_ BACHKHOATHA{NO TN

Dwong day dai
(Mach thong so rai)

Co s0 1y thuyét mach dién



TRUONG BAIHOC,

NoO1 dung

1. Khai niém
2. Ché d6 xac lap diéu hoa
3. Qua trinh qua do

Duwong day dai 2




TG aHOANAN]

Sach tham khao

e Chipman R. A. Theory and problems of transmission
[ines. McGraw — Hill

» Nguyén Binh Thanh, Nguyén Tran Quan, Pham Khic
Chuong. Co so ky thuat dién. Pal hoc & trung hoc
chuyén nghi¢p, 1971
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Khai ni¢m ( 1 )
» Puodng day ngan (mach c6 thong so tap trung):
— Coi lan truyén 1a tirc thoi: gia tri dong (hodc ap) trén moi diém
cua mot doan mach tai mdt tho1 diém bang nhau
— La mot phép gan ding

f=50Hz
) = c/f=3.108/50 Tm
< >
=6.10°m
6.106m
< >
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TRUGNGDAIHOC!

Khai ni¢m (2)

f=100 MHz

= c/f=3.108/108 Tm

=3m

3m
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TRUGNGDAIHOC!

Khai ni¢m (3)

f=50Hz

1000 km
< >

= c/f=3.108/50
=6.106 m

6.106 m
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TRUGNGIBALHOC]

'BACH;KHOA{HAING]

Khai ni¢m (4)

Khi nao thi cac gi tri dong (hoac ap) tai hai diém trén
Cl}ng mot doan mach, tai cung mot tho1 di€m, khong
bang nhau?

50 Hz (6000 km) & 1 m = (gan) bang nhau

100 MHz (3 m) & 1m = khong bang nhau

50 Hz (6000 km) & 1000 km = khong bang nhau

Khi kich thuwéc mach da 16n so véi budce song = duong
day dai

Du 16n: trén 10% budc song
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TRUGNGIBALHOC]

'BACH;KHOA{HAING]

Khai ni¢m (5)

Puong day dai: mo hinh ap dung cho mach dién co kich
thudce du 16n so vo1 budce song lan truyén trong mach
Mach cao tan & mach truyén tai dién

Tai cac diém khac nhau trén cung mot doan mach tai
cung mot tho1 diém, gia tr1 cua dong (hoac ap) no1 chung
1a khac nhau

Vay ngoai dong va ap, mo6 hinh dudng day dai con phai
ké dén y€u t6 khong gian
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Khai ni¢m (6)

Du:(‘)’ng day ngan: cac thong so (R, L, C) tap trung vé 1
phan tu (di€n trg, cudn cam, tu di¢n)

Pudng day dai: cac thong s rai (coi nhu) dél} trén toan
bd doan mach = con goi la mach ¢6 thong so rai

Tai mot diém x trén dudng day ta xét mot doan ngan dx

Poan dx c6 thé duoc coi 1a mot duong day ngén, cO cac
thOong so tap trung veé 1 phan tu

Duwong day dai 9



BATH KHOATHAINO

Khai niém (7)
D
i(x,t!
® : : ®
| u(x) ( - ) RGLC
. — >
—>i dx i<—
ifx,1) Ldx i+ di
—> | | Y Y g > e
Rdx G‘de
1 Celx — 1+ du
h l b
< >
Duwong day dai dx 10
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Khai ni¢m (8)
Mot doan dx duoc mo hinh hoa:
ifx,t) Ldx i+di
—>—
Rdx R L, C, G: cac
u thong so cua
N duong déy' trép
. mot don vi dai
< >

dx

 KD:i- (i+di)— Gdx(u+du) — Cdx(u+du)” =0
(khtr cac thanh phan nhé du.dx) =2 di + Gdx.u + Cdx.u’ =0
e KA:—u+tRdx.i+ Ldx.i’+u+du=0

=2 du + Rdx.i + Ldx.i’ =0

Duwong day dai 11
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Khai niém (9)
e Mot doan dx dugc mé hinh hoa:
—>—
R L, C G:cac
. thong so cua
¥ duong day trén
. mot don vi dai
( ( 814 81
st+Rdxz+deﬁ:O —a—Rl-l-La
3 Z’t ——> 2 o ;
di + Gdxt + Cdx = =0 O _ o0
~ dt \ 8x at
Pwdng day dai 12
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Khai ni¢m ( 10)

r

—a—u—Rl+LQ
< ox ot
—Q—Gu+Ca—u
| Ox ot

* Nghiém phuy thudc bién kiénx =x, x =x, & sokién ¢t =¢,
« R (Q/km), L (H/km), C (F/km) & G (S/km) phu thudc chat liéu ctia duong day
 Néu R (hoic H, C, G) = f{i,x) thi d6 1a dudng day khong déu
« Trong thuc té cac thong s6 nay phu thudc nhiéu yéu té > khong xét dén
e Chi gi6i han & duong day dai déu & tuyén tinh
« Chi x¢ét 2 bai toan:
— Xac lap diéu hoa
— Quado
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Khai nieém (11)
» Kich thudc mach trén 10% budc song

* R (QVkm), H (H/km), C (F/km) & G (S/km) khong doi
o Chi xét 2 bai toan:

— Xac lap diéu hoa
— Qua do
ix,) Ldx i+ di ( |
> vy Gu ) @l
. —=Ri+L=
Rdlx e Ox ot
Cdx —1 + d 4
“ T HoTau Ol ou
\ —— =Gu+C—
T . ] . a-x 6t
< >
dx Duwong day dai 14
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Khai niém (12)

Tai

dx dx

R (Q/km), L (H/km), C (F/km) & G (S/km) khong doi

Duwong day dai
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_ TTE\E,

¢ = D

In—

a

1

—+In—

4

a

Khai niém (13)

U =4m.107 H/m

pe=1
& = 8,85.102F/m

e =1

dan

a : ban kinh day dan

D : khoang cach gitra hai day

Duwong day dai




NO1 dung
1. Khainiém
2.  Ché d06 xac lap diéu hoa
Khai niém
Phuong phap tinh
Hién tuong song chay
Thong s6 dic trung cho sy truyén song
Phan xa song
Biéu d6 Smith
Phan b6 dang hyperbol
Puong diy dai déu khong tiéu tan

e A o

Mang hai ctra trong duong
3. Qua trinh qua do

Duwong day dai




Khai niém

Nguén diéu hoa, mach & trang thai o6n dinh

La ché do 1am viéc binh thuong & pho bién

La co s dé tinh toan cac ché do phurc tap hon

> can khao sat

Dong & ap c¢6 dang hinh sin, nhung bién d6 & pha phu

thudc toa do

;u(x, £) = 2U (x)sin[et + @, (x)]
i(x,0) = 21 (x)sin[@t + @,(x)]

Duwong day dai

<>

3

U(x)

1(x)

18
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BACH,KHOATHANG ]

No1 dung
1. Khainiém
2. Ché d0 xac lap diéu hoa
Khai niém
Phwong phap tinh
Hién tuong song chay
Thong sb dic trung cho su truyén song
Phan xa song
Bicu d6 Smith
Phan b6 dang hyperbol
Puong diy dai déu khong tiéu tan

O R R R

Mang hai ctra tuong duong

3. Qua trinh qua do

Duwong day dai




" BicH, koA RAINO)

PthO’ng phép tinh (1)
_8_u_Rl+L@ —d—U_Rl+]a)LI (R+ joL)I
ox ot dx
| a w4
__Z_Gu+c_u ——]_G + joCU = (G + joC)U
| Ox ot . dx
.
C;U =(R+ joL)(G+ joC)U.
X

—(R+ JoL) G+ joC)U = ZYU = y*U

—(G+ J@CY R+ jol)i = ZYI = y*i

\dx
2] . d*l dU
d f =(G+jwC) R+ jol)] *+—— —— = (G+JwC)—
X dx’ dx
Duwong day dai 20
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Phuong phép tinh (2)

) -
CZU =(R+ joL) g+ joC)U = ZYU = y*U
X
< .
d’I
7" =(G+ joC) R+ joL)I = ZYI = y*I
Ldx

7 =7(@)=(R+ joL)(G+ joC) = a(w) + jf(w)| (e s6 truyén song)
Z=R+joL
Y=G+ jowC

P oyt o0 — p=ty=ta+jp)
U(x) = Ae ™+ Ae”
\j (x)=Be ™ +B,e"”

/.11 , /.12 , B1 , Bz : Hang s tich phan

Duwong day dai 21



< T de 21 {U(x) = Ade " + A"

dil v I(x)=Be™” +B,e"
dx
o LedU 7 er ey
Z dx Z
Z, = z : tong tré song
/4
_du _ 7] U = Ae™™ + A,e”
dx . :
. —> <. A A
7/ [=—te”——2e"
T Y(] ZC ZC
dx -

Duwong day dai
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BACH,KHOATHANG ]
No1 dung

1. Khainiém

2. Ché d0 xac lap diéu hoa

Khai niém

Phuong phap tinh

Hién twong song chay

Théng sb dic trung cho su truyén song
Phan xa song

Bicu d6 Smith

Phan b6 dang hyperbol

Puong day dai déu khong tiéu tan

A S AL o

Mang hai ctra tuong duong

3. Qua trinh qua do

Duwong day dai




Hién tuong sc’)ng chay (1)

U = Ae™ + d,e”

N

( L) . . . .
_ —ox _—jpx+jo ax _ jPx+jo,
U = Ale e + A2€ e

A o —iperjo-jo Ay o jpesion-jo

=—e e ——=e"e

1 _ Jo

(1 %

_ jo
L. =ze

z z

C c

sin(or + @, — Bx) + N2 A,e™ sin(wt + @, + fx)

ru(x, t) = «/EA e ™

““sin(wt + @, — 0 — fx) - \/_ —e “ sin(wt + @, — 0 + fx)

i(x,t)= «/5

C

Pwdng day dai 24 N



ru(x, t) = «/EAle_ x/EAze“" sin(@t + @, + fx)

<
i(x,t):ﬁi aay a)t+g01—¢9—,8x)—«/§A2

c

e” sin(awt + @, — 0+ px)

y =sin(wt — fx) =—sin(fx—wt)
t=0 y=-smfx py=0->x=0 t=2At

A

_sin( BAx — wAr) yzO—),BAx—@AtzO—)sz%At

Duwong day dai 25 N
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Hién tuong song chay (3)

ru(x, t) = «/EAle_ x/EA2e“" sin(@t + @, + fx)

wt + @, —H—,Bx)—x/iée“" sin(awt + @, — 6+ fx)
Q%::() ‘
y =sin(wt — fx)

i(x,t)= ﬁie—“" '

z

c

v

sin chay thuan

Duwong day dai




i(X,f)=«Eie_“" sin(at + @, —H—ﬁx)_\/iﬁax 0%
z z

¢ C

y =sin(awt + fx)

v

sin chay nguoc

Puwdng day dai




Hién tuong song chay (5)

u(x,t) =24 e sin(at + ¢, ~ fix) + V24,6~ sin(at + ¢, + )

i(x,t) = 2 A e sin(or + ¢, — 0 — fx)—~/2 Ay g sin(or + @, — 0+ fx)
4

z

c c

sin chay multi

Duwong day dai




~ BACH KHOAJHAINO)]

Hién tuong song chay (6)

ru(x, )= V24,07 sin(awt + ¢, — fx) + \/EAze“x sin(awt + @, + [x)

sin tat dan chay thuan

sin tat dan chay nguoc N

sin tat dan multi

Duwong day dai 29
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Hién tuong sc’)ng chay (7)
ru(x H=u(x,t)= \/7/1 e ™

sin(or + @, — fix) +~2A,e™ sin(ot + @, + fx)
z(x £) = NpE —e “ sin(wt + @, — 60— fx) — NP —e “ sin(wt + @, — 0+ fx)

T

u(x,t)=u"(x,t)+u (x,1)

i(x, 1) =i (6, 0) —i (xr0)

Song thuan Song nguoc

Duwong day dai

[(x)=1"(x)~1"(x)=

U(x)=U"(x)+U (x) = Ae ™ + A"

U'(x) U (x)
Z Z

c c

vector quay muOO0

30"
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BACHKHOA{HAINO]]

No1 dung
1. Khainiém
2. Ché d0 xac lap diéu hoa
Khai niém
Phuong phap tinh
Hién tugng song chay
Thong so dic trung cho su truyén song
Phéan xa song
Bicu do Smith
Phan b6 dang hyperbol
Puong diy dai déu khong tiéu tan

A N T AR o e

Mang hai cura tuong duong

3. Qua trinh qua do

Duwong day dai




 BACH KHOAIHAING)

Thong so dic trung cho su truyén song (1)

u (x,t) = x/EAle_“x sin(wt + @, — fx)
y(0) = Z(0)Y(0) = a(o) + jB(®)

» H¢ s truyén song y = a-+j 3

« Hé s6 suy giam a = a(w)

* Hé s6 pha S = (o)

* Van toc truyén song v(w) = w/f

e Tong trd song Z.= 7 (w)

Duwong day dai 32 N



~ BACH KHOALHAINO]

Thong so dic trung cho su truyén song (2)

u* (x,1) =2 A,e” sin(wt + ¢, — Bx)
y(o) = a(w)+ jH(o)

meﬁ U+(.X) B \/EAle—ax B ea
Ut(x+1) 24

\/x+]\/ \/

e”: suy giam bién do trén mot don vi dai

4 o : hé s suy giam/hé so tat

Duwong day dai 33



B BACH KHOAJHANO

Thong so dic trung cho su truyén song (3)

u* (x,1) =2 A,e” sin(wt + ¢, — Bx)
y(o) = a(w)+ jH(o)

* Taix:gocphalawt+ ¢, —px
Taix+1l:gocphalawt+¢,—px+1)=wt+ ¢, —px—p
D(x)— D(x+1)=p

S : hé s6 pha/bién thién pha trén mot don vi dai

Duwong day dai 34
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Thong so dic trung cho su truyén song (4)

u* (x,1) =2 A,e” sin(wt + ¢, — Bx)
y(o) = a(w)+ jH(o)

sin(wAt — p4x) =0

v . van toc truyén song

Duwong day dai




Thong so dic trung cho su truyén song (5)

u* (x,1) =2 A,e” sin(wt + ¢, — Bx)
y(o) = a(w)+ jH(o)

Tong trd song /. = U = U_ \/7
S S S \/ZY

/ L /
Néu khong tiéu tan L. = JoL = const
\/ ]a)C

Duwong day dai 36



Thong so dic trung cho su truyén song (6)
u (x,1) =~2Ae " sin(et + @, — fx)

Y(@), a(@), f(@), (@), Z(@): phu thude o

Cac diéu hoa c6 w khac nhau sé€ co6 toc do truyén, do suy giam, ...
khac nhau

Neéu Ia mot tong cua cac di€u hoa tan s6 khac nhau, song s€ c6 cac
hinh dang khac nhau tai cac vi tri khac nhau = hién tuong méo

Pwéng day dai | | | | | 37



Thong so dic trung cho su truyén song (7)
u (x,1) =~2Ae " sin(et + @, — fx)

e Néu v, a, b, v khong phu thudc w ?

e > cac diéu hoa ¢o w khac nhau s& ¢6 toc d6 truyén, do suy giam,
... hhu nhau

« > Néu la mot tong cua cac diéu hoa tan s6 khac nhau, song s& co
cac hinh dang nhu nhau tai cac vi tri khac nhau - khong méo

hinh sin khong meo 02

hinh sin meo 02

Duwong day dai 38
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Thong so dic trung cho su truyén song (8)
u (x,1) =~2Ae " sin(et + @, — fx)
* Vi diéu kién nao thiy, a, f, v, Z, khong phu thudc o ?
R G
L C

7/:\/(R+ja)L)(G+ja)C) = R(1+ja)%)G(1+ja)%)

Q

/ﬂw@ JT?

—> Y= \/RG(I-I—]C()%)2 =

RG—
a=+RG p= R

Duwong day dai 39



Thong so dic trung cho su truyén song (9)

T_HI.I:'I%I-{G'{IHI HOG

| [BACH KHOAHAINO]

y=+ARG + joVR %

2 =VRG khong méo
B =R % (Pupin hod)
I 0, 1
p a)\/RG% VLC
L
Z [R+joL |RUFJo ) IR

Zc: —:\/ : =
Y G+ joC VG(“_].Q)E) G

Pwdng day dai 40



e Vidu duong day truyén tai dién dai déu co cac thong so:

Thoéng so dic trung cho sy truyén song (10)

R =10 Q/km

L =5 mH/km
C=4.10"° F/km
G =10°S/km

Tinh

Tong trd

Tong dan

Hé s6 truyén song
Hé s6 suy giam

Hé s6 pha

Tong trd song

Van toc truyén song

Duwong day dai
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No1 dung

1. Khainiém

2. Ché d0 xac lap diéu hoa

Khai niém

Phuong phap tinh

Hién tuong song chay

Thong sb dic trung cho su truyén song
Phan xa song

Bicu d6 Smith

Phan b6 dang hyperbol

Puong diy dai déu khong tiéu tan

© 0 N AN

Mang hai ctra tuong duong

3. Qua trinh qua do
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Phan xa sc')ng (1)

« Song trén duong day 1a tong cua song nguoc & song thuin
« Quan niém rang song nguoc 1a két qua cua su phan xa song thuan
« Tir d6 dua ra dinh nghia hé s6 phan xa:

n(x) = (./_(x) = ]._ (x)
U'(x) I'(x)
U(x)=U"(x)+U (x) Ux)=U"(x)+U (x)
i -2 @ U Zi(x)=U"(0)-U ()
zZ  Z
U ()= [0+ Z, () U () UG- Zi(x)
S T A e T T
U ()= U () = Z, ()

Duwong day dai 43 N



 BACH KHOAIHAING)

Phan xa sc')ng (2)
n(x) _ U(X) o Zc](x)
U(x)+Z.1(x) () = Z(x)(x)—Z 1(x) _Z(0)-Z,
29" U( ) . Zx)(x)+ZI(x) Z(x)+Z
Zz B Zc

Cudi duong day: n, = ,
Z,+Z, Z, : tal cud1 duong day

. 7 7 Z, : tai dau duong day
Diu dudng day: n =21 1
Z +7Z

Céc hé s6 phan xa phu thuoc R, L, C, G, o, Z, & Z,

Duwong day dai 44



Phan xa sc')ng (3)
Z,-Z, U~

n, = =—
Z,+7Z. U

e NéuZ,=Z > n,=0 - khong c6 phan xa = hoa hop tai
Z,-2, U _Z,-Z

n,="2t—t=——="¢c "c=0>U =nU"=0
Z,+Z, U Z.+Z,

e Néu hé mach, Z, > o > n, =1 2 phan xa toan phan
Z,-Z., U~

=——=1->U =nU"=U"
Z,+7Z., U

n, =

« Néu ngan mach, Z, =0 > n, =—1 - phan xa toan phan & doi dau

Z,-Z, U 0-Z . . .
n,=—= c:l.]+: c=—1->U =nU" =-U"
Z,+Z, U™ 0+Z,

Pwdng day dai 45



Phan xa song (4)
Z,-Z. U
n, = =—
Z,+7Z. U

e NéuZ,=Z > n,=0 - khong c6 phan xa = hoa hop tai
e n,=0-> U =0 - khong co6 song phan xa

UXx)=U"(x)+U (x)=U"(x)=U,e ™"

-

U+(x)_er
/ /

c c

I(xX)=1"(x)-T" (x)=1"(x)=

Duwong day dai




 BACH KHOAIHAING)

Phan xa sc')ng (5)

* Vi du duong day truyén tai dién dai déu c6 cac thong so:
— R=10 Q/km
— L =5 mH/km
— C=4.10" F/km
— G=10"S/km
— Tai cudi day Z, = 1 kQ
— Dién ap cudi day U, = 220 kV
* Tinh
— Séng dién ap tdi ¢ cudi dudong day
— Séng dién ap phan xa & cudi duong day

Duwong day dai 47
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Phan xa song (6)
Z(x)+ 7,
?
n(x) =2 Z(x)
5 » — Dung may tinh
Z(x) =2 n(x)
—  Dung biéu d6 Smith

Duwong day dai
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No1 dung
1. Khainiém
2. Ché d0 xac lap diéu hoa
Khai niém
Phuong phap tinh
Hién tuong song chay
Thong sb dic trung cho su truyén song
Phan xa song
Bi¢u do Smith
Phan b6 dang hyperbol
Puong diy dai déu khong tiéu tan
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Mang hai ctra tuong duong

3. Qua trinh qua do
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~ BACHKHOAHAINO 1IN
Bicu d6 Smith (1)

e Bi€u dién phtrc cua tong trd trén mat phang toa do cua hé
sO phan xa

" Im{n}

1
Re{n}

»

Duwong day dai
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Biédu db Smith (2)

_ Z(x)-Z, S Z(0)=Z 1+n(x) )

Z(x)+Z, 1—n(x) ., _)Z(x):1+n(x)
Z(x) ) 1-n(x)
Z, _

(Tong tré chuan hoa)

1+ [Re {n(x)}+j Im{n(x)}]

1— [Re n(x)}—j Im{n(x)}]

- Re? {n(x)} — Im?* {n(x)} + j2 Im{n(x)}
[1-Re{n(x)}]* +Im? {n(x)}

Duwong day dai 51
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—> Re{z(x)} + jIm{z(x)} =




B BACH KHOA{HA[NG]

Biéu d6 Smith (3)

@ iz} = 1-Re? {n(x)} —Im {n(x))+ j2Im{n(x)}
L [1-Re{n(x)} ] +1Im? {n(x)}

1-Re*{n(x)} = Im? {n(x)}

Re{z(x)} =- ——
_1—Re{n(x)}] +Im~{n(x)}
— Re{z(x)}[Re{n(x)} 1]’ +| Re*({n(x)} -1+ =0
+ Re{z(x)} Im2 {n(x)} + Im? {n(x)} 1+Rel{z(x)}_1+Rel{z(x)}] -0

i v

Duwong day dai 52 N



=
T SR P _-‘l_l'- r -y . - []
P i L - -
I : 5 F*- ":.‘ £ ] B I K I
J‘-’ I';f el 'rl- L
f L P i e = = s i []

Biéu d6 Smith (4)
1—Re? {n(x)} —Im? {n(x)} + j2 Im{n(x)}
[1-Re{n(x)}]" +Im? {n(x)}

Reiz(x);+ jImiz(x)} =

[Re{n(x)}— Reiz(0); j +Im2{n(x)}=( Reiz(0); j

1+ Re{z(x)} 1+ Re{z(x)}
\\\\\§§ 2 1 2__ 1
(Re{n(x)}—1) + (Im n(x)} — — {Z(x)}] = 0]

Duwong day dai
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_ BACHKHONHAYNG)

Biéu do Smith (5)

(Re{n(x)}— Re{z(x); j +Irn2{n(x)}=( Reiz(0); j

1+Re{z(x)} 1+Re{z(x)}
1
Phuong trinh cua duong tron c6 tam { - Rel{z =Y ,0} & ban kinh I+ Relz(x)!
Im[n(x)]

r =Re{z(x)} r=1 F=5
r=0 |—»

Re[n(x)]

r=10.5 P

buwong day dai
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Biéu d6 Smith (6)
(Re{n(x)}—1)2+£lm{n(x)}— : j :

Im{z(x)})  Im’{z(x)}
1
Phuong trinh cua duong tron c6 tam {1, Im iz (x)}} & ban kinh Imi{z(0)!
Im|[n(x)]
s =Im{z(x)} S =1
§ =035 S =+
S$=0 > Re[n(x)]

§=-0.5

buwong day dai




Biéu d6 Smith (7)
Chuan hoa tong tro

2(x) = Z(x)

4
Tim vong tron tmg voi dién tré chuan hoa Re {z(x)}

=Rez(x)j+ jImz(x)j

C

Tim cung tron ung véi dién khang chuan hoa Im{z(x)}

Giao di€m cua vong tron & cung tron l1a hé s6 phan xa

VD: Z(x) =25+ ;100 Q, Z, =50 Q; n(x) =?

Duwong day dai 56



_BACH,KHOAHAINO)
Biéu d6 Smith (8)

VD: Z(x) =25 + 100 Q, Z_ = 50 Q; n(x) = ?

1. Chuan hoa
z(x) = (25 +j100)/50 = 0,5 + ;2

2. Tim vong tron Uing véi
dién tréd chuan hoa 0,5

3. Tim cung tron Ung vo1i
dién khang chuan hoa 2

4. Giao di€m cua vong tron
& cung tron la h¢ s6 phan xa

— ¥
n(x)=0,52 + ;0,64




K lTJEJ:._\’.EﬁE.\.' [t 8

1
I

TR &

PR e T P




mmlm[: nm

BACH,KHOATHANG ]
No1 dung

1. Khainiém

2. Ché d0 xac lap diéu hoa

Khai niém

Phuong phap tinh

Hién tuong song chay

Thong s6 dic trung cho sy truyén song
Phan xa song

Biéu d6 Smith

Phén bd dang hyperbol

Puong day dai déu khong tiéu tan

I B N

Mang hai ctra twrong duong

3. Qua trinh qua do

Duwong day dai




Phan bo dang hyperbol (1)

e Nghiém cua hé phuong trinh vi phan mo ta mach duogc
viét dudi dang (0 hop ctia cac) ham luong giac hyperbol
e Cac ham hyperbol :

X =X X —X ex_e—x ex_l_e—x
shx:e © chxze e thx = coth x = -
2 2 et +e e —e "
« Mot s6 cong thuc :
ch? x—sh?x=1 (shx)'=chx (chx)'=shx

sh(x+y)=shxchy+chxshy ch(xxy)=chxchyztshxshy
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Phan bo dang hyperbol (2)

_d_U_ZI
dx

dl_
L dx

Viét nghiém U (ctia hé phuong trinh vi phan) & dang hyperbol:
U(x)=M chyx+ Nshyx (M, N 1a cac hang s phirc)
1 .dU

— I(x) ——E E:—%(Q/Mshyx+7/Nch7/x):—ZL(Mshyx+Nch7x)

C
(U(x)=M0h7x+Nsh7/x

i(x):—Zi(MshyHNchyx)

L c
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Phan bo dang hyperbol (3)

rU(x)=Mchyx+Nsh;/x

q .
1(x) :—ZL(Mshyx+Nch7/x)

L C

Goi ap & dong tai goc toa d6 (x = 0) 1a UO & io
(Uy=Mch0O+Nsh0=M

—1 . 1 N
ly=——-MshO+Nch0)=—-—
L ZC ZC

(U(x) = Ugchyx—Z.I,shyx
— '

. U .
I(x)= —Z—Oshyx+lo ch yx

c

Duwong day dai




 BACH KHOAIHAING)

Phan bo dang hyperbol (4)
(U(x) = Uychyx—Z.I,shyx

: U :
I(x)= —Z—Osh;/x+lo chyx

L c

Néu biét dong & ap & dau dudng day = nén gan goc toa do & dau duong day

(U(x) = Ul ch 7x—Zcf1 sh yx

=0
U, U(x) l U ..
l l i I[(x)=- Ui sh yx + I, ch yx
[ ® Z
0

L C
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Phan bo dang hyperbol (5)

(U(x) = Uychyx—Z.I,shyx

: U :
I(x)= —Z—Osh;/x+lo chyx

L c

Néu biét dong & ap o cudi dudong diy = nén gan goc toa d6 & cudi duong day

I iy I, (U(x)=U, chy(—x")—Z I, shy(-x")
— > >o . U, .
. : : [(x)=——"=shy(—x")+ 1, chy(—x'
l”l lw) le ) == ZEshy-x)+ Fpchy (o)
; ° (U(x):Uz ch)/x'+ch2 sh yx'
X’ 0 —9. U2
I(x)=—=shyx +Izch7/x
L C
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Phan bo dang hyperbol (6)

(U(x) = Ugchyx—Z.I,shyx

: U :
I(x)= —Z—Osh7x+10 chyx

C

Néu biét dong & ap & cudi duong diy = nén gan goc toa d6 & cudi duong day

(U(x)=U,chyx'+Z,I,shyx'

I[(x)= %Sh yx'+ I, chyx'

L C

Néu quy udc truc toa do hudng tir cudi 1én dau duong day thi:

- . . I, i(x) 1
Ux)=U,chyx+Z.1,shyx >
< 7 l U l 0 l U,
/ ~2
[(x)=—= sh7x+lzch7/x o o
L ZC <« °
puong day dai X 0 45
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Phan bo dang hyperbol (7)

* Vi du duong day truyén tai dién dai déu c6 cac thong so:
— R=10 Q/km
— L =5 mH/km
— C=4.10" F/km
— G=10"°S/km
— Tai cudi day Z, = 1 kQ
— Dién ap cudi day U, =220V
» Viét phan bo ap & dong doc theo duong diy ¢ dang ham
hyperbol
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Phan bo dang hyperbol (8)

Téng tré vao Z(x) = (]]((;C))
I (x) I 5
*
Z(x) , :
— U(x) U,
v v
<
X

rU(x) = U2 ch 7x+Zcf2 sh yx

i(x):%sh7x+j2 chyx

c

U,chyx+Z.I,shyx

Z(x)=
U, :
Z—ShQ/X'l‘IZ Chj/x

C

B Zz]z Chj/x+Zc[2 Shj/.x
Zziz

sh)/x+i2 chyx
C

Zychyx+Z.shyx

“Zyshyx+Z.chyx
Zy+Z.thyx

C
Zz th }/x + ZC
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Phan bo dang hyperbol (9)

rU(x) = U2 ch 7x+Zcf2 sh yx

i(x):%sh7x+j2 chyx

c

Z,+Z.th /() %
v +
Téng tro vao Z(x) =2, 22~ L /% > >
Zz th 7/.x + ZC
Z(x) , :

*2,=0 > Z, 00 macn = Zthyl — | U(x) !] U,

* Z Ediadis ZhO’mach - Zc/thyl v \4

cZy,=72,2 Ux)=27, <

X
ancfn mach ~— Ze th yl
> L. = \/ancfn machZhd’ mach
Zha’mach = ZC /th}/l
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BACHKHOA{HAINO]]

No1 dung
1. Khainiém
2. Ché d0 xac lap diéu hoa
Khai niém
Phuong phap tinh
Hién tugng song chay
Théng so dic trung cho sy truyén song
Phan xa song
Bicu d6 Smith
Phan b6 dang hyperbol
Puong diy dai déu khong tiéu tan

O PN AW N

Mang hai ctra twrong duong

3. Qua trinh qua do

Duwong day dai




o I

Pudng day dai déu khong tiéu tan (1)

« Trong k¥ thuat, tiéu tan cua duong day thuong rat nhd
* R<<wlL, G<<wC
« Mot cach gan dung coiR=0,G =0
 Puong day dai déu khong tiéu tan:
— théng s (L & C) khong d6i doc duong diy &
— R=0,G=0
« Co ¥ nghia trong thuc tién = can nghién ctru
— Thong s6
— He¢ phuong trinh & nghiém
— Dang song

Duwong day dai 70



Pudng day dai déu khang tiéu tan (2)

7(@) =\ Z(@)Y(0) =/ joL.joC = joJLC = j3

H¢ s6 truyén séng y=joVJLC
Hé s6 suy giam a = 0 —> khong suy giam

Hé s6 pha B =wvLC - ti 1& thuan véi w

, . 0] 0] 1
Van toc truyén son V=—= =
' yEn SOnS 8 oJLC JLC

- khong phu thude o > tit ca cac diéu hoa lan truyén cung véan toc = khong méo

A Z _|joL L
Tong trosong Z, =,|—=_[—=,|—
Y joC C

- 1a s0 thue & khong phu thudc @

Duwong day dai
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e . a a-
_M_pirr % Ly
S
. Ox ot . Ox ot
(d*U . 42U .
—=(R+ joL)(G+ joC)U - =-w'LCU
9 X —> < dx
d’1 . d’1
—=(G+ joC)R+ joL)I —=-w’LCI
L dx L dx
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Puong day dai déu khong tiéu tan (4)

KU(x) = U2 ch ;/x+Zci2 sh yx

U(x)=U, ch(jBx)+Z.1,sh(jBx) |

T U, :
I(x)=Z—sh7x+Izch7/x N -
¢ , [(x)=—=2sh(jfx)+1,ch(jBx)
y =Jp L
z,-2, -
JBx o —iPx g _ : sin(—
ch(j fx) = e’ t+e _ cos(fx)+ jsin(fx)+ ;os( Fx)+ jsin(—Fx) _ cos fx
JBx _ —jpx o _cos(—Bx)— isin(—
sh(j fx) = e 2e _ cos(fx) + jsin(fx) ;:os( px)— jsin(=fx) _ Jsin Bx /
. . L - Xét cac truong hop: |
U(x)=U,cos fx+ jz I,sin fx : \
_ . *H& mach dau ra
— <. U. . : i . .
I(x)=j—=%sin fx+ 1, cos fBx . *Ngan mach dau ra

- +Tai dau ra thuan tro
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Puong day dai déu khong ti€u tan (5)

(U(x)=U ,cos Bx+ jz I, sin Bx

I U, . :
I(x)= ]Z—2S1n fx +1, cos fix Tri hiéu dung
(U(x)=U, cos fix
Néui,=0 —3. U,
(hé mach dau ra) I(x)=J Z—Sln Dx

(U(x) = Uz‘cos ,Bx\ —

4 /

~ [(x):g\sin,ﬁx\ 5 /
ZC

\

C6 nhitng diém (nat) c6 dinh ma tai d6 tri hiéu dung bang khong
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Pudng day dai déu khong tiéu tan (6)

U(x)=U , cos Bx + jz_I,sin fx

I[(x)= jﬂsin,b’x+l'2 cos fx
ZC
(U(x)=U, cos fx ru(x,t) = «/EUZ cos [x sin wt

. >
I(x) = jﬂSin P i(x,1) = ﬁﬂsin Lxsin(wt + %)
L z L zZ,

c

Néui,=0 —>;
(hé mach dau ra)

hinh_sin_dap_nhip 03
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Pudng day dai déu khong tiéu tan (7)

Néu 7,=0
(hé mach dau ra)

[ (U(x)= Uz‘cos ,Bx‘

< I(x)= z‘sin ,Bx‘
z

=

z

c

-

\

ru(x,t) =2U , COs fxsin wt

U(x)=U,cos fx+ jz 1, sin fx

I[(x)= jﬂsin,b’x+l'2 cos fx
z

c

Néu U, =0
(ngan mach dau ra)
[ (U(x)==z1 2‘sin ,Bx‘
I(x)= Iz‘cos ,Bx‘

<

u(x,t)= x/zzcl , sin Sxsin(wt + %)

: U, . : T
\ i(x,t) = V2 —2sin Pxsin(et + 5) \ i(x,t)= \/512 cos [xsin wt
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Puong day dai déu khong ti€u tan (8)

(U(x)=U ,cos Bx+ jz I, sin Bx

I°(x)=j%sin,6’x+l'2 cos fx
. z
Néu Z, = r, ) ‘

U

(thuan tré) % — U(x)=U, cos fx + jz.—2sin fx =U, (cos fx + j Z< Sin Sx) \
. v 7
U2:U2—/00 z 2r +z,—rF zZ —r 2 "~
c — 2 2 2 :1_|_ c 2 :1_|_m
v r r /

— U(x)=U,[cos Bx + j(1+m)sin fx] — U(x)=+/U>[cos’ B+ (1+m)*sin’ fix]
—>U(x) = \/Uzz[cos2 Lx+sin® B+ (m” +2m)sin” fx]

2 2

)
=JU§[1 & ”’”)a cos2i0) |

2
m +2m_z —r

2 2r, ) _
Duwong day dai 77

s — U(x) = U, /1+k(1—cos 2 fx)
Pit k=




Pudng day dai déu khong tiéu tan (9)

nz_ZZ_Zc_r2_Zc_U = T/C

Z+7Z  r+z U
Z2:I"29 2 ¢ r2 ZC 2 2 2
m°-+2m z.-r,
U(x) =U, 1+ k(1-cos2fx) k= =
2 2r,
(n, <0
vy <Z, =>4
k>0
(n, =0
v, =2, >
k=0
(n, >0
r2>zc—><k 0 >
<
‘ | U, J1-[24]
< 0
X
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Pudng day dai déu khang tiéu tan (10)

(U(x)=U ,cos Bx+ jz I, sin Bx

I[(x)= jﬂsin,b’x+l'2 cos fx

§ C

. U, cos fx+ jz I, sin fx )
Tong trd vao Z(x) =—= et Jzclsmp . L _
Z515 cos fBx + jz .1, sin fBx . Z> + jz. tg Bx
C .
122[2 sm,8x+12 cos fx 2otz tg f
ZC

]'Uzsinﬁx+l'2 cosfBx ) > Z(x)=
z

C

Uz = szz /

« Néu Z, = z, (hoa hop tai) 2> Z(x) =z,
* Néu Z, = o (hd mach cudi ddy) = Z(x) = —jz cotgfx
« Néu Z, = 0 (ngan mach cudi day) = Z(x) = jz tgfx
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Pudng day dai déu khong tiéu tan (11)

A A
Z(x) Z(x)
M4
< 0 g A2 0
= e X A4
H& mach cubi day Ngén mach cubi day
Z(x) = —jz cotgfx Z(x) = jz tgpx
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TRUONG BAIHOC,

_\BACH KHOATHAINOI]

NO1 dung
1. Khai niém
2. Ché d6 xac lap diéu hoa
Khai niém
Phuong phap tinh
Hién tuong song chay
Thong sb dic trung cho sy truyén song
Phan xa song
Bicu d6 Smith
Phan b6 dang hyperbol
Puong day dai déu khong tiéu tan

N A Al o e

Mang hai cwra twong duwong
3. Qua trinh qua do

Duwong day dai




Mang hai ctra twong duong (1)

e Quan tAm dén truyén dat dong & ap giira 2 dau duong day
- xay dung mang hai cira twong duong c6 thong so tap

trung, so d6 T & I1

» Pua vé hé phuong trinh dang A (/ 1a chiéu dai duong day):

(U (x) = U,chyx+Z.,shyx

g . U2

I(x)=—= ~ shyx+1,chyx

C

U =chylU,+Z shyll, =AU, + A,I,

—> 1 . Sh]/l

I, = U,+chyll,= AU, +A,]I,

c

« Mang tuong ho : 4,4y —A,A4,5, =1

» Mang ddi xtng : 4,

= Ay,
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Mang hai ctra trong duong (2)

241 243 2

— | [ |- . [ ] .
Zn an ZHE

;] ! (7, = A, =7, shyl
Zn:A_:ZC h v/ d = A1y =480y
. 2! i ) Ai» sh yl
Z :Z :A11_1:Z Chj/l—l ZnIZZnZZA _1 Ch Z 1

dl d?2 4, c sh 1 \ 11 /4
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NO1 dung

1. Khai niém
2. Ché d6 xac lap diéu hoa
3. Qua trinh qua do

.

SATINANE ol e

Khai niém

Phuong phap tinh
Phuong phap Pétécson
Phan xa nhiéu lan
DPoéng cat tai

Phan bo & truyén song

Duwong day dai




 BACH KHOAIHAING)

Khai niém
e Qua trinh xuat hién sau khi thay doi cau triic & thong so
— Poéng cat ¢ hai dau day
— but day
— Sét
« - song chay trén dudng day
e Chi xét duong day khong ti€u tan

_ou_, 0
e MO hinh: ) Ox ot
_Oi _~ou
. Ox ot
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TRUONG BAIHOC,

. BACH KHOAHAINO)
NO1 dung

1. Khai niém
2. Ché d6 xac lap diéu hoa
3. Qua trinh qua do

1. Khai niém
Phwong phap tinh
Phuong phap Pétécson
Phan xa nhiéu lan

Pong cat tai

AN o

Phan bo & truyén song

Duwong day dai




o I

Phuong phép tinh (1)
( ou o |
——=L— dU (x, ,
o a - SERL) L, p) - L)
Oi ou >—>4 dI( x )
_ 2 X,
o Lo a — = = pCU(x, p) = Cu(x.0) ) —>
\ X
af(xat) <~ pF(x,p)—f(x,O))
Néu so kién khéc zero thi kho tinh toan = chi xét so kién zero
[ dU(x,
D) i py |
—> 3 dx rdZU( )
dl (x, YHP) _ 2
. ( p) _ pCU(X,p) dx2 P LC'U()C,P)
dx : —> 4 EV
_ 1 ,dU(x,p) a’](x p) 1 ,dU(x,p) X,p)
!x.p)= pL dx dx pL dx’ axt p LCI(x, p)
U(x. p) = 1, dl(x,p) N dU(x, p) _ 1 *dzl(xz,p)
pC dx dx pC dx
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dzU(x p)

Phuong phép tinh (2)

dlz(x p)

—> 3

—szCU(x p) rdZU 2
| e v
2 )
= p"LCI(x, p) dI?
D) 1, p) |
y=pJyLC | + #

(127" - . .

‘; Uoyu [U=4em+ae
X - '

2 . < [ﬁ o ‘Az "
d’l I=—"e”——"e
_2:)/ ] ZC ZC )
L dx )

>—>

U(x, p) = 4,(x, pe ™5 + 4, (x, p)e™H

A A
I(x, p) = L pVLCx _ 2 pPVLCx
(x, p) WAt T/C

Pwdng day dai




Phuong phap tinh (3)
U(x, p) = 4,(x, p)e """ + 4, (x, p)e”™@
< A e __ A i

1(x p)= ’_L/C —=
A(x, p)e ™ & a(t-LCx) \ _,
A, (x, p)e™ ™ > a, (1 +~+/LCx)

Jic=1

bat - \%

u(e,)=a(t-2)+a,(t+>)=u (t-2)+u (t+)
A% A% A% A%

Theo dinh 1y tré: {

e

—

I X 1 X .t X . X
i(x,)=—u'(t-=)——u (t+=)=i'(t-=) =i (t+-)
L ZC v Zc v v v
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Phuong phap tinh (4)

-

u(e)=a(t-2)+a,(t+2) =u"(t-2)+u (t+2)
A% A% A% A%

i(x,t)=Ziu+(t—§)—zlu‘(t+§)=i+(t—§)—i‘(t+§)

_ C

PR SN S

v t N LC

Chay mo phong f{x,7) = U etV

N i ham_mu_chay t
ham_mu_chay t nguoc

vV VvV VY ham_mu _chay t x 3d 08
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TRUONG BAIHOC,

. BACH KHOAHAINO)
NO1 dung

1. Khai niém
2. Ché d6 xac lap diéu hoa
3. Qua trinh qua do

1. Khai niém
Phuong phap tinh
Phwong phap Pétécson
Phan xa nhiéu lan

Pong cat tai

A o

Phan bo & truyén song

Duwong day dai




Phuong phap Pétécson (1)

 Dung dé tinh dién ap & dién 4p phan xa tai tai Z, khi biét dién ap toi

u(x,t)=u"+u"

—> 3
i =i —i

Uy =Upusi T U2 phdn xa
\12 = V161 ~ V2 phdn xa

r

PO —

Usi = Zcloi

=Z

\u phdn xa

)

> Zoly = Uy

¢’ phdn xa )

= U5 = Zely Uy

Duwong day dai
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Phuong phap Pétécson (2)

QU5 = Zely Uy

« Bai toan tim dong & ap trén mach thong s6 rai > bai toan qua
trinh qua do trong mach c6 thong s tap trung
e Tap trung cac tai cudi day
»  Poéng mach vao nguon co:
— Ap bang 2 1an ap cua song toi: 2u,,
— Tong trd trong bang tong tré séng ciia duong day: z,
U ¢4 .
I & i
- i D e
Z¢ Ly | € @)2”;{5@ iz | 2o
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Phuong phap Pétécson (3)

Ui H.
— 1 . Al%l—.%. .
I
Z: Zo N @2” {0t "2 7

)
“2px = H2 T W20
N Dx ) 2101
QU5 = Zely Ty —> Uy

N Sl T . Dopx
216 px Tl T2
1\ ZC
' A
D X
u, (x',1) _usz(t—;) usz(O,t)
. \ . x' b, (01
.X’ lsz('x ,t):lsz(t_;) sz( )
; 0
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Phuong phap Pétecson (4)

D1 Ugi
v u,=100ky | 0T
2. =400 O 5
.
r, =600 Q r
Tinh i, & u, “

Pwdng day dai




_BACH KHOAHAJNO

s Phuong phap Pétéeson (5) J
— e
" J . =100 kV D
VD2 . g )
Z, z, =400 Q 2w,
r=600Q; L=5mH
L ¥
Tinh i & u, I_j;l
2u, . 2.100 N
ro— 7 . L i _ ::O,ZJKA&
l lxl + ltd b lxl ZC1 n Zcz 400 4 600
L+ 400+ 600 > —>A4=-0.2
i, = Aexp(—— r t) = Aexp(— ——1)=4 2000001 |
L 5.10 5i=0,2(1—e ") kA

i(0)=i(—0)=0A _
—u, = Li'+ri =5.107.0,2(2.10°¢ > ")+ 600.0,2(1— e ') =120 + 801" kV
—u, =u, —u,, =120+80e1"" —100 = 20 +80¢ " kV
>, (x,1) = 20 +80e >V kY

ham mu chay t reverse multi 01
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Phuong phép Pétecson (6)

* Hai duong day co tong tro song z_,, z,, noO1 ti€p nhau?

sy

« Tinh toan tai diém tiép giap:
— Khi song lan truyén trén duong day 2 & chua tdi cudi ddy, né 1a duy nhat, c6 quan hé:
Uy = Z i,
trén toan dudng day, ké ca chd tiép giap
— Mat khac khi 4p dung p/p Pétécson:
u, = 2,1,
« -2 coi duong day 2 1a mdt tai tap trung z_, = Z,
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Phuong phap Pétecson (7)

» Khi tinh toan cac thong so tai diém tiép giap nhau ciia
hai duong day co tong tro song z.;, z.,, col duong day 2
la mot ta1 tap trung z, = Z,

Higi .
T 1o
Ze1 Zep —~ @)2”{&,5 ;| | Zeo
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Phuong phép Pétecson (8)

vD3: U=1000 kV; z_, = 1000 Q; z_, =400 Q; r, = 600 €
Tinh ap & dong khuc xa & phan xa tai diém noi

* duong day dal noili tiep ap multi 05
* duong day dal nol tiep dong multi 05
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TRUGNG]BALHOC

| BACHKHOA{HA[NG]
Phuong phap Pétécson (9)
i ch J
L 1 >‘j 2
_Ei{i’:
L @Dzutm L Le
_ F )
i =1, +1; i
u
: J
]. — —2— u u 1 1 u
2T g o=t s (ot ) =
uCZ ZCQ, ZC3 Zcz ZC3 ZJ
. J ~
c3 J N 4 — > duong vo1 hai tai tap
V4 o Y4 -3 / J trung mac song song
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— Z’C] J

_1.>§‘.2_?
M :
—_:m Lok L
050 e +
ch ch @\Dzutﬁz +K
Zc2
—_ N |

u, =2,1 - —> U,

>4, =4, +/ ,—

=Z,i+Z i=(L,+Z,)i=71,i

Cudn cam & day dan tuong dwong véi

cudn cam no1 ti€p vao1 tai tap trung Z ,
Duwong day dai
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o DAL i
Phuong phap Pétecson (11) L, zs o,
Z.,=500Q;7Z,=300€Q; L=>5mH;
VD4 u,; = 500 kV; Tinh U, Uy, i, i*, i- £
Uy L ¢ 2 K
I J
—r & W & L
ch 2 Zcz
P =i 4D, ==l = 2500 ) 25kA )
¥ Z +Z, 500+300
Z.,+7Z 500+300 >—> A=—1,25

i, = Aexp(—=< . 2 1) = Aexp(— £) = Ae ™00

5.107°
i(0)=i(-0)=0A_

—i=1,251-e"""")kA
—>U,=u, tu,=Li'v7Z ,i=
=5.107.1,25(160000e ") +300.1,25(1 — ™) = 375+ 625¢ """ kV
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Phuong phép Pétécson (12) ',

2

0—?

Z,=500Q;Z_,=300Q; L SmH;
u —500 kV; Tinh U, U, i, i

VD4 “
U ysi
— J L K
o000 —»
ch

i=1,251-¢e"""")kA U, =375+625¢""""kV
Uy=uy+U;

4 uy 500

1ot

(D2 4

Z

cl

=1kA

500
U, —125+625¢ 0

]

3

K
Zc2

=375+ 625¢ 1% _ 500 = —125 + 625710 kv

i =
Z

cl

500

=—0,25+1,25¢" """ kA
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Hysi

1
1
)

Z

=)
N
~
)
O
I
|

day ¢ day ap multi 02

Tu dién & day dan tuong duong véi tu

dién song song vO1 tai tp trung 7,
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TRUONG BAIHOC,

. BACH KHOAHAINO)
NO1 dung

1. Khai niém
2. Ché d6 xac lap diéu hoa
3. Qua trinh qua do

1. Khai niém
Phuong phap tinh
Phuong phap Pétécson
Phén xa nhiéu lan

Pong cat tai

S S

Phan bo & truyén song
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Phan xa nhiéu lén (1)

Xét dudng day dai c6 dau 1 ndi voi may phat, dau 2
khong tai. Tai thot1 di€m zero may phat dua vao duong
day mot dién ap U khong doi

¢ nlz_l,nzzl

phan xa nhieu lan ap multi

phan xa nhieu lan dong multi

Duwong day dai
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Phan xa nhiéu lan (2)

o Truong hop don gian (hé mach cudi du’(‘)’ng day), viéc ,
xac dinh ap & dong tai mot vi tri & tho1 diém tuwong doi
don gian

o Truong hop cudi dudng day co tai?

» Giai phap: so d6 ludi mat cao
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VDI

r_lju'ifﬁ nnl HOC)

Phan xa nhiéu lan (3)

1,6 km
—_ k —
= 1,6 km; Z =50 Qv =1,6.10° ms; § ¥ (km)  m,=0,6
Z,=0,2,=200Q; U*=1kV 1000 v; 20 4
10 — 600\] ,\2A
Tinh &p & dong tai1 1 =55 us & x = 1/4
20 ]
o _Z-Z, _0-50 _ 000 V; —12 A
' Z,+Z, 0+50 Ve LeyI2A
Z,-Z  200- 40 -
n2: 2 c _ OO SO: , 36OV’72A
Z,+Z, 200+50 s0 L EEY
[ 1,6.10° 60
O T 216V 434
U* 1000 O oy e
if=——=—"=20A "
Zc 50 130 V: 236A
u =nu* =0,6.1=0,6kV 20 18 V;—1,0 A
100 =7 0) )

i =n,i"=0,620=12A

Pwdng day dai
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TRUGNE BAIHOC

Ve | BACH KHOAHA|NG]
vD1 Phan xa nhi€u lan (4) 1,6 km
—_ k —
= 1,6 km; Z =50 Qv =1,6.10° ms; . ¥ (km)  m,=0,6
Z,=0,2,=200Q; U*=1kV 1000 v; 20 4
/10/_ 600 V /\2 A
Tinh &p & dong tai1 1 =55 us & x = 1/4
20 =
I / / 600 v ~12 4
u(55 s, Z) = 1000 / 30 Va12A
— 600 > IV
60
—360
70
+360
30
—_ IOOO V 90
100 v f(,LtS) t(lus) v
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vD2 Phan xa nhiéu lan (5)

Sl | BACHKHOAMAND

[=1,6km;Z, =50Qv=1,6.10% m/s;

Z,=0;,2,=200Q; U =1kV

0
1 —
Tinh 4p & dong tai ¢t = 60 us & x = I/4 /0/

(60 us,i) = 1000 /
4 /

+ 600
— 600

—-360

+360
+216

=1216 V

Duwong day dai
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1000 v; 20 o '
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E—— = L
e | ~ BACH;KHOA{HAINGQ]

vD1 Phan xa nhiéu 1an (6) 1,6 km

I=1,6km; Z =50 Qv=1,6.10%m/s;
Z,=0;,2,=200Q; U =1kV

Tinh &p & dong tai1 1 =55 us & x = 1/4

¥ O
|
D
)
o
<
i
[\
g

20 .

/ 600 V; 15 4
i(SSHS»Z) = 20 o 12 A
-12

\

o\ O
\
— o
@) o
<y 2
Bl |
> &
7| <
~
[\
>
|

—12 > 2
60
+7,2
70
+7,2
80
— 10, 4 A 90
09 ) { us)
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TRUONG BAIHOC,

NO1 dung

1. Khai niém

2. Ché d6 xac lap diéu hoa
3. Qué trinh qua do

Khai niém

Phuong phap tinh
Phuong phap Pétécson
Phan xa nhiéu lan

Péng cat tai

A e e

Phan bo & truyén song
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Poéng cit tai (1)
 DPong tai ¢ cudi duong day
o Cat tai 0 cudi duong day
* Podng tai ¢ gitra duong day
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> 21 =U~-Zi —>i =

Z,+Z,
—>1 =—
Z.+Z,
dong tai dong0l
_ - Z
u =241 =———U
Z.+Z,

Duwong day dai

dong tai ap0Ol
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CZ,+Z b ony=1 "

2;2-—>OO )

Duwong day dai

—> i, =1

dong cat tai dongOl

—u, =21, =21

dong cat tai ap0Ol
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~ BACHKHOA{HAINO1]
D(’)ng Cét tél (4)

;. I =1 . .}
Do tinh d6i xtirng quanh A nén: ) i A !
u =u
Z. .z
TaiA: [, =—("+i)=-2i" =-2i"
> S
=Ri =U,+u" =U,+u" 't
u,=Ri =U,+u =U,+u
Rt
— 2Ri"=U,+u" . 5
—> 2RI =U,+7Zi -
u =271
v U, R
—>1 =1 == dong tai giua day dong 01
2R +Z,
_ U,Z
—S>u =u = ch-+ =— 0~=c dong tai giua day ap 01
2R +Z,
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TRUGNGDAIHOC!

. BACH,KHOATHAINOI]

NO1 dung
1. Khai ni€ém
2. Ché d06 xac lap diéu hoa
3. Qua trinh qua do
Khai niém
Phuong phap tinh
Phuong phap Pétecson
Phan xa nhiéu 1an

Pong cat tai

AN O e

Phan bd & truyén séng

1. Khai niém

2. DPuong day vo han/tai hoa hop
3. DPuong day hiru han
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Khai ni¢m (1)

» Do6i véi duong day dai khong tiéu tan:
— Van toc khong doi
— Khong suy giam
— Tinh bang quy tac Pétécson
» Néu khong thé bo qua tiéu tan:
— Van toc thay doi
— Suy giam
— Khong viét duoc nghiém & dang f(x + vr)
* > bai toan truyén & phan bo soéng qua do trén dudng
day dai hé sO hang
* Dung toan tir Laplace

Duwong day dai 118



Khai ni¢m (2)
o Xét duong day dai déu, chiéu dai 7, ap kich thich dau duong day 1a
u,(t) = u(0,t), dugc mo hinh hoa bang hé:

[ dU(x,
_ c(lx P) _ (R+ pL)I(x, p) = Z(p)I(x, p) . [U©,p)=U,(p)
X ar * (a),SO’klén U(Z )_Z( )[(l )

- Ozzp)=(G+pC)U(x,p)=Y(p)U(x,p) PR

(_ﬂ:Z]' U(x)=Ugchyx—Zyshyx
Y S dx . 18 '
. co nghiém 1 . :
Da biét h¢ - Ji . Shit ](X):—ﬂShQ/X-F[()Ch?/X
——=YU Zc

L dx

(U(x,p)=U(p)chy(p)x—Z,(p)];(p)shy(p)x

J
1660) =00 L Ep ;x +1,(p)chy(p)x

C

e Suy ra (o) c6 nghiém:

trong 46 7(p)=\Z(PY(p), Z.(p)= | 2P
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Khai ni¢m (3)
U(x, p)=U(p)chy(p)x—Z.(p)I;(p)shy(p)x

1106 p) = Uy () 2P 1 (pyehy(p)x

L ZC(p)
(Uy(p)=Uychyl-Z.(p)l;shyl o
hyl—Z I, shyl=7,(-U I, chyl
_)<]2(p)=—U Shyl+llch)/l:U2(p)_>Ulc yI-Z.(p)l;shyl=2Z,(-U, Z +1, ch yl)
L c ZZ
U, . Z.chyvl+Z,shyl U hyl+ Z,«shyl VA
_)]1(p): l % ceny 2 Sy _ I*C /4 2+ SILY VO’lZz*(p)— (p)
Z. Zychyl+Z.shyl Z. Z,.chyl+shyl Z (p)
( Zowchy(I—x)+shy(l—x
U(x, ) = U (p) 22072
Zy«chyl+shyl
—> <
I(x, p) = Ui(p) , £y« chy(l—x)+shy(l—x)
\ Zc (p) Zz* Ch 7/1 + Sh ]/l
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TRUONGBAITHOC

 BACH,KHOATHAINOT

NO1 dung
1. Khai ni€ém
2. Ché d06 xac lap diéu hoa
3. Qua trinh qua do
Khai niém
Phuong phap tinh
Phuong phap Pétecson
Phan xa nhiéu 1an

Pong cat tai

A e

Phan bd & truyén song

1. Khai niém

2. Duwong day vo han/tai hoa heop
3. DPuong day hiru han
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T_Hu'ﬁm'ﬂm HOC

] NO
Puong day dai vo han/tai hoa hop (1)

 Daivoéhan: y/->
 Tai hoa hO’p Zz*(p) =] (ZZ _ Zc)

—> 3

-

.

-

Zyschy(l—x)+shy(l—x)
Zyxchyl+shyl

I, py = 12D 5 Zonchy(L =) +shy (- x)
\ Z.(p) Zyxchyl+shyl

U(x,p)=U(p)

U(xa p) = (]1 (p)e_?’x — (]1 (p)e—x\/(pL+R)(pC+G)

I(x,p) = Ul (p) e’ = U'1 (p)\/pc + Ge—x\/(pL+R)(pC+G)

Z.(p) pL+ R
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Puong day dai vo han/tai hoa hop (2)

U (x,p)=U,(p)e”™ =U,( p)e N PLHRPCHE)

.

U,(p) e = U (p) PCHG o GLrRIperG)
Z(p ) 1 pL+R

I(xap) _

« X¢t cac truong hop:

L
— Khong tiéu tan:  7(p)= pVLC, Z.(p)= \/;

R G
— Khong me¢o: —=—==a
L C
— Day cap: L=G=0
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Puong day dai vo han/tai hoa hop (3)

(U(x, p) _ Ul (p)e—yoc — (]1 (p)e—x\/(pL+R)(pC+G) \
< Ui(p) - pC+G .\ [ormoeE
I X, :l—e » :U - ° p p
tep) Z.(p) (P) pL+R ?—>
L
Khong tiéu tan:  y(p)=pJLC, Z.(p)= ¢

—>U(x,p)=U,(p)e ™" u(x,t)=u,(t—xJLC), t>xJLC

—i(x,1) = %ul(t—x\/LC), t>xVLC
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Khong meo:

Duong day dai vo han/tai hoa hop (4)

.

~ | =

Al Q

U (x,p)=U,(p)e”™ =U,( p)e N PLHRPCHE)

I(x,p) U(p) —7x 1(p) pC+G —x\/(pL+R)(pC+G)
Z.(p ) pL+R

y(p)= p\/ (p +§)L(p +%)C =(p+a)LC

L+ R L
Zc(p):\/p :\/_
\ pC+G \cC

=0 —

—>U(x,p)=U,(p)e "M o u(x,t)= e_O“/L_Cxu1 (t—xVLC), t>xVJLC

—i(x,1) = %ul(t—x\/LC), t >xvLC
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Puong day dai vo han/tai hoa hop (5)

U (x,p)=U,(p)e”™ =U,( p)e N PLHRPCHE)

.

U,(p) e = U (p) PCHG o GLrRIperG)
Z(p ) 1 pL+R

](X,p) _

7(p) = pJ(pL+R)(pC+G) = \[pRC

Daycap: L=G=0 _MZ()— pL+R [ R
ST pe+G T\ pC

__________________________________________________________________________________

' Phtrc tap vi van toc pha & tong tro song phu thudc tan so
. = chi xét cac truong hop don gian: i

- Kich thich Dirac 4(7)
- Kich thich Heavyside 1(¢)
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Du:ong day da1 vo han/ta1 hoa hop (6)

Ux, p) =U,(p)e™ =U,(p)e PO

.

U,(p) e =U.(p) pC+G o~ PLRYpC+G) >_)

\I(x’p)_Z( ) pL+R

Kich thich Dirac: u,(¢)=0(¢f) < U,(p)=1

. —fxm X RC _x4I:C
U(x,p)=1le " < > u(x,t) = \/7
= C = _(pedic ) 2
I(x, p) = | =+ pe en .
k K Y > i(x,f)=C exp(— RC)
RSN B ’ 412\/% 41
Jr Jm
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Du:ong day da1 vo han/ta1 hoa hop (7)

Ux, p) =U,(p)e™ =U,(p)e PO

.

U,(p) e =U (p) pC+G o~ PLRYpC+G) >_)
Z(p ) 1 pL+R

I(xap) _

Kich thich Heavyside: u,(¥) = o(¢) < U,(p) = l/p

-

|
U(x, p)=—e "/
pP

|
I(x,p)= C s eﬁm

VR

—> 3
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TRUONG BAIHOC,

_\BACH KHOATHAINOI]

NoO1 dung

1. Khai niém

2. Ché d06 xac lap diéu hoa
3. Qua trinh qua do

Khai niém

Phuong phap tinh
Phuong phap Pétecson
Phan xa nhiéu 1an

Pong cat tai

AN o e

Phan bd & truyén song

1. Khai niém

2. Duong day vo han/tai hoa hop
3. Duwong day hiru han
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Puong day hiru han

» Day cap ngan mach

 Puong day khong tiéu tan c6 tai thuan tré
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01 dung

1. Khai niém
2. Ché d¢ xac lap diéu hoa

© NV AW

Khai niém

Phuong phép tinh

Hién tuong song chay

Thong sb dic trung cho su truyén song
Phan xa song

Phan bb dang hyperbol

Puong day dai déu khéng tiéu tan
Mang hai ctra tuong duong

3. Qua trinh qua do

I

Khai niém

Phuong phap tinh
Phuong phap Pétécson
Phan xa nhiéu lan
Pong cit tai

Phén bd & truyén song

Duwong day dai
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