén 67
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Mach tir (2)

Cac gia thiét gan ding;
— Tu truong khong ro vao khong khi
— Kich thuéce doc (doc theo duong strc) >> kich thudc ngang
(vudng goc vo1 duong suc)
2 Bl - B2 - B3 - Btr}mg binh )
— Khe ho khong khi (néu ¢6) << kich thudc ti€t dién
2 S, =S,

S, S,
R

< B, « i |
< B, ‘—\I/_'—:
—) —

Mach phi tuyén
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Mach tir (3)
 Cap bién cua mot doan mach: dong tur & ap tu
* Dong tu:
-
b = j j BdS
> > —>¢=BS
Bl :B2 - B3 :Btrungbinh
_/
B:T
S: m?
D: Wb
<4 B1
< B,
< 33
Mach phi tuyén 69



Mach tir (4)

e Luat Kirchhoff 1 cho dong tu:
“Tong dai s6 cac dong tir thong & mot dinh triét tiéu”
2, =0
o (xuat phat tir tinh chat lién tuc cta tir thong)

Mach phi tuyén 70



B BACH KHOAJHANO

Mach tu (5)

 Cap bién cua mot doan mach: dong tur & ap tu
« Ap tur:
= HI
e trong d6 H : cuong do tu trueong (A/m)
[ :d0 da1 doan mach (m)
« Ap tur 1a dai lugng dung cho tinh toan, khong phai dai
luong vat ly

Mach phi tuyén 71



Mach tu (6)

e Luat Kirchhoff 2 cho ap tu:
“Trong mot vong kin tong dai so cac ap tir bang tong dai so

cac suat tir dong”

2y = 2F
trong d0  uyy = H
F K Wkik vOl1 Wy s6 vong day
ik : dong chay trong vong day
Chiéu ctia F, tuan theo quy tic vin nut chai

Mach phi tuyén 72
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Mach tur (7)
e Tu tro:
u, HI
]/'M — —
. ¢ BS
 Tu dan:
¢ BS
S u,, Hl

* Quan h¢ gitra B & H:
— Vat liéu sat tir:  phi tuyén > r,, & g,, phi tuyén
— Vat liéu khac: B =u,H > r,, & g,, tuyén tinh
1y =41.10-7 H/m

Mach phi tuyén




Mach tu (8)

o, A o,
| T
*—fin—

i

{ B 4

Wi T h Ll e, <

. 4 b S, {

| . ]

B
319'81 B 323'8'2

-+, +¢,=0 —>-BS,+B,5,+B,5,=0

Uy Uy, =F+F, —HIL+HIL=wi+w,i,

Mach phi tuyén 74



~ BACH KHOAJHAINO)]

Mach tir (9)
Mach dién Mach tu
I ® =BS
u u,, = Hi
r Fo
25, =0 2P, =0
2y = e 2y = 2F

Ap dung cac phwong phap gidi mach dién cho mach tir

Mach phi tuyén
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L, Wis 1, Wy )
(]
l]) S]) 129 Sza 139 S3 wl q ; I3|
T\ \ hA r hr h . ) D SB
1m tu thong cac nhan D
1.5 B
¢l _¢2 _¢3 — O (BISI _stz _B3S3 — O(l)
Uy TUy s =1 —><H +H]I =wi (2)
(Upry —Uy3 =1 \H,l,— H,l; =w,i, (3)
Tra bang/d6 thi (2) Tra bang/d6 thi ‘
B H —>H3 B3 (1) Tra bang/do thi (3) ?

B,

Mach phi tuyén 76



TRUONG BAIHOC,

84T KhOA WAIND)

NoO1 dung

G161 thi€u
Dic tinh cta phan tir phi tuyén
Che do6 xac lap
— Ché d6 hang
e Khai niém
« Phuong phéap d6 thi
* Phuong phap do

* Phuong phap lap
* Mach tu
* Mach tir c6 nam cham vinh ctru

— Ché d6 dao dong
« Ché d6 qua do
« Giai mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén
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Mach tr c6 nam cham vinh ctru

e Néu khong c6 cac F khac thi dac tinh lam viéc cua nam cham
vinh ctru nam trong goc Il = B & H nguoc dau
e Phuong trinh K2:

H\l, + Hyly =0 > H,l; = = Hyly <> D,(u) = — Py(u)

A
B(T) xS ’ D (Wh) (H, = ”1‘—0 « u,=H,,
0
- D(u) Uy %, 9 = B,S, = 1, H,S
= <«
B,(H) ly 1Sy ) ¢
v H, = ¢g
S, oo
b () &, = u, L020
< < IO
- H (A/m) OXI -u (A) 0
Mach phi tuyén 78
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NO1 dung

e (G161 thiéu
« Dic tinh cia phan tir phi tuyén
« Ché do xac lap

— Ché do hang

— Che d0 dao dong

Khai niém

Phuong phap cin bing diéu hoa

Phwong phap tuyén tinh diéu hoa

Phuong phap tuyén tinh hoa doan diic tinh 1am viéc
Phwong phap do thi

Tw dao dong

« Ché d6 qua do
o Giai mot so bai toan phi tuyén bang may tinh

Mach phi tuyén
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Khai ni¢m (1)
* u,i, D, glacac ham chu ky theo thot gian
e 2 kiéu dao dong:
— Cudng burc: ¢6 kich thich chu ky
— Tu dao dong: chu ky dap ing # chu ky kich thich
e MO hinh toan: phuong trinh vi phan
 Céc van dé cta PTVP:
— Ton tai nghiém: gia thiét 1a nghiém tén tai = chi tim nghiém
— Nghiém 6n dinh:
« 6n dinh > dao dong x4c lap
* khong 6n dinh = coi nhu vo nghi¢m
— So kién
* mach tuyén tinh: dao dong khong phu thudc so kién
* mach phi tuyén: dao dong co thé phu thudc so kién

Mach phi tuyén 80



Khai ni¢m (2)

 Tinh chat

— Tao tan: @ > 2w, 3w, 4o, ...

W%

Mach phi tuyén




o m

Khai ni¢m (2)

e Tinh chat

— Tao tan: @ > 2w, 3w, 4o, ...

— Pa dao dong/da trang thai (tan s6 co thé phu thudc so kién)
* Y nghia: b khuéch dai, may phat song, role, ...
* Phuong phap:

— Can bang diéu hoa

— Tuyén tinh diéu hoa

- Tuyén tinh hoa doan dac tinh lam viéc
— Do thi

Mach phi tuyén 82
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Can bang dicu hoa (1)
« La phuong phap giai tich

MO ta mach:
Fix,x’, ..., 0)=0(1)

« Gia thiét ton tai dao dong = tim nghiém & dang chudi dao dong
(Fourier): . .
x(t) = Z A4, coskawt + Z B, sin kot
k=1 k=1

Mach phi tuyén




Can bang diéu hoa (2)

x(t) = Z A, coskat + Z B, sin kot
k=1 k=1

=1.5
(ah

oy L5

CIA A AL AN

SN"rVVVVV\.
5 [

AU ALY A
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S AN W

v

(1}
5 5
4 v
1 F 1
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ik
]
F
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. o v\l\
+ I |I '
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+
oth
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Can béng di€u hoa (3)
La phuong phap giai tich

Mo ta mach:
Fix,x’, ..., 0)=0(1)

Gia thiét ton tai dao dong = tim nghiém & dang chudi dao dong
(Fourier): . .
x(t) = Z A4, coskawt + Z B, sin kot
k=1 k=1

Thay x(¢) vao (1):

> C,(4,B,w)coskart+) S, (4,B,w)sinkat+H =0
k=1 k=1

{4,,4,,... 4}
{B,,B,,..,B,}

n

H: tong cua céac diéu hoa bac cao (k> n)

A
B

Mach phi tuyén
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Can bang diéu hoa (4)

ZCk(A,B,a))coska)t+ZSk(A,B,a))sinka)t+H:O Vvt
k=1 k=1

(C/(4,B,0)=0

S,(4,B,w)=0

C,(4,B,w)=0

S,(A,B,w)=0 —> A,B —>x(t)= iAk coska)t+zn:Bk sin kot
k=1 )

%

/N

C (A4,B,o)=0
S, (4,B,w)=0

Mach phi tuyén 86



Can bang diéu hoa (5)

VD1 .
e uc+dl// : ldt+aw di . H e=FE sinwt
dt C 81 dt le C w w:ai_bl’3
=%_’id¢+(a—3bi2)i' v — 9 e

— Ce'=i+C[(a=3bi%)i"]" =i+C(a—3bi*)i"-6Chili ')2}
bat i = Acoswt

— CE, wcoswt = (A~ Cadw® +0, 75CbA3a)2) cos wt +

Mach phi tuyén

2, 25ChA> w* cos 3wt

Piéu hoa bic cao
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Can béng diéu hoa (5)

VD1 .
e uc+dl// : ldt+8w di . H e=FE sinwt
dt C 81 dt le C w w:ai_bl’3
L. 2N oy _
:E' idt +(a—3bi”)i Y L i 9 (bacl)

— Ce'=i+C[(a=3bi*)i"]' =i+ C(a—-23bi*)i"-6Chi(i")* }

bat i = Acoswt

— CE, wcoswt = (A~ Cadw® +0, 75CbA3a)2) cos wt +2,25ChA> @* cos 3wt

Piéu hoa bic cao

— CE, wcoswt = (A— Cadw® +0,75ChbA> w* ) cos wt

— A—Cadw* +0,75CbA’w* =CE, 0 —> A —|i= Acos ot

Mach phi tuyén
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7
= Ri +(a—3bi*)i'

bat i = Acoswt + Bsin ot

|

e=FE sinwt

v = ai—bi’

[ =7 (bacl)

—>e=[RA+awB -0, 75ba)(AzB + B )]coswt +[RB —awA+0, 75ba)(A3 + AB? )]sin wt +

+0,75bw(B> —3A4°B)cos3wt +0,75baw(A° —3AB*)sin 3wt

Piéu hoa bac cao

~[RA+awB—0,75bw(A*B + B’ )]coswt +[RB—awA+0, 75ba( 4> + AB*)]sin wt

=FE sin wt

RA+awB—0,75bw(A’B+B)=0
_>
RB—-awA+0,75ba(A’ + AB*)=E

A
>4 >
B

Mach phi tuyén

i = Acos wt + Bsin wt
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| BACHKHOAIHA|NG]

Can bang diéu hoa (7)

o Uu diém: thong tin phong pht vi nghiém c6 dang giai
tich
» Nhuoc diém:
— Cong kénh
— Kém chinh x4c vi qua nhiéu buéc gan dung
* Chi dung cho cac bai toan don gian, nghién ctru so bo
thiét b1 dién
u = Ri+(a—3bi%)i }_»
i = Acoswt+ Bsin wt

u=[RA+awB—0,75baw(A°B+ B’)]coswt +[RB —awA+0,75baw(A° + AB*)]sin wt + H

Mach phi tuyén 91
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Cén bang dieu hoa (8)

. dy VD2
e=Ri+—— e=FE sinot
dt
Dit i= Acoswt+ Bsinwt v = ai—bi’
| =7 (bich)

=[RA+awB—0,75bw(A’B + B*)]cos wt +[RB —awA +0,75baw(A> + AB*)]sin wt + H

| {RA +awB—-0,75ba(A*B+ B*)=0 {A
=FE smot — —>

RB—awA+0,75bax(A’ + AB*)=E

Tinh toan cong kénh > C6 thé giam duoc khéi
lweng tinh toan?

Mach phi tuyén 92




VD3
-— I e=FE sinwt
» A
l e 4 |g=au,.—bu
» + i [ =7 (bacl)

Mach phi tuyén




TRUONG BAIHOC,

84T KhOA WAIND)

NoO1 dung

G161 thi€u
Dic tinh cta phan tir phi tuyén
Ché do xac lap

— Che d0 hang

— Che d6 dao dong

e Khai niém

« Phuong phap can bang diéu hoa

« Phwong phap tuyén tinh diéu hoa

« Phuong phép tuyén tinh hoa doan dic tinh lam viéc
e Phuong phap d6 thi

* Tu dao dong

« Ché d6 qua do
« Giai mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén




Tuyén tinh diéu hoa (1)

Bo qua tinh tao tan

Chi quan tam dén quan hé hiéu dung U(1), P(I), O(U)
Hoac quan hé biéndo U, (1), ¥Y,(,), O, (U, )

Cac quan hé d6 c6 tinh phi tuyén

Coi dap tng twong duong véi mot diéu hoa bac 1 tan so
0

Cach tinh: phirc hoa so do, sau d6 dung cac phuong phap
do thi/do/1ap

Con goi 1a diéu hoa twong duong

Mach phi tuyén 95
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Tuyén tinh diéu hoa (2)

VD1

E=joLl +U,(I)

=2

Uy

12

______________________________________

—————————————————————————————————————

_____________________________________

(@Y
o0

S E=J(@LD)*+UXI) ST S>¢?

Mach phi tuyén




Tuyén tinh diéu hoa (3)

VD2
dr
v, =al,—bl,
Pit w (1) =y, (I,)sin(wt +0) =9

dy

ae:Rl-+7:Ri+wwm<1m>cos(wt+9)=Rl’+Wm<’m)Sin(“’”9+§j

5
=RI sin(wt+0)+ a)wm(lm)sin(a)t+ 9+%)

- \/ (RL,) + [0y, (1,)] ’ Sin(wf +artg w‘g’[([m) + 0} =E sin(ot+ @)

m

E, =\RLY +[ov, )]
OY (L) + 6 _){9

@ = artg

g m

Mach phi tuyén

i(t)=1, sin(wt +0)
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VD3 Tuyen tinh diéu hoa (4) ;

{30 20}15 220V; Z, =15+ j25Q

20 50 |'R=10Q; U, (I)=100]-5I"
]L:‘?

Mach phi tuyén




30 20| E=220V; Z, =15+ j25Q)
120 50 R=10Q; U; (I)=100I -5I°
| B
th :]'_
. . 2
(15+;25)1,+U, =0

U.2:1 . .
(U, =301, +201,
< . . .
U, =201, +501,

—1,=0,023- 0,002 A

7. =43,15+ /3,750

VA

1V

Mach phi tuyén
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[30 20] E=220V; Z, =15+ 25O
120 50 R=10Q; U; (I)=100I -5I°
]L:?
E U )
f(15+j25)11+U1 =F
] =0 >
1 (U, =301 +201,
<
U, =201, +501,

—>U, =74,72- j41,51V)
—E_, =74,72— j41,51V

Mach phi tuyén
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30 20 E=220V; Z, =15+ j25Q

{20 SO}R—IOQ, U, (I)=1001 - 513

Lap quan hé £ = f(]) ?

1,/0 U, =(1001-5°)/90° — I, ==X

—~>I,=I,+1, >—E, =7 1,+U,

—>E =7 ,1,+U, | =855 E, R

Z, =43,15+ /3,750
E =74,72-j41,51V=85,5/-29" V

Mach phi tuyén 101




TRUGNGBAI HOCH

\BACH,KHOA{HANO]

VD3 Tuyén tinh diéu hoa (8) I
Z,=43,15+3,75Q; E,=85,5/-29°V T
. U Z
1,/0 »U, =(1001-5I")/90° — I, =1—5 id H]
si,=i,+i,—E,=2,0,+U, |~ E, =855 L
: : : (k) _
EOW) 0P W) @) | 10w BB =82 0
1 1 795 | 79,5 | 1+/9,5 | 508,7 495
21 0,5 j49,4 | j4,94 | 0,5+ 74,94 | 264,3 209
31 0,2 j20,0 | ;2,00 | 0,2+ ;2,00 | 106,8 25,0
41 0,1 | ;10,0 | jL,0O | 0,1+ 71,00 | 53,5 37,4
51 0,15 j15,0 | j1,50 | 0,15+ ;1,50| 80,2 6,20
6 |0216| j16,0 | j1,60 0,16+ j1,60| 85,4 0,11

Mach phi tuyén 102



30 20] E=220V; Z, =15+ j25Q

{20 SO}R—IOQ, U, (I)=100] 51"
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VD1

iy

[ =7

Uy
------------------------------ Urd).
1(A)
Vg -

Mach phi tuyén (o4




Tuyén tinh diéu hoa (1 1)

Tuong d6i dé

Chi tim duoc diéu hoa bac 1

Can bang di€u hoa:

Tuyén tinh diéu hoa:

Khac nhau?

M 13 hang so

/

x(t) = Msinwt
x(t) = Nsinwt

T

Mach phi tuyén

N=N(z)
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TRUONG BAIHOC,

_\BACH KHOATHAINOI]

NO1 dung
e (G161 thi€u
* Dac tinh cua phan tu phi tuyén
« Che do xac lap
— Ché d6 hang
— Ché d6 dao dong
e Khai niém
« Phuong phap can bang diéu hoa
« Phuong phép tuyén tinh diéu hoa
« Phuwong phap tuyén tinh hoa doan dic tinh lam viéc
e Phuong phap d6 thi
* Tu dao dong
. Ché do qua do
e (Gid1 mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén 106




Tuyén tinh hoa doan dic tinh lam viée (1)

« Néu
— Biét trudce rang thiét bi chi lam viée
trong doan AB

e Thi co thé thay doan cong AB bang
du’(‘)’ng th'ng

vdi duong cong tai @_1_6_1}1 lam viéc, ?
", ")

______________________________________

—————————————————————————————————————

* i j a

—_—_——— —_

————————————————————————————————————

- Thay quan hé phi tuyén y = f{x) bang quan hé tuyén tinh y = xtga

Mach phi tuyén
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e=100+5s1n100t V

=Epetey e . . . . A
E,. =100V =1, =L4A
Diém lam viéc: (1.4 A; 100 V) VAR L
R, ~ A’f‘ _100_ 3333Q —E,=R,.I,.+/100Li . -1, = EA?
Ai 3 R, + j100L
—>i=1,.+1,.~2sin(100f +¢) A
Mach phi tuyén 108



vpz  Tuyén tinh hoa doan dac tinh lam viéc (3)
B—v"

E =60V; e,(f)=5v2sin3141; R=20Q e,
w (i) = 96¢""" —105¢ > q(u)=10"u—0,5.10"" | (D) E, R §§
Tinh dong dién trén cudn cam & dién ap trén tu dién.

E 60
I, = Rl =20 =3A; U, =E =60V

dy 0,0020i 0,261

Ly == =(96.0,002¢"**" +105.0,26¢ " )| =12,71H

L izs =
c % (10—5—30510—9 ) =4,6uF

= » o POH
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vo2  Tuyén tinh hoa doan dic tinh 1am viéc (4)

S
E =60V; e,(f)=5v2sin3141; R=20Q e,
w (i) = 96¢""" —105¢ > q(u)=10"u—0,5.10"" | (D) E, R §§
Tinh dong dién trén cudn cam & dién ap trén tu dién.
L,=12,71H C,=46uF » 1
[0 = 2 1 s Ucue = ltth ;40
R— c R+— c
(0 )
JjoL, + / lﬂh S
R+ e

.]a)Ctth €, L tth Ctl:h

i (6) =1 pe +1,0(2) R —T

e (1) =Ucpe + ey (?)

Mach phi tuyén



e
ys
: B - = :
i TR 5 YT 1 -
I ; *- o . h- - p B I K I
£ e rl- - l
d T ey : =

vps  Tuyén tinh hoa doan dic tinh 1am viéc (5)

._w y (V) R

€ . 200 I T T T
i | I I :

—————————————————————————————————————

e =100+100smn 100z V

____________________________________

i (A)
0 4
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Tuyén tinh hoa doan dac tinh lam viéc (6)

» Ap dung khi kich thich c6 dang
xX(1) = Xpe + Xyesinwt  (Xpe>>X,0)
» Pap tmg DC: tra/tinh tir dic tinh phi tuyén
* Dap ung AC:
— Tinh h¢ s6 dap ung tuyen tinh hoa k&, (hé s6 goc cua tiép tuyén
vo1 dudng cong tai diem lam vi€c)
— (G1a1 mach dién tuyén da tinh hoa

* Dap trng mach = dap trng DC + dap tng AC

Mach phi tuyén 112



TRUONG BAIHOC,

84T KhOA WAIND)

NoO1 dung

G161 thi€u
Dic tinh cta phan tir phi tuyén
Ché do xac lap

— Che d0 hang

— Che d6 dao dong

e Khai niém

« Phuong phap can bang diéu hoa

« Phuong phép tuyén tinh diéu hoa

« Phuong phép tuyén tinh hoa doan dic tinh lam viéc
* Phwong phap do thi

* Tu dao dong

« Ché d6 qua do
« Giai mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén
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y) > Phuong phap do thi (1)

Mach phi tuyén



e=FE sinwt

="

Mach phi tuyén

v
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TRUGNG[BALHOC]

BACH KHOATHAIN]]

NO1 dung
e (G161 thi€u
* Dac tinh cua phan tu phi tuyén
« Che do xac lap
— Ché d6 hang
— Ché d6 dao dong
e Khai niém
« Phuong phap can bang diéu hoa
« Phuong phép tuyén tinh diéu hoa
« Phuong phép tuyén tinh hoa doan dic tinh lam viéc
e Phuong phap d6 thi
 Tw dao dong
« Ché do qua do
e (Gid1 mot sO bai toan phi tuyén bang may tinh

Mach phi tuyén
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L@—Md )
dt dt
Ca’ug
1 =
dt >—>
di, 0i,
dt 6u a’t )
—> U, +Lu ——(Ma———3Mbu o, —O
LC ¢ LC L
3Mb
a)gzi k=—— —(Ma——)
LC i LC

Mach phi tuyén

M “I.a
L KN
L L,
C , r
i (u,)=au,—bu

—> U, +a)§ug —,u(l—kuz)ug =0

J
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~ BACH KHOAJHAINO)]

Tu dao dong (2)

AV,

iig+a)§ug—y(1—ku§)1ftg =0 L ™
2 d L Ly
van der Pol: d_tf — p(1 — IE){T:;: +r=0 —
C , E
u, = Acos wt ¢
—> i (u,)=au, —bu’
. 2 AN a g g g
U, +oyu, — p(l—ku,)u, =0

— A(w; — ) cos wt + A w(1-0,25kA*) sin ot — 0,25kuA’ wsin 3ot = 0

w, - =0 {a)
— —>
1-0,25k4° =0 4

Mach phi tuyén 118



TRUGNGDAIHOC!

Tu dao dong (3)

2

Mach phi tuyén 119




Mach phi tuyén » Ché do qua do
Ché dgxéc lap
Ché 4o héng; ' Che d6 dao dong
P/p ddthi s > P/p can bang diéu hoa
P/p do “ > P/p tuyén tinh diéu hoa
P/p 1ap “ > P/p tuyén tinh hoa doan dic tinh

v

P/p d6 thi

Mach phi tuyén
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» Giai mot sO bai toan phi tuyén bang may tinh

G161 thi¢u
Dic tinh cta phan tir phi tuyén
Ché do xac lap
Ché d9 qua dd

Khai niém

Phuong phap tuyén tinh ho4 so6 hang phi tuyén nhé
Phwong phap tuyén tinh hoa quanh diém lam viéc

No1 dung

Phuong phap tuyén tinh ho4 tirng doan

Phwong phap tham s bé
Phuwong phap sai phan
Khong gian trang thai

Mach phi tuyén
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o I

Khai ni¢m

» Qua trinh quéa dd trong mach dién phi tuyén
e MO hinh toan:

— H¢ phuong trinh vi phan phi tuyén

— So kién
¢ Y nghia: may dién, mach khuéch dai, may phat song, ...
* Phuong phap:

— Tuyén tinh ho4 s6 hang phi tuyén nho

— Tuyén tinh hoa quanh diém lam viéc

— Tuyén tinh hoa timg doan

— Tham s0 bé

— Sai phan

Mach phi tuyén 122
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Tuyén tinh hoa s6 hang phi tuyén nhé (1)

 Nhé: gia tri & anh hudng nho so véi cac s6 hang khac
trong phuong trinh

o Thuong ap dung: phuong trinh cap 1 c6 2 bién & 2 bién
cO quan h¢ phi tuyén:

Fi(x) + Fy(0) = M; y = f(x)

» dugc thay bang F,(x)+ F[kx]=M
néu F, nhé so voi F,

Mach phi tuyén 123



Fy(x) + Fy[y(x)] = M =2 F(x) + Fy(kx) =M

d¥ (i) d (ki)

> [ Ri+ ” =FE,. > Ri+ ” =F,. .
? > So sanh Ri & =
d\¥V d\¥V
E'FRZ(I//) EDC _)E_FRkLP:EDC
Mach phi tuyén 124



d¥

Ri+4 =
Jf DC 5
A r . dLIJ A A ’ r E
Can so sanh Ri & — de tuyén tinh hoa |
t »
. U,. 120 :
1., = = = IA A a "
4= T 120 - dong tangtr 0 > 1 A
N d¥ 8‘}’ di ALP . di _ Lﬁh é N L 1 _ 1,3H Anh hU.’O’Ilg cua E
dt 0i dt NAidt dt >
=120Q nho so voi Ri
Mach phi tuyén 125



i+ _p

dt - —>

: d¥Y :
Anh hudng cua — nho so vo1 Ri
{

4P (i) d(L,) S R L
dt :EDC _)Rl+Tth:EDC 8

d(;ﬁ’) 120 —1201(p)+13pI(p)~13i(~0) =2

’ p

—1(p)= 120 —>i(t)=1-e7" A

p(1,l3p+120)

—> Ri+

— 1201 +
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TRUONG BAIHOC,

84T KhOA WAIND)

NO1 dung
* (G161 thiéu
« Dic tinh cta phan tir phi tuyén
« Ché do xac lap
« Ché d6 qua do
— Khai niém
— Phuong phap tuyén tinh hoa s6 hang phi tuyén nho
— Phwong phap tuyén tinh hoa quanh diém lam viéc
— Phuong phap tuyén tinh hoa timg doan
— Phuong phap tham s6 bé
— Phuong phap sai phan
— Khong gian trang thai
o Giai mot so bai toan phi tuyén bang may tinh
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Tuyén tinh hoa quanh diém 1am viéc (1)

+ Néu
— Biét trudc rang trong QTQD cac thong s0
(dong, ap) chi bién thién trong doan AB,
biét trudc rang AB hep/ngan/thang

— Piém lam ViEC c¢6 dinh, QTQD chi xay ra
v6i tin hiéu bién thién quanh diém lam
viéc

e Thico the thay doan cong AB bing
duong thang

 Puong thang d6 thuong la tiép tuyén
vo1 duong cong tai diém lam viéc
(x", ")

*®

__________________

__________________

_________

________________

____________________

———————————————————

—_

————————————————————

- Thay quan hé phi tuyén y = f{x) bang quan h¢ tuyén tinh y = xtga

Mach phi tuyén
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vpi  Tuyén tinh hoa quanh diém lam viéc (2)

E, =150V,
E,=10V; L =0,1H;

E =150V > 1, =3A (O T

Rtth - i,u AAM 2> =5Q
boALS i(—0)=0A
E—+Li(—0) E+O ) )
1,,(p)= P _ L —i,()=2-2e"A

pL+R :O,1p+5 _p p+50

Mach phi tuyén 129



vpi  Tuyén tinh hoa quanh diém lam viéc (3)

u(V)t
E, =150V; V) ug(7)
200 foommmmmmqr ey
E,=10V; L =0,1H;
160 | v

____________________________________

i,(t)=2-2e"" A

Diéu kién tuyén tinh hoa: cac thong so chi

——— e e e — —— —

bién thién trong mot doan hep/ngan/thang i (A)
¢ >
IEI 8
omae = 2 A > QTQD chi bién thién trong mot doan thing
- viéc tuyén tinh hoa 1 hop 1y
—>i(t)=1, +i,(t)=3+2-2e"" =5-2¢"" A
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vpz  Tuyén tinh hoa quanh diém Ia

E,=100V; L=0,1H;
e,(f) = 5sin100¢ V

i=9
E =100V -1, =2,8A Ry oL
Rﬁh _ du Au 100 _ 16,67Q EZ(P) ﬂf(-o)
di  Ai 6 I ()
E2F
i(—0)=0A
5.100
] ( )_ Ez(p)+Li(_O) _ p2 +100° _
2T INR, 0lp+1667  (p+166,67)(p° +100%)

—i,(t)=0,13¢7"°""" +0,26sin(100t - 31°) A
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E,=100V; L=0,1H;
e,(f) = 5sin100¢ V 200

i=9? ()

—————————————————————————————————————

i (£)=0,13¢7""" +0,26sin(100 —31°) A B P S S

bién thién trong mot doan hep/ngan/thang

|

|
1 i 1 1 1
Dieu klél’l tuyén tinh hoa: cac th@l’lg sO chi /T i_""_""i"_"""i
I i I I I

|

. . . 1 (A)
i,(t)<0,13+0,26=0,39A v I, 8

> QTQD chi bién thién trong mot doan hep
- viéc tuyén tinh hoa 1a hop 1y
—>i(t)=1,,+i,()=2,8+0,1 3¢ 10,26sin(100¢ —31°) A
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vps  Tuyén tinh hoa quanh diém lam vi€c (6)

E, = 150V; g(7)
E,=50V; L=0,1H; ' ' ' '

_______________________

Diéu kién tuyén tinh hoa: cac thong so chi

——— e e e — —— —

bién thién trong mot doan hep/ngan/thang i (A)
¢ >
IEl 8
QTQD khong bién thién trong mot doan thang
-> Khong ap dung phwong phap !!!
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vos  Tuyén tinh hoa quanh diém lam viéc (7)

E =60V; e,(f)=5v2sin3141; R=20Q .

(i) =96¢" ~105¢°%; q(u)=107u~0,5.10"0 | [T

Tinh dong qua d6 trén cudn cam & dién ap qua do N R AN
trén tu dién. CD £y N

E 60
I, 0= Rl = 0 =3A; Uypo=E, =60V
L, = 0;_‘7 =(96.0,002¢"**" +105.0,26¢ " )| =12,71H
i3 =
c =% =(10°-3.0,5.10"u*) =4,6 uF
tth du o =60 b
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VD4 Tuyén tinh hoa quanh diém lam viec (8)

E =60V; e,(f) =52 sin3141; R=20Q
w (i) = 96" —105¢**; q(u)=10"u-0,5.10"u"

Tinh dong qua do trén cudn cam & dién ap qua do
trén tu dién.

L,=1271H  C, =4,6uF

i 0(8); Uy ()

i, () =1pe +ipc(?)
e (1) =Ucpe Tty (t)

Mach phi tuyén

Ot
€,
DE, R ;ﬁ
I:::I 1 >‘j 2
e, L 1 Cin
R I
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‘ I\Ifll

Tuyén tinh hoa quanh diém lam viéc (9)

Chi ap dung néu:
o Biét trude rang trong QTQD cac thong so (dong, ap) chi
bi€n thién trong doan AB

» Biét trudc rang AB hep/ngan/thang
e Piém lam viéc ¢b dinh

» QTQD chi xay ra véi tin hiéu bién thién

Mach phi tuyén 136



TRUGNG[BALHOC]

BACH KHOATHAIN]]

NoO1 dung

e (G161 thi€u

« Dic tinh cta phan tir phi tuyén
« Ché do xac lap

« Ché d6 qua do

Khai niém

Phuong phap tuyén tinh hoa s6 hang phi tuyén nho
Phuong phap tuyén tinh hoa quanh diém lam viéc
Phwong phap tuyén tinh ho4 tirng doan

Phuong phap tham sb bé

Phuong phap sai phan

Khong gian trang thai

o Giai mot so bai toan phi tuyén bang may tinh

Mach phi tuyén
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o I

Tuyén tinh hoa timg doan (1)

o Dic tinh phi tuyén duoc chia g

thanh cac doan du nho

» Mobi doan d6 dugc thay bang
cac day cung

» Céc hing s6 tich phan dugc
xac dinh tu cac diéu kién dau
cua mo1 doan

» Khoang 1am viéc phai biét
truoc/doan trudc
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VD1 Tuyén tinh hoa tL‘rng doan (2)

o= Upe=175 V; “ (V7 (i)

200 ______ ': """"" :‘ ———————— -: ———————— .:
L=0,1H; o YT
i =

Mach phi tuyén L o ! ‘luc 139



| [BACH KHOAHAINO]

VD1 Tuyén tinh hoa tirng doan (3)
R L | Unc=175V: pl)[() MSSRSR——
Une | L Z?O,IH; 175 | : | '
1=

.................................................................

.................................................................

lic = aé—xI T Vig—td

i =Yoe I,
R, 150

- Ry 150 .
i15_0 = Aexp(— Z’O t) = Aexp(_ﬂt) _ 15001

9

> iy =117+ 47
Mach phi tuyén




VD1 T uyén tinh hoa tL‘mg doan (4)

i =?

H1 .Ej_mm
Upe=175V;

L=0,1H;

. —1500¢
irs =117+ Ae

1 2
i350)=117+A4=0 y @?X'_‘*-*
pc| iy, L

—> A=-117

> i () =1L17(1-e ") A

u (V)
p)) | S — e
175 ' ' !

t;d =0,77ms

75 =1,17(1—e 1300
iz5=0,8(A)

Mach phi tuyén




» Upye=175V;
L=0,1H;
Upe iY o
e ]
Ry, =" =27,78Q - 2

lh;c—xl =3A

llt_lc—td =

> lluc =

Mach phi tuyén 0 ¢ do L e 142



UDC’

Upp=175V;
=2

lh_tc

_ 34 42778

i (0)=3+A4=i,,=0,8A .
=-2, Unc {Euc ——

—> A=-22

> i, ()=3-2,2e7"" A

Sk
Yuc

ine =L,7A

—277,8At,
=3-2,2¢ }» At =1,89ms

—>t

luc

= tdo + At

=0,77+1,89=2,66 ms

uc

Mach phi tuyén




Up-=175V;
L=0,1H;
[ =7

........................................................................

........................................................................

Uy = gyl T lg—4d

Uyt = 8A

g = Aexp(——= 7

—> ilO’ = 8 + A€_52’4t

Mach phi tuyén
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. Upp=175V;
UE‘C al L= O,IH, 175
i =
=8+ Ae > K2

Ly

ZIO,(O) 8+A_lluc —1,7 I
UDC Iir:!

> A=-63 =

> |i, (1)=8-6,3¢"2% A

Mach phi tuyén



z‘A

v

*
t do t luc

i ()=117(1-e"")A

i (£)=3-2,2¢77% A

i (1)=8—-6,3¢"" A

HI —12) =10 = 1, i () +

+1(2 =1, )ij (2)

Mi'ﬁ_ﬂm 8 i
> L | Upe=175V; ;
UDC’ | L=0,1H; lue
A [ =? i*do
0
0<t<t, =0,77ms >
t,. =O,77ms£t<t;c =2,66ms >
£, =2,66ms X
i(t)="
. - * .
i) = [[M0) =1t = 1434)lig5(2)

Mach phi tuyén
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p g@n-_xﬂﬂﬂ HAINOIf

VD1 Tuyén tinh hoa tuing doan (10)
i(t)= LI7[1(t)-1(t-0,77.107)]1 - """) +

+[1(£=0,77.107) =1(t — 2,66.10)](3 - 2,2¢ ") +

+1(t—2,66.107)(8 - 6,3¢>*) A

2.5

5

A R e

0 50 100 150 200 250 300 350 400 450
Mach phi tuyén 147




o _Upe 120
R 20

...............................................................................................................................................................................................................................

AY 1,2 ; AY,  0.25 AY, 0,33

L. .~—"4 2~ _15H L e =22 —0,28H: L, ~—1l2="""-(052H:

YA, 08 T A YN, 63 T

| g Y5 o N B N ho 2 2 e |
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VD3

Tuyén tinh hoa tl‘l:ng doan (12)

e(?)

R
1'.“

L=0,1H;

i =2

e Mﬁ—"f e(t) = 150sin100r v; | “ V) U, ()
l 200 --meenmyeeeeeeepeee e B

10 oo g

2 12 2
Em _URm+ULm

=U. (I

m—xl

150 =U2 (I )+(100.0,1/ )
—150° =U; (I _,)+100I>
Rm( m—xl) m—xl i Z(A)
— Im—xl =2A 8' >
- Gia tri tirc thoi cia dong dién bién thién giita 0 & 2 A

— P s o s
Ry ~—90 = —ISOQ R,uc e _ 29 —27,78§2 R,O ”flO’ =——=5,24Q
Aldo 0,8 luc 0,9 Yo )

. .
..................................................................................................................................................................................................................................
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VD3

Tuyén tinh hoa tl‘l:ng doan (1 3)

R
e(?)

Mij—"m e(f) = 150sin1007 V;

u (V)]

L L=01H;
j'.w

tis = ad—x1 T laé—d §Rdo v =

lg5-1q = Aexp(—
E

Rd‘o

150
Augy 120 _ <0
Aig 0,8
150 _
f) = Aexp(—O—t) Ae 13001

150

dé—xl —

R, +joL J2(150+ j100.0,1)

=0,71/ -3,81° A

)] E—

__________________

i, =0,71/2sin(100¢—3,81°) A—> i;5;(0) = 0, 713/2 sin(—3,81%) + 4 = 0— 4 = 0,067

>

i, .(£)=0,713/2 sin(1007 —3,81°) +0,067¢ 5" A

s =0,7142 sin(100£;; —3,81%) +0,067¢ 1300 = 0,8

Mach phi tuyén
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VD3 Tuyén tinh hoa tung doan (14)
Milﬁ—"m e(f) = 150sin100¢ V; u (V)] i, (i)
R L |rL=01H 200 A S
e(?) it o
1=

150

Mach phi tuyén 151




~BACH KHOAJHAINO)
Tuyén tinh hoa ting doan (15)

PO chinh xac cao
* Khoi1 lugng tinh toan 16n

e Chi nén ap dung cho mach c6 ngudén mot chicéu

Mach phi tuyén 152




TRUONGBALHOC!
BACH KHOATHAIN ]

NoO1 dung

e (G161 thi€u

« Dic tinh cta phan tir phi tuyén
« Ché do xac lap

« Ché d6 qua do

Khai ni€ém

Phuong phap tuyén tinh hoa s6 hang phi tuyén nho
Phuong phap tuyén tinh hoa quanh diém lam viéc
Phuong phap tuyén tinh hod ting doan

Phuong phap tham s bé

Phuong phap sai phan

Khong gian trang thai

o Giai mot so bai toan phi tuyén bang may tinh

Mach phi tuyén
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Tham sé b¢ (1)

« Thoéng s6 nhé/nhiéu loan

Phuong trinh mo ta mach: F(x, x’, ..., u, ) =0 (1)
cO nghiém: x=x(t, 1)

Gia sir rang nghi€ém x co thé€ khai trién thanh:

x(t, W) = xo(8) + x;(Op + x,(Op + ..
o Thay nghiém d3 khai trién vao (1), rtt ra duoc:

' 1 ' ' ' ' 2 1 1 1
FL (X5 X5 Xy, Xy Xy 5 Xy geee) F L (X3 X[ 5 X0y Xy X5 X yees) F+ 1L (X5 X5 Xy 5 X5 Xy 5 Xy 5eer) =0
( 1 ' '
Fy(xy,X,%5,X0, X, X,,...) =0

—> 3 E(xo,xl,xz,x('),xl',x'z,...) =0 (2)

F5 (%o, X1, X5, X0, X, Xp50..) = 0
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‘ I\Ifll

Tham s6 bé (2)
FGe, x*, ooy, 1) =0 (1) }
>
x(t, 1) = xo(0) +x (D + x(Dp” + ..
F (X0, X, X0, X0, X,,X,,...) =0

—> 3 E(xo,xl,xz,xé,,xi,x'z,...) =0 (2)

F (g, X1, %5, X, X, X55.0) = 0

Néu (2) giai kho hon (1) thi khong dung phuong phap nay
Dé (2) dé giai hon (1) thi (1) nén c6 dang:

Hy(x, 1) + uH,(x, u, 1) =0
» (Cac s0 hang gay kho khan cho tinh toan thuong dé vao H,
1 6 thé 1a thong so that hodc gia (phi vat 1Y)

Mach phi tuyén 155



d¥ _ 0¥ di Upe=120 V;
l UE‘C’ i SU(Z) =2i— 3,753
— 250i +(2-11,25i%)i'=120 . i=?

— 250 +2i'-11,25*'=120 A2
2500 +2i'—1i“i'=120
Pat 1 =11,25

— 250i +2i'-120 = 1i°i'
%
Pat i =i, (t)+ i (¢)

— (250i, +2i, —120) + (2508, + 2i, —i i,) —

D ome 3 oD 4.2
— p1- ity +iy0y) — p7 (200 +i71,) — pi; =0

Mach phi tuyén 156



Upe=120V;

R =250 Q;

(i) = 2i — 3,75
[ =7

(25010+210 —120)'+ ,u(25011 + 20, — zozo) w0’ (200, +ici)— o (20,00, +iiy)— 1'ii, =0

1)

@4—210( —0)

250i, +2i, 120 =0
— D
2504, +2i —i2i, =0

60
2p+250 p(p-|—125)

(la) = 2501 ,(p)+2pl,(p)—2i,(— O)—@—O > I,(p)=-L
P

i (t)=0,48(1—¢ ¥ A
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Upe=120V;

R =250 Q;

(i) = 2i — 3,75
[ =7

250i, +2i, 120 =0
(1)

2508, +2i, —i’i, =0

(la) > i (t) = 0,48(1—¢ ) A

(16) — 250i, +2i —[0,48(1— e *)?60e > =0
—5 250, +2i —13,824(¢7* =2 + 77 =0

1 ) 1
5 2501, (p)+2 pl,(p)—2i (—0)— 13,824 0
1(P)+2ph(P)=24,(=0) - [p+125 »+250 p+375]

1 2
_)](p)_13824p+125 p+250 p+375
1 2p+250
=6,912 ! - 2 + !
(p+125)2 (p+125)(p+250) (p+125)(p+375)

i (1) =6,912(t¢" " —0,012¢72 1+0,016¢ 2" —0,004¢77) A
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Uy-=120V;

R =250 Q;

(i) = 2i — 3,754
i =9

[ =1y(f)+ i, (¢)
(1) =0,48(1—¢*) A =

i () =6,912(t'> —0,012¢™' +0,016¢ " —0,004¢ ") A

/

(1) =0,48(1—e ") + 116,912(te > —0,012¢7% +0,016¢ " -0, 004e375f)A} N
1=1125

—i(t) = 0,48(1—e ™) +11,25.6,912(te™*" —0,012¢™> +0,016¢>" —0,004¢ ") A
= 0,48+ (77,76t —1,41)e™> +1,24¢7" —0,31e™™ A
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Tham s6 bé (7)

i(1)=0,48+(77,76t —1,41)e > +1,24e " —0,31e>"™" A

0 2‘0 40 60 80 100
t (ms)
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TRUONGBALHOC!
BACH KHOATHAIN ]

NoO1 dung

e (G161 thi€u

« Dic tinh cta phan tir phi tuyén
« Ché do xac lap

« Ché d6 qua do

Khai ni€ém

Phuong phap tuyén tinh hoa s6 hang phi tuyén nho
Phuong phap tuyén tinh hoa quanh diém lam viéc
Phuong phap tuyén tinh hod ting doan

Phuong phap tham sb bé

Phwong phap sai phan

Khong gian trang thai

o Giai mot so bai toan phi tuyén bang may tinh

Mach phi tuyén
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Sai phan (1)

Coi1 nhu ph}mng phap tong quat cho nghiém gan ding ¢
dang day so ro1 rac

Xac dinh nghiém & cac diém thoi gian gian doan

Xap xi vi phan dy thanh sai phan Ay: dy = Ay

> bién (h¢) phuong trinh vi phan thanh (h§) phuong
trinh sai phan gan ding

C6 thé ap dung cho ca tuyén tinh & phi tuyén
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Sai phan (2)
» Xap xi vi phan dy thanh sai phan Ay: dy = Ay

dy —— Ay Ay

> Vi1 t-50-————----2

dx —> Ax Ax Ay i
Ve [ Ax i

Mach phi tuyén




_ BACHKHOATHAING1

Sai phan (3)

dy Ay
dx Ax
« Tuyén tinh hoa quanh diém lam viéc Sai phan
« Tuyén tinh hoa ting doan
y A y A

Vio
Y k+1

Yk

v

Mach phi tuyén



Ax

X(f)—

dt At

Ri+ﬂ—UDC —)Rl+a—qj é

dt oi dt "¢

(i) = ai — bi®
i =?

— Ri+(a—3bi*)i'=

> Ri(t) +[a=3bi (O (1) =U,,.  — Ri, +[a-3bi’li, =U,. )

; _diNAik _ik+1—ik h >—>
Codr AV R Ny e i Iy
J
tk+1_tk:h J
. oy . hU,.+(a—hR)i, —3bi;
—)le—l‘[a—3bli] k+1 k :UDC _)lk+1: DC ( )k k

a—3bi;
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d¥

>

>

J

Ri+7t:UDC

. hU,.+(a—-hR)i, —3bi;

e a—3bi;
k

. _ hUpc +(a—hR)j, —3bi;

1 a —3bi;

i, =0
— i, = hUpc

a

. _hUpc +(a=hR)i, —3bi;

’ a —3bi;
—>1, =...

Mach phi tuyén
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Sai phan (6)

_ hU,. +(a—hR)i, —3bi;

a —3bi;

s6 budc tinh

for(i = 0; 1 < c; 1i++)

x[i+1] = f£(x[1i]);

Mach phi tuyén
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Ri+=—=U,,

dt

hU . +(a—hR)i_ —3bi;

Sai phan (7)

—>1, =
k+1 .
’ a—3bi;

Upe =24V
R=60Q
(i) = ai — b3

a=1,75;b=2.8
i =2

N = 100;

h = 0.05;

U = 24;

R = 60;

a =1.75;

b =2.8;
dong=[];
dong (1)= 0;
for k=2:N

end

plot (dong) ;

%$so diem tinh toan
%buoc tinh
%nguon

%dien tro

%dong dien can tinh

%$so kien

buffl = dong(k-1);
buff2 = buffl + (U*h - R*h*buffl)/(a - 3*b*buffl”"2);
dong=[dong;buff2];

Mach phi tuyén

168




Sai phan (8)

hU, . +(a—hR)i, —3bi
Rz+£=UDC —>i,, =—= (a .2)1,{ d
dt a—3bi,
Rl.-l—Lé-Fi idt =u —>Ri'+Lz‘"+L:u'
dt C C

— LCi"+RCi'+i=Cu' —i, =?

Mach phi tuyén 169




Sai phan (9)

A XX

At h

. d*x, dx. Ax. x..—x, )

X = 2k _ X  AX X X
dt dt h h X2 "Xk K — X
¥ zAxk:ka_xk >—>x"~ h h
A h k h

x’ ~ Axk+1 Xiv2 Xy

k+1 At _ h )

W X, —2X,., +X
S & k+2 k+1 k
k hz
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Sai phan (10)

3 A )
x® = d’x, _dx, Axy  x.,,—x
G - — ~ —
da dt h h
v X T 2%, T X
h
" X413 _2'xk+2 T X0
Xiy1 ™ 2
h
J
Xp3 — 2%, T X, X T 2x, X,
2 2
3
S>xP s h h
h
_ X3 =3 3%, — X,
3
h
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TRUGNGDAIHOC!

. BACH,KHOATHAINOI]

Sa1 phan (11)

C K T X
xk ~
h

" Xit2 _2xk+1 +xk
h

+® Xp3 — Xy, +3X,,, — X,
ko~ h3
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Sai phﬁn (12)

LCi"+RCi'+i=Cu' A
X ~ Yt N L S LC Ly =20 T +RC Lt — lk —Cy.
¢ 7 X h ¢
v X T 2%, T X
xk ~ h2 J
, 2L—Rh . RCh—-LC-h*.  h* .
Pl = 7 L T IC Ly "'T“k
. 2L—Rh. RCh-LC-h* .  h* .
h=—"F—h + IC I +Tu0
i, =1(0)
: =1, 1, —1(0 .. .
I, =" i'(0) =2 hO: 1 h( ) — i, =i(0)+ hi'(0)
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VD1 Sai phﬁn (13)

30 20| E=24V (DC); 1 EFH
{20 50 | 0 =2i-3.33¢ " e

gc=10"u.—5.10"%23; h=0,2ms; tinh i,? i

", = dLP 8\11.6{12 :_(2_9,99122)1'2
dt Oi, dt
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VD1 Sai phﬁl’l (14)

30 20] E=24V (DC); el
:|:20 50 ;‘If(i)=2i—3,33i3; E ull luz

gc=10"u,—5.10"1%23; h = 0,2ms; tinh i,?

=24 —u, )
u, =—(2-9,99i)i, R <’24 —u, =30i, +20i,
{ul =304, + 201, (9,99, —2)i, =204, + 504,
u, =20i +50i,
j| = CZ = ;i .d;‘f = (10 =15.10"u> )u,.
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Sai phﬁn (15)

il i2
30 20 . E =24V (DC); : 'E7H '
- 20 50| PO =2i-3,337; E ull luZ

gc=10"u,—5.10"1%23; h = 0,2ms; tinh i,?

—> 3

(24 —u,. =30i, +20i,
(9,99, —2)i, =20i, + 506,
=107 -15.10"u u,

\

(24 —u, =30(10"° =15.107"u? ). + 204,
(9,992 —2)i, = 20107 ~15.107"u Yu,. + 50i,
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Sai phan (16)

il i2
30 20 . E =24V (DC); : 'E7H '
- 20 50| PO =2i-3,337; E ull luZ

gc=10"u,—5.10"1%23; h = 0,2ms; tinh i,?

—>

-

\

<"24 —u, =30(10"° —15.107"u? ). + 204,
(9,99, —2)i, =20(107 —15.10"""ug )u,. + 504,

24 —u—20i
30(107° —15.10"""u?)
20(10” =15.10"" 4w )u '+ 50i
9,99i° —2

" __

o'_

l
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24 —u—20i

\

300107 —15.10"°42)
20107 =15.10""u? yu '+ 50i

9,99;* —2 >
Up g — U

. h .

l]'C — lk+lh_ lk )

U, —u,  24-u, —20i

uk=

—> <

B 300107 —15.107%2)

_ _ U,  —
20(10° —15.107""u; ) = lh

i +50i,

Mach phi tuyén
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VDI Sai phan (18)

TRUGNE BALHOG

| [BACH KHOAHAINO]

u
., —u,  24—u, —20i, E 11

B 300107 —15.107%2)

—> 3

l =
- 9,99i; -2

. 20(107° —15.107'032) "4+~ %k 4 505
lk+1 Y — h
h 9,99;” —2
24—y —20;
u,, =h uy — 205y +u,

30(107° —15.107"%42)

20(10° —-15.10""%u )(u,,, —u, ) +50hi, Vs
k

Mach phi tuyén
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VD1 Sai phan (19)

30 20| E=24V (DCO); : 'E7H '”
- 20 50 ;5”(1‘)=2i—3,33i3; E ull luz

gc=10"u.—5.10"%23; h=0,2ms; tinh i,? i

-

.

S bl S, iy = i,(0) =0

u
| 3001077 -15.10"07

. 20107 -15.107" 2)(uk+1 —u, )+50hi,
[, = +1,

9,99i> —2

k 0|1 2

w, (V)| 0 | 16,00 | 21,57

i, (A) | 0 | —0,0016 | —0,0021
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TRUONG BAIHOC,

84T KhOA WAIND)

NO1 dung

o (101 thiéu
«  Dic tinh ctia phan tir phi tuyén

e« Ché d0 xac lap
e Ché d6 qua do

Khai niém
Phuong phap tuyén tinh hod s6 hang phi tuyén nho
Phuong phap tuyén tinh ho4 quanh diém lam viéc
Phuong phap tuyén tinh hod timg doan
Phuong phap tham so bé
Phuong phap sai phan
Khong gian trang thai
* Khai niém
« Ung dung
» Céach xay dung quy dao pha trong khong gian trang thai

»  Giai mot s6 bai toan phi tuyén bang may tinh

Mach phi tuyén
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o I

Khai niém (1)
» Mit phang pha/qu¥y dao pha i
» Biéu dién quan hé
x=f(x)
trén mat phéng pha 5 .
2 X
* Mat phang pha:
— truc hoanh: X
— truc tung: X

» Ap dung cho ca tuyén tinh & phi tuyén
» Chi nén ap dung cho phuong trinh vi phan c6 cap dén 2
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Khai niém (2)
x=10e3t —S>x= —5.10e™" = —5x

X-A

v

0 200 400 600 800 1000

{
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Khai ni¢m (3)

2 -2
. . X X
x(t)=Asinawt — x=wAcoswt >—+ =1
A°  (wA)
x| X

v
v
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TRUGNG DAL HOC)

 BACH KHOAJHATNO]

Chiéu chuyén dong cua diém trang thai

o Nua mit phang trén: X >0 S x ting > tur trai sang phai

 Nua mit phang dudi: x <0 = x giam = tir phai sang trai

Mach phi tuyén
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Ung dung (1)

e (c6 thé) Tim dugc x(?)
» Khao sat tinh chat ctia x(¥)

« Khao sat su phu thudc cua qua trinh qua do vao so kién
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dt X <y
t >_)t: ? f dx
— x(0) —> = = X
t—gdt/ > x(IO)f(X) @(x)
i=f(x)

—>x(0) =9 (x)
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Ung dung (3)

» Khao sat tinh chat ctia x(¥)

Mach phi tuyén




TRUONG BAIHOC,

Ung dung (4)

» Khao sat tinh chat ctia x(¥)

/I

Mach phi tuyén 189




TRUGNGDAIHOC!

Ung dung (5)

» Khao sat tinh chat ctia x(¥)
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~ BACHKHOAHAINO 1IN
Ung dung (6)

» Khao sat tinh chat ctia x(¥)

X

4 ,
&\JJ x
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TRUGNGDAIHOC!

Ung dung (7)

» Khao sat tinh chat ctia x(¥)

Mach phi tuyén 192




~ BACHKHOAHAINO 1IN
Ung dung (8)

« Khao sat su phu thudc cua qua trinh qua do vao so kién
(phuong trinh cap 2)

A

X
'.//_
/

v
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@ioden- | BACHKHOAHAINO]
Ung dung (9)

« Khao sat su phu thudc cua qua trinh qua do vao so kién

(phuong trinh cap 2)

X

T

&\

=%

Mach phi tuyén 194




Xay dung quy dao pha

« Cap 1: tryc tiép tir phuong trinh
 Cap 2:

— Veé tung doan

— Truong dong nghiéng

— Liénard
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Xay dung quy dao pha truc tiép tor phuong trinh

— Ri+(a-3bi")i'=U

Upe =24V
R=600Q
(i) = ai — bid

iy a=1,75b=28
i=?

14

12

L U,.—Ri  24—60i
1= 2 2
a —3bi 1,75-3.2,8i
p=e =2 0.4n
R 60

—>dong tang tr 0 = 0,4 A

10

200 300

i (MA)

100

400
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Xay dung quy dao pha

e Cap 1: truc tiép tir phuong trinh
« Cap 2:

— Vé tung doan

— Truwong dong nghiéng

— Liénard
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_BACH KHOATHAINO]]

Vé tung doan (1)
X = f(x,x%)
o d¥(x) _ o dx’
Codt oxdr| . dv . . di
P X=——d=d——|dk |
x _ g dx dx>_)xd—=f(x,X)
ax _ -
dt ) i=f(x,%)

di _ f(x,%)

dx X

>
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V¢ tung doan (2)

i=f(xx) =

S (X5 %)

X,

(xojxo) —>tang, =

(), %) = (X + Axy, X, + Ax, tan &)

G

X,

— tan al

(X,,%,) = (x, + Ax;, X, + Ax, tan ;)

f(x5,%,)

X,

—tana, =

di  f(x,%)
%

Mach phi tuyén
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_ BACHKHOATHA{NO TN

V¢ tung doan (3)

x[0] = x0; y[0] = yv0; delta = 0.001;
c = s6 bubdc tinh
for(i = 0; 1 < c; i++){
tan alpha = F(x[1],yI[1])7
x[1+1] = x[1] + delta*sign(yl[1])

y[1i+1l] = y[1] + tan alpha*x[1];
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TRUGNGDAIHOC!

/BACH KHOATHAINO)
V¢ tung doan (4)

* Tinh toan nhiéu
» C6 thé lap trinh
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. BACH,KHOATHAINOI]

Xay dung quy dao pha

e Cap 1: truc tiép tir phuong trinh
 Cap 2:

— Vé tung doan

— Truwong dong nghiéng

— Liénard
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~ BACHKHOAJHAINOI)
Trudng dong nghiéng (1)

di _ f(x,x
jé:f(xax)_) :f( )
dx X
| x A az
X, X C
a, — J( . ) = tan ¢, > duong cong CO
X
o = / ()fa X) = tan ¢, 2 duong cong C1
X
a, = / ()f» ¥) _ tan o, duong cong C2

X

0
Mach phi tuyén




Trudng dong nghiéng (2)

« Khong phai tinh toan
» Phai v& nhiéu do thi
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TRUONG BAIHOC,

_\BACH KHOATHAINOI]

Xay dung quy dao pha

e Cap 1: truc tiép tir phuong trinh
 Cap 2:

— Vé tung doan

— Truong dong nghiéng

— Liénard
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BATH KHOATHAINO

Lienard (1)

« Chi ap dung chodang x+x— f(x)=0
e V& trén mat phang c6 ti 1& xich
hai truc bang nhau X

A

X+x—f(x)=0>x=—x+ f(x)

L ) :
dx X
tan o, = _f(x‘))
Xo

0
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Lienard (2)

« Khong phai tinh toan
* DPon gian
« Chi ap dung cho truong hop dac biét: X +x— f(x) =0
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NO1 dung
e (G101 thicu
» Dic tinh ctia phan tir phi tuyén
o Ché do xac lap
» Ché do qua do
» Giai mdt so bai toan phi tuyén bang may tinh
— (G141 phuong trinh vi phan
— Ché dd xac lap
e Ché do hang
e Ché do dao dong
— Ché d6 qua dd
— Khong gian trang thai
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van der Pol: T p(l — :.':E)— +r=20 I I

1= 1000; x(0) = 2; x’(0) = 0
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=N T
Mach xac 1ap ché do hang (1)

VD1

E=20V;u,@)=2¢
=100 =2
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e
3 f T - e B s
i o - PETTET ¥ —
: *- -. . h.: : 1 B " KH A I
=1 3 -
K e L)
1leme . " e N = - — = — =~ — 1 - = ~ o PR —

Mach xac lap ché do héng (2)
u (V)]

12 A

VD2

u (V)
i (V)
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VD

" BACH, KHOAHAING)]

Mach xac lap ¢

u=U, sinwt
U =80V
f=20Hz
R=5Q
=7

e d6 dao dong

2044 -022 (

Y (Wb) ]
0,55

0,44 |

Mach phi tuyén

022 044 ;(A)
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_ BACHKHOATHAING1

Mach qua do (1)

¥(Wb) 1

0,55 F-——--—3
0,44 |

2044 -022 (
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_ BACHKHOATHAING1

Mach qua do (2)
VD2 ¥ (Wh) 4
, 0,55 F-—----2
M(t) = Umsma)t V, 0,44
f=20Hz; R=5 Q;
U,=40V; i=? 044 -022 0
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Khong gian trang thai (1)

¥ =—x+kt—kx’x+u(?)

X, =—2

Xo =

Mach phi tuyén 215




Khong gian trang thai (2)

X=-—asinx—bx+u(t)
x, =45

%, =0

S. E. Lyshevski. Engineering and Scientific Computations Using Matlab. Wiley, 2003
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Mach phi tuyén Ché do quéa do

A\ 4

Ché do xac lap P/p t/t hoa s6 hang phi tuyén nho

A

A

R P/p t/t hoa quanh diém 1am viéc
Che¢ do hang Ché do dao dong

P/p t/t hoa ting doan
P/pddthi |4 > P/p can bang diéu hoa P/p tham s6 bé k
Ppdo > P/p tuyén tinh diéu hoa P/p sai phan |
P/p lap « > P/p tuyén tinh hoa doan dic tinh
> P/p d6 thi Khong gian trang thai ¢
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