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Chuong 6

PHAN TiCH MACH TRONG MIEN THGI GIAN

Trong MACH DIEN I ching ta di xét céc phuong phdp phan tich
mach tuyén tinh, tap trung, dimg (TTD) & trang théi x4c lap didu hoa; &
d6 can phai dung phuong phép bién d6 phic (dnh phic) dé€ dai s6 héa
phuong trinh mach dién. Trang thai xdc 14p diéu hoa (xé4c lap sin) dugc
chadp nhén la khoang thoi gian xét mach & cach xa thoi diém déng nguén
tac dong lén mach. Do d6, dién 4p va dong dién trén cdc phan t& mach
ciing 1 cdc qua trinh sin cing tan sé véi ngudn tac dong.

Nhu vay sé ndy sinh cdc cau hoi nhu qua trinh dong dién va dién &p
trorig mach ngay sau cac thoi diém déng (ngit) nguén tiac dong (khong
nhat thiét 1a sin) sé nhu thé nao ? Phuong phédp dé xdc dinh chljhg? Thé
nao la trang thai xdc ldp va qua d6 cua mach dién? -

D€ tra 101 nhiing cdu hoéi trén, trong chuong nay ta sé dua ra cac
phuong phép cho phép phén tich mach & thoi diém bat ky véi ngudn téc
dong bat ky duge goi 1a phan tich mach trong mién thdi gian. Phan tich
mach trong mién thoi gian con duge goi 1a phan tich mach & trang thai
qua do. Bdi vi, trong dé ngudi ta khong chi quan tAm dén thanh phan x4c
l4p (cudng bitc) ma ca thanh phan tu do (qua dd), vi cé hai déu la nghiém
cla phuong trinh mach.

Sau day s& lan lugt trinh bay cdc phuong phdp phén tich mach trong
mién thoi gian (Phén tich mach & trang thai qua do).

6.1 PHUONG PHAP TiCH PHAN KINH DIEN

6.1.1 Phuong trinh mach va nghiém

1- Thanh lgp phuong trinh mé té mach

Phuong trinh mé t& mach TTD v6i cdc phan t& RLCM, cing cic
nguén tdc dong doc 14p va phu thude, la phuong trinh vi tich phan, duge
thanh l4p dua trén cédc dinh ludt Kirchhoff I, II (KI, KII) va dinh luat.
Ohm. C6 nhiéu phuong phédp thanh l4p phuong trinh mach nhu: phuong
phép dong nhanh, phuong phdp dong vong, phuong phdp thé nat .. da
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dugc trinh bay ky trong MACH DIEN I. Viéc phan tich mach trong mién
thot gian, la'di tim nghiém cua cdc phuong trinh mach ¢ thoi diém bat ky
véi ngudn tac dong bat ky, bang cach giai truc tiép phuong trinh vi phan
mé ta mach, nén duge goi la phuong phap tich phan kinh dién (Phuong
phdp kinh dlen) Phuong trinh mach duge thanh lap bang phuong phip
dong nhdnh, troncr truong hop tong qudt, duge dua vé moét phuong trinh
vi phan cap n (m) c6 dang nhu sau

d"y(t) d" iy(t) dy( )
— + +..+a + t)=
a, dt" Qp-g dt™ -1 dt a y( )= |
d™x(t) d™ 1x(t) dx(t)
=bm _——dtm + m_l—(_i-t—m——tm.{-b‘l a7 +box(t) (61)

trong d6 y(¢) (hodc x(¢)) - 1a nghiém can tim, con x(¢) (hodc y(#)) 12 ham da
cho. Céc hé s8 a,, b, - phu thudc cdc thong s6 mach RLCM, nén d¢ la
céc dai lugng khong thay dai. N
Né&u y(¢) duge coi 12 ddp dUng trén cdc phan ti mach (dong dién hay
" dién 4p) doi vai x(¢) - 1a ngudn tdc dong lén mach (nguon dp hodc ngudn
dong), thi viéc gidi phuong trinh (6.1) 1a di tim cdc dong dién, dién 4ap
khi da biét cdc thong s6 mach va cdc ngudn tac dong. Nhu vay véi mach
da cho, tdc cdc gid tri a,, b, va nguon x(¢) da xdc dinh, ta c6 thé viét
phuong trinh (6.1) & dang ngdn gon hon
n n-1
a, ddir(lt) +an_1_‘%n_§t_) ...+a15'-l—fi—(t—tl+aoy(t) =f(t) (6.2)
Viéc gidi phuong trinh (6.2), sinh vién da dugc hoc k§ trong chuong
trinh todn hoc, do d6 & day ta chi nhdc lai ngdn gon va sé quan tam
nhidu hon dén y nghia vat 1y cia nghiém. Hay xét vi du sau day vé cach
thanh 14p phuong trinh mach dang (6.2).

Vi du 6.1. Hay thanh lap phuong trinh i(t) R, R,
dé xac dinh dién 4p u,.(¢) cha mach trén Wy Wy -
. i
H.6.1. Cho biét o0 L
D) W) == C g
R, =4/3(Q); R,=3(Q); C=1/5F); “e& ez L
L= 4(H).; E = 11(V).

Giai. Ap dung phuong phap dong dién

nh4nh dé viét s6 phuong trinh theo dinh . Hinh 6.1
luat K1, IL
i) =1,(t)+1,(t) %N

Rit)+u (t)=E : (2)
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diy (t)

dt
bé ¢6 dang (6.2), dung phuong phép khii bién dé chi gitt lai u_(t).

(1) - (=it)—i () (4)
E—-u.()
R,

E-u
‘ R;(t)-cdlj;;t)
dig(t) __ 1du(t) . du

dt R, dt dt*

(2) »iut)= (5)

iL(t) =
(6)

suy ra

Thay (6) vao (3)

E-ut) o

R
| R, dt

2
duc(t)}_L{iduc(t)J‘_Cd LB 120

R, dt dt*
Thay gid tri cdc thong sé ta c¢é phuong trinh vi phdn mé ta mach
trén (H.6.1) nhu sau
d?u(t)
dt*

16 +72 d‘;;t)+65uc<t) = 495

2- Nghiém cuia phuong trinh mach

Nghiém y(t) cta phuong trinh (6.2) gdm hai thanh phan

Thanh phdn thi nhdt: 1a nghiém cda phuong trinh thuan nhat c6 vé
phai bing khong (f(t) = 0), dugc goi 1a thanh phan tu do y,,(#).

Thanh phdn tlzzZ/hai: la nghiém riéng cta phuong trinh (6.2), tuong
Gng véi vé phai khac khong (fit) # 0), dugc goi la thanh phan cudng bic
y.(¢). Do d6, nghiém day da cia (6.2) 1a

Y(t) = ya )+ Y, () (6.3)

Tit bidu thidc (6.3) c¢6 thé nhan thdy rdng, dong dién (dién &p) trén
c4c phan tif mach 12 téng cda hai thanh phan

. Thanh phén tu do khong phu thudc vao ngudn tdc dong f(z), ma chi
phu thudc vao cac théng s6 mach va nang lugng trong mach ¢ thoi diém
xét, n6 con duoc goi 1a thanh phan qud dé. ,

. Thanh phdn cuing bic chi phu thudc vao ngudn tac dong, né con duge
goi la thanh phan xac 1ap khi ngudn tac dong la mot chiéu hoac diéu hoa.
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" Nhu vay, trong MACH PIEN I ta chi phan tich mach & trang thai
xdc 14p v6i ngudn mot chiéu va diéu hoa, d6 la trudng hop riéng, chua
phai 1a bai todn phan tich mach téng quat. Sau diy ta sé xét cdach tim
thanh phan cudng bic v6i ngudn tac dong bat ky va thanh phan tu do cia
(6.2). Pay chinh la bai todn phan tich mach T'TD téng quat nhat.

A- Thanh phén cwéng biwe la nghiém cia phuong trinh c6 vé& phai
khdc khong, né tuy thudc vao loai ngudn tac dong f(t). Ta goi 1a thanh
phan cudng bue, vi né 1a d4p dng cha mach véi ngudn tac déng bén ngoai.
D& tim thanh phan cudng bdc, ngudi ta thudng ding phuong phép hé s6
bat dinh, khi d6 caAn phéi do4n truéc nghiém cia (6.2) tuong tng véi ham
ft) da cho. Cach tim nghiém nhu vay trong ly thuyét mach tuong d6i don
gidn, vi cdc ngudn tdc dong thuc t& 1a nhing tin hiéu c6 bidu thic gidi
tich khong phdc tap 1dm. Sau day ta sé xét mot s6 vi du vé cach tim
nghiém riéng. ,

Vi du 6.2. Cho mach dién trén H.6.2, hay xac dinh dién 4p trén tu u.(¢).

vé1 cdc ngudn tdc dong nhu sau: . Fint) ic(t)
. +

1- jo=1(A) Q it R C o= uch)
2- j(t) = cos () (A) ‘ )

3- jt) =e*cost (A). V6i C=1F); R=1/3(Q)

Hinh 6.2
4.5(t) = e (AL V& C = I(F); R=1/2()
Giai. Phuong trinh mach duge viét theo dinh luat K,
du.(t) u.(t) .
C——+——=jt 1) .
dt R J(@) (1)

Thanh phan cudng bdc cia dién dp u,(¢) tuong Gng v6i cdc ngudn tac
déng da cho duoe x4c dinh nhu sau: '
a. jit)=1(A)
Nghiém riéng dugce chon wu.,(t)=B (2)
Thay (2) vao (1) ta duge B=Rj(t)=R.1 V)
b. jt) = cos (at) (A)
Nghiém cudng bic duge chon la ham diéu hoda cing tan s6:
Uy (2) = A cos(wt) + Bsin(mt) 3)
thay (3) vao (1) ta dugc:

C(- Awsinat + Bacosax) +-—1R—(Acosa)t + Bsinwt) = cosux
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= RC(-Awsinwt + Baxoswt) + (Acoswxt + Bsinwt) = Reosax
(A + @R.C.B) cosex + (B — wRCA) sinwt = Reoswt
suyyra A+wRCB=R; B-wRCA=0

2
do d6 = ___R_?; g WE°C

1+(wRC) 1+(@RC)Y
Thanh phan cudng biec cha u(t)

2
uccb(l‘)z————gcoswt+—-—@ﬂj——,}sin wt
1+ (wRC) 1+ (@RC)?

hay 1a Ueep (1) =U,, cas(ot —~ @)
v6i U,=VA*+B?; @:arctg[§j=arctg(wRC)

Két qua nhan duge trong hai trudng hop a, b cing tuong tu nhu khi
ta 4p dung phuong phap phan tich mach xdc l4p trong MACH DIEN I
Thanh phan cudng bic trong hai trudng hgp nay duge goi 1a thanh phan
xéc 1ap. Véi truong hop a, ngudn tdc dong 1a mot chiéu, & xdc 1ap tu dién
hé mach, dién 4p trén né bing dién 4p nhan dugc trén dién trd
up(=u.t)=R- j(t). 0] truong hop b, khi d4p dung phuong phdp bién do

phiic dé phan tich mach xdc lap diéu hoa, ta c6
Bién d¢ phic nguon dong dién J=1,0 (A)
Dan nap cua hai cuc Y=G+joC (0)
Bién do phuc dién ap trén tu

J_ 1 £0 )

J
Y 67 (C)y? Aarctg(%g)
sy 1
Khi ky hiéu U,, = ————=—=;
JG? +(0C)?
qué trinh thoi gian clia thanh phan dién dp x4c 14p trén tu
ux,(t)=Re[Umej(°"“"’] = U, cos(wt—¢) (V)
c. jit)y=ecost(V); C=1(F); R=1/3(Q)

Uccb =

¢ =arctg (0RC)

Trong trudng hop nay, nghiém riéng duoc chon cé dang
U, (t)=e*[Acost + Bsint]

(4)
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thay (4) vao (1) va thyc hién dong nhat hé s6 hai vé phuong trinh ta dugce

A=§; B:é. Do d6 uccb(t):e‘t(—j—cost+-;—sint))
a. jy=e*(Ay C=IF); R=1(@)
Thanh phan cudng buc duge chon 1a u,(¢) = Ae™ (5)

Thay (5) vao (1) ta duge -2Ae™ + 2Ae™% =e™

Ta s& khong tim dugc gia tri cha A dé théa man phuong trinh trén.
Khi d6 phai chon u,,(t) = Ate™ (6)
thay (6) vao (1)  (Ae™® - 2Ate™ )+ 2Ate™ =™
véi gia tri A = 1, phuong trinh trén ding v6i moi gid tri cda ¢.

B- Thanh phén tu do 12 nghiém cta phuong trinh thuan nhat (6.4)

d"y(t) d"y() dy(t)
0, E X 2 e, " v y(t)=0 (6.4)
dt® g Idt T

Ngudi ta thudng tim nghiém cha (6.4) dudi dang
| Y t) = e (6.5)
‘trong d6 p - hiing s6 can tim.
Thay (6.5) vao (6.4) sé dugc
a,p" +a, p" ' +..+ap+a,=0 (6.6)
Phuong trinh (6.6) duge goi 1a phuong trinh dac trung cta (6.4), cho
phép xac dinh cic gid tri cta p. (6.6) la phuong trinh dai s6 bac n, nén sé
¢6 n nghiém p,, p,..p, phu thudc cac gia tri q,. Phuong trinh thuan
nhat ciing sé c6 n nghiém y,;(¢) tuong dng véi n gia tri cua p la
¥y ()= e
¥z (t)=eP? : (6.7)
¥, ()= e

Trong 1y thuyét phan tich mach dién, néi chung khéng quan tadm dén
tat cd cic nghiém cla (6.4), ngudi ta chi quan tdm dén mot nghiém la
ham thuc theo thoi gian théa man cdc diéu kién dau bai todn thé hién
qua cdc hang s6 K nao dé. Sau day sé xét cu thé cdc dang nghiém cia
(6.4) tuy theo cac gid tri p nhan dugec.
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« Néu t4t cd cdc nghiém cta phuong trinh dac trung p;, ps, ., P,
déu 14y gid tri thuc va khong trung nhau (thuc, don), ta sé chon nghiém
tu do 14 t6 hop tuyén tinh cla cdc nghiém (6.7) .

yat)=K; e’ +K,-e’? + . + K, e (6.8)

. Néu trong céac gia tri cia p c¢6 moét cip nghiém lién hgp phuc
p;=—0+jB va p,=-a-jB. V6i ¢, B1a cdc s6 thuc bat ky va (n - 2) gia
tri p khéc la thuc, don, thi nghiém tu do sé c6 dang

Yut) =K e cosBt+®)+ K, -eP* +. +K, e  (6.9)

trong d6 K =2|K,|; K, =K;; ®=argk,

. Néu trong cac nghiém p;, p,, .. p, ¢6 nghiém boéi. Vi du truong
hgp nghiém boi hai (nghiém kép): p; =p,; va (n — 2) gia tri p; con lai la
thuc, don, thi nghiém tu do sé& c6 dang

Y ) =(K,+K, t)e”' + K;-eP +. +K, e (6.10)

Truong hop téng qudt: nghiém p, boi: 2 <r <n,va (n - r) gid tri p

con lai 1a thue, don, thi nghiém tu do sé c6 dang sau
y &)= (K, +Ky - t+.+ K, 7P + K, -ePr + + K, ™' (6.11)

Ti nhitng phan tich trén day c6 thé thay rang, dé xdc dinh thanh
phén tu do can phéi xdc dinh céc gid tri p va K.

- Céc gia tri p phu thudc vao cdc théng s6 mach biéu thi qua cdc
hiing s6 a,, n6 quyét dinh hinh dang cia thanh phan tu do.

- Trong khi d6, gid tri cdc hang s6 K phu thudc vao gid tri cia y(¢) tai
thoi diém xét mach, né quyét dinh do 16n cia thanh phan tu do.

Van dé mau chét cda phan tich mach trong mién thai gian 1a can xdc
dinh c4c thanh phan tu do. Do d6, cdn phai tim hiéu ky cach tim phuong
trinh dac trung (tim cdc gid tri p) va tim céc diéu kién dau (tim céc gia
tri K).

Vi du 6.3 du6i day sé minh hoa cach xdc dinh thanh phan tu do nhu

vifa trinh bay & trén. '
R i)

Vi du 6.3. Hay x4c dinh thanh phan tu do cla AN
“dién 4p trén tu dién trong mach H.6.3. .
Giai. Phuong trinh mach dién thanh lap dua C_) e() C :EEc(t)
vao dinh luat KII L
uL(t)+uR(t)+uc(t)=e(t) 000

Hinh 6.3
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biét rdng: u,(t)=L d;(:) ; up(t)=Ri(t)
. . dues ()
H=0C=22C
va i(t) ir
2 .
tacs  LCEED  pede® 4o
dt? dt

Phuong trinh thuan nhat

du ) Rdut) 1 g
d? L dt LC

R 1 . .
dat o=—; o, =——=, phuong trinh thuian nh4t sé ¢6 dang -
' 2L’ " T yre PR 8
’ d“ui,(t) PMLAG) +whu, () =0
dt= dt

Phuong trinh dac trung p® + 2op+ w2, = 0

Nghiém cGa phuong trinh déc trung p,, =—o* o’ —of,
tuy theo gia tri cda o va w,, tdc cla cdc thong s6 mach R, L, C, ma sé
xay ra ba truong hgp sau

« Khi o>wd,

Tdc la R > 2JL/C, sé ¢6 hai nghiém thuc, don

= {2 2 / 2 2
pl—_a+ O =y, Dy =0 =07 =0,

Thanh phan tu do cta dién 4p trén tu sé ¢6 dang

Uy (1) = K,exp[(—a +yof —ad) t} + ngxp[(—oc ~Jof —wd) t]
- Khi of =a?, '
Tdacla R=2JL/C , phuong trinh déc trung ¢6 nghiém kép
Pp=py=-Q .
Thanh phan tu do ¢6 dang u,,(¢) = (K, + K t)exp(~ot)
Dién tré cda mach trong trudng hop nay duge goi 1a dién tré t6i han.
« Khi of <0?,
Tac la R<2JL/C, s c6 cap nghiém lién hgp phuec
P =0+ jO,;  py,=-0- jo,
2 2

trong d6 o, =0, ~o

(.
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Thanh phan tu do trong trudng hop nay cé dang:
Uy () = Ke™ cos(w,t +0) -
Tit vi du vé mach cong hudng néi tiép RLC trén day. Ta c6 nhan xét:

Thanh phan ty do ¢6 dang phu thuoc théng s6 mach, biéu thi qua
cdc tham s6 o va o, .

Tham s6 o ti 1é véi gid tri dién trd cia mach, né biéu thi su tdn hao
ning lugng nén duge goi 1a hé s6 suy giam.

Khi R>2VL/C, chc thanh phan tu do 1a cac ham suy gidm theo thoi gian.

Khi R<2JL/C, trong mach s& c6 dao dong tit ddn véi tdn s6
0, L0, .

3- Phuong trinh dac trung

Phuong trinh dac trung (6.6) c¢é dugc tir cach thanh lap phuong trinh
mach theo phuong phdp dong dién nhdnh. Theo phuong phdp nay, s&
phuong trinh mé t4 mach bing téng-sd phuong trinh viét theo dinh luat
KI va KII, sau khi dung phuong phédp khi bién, sé& con chi mét phuong
trinh dang (6.1). Trong trudng hgp khi mach phdc tap, ¢6 s6 nit va so
vong 16n, téng s6 phuong trinh theo cdc dinh luat KT, IT sé nhiéu, va qua
trinh thanh lap (6.1) s&é kh6 khan. Trong trudng hgp nhu vay, trong
MACH DIEN I nguoi ta da gi6i thiéu cdc phuong phdp bién déi tuong
duong mach, phuong phap dong dién vong, phuong phédp thé nit, phuong
phdp nguén tuong duong Thévenin, Norton v.v.. (xem chuong 3). Cung véi
viéc dai s6 héa phuong trinh vi tich phan bang phuong phép bién do phte
ta s& c¢6 hé phuong trinh dai s6, rdt tién lgi cho viéc ing dung céc phuong -
phép va cdbng cu tinh todn hién dai nhu may tinh.

Véi ¥ tuéng néu trén, ta sé dua ra phuong phép dai s6 héa mach dé
tim phuong trinh dac trung nhu sau. Béi vi, thanh phan tu do dugc tim

duéi dang y,,(t)=€” (6.5). Nén:

dy,y(t) de” pt ¢ 1 .
" = peft; tydt = |e”dt =—e”

dt a F j Ya(®) J P
Mbt cich hinh thic thay phép dao ham bing toan tl p va tich phan
béng 1 / p. Quan hé dong dién, dién 4p trén cac phén t& L, C, M $& c6 dang :
pt ept

d
= pLe** t)y=C
pe,z() It

= pCe?*

dt
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1

iL(t)=%J€ptdt=;I:ept > uc(t):—é—‘[eptdt :—I—ept

pC

Nhu vay ¢6 thé dai s6 héa phuong trinh vi tich phdn mb t4 mach khi
chiap nhan thay thé cédc tré khéng toan tu

1
e D == n> gt . (6.12)
Zc:—;}’c‘:pc
pC

Hay trd lai v6i vi du (6.1) va 4p dung (6.12) dé thanh lap phuong
trinh mach theo cdc phuong phép néu trén. O day sé gidi han xét phuong
phap: dong mit ludi, thé nat, va phuong phép mach tuong duong.

1- Phuong trinh dong mdt ludi
R | 1
R A= ——1I =
,( ! pC) 7opC = 2l
1 1
——I +(R,+p,+—), =0
pC vl ( 2 p.? pc) Vo
1 1

Bele ae [L] (B

dang ma tran 1p _ p ; { o1 }:1' J

— Ry+pL+—|L'%

prC pCJ

" Khi cho ngudn tac dong bang khong, cac dong vong 1a nghiém tu do phai
khéc khong, do d6, dinh thic cia ma tran trd khang vong phai bang khong

R] + .._1._ ____‘g__

pC pC

1 1
-—— R,+pL+—
pC TP

il
(=)

|Zv|=

Ta s& c6 phuong trinh ddc trung cta mach khi thay gid tri cdc phan
ti vao phuong trinh |Z,|=0: 16p® +72p+65=0

2- Phuong phdp dién thé nit

1 1 E
—+pC+———\U, =—
[R, P R2+pL] ‘"R,

Khi cho nguén tdc déng bing khéng ta ¢6
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1 1
—+pC +- U.=0
[RI R pL} ‘
Pién 4p trén tu 1a thanh phan tu do phai khdc khéng do dé dinh
thic cia ma tran dan nap nat phéai béng khong :
1

Y. 1
| Nl R, + pL

——-—+pC+ =0

Thay gia tri c4c théng s6 mach, ta c6 phuong trinh dac trung suy ra
tlf phuong trinh |YN|=0: 16p° +72p+65=0 '

Két qua nhan duge tit hai phuong phdp trén la hoan toan giéng
nhau, va ciing gidng nhu két quéa ¢6 duge khi xdc dinh phuong trinh dac
trung tf phuong phdp dong dién nhénh, 4p dung cho vi du 6.1 trude day.
Sau khi tim nghiém cta phuong trinh déc trung, tuy theo gid tri cGa p ma
ta c6 thé biét ngay dang ciia thanh phan ty do.

Nhu vay, c6 thé nhan thdy la viéc tim phuong trinh dac trung theo
hai phuong phép vita trinh bay trén gidp ta c¢6 thé tim nghiém tu do
nhanh hon, vi khéng phai thanh 14p phuong trinh mach. Mt cach hinh
thuce, chi xdc dinh cdc ma tran tré khang vong hodc ma tran din nap nut,
va cho dinh thdc cia ching bing khéng, sé ¢6 ngay phuong trinh dic
trung. Cing c6 thé thay ring, phuong phédp bién d6i tuong duong mach
cing gitip ta c¢6 dudc phuong trinh déc trung nhanh hon. Bgi vi thanh
phan tu do la ngh ém cha phuong trinh thuan nhat, tuong dng véi
fit) = 0, didu d6 c¢6 nghia 1a khi tim phuong trinh dac trung, ta cho tat ca
¢ac ngudn téc dong doc lap nghi. (theo nguyén tic ngan mach nguon ap,
h& mach ngudén dong). Mach khong c¢6 nguén khi d6 ¢6 thé duge thay thé
bing mét tré khang hodc dan nap tuong duong nhin tit hai cuc nao do.
Khi cho Z,; =0 hodc Y,; =0 ta ciing sé c6 ngay phuong trinh dac trung.
Hay minh hoa phuong phap nay khi dung lai vi du 6.1. Mach dién trén

H.6.1 ¢6 thé duge vé lai khi thay thé cdc trd khéng toan ti (H.6.4 a, b)
Ra

000

b)

W
1 o) 1

E Tp_c gL (bf "'c_ pL

a)l ¢

Hinh 6.4
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Ta s& tinh tré khang tuong duong Z,5 cho mach H.6.4a, va dan nap
‘ugng duong Y, cho mach H.6.4b. Sau khi b ngudn, chon cédc cuc A, B \
dé tir d6 xdc dinh Z,5, Y 5.

A R1 Rz A R2
AR _I: AAA * j_ Wy

1 1

R ——

pL Praak Sk 'l‘ pC

@~ e @ ag

pL

000

N
-
"
——|
2
000

B . B
ta c6 Zys=R,+1/pCl/(Ry+pL)=0
1 1
Yip=—+pC+——=0 :
A= R TP TR, oL .

Tu cdc phuong trinh Z,5=0 va Y,53=0 ta c6 lai dugc phuong trinh
dac trung nhu da xét trong cac phuong phép trén.

Khi trong mach cé chita nguén phu thujc va phan ti hd cdm, viéc
tim Z, va Yy nhu da trinh bay trong MACH DIEN I. Ta ciing thanh l4p
phuong trinh dong vong va phuong trinh thé€ nit nhu d8i v6i mach c6
nguén doc 14p, ma tran Z, va Y, trong cac trudng hgp nay tat nhién sé
khéng d6i xting (xem chuong 3 MACH DIEN I).

Sé-tam dt‘rng'viéc xét cdch x4c dinh phuong trinh dic trung & day, vi
ban doc cé th€ hinh dung dugc viée tim phuong trinh dac trung truc tiép
tif cdc dinh thic mach (Z,,Yy) nhanh hon, dé hon va cho két qua thanh
phén tu do cha bat ky dai lugng dién 4p hay dong dién nao trén cdc phan
t mach. Phuong trinh dac trung ctia mach trong vi du 6.1.

16p2 +72p+65 = 0

724722 ~ 41665 -72+32

P12 = 32 T 32
5 : _ét _.Iig.t
Pi=-7; P2=-"r; Yat)=Ke * +Kje ¢
Ya(t) c6 thé 12 dong, c6 thé la 4p. P6i v6i mot mach c6 c4u tric da cho
truée, hinh dang cla cic thanh phén tyu do 12 gidng nhau, ching chi khéc
nhau d6 16n, biéu thi qua c4c hing s6 K; ma ta s& xét dén trong phén tiép
theo. ' :
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4- Diéu kién ddu

Nhu da biét, nghiém cGa phuong trinh thuan nhat phu thudc vao gia
tri cia y(¢) va cdc dao ham cia né tai thoi diém xét. Khi giad thist xét
mach tai ¢ = 0, thi nghiém tu do cba phuong trinh thuan nhat cdp n phai
thoa mén n diéu kién d4u tai t = 0 1a

¥0); ¥(0); y7(0); ..y " 0) (6.13)

V6i céce diéu kién dau (6.13) c6 thé xac dinh cdc hing s6 K.

Trong ly thuyét phan tich mach dién, cdc diéu kién diu duoc xdc
dinh dua vao trang thai ning luong clia mach tai thoi diém xét (¢ = 0) va
cdc dinh luat co ban cta MD la dinh ludt Ohm va KILII. B&i vi y(t) la
dong dién hoac dién 4p can tim, nén diéu kién d4u cin x4c dinh 1a gi4 tri
cua chung va cdc dao ham tai ¢ = 0. .

Nang lugng trong mach duogc tich ldy trong tu dién va cudn day, tai -
thsi di€m xét duge xédc dinh theo cong thic sau

W, (0) :éCuQ(O); WL(O):—21-Li2(0) (6.14)

trong d6 w(0) va i(0) la dién 4p trén tu va dong dién qua cuon day tai
t = 0. BSi vi ning lugng dién tr truong 12 dai lugng lién tuc riém tai
t =0 c6 thé viét g

W07 =W,0"); W, 0 )=W,(0") (6.15)
v6i t=0" 1a giéi han bén trai cda thoi dim xét mach, con t=0" la gidi
han bén phai. Néu tai ¢ = 0, mach thay d6i trang théi can bing thi nang
luong trong mach van théa man (6.15).

Tu cac biéu thic (6.14) va (6.15) ta ¢6 thé€ rat ra mot két luan quan
trong 1a: tai thoi diém thay d6i trang thdi cdn bdng cia mach, dién dp
trén tu va dong dién qua-cudn ddy la nhiing dai luong lién tuc

1, (07)=1,(0") =u(0)
i, (07)=1 (0)=i(0) » (6.16)

-~

Céan luu y ring, cc dai lugng khac khong nhét thiét phai lién tuc tai ¢ = 0.

Vi du: dong; 4p trén cac dién trd; dong trén tu va dién épﬂ trén cuén
day. Céc gi4 tri dong dién va dién &p cung cdac dao ham cda né tai ¢ = 0
(6.13) phu thudc vao néng luong trong mach, do d6 phu thudc vao u,(07)
va i, (07) (6.16). _ : o

Ngudi ta goi cdc didu kién dau (6.16) 1a diéu kif:;n ddu so cdp, ¥a
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(6.13) 1a cdc didu kién ddu thi cdp. C6 nghia 1a d€ c¢6 (6.13) phai tim
(6.16). Phan tich mach trong mién thoi gian, 12 phan tich mach bt dau
ti mot thoi di€m nao d6 (gt : ¢ = 0) trd di, 0, «). Vi vay cdc diéu kién
dau (6.13) duge xét tai t=0", phu thudc vao u,(0") va i, (07), theo (6.16),
dé c6 u,(0%), i (0*) phdi xét mach & trang thdi trudc do tic tai
t=(—o0,07), khi d6 ta sé& xéc dinh duge ©,(07) i,(07). Cdc diéu kién dau
s@ cap va thi cdp duge hiu 1a gidi han bén phai cta cdc gid tri (6.13) va
(6.16). C6 thé néu ra day thi tu cic buée xdc dinh diéu kién dau (6.13):

» Dua vao diéu kién lam viéc cia mach & trang thai nang luong truée
thoi diém lam thay d8i trang thai cAn bing cha mach (gia thiét ¢<0), xéc
dinh gia tri dong dién qua cudn day ¢; (07) va dién ap trén tu u, (07).

« Dua vao diéu kién déng ngit (6.16) ta cé cac diéu kién dau so cap

u, (0")=u,07); i (07)=1,(07)

e] trang thdi ning lugng méi (¢t > 0), 4p dung cédc dinh luat KI, I,
c¢6 thé tim duoc (6.13) theo (6.16). Khi da c6 cdc diéu kién dau (6.13) ta c6
thé xdc dinh cdc hing s6 K trong thanh phan tu do.

Tir nhitng phan tich & trén cé thé thay ring, d€ tim cdc thanh phén
tu do cAn phai xdc dinh céc diéu kién diu (6.13), cdc diéu kién diu nay
_phu thuge vao (6.16). Pidu kién (6.16) duge goi 1a didu kién déng ngit
mach, né khing dinh ring, tai ¢ = 0 dong qua cudn diy la mét dai lugng
lién tuc, c6 thé coi né nhu mét ngudn dong c6 gid tri i,. Néu i, =0, ¢
thé coi cuén day nhu hd mach. Tuong ty c6 th€ néi ring, tai thoi diém
déng, ngit mach, dién 4p trén tu la moét dai lugng lién tuc c¢6 gia tri u,,

néu u, =0, c6 thé coi nhu tu dién ngin mach.

Sau day sé xét mot vi du va 4p dung phuong phdp kinh dién d€ phéan

tl‘ch »mach trong mién thoi ré k

gian. i(t) t=0 R,

Vi du 6.4. Hay x4c dinh dong A‘/X" A‘1N‘ﬁ WV
dién i(t) néu tai t = 0 mé khéa 2 > R

K. (Gi4 tri cac thong s6 mach D E =cC LS
d4 cho trong vi du 6.1).

Giai ‘ Hinh 6.5
- Gia thiét ring & t<0 mach & trang thai xdc 1ap mot chibu. Xac
dinh dong dién qua cufn diy va dién 4p trén tu
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E 11 E

- 3, 0 )=—— _Ry=9
R/2+R, 2,4 @; w0 =g g, =9V
3

i, (07)=

« Theo diéu kién déng ngit
u, (0" =u,(0)=9(V);, i (0")=i (07)=3(A)
.0 t>0, m& khéa K, mach dién c6 thém dién tré R,/2; mach sé& thay
déi trang thai nang lugng so v6i truge (day chinh 1a mach trong vi du 6.1).
Dong dién i(¢) 1a nghiém cha phuong trinh mach, sé gdm hai thanh phan
H(E) =iy (£) + g (2)

3 >0 trong mach c6 nguén mét i)
chiéu, nén & x4c lap, tu hé mach, cudn
diy ngdn mach. : .

1
E 1 33 (A)

3 = = = —
WO RIR, 4., 13
3

Phuong trinh dic trung cia mach nhu da x4c-dinh trugc day

1
16p% +72p+65=0; p1=—§; p2=-7f-
' -._S_t —Et
Thanh phén tu do cia i(t) iy(t)=Ke 4 +K,e 4
: 13
. -= -t
do dé ' it)=K,e 4t+K2e 4 +%

Pé tim cdc hing 56 K, K, ta cin phéi xdc dinh hai diéu kién dau
i(0*),i'(0%). Ap dung dinh luat KI, II ta c6

ul, (@)

. E—-u(t) .
-t (D)= 1
L(t) R L'(t) R, (1)
. E-u (") 11-9 3
Y= c = = — A 2
= i(07) R, IE 2( y) (2)
= i'(0+)=————”°1(?01 ’ 3)
Dé tim u,(¢) ta c6 phuong trinh
du(t . + .+ v F
i) =it -0 =ity -C L 0% =i(0") - Cu'0")

dt
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3_3
:>u'c(0+).=l'(0 )=, 0 )=2 :_E 4)
C 1/5 2
thay (4) vao (3) ta dugc z(o+)_15 I_25 a5 (5)
24 8
Hai phuong trinh d€ tim K,, K, la
5, 13,
it)=K,e 4 +Kje ¢ +§§ 0" :K1+K2+£=§
) 13 ‘ 13 2 (6)
8 e 5 13 45
L'(t)=-é € —EK e 4 1'(0 )Z—ZKF‘_ZK?=
27
K =——
tir (6) suy ra 1+ K, 26 = K]_.g‘.z_; 2=_%
5 13
Két qua (t)y=—= 63 et 90e .33 .
6 26 13 ~7

Trong thuc t& phan tich mach, ta c6 thé gap nhimng bai todn m3X diéu
kién (6.16) khong théa man, ta goi d6 1a bai toan khong chinh. C6 thé
giai thich so by nguyén nhan din dén bai toan khong chinh nhu sau: khi
néi dén phan ti :ach nhu tu dién hodc cuén day, phai hidu dé 1a nhing
phan ti vat ly. Moi mot trong ching déu c6 ca dién tré, dién cam va dién
dung. Do d6, ching thudng duge md ta bang so dé tuong duong cé chda
cdc thong s6 1y tudng R, L, C. P& c6 md ta toan hoc don gian, ngudi ta
thudng st dung so db tuong duong 1y tudng, bd qua céc phan td ky sinh,
diéu d6 sé din dén diéu kién (6.16) khong thda man. Bai todn khong
- chinh thutng gap khi phén tich cdc mach loc LC, mach tré LC ho#c cdc
mach ghép hé cdm. Trong trudng hop nay, cac diéu kién ddu (6.16) duge
x4c dinh duya vao dinh luit bdo toan dién tich va nguyen Iy lién tuc tir
thong. Hay xét vi du vé bai todn khéng chinh sau day.

Vi du 6.5. Hay x4c dinh dién 4p trén céc tu . K <,

dién C;, C, trong mach H.6.6, néutait =0, %’ ral ©
déng = khéa K va ngudbn tac dong t=0 %
e(t)=Ee ™ 1(t) v6i E > 0, o> 0. (‘De(t) % i== Ce
Giai. O ¢t < 0 trong mach khc“)ng ¢6 ngudn

nén u,(07)=u,(07)=0 Hinh 6.6

Ap dung diéu kién (6.16)
ucl(O")zucl(,0+)=0_; U, (07 )=u,(0")=0 (1)
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Mét khdac ¢ ¢,> 0, trong mach c¢6 nguén e(t), theo dinh luat Kirchhoff
ITtai ¢=0": u, ;(0")+u,(0")=e(0")=E=#0 o (2)
Tit (1), (2) ¢6 thé thdy ring dién 4p trén tu khong lién tuc tai ¢ = 0.

Diéu kién dau ding ddn sé tim dugc khi 4p dung dinh luat bao toan
dién tich tai nut (1). Tainat 1tacé q,—q, =0

hay la Cou.,(0")-Cou,(07)=0 (3)
tir (2) va (3) suy ra .
. E - N E C
lth(O )ZCI+C2 'CZ # ucl(O ); ucg(o )=CI+C2 .C] * ucg(o )

Vi du 6.6. Xét mach trén (H.6.7). Hay xdc dinh i,(¢) § ¢ >0 néutai ¢t = 0
déng khéa K. Cho biét: e(t) = 1 (V); L,=1(H); i;,(0)={,(0")=0;
L,=4(H); R,=R, =1(); M = 2(H). .

K R, i,(M i>(t)
Wy
t=0 M

C) eV Ly g gL §R2

-+

Hinh 6.7
Giai. Khi 4p dung diéu kién (6.16)
i (07) =i (0°)=03; iy, (07) =i ,(0)=0 (1)
Hay kiém tra két qua trén c6 ding khong? O ¢ > 0 ta c6 phuong
trinh mach ghép hé cam

R+ L, dzy) M di;;t) —e(t)
| R2i2(t)+MdZ;t)+L2 dg;“w
Thay gia tri cdc phan t va ngudn téc déng ta cé |
il(t)+di1i§t)+2d3;t) =1 (2)
' 3 Io(t :
i_o(t)+2d2§”+fz“i;§ )=0  C®
bif (3) suy ra ‘?Z;t’ J_rzd’;;” =22 (4)

thay (4) vao (2) ta duge
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Két qua (5) ching to, i,(0*) va i,(0") khac khoéng, tic 12 dong dién
qua cudn day tai ¢t = 0 khong lién tuc. D€ tim gid tri ding clia cdc dong
dién tai ¢t =0", hdy xét nang lugng tur trudng tap trung trong mach:

1. . 1. . C
W(t)=—2—L1112(t)+§L21§(t)+Mz1(t)LQ(t) (6)

~ béi vi nang lugng l1a dai lugng lién tuc, tai ¢ = 0 ta hay xét hai truong hgp
sau day.

1- Néu hé s6 ghép hd cam k= <1 va véi didu kién dau bing

M
JL,L,
khong, tidc la: W(07)=W(0")=0; thi phuong trinh (6) sé thoa man khi va
chi khi: i,(07)=i,(0")=0.

M

- =1, thi W(0*) s& bing khong néu:
14~2

2- Néu k=

1,(0")= —LMiQ(OU (xem chu thich' ).
: 1

Nhu vay trong trudng hqp nay i;(0") va i,(0") khéc khong, con néu
i;(0")=1i,(0")=0 thi diéu kién ning lugng sé tu dong thoéa man.

Bay giv hay tim gia tri ding cta ,(0"), i,(0") khi thay gia tri
N M. . MY . . . o
1,0 )=——L—L2(0 ) vao (5): 2(—3}2(0 )—1,(07)=2 = —4i,(0")-i,(0")=2

1 1

- Két qua: L.'2(0+)=—§v

! Chut thich: Néu W(0*)=0 ticla

2
1, . 1, . o (0" 0
EL,z.f(o*)+ELzlﬁw*Hle(oﬂzz(o*):o; lLII:lI(O )} RES VA LA

2 i,(0%) 272 i»(07)
. - - .
. i'J 2_4-L,=
(0 )—-M M 42L12L M

20 24—;_14, L

Suy ra

A M. . M. . .
z,(O*)=——L—z2(0*) ; 12(0*)=——L—z,(o*); Lyig(0")+ Miy(0*)=0 thay gid tri i»(07)
1 2

. M2 ,
= L,z,(o*)——L—z,w*):o thay M2 =k?L;L, ta c6
. 2

Ly (0%) = KPLij01) =0 = Lyi;0*)1-k*)=0



PHAN TICH MACH TRONG MIEN THO!I GIAN 23

Ta s& tré lai cdc bai todn khong chinh trong phan phan tich mach
bang phuong phap todn t&, & d6 bai toan sé& dugc giai ma khong gép kho
khan gi.

Bay gio sé ap dung phuong phdp dugc trinh bay trén day dé phan
tich qud trinh qud db trong cac mach RLC don gian, nhim hiéu ky hon y
nghia vat 1y caa cdc thanh phan nghiém ctia phuong trinh mach.

6.1.2 Qua trinh qua d¢ trong mach TTD

Nhu da néi 6 trén, phan tich mach trong mién thoi gian 1a xét mach
& tai méot thai diém bat ky, thai diém d6 thuong duge chon khi mach thay
d6i trang thdi nang luong. Trang thai nang luong cha mach sé thay déi
khi cdu truc cia né thay d6i, hoac khi déng (ng{ ngudn tiac dong. Viéc
thay ddi trang thai mach thudng dugc biéu dién qua mot khéa K, déng

\

(ngit) tai thoi diém xét, thuong qui ugc la tai t = 0. ~

Mach TTD dugc xét gdm céac phan td RLCM véi céc nguon tac dong
doc 1ap va phu thudce. Ta sé& xét mot s6 mach don gian sau déy.

1- Mach cép 1 (RC - RL)

Mach don gidn nhédt chi gom mot __Ka/__,vf‘,v_.ifﬁ)
phén ti tich ldy néng lugng L hozc C, t=0
'néi ndi tip hodc song song véi dién trd, (5 o) c _:+ 0.t
duge goi 1a mach cdp mot, vi n6 duge mo T T-
t4 bing phuong trinh vi phan cép 1.

Chd ¥ 13 néu mach chi gom toan dién
tré tuyén tinh, thi sé khong co thanh
phéan tu do trong nghiém ctia phuong trinh mach, vi dién trg la phan td
chi tiéu hao ma khong tich liy nang lugng.

. Xét mach RC trén H.6.8, phuong trinh mach:

RC duC(t)
dt

Hinh 6.8

+up(t)=elt)

phuong trinh déac trung: p+i% =0 =p-= "EIE
Thanh phén tu do cia dong dién hodc dién ap trén cac phan td mach
c6 dang:
uyq (8= Ke™"'%C (6.17)
Gia thist v6i mach nay, cAn xdc dinh dién ap trén tu dién, thi dién
4p s& gdm hai thanh phan:
W, (1) = Upg (8) + Ueep (F)

Nhu da biét, v6i mach cdp 1, thanh phan tu do ludn c6 dang (6.17),
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thanh phﬁn cudng bic s& ty thude vao ngudn tac dong e(t).

» Gia thiét tai t = 0, cung c4p cho mach nguén mdt chiéu e(t) = E(V),

va u,(07)=0.Véi mach RC trén H.6.8

() =E; u,(t)= Ket'RC L E
Ap dung didu kién (6.16) tim K u (0*)=K+E=u,0")=0
Suyra = K=-E. Dodé ‘ uc(t)=E(1—e’”Rc)

C6 thé thay ring, thanh phan tu do suy giam véi hé s 1/RC.

Khidat t=RC (s) ‘ (6.18)
7 - dugc goi 12 hing s6 thoi gian cla mach. |

Vé mat ly thuyét, thanh phén tu do sé mat khi t — oo, trong thuc t&
qui uGc sau khoang thoi gian ¢, =31, khi d6 trong mach chi con thanh
phén cudng bic (x4c lap).

Nhu vay c6 thé néi réng, mach RC sé dat dén trang thdi lap sau
khodng thoi gian 37. Khoang thoi gian trude dé, khi trong mach tén tai
ca thanh phan tu do va cudng bic dugce goi 1a thoi gian qua d¢ cia mach.

Dong dién trong mach
Mzice-uﬂ’c :E_e—uRC

.(t)=C , t>0
() dt RC R
Dong dién qua tu khong chia thanh uy, i
phan xdc lap, vi réng, & xdc lap mot chidu iy
tu dién hé mach. Qu4 trinh bién thién caa ?R_
dién 4p va dong dién trén tu dugc minh
hoa trén H.6.9.
. N . i=0 |0
Tiu hinh vé thdy rang, dién ap trén tu t
’ Hinh 6.9

bién thién lién tuc tif gid tri 0 va tiém can
dén gia tri E. Trong khi d6 dong dién dot bién tir gid tri 0 dén gia tri E/R
tai ¢ = 0, rdi sau d6 gidm dan dén khong. Mach dién dat dén trang thai xac
lap tai ¢, =31, gi4 tri dién 4p trén tu gin dat gi4 tri E
uBt=E(l-e%)=0,95E (V)
Quaé trinh via xét trén day 1a qud trinh nap dién cho tu.
+ Xét mach RC v6i ngudn téc déng didu hoa
gt: e(t)=Ecos(wt) va u (07)=0

uc(t) Uetq (t +uccb (t URC +uccb(t)
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Thanh phan cuéng bic duge x4c dinh bang phuong phap bién do phdc

Uc‘cb = —E'— : ZC
VA

trong d6 - bién d6 phic ngudn ap E=EZ0 (V)
- tré khang phitc cda mach va cuia tu dién

Z =R+1/joC=yR?+(1/aC)? sarctg(1/oRC)
11

Zp=—ie=— L-T/2
¢ joC  oC
JRZ +110C)? Zg ©C

E

wCR? +(1/0C)*

U, () =U . cos(0t — @ —g) ; véi @=arctg(1/wRC)

(t)=R (Uces- ™'} =

Upeh cos(wt ~p—T1/2)

E
wCyR? + (1/0C)*

U =

me

ta c6 uc(t)zKe"”RC +U,,.cos(wt —¢~m/2)

Ap dung didu kién (6.16) d€ tim K
u (0 )=K+U, cos(p+n/2)=0; K= U, cos(p+7/2)

Qua4 trinh dién ap trén tu
u,(t)=-U,,.cos(@+ n/2)e”t'RC 1 U, cos(wt —@—n/2)
Ti bidu thic u,(f) ¢6 thé thay rang  u,;(0)=—-u,(0)

Nhu vy néu déng ngudn vao lic u.,(0)=0 thi uy(0)=0, trong
mach sé khong xdy ra qua trinh qua do. Néu déng mach vao lic
Uy (0)=U . th 1 (0)=-U,., va néu qué trinh ty do tit cham, thi sau
nta chu ky, dién 4p trén tu dién C s& c6 gia tri gan gdp doi bién 46 dién
ap xac lap, tac 1a U, = 2U,,. -

Dong dién chdy qua tu

du (t)

i(t) :CT = C%’%cos[(p+—g-)e‘”m ~-CU,, wsin(wt —¢—m1/2)

dat 1, =CU,

me
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ta duge i(t)= —I"Lcos((p + g)e‘”RC -1, sin(wt—@— g)

oRC
tai t = 0; u,(0)=0, tu dién ngdn mach, dién 4p ngudn dat hoan toan vao
: X : 0') E ‘ '
dién tré, nén i(0" _wo) _=
18 0M) "R

Nhu vay, néu déng ngudn vao mach tai thoi diém dién 4p nguén cé
gia tri cuc dai va néu gid tri dién tré trong mach qua nhd, thi dong dién
& thoi diém déng ngudn sé rat 16n, gdy nén nhing xung dong dién.

Qué trinh bién thién cha ue{t
dién 4p trén tu dién ngay sau
khi tdc dong ngudn diéu hoa
lén mach ¢6 dang trén H.6.10.

Sau khoang thoi gian
t = 37, thanh phan tu do sé
mat di, mach sé dat dén trang
thai xac 14p diéu hoa.

. Xét mach RC véi ngudn
tac dong tuan hoan. Gid thiét ] ,
tai ¢ = 0, dat vao mach nguén l_
e(t) 1a day xung vudbng géc
trén H.6.11. Day xung c¢6 bién 0 10 210 3.10
do bing 1(V), dd rong 107 (s)
va chu ky 2.107°(s). Hay xac )
dinh dién 4p trén tu u (t) véi diéu kién dau: u (07)=0 va R = 200(£),
C = 0,5(uF). Mach RC véi ngudn tac déng 1a day xung vudng géc, cé thé
xem nhu mach RC cé ngudn téc dong mot chiéu véi khéa K déng, ngit
theo chu ky cia day xung. Hay xét dién 4p trén tu trong khodng thoi
gian c6 xung e(t)=1 (V) va khéng c6 xung e(t) = 0 (V).

e(t)

Hinh 6.11

-Khi 0<¢<107. Theo gia thiét #,(07)=0, e(t) = 1
uc(t)=Ke’”RC +1; u,0")=K+1=0=>K=-1
u (t)=1-e"kC; RC=2005107 =10, u,(t)=(-e")1)
- Khi 10°<t<2107%; e(t) = 0. Hay tim gi4 tri dién 4p u (¢) tai
t=10"(s) u,(10%)=1-¢10"107 _7_¢10 - g |

Chuyén goc toa dd vé t'=t—107, ta sé ¢6 u, (07)=1
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uc(t') = K . ekt'/RC +uccb

-10"(:—10"”)

Uy, =0; u(0)=K+0=1=K=1; ulb)=e 1(t-107)

- & chu ky tiép theo 2.10° <t<3.107° .
e() = 1; tim: u,(b), tai t=2.107; u, (2207) =101 = =0

Ta c6 lai diéu kién dau khi méi déng ngudén vao mach, qud trinh
phan tich mach sé 1ap lai. :

Qué trinh dién 4p trén tu w.(¢) v6i ngudn tac dong la day xung
vudng goéc duge vé trén H.6.12.

Ti H.6.12 ta thay ring, khi hing s6 thoi gian 7= RC tang, thoi gian
qué d6 cia mach bi kéo dai, do thanh phan tu do suy gidm cham, dang
tin hiéu trén tu bi méo so véi nguon tac dong.

u(t)
.
L R = 200 ()
C =05 (uF)
° 107 2107 t _
b u® 'R = 200 ()
- C =5 (uF)
Hinh 6.12
° 10° 21407 !
. Xét mach RL trén H.6.13 - mach RL K R
-~ A' 2 b ~ . A AM
‘cling duge md ta bang phuong trinh vi phan {=0 i)
c&p 1 nhu mach RC. Viéc phan tich mach RL : ] g
ciing tuong tu nhu d6i véi mach RC khi thay ot .
d6i ngiu i, = u, vd L=1/C. Phuong trinh
. R '
- dac trung ciia mach RL: p+f=0 Hinh 6.13

=

Thanh phan tu do cia mach #,4(?) =Ke_Zt

Dong tu do suy gidm theo ¢ v6i hé s6 R/L, nghich dao cua né dugc
goi 1a hing s6 thoi gian t=L/ R . Tuong ty, ngudi ta ciing qui udc qua
‘trinh qué do sé kéo dai trong khoang thoi gian bang 37. C6 18 khong can
lap lai quéa trinh phan tich nhu da lam doi v6i mach RC, bdi vi nhu da
nhan xét & trén, cac két qua c6 dugc dsi v6i u,(t), ta c6 thé suy ra cho
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i; (#), qua trinh bién thién va hinh dang cua i; (¢) va u.(¢) la hoan toan
giong nhau.

2- Mach cép hai RLC

Bay gio sé xét qud trinh qua d6 xay ra trong mach RLC, tdt nhién
qua trinh nay sé& phtc tap hon, vi mach chia ca hai phan ti tich lay nang
luong L,C. Mach RLC néi tiép ¢6 dang trén H.6.3 1la mach cdp hai, vi
phuong trinh vi phan md ta mach la phuong trinh cdp hai. Ta da khao
sdat thanh phan tu do ctia né trong vi du 6.3. Sau day s& phan tich mach
RLC khi tdc dong lén né cac ngudn tdc dong khéac nhau nhu da lam déi
mach cdp 1. Nhu da biét trong vi du (6.3), phuong trinh ddc trung cta
mach RLC c¢6 dang:

2 2 . _ 2 2
pP+20p+05, =0; p,=-0t o’ —w,

. R
véi: o=— ; w,=1/vLC
‘ 2L ch

Thanh phan tu do cia mach RLC ¢6 hinh dang tiy thudc vao cdc
tham s6 o va w,, theo ba trudng hgp khi: R >2JL/C (o 2m.y)
vaR <2\/U5 (< wy,), con cae thanh phan cudng budc thi phu thudce vao
cdc ngudn tac dong e(t) sé xét sau day.

- Tai t = 0, cung cdp cho mach nguén mot chiéu e(t) = E(V). Ta sé
quan tdm dén dién 4p trén tu dién va dong dién chay trong mach:

U (8)=Upg(B) U (8); 1) =15 +iy (E)
Trong truong hogp et) = E(V).
UpD)=E;  i,()=0

Khi a>0,,: (R>2JL/C)
Uyg () = K eP' + KoeP?;  i,(t)=CK,p,eP! + CK,p,e"?
u (t)=K,e"" + K,e?” +E ; i(t):C[pIKJep’t +p2K2ep2‘}
Khi o=y, : (R=2JL/C=R,)
Uyg = (K +Kot)e™; 4, =C(~0K, —oK,t+K,)e™
u.(ty=K;+Kyt)e ™ +E; i(t)y=C(~0K; -~ oKt +K,)e™
Khi a<oy: (R<2JL/C)

Uyg =Ke ™ cos(wt+®); iy =CKe ™ [-ocos(w, ¢ +d) -, sin(w, ¢+ D)]
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u, () = Ke ™ cos(w,t + @)+ E; i(t) =CKe ™ [~oicos(w,f+P)—w, sin(e, t+ d)]
. Tai t = 0 téc déng 1én mach ngudn diéu hoa e(?) = E cos(ot) (V)

Thanh phan cudng bic ctia dién dp va dong dién dugc xédc dinh bing

phuong phap bién dé phie Ueceb :l;—Zc

trong d6 E=E £0 - bién d6 phic nguén 4p.
Z =R+ joL+1/joC - tré khang phdc cia mach RLC.

|Z| = \/R72+(wL—1/wC)26; argZzarctg-“—)L—_éL,D—g=
Z,=X, £-n/2 - trd khdng cua tu
. E-X o
Uep=—>t £- ¢—-==U, L~0¢-1/2
7 R ¢ .

t)=U,cos(owt—9—1/2)

Ueeh
iy (t) =—CU, osin(ot — -1/ 2) =1, cos(wt — Q)
Khi o> 0, u,(t) = KeP!' + K,6"' + U, cos(wt =@ -1/ 2)
it) = C[lelep" +p,K, e ] +1,,, cos(wt — @)
Khi 0=, u (t) = (K, + Kot)e? +U,, cos(ot —¢-1/2)
i(t)=Cl-oK,; — oKt + K, le™ + I, .cos(wt — @)
Khi o < W, u, (t) = Ke ™ cos(w,t + @) + U, .cos(wt - —1/2)
i(¢) = CKe ™ [-0cos(w, t + @) — o, sin((b t+®) +1,,, cos(wt — @)

. Tai t = 0, tdc dong len mach day xung vudéng géc nhu trén H.6.11,
¢6 d6 cao E = 1(V), 40 réng xung 1a 5(s) va chu ky 10(s). Hay khao sat
qua trinh qua d¢ xdy ra trong mach, v6i gid tri cdc théng s6 R = 2(Q),
L = I(H); C = 0,1(F); va gid thiét rang: u (07)=0; i, (0 ).,"

1 — . -
Véi mach da cho: az—R—= 1; Qch = Tic =+/10 . Phuong trinh dac trung

2L
pr+2up+od =0; p°+2p+10 =0
p;'z=—14_r\/1-10=--aijm =—1+j3

Nhu dé néi trong phan khéo sat mach RC, khi ngubn tdac dong la day
xung vuéng goéc, ta cb the coi nhu mach cé ngudn tac dong mot chiéu véi
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khéa K déng, ngdt theo chu ky cda ddy xung. Mach RLC trong trudng
hop da cho 1a mach c6 o< a, do d6 trong mach sé& c6 dao dong tit dan

cta thanh phdn tuy do. Ta hdy xét mach trong cac khoéng thoi gian
e(t) = 1 (déng khoa K); e(t) = 0 (ngit khéa K)
- Xét 0<t<5 (s)
et) =1V u,0)=0; iL0)=0
Ue(t) = Uy (8) + Ugeh

Upp = 1; 15=0 _
Phuong trinh dic trung ¢6 nghiém phic a=1; o, = 3
Uyg(t) = Ke™ cos(3t + @)
() = 0,1Ke™ [—cgs(3t +®) - 3sin(3t + ©)]
Do dé: u,(t) = Ke'cos(3t+®d)+1
i(t) = 0,1Ke™ [~cos(3t + @) - 3sin(3t + D)]
u (0" = Kcosq;+1=0 )]
1(0") = -0,1Kcos®-0,3Ksin®=0 (2)

Tir (1) (2) suy ra: ®=-18,43°; K=-1,05
K&t qua: u,(t)=1-1,05¢" cos(3t - 18,43°)
i(t)=-0,1e" cos(3t - 18,43°) —~0,3e7" sin(3t — 18,43°)
. X6t 5<t<10 (s)
Doe(t) = 0;nén u,, =0; i, =0
Tim u () va i(t) tai ¢t = 5(s)
u,(5)y=1; 1,(8)=0
Patt' =t - 5; & toa do méi
u,(07)=1; 11,(07)=0
Trong mach chi ¢é thanh phan ty do:
u,(t'y = Ke™ cos(3t'+®)
' i(t)=0,1Ke™ [-cos(3t+ @) - 3sin(3t '+ ®)]
Ab dung diéu kién (6.16):
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u (0")y=Kcos®=1 (3)
0"y =-0,1Kcos®-0,3Ksin® =0 4)
tir (3) 4) suy ra K =1,05; ¢ =-18,43°

K6t qua  u,(t)=1,05¢™" cos(3t'- 18,43°)

()= -0,1e7t cos(3t'-18,43°) - 0,3¢7" sin(3t'- 18,43°)

« X6t 10<t<15 (s)

Do e(t) = I(V); u,;=1V); ip=0

Tim u,(¢) tait’ =5: u.(5) =0; i,(H=0 .

Do diéu kién dau lap fai khi ¢ = 0, quéd trinh phéan tich mach sé lap
lai. Qua trinh phan tich sé dimng lai & day - dang song u.(¢) va i(t) c6 thé
vé mot cdch dinh tinh trén H.6.14.

Qua viéc trinh bay phuong phap kinh dién va dp dung né d€ phin
tich qué trinh quéa do trong mach TTD, ta cé thé tra 1i nhiing cdu hoéi
dat ra & ddu chuong nhu sau

u (Y s -
1 S r | Sl
>~ 1 v |
| 1
1 1
I i
'y it PATA;-_ ] ¢
0 - Myb >
it)
N
/v t
o} | g L 0 -
Hinh 6.14

. Tai nhiing thoi diém thay d6i trang thai can bang mach (déng,
ngit ngudn, thay d6i cac thong 6 mach, ..), d4p ung cia mach (dong dién
va dién 4p trén cac phan tl) doi v6i ngudn tac dong gom hai thanh phéan

Thanh phdn thit nhdt: ¢6 hinh dang giong ngudn téc dong, ¢6 dd 16n
phu thude vao thong sd mach va db 16n cha nguon téc dong bat ky, duge
goi 14 thanh phan cudng bdc.

Thanh phdn thi hai: c6 hinh dang phu thudc vao cdc thing s6 mach
va do 16n phu thudc vao nang lugng trong mach tai thoi diém xét duge
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goi la thanh phan tu do.

* Qué trinh qué d6 trong mach, 14 qué trinh dong &p trén céc phéan
tl, bao gém cé hai thanh phan cudng bic va tu do, hodc chi c¢6 thanh
phan tu do. Nhu v4y, thdi gian qua d6 1a khodng thdi gian ton tai thanh
phan tu do, vé mat ly thuyét thanh phan tu do sé mat di khi #—s .
Trong thyc t&, v6i mach cdp I, ngudi ta qui uée thai gian qua d6 kéo dai

“bing ba l4n hing s8 thdi gian cta mach. Véi mach cdp II, ngudi ta qui
ude thoi gian qud do 1a khodng thdi gian ma thanh phén tu do suy gidm
con 1/10 gid tri cuc dai cGa né. Khi thanh phan tu do trong mach mat di
chi con lai thanh phan cuéng bic, ta néi mach & trang thdi xdc lap. Vi
vay trong MACH DIEN I, khi phan tich mach chi quan tdm dén thanh
phan mot chiéu (khi nguén tdc dong 12 mét chidu) va thanh phén-.diéu
hoa (khi nguén tdc dong 1a didu hoa), diéu dé c6 nghia 1a chi phan tich
mach & trang théi xdc 14p. :

» Phuong phdp dé phan tich qua trinh qua dé trong mach, 1a céc
phuong phdp giai cdc phuong trinh mé ta mach ¢é chd y dén nghiém tu
do caa né. Viéc giai phuong trinh mach nhu trén day duoc goi 1a phuong
phap tich phén kinh dién, tat nhién d6 khéng phai la phuong phép duy

_ nhdt; uu viét nhat.

6.2 PHUONG PHAP TOAN TU

Phuong phap todn ti duge dung dé phan tich qud trinh qua do trong
mach TTD, dya trén viéc sit dung bién déi Laplace mot phia dé dai s¢
héa phuong trinh mach. Uu diém ctia né 1a ¢ chd cac didu kién dau so cap
duge tu dong dua vao phuong trinh, do dé ket qua sé cho ta cing mét luc

ca thanh phan tu do va thanh phan cudng bic. Mot uu diém khde, 1a
~ khéng phai di tim cdc didu kién dau (6.13); d6 1a viéc 1am khong phai dé
dang khi mach phde tap.

Dé dai s¢ héa phuong trinh mach, c6 thé tién hanh theo hai cach
(He6.15)

Mach bién PT Vi phan Gidi PTVPR
‘ & Diéu kién dau
PT Toan t Gidi PTTT

Hinh 6.15
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Viéc thanh ldp phuong trinh todn t& nhanh hay cham, tuy thudc ky
ning vén dung bién ddi Laplace va cdc tinh chat cGa né. Tuy nhién c6
thé nhén thdy viéc tién hanh theo dudng @ sé tién hon. Nhu vay van dé
méau chdt trong phuong phdp nay 1a phai nim vimg bién d6i Laplace va
cdc tinh ch4t cia né.

6.2.1. Bién déi Laplace va cac tinh chat

Viéc nghién ciu ky bién d6i Laplace va céc tinh chat cGia né da dugce
dé cap trong gido trinh bam phic va toan tir. O day ching ta sé chi nhéc
lai d€ 4p dung vao phan tich mach. :

Bién déi Laplace méot phia cia ham f(t) dugc xac dinh theo biéu thiec:

Lf®)=[ftedt=Fs) (6.19)

trong d6 F(s) - dugc goi 1a anh cda f(#); con f(t) - 1a ham géc
bién phic s=c+ jo - déng vai tro tham so tich phan.

Biéu thidc (6.19) xdc dinh anh cla mét ham f(¢), sé ton tai khi va chi
khi c6 mdt gi4 tri nao d6 cia tham sd s dé tich phan hoi tu. Bidu thie
(6.19) dugce goi 1a bién d6i thuan.

Nguoi ta dung bién d6i Laplace mot phia (0, «), vi n6 tién cho viéce
xét mach tai mot thoi diém nao dé (¢ = 0) trg di.

Viéc tim lai ham f{¢) tit ham F(s) dugc goi 1a bién déi ngddc né dugc
x4c dinh theo cdéng thic Rieman-Mellin

o+ ja

F Stds t>0 .
LR =f(t) = 2chJ (sletas 1> (6.20)

10 t<0

Trong bai todn phan tich mach, ngudi ta thudng khong st dung truc
tiép cong thic Rieman-Mellin d€ tim ham f{#), vi n6i chung khéng dé dang.

Phan tich mach bing phuong phdp todn td, 1a si dung bién déi
Laplace dé chuyén phuong trinh vi tich phan thanh phuong trinh dai s
bién s. Do véy ching ta cdn ndm vitng c4c tinh chat ciia bién ddi Laplace,
khi né t4c dong 1én cic phép tinh trong phuong trinh mé td mach.

Béi vi ta st dung bién ddi Laplace mét phia, nén véi nhing ham f(t)
tén tai (-e0,00), c6 thé dung ham I(¢) dé€ biéu dién sy tdn tai cta né trong
khodng thoi gian ¢ € (0, =) theo b1eu thudc sau
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&) t>0
¢ =
f®1@) {0 £ <0
. I
Ham 1(¢) duge dinh nghia nhu sau 1(2) =‘{0
lh 12 I(t-t,)= Lot>g
ay 1a (t-t)= 0 t<t,

(6.21)

t>0

(6.22)
t<0

Anh cta ham I(t) va I(t-t,): F(s)=J‘1(t)e"s'dt:J‘e““dt:1/s
0 4

va F(s)= Jl(t ~t e dt= Je‘s‘dt = 1e"s’”
s
0

i

Céc tinh chat bién ddi Laplace duge tém tét trong bang 6.1

Bang 6.1. Nhitng tinh chdt co ban ciia bién déi Laplace

Tinh chat

Ghi chu

1 C.Z[alfl(t)+a2f2(t):|=alFl(s)+a2F2(s)

as,a, la sé batky

& 12—‘[1)} = sF(s) - F(0)

ol gn ¥ n-1
=4 —d—f—I@}l =s"Fls)- Y SHE(0M)
L ([l k=0

[
L [ rode =L Rs)
3 :

LA O 01 = F(s)Fy(s)

Ton tai Fy(s), Fy(s)

4

L1t -t 1t -t,)] = Fls).e™ t5 >0
5 f ‘

L[+t 1t +1,)] = e F(s) - eo [ rve=tds

0 t,>0 -~
6 | LIt =1F(£) a0
) a a ) l"‘

7 gg[e'“’f(t)] =F(s+a) o 88 thyc

s |ZL[rro]=cr %[F(w] ,
R S .

n!a sé ty nhién

lim F(s)=0

g §—doo
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Sau day 1a mot s6 vi du vé tim dnh cta cac nguén tin hidu thudng gap.
Vi du 6.6

1- ft) = ™ 1()

Ap dung tinh chat 7 F(s)= %[e"“l(t)} _ !
s+a

2- f(t) = t1(t)
Theo tinh chat 8 F(s)= g[tl(t)]=—};
&2

3- f(t) = coswytl(t)

Bién d6i ham cos ot = l[ej“’ot + e“j“’“‘}
2

Ap dung tinh chat (1) (7)

L [eos0,1(0] =2 L[ 10+ 10)] :é{ L, 1 }

' s—Jjw, S+ Jjo,

0

s
(Z[cos w b ()] = i
4- f(t) = sinwyt1(t)
Anh ctia ham sinw,t1(f) c6 thé tim nhu d6i v6i ham cosw,t1(¢), hoac
¢6 thé dp dung tinh chdt (2) d6i véi dnh cha ham cosw,t1(t). Béi vi

sinw,t = —:Dl—i[cos w,t]

(2}

E—g[sinwotl(t)]f——l-%[g—t[coswotl(t)]} =—i[8 5 > 5 —1}

w, (V)

(4] (¢}

Ll sino ()] = —>
[sino, ] F+a
5- f(t) = e coswetl(t)
St dung 4nh cta ham cosw,t1(t) va ap dung tinh chat (7) ta c6

| e™ cosw,t1(t LS

[ ° ()] (s+a)? +al

Vi du 6.7. V6i cdc tin hidu xung, 12 nhing ham lién tuc trong ting khodng
thoi gian, dé tim anh Laplace, phdi biéu dién né qua cdc ham 1(t).
(H.6.16)
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@) () =1(t)-1(¢t-T)
Ap dung tinh chat (1) (5):

Z[H®0]=L[10)]-L[1¢-1)]
Eg[fl(t)] = %[1 - e”ST]

b) £,(t)=t1(t)-(t-T)1(t-T)-TL(t-T)
Ap dung céc tinh chat (1) () (8):
Lf0]=20-eT)- Lot
s _ s

c) £,04 - te *1(t-T)

fy(t) fo(t) f3(t)

a) o T b).{o T cjo T

(0 f4(0) C

| Iﬂm \n I Iops
| | : W\VU U/UV/ULL’

d) fo 4 . e) N

S
N —

Hinh 6.16
Bién d6i ham f;(¢) va 4p dung cdc tinh chat (1), (5), (7)
O =C-T)e™1¢-T)+Te ™1t ~T) = ¢ - Te " 71t - T)e T + Te D1t - T)eoT

T ~-sT
g[ﬂ;(t):’ = e—aT —_—+ Te—flT e—— = euaTe—ST [__1.__ + T j|

e"‘s
(s+0)? s+a (s+a)? s+a

d) £,(t)=(t+2°%1(t-1)
Bién d6i ham f;(¢) c6 dang thich hop:
fi(t)= [(t -2 +6(t-1) +9]1(t -1
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Ap dung céc tinh chat (1), (5), (8)

ZL[fD]=€* L% + S% +?-}

S
e) £,(t)=3te*cos[2(t-1)]

Ta s& bién ddi ham cos[2(f-1)], 4p dung tinh chét (2) (7) (8) dé tim
F;(s). bat:

F(s)= g[cos 2At-D]= Z [cos 2tcos 2 +sin 2tsin 2] = cos2 28 +sin
S

+4 s?+4
dF,(s) 1 .
Fy(e) = L teos2(t-1]= 1> = v [(s* ~4)cos2+ dssin 2
F(s)= C.Z[Ste““ cos2(t - 1)]
3 .
F(s)= (s+4)* -4 [cos2+4(s+4)sin2
e [(s +4) + 4]2 {[ ] }

Nhing vi du trén day ta cé thé nhd, d€ ap dung tim gdc cla cdc ham
anh don gian, ma khéng cin st dung coéng thic Rieman- Mellin.
6.2.2 Dang toin ti& ctia cac dinh luit mach co ban

D& c6 thé thanh lap phuong trinh todn td truc ti€p tif mach dién ma
khéng cin qua budc thanh 1ap phuong trinh vi phén, can biéu dién céc
dinh KI, II va dinh luat Om dudi dang todn td. (Nhu da lam trong MACH
PIEN I, khi 4p dung phuong phép bién d6 phic).

1- Pinh lugt Om

Pinh luat Om xét quan hé giita dong dién va dién 4p trén céc phan
tif trong mién thoi gian. Ta s& xét cdc quan hé d6 véi ting phan tif mach
tai t = 0 v6i gia thiét cdc diéu kién dau u (0)=u, va i (0)=i,.

1- DPién tré R. Quan hé giita dong dién va dién 4p trén dién tro:

it) 1(s) ut)-= Rit) (6.23a)
i(t) = Gu(t) (6.23b)
lu(t) R lU(S) R trong d6 G = 1/R - 14 dién dan.
> = | Thyc hién bign ddi Laplace biéu thic
Hink 6.17 (6.23) ta c6:

Lut)]=L[Ri®]; Us)=RIs)
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ZL[it)]=L[Gu®)]; I(s)=GU(s) (6.24b)
2- Pién cdm L. Véi phan ti dién cam ta c6
. t
ut)=L d;(tt) s it) = —i—_o[u(r)dw i (6.25a)

trong d6 i, =i(0") - 14 dong dién chdy qua cudn day tai t=0"
Anh ctia (6.25) khi dp dung céc tinh chat (1) (2) (3) ,
U(s) sLI(s)—Li, (6.26a)

I(s) Lus+e (6.26b)
sL s .

Tit cdc phuong trinh todn td (6.26) ta c6 thé vé so d6 tuong duong
toan tlf clia phan tif dién cdm nhu H.6.18

i(t) st I(s) I(s)
— e ~
|U(t) gL U(s) C‘) L, = u(s) 's—" gg,—_
) PE— b) p c) -
Hinh 6.18
3- Dién dung C. Quan.hé u(t); i(t) ¢6 dang
t
u(t) =é£i(1)d‘c+ u, (6.27a)
: du(t)
ty=C 6.27Db)
() at (
trong d6 u, =u(0")-- 1a dién 4p trén tu tai ¢=0"
Bién d6i Laplace cua (6.27)
Ues) = LIs)+%e (6.28a)
sC s ,
I(s) = sCU(s)-Cu, (6.28b)

So d6 tuong duong todn -t cGa phan tir dién dung, khi c6 xét dén
diéu kién ddu nhu trén H.6.19.

Tu nhitng phén tich trén day cé thé di dén két luan

- Cdc phuong trinh (6.24) (6.26) (6.28) 1a biéu thdc cda dinh luat Om
dudi dang todn ti. D6 la nhiing phuong trinh dai s8, ¢6 chia cdc didu kién
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ddu dudi dang cdc ngudn dp hoac ngudn dong. (Tir bay gis vé sau, khi néi
dén diéu kién dau, phai hiéu d6 1a gia tri cla 4p trén tu va dong qua cudn
day tai t=0").

i) I(s)

1/sC
- C U(s) CD —g—" U(s) G) Cu, —_sC

b)

11

u(t)

a) c)

Hinh 6.19
« Tu dinh luat Om dusi dang todn ti, ta xdy dung nén so d6 tuong
duong toan tif cia cdc phén td R, L, C; cac H.6.17; H.6.18; H.6.19 trong -
d6 c6 chia cdc ngudn ban dau duéi dang ngudn dp hoac nguon dong.
. Trong trudng hgp diéu ki!én dAu bing khéng, dinh luat Om dang
todn tif dSi vdi cde phan tir duge biéu dién cung mét bidu thic:
Uis) = Z(s)I(s) (6.29a)

I(s) Y (s)U(s) (6.29b)

If

trong d6 Z(s) - 1 trd khéng toan tir; Y(s) 1a dan nap toédn tit.
P6i véi ting phén td, trd khdng toan ti, dan nap todn tif la:

R - déi vdi dien tro
2(8)=41/3C - déivdi dién dung
sL. - doivdi dién cam

C6 thé thay ring, khi thay s=jo ta lai c6 tré khang va dan nap
phic cta cac phan t trong mach xéc 1ap diéu hoa la: Z(w); Y(w).

Tit cdc bidu thic (6.29), ¢6 thé xac dinh cdc tré khang va dan nap
todn tif cha cdc phan ti méc ndi ti€p hodc song song.

Z,(s) Z,(s) 2 |
U1(S) Un(s) —— l
I(s) - I(s) ‘
4 —
u(s) U(s)

: Hinh 6.20
Theo dinh nghia dién 4p trén hé théng néi tiép n phan ti bang téng
dién ap trén ting phan td; dong qua ching 1a nhu nhau:



40 CHUONG 6

ut)=u;()+u, (&) +...+u,(t) - (6.30)
v6i diéu kién dau bing khéng:

U(s) = Y Z4y(9)(s) = 19 Z4(s) (6.31)
k=1 k=1

trong d6 Z,(s) - 1a tr& khéng to4n t{ cia phén td thd k; tré khdng cda ca
hé théng nhu c6 thé thdy, biing tdng cdc trd khang todn ti thanh phin
(6.32) (xem H.6.20).
Z(s) = Y Z(s) (6.32)
k...
I(s) ! I{s)

L) 1,(s)

U(s) l f] Y, (s) ‘ [] Ya(s)

U(s) Y(s)

Hinh 6.21

Bing cdch tuong ty ¢6 thé chi ra ring, khi néi song song n phan tu,
véi gid thiét diéu kién d4u biing khong, thi din nap todn td cda ca hé
thong s& béng tdng cdc din nap tosn tir thanh phin (H.6.21). Véi mach
song song, dong dién cda cd hé théng bing téng céc dong dién thanh

phan; 4p trén chung la nhu nhau:
i@E) = L) +igE)+.+ i (B) (6.33)

béi vi I,(s)=Y,(s)U(s). Ta cé:

I(s)= Y I(s)= N Y, (s)Us) = U(s)Y Y, (s) (6.34)
k=1 k=1

Suy ra, din nap todn t& cia hé théng:
Y(s) = D Y(s) (6.35)
kel '

2- Dinh ludt Kirchhoff I, 11

Dinh luat Kirchhoff I n6i vé su can bang cta dong dién & mot nut,

tuc 12 téng dong dién di téi mdt ndt (c6 chd ¥ dén chiéu) cta mach 1a
béng khéng.

Yity=0 (6.36)
k=1
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Dang todn ti cda (6.36) Zlk(s) =0 (6.37)

Nhu vay (6.37) 1a dang toan tir ctia dinh luat KI. Bing cach tuong tu ta
ciing nhan duge dang toan tit cia dinh luat KII phat biéu nhu sau: téng cac dnh
Laplace ctia cée dign dp nhanh U, (s) doc theo mot vong kin bing khong

Y U,(s)=0 (6.38)
k=1

Can chu y ring, cdc biéu thic (6.37) va (6.38) thda man ca khi céc
diéu kién dau khac khong.

Sau khi ¢6 duge dang todn tu cua cdc dinh luat mach dién co ban, cé6
thé thanh lap phuong trinh todn ti theo cdc buge sau:

- Dua vao trang thai ning lugng clia mach trude thoi diém xét (¢ < 0),
x4c dinh dién 4p trén tu dién va dong dién trén cudn day. Ap dung dinh luat
doéng ngét (6.16) d& 6 u,(07); 1,07).

- V& so d6 tuong duong todn t cia mach dién & ¢ > 0, ¢6 chi y dén
cac diéu kién dau.

- Ap dung cdc dinh luat mach dién dang todn td d€ thanh lap phuong
trinh todn tu.

Cé6 thé minh hoa qua trinh thanh 1ap phuong trinh todn ti khi xét
lai mach trong vi du 6.4
Vi du 6.8. Thanh lap phuong trinh toan tu cua mach trén H.6.5.

Giai « V6i mach trén H.6.5 trong vi du 6.4 ta da c¢6 cdc diéu kién ddu so
cap

u. (07)=u(0")=9(V)

i (07)=i,(0")=3(A)

. Gt >0 Hay vé so do tuong duong todn t cia mach. Tuy theo
phuong phép st dung, c6 thé vé va viét phuong trinh dua vao cac phuong
phap da phan tich trong chuong 3 (MACH DIEN I). O day sé viét phuong
trinh theo phuong phdp dong vong va phuong phap thé nat.

So dé tuong duong theo ngudn ap (H.6.22a) hoac theo ngudén dong
(H.6.22Db).
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R, R, ® VR,

O %
a) :

» Phuong trinh dong mat luéi cha mach H.6.22a

1 E u,
(R, +1/sC)1, (s)"zlvz“) ===

> ¢ Mcy, §1/5L 'S—(D

orE 3

b)

Hinh 6.22

1 1 u, .
——S—C—IUI (S)+(R2 + 8L, ‘*‘SE)Ivz (8)= —S'—+Llo

Dang ma tran

R, +-L L E-u,
T sC sC Fw(s)}= s
S Y SN | A
sC s s

« Phuong trinh thé& nut cia mach H.6.22b

1 1 1 . E
—+—+sC U -—U =—+C
[Rz R, s ] 4(s) R g(s) Rls+ 1,
1 1 1 i
~—U +| —+-= U =-2
R, 4% [Rg sL) B(®) ==
1 1 1 E
—+—+sC - —+C
A Rz R2 R2 Uy R18+ o
Dang ma tran =
__1_ __1__ _1_ Ug L
R, R, sL S

Céc phuong trinh dong mat 1u6i va thé& ndt 14 cdc phuong trinh dai
568, ¢6 thé gidi dé dang dé€ c6 duge cdc nghiém 1a céc dién 4p U(s) hoic
dong dién I(s). Gia thiét riing, v6i mach trong vi du trén, cdn xdc dinh
u.(ty va u; () khi d6 ta chon phuong trinh thé nit vi:
Uy)=U,(s); va Ug(s)=U,(s)
Gidi phuong trinh thé€ nit sé duge nghiém:
144s” + 5285+ 495 120

Uy(s)= s Ug(s)=-
A s(165% +72s +65) 5 165% +725+ 65
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Pén day ta sé ding trude van dé, lam thé nao dé tim bién d6i ngugc
Laplace d& c6 lai cac ham goc 1a u (£) va u(t). Nhu c6 thé thay tir két
qua c6 duge trong vi du 6.5, cdc nghiém cua phuong trinh toan tu thuong
nhan duge dudi dang phén thic cua céc da thic bién s. Viéc tim bién d6i
ngugc Laplace khi su dung coéng thic Rieman-Mellin sé khong dé dang.
Trong 1y thuyét phan tich mach dién, dé tim goc cia cac anh Laplace
ngudi ta thudng ding phuong phap sé duge trinh bay sau day
6.2.3 Bién ddi ngugc Laplace

Nhu da biét tit vi du 6.5, nghiém cua phuong trinh toan ti c6 dang
phan thic hitu ty bién s
b,s" +b, "+ +bs+b,  B(s)

Y(s)=ZLyt)=—="

n n -1 (639)
a,s" +a, ;s +.tasta, A(s)

Cac hé s6 a,.b, phu thudc cac thong 6 mach, do d6 1a nhiing s6 thuc.
N&u Y(s) ¢6 béac caa da thie tif 6 nho hon bac da thuc mau sb (m < nJ, thi
viee tim Z[Y(s)] khong phai dung dén cong thic Rieman-Mellin. Khi do
ngudi ta ding phuong phap phan tich phan thdc hiu ti thanh nhing phén
thifc t5i gian, roi tim gdc cua cac phan thie toi gian do. DPé phan tich phan

thiac Y(s) =I—Ii—((% thanh cac phan thirc toi gian can phai tim nghiém cua da
s

. thdc mau s6, duge goi 1a cac diém cuc. Trong trudng hgp da thic mau so
A(s) c6 bac 16n, thi viéc tim céc diém cuc cing khong dé dang, day chinh la
nhuge diém cua phuong phap nay. |

Sau day sé trinh bay phuong phap phan tich phan thidc hifu ti thanh
cdc phan thic toi gian. Néu ky hiéu s, la diém cyc thu k cua phan thuc
(6.39), tdc 1a nghiém cta da thic Afs), cac diém cuc c6 thé lay cdc gid tri
sau

- Céc diém cuc thuc, don;

- Céac diém cuc phuc;

- Cac diém cuc boi r < n. |

Dang ciia phan thic t61 gian phu thudc vao cac loai diém cuc, cing ¢
nghia 1a céc ham gdc c6 dang tuy thudc vao cdc diém cyc. Sau day sé tién
hanh tim cac bign ddi nguge Laplace theo phuong phdp néu trén.

1- Gi thiét tat ca cac diém cuc s, la thuc, don

Khi d6 da thitc mAu s6 ¢6 dang
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A(s)=a,(s-5;)(s—85)..(s—5,) (6.40)
V6i cdc hé s6 a,, b, la thuc, va bac cla tif s6 nhé hon mau s6, phan

thic Y(s) c6 thé biéu dién bing téng cac phan thdc t6i gidn sau

Yi(s) = _BGs) (6.41)
U, (s=8;)8~55)...(s—s,)

Y(s)= K, +—A2—+ ..... + K, (6.42)

. S"SI S“S: S—S’”

trong d6 K, la residue cla ham Y(s) tai diém cuc s;, n6 duge x4c dinh
theo cong thic

B(s)
A(s)

K, =res S) (s—s;) (6.43)

dA(s)
s
xéc dinh theo céng thic
_ Bys)

T AW

Néu dao ham =A'(s) khac khong tai di€m s;, hé s6 K; c6 thé

(6.44)

§=5;

Sau khi xdc dinh dugc cac hé s6 K, ¢6 thé tim duge Z~/[Y(s)] bing

cach 4p dung két qua ca vi du (6.6) g[e‘“’ 1(t)] _
' s+ao
Ta ¢6 y(ty=<! Z K, =iK,-es"'1(t) , (6.45)
-8 |

2- Truong hop c6 cdp diém cuc phite lién hop 8o =—0% jB
Cac hang s§ K, cing duge x4c dinh theo céc cong thic (6.43), (6.44)
véi K, = K,. Ham géc tuong dng v6i cap nghiém lién hop phdc c6 dang

¥12(8) = 2|K,|e™ cos(Bt + @) (6.46)
véi d =argK;,
Néu (n-2) diém cyc con lai 1a thue, don, thi ham goc y(t) s& 1a
y(t)=|:2|K1le'“’ cos(Bt + @)+ ZK,-es"t I(t) (6.47)
i=3

3- Néu trong ham Y(s), c6 mét diém cuc s; bdi r < nva (n-r) diém
con lai la thue, don
Biéu thic Als) c6 thé viét lai
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A(s)=a,(s-57) (5=8,,7)..(s=5,) (6.48)
B(s)

0, (5—5;)(8—58,,1)...(§=5,)

va ham: . Y(s)= (6.49)

dugc phan tich thanh téng c4dc phan thic t6i gian:
K K K
trg o Bae | Bar K

r+l

KIJ Kn
Y(s)= - —+.. 5 et (6.50)
(s—s;) (s—s;) (s—8)° (85—=8;) §-8.,; S-S,

Trong tdng (6.50), c¢6 r thanh phan dAu tién tuong ung véi di€m cuc
s; boi r, cdc hé s6 cia n6 duge xac dinh theo cong thirc

1 4" [B(s)

1i= r—i)ds" | A(s) (s—51) :l (6.51)

S=81
i=l+r

Bién ddi nguoe Laplace clia cac phén thic tuong Ung véi diém cuc boi
c6 thé dé dang tim dugc khi 4p dung két qué cta vi du 6.6 va cédc tinh
chat (7) (8) trong bang 6.1

. ‘Z[ewl(t)]:_l_; EZ[t'q(t)]:L!

s+o gl
1 1 _
Ta c6 &1 = et 1(2)
[(s—sl)'] (r-!
Géc tuong tng. véi r phén thiec:
' c Kl’l -1 st
y )=y ——te T It
¥, (t) ; D )
Ham géc cia Y(s) trong truong hgp s; boir
- Kli i—1_s;t < s;t
yty=y —=—t"eTIt)+ ) KT I(t) (6.52)
; G- igz

Sau day s& xét vai vi du vé cach tim bién déi nguge Laplace cha céc
phan thic hiu ti. ’
Vi du 6.6. Hay tim £ cia cac ham sau:
' s+4

1- Fy(Gs)z———
! 2s2 +5s+3

C6 thé thay bac caa t s6 nhé hon bac cia mau s6.

C6 thé tim diém cyc cha F,(s) nhu sau:

A(s)=2s% +55+3=2(s +%H%> =2(s+1)(s+-g-)
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s+4 1 K, K,

1
Fl(s).—_—— = — +
3 2/s+1 3
1 - + =
(s+ )(s+2) S 2

Hay x4c dinh cdc hé s6 K,;, K, tai cdc diém cuc s, ==1; s,=-3/2

lim S+ D+ 1) . (s+4d)s+3/2)
K, = —-———-—6; o = lim —————— =—
s- 1(s+1)(s+3/2) s_,_é (s+1)(s+3/2)

Do d L [R)] =50 -2 L" [ > }

s+1 s+3/2

3
v () =(3e™ ~g—e "1)1(t)

2 se”
Fy(s) =
2 s +2s+5

Ham F,(s) trong truong hop nay khéng phai la ham hdu ti, tuy
nhién c6 thé thdy ti cdc tinh chat cta bién d6i Laplace 1a viéc nhan ham
anh v6i e™*(a > 0), sé tuong Ung vdi viéce dich chuyén ham gdc trong
mién thoi gian mot doan a (tinh chat 5). Trong trudng hop nay ta chi can
xét ham F(s)= . Ham nay c6 diém cuc phdc s, , =-1+ ;2

s°+2s+56

Céc hé s6 K, ciing la lién hgp phic va bing

1 . 1 .
K, =Z(2+j); K2=Z(2—J)

£ [F(s)] = ﬁe"' cos(2t + arctg l)

yz(t) L | F, (t)}- e 1)cosl:?..(t 1)+arctg2}1(t 1
3- F3(s)=-L22—
s(s+1)°(s+3)

Ham F;(s) c6 mot diém cyc kép s, =-1, ha1 diém cyc dons, =0; va
=~3. F3(s) duge phan tich thanh

K K
Fy(s)= 1,22+ 11+_I_(£+ K,
(s+1) s+1 s s+3

- B(s) 2 1 d | B(s)(s+1)° | 3
trongd6 K,,= s+1 =——; K, =— | 2220277 =2
27 A ( ) 2 L1 ds{ A@is) =1 4
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B(s) 2 . B(s) 1

K, =1 =2, K,=lim=—2(s+3)=-=

3 sl—];r;A(s)s 3 4 slﬂaA(s)(s+) 12
1 3 2 1

Ta c6: Fy(s)=- - + 2y
2s+ 172 4(s+1) 3s 12(s+3)
- , 1. 3 2 1 .
v, ()= F =t e Dt + S et |1t
?’3() [Fs(s)] [ 2( +2)e +3+12e }()
1

4- Fy(s) = ———
4% -8s%(s? +4)

Ham F,(s) c¢6 mot diém cuc kép s, ,= 0, mot cap diém cuc lién hgp

hi . 1| K;, Ky, K K
hiic =+;2: F(s)=>| 22 1L, 23 4 -4
P Po / «() 3[ s? s s—j2 s+j2

C6 thé tim cdc hé s6 K; theo phuong phap khéc, khi biéu dién F,(s)

K K
duéi dang F4(s):§l; 3122 + ;1 03312’2}

Khi déng nhat cdc hé s6 va so sdnh ta dugc:
K]J'*'CI:O; 4K1‘1=0; K12+C2=0, 4K1‘2:1

Suy ra K”:é; K,;=0; C;=0; CQ=__;_

Dods 3= [F(s)]= (t—-l—sm2tJ1(t)

P& két thic phan nay, ta sé quay lai vi du 6.8 ¢ d¢ da c6 nghiém cta
phuong trinh todn ti cGa mach H.6.5 la:

2
U\Gs) = 1445 ;5283+495; Up) = - 120
s(16s> +72s +65) 1652+ 725+ 65

Ap dung phuong phap da néu trén dé tim lai cdc ham géec.
Ham U, (s) c6 ba diém cuc: s,=0; s, =-5/4; 53 =-13/4

UA(s)=5i+ K, + LE
s s+5/4 s+13/4
99 3. 125
C6 thé tim dugce: K,="2:K,=—; Kg=—r
6 thé tim dugc 1=735 Ke=-35 K=

13 \
u () =€ [UA(s)] [%——g +1é255-e7']1(t)
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.o 3
‘Ham Up(s) hai diém cyc s, =—§; Ss ‘=—£4-
— KI K_g
UB(S)“‘s+5/4 s+13/4
15 15
51 K =——; K,="—
Véi A P y 2=
15, -2 -5,
DO dé uL(t)=<Z_1[UB(s):|=—z(e 4 —e 4 )1(t)

6.24 Ap dung phuong phap toan ti phan tich QTQD trong mach TTD

Chung ta hoan toan c6 thé 4p dung phuong phap todn ti da trinh
" bay trén day dé phan tich QTQP trong mach TTD nhu di lam trong
phéan 6.1. Tuy nhién d€ bai toan khong bi lap lai, ta s& dua ra nhiing vi
du khac d€ c6 thé thay duoc wu diém cta phuong phdp todn tit

+ Cho phép dong thdi nhan duge cd thanh phén ty do va thanh phéan
cuong bic 1a nghiém cda phuong trinh mach, do diéu kién ddu duge dua
vao mach nhu nhitng nguén téc dong.

« C6 thé 4p dung tat cd céc phuong phdp phan tich mach TTD da
néu trong MACH PIEN I nhu: phuong phép bién déi tuong duong mach;
dong nhdnh; dong mit lu6i; dién thé ndt; phuong phdp nguén tuong
duong Thévenin; Norton; nguyén 1y xép chéng; ti 18 ...

+ Khong c6 bai todn khéng chinh.

« Phuong phdp todn t cho phép dai s héa phuong trinh mach, nén
c6 thé ap dung c4c phuong phéap gidi hé phuong trinh dai s6 tuyén tinh
bang phuong phap dinh thdc, phuong phdp ma tran nhanh va chinh xic.

Can chu y rang, khi trong mach dong thoi ¢6 nhidu ngudn tac dong,
phuong trinh mach s& ¢6 bac cao hon, viéc tim diém cuc sé& khé khan. Khi
d6 can tim riéng nghiém cudng bic trude va tu do sau theo nguyén ly xép
chong. Ta biét ring _

U (8) = Ueep () g (B); w, (0%) = Upep (07) + 1,y (0F)
vidadcé u.(07)=u,(07) va u,(0%)
nén Ug (0" ) =1, (0" ) ~u, (0) .
va ()= 'Cb(t)+itd(t) ;1. (0= b 0") +iy, (0%
ta dé C() iL(0+)=iL(0_) Vé icb(0+)
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nén L (0" )y =1, (07)—1,(0)

Céach lam nay dac biét hiu hiéu khi trong mach ¢6 nguén diéu hoa va
mot chiéu. Khi dé, thanh phan xdc 1ap duge tim bing phuong phap bién
do phiec; trong phuong trinh mach sé khong chia 4nh cta nguén diéu hoa
(da thuc bac hai), ma chi ¢6 u,(07); i, (0*) Hay minh hoa cdch lam nay
bang vi du 6.9
Vi du 6.9. Hay xdc dinh dong dién
i(t) va dién 4p u,(¢) trong mach
(H.6.23); néu tai ¢ = 0 md khéa K.
Cho biét: E,=15V); ot
5042

3

e(t)= sin(¢ +45°); R:%(Q);

R, =§<Q>; L=IH); C=IF)

Giai Hinh 6.23

G t < 0. Gia thist mach & trang thai xdc lap, trong mach ¢6 cd ngudn
mét chidu va didu hoa. Ap dung nguyén ly xép chdéng dé tim diéu kién

dau u,(07); i (07). I Zg A
Cho nguén e(t) lam viéc, E, nghi. Thay mach
R
bing nguén tuong duong Thévenin tai hai difm A, B L ., !
va 4p dung phuong phdp bién do phic ta cé C-D Une Z
E , E 502 T %
—R=—="7— Z45°(V
U =5 R=5="% e B=D
trong ds E —-50’;/—2445" 14 bién d6 phitc cha ngudn e(t).
R 5 : U an
Z P Q , =
=g =™ Z,s+R,+Z,+Z,

v6i Zy=j; Z,=~J

izéﬁz/.—21_~0_.445__ = 5J2 £45°(A)

i (t) =52 sin(t +45°)(A)

U.=12. =5J2245°x12-90° =522 -45°(V)
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u, (t) = 572 sin(t - 45°)(V) |
Cho nguén E, lam viéc, e(t) nghi. Mach xéc
lap mot chiéu, do d6
C3,=0; U, =15(V)
K&t qud téng hop u, (t)= 542 sin(t—45°)+ 15
iy (8) =52 sin(t + 45°)

: : c
Tait=0 u,(07)=10 (V); i, (07)=5 (A) | -
' ' ®

3 t > 0. M6 khéa K, trong mach cdn ca hai nguén
tac dong. Ap dung nguyén ly x&p chéng dé tim thanh phén cudng bic
(x4c lap). :

Khi e(t) lam viée, E, nghi: Mach bay gi 12 cdu cin bing, khong ¢
dong dién do ngudn e() gay ra trén nhanh chéo cia cau. Do dé
lp-(B)=03 Uy (5)=0
Khi nguén E, lam viéc, e(t) nghi, tu hd mach 4, =0; u,, =15 (V)

X&p chéng két qua do nguon mot chiéu va diéu hoa gay ra § trang
thé.l Xac lép lcb(t) =0; uccb(t) = 15(V)

A_p dung phuong phép vita néu & trén dé tim cdc thanh phan tu do
(qua do) U, (0") =y, (0 ) + 1y (0" ) =1, (07)

Upg (07) =1, (0%) ~uy (0°) =10-15=-5(V)
iL (0+) = icb (0+) + itd (0+) = iL (0_)
itd‘(0+) = iL (0+ )= "cb (0+) =5 (A)

Ta ¢6 so d6 tuong duong todn ti dé xét ILds) @
thanh phan qud 4, chi con chda i,,(0%) va

+ R,
uctd(o ) R R
15y = Lia @) ~tea@*)1 s st
W R+sL+1/sC+R Lig(o") o o
. 5+5/s _ 5(s+ D) 1/sC
5 15 —(s+1/2 s+2 T“O
s

t
i,'d(t)=!:—§—_e 2 +%e‘2t:|1(t)
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T R R

6
Dong dién qua cudn day va dién 4p trén tu & £ > 0 1a x&p chong cac
két qud trén

5 -L 10 10 -t 10
ty=|=e 2+—e |1t t)=({15-—"e 2 -—e*
it)= [ e 3 }(), ?() [ 36 5 }I(t)

Két qua cho ta thdy ring, & ¢t > 0, do cAu-can bing, ngudn diéu hoa
khong c6 tdc dung gi d6i v6i nhanh dudng chéo cdu. Do chi con ngudn
mot chiéu cé tac dung nén dong qua tu sé chi c6 thanh phan qud d9, & x4c
1ap dong sé bing khong. Trong khi d6, dién 4p trén tu bao gém ca thanh
phén tu do va cudng bdc. Khi thoi gian dd 16n, thanh phén ty do mét di,
& x4c lap dién 4p trén tu chinh bing dién 4p ngudén mét chiéu.

Bay gi(‘r‘ sé quay lai hai vi du vé bai todn khéng chinh da xét trong
muc 6.1, va 4p dung phuong phdp todn ti d€ phan tich ching. Véi mach
trén H.6.6 trong vi du 6.5, do diéu kién dau bang khéng, ta c6 phuong

trinh todn ti cda mach 6t > 0 (-—1—+—-—1—]I (s)= E(sy‘)
. sC, sC,
bién 4p trén cdc tu dién U, (s)= E(s); Ccr E(s)
i T “ C,+ C2 v, C +C,

Thyec hién bién déi nguoe £~ cac anh dién 4p

2 t); t)=
C,+C, D v W= 'z

c,
0* 0%)=
o cze( )i ey 01 = 02

u, ()= e(t)

tai t=0" . U, 0= e(0")

Ta c6 ngay gid tri ding cia dién 4p trén cic tu dién tai £=0" ma
khong can phéi dung dén dinh luat bdo toan dién tich.
Vé6i mach ghép hé cdm trén H.6.7 trong vi du (6.6), cing cé gia thiét
diéu kién ban ddu biing khong. Phuong trinh toan t{ cda mach 6 ¢ > 0.
(1+s)II(s)+2slz(s)=l; 2sI,(s)+(I+4s),(s)=0
s

-2
5s+1

Giai phuong trinh trén ta du’q_c I, (s)=

| . t
Do d6 iy (t)=Z" [Ig(s)]=-—§e S1(t)
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Gt =0 taco: i2(0+):—§(A) - 1& gi4 tri ding cin tim, nhung khong

théa man diéu kién (6.16). Nhu vay c6 thé héi tai sao lai ¢6 duge
i(0")khéc khéng, trong khi d6 i, (07) lai bing khéng. C6 thé gidi thich
diéu nay khi xét so d6 tuong duong todn ti cha mach ghép.

LLi(0) Loly(0)
Ii(s) sL, s, Iz(s?
U,(s) Uy(s)
. Miy(0") Mi,(0")

V6i cdc diéu kién ban ddu ,(07)=i,(07)=0
Chiing t6 cdc ti thong ban dau bang khong
V;(0%)=Li,(0%)+ Mi,(0")
Y5(0") = My (07) + Lyiy (07)
Tu két qua khi xét mach ghép hé cdm trong é.l ta co
i, (0L, (1-k*)=0; i5(0")Ly(1-k*)=0

Nhu véy khi £ = I diéu kién trén tu dong thda man, khong phu thudc
vao 1;(0"); i,(0"). Tit 36 c6 thé thdy riing, khi hé s ghép k = 1, tong téc
dung cta cdc ngudn biéu dién tai cdc diéu kién diu bing khéng, vi vay
khoéng c6 ching trong so d6 tuong duong toan tir ciia mach. Piéu dé tuong
duong v6i viéc chap nhan i,(0")=i,(0")=0. Nhu vay phai hiéu ring, viéc
bé qua cac ngudn trén so dé tuong duong todn tl, khong cé nghia 1a né
bang khong tai £=0", ma tai thdi difm d6 tac dung téng hop cta né lén
mach bing khéng.

6.2.5 Ap dung phuong phip toan ti& phan tich hé théng TTD

Truéc dy ta thudng phan tich mach theo cdch xét dén t4t ca cic dap
Gng cta cdc phan td mach d6i véi ngubn tac déng. Trong thuc t&, dbi khi
ngudi ta chi quan tAm dén moét phan mach hodc mét phédn ti nao dé cua
mach. Trong trudng hgp nhu vay, ngudi ta mé t4 mach theo c4ch khic,
qua vigc xét quan hé giita dai lugng quan tAm va nguén tdc dong. Phan
tich mach nhu vdy 12 theo khdi niém hé théng, khi dé ngubi ta chi quan
tam dén quan hé gilta tin hiéu vao - tin hiéu ra (hay tac dong - dap Ung).
He th(S'ng trong trudng hgp nay sé duge dic trung bdi ham truyén dat.
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1- Pinh nghia ham truyén dat
Gia thiét ring tai ¢ = 0, & ddu vao hé théng c6 ngudén 4p hoiac ngudn
dong, duge ky hiéu la x(¢); & dau ra cha hé théng ta nhdn duge dong dién
hosc dién ap duge ky hiéu y(2), v6i diéu kién dau biing khong, ham truyén
dét duge dinh nghia nhu sau
Y(s)i

K(s)=
) X(s)

(6.53)
DKD=0

trong d6 Y(s)= 7 [y(®)]; va X(s)=Z [x(®)]

Ham truyén dat 14 ham d#c trung cho hé théng, khi da xdc dinh
duge K(s), c¢6 thé tim ddp dng cha hé théng ddi vdi tdc dong bat ky theo
biéu thic sau Y(s) = K(s)X(s) (6.54)

Do d6 y(t) = Z 7Y ()] (6.55)

P& quan hé giita x(z) va y(t) 1a don tri, thi diéu kién quan trong 1a
diéu kién d4u phai bing khong.

it) io(t)

N W0 0
x(1) Hé théng y(t) ‘ u(t) gz'c ‘w(t) B&n Cuc uz(t)l
a_)—’ TTD b ¢)
Hinh 6.24

Ham truyén dat thudng dugc dung cho mang hai cta (mang bén cuc),
vi né mang ¥ nghia truyén dat tin hiéu tir ddu vao dén dau ra. Khi ding
kh4i niém nay cho phin t hai cuc, “ham truyén” sé c6 y nghia la dan
nap hay tré khang cta hai cuc (H.6.24). Khi chon x(¢) = i) va
y(#) = u(t) thi ham truyén cta hai cyc 1a dan nap
I(s)

=2 Y 6.56)
K(s) U0) (s) (
Khi chon: x(t) = u(t); y(t) = i(t), ham truyén c6 y nghia 14 tré khang
Ufs)
= =7 (6.57)
K(s) Ts) (s) _

Giita cdc bidu thitc (6.56) va (6.57) ton tai quan hé: Z(s)Y(s)=1

Trong truong hop mang hai cifa (4 cyc), tily theo viéc lua chon téc dong,
dap ung 1a dong dién hay dién ap, ta sé c6 cac ham truyén-dat sau day
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Ham truyén dat dién dp (H.6.25a)

K, (s5)=228) (6.58)
Uy(s) 13=0
Ham truyén dat dong dién (H.6.25b)
K (s)= =2 (6.59)
Il(s) us=0
Ham truyén dat dp dong (H.6.25¢)
K, (s)=—12® (6.60)
Ul(s) ug =0
Ham truyén dat dong dp (H.6.25d)
K, (s)=22() (6.61)
I] (s) 12=0 .
L0 L)
Uy(s) r
(5 U [0 g~ | ue his) | Kish= Ifg U, =0
2) — b
- 12(5) 12 =0
‘ ~1,(s) U |
s | Kulsl = g Uy(s)= 0 (:) Lis) | Ku= Ij(:) us |
c) d)
Hinh 6.25

Hinh 6.25 biéu dién bén cuc lam viéc & cdc chado khdc nhau, ngin
mach hoac hd mach ddu ra, tuong ng vé6i bén ham . truyén theo phuong
tf trdi sang phai. Can luu y riing, cach téc dong 1én bén cuc khong lam
anh hudng dén cdc dinh nghia trén, diéu quan trong la, theo cdc dinh
nghia d6 dong dién i,(¢) va u,(¢) da duge cho trude.

Céc ham truyén dat cia bén cyc ciing c6 thé duge biéu dién qua céc
ma tran dic trung cGa bén cuc nhu: [A], [B], [Z], [Y], [G], [H], vé6i gia
thiét bdn cuc ¢6 cdc ma tran trén. CAn nhé ring, cdc ma tran trén c6 cdc
phan ti 12 ham bién s chd khéng phai jo. Trén bang 6.2 1a céc cong thic
tinh ham truyén dat theo cdc phan tif ma tran. »
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Bang 6.2
Gia thiét: X(s) > K(s)> Y (s)
Tén tai ma tran K, (s)= Ki(s)= K, ()= K;, (s)=
1 1 1 1
(Al An Ags App Agg
det[ B} det[ B} det[B] det{B)
8] By By, -B;y -By,
Zy Zy Zy1
[Z] ZII 222 dCt[Z] Z2l
Yy Yy __Yy
[vi Yoo i Yo det[Y]
_H, T Hy CHy
[G] det[H] 2 Hy; Hayy
[H] 21 det[G] Gay G

Bdi vi tré khdng va dan nap todn ti khi: s = jo, md ta mach g trang

thai xdc 1ap, nén ham truyén K(s) khi d6 cing c6 nghia nhu vay
K(s)|,_,, =K (6.62)
Trong trudng hgp tong quit, ham truyén K(w) 1la mo6t ham phic co6
thé biéu dién dudi dang
K (o) =|K (w)]e’* (6.63)

|K(w)! - duge goi 1a ddc tuyén bién dd
o(w) = arg K(w) - dugc goi 1a dac tuyén pha (sé xét trong chuong 7).
2- Piém cuc va diém khéng cua ham truyén dat
Theo dinh nghia ctia ham truyén (6.53), véi diéu kién d4u bing
khéng, 1a mét phan thdc hiu ti ¢6 dang
b,s" +b, 8" ... +bs+h

- — ° (6.64)
a,s" +a, ;5" +..+a;5+a,

K(s)=

trong d6 a, va b, - la cac hing sd thu, bidu thitc (6.64) c6 thé viét &
dang khéc

K(s)=K(s—sol)(s—sa2)...(s—som) ’ (6.65)
(5-8.1Xs— 8,9).(S—S.,)

trong d6 K _bn oy hiing 6, cdc nghiém cda da thic t s8 s,; dugc goi
a

n
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14 diém khoéng cGa ham truyén, con nghiém

ctia miu s6 s,; dugc goi 1a diém cyc. Nhu

vay diém khéng va diém cuc 1a nhing gia l“i(t)

tri cia bién s'dé ham truyén cé thé bang

khéng hodc khéng xac dinh. Khi da biét vi
tri cta cdc di€m khéng va diém cuc trén

Hinh 6.26

- mat phing s, ta c6 thé doan biét hinh dang cia dic tuyén bién do—pha
cha hé théng. Cé thé xét ham truyén clia mot s6 hé théng don gidn sau

day.

Vi du 6.10. Hay xdc dinh ham truyén dat dién 4p cha hé théng trén

H.6.26.

Giai. Theo dinh nghia, truyén dat dién 4p
cia hé thong la:

Uy(s) . Uis)y 1/sC_ «
U(s) (R+1/sC)'U,(s) s+a

K, (s)=

trong d6: o=1/RC - 1la nghich dao cta
hang s6 thoi gian cha. mach RC.

Ham truyén dat dién 4p c6 mdot diém
cuc s, =—o. Pdc trung bién do | K(s)| 1a bé
mit dugc tao ra gifa hai truc o va jo
(H.6.27). Tai diém cuc s = —a xudt hién
“miéng nui 14da”, tai d6 1 K(s)| khong x4c dinh.
Vi du 6.11. Hay xdc dinh ham truyén dat dién
4p cda hé thong trén H.6.28.

Giai. Theo dinh nghia:
Uy(s) U,(s).R _ s
U,(s) (R+1/sC)U,(s) s+o

K, (s)=

véi oo = 1/RC. Ham truyén c6 mot
‘di€ém khong s, =0 va mot diém cuc
tai s, =—o.

- Ham truyén K(s) c6 dac tuyén
bién d6 [K(s)| duge xdc dinh trén
mat phlng s = o + jo duge vé trén
H.6.29. Tai diém khéng, mit biéu
dién |K(s)| c6 mét “cai phéu - chd

1K(s)|

Hinh 6.27

C
—— f—y—

R

AN,
vy

Hinh 6.28

jo

Hinh 6.29
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tring”, con tai diém cyc thi c6 “miéng nui lta”. Nhu cé thé thay tu
H.6.29, tai diém khong, ham truyén c6 gia tri bang khong, con tai diém
cuc ham truyén khong xdc dinh.

Vi du 6.12. Hay xét ham truyén dat cia hé thong trén H.6.30. Theo dinh
nghia

K, (s)= U,(s) _ U,(s).R
U,s) (R+sL+1/sC)U,(s)
Ku(s)=—;~—2§———; véi: oc:—li
s? + 205 + 03, 2L
. . it)
Ham truyén cta hé thong trén H.6.30 co T
mot diém khong: s,=0; va hai diém cuc la L
nghiém cta da thdc méu s6: s+ 205+, =0 ‘u,(t) R ? , u,(t)
Xét truong hop hé thong khéng dao déng c
(a<w,,) 1
Ham truyén c6 hai diém cuc phdn biét Hinh 6.30

nam trén truc thuc 4m

- , 2 2 — ’ 2 2
Sd——(X+ o =Wy ; Spp =—0L— 4O — W,

Néu & ddu vao hé thong dat nguén dp: u,(t)=EI(t); thi dién 4p trén
20F

dién tré¢ R (ngd ra) U,(s)=————
‘ . (8—5;)0(s—5,)

. _ E —u(l-Ajt a1+ A
do dé U,(t) —Z[e —e ]l(t)

trong d6 A=+1-4Q° ; @= I;éC phdm chat cua mach RLC.

D6 thi bidu dién sy phan bd diém cyc, diém khong cua ham truyén
.va dién 4p trén ngd ra cia hé théng trén H.6.31a,b.

w_\
jo
: t

S‘c2 IS b) IO

o

+
——

a) s

c1

Hinh 6.31
Truong hop téi han o=w,, (R=2JL/C).Khidé @ =1/2

K(s) = 2as

(s+0)?
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Ham truyén c6 diém cuc kép: s;, =—o, ddp ung ngd ra véi ngudn
u,(t)=EI{#) uy(t)=2E0e™ 1(t)

Su phan bo diém cuc, khong cta hé théng va dién dp ngd ra duge
biéu dién trén H.6.31c,d.

—a
Hinh 6.31
Truong hop hé théng c6 dao déng a<w, (R <2JL/C), ham truyén
c6 cap diém cuc lién hgp phuc

(s—8;)(5~-85)

Dién 4p trén dién tré R u,(¢) =@e“” sin(w,¢) 1(t)
o,

/o

2 2
trong d6 o, = /wZ, —af

r C
Heé thong c6 thé sinh ra dao déng véi tdn s6 o, va bién do suy gidm
ham ma ti 18 v6i o. Khi pham chat cta mach cang 16n (@ >> 1) ¢6 thé coi

W, =0, .

Su phan b6 cia diém cuc, diém khéng ctia hé thong va dién 4p ngod
ra biéu dién trén H.6.32.

jo Uo(t)

b)

Hinh 6.32
Trén H.6.33 1a d6 thi biéu dién modul ham truyén 1K(s)!.
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jo

Hinh 6.33

Ti cdc vi du trén day, c6 thé
thdy anh huéng cta hé s6 suy gidm
o (tdc anh huéng cia R), lén su
phan bé cla diém cuc cia K(s), va
hinh dang dién ap ngd ra u,(¢) khi
ngudn tac dong la u,(t)=EI(t). He
s6 o cang l6n (t6n hao 16n), trong
mach khéng xay ra dao dong tu do,
céce diém cuc cta K(s) ndm trén truc

thyc 4m cGa mat phdng s (461 xding

qua diém A trén H.6.34).

. Khi R giam, cdc diém cuc s,
s,, dich chuyén theo truc OD t6i
diém A.

jo

Hinh 6.34

. Khi o=0, (@ = 1/2), tic la tai diém A, K(s) c6 diém cyc kép,

mach ¢6 hé s6 o suy gidm nhung van khong dao dong. Néu tiép tuc gidm
R d8 @ > 1/ 2, thi diém cuc s,; s& dich chuyén tit diém A theo cung AB
v6i ban kinh o, ; cdn s, sé dich theo cung AC. Dién ap nhén dugc & ngd

ra 1a dao déng suy gidm.

« Khi R = 0 (a = 0);diém cuc cha K(s) nim trén

truc jo, tai cac diém

B, C ph&m chét ctia mach 16n v6 cung, trong mach sé c6 dao dong diéu hoa.
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3- Anh huimg ctia didm cuc v diém khong dén su én dinh ctia he théng

Kytcos(Bt + )

Bang 6.3
Phén bé cta .. Qua trinh Lo
diém cyc Bap lng xung thgi gian Ghi cha
jo K
Y K . t Khdng d6i theo thai gian
B -
jo 0
s Ke®™ Kl—" t *>
@ T —— Tang theo ham mi
j(n R '
» . N Ko~ Kk t a<0
¢ — Suy giam theo ham m{
. jm
Ip l.(Xquf - O ! ' t @>0
ol * Ke'™ cos(Bt + ) Dao déng sin tang theo
By ham mi
jo o< 0
r1iB Ke™™ cos(Bt + ) A A
it T N : 4 ! Dao dong sin giam theo
4-iB ham ma
b \ AN
i t
B Keos(Bt + @) \/ V \/ Dao dong diéu hoa
- ip
o an
H K cos(Bt+ .2 2 > <
iB s 1eostBdy) + . Diém cyc kép, T8ng cac

dao déng

Ta goi bién dé6i nguge cia ham K(s)

k() = LK(s)]
12 ddp dng xung cta hé thong. Nhu da phan tich trong phan trén, vi tri

(6.66)
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ctia diém cuc va diém khong sé xdc dinh ham truyén K(s), va do d6 quyét
dinh hinh ddng cta k(t). Néu K(s) 1a phan thuc hiu ti, ¢6 hé s6 thuc, duge
khai trién thanh cdc phén thitc don gian, thi ham k(z) c6 dang

k(2 = i%‘l {;5;—} (6.67)
7=1 Y

Trong trudng hop, néu K(s) c6 cac diém cuc phifc bdi r, thi ham k(t)
sé xuat hién cdc ham c6 dang

e”[K, cos(Bt+<I>1)+K tcos(Bt+ D@y +...+ Kt~ Icos(Bt+(I) )] (6.68)

Bang 6.3 1a vi tri Qiem cuc cia cac ham K(s) thudng gap, va qua
trinh cia ddp Ung xung tuong Ung.

T bang 6.3 va nhiing phan tich trén ddy c6 thé rut ra nhing két
luén sau

1- N&u t4t ca cdc didm cuc cia ham K(s) déu ndm § nda trdi mat
phing s (c6 phan thyc 4m), thi d4p dng xung k(1) — 0 khi ¢t — .

2- Néu K(s) c¢6 dit chi mot diém cyc ndm & nda phdi méat phéng s
(phan thuc duong) thi k(t) — e khi t — o.

3- Néu K(s) c6 cdc diém cuc don nidm trén truc a0 jo, thi ham k() 1a
tdng cdc dao dong diéu hda.

4- Néu K(s) c6 du chi mét cap diém cuc phitc boi thi ham k(t) sé cé
dao dong sin c6 bién dé tang dan.

Dua vao dinh nghia ham truyén (6.53) va (6.54) ta c6

y(&) = LUK ($)X(s)] (6.69)

Né&u hé théng duge kich thich béi ngudn x(¢) va véi gid thiét diéu
kién ddu bing khéng, ta néi réing hé thong sé on dinh khi va chi khi véi
mdi kich thich hitu han sé cho ta m{t dap u’ng hitu han. Nhu vay diéu

kién d€ mach dn dinh l1a .
|ly(t)] <o ' (6.70)

Trong trudng hop y(t) — 0, ta néi rang hé thong 6n dinh tiém cén.

Bdi vi vi tri diém cuc, diém khoéng quyét dinh hinh dang cta k(t), do
d6 né quydt dinh su 6n dinh cia hé théng. Nhu vay c6 thé két luan

1- He tha’ﬁg én dinh khi va chi khi ham truyén K(s) khong ¢6 didm
cuc nim & nita phai mat phing s (Re(s) > 0) va khong c6 diém cyc bdi véi
Re(s) = 0.
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2- Hé thong 6n dinh tiém can khi va chi khi ham truyén K{(s) khéng
c6 diém cyc ndm & nia ph3i mat phdng s va trén truc 4o jo, c6 nghia la
cdc diém cuc ndm trén nlra trai mat phang s vdi Re(s) < 0.

Nhitng khéng dinh trén day cho ta thay ring, hé théong sé én dinh
tiém can khi k(t) suy gidm, cdon mach 6n dinh la khi k@) c¢6 dang dao
dong diéu hoa.

Vé6i hé thong TTD c6 thé thay ring, hé théng dn dinh tiém can duge
cau tao tif cdc phan ti R, L, C, M, con hé théng 6n dinh chi gdm cdc phan
tir LC ly tudng. Béi vi cde bon cuc duge ddc trung bdi cdc ham truyén dat
(theo cdc bidu thic tir 6.58 + 6.61), nén tuy theo viéc chon cac dai lugng
I(s); U(s) & ddu vao va ra ciia hé théng, ma ham truyén K(s) c6 thé cé
di€m cyc ndm & nia phai mit phing s. Piéu d6 cho thdy, su én dinh cua
hé théng lién quan dén diéu kién lam viéc cha né.

Hay xét sau ddy mot vi du vé sy 6n dinh cia hé théng.

Vi du 6.13. Cho hé théng trén Cl:)—— * "

(H.6.35), d6 la so dé tuong duong 5 ”"':L ‘ Cin %“ )

cia mach tao dao déng diéu hoa Iy ‘:m ® c ®
Colpits. Hay xic dinh diéu kién dé Y -

mach 6n dinh (tao ra dao dong Tu”?

diéu hoa). ‘ Hinh 6.35

Giai. Dién 4p ngd ra dugc 18y trén cudn day 1a U,(s)=K(s)U,(s)
trong d6 U,(s) - 12 Z'[u,(#)] dién 4p ngd vao.

Néu hé thong dang xét 1a mach tao dao dong thi dién dp u,(¢)
khéng dugc giong kich thich u,(¢). Gid thiét: u,(t)=8(t), dugc déng vao
hé thong tai ¢ = 0, trong thyc t& nhiing tin hiéu nhu vay 1a nhimg xung
nhiéu (6n) cia chinh mach. Bay gi¢ hay khao s4t ham truyén K(s) va cic
diém cuc cia né.

Ap dung phuong phdp thé nit va dua vao ky hiéu g=p/R va dién
ap gitta cdac dinh A, B 1a U,(s).

Tai nit A ta c6 sCU,(s)-gU,(s) =(sC2 +é)[U2(s)—Uo(s)]

U,(s)
L—A+gUg(S)=O

Tai nit B (ng +}1§)[Uo(s)—U2(s)]+

8

thay U, (s)=U;(s)-U,(s); ta s& tim duge U,(s) bidu dién qua U,(s) -
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-8
Két qua K(s):U"(s): 3 2C2
- Ui(s) s° +ays® +a;s+a,
11 1 p+l

trong d6 a, = — ay= Q=

& 1=1¢, e, T re,’ “ T LRCC,

Viéc tim di€m cuc cia da thidc c6 bac n > 2 tat nhién 1a phdc tap. Véi
trLro’ng hop dang xét, da thdc bac 3 c6 nghlem nim & nda phai mat phing
s néu q,a, <a,, tic 1a

C,+C, < p+1

;  hayla p.>—C;
LRC,CZ LRC(C,’

C;

P& k(t) 1a qué trinh didu hoa cé tan s6 B, cdc diém cuc cia ham K(s)
phai nim trén truc jo tai cdc diém jB. Khi thay gid tri cdc diém cuc d6
vao mau s6 cia ham K(s) va dong nhit v6i khong, ta duge

- JB° —asp® + ja,p=0

vipz0nén af-p° = = p® -i—zll
C,+C
ao+a2B2 =0 = p? =—~——ch1022

Nhu vay dé hé thong c6 thé tao ra dao dong diéu hoa thi

u+l C;+C, Su ra _C
Ic, IC+C, 0 RTE,
Tén s6 dao dong duge x4dc dinh theo cong thic
1 1 . C
: v6i C=—2%—
b= L01 - JIC C,+C,

Viéc nghién ciu ky ludng van dé tao dao dong diéu hoa khéng nim
trong noi dung cGa phéan tich mach TTD. Do d6 ta sé dimg lai ¢ day, va
coi vi du nay nhu 1 sy minh hoa cho viéc khdo sdt su &n dinh cta hé
théng TTD.

6.3 PHUGNG PHAP TiCH CHAP VA TiCH PHAN DUHAMEL

Phuong phép tich chap va tich phan Duhamel cho phép xéc dinh dap
Ung y(¢) cia mot hé théng trong mién thoi gian, mot khi da biét dép dng
xung k(t) cta né va bé qua giai doan tim anh Laplace.



64 CHUONG 6

6.3.1 Dic tinh thoi gian cia hé thong

Nhu da biét trong muc 6.2.1, khi xét vé cédc tinh chdt cta bién ddi
Laplace, ta c6 dinh 1y vé tich chép (tinh chat 4 - bang 6.2), con ¢6 tén la
dinh ly Borel dugc phat biéu nhu sau:

Néu hai tin hiéu f,(t) va f,(t) déu c6 dnh Laplace, va mot trong

chiing c6 thé ton tai hitu han trong khodng (0, t) thi:

t
gg“ﬂ(t)fz(t—r)dt}:Fl(s).Fz(s) (6.71)
trong dé: Fl(s)=<Z[f1(t)] : F2(3)=£'Z|:f2(_t)]
. t
va ham: <p(t)=f1(t)=:<f2(t)=_[f](r)f2(t—r)dr RN

duogc goi la tich chap cla hai ham trong khodng 0 < ¢ <eo,
Theo dinh nghia ham truyén (6.53), 4nh Laplace cia d4p ung duge
x4c dinh theo biéu thic Y (s) = K(s)X(s)

Thy hién bién ddi nguge Laplace ta c6:

t t
y(t) = fk(t)x(t—'t)dt = fx(r)k(t—r)dr (6.72)

trong d6 k() = £ [K (s)], duge goi 1a dac tinh thoi gian clia hé thong.
Trong muc 6.2 méi dua ra cach tim k(2) trong trudng hgp ham K(s) la mot
phan thic hitu ti, ¢c6 bac da thic miu s6 16n hon bac cia da thdc i s0,
trong trudng hgp téng quat béc cta td s6 c6 thé 16n hon hoic bing bac
cia mau sé (m >n).

Theo tinh chdt cla danh Laplace, thi khi s -—>e ham F(s) > 0; nhu
vay truong hOp m 2 n ham K(s) khong phai 14 dnh cha mot ham bat ky
nao, vi né khong théa man (tinh chat 9 - bang 6.2):

IimK(s)=0

& —Doo

Dleu d6 c6 nghia 13, ta khéong thé tim bién ddi Laplace cia cdc ham loai
s* theo phuong phép truse day.

D& tim ham gdc cda cac ham K(s) hiu ti ¢6 bac m > n, can dua vao
mot “ham” méi duge goi 12 ham xung &3 (trong 1y thuyét tin hiéu goi 1a
“Phén bd delta Dirac”, n6 khéng phai 1a ham theo nghia théng thudng.
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Phan b6 Delta (Dirac) duge dinh nghia nhu sau
t=90

St =4 .
() {0 20 (6.73)

va f S(t)dt =1 ' (6.74)

trong d6 &t - la gi6i han cba cdc ham §(¢,e) nao d6, ma mdt trong
ching 1a ham trén H.6.36.

5(t,g)

. 8(t) = limd(t,) (6.75)
" £—0

s véi st.ey= 2D 1¢-8) (6.76)
] £

Py I N '
i i Bay gig hay 4p dung phan bé &t) dé

1 i ; 5 tim %(t) cha cdc ham truyén K(s) c6 béc
5 | . 5 v m>n.

0 025 05 1 ) . ) . '
Hinh 6.36 1- Xét trudng hop khi m = n;*ham K(s)

6 thé viét
\ K(s)=1+F,(s) . (6.77)
trong d6 F,(s) - 1a phan thic c6 bac tif s6 nhé hon mau s6.

Bdi vi theo (6.75), (6.76)

' -1t -
8(t) =1lim&(t,e) = lim M

£-30 €30

" do d6 anh cita phan bd &t)

ZL0]=<L {hm[l_(t_)_:l_(t;s_)}} _mize

€ €0 SE
Ap dung qui tdc L'Hospital ta dugc lim —se =1
Do d6 - L[aw]=1 (6.78)
Nhu vay trong trudng hop m = n, cdc ham K(s) s& c6 ham géc c6 dang
kt)=8®)+f1 () (6.79)

trong d6 f;(¢) - duge tim theo cdc phuong phap da néu trong (6.2.3).
Hay quay lai vi du 6.11 véi hé thong trén H.6.28, c6 ham truyén dat
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K(s)=i; a=1/RC; cb thé viét K(s) dusi dang K(s)=1——a——
S+ O S+

Do d6 k(t)=8(t)—a e ™1(t). Pay chinh la ddp dng xung cla mach loc
théng cao. '

2- V6i nhitng ham truyén K(s) c6 bac m > n, ham K(s) c6 thé biéu
dién duéi dang:

K(s)=F(s)+F(s) (6.80)

trong d6: F(s)=s""=s*(k > 0) (6.81)
tat nl}ién F;(s) 1a phan thic hitu ti ¢6 bac ti s6 nhé hon bac mau sé’.l

Dé tim k(t) cha cdc ham K(s) dang (6.80) ta dua vao khai niém vé
dao ham cha phan b6 &%). Bdi vi; -

(6.82)

() =1limd(¢,€) = lim[

€50

1) - It —s)] _dI1)
€ - dt

Khi 4p dung tinh chat 2 bang 6.1 vé anh cda dg_g,hém ta co:

Z[10]= 1 -
‘.Z[dl(t) } L] = s~ =

gg{d“‘”}:%[@@}:s.l:s (6.83)

dt? dt

(Z{M]zg[d"s(ﬂ}:sn

Citn+1' Citn

tit cdc biéu thdc (6.83) c6 thé thdy riing, néu cac ham K(s) c6 chia F(s) cb
dang s*, thi trong ham k(¢) clia n6 s& c6 cac dao ham cép k cia phan bs &¢).
Ham k(2) trong trudomg hop K(s) ¢6 bac tit s8 16n hon bac mau s8 sé c6 dang:

d*s(t)

k(t)=—— t) o .84
B=—4 + £ () (6.84)

trong d6 £ = m - n.

Viéc dua vao phén bd &%), cho phép tim duge ham gsc cia K(s) véi
m 2 n, nhu vay cho dén day, ta c6 thé tim ham géc cia cdc ham hiu ti ¢6
béc bat ky. Ngoai (ng dung trén cda phan b &%), ngudi ta con dung anh
cta né dé€ biéu dién 4nh clda dao ham; ma ta sé xét sau day.
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Theo dinh 1y vé 4nh cOa dao ham (tinh chat 2 bang 6.1) thi:
=4 [i’c(—ﬂ = sF(s) - (0")

dt
Tinh chat nay c6 thé viét dudi dang khdc:
df(t)
=4 { ! |10 =5F(s) (6.85)
Gi4 tri hdng s6 f(0") ctia ham f{¢) c6 thé coi 1a anh cta ham &), do
. df(?)
d6 c6 thé viét: ggl: f +£(01)8(t) | = sF(s) (6.86)
_ Bang 6.4
STT Céc tinh chat Chu y
1 [8,()=85(0)

Khi tim 8,(¢,¢) = lim 35(t.€) ={0 vt £#0 Phuong trinh nay dudc hiéu 1a dinh ngha clia
€0 €0 o t=0 ham &(t) vdi gia thiét cac ham gan ding la lién
= - tuc

va [ 8;(texdt= [ 8yit.erdt=1 !

2 o . k - h&ng s6 bat ky
| #3®dt =k
3 08(t) =
F@O8(t ~t,) = f(£,)8(t —t,)
5 ﬂ(_t_) =3(t)
dt
6 di¢t-t,)
0l —§(t -t
dt (_ o)
7 f2 (D" F(,) khi —co <ty <t, <ty <o
[ FO8™ e ~t,)de = ol o
H khi —oo<t; <ty <t, hay t, <t; <tg<+eo
8 o0
| Fode-vdr=fe)+8=f®)
9 f&)*8(t—t,) = Flt—t,)
10 ' O30 =f"®)
11 3(t) = 3(t) = 8(¢)
12 A 58 £ 5 (g) = g™ (1)

13 C.Z[S(t —t)]= ]:S(t ~t)eStdt = |t,20
0

14 gg[ﬁ(")(t—to)] js‘"’(t t,)e~stdt = s"e ™0
0
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N&u ky hidu Fu®)=F')+FOE) (6.87)

thi bidu thic (6.86) c6 thé viét lai
ZL[f',8)]=sF(s) (6.88)

Trong biéu thic (6.88) ta khéng thdy gid tri cda ham f{¢) tai t=0".
Biéu thuc (6.87) dugc goi 1a dao ham téng quat hay dao ham phén b6 cha
ham f(t). Néu ham f(t) khong lién tuc tai ¢ = 0 (c6 bu6c nhdy), thi tai d6
n6 khong cé dao ham thong thudng, nhung lai ¢6 dao ham phéan bé.

Céc ham khong lién tuc tai ¢ = 0 ¢6 thé viét dudi dang

fa®) =f@)1@) (6.89)
L4y dao ham hai vé& (6.89)

d1(t)
L@)=f(¢
fa@) f()dt

+ (I = fFOXDO+'(®OIE) =FOHD+f(HIE)  (6.90)

trong d6 f(t) - 1a dao ham thong thudng cia ham fz).

‘ R& rang la viéc dua vao ham xung (phan b6 &%) cho phép tinh dao
ham cda cdc ham khéng lién tuc (c6 budec nhay), do dé biéu thic (6.88) 1a
ding, béi vi gid tri f(0") duge chia trong dao ham & vé trai.

DE tién cho viéc st dung phan bé &t) trong khi tinh todn, cédc tinh
chat cta né6 sé duge cho trong bang 6.4.

6.3.2 Tich chap va tich phan Duhamel

Trén diy ta da noéi ring, ddp ing & dau ra cGa hé thong y(t) véi tac
dong x(t) c6 thé duge tinh theo cong thic tich chap (6.72). C4ch xac dinh
y(t) nhu vay la theo phuong phap tich chip, véi cdc ham x(), k(t) thong
thuong, thi viéc tinh tich chip khong c6 gi khé khin. Hay xét sau day
mot vi du minh hea.

Vi du 6.14 R
. Wy d uy(t)

a) b) t
. o T
Hinh 6.37

Hay x4c dinh dién 4p trén tu dién cda hé théng (H.6.37a), khi nguén
tac dong cé dang trén H.6.37Db.
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Giai

Ham truyén dat dién ap cia hé théng K(s) ___g__; o=
s+

Pap dng xung cia mach

Dién 4p ra duge tinh theo cong thic

1
RC

k() = LK ()] = o™ 1(2)

t
Uy (t) = J u, (Dk(E —T)dt

]

Chu y: 14 bién tich phan, con ¢ 14 tham s thay déi.

Viéc tinh tich chap trong trudng hgp cdc ham duéi dau tich phan cé
biéu thie gidi tich phiec tap, 1a khéng dé dang. Trong trudng hgp cdc ham
don gian, c6 thé tinh tich chap theo phuong phap d6 thi. C6 thé néu ra
day céc budc tién hanh tinh tich chap.

u,(t)

a) 0 T

c)

- Thay bién ¢ thanh 7 va vé cdc ham u; (1), k(7);

- Vé ham k(-1);

- Dich chuyén ham k(-t) di nhitng khodng ¢ d€ c6 k(t—'c);

- Tinh tich phan cia ham u (Dk(E-1).

k(1)
a
b) 0]
1 T 1
B 7y 27
’ ’ 7’
@ .7 @ oY
- ! A i - |
- .- - 1
-1 ’}' 1
d) t O Tt
Hinh 6.38

Thuc hién céc buée vifa néu trén day d€ tinh u,(f) trong vi du 6.14.
Quad trinh tinh bing phuong phédp d6 thi duge vé trén H.6.38.

t

Khit<0® u,()=[u;(kit-1d1=0

0
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Khi0<t<T®

t t
u,(t) = J.ul(‘t)k(t -ndt = aEJ.e'“”")dt =Ee ™™ ; = u,=E(I-e*)
0 0 (

Khi t=2TO®
T T
Uy (t)= jocEe’““"”dt =oBe ™ Je“‘dt =Ee ™7 -1
0 0 -

Két qua nhan dugc u,(t) c6 dang:
0 t< 0
uy(t)={E(Il-e*) 0<t<T
Ee ™" -1) t2T

Tich chép c6 tinh giao hodn, nén c6 thé tinh u,(¢) theo cong thic:

t
uy(t) = J.k(‘c)ul(t -1)dt (xem H.6.39)

a) T \ E ; !

fo b) =y R T+x  ©

-, feem o

Hinh 6.39

Trong trudng hop nay giit nguyén k(1), cho quay va dich dé cé:
u,(¢t—1). C6 thé tién hanh mét cach tuong tuy.

t
Khit<0Q® u2(t)=jk(r)u1(t—t)d~c=0
0

- t
Khi0<t<TQ u2(t)=ane“°‘dr =E(I-e™)
0

’ t
Khi t=TO® y(t) = _[ oFe “dr= Ee ™ (T - 1)
. =T+t
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Pién 4p ngd ra trén tu 4 ult)
u,(t) 6 dang vé trén H.6.40. = ) :
Pién 4ap wu,(t) dugc xé&c i
dinh bang phuong phdp tich i
chiap ciing giéng nhu khi 4p ° T
dung cac phuong phéap kinh dién Hinh 6.40
va todn ti. N6 hoan toan phd hop véi qué trinh vat ly xdy ra trong hé
thong. Cé nghia 13, trong khodng thoi gian 0 < ¢ < T, tu dugc nap béi
nguén u,(t), con khi ¢ > T ngudn 4p u,(¢) bing khong (nguédn 4p ly tuéng

nén coi nhu ng4n mach), tu dién phong dién qua dién trd R.

Trong trudng hop khi ngudn tdc dong c6 dang dic biét nao do, ham
y(¢) ¢6 thé mo ta ddy di céc tinh chat cua ham truyén. Tin hiéu dac biét
d6 12 ham xung (phan b8 &) va ham don vi 1(2).

Khi x(t)=95(t), thi theo (6.72) ta ¢6:

t t t
yE) = J R(1)8(t - T)dT = j k(t—1)8(1)dT = k(t) j 8(t - 1)dt = k(?) (6.91)

Két qua (6.91) ciing c6 duge theo cdch khdc; theo (6.5)
Y(s)=K(s)X(s)
Khi x(¢)=5(¢) thi X(s) =1; do d¢: Y(s) = K(s); c¢6 nghia la: y(t) = k(). Ham
k(t) do vay cé tén la “ddp ung xung” cia hé thdng, bdi vi né chinh bing
d4p tmg cta hé thong khi kich thich & ngd vao 1a ham xung (phan bo &t)
v6i didu kién dau bang khong.
Khi x(t)=1(t), tacé X(s)=1/s, do dé:

y(t) =K [K(s).ﬂ =nlt) (6.92)
trong dé ta da ky hiéu:
h(t) = 1 [H(s)] véi H(s)= Kis) (6.93)

Ham h(t) c6 tén 1a “d4p tng don vi” ciia hé théng. D6 la dép tng cla
hé théng khi kich thich vao hé théng x(t) = I(t) va diéu kién dau bing
khong.

Bay gio ta hiy xét quan hé gila h(t) va k(t) khi s dung dinh ly vé
anh ctia dao ham théng thudng (tich ch4t 2 bang 6.1)
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< [%L—(tﬁJ =sH(s) - h(0") (6.94)

B&i vi theo (6.93) thi sH(s) = K(s) = Z [k(t)] nén:
=4 [i’@} = L[ kO]~ [ m0)8(0)]

dt |
suy ra: k(t)= dz(t +R(0*)3(8) (6.95)
Khi ky hitu: . k@)=h'y(t)
trong d6 hy= h(t)1(t) va h'y(t) - 1a dao ham phan bg, thi:
KO =L ho1()] = mo 20 s wae
k(t) = h(0")S(t) + R'(®)1(2) (6.96)

Nhu véy, néu biét ham A(z) cia hé théng, ta c6 the tim y(t) déi véi
ngudn tdc dong x(t) bat ky. Biéu thic Y(s) = K(s) X(s) c6 thé viét dudi
dang khic:

Y(s)=K(s)X(s) =s£{@X(s)=sH(s)X(s) (6.97)
s
Khi coi s 1 todn tir dao ham, thi dua vao dinh ly Borel ta c6:
y(t) =-§—t[h(t) *x(t)] (6.98)

Cong thuc (6.98) duge goi la tich phan Duhamel. Viéc x4c dinh dép
Gng cua hé thong theo (6.98) duoc goi 1a phuong phép tich phan Duhamel.
Do tinh chat dao ham cda tich chap, nén biéu thic (6.98) ¢6 hai dang:

d dx(t)
By=—|h(t)*x(t)] = h(t)* =222 6.99)
y()dt[()x()] (t) i (
y(t)=i‘l—[h(t)*x<t)]=x(t)*M (6.100)

Trong trudng hgp mét trong hai ham A(t) hodc x(¢) ¢6 thé khong lién
tuc tai £ = 0, thi viéc tinh tich phan Duhamel (6.98) dugc tién hanh theo
(6.99) hoac (6.100).

Néu h(t) 12 ham lién tuc ¢ >0 va x(t) ¢6 dao ham x’(¢) lién tuc & ¢ > 0, thi:

4 t
y(t) = iJAh('c)x(t - t)d't =h(H)x(0" )+ Jh(‘c)x (t-1)dt (6.101)

Con néu x(t) 13 ham lién tuc tal t 20, va h(t) ¢c6 dao ham A’(?) lién
tue ¢ ¢ > 0 thi:

t t _
(t) =% [2(0h(t - vdr=xe)h0") + [xvnie-va (6.102)
o 0
Sau day la mot s8 vi du vé 4p dung phuong phdp vira néu:
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Vi du 6.15. Xét hé thong c6 ham truyén K(s) =i1. Hay tim ddp dng ngod
‘ s+

ra doi v6i cdc nguon tdc dong sau:
x; ()= o) ; x,()=1() -1t - 1)

1 1 1 3 .
by==|8({—=)+d(t—=)+0(t——)+0(f ~ 1
x3(t) 4[( 4) ( 2) 3 4) ( )}

Giai
1- Véi x,(¢) =8(¢) ta cé:
n@® =kt =L [K()]=e"10)
2- V6i x,(8)=1(t)~ 1t — 1), khi 46
72 = h(®) - h(t-1) = L[ H(s)]
Kis) 1
s s(s—1)
3- Ap dung két qua déi véi (1) ta duge:
1 1 1 3
2 YRR SNy WO L ) ST YO
() 4{k( 4)+ ( 2)+ ( 4) ( )]
C6 thé bidu dién dap Ung cha hé théng véi tung trudng hgp ngudn
tdc dong trén H.6.41a,b,c.

s R =1 -eHIE) -

Do .H(s) =

x,(1) | , it

M

a) i o ] lo '
xe(!) Yo(t)
1 R 0635} cccunnn
' 13 ] I
11,101 :
TEE :
AT = .
b) 15 ] t ; . : -
Xs(t) y:;(t)
1 i
4 0,715} e e
1 /// \\\
Z -;72\\;:%;5;\.\‘-._\\\\\‘
| ! 113 :
° T °Fz 4!
4 2 4
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Nhing diéu cdn chi y khi khao sat vi du trén day 13, trong thuc t&
tin hiéu c6 tinh chdt nhu phan bs &) khéng thuc hién duge, c6 thé coi né
12 mé hinh cho nhiing tin hiéu xung c¢6 d¢ rong v6 cung hep. V4i trudng
hop x,(f) va x,(t), c6 thé thay ring dién tich du6i do thi biéu dién ching

oo

lu6n ludn bing don vi ng(t)dt = J.x3(t)dt =]
0 0

Do d6 ham x,(t) c6 thé coi 12 ham gin ding clha x,(¢). Tin hiéu
x,(t) dugc chia thanh bdn phan hinh chif nhat. Méi phéan dugc thay bing
ham &%) c6 gid tri bing 1/4, ddp Ung y,(¢) 1a téng hop cha cdc ddp Ung
thanh phédn va do d6 y,(t) sé& gidng y;(¢), & gi6i han khi At1—-0,

t
x5(8) = x,(t) va do d6 yz(t)=Jx2(t)k(t—t)dt
0
Mot diéu can néi dén nita 14, khi hé théng duge kich thich bdi mot

xung dd hep, dG 16n, thi tin hiéu ¢ ngd ra sau thoi gian dd dai sé c6 hinh
dang giéng vdi ddp ing xung. :

Vi du 6.16
IK(s)I
Alo)
jo
HE
jo
diém khéng  diém cuc k -B \
¥ ras G -
-B - o o c
Hinh 6.42 Hinh 6.43

Trén H.6.42 12 db thi phan bd diém cuc va diém khéng cia mét ham
truyén dat dién 4p. Hay xdc dinh ham truyén cia hé théng néu vdi

s=0tacd K(0)=HE
o

trong d6 H, B, a - 1a cdc hang sé duong, c6 gia tri nhu sau:
H = —1—; o= z ;o P=1
2 2 ,

va ngudn tdc dong c6 dang u,(t)=e “I(t)
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Giai. Ta sé xdc dinh u,(t) bing phuong phép tich chap va tich phan
Duhamel.
Ham truyén dat cGa bén cuc ¢6 biéu thic:
s+B
s+o
Mbdul cta ham truyén |K(s)| dugc biéu dién trén H.6.43.

Kis)y=H

Ham truyén dat trong trudng hop nay ¢6 béac & ti s6 bing mau sé:

K=l tD 1, 12

2(s+1/2) 2 s+1/2

1 1 -
Do dé: R ==08()+=e 2 1(¢
o dé ) 2()+4e (t)

Pép ung don vi:

hey=2" [——K(s)}iz-f s+l
’ s 2 s(s+1/2)

t
h(t) :(I—ée 2H)I1(t)
. Ap dung phuong phép tich chap:
t T
1 1 <5 | ¢
uy(t)=k(t)*u,(¢) =£§[8(‘c)+§e 2:|.e “Ddr

;L
u2(t)=§e 21t

. Ap dung phuong phdp tich phan Duhamel:
- Cong thic (6.98)

u,(t)= d [h(t) *u,(]= dt PAGKIO)

Thay cac biéu thuic cia h( t) va u,(t) tacé

Uy (£) = — Ju Ty U dr ——;[(1—e““2)1(b)]

y 1 -5
day chinh 1a dao ham phén b, ta nhan duge uz(t)=—2—e 2 1(t)

Gia st néu ta mudn dung cac dang khai trién cda tich phan Duhamel
(6.101), (6.102), thi trong trudng hop nay, ca ham h(t) va u,(t) déu c6 dao

ham lién tuc & ¢ > 0, do d6 c6 thé ding ca hai edng thic
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Céng thic (6.101):

t
1y (2) =h(t)u1(0+)+jh(‘r)u'1(t—t)d‘c
' 0

Gidi han bén phai cia ham u,(2) 1a u1(0+)=1 cdon dao ham ctané & ¢t > 0.
du, (t)
dt
Can lwu y ring, dao ham théng thudng cda ham u,(¢) tai t = 0 la
khong ton tai. Sy khong lién tuc ctia ham u,(¢) tai ¢ = 0 (c6 budc nhay)
duge xét dén trong thanh phfin thi nhat cta tich phan Duhamel.

I(t)'—_

+ Z —r/9 (t-1) ___1 -T2
Uy (t)=1,(0 )h(t)+j(1 3¢ N T =—e ).
Cong thuc (6.102) :
t
uy(t)=nho"* )ul(t)+ju1(t—1)h (1)dt
0

V61 viéc 4p dung cong thic (6.102), dao ham A’(#) duge xédc dinh & ¢ >
0. Su khong lién tuc cia ham h(t) tai ¢ = 0 dugc xét dén s6 hang th nhéat
trong cdng thuc (6.102).

1 -1/2
h'(t)y==e v~
4

Khi thay gid tri 2°(t) vao tich phan ta duge :

L4 —({t~1)
Uy (2) —/1(0+)u1(t)+Ju1(t vie ? di

0

Sau khi tinh ta c6 két qua tuong tu.

D6 thi cha cac ham k), h(), u;(t) va u,(t) duge biéu dién trén (H.6.44).

k(1) h(t)
: T o pmmme

7 _ 1 /—

2

Hinh 6.44
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Heé théng c6 ham truyén vifa xét trén day, c6 so dé mach c6 thé thuc
hién duge nhu trén H.6.45, v6i cac thong s6 mach duge ghi du6i hinh v& clia

ting mach:
R, Ly

R, R
l i ‘ Uglt) u1(t)‘ l ug(t)

T N
H: R2 ’B= 1 o= 1 H: L2 ;B:—R—;a: R
R +R," R,C' (R +R,C L, +L, L, L,+L,
Hinh 6.45

C6 thé dé dang chiing minh dugc cdc bon cyc trén H.6.45 c6 cac ham
truyén K(s), k(t) va h(t) nhu trong vi du 6.16. G day c6 thé nay sinh cau
héi, lam thé nao d8 tim ra so d6 mach tuong Ung v6i mot ham truyén da
cho trudc. Trong trudng hop don gidn ta c6 thé du doan cdu tric mach,
con trong trudng hop phic tap cdn c6 kién thic vé ly thuyét téng hgp
mach. Do giéi han ctia ndi dung gido trinh vén dé tdng hop mach khong
dugc dé cap & day.

Hay xét vi du cudi ciing d8 két thic phan ng dung phuong phép tich
chap va tich phan Duhamel vao viéc phan tich hé théng TTD trong mién thoi
gian. .

Vi du 6.17. Ap dung phuong phdp tich chap d€ tim dong dién chay qua
hai cyc trén H.6.46a, khi ngudn téc dong e6 dang trén H.6.46b.

a) b) .

Hinh 6.46
Giai. Ham truyén dat trong trudng hop hai cuc 1a din nap cda hai cyc dé:

=Y(s)=sC
K(s) (s)=s +sL+R

He) =L [K(9)] = C8'0) +%e’"°" 1)

) o R

dt L
Ngudn téc dong 1én mach c6 biéu thic:

trong dé: S'(t) =
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0 t<0
u(t) = tﬁt o<t<t,
0 t >t

Dong qua hai cuc (ddp dng ctia hé thong): I(s)=K(s)X(s)=Y(s)U(s)
Do d6 1) =k@®)*ut) =Cu(t)*d'®) +%u(t) kg

. Thanh phan thi nhit cda i(?) 1a dong dién chay qua tu dién dudi

tdc dung cta u(t) i, (H)=Cu(t)*d'(t)
Mat khac tac6 (6= cd—‘;c-t(—t—)

Do d6 v6i diéu kién ddu bing khong  I,(s)=sCU(s)
Néu: u(t) = §8); thi I,(s)=K(s)=sC
Nhu vay k(1) = L1 [sC]=C& () - 1a ddp Ung xung cta tu dién.

~ C6 thé thiy ring, dién ap &%) trén cdc cuc cua tu dién c¢6 dang xung
cao, hep. Tai ¢ = 0, tu dién ngén mach, qua né sé c¢6 dong rat 16n dé nap
cho tu. Tai #=0% nguén 4p ngin mach (vi dién 4p bang khoéng), tu dién
phong dién vai dbng rat 16n, cé chidu nguge véi dong nap. Tai ¢t = 0, ta
nhan duge hai xung dong duong va am, biéu thi dong nap va dong phéng
clia tu dién. Pao ham cia ham &%) dugc biéu thi nhu ham & ¢é dau nguge
lai tai £ = 0.
Dong dién i (¢) chay qua tu dién c6 dang

0 t<0

i(t)= Ctg 0<t<t

(4]

0 t2t
Dong dién i.(¢) ti 1é v6i dao ham cda dién ap u(t), nhu vay tai ¢t = 0
va t=t,, dong dién sé ra sao khi tai d6 u(?) khong c6 dao ham? Tai ¢t = 0
ta c6 thé gidi thich d& dang, vi tai d6 ham u(t) lién tuc, nén gia tri cia

dao ham dugc 14y 1a gi4 tri bén phai, tdc ic(O‘“):tEC . Khé khin sé xuit

hign tai diém ¢=¢,, § d6 u(t) c6 budc nhady w(t’)-u(t;)=-E. Cin nhd
réng, ham &t) dugc dinh nghia bing dao ham cta ham 1(t), néu biéu dién
u(t) duéi dang uly=u,t)y-Elt-t,)

E
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0 t<0
. E '
trong dé: u )= t—t 0<t<t,
E t>t,

thi dong i (t) trong khodng 0 <t<t, sé co dang:
i) =?E—C—E06(t— )

diéu d6 c6 nghia 1a, tai diém khong lidn tuc cta dién 4p u(t), trong dong
dién sé xudt hién ham &2).
. Tinh thanh phédn thy hai cta i(?) 12 dong dién chay qua nhanh RL:

t
. 1 -t E —-o(t-1)
D =—u®)* =—|1 dt
in (D) =T (D) Ltg!e
E E Ee™ R
Rt, oRt, oRt, L
. Dong dién qua hai cuc i(t) =i () +ig, (¢), duge tinh bing tich chap

cha k(t) va u(t) trong céc khodng thoi gian thay déi cha ¢t nhu sau:
-Khit<0 ‘i(t)=0

R? E

- Khi (£ = — 1-= =

Khi 0<t<t, i(t) ( )+ Rt TR

0 (2]

e ™ —-EC3(t-t,)

trong d6 p?=L/C
- Khi #>¢, ham duéi ddu tich phan khong c6 ham 3(t) nén
¢
. ¢ —(¢t-T)
t)=|—1" Vd1 =
i(t) i iy
Qud trinh tinh tich chép dé€ x4c dinh i(t) duge biéu dién trén H.6.47.

ocij e [1 + (o, — e ]

4 u(t) k(t-v)
c3(7) ) c8(t—) '}
] 1]
4 4
73 s
e
s i Sy T¢*
4 H 1 ’ ] L
,’ 4 [N 1
g ! b :
H .o 1
) - Il 5
1 - ] !
T
o t to t
Hinh 6.47

Dbng dién i(¢) chay qua hai cyc trong vi du 6.17 c¢6 bu6c nhdy tai
t =0 va t=t, duoc biéu dién trén H.6. 48.
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i)

oH
<18

Hinh 6.48
6.4 PHUONG PHAP BIEN TRANG THAI

Viéc phén tich mach TTD & trang thdi x4dc lap diéu hoa, mét chiéy,
hay & trang thai qua d6 cho téi day duge thuc hién bing cdc phuong phédp
duge néu & chuong 3 (MACH PIEN I). P6 1a nhing phuong phap dong
dién nhdnh, dong dién vong, dién thé nit ..

Trong truong hop phéai tim cdc ddp Ung thoi gian d61 véi leh thich
bat ky, hodc diém cuc va diém khong cta ham truyén, viéc tinh todn sé
gap khé khin v6i mach ¢6 s phuong trinh 16n. Khi d6 ngudi ta phai tim
dén su trg gidp cua mdy tinh. Trong cdc phuong phdp néu trén, viéc phan
tich mach bang mdy tinh dugc tién hanh thuan lgi khi 4p dung phuong
phdp dién thé nit, trong mot s6 trudng hop ngudi ta phai ding phuong
phdp bién trang thai.

6.4.1 Phuong trinh trang thai

4
Trong phuong phép bién trang thdi, mach dién dugc mé ta bang mot

hé phuong trinh vi phan cdp mot, d6 12 dang thuan tién cho viéc tinh
todn bang mdy tinh. Phuong trinh trang théi c6 dang sau:

X=AX+BU (6.103)
Y=CX +DU+(DU..) (6.104)

trong d6 U - 1a vecto ¢t m chiéu biéu dién m dau vao (cac gudn doc lap).
Y - vecto ¢t p chiéu bidu dién p ddu ra (cac dap ing ma ta quan tam).

X - vecto cOt n chiéu biéu thi n bién déc l4p.

Phuong trinh (6.103) duge goi la phuong trinh trang thai, con (6.104)
la phuong trinh ddp dUng, hay phuong trinh ra cta mach. Cdc ma tréan
trong cdc phuong trinh c6 tén 1a -

A - Ma tran trang thai, ma trén vudng cdp n.

B - Ma trén kich thich (ma trdn vao) cdp n x m.

C - Ma tran ddp dng (ma trén ra) cp p xn.



PHAN TICH MACH TRONG MIEN THO!I GIAN 81

D - Ma tran truyén dat cdp p x m.

Phuong trinh (6.103) duge goi la phuong trinh vi phén cdp mot
chudn tdc hay 1a phuong trinh trang théai chudn tic. T4p cdc bién
X;,Xg,...x, dugc goi la bién trang thai.

Uu diém cta phuong phdp bién trang thdi 12 & chd, nd c6 thé duge
giai bing cac phuong phdp sd (gidi bing mdy tinh), do d6 né c6 thé khic
phuc nhitng khé khan néi trén. Cu thé la:

1- D& tim d4p dng thoi gian, c6 thé ding nhiéu phuong phép dé gidi
(6.103). Sau khi tim dugc x(t), sé xdc dinh y(¢) ti phuong trinh (6.104).
Bing cach nay sé tranh duge khé khin cia phuong phép todn td.

2- Viéc tim céc diém cuc, diém khéng cia ham truyén, dan dén viéc
tim céc gid tri riéng cha cdc ma tran s6 thuc bing nhiéu phuong phéap.

Phuong phép bién trang théi con duge st dung dé phan tich mach
phi tuyén dong, & d6 phuong phdp todn ti khong st dung duge, con
phuong phdp bién trang thai khong gdp khé khan gi.

Phuong phép bién trang thai cing dugc dung dé€ phan tich qua do
cta mach TTD, s& duge trinh bay sau day.

6.4.2 Phan tich QTQP bing phuong phap bién trang thai
Trang thai mach tai ¢>¢, phu thudc vao trang th4i ban dau x(¢,) va
ngudn téc doéng u(t); né duge xdc dinh bdi ham: o
X(t)=F[xt,)u®) (6.105)
Codn dép ung cha mach tai thoi diém bat ky 1a ham:
y(&)=G[x(@,) u®)] (6.106)

Céc phuong trinh (6.105) (6.106) mé ta mach TTD c6 dang tuong ty
nhu cic phuong trinh (6.103), (6.104). Céc phuong trinh sau cho thay
ring, trang théi clia mét hé thong tai thoi diém ¢, >¢, s& duge xdc dinh
béi tap bién trang thai tai thoi diém ¢, 1a: x;(¢;), x2() - % (8)- Céc
bign nay sé dugc xac dinh néu bigt duge trang thai cda mach ¢ ¢, va
" ngudn téc dong 1én mach, do d6 céc ddp ung cGa mach cling s& dugc xac
dinh. Qu4 trinh qud d cia mach dugc xét trong khodng thdi gian [0, o),
do d6 ta s& xét vide giai hé phuong trinh trang thai (6.103), (6.104) v6i cac

didu kién d4u X(0) va ngudn téc dong u(?), 1a cédc yéu t& anh huong dén
cdc trang thdi ctia mach va céc ddp Uing ma ta quan tam.

O day sé& han ché viéc gidi phuong trinh trang th4i bing phuong
phdp gidi tich, cdc phuong phdp d6 c6 thé tham khao cédc sich viét vé
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phan tich mach bing may tinh (CAD).

Ta bist ring nghiém ciia phuong trinh mé ta mach bao gom hai-
thanh phan: tu do (véi nguon tdc dong bang khong) va cudng bic (chi phu
thudc ngudn tic déng). PE gidi hé phuong trinh trang théi ta tién hanh
nhu sau:

Cho nguén t4ac dong u(t) = 0, ta sé cb

X =AX ' (6.107)
suy ra . g =e X () (6.108)

q
trong d6 X(0) - 12 gi4 tri cdc bién trang thai tai ¢ = 0.
Véi u(t) # 0 ta c6 nghiém

X =eMF(¢) (6.109)
suy ra X=AcMFt)+eM Ft) = AX +e* F(t) (6.110)
So sanh cong thudc (6.110) vé (6.103), c6 thé thay

e’ F(t)=BU (6.111)
trong dé Ft)y=e*BU (6.112)
suy ra F)= j e A"BUdt = T e A'BUdt + j-e'A’BUdt (6.113)

—eo oo 0

So sanh céc biéu thic (6.109) va (6.113) ta c6

0 t .
X =t j A BUdt + At j e A BUd1 (6.114)
—oo 0
0
tai t = 0: X(0)= J’ e A BUdt : (6.115)

-0

Chung ta cdn phai x4c dinh ham e*. Ap dung dinh ly Cayley -
Hamilton ta ¢6

flA)y=e® =o (O] +o,(DA+0, (A% +...+a,_,(H)A™] (6.116)
Goi cic gi tri riéng A, (i = 1,n) cha ma tran A, la nghiém cia phuong trinh
det[A-AI]=0" (6.117)

fy=eM = o, (&) + 0 (A + ...+ 01, (A" (6.118)
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M = 0y (0)+ 0y Ok +.. 4, (DA
€M =0, (8)+ 0y (Bhy +. b 1, (AL (6.119)

e =, () oy (DN, +. (DA
Tt bidu thdc (6.119) xdc dinh duge cdc hé s6 o;, sau d6 thay vao

(6.118) s& tim duge ham e, dé tir 46 c6 thé x4c dinh céc bién trang thai
X (6.114) va do d6 sé tim duge cdc ddp tng (6.116).

Vi du 6.18. Cho biét: , L h(® T
u,=3 [vl; L = 1[H]; R, =0,5(Q] N
. +
R, = 2(Q1;1,(07) = 2[V] o, 1) 3R M) Ry,
i, (07)=4[A]; C = 1/3 [F],

Hay x4c dinh dién 4p trén dién
tfr& R,. Hinh 6.49
Giai. C4c bién trang thai duge chon 1a dong dién qua cudn day va dién ap
trén tu dién. Vecto trang thdi tai mot thyi diém b4t ky:
- t ) 3 ' 0_
X = {l"( )]; tait=0: X(©0 )= AL
uc(®)) u,(07)

Phuong trinh mach viét theo dinh luat KIT cho hai vong:

« di, (¢ . .
L Zi )+ Ryi, ~ Ryiy = uy
uc +(R1 +R2)i2 _Rlil =0

Véi i,(t) =i (2). Thay i,=C vao hai phuong trinh, s& c6 dugc

du,(t)
t
phuong trinh cla c4c bién trang thai:
= t —_
I " R R O R AR

c ‘Zc - ( - R,I?Rg JiL @ —.E—-_‘I_—R;uc(t)
Thay céc gi4 tri phéan ti bing s6 ta c6: ‘
-‘%@ =—0,4i;(t)—0,2uc'(t)+ uy
du,(t)
¢

= =0,6i,(1)~1,2u,®)
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g, =0.4i, (H)+0,2u,(t)
Céc ma tran A, B, C, D cia mach trén H.6.49 la:
-0,4 02 1 0
AZ[ 0.6 ~1,2} B—{O 0}
€=[0,4 0,2] D=[0 0]
Phuong trinh trang thai cia mach:

e o) [ o)

Hay xdc dinh nghiém cha phuong trinh trang thdi véi kich thich
bing khong. Va véi diéu kién dau da cho, d6 1a nghiém cta phuong trinh:

;L}:{—M —0,2] [iﬂ' i {iL(O')} ) [4J
i, 0.6 -1.2|{u. | uc(07) 2
Két qua chinh 1a thanh phan tu do (qua d9):
ST
Uega (£) 1,(07) 2
. X4c dinh gia tri riéng cda ma trdn A 14 nghiém cta phuong trinh:

-0,4-7 0,2
det[A—M]:[ 06 _12_)\:|=0

Suy ra: AP +1,6L+0,6=0; A;=-1, ry,=-0,6

Bay gid hay x4c dinh ham e*
fA)y=e* =a, ()] +a,()A
f(X)=eX =0, &)+ o, (A
 Thay céc gid tri cda A:
e =0, o)
e =0 (t)-0,60,(t)

suy ra: a,(t)=-1,5e" +2,5¢7%; a,t)=-2,5¢" +2,5¢7%
tach M= (—1,5e" + 2,5e'0'6’) 101, (—2,5e" + 2,5e‘0'6’) 0.4 -0.2
0 1 0.6 -1,2

_|-0.5¢" +1,5¢%% 0,5¢" -0,5¢7%
-1,5¢" +1,5e%% 15¢" -0,5¢70
Kt qué [iqu(t)]z[—e" +5e°0’6'}

uch (t) —3e”t +5€~0'6t
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Hay tinh thanh phan xé4c lap véi didu kién ddu hang bing khéng
(X(0)=0)
. t
[LL-“ (t)] = IeA"“’Bu(t)dt =
u’c.\'l (t) 0 .

{—0,55“‘” +1,5¢705¢0 0 57tV —0,5e'0-5<“”J Hlm ge

~1,5¢Y +1,5¢7%00 157V, 0 507064 | [0

[—0,5@"‘” +1,5e‘°~6“‘”}dt:

-1,5¢"""  41,5¢70%

=3[—0,5 +2,5 +0,5¢” —2.5e“’~6‘}= {2 +0,5¢™ —2,5e*"5’J
-1,5 +2,6 +1,5¢" -25¢7° 1 +15e" -25¢°

I

t
3
:
3

Nghiém day du cta phuong trinh trang thai

[iL(t)J_[iqu(t) +i1,_‘4,(t)}_[6 +0.5¢™" _2‘58—0.&}

u ()| |Ucea® Fucq )| |3 4150 -2, 5706t

6 +0.5¢" 25706
U () =[0.4 0.2] ¢ * e |=[3 #0567 ~1,5e70 ]
3 +1.5e" -25¢706

Tt vi du trén day ching to réng, ¢6 thé dp dung phuong phép bién
trang thdi dé€ phan tich qua trinh qua d6 trong mach, tuy nhién né thich
hop trong trudng hop st dung may tinh, vi khéi lugng tinh todn 1én.



Chuong 7

PHAN TiCH MACH TRONG MIEN TAN SO

Trong MACH BIEN I ta d4 phan tich mach ¢ trang thai xdc lap mot
chiéu ho#c diéu hoa. Khi d6 d4p Ung trén mach cing 12 mét chiéu hoac
diéu hoa cung tdn s6. Trong thuc t&€ nguén tdc dong (nguén tin hiéu)
khéng phéi déu 1a diéu hoa, ma né c6 thé cé hinh dang bat ky, bao gém
nhiéu thanh phan tin s6. Khi d6 ddp ting ciia mach ciing 14 cac qué trinh
nhiéu tin s8. Viéc phan tich mach véi ngudn tac dong bat ky duge goi 1a
phéan tich mach trong mién t4n s6, bdi vi ta chi chi ¥ dén cau tric tin s6
clia ngudn tdc dong va ddp Ung cda mach déi v6i cac thanh phdn tan s&
d6. D& phan tich mach trong mién tdn s6, ta phai st dung chudi Fourier
va tich phan Fourier, d6 1a céng cu todn chd yéu dé phan tich phé (tdn
$6) cha tin hiéu: Tin hiéu tdc déng 1én mach duge chia thanh hai loai:

- Tin hiéu tudn hoan.

- Tin hiédu khéng tuan hoan.

P& phan tich phd cda tin hiéu tudn hoan ngudi ta dung chubi
Fourier, cdn v6i tin hiéu khong tuan hoan ngudi ta dung bién déi tich
phan Fourier. Vdn dé phan tich phé 14 mét trong nhing néi dung quan
trong clia mén hoc 1y thuyét tin hiéu, & day ta chi 4p dung né vao viéc
phén tich mach.

Ching ta sé trinh bay chuong nay theo céng cu todn ung dung dé
bi€u dién phd cda tin hiéu, hay 1a biéu dién tin hiéu trong mién tan s6.

7.1 PHUONG PHAP CHUOI FOURIER
..1.1 Biéu dién cdc qua trinh tuin hoan
Mot tin hiéu duge goi 1a tudn hoan néu né théa man diéu kién:
x(t) = x(t + nT) (7.1
trong d6 n - 12 s8 nguyén; T - 1a chu ky 14p lai gid tri cda tin hiéu. T4n s&

tuong dng v6i chu ky T duge goi 14 tan s6 co ban cta tin hiéu tudn hoan,
duge xdc dinh theo biéu thic sau:
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W, = %?— [rad/s] (7.2)

Mot tin hiéu tudn hoan vdéi chu ky T, thda man diéu kién Dirichlet
sé dugc biéu dién bing chudi Fourier. Chudi Fourier c6 hai loai; chudi
Fourier lugng giac v6i tdp ham co sd truc giao la cdc ham sin; cosin.
va chudi Fourier phtic v6i tap ham co s§ truc giao 1a cdc ham diéu hoa
dang mi, ma ching ta sé trinh bay sau déy“

1- Chuéi Fourier luong gidc

Chudi Fourier lugng gidc biéu dién tin hiéu tuan hoan x(¢) c¢6 dang:

x(t)=a, +Z(an cosnw,t+b, sinnw,t) (7.3)

n=1
Céc hé s6: a,.a,,b, - duge goi 1a cdc hé s khai trién chudi duge xdc dinh

theo céng thic sau:

1 t+T
a0=7 tJ x(t)dt
2tU+T
- a, :T ;[ x(t)cos nw, tdt (7.4)
t,+T
. 2°
b =— t)sinnw tdt
. "= tj KD,

trong cong thuc (7.4); n - 1a s nguyén; ¢,- 1a mot diém bat ky trén thang
thoi gian; T' va o, - 1a cédc dai lugng da néi ¢ trén.

Nhu c6 thé thay tir (7.4), thanh phan a, khong phu thubce thoi gian,
n6 bibu thi tri trung binh cta tin hiéu x(¢), cing chinh la thanh phan mot
chidu cta tin hiéu. C4c hé s6: a,, b, - 12 bién d6 cha cdc thanh phéan
cosin va sin tuong dng véi cc tdn s0 nw,. Nhu vdy, tin hiéu tuan hoan
x(t) duge biéu dién bing tdng ctia thanh phdn mot chiéu va vé han céc
thanh phan diéu hoa c6 tdn s bing n 14n tan s6 co ban.

Trong cac dng dung thyc t&, dac biét 1a trong chuong nay, ta sé si
dung chudi Fourier lugng gidc v6i chi mot ham sin hodc cosin; khi bién
déi téng sau '

a, cosnw,t + b, sinnw,t = C, sin(nw,t +¢,) (7.5)

=C, cos(nw,t+vy,) (7.6)
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trong dé

C, =\/af +bn2

b,
vy, =—arctg—
a

(7.7)

—

n

a
- P, =arctg >

n J
Nhu vay, ta ¢6 thé biéu din tin hiéu tudn hoan dudi dang tién lgi
cho viéc phén tich mach

x(t)=C, +ZC,, cos(nmyt+vy, ) (7.8)
n=1

hay x(t)=C, +2Cn sin(nw,t+@,) (7.9)
n=1

trong 46 C, =aq,

Téng quat hon ta c6 thé viét
£ =C,+ Y x,(t) (7.10)
n=1

Biéu thic (7.10) cho thdy viéc biéu didn tin hiéu tuin hoan bing
chubéi Fourier, la phan tich tin hiéu tuadn hoan thanh tong cda thanh
phan mot chiéu C, va v6 han cdc thanh phan diéu hoa (con goi la céc
thanh phan hai) c6 dang

x,(8)=C, cos(nw,t +vy,) (7.11a)
hay x,(t) = C, sin(nw,t +¢,) (7.11b)

Cdc thanh phén hai, 1 cic dao dong didu hoa c6 bién d6 C,, tén s6
no, va géc pha ddu ¢, hay y, . Khin =1 ta cé

x;(¢) = Cjcos(wt+y,) (7.12a)
hay x,(8) = C; sin(w,t + @) (7.12b)
x;(¢) dugc goi 1a thanh phén co ban, né cé tin s6 bé‘xhg tan s6 cha tin
hiéu tuén hoan dugc x4c dinh theo (7.2).
2- Chuéi Fourier phiic

Tin hiéu tuan hoan x(t) ciing c6 thé& dugc biéu dién bing chudi phic
Fourier ¢6 biéu thuc sau
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x(¢) = 2 X, ot (7.13)

Nn=—o0

n=0,=%1 42 .

trong d6 X, - 1a hé s& khai trién chudi Fourier dugc xac dinh theo cong thic

t,+T
Xn== tye™ "t dt 7.14
- ;[ x(t)e (7.14)
Véi tin hiéu x(¢) 1a ham thuc ta luén cé
Xn =‘X (7.15a)
va arg Xn = —arg X (7.15b)

C6 thé ching minh dugec méi quan hé gitra chudi luong gidgc, chubi
phuec véi chudi chi mot ham cosin (7.8) hodc mot ham sin (7.9) nhu sau
X, =C, =a, (7.16)

C, =ya; +b] =2|X, (7.17)
Xn=BI% (7.18)
2
. I
arg Xn =y, =@, +— (7.19)

2

Tu biéu thdc (7.13) ¢6 thé thay ring, chubi phic Fourier bao gém
‘thanh phan mét chiéu dng véi n = 0 va hai chudi vé6 han cdc ham diéu
hoa lién hgp phic tng v6i cdce cip tn. Cédc cdp ham diéu hoa phic c¢é bién
dd bang nhau cdon argument trdi ddu nhau. Viéc biéu dién bién do va
argument cia cdc ham diéu hoa phdc trén thang tan sé sé cho ta phd
bién d6 va phd pha ctia tin hiéu tudn hoan. Bdi vi n 1a céc s8 nguyén, nén
phé bién d6 va phé pha cda tin hiéu tuan hoan la phé vach (rdi rac).

Sau ddy sé xét mot vi du vé cach X(t)
biéu dién tin hiéu tuadn hoan bing chubi
Fourier.

Vi du 7.1. Cho tin hiéu tuan hoan 1a day e T —t
xung vudng goéc trén H.7.1. Hay xdc dinh 5
chudi lugng gidc va chudi phic Fourier. 1

Tin hiéu tuan hoan x(¢) c6 biéu thic

giai tich trong mot chu ky Hinh 7.1
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-1 —Z<t<0_
x(t)=
1 0<t<z
2

Cé6 thé nhan thay tin hiéu x(t) 12 ham 1&, do d6 tri trung binh va c4c
hé s0 a, sé bang khong, tdc 1a
a,=0v6in=0,1,2 ..

Hay xdc dinh hé s6 b,
T T

0 2
=-—2— J (=Dsinnw tdt+£Jsmnw tdt =—Jsmnw tdt ————(1 cosnm)
T To

7

0 n chdn

b =

"L e n=%k+1k=012.
nm

Chubi Fourier lugng gidc cla tin hiéu trén H.7.1 ¢6 dang

x(t) = Z%sin nw,t :%[Sm]coot L8 i‘l’ot N smiwot N ]

n=2k+1,k=0,12..
Tit két qua cho thdy, tin hiéu trén H.7.1 1a ham 1&, nén trong chudi
Fourier cda né ciing chi chia céc hai 18.
Néu bay gi dich chuyén tin hiéu trén thang thoi gian mot khoang
t,, ta sé c6 tin hiéu méi

yty=x(t~-t)=a,+ Z[an coshw, (t—1,)+ bn sinnw, (¢t —t,)]
n=1

=aqa,+ Z[an cosn(w,t—a)+b, sinn(w,t - o)]
n=l

trong d6: a=w,t, - 1a d6 dich pha ctia tin hiéu. y(t)
Ta thay rang, khi tin hiéu dich chuyén trén
thang thoi gian, cdc hé s khai trién Fourier
cia né khéng thay ddi, né chi thay déi pha
mot lugng a=aw,t,. °fra |7

Néu tin hiéu trén H.7.1 bi dich chuyén
mot doan: t,=-m/4, d€ thanh tin hiéu y(®)
trén H.7.2, thi pha cla né sé thay d6i mot

Hinh 7.2
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lugng oz=ﬂ I =L
T{ 4 2

Chudi Fourier ctia tin hiéu y(#) trén (H.7.2) dugc suy ra dé dang tu
chudi Fourier cta tin hiéu x(¢) trén H.7.1:

. - 4 . T - 4
y(t) = Z;;;sm no, (t +§J = r;;l—;tcos nw,t
4[005 w,t  cos3w,t cosbw,t ]
yl)=— + + +...
1 3 5
Ro6 rang, tin hiéu y(?) chi gém cdc thanh phan chdn vi né 1a ham
chén theo thoi gian.
bé tim chubi phic Fourier, c6 thé tinh hg s khai trién X, theo cic
hé s6 khai trién chubi lugng gidc vira tinh & trén theo cong thiic (7.18). &
day sé xdc dinh theo céng thic tinh truc tiép (7.14)

T
) 110 _ 2 1
Xn=r I (—1)e‘f"°’o‘dt+Je"""’“tdt =———(I—-cosnmn)
T A ) jnn

2

0 n chdn
Xn =
2 nilgn=2k+l k=01 2.
nn

Chubi phic Fourier cta tin hiéu x(¢) (H.7.1) chi chifa cdc ham 1¢é

x(t) = z —jn—ic”“”‘" n=2k+1,k=0,1,2.

n=—oc

Phé bién d6 va phé pha cta tin hiéu x(t) (H.7.3)
X, |

Fal | IR

L B T S

5 -4 -3 -2 -1 o 1 2 3 4 5

argX,
nl2

5 -4 -3 -2 -1 0'_2 ‘4 l

-n/2

Hinh 7.3
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X,

nrn 2

3- Pdng thirc Parseval _
Gia thiét c¢6 hai ham tuan hoan cung tan s6 dugc biéu dién bang
chuéi phiic Fourier

x(t) = Z Xn ejn(or,t

n=—co

Y=y ¥,

m=-—co

Tri trung binh tich cta hai tin hiéu duge xdc dinh nhu sau

_Jx(t)y(t)dt ._.—-J Z X ej'lw(, Z Ym ejmu),,tdt

O N=—c n=—co

_ i i _%J' J(n+nl)(l)(,fdt (7.20)
e 0

Béi vi
T .
jej(n+111)(u)0tdt={0 k/u.n+m¢0 (721)
2 TRhin+m=0n=-m)
Do d6 = j x(t)y(t)dt = Z X Yo, (7.22)
Duya vao (7.15) ta ¢6
You=Ya ‘ | (7.23)
Biéu thue (7.22) khi chua ¥y dé'n (7.23) sé 1a
—Ix(t)y(t)dt_ Z XoYa (7.24)

Biéu thidc (7.24) duge goi 1a ddng thdc Parseval cua tin hiéu tuan
hoan, n6 duge phét biéu nhu sau: Tri trung binh ctia tich hai tin hiéu
tuan hoan cung chu ky bdng téng vé han cdc tich cia hé s6 khai trién
chudi Fourier phitc ciia tin hiéu thit nhét vdi lién hop phic ciia hé s6 khai
trién Fourier cia tin hiéu thit hai.

Trudng hop dac biét khi: x(t) = y(8); ta c6: X, =Y, , tri trung binh
binh phuong cta tin hiéu tudn hoan sé bing téng vo han cac binh phuong
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modul cia hé s& khai trién chudi phia Fourier, tic 1a
2

oo

i_T[x'?(t)alh 2
TO

n=-oc0

Xn (7.25)

Biéu thdc (7.25) 1a déng thic Parseval, dugc ting dung dé xac dinh tri
hiéu dung va céng sudt cia tin hiéu tudn hoan trong mién tan s8, qua cac
hé s6 khai trién Fourier. Viéc xdc dinh cong sudt cha tin hiéu tudn hoan
s8 xét sau, bay gid ta sé 4p dung ding thdc Parseval dé tinh tri hiéu
dung cta tin hiéu tuin hoan trong mién tan so.

Theo dinh nghia, tri hiéu dung cda tin hiéu tuan hoan bing can bac
hai cta tri trung binh binh phuong

T .
X = |2 [2war (7.26)
T 0

Trong mién tan sd

2

2 : -1
= Xf+2

- 2 .
th:\/z Xn, Xn +2Xn
n=-co n=-oco n=1
2 V2
— . (2 Xn
= |xX2+2Y (X, = |X2+ (7.27)
Ta biét ring: C, =2|X»
Khi ky hiéu tri hiéu dung ctia thanh phan hai thd n 1a
' C
X, == (7.28)
hin = Ty

Tri hiéu dung cda tin hiéu duge xdc dinh trong mién tan sé (7.27) véi ky

hiéu (7.28)
=(C \2 o
X,y = \/X"Q+Z(T;) = fo+2de" (7.29)
n=1 n=1

Nhu c6 thé thdy tir biéu thde (7.29), tri hiéu dung cla m(f)t‘tin hiéu
tudn hoan bing cin béc hai cia tong binh phuong thanh phan mét chiéu
va binh phuong céc tri hiéu dung hai thanh phan.

e
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4- Cac hé sé ddc trung cho qua trinh tudn hoan

1- H¢ s6 méo dang: nhu da phan tich & trén, mét ham tudn hoan cé
thé biéu dién bing téng s6 v han cda cdc thanh phan didu hoa c6 tdn s6
la boi n cla tn s§ co ban va thanh phidn mét chiu. Tin hiéu tudn hoan
do d6 c6 thé dugce coi 1a ham bién dang clia ham didu hda ciung tin s6. P&
déc trung cho su bién dang d6, ngudi ta dua ra hé s6 méo dang duge dinh
nghia nhu sau ~
Xa1

2 C 2
Xo + z thn
n=1

(7.30)

Nhu vay, hé s6 méo dang theo dinh nghia bing ti s§ gida tri hiéu
dung cia thanh phéan hai co ban (hai bac nhat) véi tri hiéu dung cta qua
trinh tudn hoan. Hé s méo dang 14y gi4 tri trong khodng 0<k<1, déi
v6i qud trinh diéu hoa & = 1.

2- Ham lugng hai: mot hé s6 khdc dic trung cho qud trinh tudn hoan
. 1a hé s6 ham lugng hai thd n, theo dinh nghia la ti s& giita tri hiéu dung
cia hai thd n véi tri hiéu dung cha qua trinh tudn hoan

thn

n, =
\/Xf 3 X2,
n=l .

Hé s6 nay ciing 14y gi4 tri trong khoang [0,1], d& dang chiing minh duge

(7.31)

Sni=1 (7.32)
n=o
boi khi ngudi ta ciing xdc dinh hé s6 ham lugng hai theo bidu thic sau
Xha
M=% (7.33)
Xpas

N, trong biéu thdc (7.33) bing ti s8 gita tri hiéu dung ctia hai thd r véi
tri hiéu dung cda hai co ban.

D& danh gid gid tri cta c4c hai bac cao so vdi hai co ban, ngudi ta
cdn dua ra hé sd ham lugng séng hai

h =\‘";2-— (7.34)
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Hé s6 séng hai & sé bing don vi khi qud trinh tudn hoan khéng chda
thanh phan co ban.

3- He s6 dinh, hé sé dang.

Trong mc}t s0 phén tich tin hiéu, ngudi ta cdn dua ra cdc hé sé dac
trung cho qud trinh tuan hoan nhu sau

- Hé s6 dinh la ti's6 gidta gid tri cyc dai X, =max[x(t)] v6i gid tri
hiéu dung cia qud trinh tuan hoan x(t)

X

S (7.35)
X

- Hé s6 dang theo dinh nghia la ti s§ gidta gi4 tri hidu dung va tri
trung binh cta qué trinh tudn hoan
Xha
X

o

kd =

(7.36)

kd=

Heé s6 nay con duge dinh nghia bing ti sd gita tri hiéu dung cda qua
trinh tudn hoan va tri trung binh cla tri tuyét d6i cia né ‘

k, o Kha (7.37)

1
-fj'lx(t)]dt
Vé6i cach dinh nghia hé s6 dinh (7.35) va hé s6 dang (7.37), ta c6 thé
x4c dinh ching d6i véi qué trinh diéu hoa
_ Xm =\/§; d=Xm/\/§= L
X, /N2 X, (2Im) 2J2

trong d6 X,, - 1a bién d¢ clGa qué trinh diéu hoa.

ky ~111

7.1.2 Phan tich mach TTD & trang thai xac lap tuan hoan khéng sin

Trong mach TTD c¢6 ngudn tédc dong 1a mot qua trinh tudn hoan, thi
& trang thai xdc lap cia mach, ddp Ung trén cdc phan ti mach (dong dién
hay dién dp) ciing 1a cdc qud trinh tudn hoan c¢6 cing tdn s6 co ban. Pé
tim ddp dng cia mach, ta dp dung phuong phdp chuéi Fourier, biéu dién
qua trinh tudn hoan bing chudi lugng gidc ¢6 dang (7.8) hodc (7.9); va sau
d6 4p dung cac phuong phdp phén tich mach d& néu trong MACH PIEN
I. C6 thé néu sau day cdc budc phdn tich mach xédc l4p v6i ngudn tdc dong
tuan hoan.
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i

1- Ap dung phuong phap bién dé phirc, biéu dién qua trinh tuan hoan
Ngudn tac déng 1én mach 1a cdc nguén dp hodc nguon dong, 1a céc
qué trinh tuin hoan, dugc biéu dién bing chubi Fourier gom thanh phan
mét chiéu va vé han cac ham diéu hoa. Vi du, mot ngudn 4p ly tudng cé
chudi Fourier lugng gidc sau day
e(t)=E,+E;cos(o,t+ W)+ E, cos(2m,t+y,)+... (7.38)

Céc thanh phan diéu hoa sé dugc biéu dién bing bién d6 phiic
E=)E. (7.39)
n=]
trong d6 En =|En|e/ (7.40)

2- Ap dung nguyén ly xép chéng dé tinh dap wng ciia mach véi
thanh phdn mét chiéu va cac thanh phén diéu hoa
B&i vi cdc thanh phan diéu hoa c6 tdn s6 bing boi n cia tan sd ca
ban, nén trd khdng clia cdc phan t& mach sé& phu thudc vao cdc tan so do,
ching dugc phic héa nhu sau
. 1 .
Zp=jno,L; Zp =——; Zyy=jno,M; Zr=R (7.41)
Jno,C
D61 v6i thanh phan mét chiéu, mach chi con cdc phan ti dién trd, vi
¢ xdc lap mot chiéu cuén day ngdn mach Z, =0 va tu dién hd mach
ZC =00, 4

C6 thé minh hoa bing viée xét cac mach RLC don gian sau day
1- Mach RL néi tiép: tré khang phic cia nhanh RL
Z,, =R+ jnw,L=\R’ +(nw,L)* £ ¢,

Dong dién trong mach tng woi hai thd n duge x4c dinh bang phuong
phép bién d% phic

. En
fo=Er o PATARS
Z,1, ;ﬁz +(nw,L)? v
trong dé VY, = argEn; ¢, =argZ,

thanh phan mot chiéu I, =%

Dong dién qua mach RL bang téng cic dong tic thoi
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i)y=1I,+ ZI’" cos(nw,t +v;,)

n=l .
E,
trong dé I, =—
JRZ +(no, L)
Vin =V, — 9,

2- Mach RC néi tiép: tré khang phidc clia nhanh RC néi tiép
R?+— 1 |

Z.=R+ = — £
ne jnw,C (nw,C)? n
Dong dién qua mach RC tng véi hai thi n
jnczzn = = AWn—(pn
ne R2 + 1 5 .
(nw,C)
I1,=0

Dong dién qua mach RC néi tiép

i(t)= ZI'" cos(nw,t +y;,)

n=1
. |En
trong d6 I, = s Win =V —@p
R2+—1
(nw,C)?

3- V6i mach RLC néi tiép: trd khing phitc cha nhdnh

1 l _ JOn
o, CJ_IZ"Ie

o

7 ¥
nw,C

_ nw,L -
¢, =argZ, =arctg

zZ, =R+j[no),,L—
n

troné dé |z, = JR‘? +(nmoL—

no C

0

Dodng dién qua mach RLC néi tiép tuong ng v6i c4c thanh phan hai thi n
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jn=—n= Z\Vn—(pn

Z, ;X
\/RZ +[nwoL - w)
nw,C

Thanh phan dong méot chiéu: I, =0

Dong dién tuc thoi qua mach RLC

+ it)= ZI'” COS(n(DOt + Win)

n=1
E,
trong dé I, = ' =5 Vin =Wn =0y

1
R? L~
J +[an moc]

Tir nhiing phén tich trén, ta c¢6 thé dua ra céc nhan xét sau day:

« V6i mach TTD c6 ngudn tdc déng tudn hoan, c6 thé 4p dung tat ca
cidc phuong phdp phan tich nhu d6i véi mach xac lap diéu hoa; trif -
phuong phdp do thi vecto.

- Gid tri tdc thdi cia ddp tng trén mot nhanh bat ky d6i véi nguon
tdc dong tuan hoan, bang téng cdc dédp ing thanh phan.

+ Gi4 tri hiéu dung cGa dong dién hay dién 4p trén mo6t nhénh bat
ky, béng cén bac hai cia téng binh phuong céc gia tri hiéu dung thanh
phan.

- Trd khédng cda phan ti hai cuc 14 moét ham cda tan s6, do d6 véi
mach RLC c6 thé xdy ra cong hudng dsi véi hai tha n nao d6, khi théa
man diéu kién::

nw,L —. =0 (7.42a)

nw,C
1
vLC
Sau day 12 mét vi du cu thé vé phén tich mach trong mién tan sé.

- Vi dy 7.2. Xét mach RLC néi tiép trén H.7.4a va ngudén tic dong l1a day
xung vudng géc trén H.7.4b.

hay 1a nw, = (7.42b)
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R i(t) t),v
Wy
100
(1> et c=

L i(s)
000 T —*ﬂJ

a) b) T=0,628ms

Hinh 7.4

1- Hay xdc dinh va vé phd bién d¢ cla ngudn tdc dong e(t) va dap
Ung cia mach i(z)
2- Tim gi4 tri n nhé nh4t, d€ sao cho c4c hai dong dién tng véi n 1én
hon sé bi suy gidm so vdi hai dién 4p.
Cho biét R=100(Q); L=0,01(H); C=250(nF).
Giai. Tan s6 co ban cda tin higu tuan hoan: w, = %:E =107 (rad/s)
Tin hiéu ;( t) 12 ham chén, do d6 khai trién Fourier cta né sé chi gém
thanh phan mét chiéu va cédc thanh phén chén cosin. Theo céc cong thic

(7.4); (7.7) ta co

E -a ~100T/4 130 — 25(V)

% T

n

478 200748 200 '
E =C =q, =— J e(t)ycos(nw,t)dt == J cos(nw,t)dt = sin( )(V)
nn

Chubi Fourier lugng gide theo (7.8) clia ngudn e(t)

~ Sin (ng)
e(t) = 200 §+2——’—;E——cos(nwot) (V)

n=1

¢6 thé€ thdy rding, cac hai thd n 1a bdi cda 4 déu bing khéng, bdi vi:
sin(n(n/4))=0. Bay gi®, hay 4p dung nguyén ly x8p chéng dé tinh céc
thanh phan dong dién trén mach.

V6i thanh phdn mét chiéu cia ngudn: (n = 0) Z, =o; tu dién hé
mach; dong mét chiéu I, =0.

Déi v6i cdc thanh phén xoay chiéu, ta 4p dung phuong phap bién dé
phic d€ tim cdc hai dong dién. V6i mach RLC néi tiép, hai dong dién tha
n duge x4c dinh nhu sau: v
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a) b)
i(t) R C e(t)
(D e(t) L g
t
T/8
7=0,628ms
[Tnl

‘[.TTT.TTT o .[ IIT . e

o 2 4 6 8 10 o 2 4 8 10
a) b)
i(t)

P i g

<
-l

—

d)

(«]
A
—T1 |

‘[ hpe< hp Véin<4 l{

"""" Moas By VBN 347777 1L
TgT'T'T'.,Tl’: o HE N AR NEE
o 2 4 8

e) : f)
Hinh 7.5
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. |Ea| «

fo=Z s " Inf 2

Tz, 1z e MY

. & 200si

trong d6 B =z 005m(n(1t/4)); z, =R+j(ncoDL~ 1 _]
o~ nn nw,C
- ot L
|Z,|=,|R® +| nw,L - ; 9, =arctg 1%
nw,C R

Thay gid tri cdc théng s6 R, L, C theo gia thiét ta duoc
: 2

100 -4
]Zn|:—n—\/ P+’ -7 9, =arctg” -

]

Qua trinh thoi gian cia dong dién i(2)

9 sin ng
H=—> — cos(nw,t— o, ) (A)
n;\/n2+(n2—4)2 i

Phé bién d6 cbua ngudn e(t) duge biéu dién trén H.7.5a, con phé bién
do coa dong dién i(t) trén H.7.5b. Qua trinh thoi gian i(#) duge vé gan
dung (giéi han v6i ndm thanh phan hai dau tién) trén H.7.5d. Dé thi
modul va argument cua tré khang Z, dugc vé trén H.7.5¢. H.7.5e va-
H.7.5f 1a ham lugng hai cia ngudn tdc dong e(t) va ddp ung i(t).

Trong mach cé thé xdy ra cong hudng vdi hai bac hai (n = 2), theo
diéu kién (7.42a). V6i cdc hai n > 2, mach c6 tinh chat dién cam, cdc hai
dong dién sé suy giam so v6i cdc hai dién ap.

3- Tinh céng sudt trong mach cé nguén tac dong tudn hoan

Vé6i céc qua trinh dong dién va dién 4p bat ky, ta c6 dinh nghia vé
cong sudt tdc thoi nhu sau

p(t) = u(t) i(t) (7.43)

Khi dong dién va dién 4p trén hai cyc 14 nhiing qué trinh tuan hoan

cung chu ky, chiing dugc biéu dién bang chudi phic Fourier nhu sau

u(t) = Z U, et = Z %e”’" /" (7.44)
i(t)= 2 In @0t = Z —I—’:‘Zf—’—e""’" ~On) g neot (7.45)

n=-co
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trong d6 Un.. I, - 12 hé s6 khai trién chudi Fourier phic cda u(t), it);
Upmi 1

cdc hé s6 C, trong chudi Fourier lugng gidc);

- 14 bién d6 cla cac hai dién 4p va dong dién (tuong dng véi

nm

Y, va (y, —9,) - 1a cic goc pha dau tuong (mg cha dién 4p va dong dién.

. Theo dinh ly Parseval (7.24), cong sudt tdc dung dugc dinh nghia
bang tri trung binh tich ctia hai ham tudn hoan ciing chu ky w(2), i(t) dugc
xdc dinh nhu sau

=——fu(t)t(t)dt = Z U In = z U;'" el¥n %e-ﬂwn—%)

Khi tach riéng thanh phan mét chiéu v6i n = 0 va tdch chudi cac
thanh phan hai thanh hai chudi tuong tng véin < 0van > 0 ta duge
-1

p:mg;zﬂﬁgmw%+ZQ%Q%M

n=—ee n=1

j(pll + _j‘Pn
=U,I, + z . "m[e 2e J UJl,+= EU"’" am COS @,

P=P +P, (W) (7.46)

Nhu c6 thé thdy tit bidu thie (7.46), cong suit téc dung 1én hai cuc c6
cdc ddp Ung tudn hoan, biing tdng céng sudt cla thanh phan mét chidu va
cong sudt cha cac hai thanh phén.

Tuong tu nhu véi mach x4c 1ap diéu hoa, v6i mach x4c 1ap tuan hoan,
ngudi ta cing dua ra khéi niém vé cong suit tdc dung, cong suat phan
khang va cong sudt biéu kién. Cong sust tdc dung duge x4c dinh theo bidu
thde (7.46), 1a cong suat tac dung cta hai cuc c6 chia dién trd. Vi hai cuc
c6 chda dién trg thi P > 0, cdon véi hai cuc thuan dién khang P = 0.

Céng sudt phdn khdng cia mach c¢6 tic déng tudn hoan duoe xdc
dinh bang tdng cong suit phan khéng thanh phan va duge ky hiéu 12 @

Q= 2 amDom sing, (VAr) (7.47)
. Céﬁg sudt bieu kién ciing duge x4c dinh nhu déi véi cdc qua trinh
diéu hoa va duge ky hiéu bdi 1S

ISI= UhdIhd (VA) (748)

V6i mot qud trinh diéu hoa, cong sudt tédc dung, cong sudt phin
- khang va cong suat biéu kién tao nén mot tam gidc cong suat
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P?+@%=1SP (7.49)
Déng thic nay s& khong hoan toan ding cho mach c6 ngudn tac dong
tuan hoan. Béi vi sé ton tai nhing hai clia mét trong céc qué trinh dong
hay 4p, khong lam anh hudng dén gi4 tri clia céng suat tac dung va cong
sudt phan khéng, nhung lai lam ting gi4 .tri hiéu dung cla qua trinh.
Téng binh phuong cla cong sudt tdc dung va cong sudt phan khang khi
d6, khong béng binh phuong modul céng suat bidu kién, né duge xdc dinh
theo biéu thic sau:
PZ+Q%=1SP -T? (7.50)
Dai lugng T c6 thd nguyén VA, dugc goi 1a cong suat méo dang. Khai
niém vé cobng sudt méo dang rat quan trong, bdi vi né cho ta thdy ngay ca
khi céc hai cia dong dién, cing pha vé6i cdc hai tuong (mg cta dién 4p, tic
1a ¢,=0 vadodé @ =0, ta van c6: 1S = P? + T? . Céng suat bidu kién khi
d6 16n hon cong sudt tac dung, va hé s§ cong suat duge xac dinh béi:

P
cosp=—< 1 (7.51
¥=isi :
Ta th4y ring, mach sé& khong lam méo tin hiéu khi vdi tat ca cdc hai
ta ludn cé: -—?—""L =const; va ¢, =0 (7.52)

Khi d6 céng sudt méo dang cing bdng khéng, diéu nay chi xay ra
trong mach chi gém cdc phan t dién trd. Con néu trong mach cé cdc
phan tii dién khédng (tu dién va cudn cdm), thi diéu kién (7.52) sé& khong
théa mén. Vi du, trong mach c6 chda phan ti dién cdm sé c6 ti s6
U,.!l,, ting theo bac cda hai, con véi mach cé dién dung thi ti s6 nay
s& gidm. Nhu vay mach gdy méo dang tin hiéu 14 mach cé cdng sudt méo
dang khéc khéng.

Vi du 7.3. Hay tinh cédc loai céng sudt vira néu tren day cho mach RLC
trong vi du 7.2, chi giéi han dén hai bac 5.

nm

Gidi. Véi n < 5, ngudn téc dong bao gém cdc thanh phén sau
e(t) = 25 + 45 cos(w, )+ 32cos(2m,2) + 16 cos(3w,t) - 9cos(5w,t) [V]

Dong dién chdy trong mach
i(t) = 0,142cos(w,t +71'34") +0,318cps(2w,t) +
+0,077 cos(3w,t —59°02") 0,021 cos(bw,t —76°36") (A)
Do thanh phan mét chiéu I,=0 nén F,=0. Cong sudt tdc dung dugc
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x4c dinh theo cong thuic:

5
P= '—;—ZEMI,W cosQ, =—é—[45><0,142 cos(71°34")+ 32x0,318¢os0° +
n=1

+15%0,077 cos(b9°02")+ 9x0,021cos(76°36 "] = 6,42 (W)
Cong suat phan khéng :

5
Q =éZEnmInm sing, =é[45x0.142sin(7l’34')+ 32%0,318sin0" +
n=1

+15><03077Sin(59:02') +9x0,021sn(76°36"] = 2,63 (Var) |
Tri hiéu dung cia ngudn 4p va dong dién tudn hoan:

E,, =\/252 +é—{452 +322 4152 +9%]1= 47,98 (V)

I, = \[-;-[0,1422 +0,318% +0,077% +0,021%] = 0,253 (A)

Hé s6 cong sudt: cose = KPI = 0,53

Cong suit méo dang: T=y|S]° - P?-Q* = 9,96 (VA)

7.1.3 Phéan tich mach TTD véi nhiéu nguén tic dong diéu hoa

Trong trudng hop trong mach c6 nhiéu nguén tac dong diéu hoa
(khdng phai 1a tudn hoan nhu xét & trén); ta cing 4p dung cac bude duge
néu trong muc 7.1.2 d€ phan tich. Chi c6 mot luu ¥ 13, tré khang ctia mach
khi d6 phéi xét riéng, tuong ing véi tan s§ cla timg ngudn tac dong. Qua
trinh thoi gian cda dép Ung trén méi phan td 14 téng dai s6 cdc dap ing
thanh phan. Tri hiéu dung va c4c loai cong suit ciing duge xét nhu doi véi
mach ¢6 ngudn téc dong tudn hoan. Hay xét vi du sau day.

Vi du 7.4. Trén mét phan ti hai cuc ¢6 dat dién 4p:
u(t)=3+3v2 cos(w,t +30°)+ 24/2 cos(2m,t) (V)
dong dién chdy qua hai cuc:
i(£) =1+ 242 cos(,t — 30°) +Z cos(2w,t +60°) (A)

Hay xéc dinh gi4 tri hiéu dung cda dién ap u(2), dong dién i(t), cong
sudt tdc dung, cong sudt phan khéng, cong suat biéu kién va cong sudt
méo dang cda hai cue.
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Giai

« Gi4 tri hiéu dung cda dién 4p va dong dién

Upg =V32+3°+2% =469 (V)

Ly=NEF+2°+1° =245 (A)
« Cong suat tac dung

_ P=3x1+3%x2c0s60° +2x1cos(-60°)=7 (W)
- Cong suat phan khéang
@ =3x2sin60° + 2x1sin(-60°)= 3,46 (Var)
« Cong suat biéu kién
IS|=U,qly =11,49  (VA)

- Cong sudt méo dang
T=\|S]° -P?-Q* =843 (VA)
7.2 PHUONG PHAP BIEN BOI TiCH PHAN FOURIER
7.2.1 Biéu dién tin hiéu khéng tuian hoan trong mién tan sé

1- Bién déi tich phdan Fourier

Mot tin hiéu khéng tuan hoan x(¢) théa man diéu kién

[lx)dt <o (7.53)

—oo

s& ¢6 bién ddi tich phan Fourier nhu sau

X(©)= [ xte 7 dt=F [x(t)] (7.54)

trong dé6 ~# ky hiéu bién d6i thuan Fourier.

Ham X(w) 14 mot ham lién tuc theo bién w (rad/s), biéu dién su phan
b6 cta tin hiéu trong mién tan s6, do d6 X(w dugdc goi 1a phé cha tin hiéu.
Trong trudng hop tdng quat, X(®) 1a mot ham phde, ¢6 thé biéu dién
duéi dang

X(0)=|X (w)e/* (7.55)
trong d6:|X(w)] - dugce goi 1a phd bién do: ¢(w) - dugc goi 1a phé pha.

Phé bién dé va phé pha cda tin hiéu x(2), bi€u dién sy phan bs bién
d6 va pha cta tin hiéu trong mién t4n s6. D6 1a nhimg ham lién tuc theo
o, khéc v6i phd bién d6 va phh pha eja tin hiéu tudn hoan 1 nhing dai
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lugng roi rac.
V6i tin hidu x(¢) 12 ham thuc, ta c6 thé chimg minh duge phé bién do
12 mot ham chin con phd pha 1a ham 1é theo w. C6 nghia 1a '

|X(w)| = |X(-w) (7.56)
_ ow) = —¢-w) , (7.57)
Tin hiéu x(t) ¢6 thé tim duogc tif phé cia né bing bién d6i nguge Fourier
17 ot
x(t)=— j X(w)e’™do (7.58)
2n J ,
R ‘ 17 '
hay 1a x(t) =—j|X(w)|cos[mt+¢(w)]dw (7.59)
T

Bidu thuc (7.59) cho thay ring, tin hiéu khéng tudn hoan x(t) cing
duge biéu dién bing tong (tich phan) clia cac qua trinh diéu hoa c6 tan s§
thay déi lién tuc trong khodng (0, =) :

X ()|
T
Vi du 7.5. Hay x4c dinh phé.cia tin hiéu x(t)=e™ I(¢).

dwcos[wt + (w)] (7.60)

Gidi. Tin hiéu x(f)=e" I(t) ¢6 dang trén (H.7.6a). Ap dung cong thic tinh \

1
I+ jw

phd (7.54) ta c6 X(w)= j e te it =
Phé bién do: | X(w)| =1/\/1+(o2 ; va pho pha: ¢(w)=arg X(0) = -arctgw dugc
biéu dién trén (H.7.6.b,c).

x(t) 1 I X (m)l olen)
1
\ /\ --------- w2
V (0]
t ©

(o] ° -

2) b) R
Hinh 7.6

2- Pdng thicc Parseval
Xét hai tin hiéu thdéa man diéu kién (7.53); v6i hai tin hidu d6 ta hay
xdc dinh
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o oo

~ J x,(t)xy (8)dt = J' {517; j X I(m)e”"‘dw:l Xy (t)dt

=—21— J Xl(w)dmj x;(t)ej‘”‘dt
is

oo

trong dé J’ xy (He’ ™ dt = X, (w)
. r . 17
Két qud - jxl(t)xg(t)dt=—— j X, (0)X 5 ()dw (7.61)
v 27 s

Biéu thic (7.61) dugc goi 12 ddng thic Parseval cia tin hiéu khéng
tuan hoan, vé& trai 1a tich vé huéng cda hai tin hiéu trong mién thoi gian.
Khi x,(¢)=x,(¢)=x(¢); (7.61) sé trd thanh:

| |x(t)]2dt=2in [1X @) dw (7.62)

V& bén trai cia (7.62) 1a cong thic xdc dinh ning lugng caa tin hiédu
trong mién thoi gian. Nhu vay ning lugng cta tin hiéu con ¢6 thé duge
xac dinh béi tich phan binh phuong bién d6 phé clia né chia cho 2z Ta
néi rang ning lugng cda tin hiéu phan bd trén toan truc tin s theo méat
do phé nang lugng: ¢(w) = |X(w)|2. '

Tit bidu thie (7.62) ta thdy rang, bé rong phd (dai tAn ma tin hiéu
chiém trén thang tdn s6) cda tin hiéu nang luong, trong trudng hop
chung 14 v6 han. Trong thuc t& khéng phdi nhu vay, bdi vi cac tin hiéu
vat ly déu c6 phd hitu han gi6i han trong khodng tan s6 (-0, ,®,,,). Bé
rong phd duge chap nhan sé chifa khodng 99% nang lugng cia tin hiéu,
duge goi 1a bé rong phd hiéu dung. Khi 4p dung déng thic Parseval cé
thé viét

| 1xf do=0.99 [ e’ dt (7.64)

—o0

—_1_(1)
2n

~Wmax

X (o}

Dua vao (7.64) ta c6 thé xdc dinh céc
tdn s6 giéi han cia bé rong phé cda tin
hiéu. Theo (7.64), phan phé cta tin hiéu
ndm ngoai bé rong phé hidu dung (bé rong
phd qui uée) chi chiém 1% nang lugng

o

Fh--
&

L L L
~ Wnax [om I Wy o,

Hinh 7.%
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toan bd cda tin hiéﬁ (xem H.7.7). D€ tinh cdc tan s6 gidi han, trong thuc
t€ ngudi ta chap nhéan céng thic sau:

g o
1 2 N
— | | X(0)" do=0,005 | [x(t)[" dt (7.65)
2,[_L| (@) Jie
Trong biéu thdc (7.65), dai tAn (-w, +w,)chi chita 0,5% ning lugng
toan bg. Khi d6 tan s& gi6i han duge tinh nhu sau:

mm [i3.4

1 | 1X@f dw=0,995 [ |xo) at (7.66)
L ’

Viéc xdc dinh bé rong phd cia tin hiéu 14 van dé quan trong dsi véi
ky thuat, bdi vi né cho phép ta thiét k& cac thiét bi xi 1y tin hiéu phi
hop véi dai tin cta tin hiéu.

' 7.2.2 Phan tich hé théng TTD véi nguén tic dong khong tuin hoan

1- Ham truyén dat

Dbé phan tich mach theo khdi niém hé théng, trong chuong 6 ta da
dinh nghia ham truyén dat cia hé théng theo biéu thic (6.53):

B4i vi tré khdng va dan nap cla mach khi s = jo s& mé ta trang thai
xdc 14p cua mach. Do vdy ham truyén cia mach & trang théi x4c 14p sé c6
biéu thuec:

X(w)
trong dé Y(w) - 1a phd cla tin hiéu & ddu ra; X(w) - 12 phé cia tin hidu dau
vao.

(7.67)

Trong trudng hop x(2) 1a tin hiéu khéng tuin hoan, ddp tng y(¢) ciing
khéng tuan hoan, va phé Y(w), X(w) cta ching duge xdc dinh theo (7.54).

Ham K(o) trong biéu thdc (7.67) 1a ham truyén dat cGa mach, trong
trudng hop tong quéit 12 mét ham phie, ta c6 thé biéu dién dudi dang
ham m nhu sau:

K(w)=|K (o)’
trong d6 |K(w)| - 1a modul ctia ham truyén dat, dugc goi 1a dic tuyén bién

39; ¢lw) = argK(w) - duge goi 1a dic tuyén pha.
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a) H¢ thong khéng gdy méo tin hiéu
Ta n6i mach khéng gdy méo tin hidu néu dap dng cia mach théda
man diéu kién ‘
y(t)=Kx(t—t,) (7.68)
trong d6 K - 1a hang s6. Piéu d6 c6 nghia la, ddp dng cla mach ti 16 véi
tdc dong va c6 thé tré vé mat thoi gian so vdi tdc dong mot khodng
t, >0 . Thuc hién bién d6i Fourier biéu thic (7.68) ta dugc
Y (0) = KX (w)e™ /™% (7.69)

So sanh biéu thiic (7.69) véi (7.67) ta thay ring, dé mach khong gay
méo tin hiéu, ham truyén cta né phai théa man diéu kién

K (w) = Ke™ /% (7.70)
tdc 1a |K(w)| =K =const >0 ; ¢(w)=-ot,
Nhu vay ta c6 thé di dén két G
luan 13, ddc tuyén tdn s6 cia mach "
khéng gdy méo tin hiéu c6 modul la * ' “g" *
hdng s6 va argument ti lé tuyén k
. N ’, Uy lR2 < Cz 4 U,
tinh vdi tdn sé. T
| Mach trén H.7.8 1a mach
khong giy méo tin hiéu. Ham - -
truyén dat cia né duge xéc dinh Hinh 7.8
U,(w) R,
Kw=—"2—=
=T 1t JOCR,  p
™ 1+i0C,R, *

Néu chon ciac phan tif mach sao cho: R,C,=R,C,; thi dic tuyén tan sé
clia mach sé khong phu thudc tan s¢

R !
K(w)= 2__. o(w)=0
@ R, +R, ©

Mach trén H.7.8 12 mach chia 4p bu.

b) He¢ thong gy méo tin hiéu

Hé thong giy méo tin hiéu, 12 hé thong khong théa méan diéu kién
(7.70); c6 nghia la dic tuyén bién @6 cda hé théng 14 mét ham cia tan s6
®, cdn dic tuyén pha thi khong ti 1 tuyén tinh véi tan s6.

Mach don gidn nhdt giy méo tin hiéu c6 thé néu ra sau day l1a mach

-
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dao ham (vi phén) va mach tich phan.
Mach vi phan (H.7.9) 1a mach c6 ddp ung ti 1& véi dao ham cua téc
dong
dx(t)
dt
trong d6 7 - 1a hé so ti 1€, ¢6 thit nguyén thoi gian.
Thuyc hién bién ddi Fourier biéu thdc (7.71) ta duge
Y(w) = joX(w) (7.72)
Nhu vay, ham truyén cia mach vi phan phai 1a
K(w) = jor o (7.73)
aRC

Mach trén (H.7.9) c6 ham truyén K(w):~liij.- =

yit)=1 (7.71)

(

Néu céc thong sé cia mach dugce
chon sao cho RC << 1, thi mach trén sé e—
thuc hién phép toan dao ham. Nhu c¢6 thé
thdy t=RC 1a hing s6 thoi gian cia {*O R y(t)

mach vi phan dugc chon sao cho ¢6 gia tri
o A, ’ .
nhé nhat. .- J

Mach tich phén la mach c6 ddp tng Hinh 7.9
ti 1& vé1 tich phéan caa tac dong, tic la
L3y
. dt
- Bién d6i Fourier cta (7.74): jotY(0)=X(®)
X(w) '
jot

= x(1) (7.74)

hay la Y(w)= (7.75)

Nhu vdy ham truyén cta mach tich phan phai c6 dang
K(0)=—— (7.76)
Jjort

Mach trén H.7.10 ¢6 ham truyén
_ 1
" 1+ joRC R
. ANA— .

K(w)

Néu chon c4c théng sé cia mach dé
sao cho: RC >> 1, thi mach H.7.10 s&. x(t) c_[_
thyc hién phép tinh tich phan. Nhu vay
hing s6 thyi gian cGa mach tich phan T

-

y(t)

Hinh 7.10
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1=RC phai dugce chon sao cho ¢6 gia tri 16n nhat.
Tu nhitng phén tich trén day, ta cé thé thdy ring, hing s6 thoi gian
cia mach vi phéan

(7.77)

va cta mach tich phdn 1>> . (7.78)

min
trong d6 ., V& ®g, - 12 tAn s6 nhé nhét va 16n nhat cda tin hiéu vao
(ngudn téc dong).

2- Biéu dién dé thi ciia ham truyén dat

a) D8 thi ctia dic tuyén bién dé va dic tuyén pha ‘

Nhu da néi & trén, ham truyén dat dic trung cho hé théng TTD,
trong trudng hop téng quat 14 mét ham phidc bién thue o. Pac tuyén bién
do va dic tuyén pha cia né 1a ham thuc bién w. Khi phan tich hé théng,
ngudi ta thudng tién hanh bidu dién d6 thi cdc dic tuyén bién dd va diac
tuyén pha ctia hé théng. Qua cdc 46 thi c6 thé nhan biét dap Ung cua
mach (ngd ra) d6i véi tac dong (ngd vao).

Trong trudng hop mach don gidn, ta c6 thé tién hanh vé truc tiép db
thi cdc dac tuyén bién dé va dac tuyén pha céa hé théng. Cé thé minh
hoa qua céc vi du sau day
Vi du 7.6. Hay xac dinh va v& ham truyén , AN i .
‘dat cia mach trén H.7.11. X4c dinh tan s6 . l |

u,(t

tai d6 ddc tuyén bién do suy gidm 3dB so [u,)
véi gia tri cuc dai.

Gidi. Theo dinh nghia, ham truyén dat *
dién 4p Hinh 7.11

U,(m)
K =2
«(©) U,(w)

V6i mach trén H.7.11 K (0)=

o+ jo
trong @6 a=1/RC - 1a nghich ddo cha ham s& thoi gian cGa mach. Dac
tuyén bién dd va dic tuyén pha tuong ing:

o
——a\/——'2=——:‘“:2= ; o(w)

Db thi cha dic tuyén bién do va dac tuyén pha duge biéu dién trén H.7.12.

| K(w) | = = —arctg—
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[K(w)]

20 3a 4a

Hinh 7.12

e

Nhu c6 thé thay tir H.7.12, khi tin s6 cia ngudn téc déng cang 16n,
bién 46 dién 4p ra cang nhé; Gi4 tri cuc dai cia dic tuyén bién do:
|K (a))lmax =1, tai: o = 0. Dai thong cta mach theo qui uéc duge x4c dinh

tai tin s cit w,, tai d6 |K(w)| suy gidm 3dB so véi gis tri cuc dai cia

n6. Mach trén H.7.12 1a mach loc théng thap, cdc tdn s§ cua tin hiéu
trong ddi(0+w,) dugc truyén qua mach. Dai théng ctia mach duge xdc

dinh béi

B =

wg _ 1
2n 2nRC

Tan s6 cdt cha mach loc thong thap duge x4c dinh tir biéu thic

K ()|

|K (co)lmax

1

= —.Suyra: v, =a=1/RC
Tz S e =as

Vi du 7.7. Hay x4c dinh va vé ham
truyén dat dién 4p cla mach trén

H.7.13. Xdc dinh tdn s8 tai d6 dic

tuyén bién d6 suy gidm 3 dB so véi

gid tri cuc dai.

Uy(t)

Gidi. Ham truyén dat dién 4p cia

mach

K, (0=

Us(w _ Jjo

c
1L
L -
u,(t) § R
Hinh 7.13
; a=1/RC

U,(w) _(x+jm
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Déc tuyén bién do va dac tuyén pha

L . (p(u)) = lt_. — arctgg)
Jovar X075

D6 thi cla dic tuyén bién do va dac tuyén pha nhu trén H.7.14. Nhu
c6 thé thdy tir hinh v& . [K()

K=

|K(0)]=0; (p(w)z—g—; tai o = 0; khi

1= -

w—o; K] —>1; va ¢@—0;

ham truyén c6 gid tri cuc dai tai 0 a
[K(oo)]:l. Tai tan s6 cit: W, =0; ®lo)

ml;x

déc tuyén bién do c6 gia tri bang
1/42, tdc suy giam 3dB so véi gia
tri cuc dai. Mach trén H.7.14 la o
mach loc théng cao,'tin hiéu ngd Hinh 7.14
vao c6 tan s0 w2w, déu duge

(6]

truyén qua mach.

b) Dic tuyén logarit - Tan sé logarit

Trong thuc té& phan tich mach va hé théng, ngudi ta thudng quan
tam dén dac tuyén bién 46 |K(w)|; béi vi né d& do ludng va né cho ta bist
nhiéu tinh chédt cta mach trong mién tdn s6. Pac tuyén bién d6 cta cac
ham truyén dat dién 4p va dong dién vira xét trong muc a khéng ¢é thi
nguyén: Nguoi ta thuong dung céc dic tuyén bién d6 c6 don vi Neper [Np]
hoac Decibel [dB] dugc goi 1a dac tuyén logarit.

» Déc tuyén bién d6 logarit, ¢ don vi la Neper, cla ham truyén dat
K(w) duge xac dinh béi

A'(w)=In|K (w)|= —;—m [K(co)K*(—w)J(Np) (7.79)
- Déc tuyén bién d¢ logarit, cé don vi la Decibel ctia ham truyén dat
K () dugc xdc dinh béi: A(w) = 201g|K (w)| (dB) (7.80)

Khi luu y dén cac biéu thdc (7.79) va .80), ta c6 thé tim quan hé
gilta cdc dic tuyén bién d6 A'(w) va A(w) nhu sau

IK((D)I — 10A(L0)/20 - eA'((D)

Suy ra A'(w)ziz(b@ln 10=0,1151A(w) (7.81)



114 CHUONG 7

hay 1a A(o) =l_?10—0A-<m) — 8.68A () (7.82)
n

Tu biéu thie (7.82) ta cé »
1dB = 8,68Np (7.83)
Trong thuc t&, ngudi ta thudng vé dic tuyén bién do logarit thép
phan, don vi dB.
, Bay gid ta s& dua vao khdi niém vé tan s& logarit.
. Tén s6 logarit thdp phan, cé don vi decad dugc xac dinh bdi
V =lgon (decad) _ (7.84)
Néu Vé -V, 1a mét khodng don vi trén thang tan s V, nghia l1a
V,-V,=lgw, -lgw, =lg&
. W,
thi trén thang tin s6 o ta c6: wg =100
. Tén s6 logarit co s6 hai, c6 don vi ld octave dugc xéc dinh béi:

V'=log, m (octave) (7.85)

Néu V, -V, 1a mét khodng don vi trén thang tan sd V', nghia la:

LV, -V, =log; 00, —log, 0; = logzﬁ-
W,
thi trén thang tn s6 o ta c6 wg = 2w .
Trong thuc t& ngudi ta dung tin s& logarit thap phan nhiéu hon.
¢) Gian d6 Bode
Trong muc phén tich ham truyén bing phuong phdp todn ti &
chuong 6, khi K(s) 14 mdt ham hiu ty va khi thay s = jo ta c6

K (@)= K YO 30U O S02).-JO Som) (7.86)
(J(O— Sc1 )(_](D— Sc2)'--(.]('o_ scn)

Xét trudng hgp m < n, dic tuyén logarit thap phéan c6 dang
A(@)=201gK + 201g|jw-s,|- Y 20lg|jo-s;| (7.87)
: =l i=1

Pic tuyén pha v6i K > 0

(ﬁ(w) =2arg(jm—-soi)—- arg(Jo-s,;) (7.88)
i=1

i=1



PHAN TICH MACH TRONG MIEN TAN SG _ 115

Biéu thic (7.87) cho ta thdy wu dim clia dic tuyén logarit & chd né
chuyén tich cac thita s trong (7.86) thanh téng c4c s& hang tuong tng
trong (7.87). Piéu d6 cho phép phan tich tinh chat cda ham truyén dat theo
céc thanh phan trong tdng (7.87), trong trudng hop hé théng phuc tap.

Bay gio hay xét anh hu6"ng chia‘cac dic tuyén thanh phan trong téng
(7.87). Ta biét riing, cac diém cyc va diém khong cta ham truyén c6 thé la s
thue hozc phitc. Tru6e tién, dé don gidn, ta xét ham truyén c6 diém khéng va
diém cuc 1a céc s8 thyc. Khi d6 thanh phén thit i trong tng (7.87) c6 dang

A =201g|jo-a,| (7.89)
Khi w<<a;, mdt cach gan ding ta cé
A =201gaq; (7.90)
w—0 .

Nhu vay véi cdc t4n s6 nhé thi: A, =const.
Khi w>>g; A =201gw=20V. . (7.91)

W0

Khi o rat 16n, dic tuyén tan sé logarit 1a ham tuyén tinh cda tdn sé
logarit V. P§ déc cha dic tuyén thd i 1a 20 dB/decad. P4 thi cia dac tuyén

thanh phan tha i, duoc lam gan ding - 4 AV

theo cdc biéu thic (7.90), (7.91) duge

biéu dién trén H.7.15, dugc goi 1a dic 20(ga AdB/décad
tuyén tiém can cda thanh phéin tha i. ﬁ: --------

Tir hinh vé c¢6 thé thay ring, tai di€m oS E

gdy 1a giao diém cda hai dudng thing, — y _‘l

tuong ng v6i tan s6 V, duge xdc dinh 2008,

theo phuong trinh sau Hinh 7.15 .

201ga; =201gV,

Suy ra V,=lgq;
V6i phan tich trén day, ta di xdy dung dic tuyén tiém cdn thanh
phén, c6 phuong trinh biéu dién nhu sau
A - {20 lga, V<V,

= 7.92
20V V>V, ( )

Tuong tu c6 thé xét cho c4c dac tuyén thanh phin tuong tng véi cac
diém cuc thuc cha ham truyén K(w); dic tuyen logarit thanh phén trong
trudng hgp nay c6 gia tri 4m. :

Bay gid ta s& xét sai sG do viéc thay thé dic tuyén lo‘garit bing céc
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dac tuyén tiém can. Béi vi
‘ AI-=201g|jm—ai|=201g\/c02+ai2
Sai s6 16n nh4t s& xuit hién tai diém gay, khi o, =q;. Gi4 tri ding
cua A; tai dé
A, =201ga,2 =201ga; +3,01 (7.93)
Nhu vay, gid tri ding cda A; 16n hon gid tri tiém c4n 3dB.

Trong trudng hop khi diém cuc va diém khong cda ham truyén la so
phuc (ta luén c6 céc di€m cuc va khong 1a cdc cép lién hop phiic), do vay
A; =201g|jo—o; - joy |+ 201g|jo—o; + jw =20]g'b,— - o + joag;| (7.94)

trong d6 b, = wf + o7 =-20;.

12

Céc dac tuyén tiém can thd i khi AY)
tan s6 nhé dugec mé td bdi phuong
40dB/decad

~~%oigb,

trinh sau 9 y
A; = 201gh, o

w0 X

O tan s6 16n, cdc dic tuyén tiém
cidn la nhing dudng thing c6 do doc
40dB/decad Hinh 7.16

A =201g0® =40V ' (7.95)

W-—oe

T4an s6 logarit tai diém giay dugc xdc dinh theo bidu thc -
Suy ra | V,= lg\/b—i (7.96)
Nhu vay, déc tuyén tiém can thanh phan trong trudng hop diém cuc
phuc cé phuong trinh biéu dién sau day
A= 201g b, V<V,
40V V>V,
Sai s6 do viéc thay th& dic tuyén logarit bing dic tuyén tiém cén sé
dugc xem xét khi x4c dinh gid tri ding cla A, tai diém gay
A, =201gib,- -f +jwai| = 201g/(b, - )2 + w’a?
T4an s6 logarit tai difm gdy V =V, dugc xac dinh béi

Vz=lg\/3i_=lgmz

Suy ra u)f =b.

2

(7.97)
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Nhu vay Al =201ga,\b; (7.98)

Néu: g lg\/l;,«- = 20,w; la nho, tdc diém cyc hodc diém khéng nim gin truc
Jjo, sai s6 s& rat 16n. O gii han, khi o; =0, tic diém cuc hoic diém
khong ndm trén truc o jo, dac tuyén tiém can sé khéng cho biét tinh
chat cha ham truyén tai diém gay.

~ Déc tuyén tiém cén cla ham truyén duge suy tir (7.87) va duge xdc
dinh theo céc biéu thuc (7.92), (7.97) dugc goi 1a cac dd thi Bode hay gian
dé Bode.

Hay xét mot vi du vé cach xdc dinh gidn d6 Bode sau day

Vi du 7.8. Tim va vé gidn d6 Bode ctia hé théng c6 ham truyén dugc cho
nhu sau
20(jo+4)

K(w)= T
(I-0" + jo)jo+8)

Giai. C6 thé viét lai biéu thic clia ham truyén

10G2+1)
K(w)= 4

(1-0° +jw)(j%) +1)
DPac tuyén logarit

A(m)=20|g10+201g€+1

—201g\1—w2+j0)’—201g’%9+1

X4c dinh cdc déc tuyén tiém can thanh phin
A, =201g10 = 20dB

® 0 khiw-0
=  — = \% =0,6
' 0 khi >0 .
- —of + jol = V,,=0
Ay =-201g|1- 0" + jo {—40V khi ©— o 22
® 0 0w—0
= 2= V,3=09
A, 201gJ8+1 {—-20V © = oo 3 |

Ham truyén K(w) c6 giadn d6 Bode biéu dién trén H.7.17.
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A(dB)

Hinh 7.17
7.3 DIEU KIEN THYC HIEN HE THONG 77D

Nhu da xét trong chuong 6, hé théng TTD duoc dac trung bdi dic
tinh thei gian: k(t)=F 7 [K(w)], va hé thdng sé 6n dinh néu didu kién

sau diy thoa méan

[Ik®)|dt <o , (7.99a)

oo

hoac j |k(t)|dt < oo (7.99b)
Mach c6 dac tinh thoi gian (d4p dng xung) k(t) théa man (7.99) duge
goi 1a mach én dinh BIBO (Bounded Input Bounded Ouput). Hé thong c6
k(t) = 0 v6i t < 0 théa man (7.99a) 1a hé théng nhan qua én dinh.
Tin higu ¢ d4u ra cha hé théng TTD dugc x4c dinh trong mién thoi
gian
yt) = k(1) * x(t)
Con trong mién t4n sb, nhu da biét
Y(w = K(w) X(w

Trong dé K(w)=F [kt)]= ]i k(t)e /™ dt (7.100)
Dua vao diéu kién (7.99), éé thé suy ;; '

|K(w)|= ]:k(t)e’j""dt < Tk(t)dt <oo
c6 nghia 13 - |K ()] <o - , (7.101)

Ham K(s) do 4612 ham gidi tich d6i v6i Res 2 0 va
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limK(w) = K(0) < oo ' (7.102)

0>
biéu kién (7.101) ching té6 ham K(w) 1a ham hitu ti cda bién s = jo,
¢6 bac cda tif s6 nhé hon bac miu sé.

Bay gio hay xét xem, mach ¢6 ham truyén K(w) théa mén (7.101), va
K(e0) # 0 (mach 6n dinh) c¢6 tén tai hay khong ? (c6 thuc hién vat 1y duge
khong ?) Dua vao bidu thic (7.101), ta thady ring mach chi c6 thé thuc
hién duge khi

k(t)=F ! [K(w)]=0 Vt<0 (7.103)
C6 thé viét biéu thitc (7.100) duéi dang ‘ .
- K(w) =K, (0)+ K(e) (7.104)

trong dé K, (w) 1a ham giai tich v4i Res > 0 va limK(w)=0

W—co
Nhu vay, mach ¢6 thé thuc hién duge 12 mach ¢6 ham truyén thda man
& K, (w)]=0 Vt <0 (7.105)

Y nghia vat 1y cGa biéu thudc (7.105) 1a dap dng cia mach khong thé dén
trudc tdc dong. Didu dé ciing c6 nghia la hé théng 6 thé thue hién duge
phai 1a hé théng nhan qua.
Hay xét vi du sau day khi 4p dung diéu kién thuc hién mach.
Vi du 7.9. Hay xét xem mach ¢6 ham truyén duge cho sau day cé thé
thuc hién vat 1y hay khéng ?
a

_— a>0
o’ +b?

K(w)= ;
Giai. Ap dung diéu kién

a ; af coswt
2 ej‘”'d(n =—J——2—-—2d0)
nYw +b

;=
k(t)=@7‘l[K(m)]=2

Ap dung cong thic tinh tich phan dic biét, ta c6
a -l
k)= e i
Cé6 thé thay ring: k(t) # 0; véi: ¢ < 0, do d6 khong thé thuc hién vat
1y mach véi ham truyén da cho.
Ciing ¢6 thé dua vao didu kién nang lugng dé€ xét diéu kién thuc hién
mach nhu sau: § ddu vao cta hé théng cé ngudén téc dong 1a tin hidu ning
lugng (théa man (7.53)), c6 nghia la theo ding thic Parseval ta c6

IO dt=—2% [1X @) do<e (7.106)

Tin hiéu ¢ d4u ra cha hé thong cling sé la tin hiéu nang luong




120 CHUONG 7

flycef dt =2 [ [T of do<= (7.107)

Hé théng théa man (7.107) 14 hé théng c6 thé thuc hién dugc.
Vi du 7.10. Gia thiét tin hiéu ngé vao cia hé théng x(t)=e ™ I1(¢); a>0.
Xét diéu kién ning luong dé mach cé thé thuc hién.

Giai. Phé cda tin hiéu vao X(w)= @7[x(t)]=

o+ jo
Phé cta tin hiéu ¢ ngd ra hé théng: Y(0) =<7 [y(t)]= K(w)X (o)
biéu kién ning lugng dé thuc hién mach theo (7.107)

17 2 1
— | |K(®)| —————dw<
2TC_J;I | |(X+j(,l){2

oo 2
tide 1a [ ————llg (o)

_w(a +m2)dw<oo; Ya (7.108)

Biéu thdc (7.108) 1a diéu kién nang lugng dé mach c¢6 thé thuc hién
duoc.



Chuong 8

DUONG DAY DAI

8.1 KHAI NIEM VE MACH THONG SO RAI

Mach tuyén tinh tap trung, dung (TTD) duge xét dua trén gia thiét
vé su ditng cta truong dién tir do cdc dién tich va dong dién sinh ra.
Trudng dién ti ding la trudng dién tit ¢6 phan bo dong dan j; khong
d6i theo thoi gian, do d6 phan b trudng E.D.B.H cting khong déi theo
t. Do dao ham theo ¢ ciia cdc dai lugng trén bing khéng, nén phuong
trinh Maxwell cia trudng dimg c6 dang

rotﬁ:ef; (8.1a}
rot E =0 (8.1b)
divB=0 (8.1¢)
divD=0 (8.1d)

Néu diéu kién dimg trén day khéng thoa man, mé hinh mach TTD
khéng con dung nita. Khi dé cn phai xét dnh hudng do su thay doi cia
truong dién tir. Viéc phan tich mach trong trudng hgp nay phai dua trén
cdc dinh luat cia ly thuyét trudng, ma chi yéu la hé phuong trinh
Maxwell. Psi véi moi trudng dong nhat cé chia dién tich, hé phuong
trinh Maxwell cé dang.

rotl_}-%-ag+j; : (8.2a)
ot
rotE=-28 (8.2b)
SAREY
divB=0 (8.2¢)
divD=p,, (8.2d)

R

Céc dai luong H.B.E,D lién hé véi nhau qua cac phuong trinh trang
thdi mo td méi trudng
B = uH (8.3)
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D =¢E (8.4)
e e
Trong cdc phuong trinh trén, cdc vects B,H,D,E la ham caa thoi
glan va toa 40 khong gian. Su vén dong cua ning lugng dién tir duge md
t4 bing phuong trinh tich cdc vects E va H dugce goi la vectd Poyntmg

- o

P=FE x H _ (8.5)

Khi diéu kién ding khong thdéa mén, moét sy thay d6i bat ky gia tri

tirc thoi cia nguén tic dong sé lam dong va dp & tai cdc diém khéc nhau

cha mach ciing bi thay déi. Tir c4c kién thic vé vat 1y, ta biét ring toc do

truyén lan cla séng dién ti 1a hitu han, né khéng vugt qua téc dé 4nh

sdng. Do d6, mot su thay d6i cia ngudn tdc dong, sé gdy nén nhing su

thay ddi khdc nhau & nhiing vi tri khac nhau cia dong va dp. Su thay d6i

dé thé€ hién qua thoi gian tré 7, phu thudée vao khodng cach giita ngudn

tac dong vdéi vi tri cla diém dang xét, ky hiéu 1a x. Thoi gian tré duge x4c
dinh béi ti s8 gitia khodng cach va téc do truyén lan cia séng dién tir

X

== (s) (8.6)
v :

Vi tri diém xét cang xa ngudn, thai gian tré cang 16n, thai gian tré
cuc dai la: t=1/v; trong d6: [ - 1a d6 dai ctia mach. ‘

Diéu kién ditng cia mach cing duge xét dua trén kich thuée cla
mach va budc séng cta tin hiéu tdc dong 1én mach. Néu nguén tdc dong

) . 1 . 30X 1 en . 1 e .
l1a sin, ¢6 chu ky T=7 , thi diéu kién dimg sé théa man néu

» 1<<T (8.7

N&u diéu kién (8.7) théa man, tdc 1a x << A, dong va dp tai moi vi tri

cia mach sé thay d6i dong thoi véi su thay ddi cia nguén téc dong, do dé

ching chi 1a ham cta thoi gian. Mach khi d6 14 mach cé théng s6 tédp

trung, va qua trinh vat 1y xdy ra trong mach s& dugc mé t3 bing phuong
trinh vi phan nhu da xét trude day. :

Nhu vay, dya trén kich thuée clia mach va dé dai cha budc séng, ta

c6 thé khing dinh mach c6 thda man diéu kién dimg hay khong, bgi vi

A=vT (8.8)

nén mach sé théa man diéu kién (8.7), khi kich thuée hinh hoc cta né c6

thé so sanh v6i do dai budc séng clia ngudn téc dong. Ngudi ta thudng qui

uéc, mach khong théa méan diéu kién dimg khi
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A o
[>>= 8.9)
p, (

va théa man khi l<<—— (8.10)

Trong thyc t&, ton tai nhiing loai mach ma kich thuéc hinh hoc cia
n6 rat dic biét nhu cdc dudng day din dién. Déi véi ching, ta cé thé xay
dung mo hinh mach, mic du mach nay khéng théa diéu kién ding. Pudng
day din dién la loai mach chi c6 mét kich thuéc, vi du doc theo truc Ox
duge coi la rat 16n hon cédc kich thuéc theo truc Oy va Oz. Néu ky hiéu
kich thuéc mach theo céc truc tuong vng la [, .l, va gia thiét

I, >>&; .1, <<L
T4 100

thi theo (8.9), (8.10), diéu kién dimg chi bi vi pham & mét kich thuéc. Néu
c6 hai day dan dat song song theo truc Ox thi doc theo ching sé c6 dong
dién lan truyén. Dong dién trong ddy din va dién dp trén ching sé la
ham theo thdi gian va toa d6 x. Véi nhiing mach nhu vy, dé mé t4 cac
hién tugng xdy ra trong ching, ngudi ta duing mé hinh mach c6 thong s¢
phan bé déu theo truc Ox, véi méi trudng duge coi 1a déng nhat.

a)

b)

2R

c)
Hinh 8.1: Vi du vé c4c loai dudng day dai.

bé& phan tich mach néi trén, ta cé thé dung phuong phdp phan tich
mach dua trén cédc luat Kirchhoff. M6 hinh mach trong trudng hgp nay
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dugc goi 1a mé hinh “Dudng dy dai” (BDD). M6 hinh don gidn nhat va
duge s dung nhiéu nhat 14 mé hinh hai day dan (dudng day song hanh)
nhu H:8.1a. Ngoai ra con c6 cap doi xding (H.8.1b) va cap dong truc
(H.8.1¢).

8.2 CAC THONG SO PON V] CUA DUGNG DAY DA
8.2.1 Pinh nghia

Dua vao phan tich ¢ phan trén, ta x=0
c6 thé xay dung dugec moé hinh mach cho
duong day dai déng nhat, c6 cdc théng
s6 phan bd déu doc theo truc Ox, 1a truc  —— X
truyén lan cta séng dién tit. Pudng day
nay duge biéu dién trén H.8.2. Dong
dién va dién 4p trén né la ham cha thoi gian va khoang cédch.

ul
Hinh 8.2: So d6 duong day dai

Dudng day dai déng nhat dugc mé td bdi cdc thong s don vi duge
phan bs déng déu trén dudng day va duge dinh nghia nhu sau

+ Pién trd don vi clia dudng day biéu thi tén hao nhiét trén cac day
dan c6 d¢ dai 1m, duge ky hiéu R, va c6 don vi 1a [Q/ml].

« Dién cdm don vi cia dudng day biéu thi nang lugng tich lay trong
tir trudng cua doan day cé dé dai 1lm, duge ky hiéu L, va c6 don vi la
[H/m].

» Dién dung don vi cia dudng day, biéu thi ning lugng tich liy trong
dién trudng giita cdc day dan c6 do dai 1m, duge ky hiéu la C, va c6 don
vi 1a [F/m].

+ Dién dan rd don vi giita cdc ddy dan biéu thi tén hao nhiét trong
dién moi cia doan déy c6 do dai 1m, duge ky hiéu 14 G, va c¢6 don vi la
(S/m]. . )

Céac thong s6 don vi néu trén cdn dugc goi 1a thong s§ so cap cha
dudng day dai.

8.2.2 Cach x4c dinh cdc théng s6 don vi

Trén bang 8.1 cho ta cédc céng thdc xdc dinh cdc thong s§ don vi cia
céc loai dudng day song hanh va cdp dong truc, phu thudc vao kich thude
hinh hoc va loai dién méi cdch dién giita cac day dén.
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Bang 8.1: Céng thiic tinh théng sé don vi

Song hanh Cép déng truc Giai thich ky hiéu
L Brnd L a- ban kinh day dan.
noa 2n r
= o d - khodng céch gida hai day dan.
Co ng e r - ban kinh day dan trong cla cap déng
a r
tryc.
R 1 nofp 1,10 wfp . .
° aV\ 1w r RN 4r | B-bankinh day dan ngoai cla cap déng
G, 0C,tgb wC,1g5 trye.
p - dién trd suat cha day dan.
Z 120“‘2 60, R 8 - géc t8n hao dién moi.
¢ Je, @ N TETHINEE S
' Z, - trd khang d4c tinh.

Vi du 8.1. M6t c4p dong truc bing déng, c6 hing s6 dién
moi: g, =2,4, tgd=10". Pudng day lam viéc & tdn s&
f = 100Mhz, c6 kich thude hinh hoc nhu trén H.8.3 va
dién trd sust: p=1,75.10%Qm

Giai

. Pién tré don vi d6i véi dong dién xoay chiéu

11mm

Hinh 8.3

-7 8 -8
R - 11 ? \/41:.10 10°17510° ) oo m]
1072 510 4n '

. Piéncdm donvi L,=2107105=3,219.107[H /m)

i 2,4107°
. bién dung do C =22-""
1én dung don vi ° = I8In5

. Pién trédrd don vi G, =2m.10°8,284.107"7.107 = 5,205.107° [S/m]

=8,284.107[FIm)

8.3 PHUONG TRINH DUGNG DAY DA! VA NGHIEM

8.3.1 Phuong trinh dudng day dai

Béi vi c4c thong s6 cia dudng ddy dai phan bé doc theo chiéu dai cia
né, nén dong dién va dién dp duge xdc dinh doc theo dudng ddy. Nhu da
phan tich & trén, dong dién va dién 4p trén dudng day la ham cua thoi
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gian va khodng c4ch. Trén H.8.4 12 so d6 tuong duong cta doan day c6 do
dai Ax, dugc xét ¢ khodng cdch x so v6i ddu dudng day. Poan Ax dugc
chon dd4 nhé sao cho diéu kién dimg duge théa man. Khi d6 doan day Ax
duoc mo ta bdi cdc thong s6 tap trung R Ax; L,Ax, C,Ax; G,Ax

i(x.t), R,Ax - L Ax . i(x + Ax,1)

b e———w ™ —> 4
. iA
u(x.t) u(x + Ax.Y)
- b - d -

AX

Hinh 8.4: So db tuong duong doan ddy Ax
Khi ky hiéu: ulx, 1); i(x, t); ulx+ds, t)f i(x + Ax,t) - la dién 4p va dong
dién tai dau va cudi doan day Ax, ta c6 thé xac dinh ching dua vao dinh luat
Kirchhoff II :

u(x,t)= R,Axi(x,t)+ L Axal(; D 4 ux + A ) (8.11)
u(x+Ax,t)—u(x,t) . di(x,t)
- =Ri(x.t)+L, 8.12
Ax Hx.) o (8.12)
_9UEY _ p ity L, B8 (8.13)
ox ot :
Tai nut c, ta c6 thé viét phuong trinh Kirchhoff I

i(x,ty =i, +i(x+ Ax,t) . (8.14)

trong d6 iy =G,Axu(x+Ax,t)+ com-wgfitl

Sit dung khai trién Taylor ham u(x+Ax,t) & lan can x

u(x + Ax,t) =u(x,t) + ————= du(x, t)
ox
—i, =G, Avu(x,t)+G, a—"(—x’—”.sz

ox

du(x,t) +C u(x.t)
ot °  oxot

+C,Ax Ax? +
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Bé qua cdc dai lugng tuong dng véi Ax? ta duge

iy =G,Axu(x,t)+C Axau(aj 2 (8.15)
Thay (8.15) vao (8.14) ta ¢é
i(x,8) ou(x,t) ‘
- =G u(x,t)+C,————= 1
™ u(x,t) + 5 (8.16)

Tu két qua phan tich-trén day, ta c¢6 hé phﬁ’dng trinh co ban cia dudng
ddy dai nhu sau

_ED b gy + 1, EEH (8.17a)
ox
di(x, ) au(x t)
——==Q,u(x,t ’

8.3.2 Nghiém cua phuong trinh PDD véi tic dgng sin

Ta sé& phan tich dudng day dai véi gia thiét ring ¢ dau dudng day,
tai x = 0, c6 dat ngudn téc dong sin, tan s6 o, trong khodng thoi gian t
(=00, +o0). Péng thoi ciing gid thiét rdng dién 4p va dong dién tai mot
diém x bat ky trén duong day [0, 1] ciing 12 sin, ¢6 cung t4n s6 v6i ngudn
tac dong, con bién d6 va géc pha thi tuy thudc vao khodng céch x.

Khi gia thiét nhu vay, ta ¢ thé phan tich PDD theo phuong phép
vectd bién d6 phiic (dd dé cdp dén ¢ Chuong 2 — Mach dién I).

Dua trén nhiing gia thiét vira néu, c¢6 th€ du dodn nghiém u(x, ¢) va
i(x, t) cha phuong trinh (8.17a, b) nhu sau

u(x,t) =’U(x) cos[wt +@(x)] (8.18a)

i(x,t) = I (x)| cos[wt + w(x)] (8.18b)
hay & darllg phic  u(x,t) =Re{U(x)ej“”} . | | .'(8.19a)

i(x,t)= Re{i(x)ej“’t} | (8.19b) \

trong d6 c4c bién do phic ,
Ux) =|U(x)]e’* (8.20a)
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Ty =T (x)|eY (8.20b)

khi thay (8.19) vao (8.17) ta sé dugc phuong trinh PDD & ché dd xac lap
sin

_AUD _ (g 4 e,y ix) (8.21a)
dx

- dé(x) =(G, + joC,)U(x) (8.21b)
x

Vi phan phuong trinh (8.21a) va thay (8.21b) vao ta c¢é

d;iUéx) ~(R, + joL,)G, + joC,)U(x)=0 (8.22)
x -
N

Pat Y=(R, + joL XG, + joC,) (8.23)

Phuong trinh (8.22) sé tré thanh

, |
d U(x) P Ux)=0 (8.24)

<

Tién hanh tuong tu cho dong dién, ta c6

2
d I(x’ ~VI(x)=0 | (8.25)

Nghiém cda hé (8.24) va (8.25) ¢6 dang
U(x)= Ae™™ + Be™ (8.262)

I(x)=Ce™™ + De* (8.26b)

Trong bon hang s6 A, B, C, D chi ¢6 hai hing s6 doc 1ap bdi vi céac
nghiém cta (8.25) déng thoi ciing 14 nghiém cda (8.24).
Khi thay (8.26) vao (8.21) ta c6
A B

Cc=2L. D=-=2 : 8.27
7 7 (8.27)

c (4

trong d6 7, = |Betjol, y (8.28)
G, + joC,

dugc goi 1a tré khéng séng (hay trd khang dic tinh) cGa dudng day dai.
Khi thay (8.27) vao (8.26) ta nhan duogc
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U(x)= Ae™® + Be* (8.29a)
i(x) = —g—t—e"“ —E‘%eyx (8.29b)

Hé phuong trinh (8.29) chinh 14 nghiém téng quat cia PDD 6 trang

théi xdc l4p sin.

Hé s6 y duge dinh nghia theo (8.23) va xuéit hién trong cdc phuong

trinh (8.29), téng quét 14 mét s6 phuc
y=oa+jp

(8.30)

trong d6, phan thuc o dugc goi 1a hé s6 suy gidm bién 4% don vi, d6i véi

dudng day thuc t€, né 1a mot s6 khéng 4m
o =Re{y}=20

(8.31)

phan do B duge goi 1a hé s¢ di pha don vi, d6 12 mét s6 luén lusn duong

B=1I,{y}>0

(8.32)

Tré khang séng cia dudng diy dinh nghia theo (8.28) cung ¢6 phan

thuc khong 4m
Re{Z. }=20

(8.33)

Céc thong s0 v, Z, xudt hién trong nghiém cta phuong trinh PDD la

~ hai théng s6 d4u tién trong cdc théng s6 séng thd cép cha duong day dai.

Céc nghiém (8.29a, b) c6 thé viét lai dusi dang
Ux)=Us(x)+ Upe (x)
i(x)=f¢(x)—jfx(x)

trong d6 U(x)= Ae™™ = Ae %%

U fe(x) = Be¥™ = Be™ ¢/*

\ it(x>=—;—c'e"°‘ == 2 e
Ip(x) =-§—e”‘ =EB—e‘“.e’B‘

[ 4

(8.34a)
(8.34b)

(8.35a)
(8.3b5b)

« (8.36a)

(8.36b)

Céc hiing sd A, B c6 thé duge x4dc dinh véi cdc didu kién bo tai x = 0.

_Khi thay x = 0 vao (8.35) ta c6
Ui0)=A=Uy; Up(0)=B=Up;
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Tt cac hing s6 A, B trén day, c6 thé viét lai qud trinh thoi gian cua
cac dai luong wu,(x.t), up(x.t), L(x.2), ir (x,t) tuong dng v@i cac vecto

(8.35a, b) va (8.36a, b) nhu sau

u,(x,t) = Rg{UU e"”‘e-j“""ﬁx} =|U1|e™™ cos (ot —Bx + ;) (8.37a)
ug (x.t)= Re{Um e““ej(“’”ﬁ")} =|Upa {“ cos(wt + Px +¢5) (8.37b)
i, (x,t)=Re -Z—tle‘“xej“‘"“ﬁx) = @ e ™ cos(wt —Px+y;) (8.38a)
ir.(x,t)=Re —Uﬂe“xeﬂ“"‘ﬁ” = % e™ cos(wt + Px +v\y2) (8.38b)
trong do, ta da ky hieu U =[Usle’™ ; Uper =|U o]/

Y, ,=(p1—'arg{Zc}; \sz(Pz’arg{Zc}

Céac nghiém (8.37), (8.38) mo té cac séng dién dp va dong dién lan
truyén trén dudng ddy. Séng u,(x,t) c6 bién dd suy gidm ham ma theo

khoédng céch x va dich pha u(x.t;)

ting theo khoang cdch. O mot 0] k
vi tri bat ky (x = const), n6 la
ham sin theo thoi gian, va tai

-~
-~
~-

mot thoi diém bat ky (t = const) 5
né 14 ham sin suy gidm theo
khodng cach x (H.8.5). , -
Séng  u,(x,t)lan truyén
trén dudng day doc theo chiéu - Hinh 8.5: Minh hoa d6 thi
tang cia x nén dugc goi la ciia séng téi dién dp.
séng dién 4p t6i. Téc dd lan
truyén cta né duoc goi 13 téc do pha cia séng, duge xdc dinh theo

N A
< '
v b \
\FI

1

1

]

1

k

-

AY

BX

ot —Px + @, =const (8.39)

Néu tai hai diém canh nhau x,,x, va tuong tng v6i ching hai thoi

diém t,,t,, pha cla séng lan truyén giéng nhau thi
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Tu d6 suy ra X274 _O_,
t2 - t] B

Tuong tu ¢6 thé phan tich véi thanh phan ug (x,t) cha nghiém (8.37).
Tai mét thoi diém ¢ xdc dinh, né ciing 14 mét séng sin, ¢6 bién do ting
ham mi theo khodng cich x, con di pha thi gidm. Nhu vdy séng nay sé
dich chuyén tir cudi ddy theo chiéu x gidm, véi van t6c pha, va duge goi la
séng phan xa.

Co6 thé phat biéu cac nhan xét tuong tu cho cdc thanh phan i,(x.t),

ir,(x.t) — la sbng tdi va séng phan xa dong dién.

Vay trong trudng hgp téng quat, dién 4p ulx, t) va dong dién i(x, t)
trén dudng day la x€p chdng cia séng t6i va séng phan xa

u(x,t)y=u,(x,t) +Up (x.0) (8.42a)
W, 8) =1 (x,8) —1p (x,2) © (8.42b)

Theo ly thuyét trudng dién ti, téc do pha lan truyén clia séng trong
dién méi duge xdc dinh theo cong thic

v=—1— (8.43)

VOl e=¢,€,; H=L, 4,

E, =—— ! 10'9 [F/m] - h3ng s& dién mdi cta chan khéng.

€, - héng s6 dién moi cia moi truong
u, = 4107 [H/m] - d6 tir thdm chan khong
-do tu thé”m mbi truong
Nhu vay v (8.44)
EaboEH,
Vi t6c d6 ca 4nh sdng trong chén khong la

! _310° (m/s)
€1y '

c=

nén toc do cha séng dién 4p va dong dién

< (8.45)

V=
€M,

Néu chdp nhan diy din lam dudng diy la cdc vat liéu khong phai
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s&t tif (tdc 12 p, =1), va mdi trudng giita céc day dan 1a khong khi thi tsc
do pha v = c. Néu méi trudng gilta cdc day la dién moi c¢6 hiing s0 €, >1
thiv <e.

Vi du 8.3. G d4u dudng déy, tai x = 0 c6 dat ngudn 4p: e, (t)=100cos(10*¢) [V].
Gia thiét ring trén dudng day chi c6 séng t6i. Hay xdc dinh qué trinh
thoi gian cha i(¢) tai ddu dudng day, dién dp u,(f) tai cudi dudng day,
dong dién i,(t) tai cusi dudng day va vén téc pha v. Cho biét: a =3.107°
[Np/m]; I = 10 [km]; B==.10" [rad/m]; Z, = 250¢'*" [Q).

Giai. Ap dung phuong phép vecto bién d6 phuc cho dudng diy & trang
th4i xdc lap sin. Theo gid thiét trén dudng day chi cé séng téi, thi tai
mot diém x bat ky, ta c6

Ux)=Ui(x)=Us ™

fay=Fi@)=Fye™ = %‘ie-w

. G d4u dudng day, taix =0 ,
Ux=0)=Uy =E;=10020° [V}
Ug 100
Z, 250445°
. 8 cudi dudng day, taix = [ ;
Ux=0)=Us=Uz=Eie* =E e e
= 100" =74,1/ - 180° V]

Ix=ly=lie=I2=I1e" =ﬂe—“1.e"jw
= 400,703 ¢ J180°+45) _ 995 3/ 995° [mA]
Tu két qua tinh todn & trén ta c6 thé viét qud trinh thoi gian cua
dién 4p va dong dién tai cudi dudng. day
uy(t) =74,1cos(10%t - 180°) [V]
ip(2)=296,3cos(10%t - 225°) [mA]
Téc d6 pha cda séng lan truyén

4
p=2 =-1—%— =0,318.10° [m/s]

I(x=0)=I= =400Z - 45° [mA]
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8.3.3 Mé ta bén cuc cia dudng day dai

Ngudi ta ciing thudng xét DDD theo ly thuyét cda moé hinh mang bén

cuc (mang hai cia) nhu H.8.6.
o Tx) I, I
Z, -

E

|_f:o+
[
M)
| 1 —l

x=0 Xx=1

Hinh 8.6: So d6 bén cuc cua duong ddy dai.

] =

Khi coi dién 4p va dong dién & dau dudng day (x = 0) va cudi day (x =

[) nhu dién ap va dong dién & so cdp va thd cdp cha bén cuc
U(x=0)=UJ; i(x=0):f1

U(x=l)=U2; Iix=D=1>

(8.463)

(8.46Db)

Hay ap dung diéu kién by x = 0 d€ tinh cdc hang s6 A, B trong cac

cong thic (8.29). Thay (8.46) vao (8.29) ta dugc’
Ui=A+B; I =Zi<A~B)

[

T d6 suy ra A=—21-(Uz+Zci1)

B=é(U;—ZCI'1)

Thay cac hiing s6 vita xdc dinh & (8.47) vao (8.29) ta c6

Ux)= —;—(Uﬁ Z Ine™ +é(U1~ZC Ine”

. . . 1 .- .
I(x)=2éc Ui+ Z, 11)e W—2ZC Ui~-Z 11)e"

o R w_ - :

Luu y g_.+_e__=Ch'Yx, .e_2_e__=Shwc
Ta dugc U(x)=U1Chyx—ZchShyx

fxy = —%Shyx+ 1 Chy

[

(8.47a)

(8.47b)

(8.48a)

(8.48b)

(8.49b)

Céc phuong trinh nay cho phép xdc-dinh cdc bién d¢ phuc cuaa dién
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ap va dong dién tai mot diém x bat ky trén dudng day theo dién &p va
dong dién ¢ dau dudng day.

Néu xét didu kién bo & cudi dudng day (x = 1) theo biéu thic (8.46b)
cho cac phuong trinh trén ta sé nhan dugc hé phuong trinh xédc dinh dién

ap va dong dién thu cdp theo dién dp va dong dién so cdp U va I

Us=U;Chyl-Z,1;Shyl (8.50a)
.U, .
do=-TEShy+ 1 Chl (8.50b)

c

Céc hing s6 A, B dugc x4c dinh theo diéu kién bo x = /

Us=Ae™" +Be"; Z,I>=Ae™ - Be"

Vay A =é[02+zc Is )eY’
B=é(Ug—Zc i je"'i ' (8.51b)
Khi dua ééc hé s8 xdc dinh theo (8.51) vao (8.29) ta duoc
Uy)= é(U;H Z, 12)e" .e"‘“’-# +é(Ug— Z, I2)e eV (8.52a)
Ity= ZIZC U+ Z, I2)e" e 1> -EIZ—C(U_Q—ZC I2)etery (8.52b)

v6i ky hiéu: y = /-x 14 khodng cach tir diém dang xét dén cudi duong day
ta duge

. 1 .- . . .

U= 5WU2+2, 2e” +é<U2—zc 2)e® (8.532)

Ity)= ! U2+ Z, I2)e? -1 Us=Z, I2)e™” (.853b)
27, ¢ 2z, 2T At :

khi dua vao cdc ham hyperbolic, phuong trinh (8.53) c6 thé viét dusi dang
khac

U(y)=UsChyy +Z, I - Shyy ~ (8.54a)

. U, .
I(y)=—Z;Shyy+I-_) Chyy (8.54b)

c

Céc phuong trinh nay chic phép ¢» xdc dinh dién 4p va dong dién tai
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mot diém bat ky cdch cudi dudng day mot doan 1a y theo dién 4p va dong

dién tha cdp Us, I2. Néu y = I (tdc x = 0) thi

U(y=l) =U;
Ity=0=1I
Ta ¢6 U, =UzChyl+Z.1:Shyl (8.55a)
1= [2 Shyl+ 12 Chyl (8.55b)

[

_ ' Ui=U:Chyl-Z,Shyll,
khi thay I’y =-Iy,taco {, |
) 11 = U2 Sng

c

-Chil,

P4y chinh 1a phuong trinh ma tran A cta PDD dugc xét nhu bon cyc.
Ma tran A tuong ung la »
Chyl Z.Shyl

A= S;zyl Gl (8.56)

c

Ma tran nay giong nhi ma tran cGa bdn cuc ¢6 thong so tap trung
(Chuong 5 - Mach dién I) néu ta thita nhdn ¥ = g véi g 1a hé sd truyén
dat séng cua bdn cuc.

Khi dua vao (8.50) dong I', =—1I2 ta c6

Us=U;Chyl-Z, 1 Shyl (8.57a)
. U1
Iy =2 Shyl- iichyl (8.57b)

c

va ma trian B sé 1a
Chyl Z.Shyl

B= Sézyl Ch (8.58)

[
Giéng nhu ma tran A.
Céan chd y ring cac dién 4p U; va U2 trong cdc cong thic trén duge

xdc dinh béi
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U=E-2,1, ~ (8.59a)

Us=2,12 (8.59b)

trong d6  Z,- tré khdng noi cla ngudn cung cap

Z,- tré khang tai; E - sdc dién déng dang phdc.

Dua vao cac két qua nhan duge & (8.56), ta thdy
A11A22 —ApA, =1

Nhu vay, bén cyc mé ta cho dudng day dai la ¢6 tinh tuong hd, tuc la
cdc ma tran cta bon cuc chi ¢6 ba phéan ti doc lap, do dé né c6 thé duge
thay th& bdi mot mach dién don gian chi gom c¢6 3 phan ti. Két cdu don
gidn nhat 1a so 46 tuong duong hinh T hay so dé tuong duong hinh n nhu
trén (H.8.7).

a) Mach tuong duong hinh T; b) Mach tuong duong hinh n
Hinh 8.7: So d6 bén cuc thay thé duong day dai.

1_z

trong dé Z, = =% | o
rong do A,, Shyl (8.60)
A, -1 Chyl-1 el 1oV 9
7z, =Hu-1_, _
“ A21 ¢ ShYl C[ et _e-y[
_ (eYl/2 _6—71/2)2 | Yl
= ch:(ewfz_e—vl/z)(eyl/2+e-w,2) =thh[—2—)
Zor= g I 61
“ Ay 2 (8.61)
Zy = Ap=2Z.Shyl (8.62)
A
W iy ey 7L (8.63)

Ay -1 A,-1 th(y/2)

(Céc cong thic tinh cho bén cyc tuong duong © hay T c6 thé tham
khéo ¢ Chuong 5 - Mach dién I).
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Vi du 8.4. Mot dudng day dai 150m, ¢6 dién trd don vi: R, =0,133 [/m),
dién khdng don vi: oL, =0,827 [Q/m]; dién nap don vi: ©C, =5,2.10°
[S/m]; dién dan rd don vi: G, =0. Xac dinh cdc hé s6 ma tran A clGa bon

cuc tuong duong dudng day néi trén.

Giai

'y=\/(o,133+ j0.827)j5,2.107¢ =2,09.107° £85,4° [1/m)
W =0313 £85,4°=0,0251+ j0,312
7 - J0,133+ j0.827

=401£-4,6° [Q]

¢ j5.2.107°
Y -vi o _17 q° .
Chyl = e +e”" _ 1,025£ 17,9 +20,975 £-179 ~0.952 £0.5°
N _ -1 o _ _ 0
Shyl = e"-e " _ 1,025 £ 17,9 20,9754 17,9 ~0,3084 £85.6°

Vay c4c hé s6 ma tran A
Ay, = Ay, =Chyl =0,952.£0,5°

A, =Z.Shyl =123.6 £81° [Q]

Shyl
A, =
21 =

c

=0.00076.290.2° [S]

8.3.4 Cac théng s6 séng cua dudng day dai
Trong muc 8.3.1 ta da dua ra dinh nghia cac thong s6 séng cia BDD,
¢ day ta s& xét cdc tinh chat cda né

1- Tré khang séng

Z, = ’—gi&g—” =|Z, (jo)|e’"F ' (8.64)
o tJjoC,

trong d6 (8.65)

(D(LoGo — RoCo)
R,G,+w’L,C,
D4 thi cia ham |Z,(jw)| va arg(Z,) nhu trén H.8.8.

arg (Z.)=arctg (8.66)
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& tin s6 cao, khi ® — e (gAn véi siéu cao tdn), modul cia tré khang
- . - L ‘- ~ A 2 - z K N
séng tién téi hang s6: R, = ,C—", duge goi 1a dién trd dac tinh cta dudng
o}

day, con arg (Z;) tién téi 0.

Aoy

G, :
\ arg(Z,)
L

0 fmmmmmmeemmmae—————

2]

(0] (0]
0 [¢)

a) b)
Hinh 8.8: D6 thi ciia |Z.| va arg(Z,) theo tdn s6.
Néu céc thong s6 cia dudng day thoa diéu kién
L,G,=R,C, (8.67)
thi |Z,|=R,; va: arg(Z.)= 0 v6i moi tan sd. Day la mé hinh cia loai
dudng day khong lam méo tin hiéu.

2- Hé sé truyén lan

Y=o+ jB =B, + joL G, + jaC,) (8.68)
Sau khi bién ddi biéu thitc (8.68) ta sé nhan duge
a(w) = \/-Z—[(RO-GO — LG, + (B2 + P LE)(G2 + 0°C? )] (8.69)
B(w) =\/~é-[(m2LoCo -R.G, )+\/(R02 + 0’ L2 )G + 0°C? )] (8.70)
Db thi cia cdc ham o(w) va B(w) duge v& trén H.8.9
« B
a, F-"-TTTT TS TS ol
/ : ”,”’O) \‘LoCo
R.G,
® ’/’ [0}
o] [o]
a) b)

" Hinh 8.9: D6 thi cia cdc ham a(@) va B
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Heé s6 suy hao don vi « sé tién vé gid tri tiém can o, khi ® — o

1 C L
_1lp G /_o 71
a.. 2{ AL +G, Co} (8.71)

Con hé s6 di pha P tién t6i tiém can duge xdc dinh bdi

B(w)=wyL,C, (8.72)
Thit nguyén cac dai lugng v, o, B 1a y[—l—} a{—]y—lz} hay a[d—q} ; B[ﬂ] )
m m m m

Tit cac phuong trinh (8.69) va (8.70) ta thdy rang néu diéu kién

(8.67) théa man thi:
v=vR.G, + joJL,C, (8.73)

tife 1a:  a=JRG, ;va: p=wJL,C, (8.74)

Trong trudng hop nay, dudng day cé hé s§ suy gidm khong thay déi
d6i v6i moi tan s6 (dudong day khong lam méo bién d¢ tin hiéu) con hé s6
di pha thi ti 18 tuyén tinh véi tan s6 (dudng day khong lam méo pha cia
tin hiéu). Pudng day nhu vay goi la dudng day khong gy méo, dugc dic
trung bdi téc do pha khéng phu thudc tan s6

‘ ® 1
v=— =

B JL,.C

00

=const ' (8.75)

Trong trudng hop téng quét, bén canh téc d6 pha (khong théa diéu
kién (8.67)), ngudi ta dua ra téc d6 nhém séng
do
vg =—— (8.76)
g B
Pé tim hidu ¥ nghia vat 1y clia dai luong nay, hay gia thiét rang,
trén dudng day khong méo déng thai lan truyén hai tin hiéu sin c6 tan s6
w; va . D& don gidn, ta gid thiét trén dudng day chi cé séng tdi véi
bién d6 va géc pha nhu nhau

Ule™ cos(w,t —B;x +¢) (8.77a)

u”(x,t) =

Uyo(x.t) ={U|e™™ cos(wyt —Box + @) (8.77b)

Theo nguyén ly xép chong, dién 4p tai mot diém x bat ky sé la téng
cla céc séng téi
u(x.ty=u,;(x,t)+uo(x,t) (8.78)
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Khi thay (8.77) vao (8.78) va thuc hién vai phép bién déi luong giac
ta sé cé

u(x,t)y=2 U

2 -
Néu céc tan s6 @ va oy khdng khdc nhau nhiéy, titc 14 ©; = 0wy = ® thi
W] + W9 =20; W) —Wy =A®
P1+P2 =2B; By —Bo=AB
phuong trinh (8.79) s& dugc viét lai

u(x.t)=2|U

. C(,s( éz@ t- _A2Ex J.cos(wt -Bx+9)  (8.80)

Bdi vi Aw<<® nén thanh phan

2\Ule™™ cos %t—&x
2 2

C6 thé coi 1a bién d6 bién thién cham cia dién 4p u(x, t) lan truyén

trén dudng day véi tée dd pha: v =2

p
Téc 46 lan truyén su thay ddi bien do lé téc do dich chuyén cua cédc

diém déng pha doc theo dudng day, tuc la: 5 f—%@x const

Aw d(o

véi toe do v, = lim —
i 87 a0 AR d[j

(8.81)
Toc dd v, - 1a t6c do lan truyén doc dudng day cha nhém séng 6 tan
86 khdc nhau, nhung lan truyén véi cing téc do pha trong truong hogp
dudng day khéng giy méo.
bai v6i dudng day khéng méo, B 1a ham tuyén tinh cta w khi d6 toc
d6 pha va tdc d6 nhém séng biing nhau

1

U= Ug = \/ZO_(J—O

Budng day théa man diéu kién nay 1a dudng day khong tan xa.

Trong thuc té, diéu kién L G, =R,C, thudng khong thda man, thong
thuong L,G, < R,C,. D€ ting tich s§ L,G, ngudi ta phai tdng dién cam
don vi cia dudng day dai, diéu d6 c6 thé thyc hién duge bing nhan tao,
tdc 1a ¢6 thé néi them vao du’dng day tai nhiing dlem thich hgp cdc dién
cam tap trung &

(8.82)

e ™ cos(wl — 2 t—-BI ;Bg x]cos[ml ;w2 t—-Bl ;Bg x+(pJ (8.79) -
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8.3.5 Trd khang vao cua dudng day dai

Hinh 8.10: So dé6 xét tré khdng vao PDD.

Phuong trinh (8.55) cho phép ta x4c dinh tré khang vao cia BDD c6
d6 dai 1 va tré khang tai Z, (H.8.10)

Z,Chi+Z Sk _, Z,+Z.thil

Z. = = 8.83
v g Sk + Z.Ch ¢ Z, +Zythyl (8.83)
Sau khi bién d4i, tré khang vao c6 dang
. -2y
Z,=2, l_ﬂ_e__ (8.84)
I-nze™" :
trong d6 ng = gi ;gz (8.85)

duoc goi 1a hé s phan xa tai cudi dudng day.
Hay xét tré khang vao cua duong ddy dai trong céc trudng hgp dac
biét sau

. Puong ddy hé mach cudi, tdc Z, =-. Khi d6 n2=1 va tr§ khing
vao bing

1+

— (8.86)

Z, =2, = Zocohtl= 2.
. Puong ddy ngdn mach cué’i, tic Z,=0. Khi 46 nz=-1 va trd
khédng vao bing

' 1-e"
Z,=Z,,=Zthl=2, 7 (8.87)
+

e 2
D6 thi biéu dién modul trd khang vao 1a ham cia fl trong hai trudng
hgp trén duge cho trén H.8.11. Modul ciia tré khéng vao ngin mach va

hé mach déu t1en t6i modul cda tré khang séng cia BDD khi Al — oo,
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pl

Hinh 8.11: D6 thi modul tré khdng vao ngdn mach va hé mach.

Tai cédc diém: Bl :—g—+ krn, modul tré khang vao ngén mach (hd mach)

dat gid tri cuc dai (cuc tiéu).
Con tai cdc diém: Bl=kn, modul tré khang vao ngdn mach (hé
mach) dat gia tri cuc tidu (cuc dai).
Céc diém cyc tri trén, nam trén dudng bao, biéu dién bdi ham |coth .
Cén cde diém cuc tri dudi nim trén dudng b:ato, mo t4 béi ham |tAyl].
' Céc tré khdng vao ngdn mach va hé mach duge dung dé xéc dinh céc

thong s6 séng cia PDD. Dua trén céc cong thic (8.86) va (8.87) c¢6 thé
suy ra cong thuc

Z.=JZ, Z., (8.882)
thil = D (8.88b)°
' th

Vi du 8.5. Nguoi ta do duge trd khdng vao ngdn mach va hé mach cia
dudng day song hanh; dai / = 200km; 1am viéc & tin s6 w=5.10° (rad/s) 1a
Z,, =516 £0°13' [Q]
Z,, =747 - £26°30" [Q]
X4c dinh céc thong s séng cia dudng day Z,,y,0.B.
Giai. Tré khang sé6ng cta dudng day dugc x4c dinh theo (8.88a)

Z,=\Z, Z, =620 £-13° [Q]

Heé s6 lan truyén dugc x4c dinh theo (8.88b)
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thyl = f—Z—~ = 0,806 + j0,193
th

2 (
e” 1 _>62w=1+thyl
e’ +1 1-thyl

> yl=L1n) L0 =lln[6,72ej540}
2 |[1-thyl| 2

vi thyl =

> al:éln(6,72) - 0=47,6.10" [Np/km]

va Pl=0,47 +kn — P=0,235.10"7 +0,0157k [rad/km]

. 8.3.6 Dudng day hoa hop tai

Pudng day hoa hgp tai (dudng day duge phdi hgp trd khédng) la
dudng ddy cé tré khang tai bang trd khéng séng, tic 1a

Zy =l—_]3= Z, , (8.89)
I ‘ :
Khi dua diéu kién (8.89) vao (8.53) ta sé& dugc
U@)=Uze™™ ' (8.90a)
Ix)y=Ize" . (8.90b)
Tai x = 0, thi l
Ux=0)=Use" =U, (8.91a)
Tx=0)=Iz¢e" =1, (8.91b)

Biéu thie (8.90) khi chd y déﬁ diéu kién bo (8.91) sé 1a hé phuong
trinh bién do phdc cia dién 4p va dong dién tai mot diém x bat ky, phu
thude vao dién 4p va dong dién tai dau dudng day

U)=U;e* (8.922)
Ixy=I1e™ (8.92b)
Tré khang vao cia dudng day dai hda hop téi sé 1a
z,=91. U U 5 (8.93)
I; I:  I(x)

Pién 4p va dong dién tic thoi tai mot diém bat ky suy ra tif (8.93)
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u(x,t) =|U1]e”™ cos(wt —Px + @) (8.94a)
i(x,i) =|11|e™ cos(wt ~Bx + @ —arg(Z,)) (8.94b)
Nh c6 thé thdy tif cée |5 |

biéu thic (8.94), dién 4p va
dong dién trén dudng day Iu‘l
hoa hgp chi ¢6 thanh phan
séng t6i, bién thién theo ||
qui ludt sin, c6é bién dd suy '
gidm ham ma theo khodng ° - [

ciach x, con tré pha thi )
tang tuyén tinh theo «x Hinh 8.12: Phdn b6 bién dé dién -

(H.8.12). dp trén duong ddy hoa hop tdi -

8.3.7 Hé s6 phan xa, hé s6 séng ditng

1- H¢ sé6 phan xa ,

Tir phuong trinh (8.53) c6 thé thdy riing hé s6 phédn xa ¢ cudi dudng
dady dugc dinh nghia theo (8.85) 1a ti s6 giita »bién do phic cia dién 4p
séng phan xa va séng t6i tai cuéi day (y = 0).

Néu ky hiéu séng téi va phan xa tai mot diém céch cudi dudng day
mot doan la y '

Ut =é~([.]2+ Z, i2 ye? (8.95a)

Us =é(l}'2-zc 2™ ~ (8.95b)

e =2; c U2+2Z, I2)e? | (8.95¢)
. 1 .- . :

I x — c"'Z I - N . d

p=gg UemZo 2 (8.95d)

[

-

va néu xét tai cudi dudng d4y, ta c6
foz _ Ijz-—ch.z =I.fx2
Ijzz l.]2+ Zc j2 jt2

(8.96)
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Trong trudng hop téng quat, ta cé Uy, =2Z 5 I2, nén

foQ :jfx2 =Z2_ZC
Uz iz Zz+Z,

=T (8.97)

Khi dudng ddy duge phéi hgp trd khéng, tdc 1a Zy=Z,,tacé ne =0,
do d6 trén dudng day khéng c6 song phdn xa ma chi ¢6 séng téi. Tu
(8.97) ¢6 thé suy ra

L2 = Uiz (1 +12) (8.98a)
Uiz

Uz =Ut2+fo2 =

j2=jt2—jfx2=jt2 I—fo—z =jt2(1—ﬁ2) (8.98b)
Iis

Trong nhiéu trudng hop, ngudi ta cin cé hé s6 phan xa tai mét diém
trén dudng day dai, hé s6 dé dugc xac dinh
— fo(x) - Ifx (x) - ﬁ2 e—2Y(1—x) (899)
Uix) Ii(x)
"~ 2- He 36 song ditng

Bay gio, hdy nghién ctu sy phan bg cla dién 4p va dong dién trén
DDD. Tu phuong trinh (8.53) va (8.85) c6 thé dua ra bidu thiic

Uly) =-§-(U2+ Z_I2)e® 1+nse?) (8.100)

va U =-;-(U2+Zc 12) (8.101)

nén U(y)=Usze”(I+nze7?) . (8.102)
Modul cta dién 4p U =‘/l}-l}

Thay (8.102) vao biéu thic trén, ta c6

*

. » * -
. .2 -2
U=\Ui2e?I+nze“?)Us2e"” (I +nze=")

U= U,ze“y\/1+2Re{n2e 2”’}+n2 oy (8.103)

Hay xét thanh phéan thi hai trong cin thic cia (8.103) ta thay
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2 Re{r’tze"2Yy } =2 Re{n2ej°2 .e_z“ye'jzﬂy} = 2n,e2% cos(8, — 2By)

v6i e =n,e’*. Cubi cing ta cé

U =U, e 1+ 2n,e™ ™ cos(8, — 2By) +nje ™ (8.104)

Bidu thifc (8.104) cho bist su phan bd cda bién do dién ap trén DDD.
Bling cdch 1am tuong ty, ta s& nhan dugc biéu thde d6i véi dong dién

I= IU?‘ZI-e“y\ﬁ—2n2e'2“y cos(8, — 2By) +nie ™ (8.105)
Su phan bd bién 46 dién 4p va dong dién trén PDD theo céc bidu
thdc (8.104) va (8.105) khong phu thudc vao thoi gian nén duge goi 1a su
phan bd séng ding. Ti (8.104), ta thdy céc gid tri cuc tiéu cha dién ap
xuat hién & nhimg khodng cdch ma: cos (8, — 2Py) = —1; va tai d6 sé c6 gid
tri cuc dai cia dong dién. Sy phén b6 bién d6 cia dién 4p va dong dién
doc PDD dugc biéu didn trén H.8.13. Pudng lién nét tuong Ung v6i phan
b& dién 4p va dudng nét dit tuong dng v6i phan bs dong dién.

Ul ul

c

Lo g
/
. I'd
I
-
E AN

/

]

~
S

y/r

U o
Hinh 8.13 | Hinh 8.14
V6i dudng day dai hoa hop tai, cdc cong thic (8.104) va (8.105) sé c6
dang
U=U,,e®” =U,e™ (8.106)
B I =-U‘—2e°‘y =I,e” : (8.107)

Tir (8.106) va (8.107) ¢6 thé thay ring su phan bd cia séng ding trén
PDD hoa hop tai 1a ham don diéu theo khoang cach (H.8.14).

P& dac trung cho sy phan bd dién 4p va dong dién trén dudng day
dai ngudi ta dua ra hé s6 séng ding (SWR) duge dinh nghia nhu sau
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l[]t“"Uﬁx' Iit+iﬁr
SWR = +— = (8.108)
lUt|_Uﬁrl 'I.tl—jfx
Vi U.fx =nye Y : (8.109)
. »20Y
nén SWR = Ttnge” ~
1-n,e™®

Cé thé nhan thdy ring, cd hé s6 phan xa va hé sd séng ding déu 1a
ham cta khodng cach ké& tir cudi dudng day. Trong trudng hgp dudng day
hoa hgp téi, n, =0 thi SWR = 1.

8.3.8 Dudng day dai voé han .

_ Trong trudng hgp dudng ddy dai vo han, tic 12 I — «, né sé c6 céc
tinh chat tuong tu PDD hoa hgp tai. Trén dudng day chi c6 séng tdi duge
mé ta bdi bidu thdc (8.90) va (8.94), va tai mot diém bat ky trén PDD ta
1udn cé

Ux) _

Z, (8.111)
‘ I(x)
Tré khang vao cha dudng déy dai voé han
z,-Yi-z, (8.112)
I;

8.3.9 Cic quan hé ning lugng trén dudng day dai

Trong trudng hgp tdng quat, dudng day c6 nhiing quan hé ning lugng
nhu sau:

P,- cong sudt cung c4p tit nguon cho BDD.

P,- cong suat cung cdp cho tai

P,; = P, — P, cbng suét ton thét trén dudng day

P,(x) - cong sudt cia séng tdi.

P, (x)- cong sudt cla séng phdn xa

Céc cong sudt P,,P, dugc x4c dinh theo cdc bidu thic
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2

1 [t 1l
P1=5Re{U111}=511 Re{Z,} (8.113)

2

széRe{U212}=éI.2 Re{Z,} (8.114)

va cong sudt tai mot diém y tinh tir cudi day xdc dinh

Ut2 ;

leRe U1 =iRe U e?(1+n)—=£ e”(]—;z)
2 2 Z

= éRe {Uztze%y.*i{l -n?+j2 Im(ﬁ)J}
Z.

Néu ta ky hiéu Y°=Z =G+ B
thi ta c6 P= é {U 222 (G - JB)[Z n +J2Im(n)}}
P= ; Ule™. {G(I -n®)+ 2B.Im(ﬁ)} (8.115a)

& day n- hé sé phan xa tai diém dang xét.

Néu nhu trd khdng séng cta dudng day dai 1a s thuc thi ta sé cé:

| Yc'=—Z—c-—~G vaB=0
Do d6 P_—U2 2oy ~ (1—n2) (8.115b)
. 2 c . 2
| 7 lUt(x) Ure(x) :
- P=5 Z Z =F(x) - P, (x)
Béi vi Ux) g, Ut ;zc

Ii(x) Ir(x)

nén cong sudt cla séng t6i va cong suét séng phé.n xa cb the dugce xéac
dinh theo

%
4
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1], [
P (x) :—2—II,(x) Z, (8.116a)
1;
va , Iix)y=Iye™ (8.117a)
. Inxy=Ipie® =Ipze (8.117b)
Nén c6 thé viét (8.116) dusi dang
1]; [P
P,(x) =3 Iy| Z,e"™ =P e (8.118a)
1l. P .
Pfx (x) — E Ifx2 Zce~2u(l--1-) - Pﬁr2e~2(1(l~.1') (8. 118b)
Tit d6 ' P,=P(x=l)=P,e?"
y \ 1]; [P 1];
le BI =§ It] Z(."Pfl‘2:.2- Iﬁr? ZC (8]20)
Ti s giita cong sudt séng phan xa va séng tdi tai cudi day
2
ifx2 2
Pﬁr2 _ . .2
2L L =lhs| =ni (8.121)
F, |,
Iy
O didu kien b~ Py =Py Py, (8.122a)
_ P =P, - Py (8.122b)

Coéng sudt tiéu hao trén dudng day
Pdd :P1 —PZ =(I)t] _Pt2)—(Pfx1 _Pf:"(?)

Hiéu su4t chia dudng day duoge xdc dinh

nz—li?—.IOO%
P,

Can chd y ring cong suat séng téi P(x) suy gidm ham mi theo su
tang cia khodng cach ké& tir ddu dudng day, tir gid tri cuc dai ciané la P,

con cbéng sudt séng phan xa tdng ham ma theo su tang cha x va dat gia
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tri cuc dai tai cudi dudng day 1a Pp,.
Vi du 8.6. Cho mot dudng diy c6 tré khang séng Z, =100([Q] va do dai
! = 100 [m], dugc phdi hgp trd khéng tai cudi dudng day va duge cung cdp
E

nguén 4p sin 1y tuéng & ddu dudng day véi bién do |E|=20 [V]. Cong suét

tén that trén duong day P, =1[W)]. Hay tim hé s6 suy gidm don vi cia
duong day.
Giai. Cong suat ton that trén dudng day

. 2
~ 1 E
P _Pa = -2al
Pa=Pi-Pp =37 [1 e ]
= 1 -2al = 2PddéZc = e~2(xl =1 2Pdd;’Zc
E E
= a=-—In 1—2Pdd,;Z° -t ln[1~200 = 0,346.1072 [Np/m]
21 i 200 400

V6i dudng day truyén tai dién, ngudi ta dac biét quan tdm dén van
dé truyén tai ning lugng dién. Puong day truyén tai dién lam viéc & tan
sd rat thdp (50 + 60 Hz), tic 1a bude séng rdt 16n. Méi trudng giita hai
day thudng 1a khong khi, va néi chung duge cach dién rit tot, cdc thong
s6 dac trung cla noé sé la

Z,=R,+ joL, (8.123a)

Y, = joC, (thudng cho G, =0 (8.123b)

y= &, + jaL,)(joC,) = joR,C, -«?L,C,  (8.124a)

R, +joL, [L, .R
Z,= |~ |2_j 0 .124b
\[](DCO \[C e (8.124b)

o [}

Néu ta ky hieu Z=2Z,] va Y=Y,/ thi ti c4c cong thic (8.55) va
(8.124) ¢6 thé suy ra nghiém cda phuong trinh duong day tai dién

Ui=UzChJZY +Z,12 SRIZY . (8.1253)
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Ir= 22 ShZY +12:ChIZY (8.125b)

Ma tran A cia dudng day tai dién
ChJZY  Z.ShIZY

A= 8.126
ZiShJZY ChIZY (8.126)

Khi thuc hién khai trién chudi cac ham hyperbolic va chi gii lai hai
s6 hang d4u, ta c

Tu day c6 thé suy ra céc so dé tuong duong dang T, m cia dudong day
truyén tai dién nhu trén H.8.15.

Ay -1

Ay2

B | —
[, 1 | g <

Az

Ay -1

o d

a)
Hinh 8.15. So d6 tuong duong ©, T cia duong ddy tdi dién.

~ Céc quan hé nang luong cta dudong day tai dién dugc xac dinh dua
trén (8.125)

U] =AIIZ.]2+A12I.2

. * 2 .
U2Ur _Aulp,| +0.10
Ay  Ap
o * 2
Suy ra Usl» =U2 U ——A—I-l-Uz =P, + jQ, (8.128)
, A,  Ap <
‘l.h Us| <8 Al 1P
= P, +jQ, = _Lug, (8.129)
? 2 Ay Aps

Néu ta xem 4p tai ddu va cui dudng ddy c6 bién d6 khong déi, thi rd
rang, v€ phai cua (8.129) vach nén mét cung tron, thay ddi theo géc léch
pha 6 giiia 4p dau va cudi duong day. Do thi vong cong suat nhan duge
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cho trén H.8.16.

Q(vugt)
N 02 U: QuT tich khi 6
PR Y thay déi
_A o] 12
A, .
! '
. /
; P, p
: . i
! /
b/
o/
4
Qp pommmmmemcanoas )
/7
7
rd
”~
rd
-
-
(Cham) -
Hinh 8.16: D6 thi vong cong sudt nhén
UU

Vecto

12
mot cung tron tir d6 xdc
dinh cdc gia tri khac
nhau cia P, va @,. Gi6i
han cba qui tich nay c6
thé xdc dinh tir giéi han
géc léch pha 0 giita dién
ap dau va cuéi dudng day.

Mat khdc ta lai c6:
Us=A,U-A, I

trdn A va B 1a nhu nhau,
xem (8.56) va (8.58)

(ma

=>U1;

= P+

L. ¢6 bién do khéng déi, goc pha thay ddi s& vach nén

O P, P
I ~ i
Y i
: Y
Sl B R bk N
! A S
: \ Quy tich
: | \
Lo 10,17 : N
Asa | U,u, \
: Az
Q Hinh 8.17
D6 thi vong céng sudt phdt
2 e
y=hely |7 _UiUs
12 Ap
Ayl P TLU
Q ="2|U, -21=2 (8.130)
= I .
= A,

V6i phén tich tuong tu phén trén, tit phuong trinh (8.130) ta s& c6 dé

s
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thi vdong cong suat phat nhu trén H.8.17.
8.4 DUGNG DAY KHONG TON HAO

8.4.1 Nghiém cuia phuong trinh dudng day khéng ton hao

Buong day khong ton hao la dudng day cé cac théng s6 don vi thoa

man
R,=0 va G, =0 (8.131)

Trong thuc t&€, khong thé ton tai dudng day khéng tén hao theo ding
diéu kién trén, mic du trong nhimg truong hop nao dé ngudi ta c6 thé
chdp nhan. Vi du nhu dudng diy lam viéc ¢ tan sd cao, do ¢6 R, << oL,
va G, <<wC, nén ngudi ta cé thé b6 qua R, va G,. Nhu vay, dudng day
khong ton hao chi 1a mot gia thiét dé lam don gian viéc phan tich va
biéu dién nghiém cia phuong trinh PDD.

Dudng day khong tén hao sé c6 cdc thong s6 thi cdp nhu sau
v=JjB=joyL,C,
a=0; p=w/LC,

Z = |=2=R, (8.132)

= =const

Duong day khéng tén c6 hé s suy gidm don vi bang khéng & moi tan
s6, con hé s& B ti 1é tuyén tinh v6i tdn s6. Do d6 dudng day khong tén
hao 1a dudng day khong gy méo. Bén canh dé, bién dé cha cdc séng dién
ap va dong dién lan truyén trén dudng day la nhu nhau, nhu vay duong
day khong t6n hao 1a dudng day khong tan xa, tdc do pha va téc dd nhém
séng bing nhau va khéng phu thudc vao tan sd.

Nghiém cia phuong trinh PDD dugc xdc dinh tir cdc cong thuc:
(8.29), (8.50), (8.52), (8.54) dp dung cho PDD khéng tén hao

U(x)= Ae ™ + Be/’ (8.133a)
j(x)zzie_jﬁx ~—Z£ejﬁx (8.133b)

U(x)=U; cosPx — jZ, I1sin Bx (8.134a)
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I(x)= —j—g—l—sin Bx+ 11cosPx (8.134b)
Uly)=Uize™® +Upz™™ (8.1352)
I( )—ﬂi By _ UZf-“2 o (8.135b)
U(y)=Uz cosPy + jZ. I2sin By (8.136a)
: Us . - | |

Iy)y=j 7 sinPy + L2 cosBy (8.136b)

trong d6: y = [ — x; cdc cdng thic soéng téi va phan xa duge dinh nghia & (8.95)
Qua trinh thoi gian cba dién dp va dong dién tuong dng
u(x,t) =|Alcos(wt —x +¢;) + |B|cos(t +Bx+@p) =ty (x.8) + g (%,1) (8.137a)

A :
i(x.,2) =I—Z——|cos(oot—[3x+(p,)—I lws((nt+[3x+(p9) =i, (x,8) = ig (. 1) (8.137b)

C6 thé thay tir cdc bifu thdc trén, dién 4p va dong dlen trén dudng
day 1a xép chéng cia séng téi va séng phan xa, bién dd ciia ching khong
thay d6i theo khodng cach, con géc pha thi phu thugc tuyén tinh theo
khoang cach x.

Heé s6 di pha don vi B duge xdc dinh

B=wJL,C, 2" E 2“ (8.138)

v6i A 1a bude séng lan truyén trén .DDD. Cong thuc (8.138) chimg t6 rang
quan hé giita B va A gidng nhu gitta o va T. Nhu vay c6 thé coi cac ham
U(x) va I(x) trong céc cong thic (8.134), (8.136) 1a ham tuan hoan theo
khodng céch véi chu ky

2n

A== (8.139)
B

khi dua vao do do géc, c6 thé ching minh cdc ham Ux), I(x) 12 ham
tudn hoan theo Py véi chu ky
BA = 2m (8.140)

tich s6: Bl :2m% - duge goi 1a dd dai géc ctia dudng day né phu thudce

2 ~r l - 2 . ~ 2 ’ - 2 . n
vao ti so T bidu thi su phu thudc cia géc pha vao sy dich pha cia dién
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4p (dong dién) tir ddu day dén cudi day.
Tré khang vao cia dudng day theo (8.83), (8.84)
_7 Z, cosPl + jZ, sinpl _7 Z,+jZ tgBl

Z,=2, . =Z, 8.141
Z.cospl+ jZysinpl © 2 +JZ,tgBl (8.141)
M - j 2Bl
z,-z,1tnze (8.142)
1-ns e~1251

Do tinh chat tudn hoan cia Ux), I(x) v6i chu k¥ A, ngudi ta phan
biét cac dudng day c6 do dai dac biét sau
Puong ddy phdn tu séng: 1a dudng day c6 dd dai bing s6 1é lan A/4

l=(2k+1)—2—; k=01, 2. (8.143)
Puong ddy bdn séng: 1a dudng day 6 do dai bing s6 chin lan A/4

1=2kMI4); k=1, 2. (8.144)
Puong day phén tu séng c6 do dai géc

2n A s
=22 2k+D==2k+D—3;k=0,1,2 ..
B }‘( +)4 ( )2

Khi d6 tg(Bl)=c va trd khdng vao bing

ZZ
Z, = 8.145
V77, ( )
o 3 f o T ol . 2n o, A
Véi dudng day ban song ta co Bl ZT"%Z =kn
Khi d6 tg(Bl) = 0 va trd khang vao bing
Z,=2, (8.146)

8.4.2 Phan bé dién ap va dong dién trén DDD khong ton hao

1. Duong déy khong tén hao hoa hop tdi
Khi tré khang théa diéu kién

Z,=2Z,= f%— =R, (8.147)

1a mot s thuc thudn tdy, thi tai mot diém bat ky trén dudng day thude
[0, 1] ta s& c6 céc quan heé
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Ux) =QI_:l_fg=Zv -7 =R, (8.148)

f(x) jz j2

Céc biéu thidc moé ta dién 4p va dong dién trén PDD khong t6n hao,
hoa hop téi sé 1a

Ux)=U;e’™ (8.149a)
I(x)=T1e ™ (8.149b)
u(x,t) = U1 cos(wf -PBx+ ;) (8.150a)
ix.t) =T 1|cos(wt —Bx + ¢,) (8.150Db)

Céc biéu thdc (8.150) cho thay trén dudng day chi tén tai séng tdi,
khoéng ¢6 séng phan xala do Z,=Z, va n, =0. o

Cong sudt cia nguén duge dua toan bo dén tai qua séng téi. Hinh

8.18 biéu dién qu4 trinh séng tdi dién ap (dong dién) trén dudng day hoa

hop tai tai cdc thoi diém: ¢, :k%; k=0,1,., 12

C6 dang w(x.ty) =|U 1|cos(ot, —Bx) (8.151)

C6 thé nhan thdy tir H.8.18, dudng thing ndi cdc diém cung pha cho
biét: sau mot khodng thoi gian bang chu ky, séng sé di dugec mot quing
duong bang d6 dai buéc séng.

Pudng diy khong tdn hao hoa hap téi c6 cdc tinh chat sau

- Cong suat phat cia ngﬁén dién duge dua hoan toan dén tai qua
song tdi (khéng cé séng phan xa)

+ Tai cGa ngudn téc dong la dlen trd, khong phu thudc d6 dai dudng
ddy va tan s6 lam viée

Z, = Z,

+ Bién d6 cha dién 4ap va dong dién khong phu thude d6 dai duong

ddy va tan s6 ngudn tdc dong. Piéu d6 ddm bdo khéng c6 méo bién do.

» Téc 46 pha va téc d6 nhém séng bing nhau va khoéng phu thudc
tan s6 ngudn téc déng, diéu d6 dam bao khong c6 méo pha.
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to=0 /\:‘/—\\_/:'/ x
A ;
t I_. A :
712 /‘\ _
2 .E /\ \_y
X \ T
t3= -l- : \A E .
‘ — ~—
\ ,
t T : \/_\ :
4= T ;l\/\ ~
b
\ 1
5T Vo~
k= 17 S ~_
t 1
) \ X ]
ts = I - VT
2 :\/ {\’
' \ :
7T !
- . \ T N
b= Tz T~ !
f ¥
: \ '
t, = _2_T_. ‘L\ \/_\
8= 73 ! A HEE
! \ I
t = ﬂ :\ N T
, ' \ :
5T [ \
o= 5~ : c~———_—\ !
X v
11T D e N
Rl 7 —_—
' -
t,= T il \ i
2 : \/
]

Hinh 8.18: Séng tdi trén duong ddy khéng tén hao

2. Puong ddy khéng tén hao, hé mach dau cudi
Pudng day hé mach cudi: Z, =co; I:=0
Céc cong thdce (8.136) c6 dang
U(y)=U2 cosfy (8.152a)

Iy=j 22 sinBy (8.152b)

c

Céc qud trinh thdi gian cia dién 4p va dong dién
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u(x,t) =|U 2 cosPy|cos(wt + @) (8.153a)
U sin By
Wx,t) =—-——Z—C———cos(mt+<p2 +-g—] (8.153b)
trong d6 y=1-x Uz =|{Us|e®
D6 thi cta [U(x)| va I(x)| theo By dugc goi la Su phan bd séng ding

dién ap va dong dién trén dudng day khong tén hao hé mach dau cudi,
dugc biéu dién trén (H.8.19).

ool licol
Uy
---- T Sl Sl “m-rrmpmc-""1 R
] ' ) 1 1 ' c
! ' ' ' ' '
T~ "\ - A T R i Ve U,
1 t 1 t ' 1
' ‘ ' ' " '
) 1 ) 1 ) 1
' 1 ' ! ' 1
s ) 3 X
1 11 A \ A !
o] ' t
AU U HE NN ,;]
1 ' 1 ) ) '
vy v N RN ) \l:
sl e N
1 \ :,I |’ ' 1 \ 1 1 :
LoNL L N
' + ' A [ : '1" ¢
By e
L ) $ A 1 ' 4
2r 3 . T
2 z °

Hinh 8.19: Séng ding trén duong déy khoéng tén hao, hé mach cubi.

Tai cdc diém trén dudng day théa man

By=(2k+1)%; E=0,1,2

hay y =(2k+1)% (8.154b)
thi séng ddng dién 4p c6 gi4 tri bing khong, con séng ding dong dién co
gia tri cuc dai.

Tai cdc diém théa méin

By = kn.hay y=k% (8.155)

Séng ding dién 4p c6 gid tri cyc dai, cdn song ding dong dién c6 gia
tri bing khong.
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Céc gi4 tri cuc dai cGa séng ding dién dp va dong dién dugc goi la
“bung séng”, con cdc cuc tiéu duge goi la “nat séng”. Su phan bd ctia 4p
sém so véi dong dién mot géc n/4. Chay ring theo cac cong thic (8.109)
va (8.110) hé sb séng dimg va hé sd séng chay (duge dinh nghia la nghich
dao cia hé sd séng ding) sé 1a
1 __o
SWR

Tén goi séng ding cho thdy ring, tat ca cac gia tri ddc trung cho
séng ding nhu: gid tri cyc dai, gid tri cuc tiéu, tri trung binh khéng thay
dgi trén dudng day. Tir H.8.19 c6 thé thay ring: hai 1an khodng céach gidta
hai nit hay bung ké nhau biing d¢ dai ctia mot séng ding va bang A.

Séng ding ciing c6 thé duge biéu dién qua két qua xép chdng céc

séng téi va séng phan xa. Theo cong thdc (8.135) khi 12 =0 ta c6

Uiy)=T2e Uz ey (8.157a)
2 2 .
: 02 JBy U2 -j[}y
_Uz jw Uz 8.157b
In=g e -5¢ ( )

c c

Tir day c6 thé thdy ring: Us=2Usz, 12=0

Didu d6 c6 nghia 13, dién 4p & cudi dudng day bing hai 14n dién 4p
séng t6i, con dong dién bing khong. Céac két qua nhan duge c6 thé gidi
thich nhu sau: bdi vi qua trinh thdi gian cta dién 4p tai mdi diém trén
duemg day tré so véi dong mot géc w2, do d6 cong sudt tiéu hao trén
dudng day Py, =0, cong sudt tdc dung trén tai bing khong, nén cong
sudt cta ngudn cung cdp khong bi thay déi tu dau day dén cubi day va
lgléng bi suy gidm khi tré lai ngudn dudi dang song phén xa. Dudng day
c6 dac trung dién khang, trén cac doan cta hai nit ké nhau cia dién 4p
va dong dién c6 sy trao d6i ndng lugng dién ti trudng.

Hinh .8.20a biéu thi su phan bd cia séng phan xa dong dién doc
dudng day tai céc thoi diém ¢, cach nhau T/12, bit dau tai £, =0. Néu
dat H.8.20a va H.8.18 chéng lén H.8.20b, va thuc hién cong cdc séng téi
va séng phdn xa ta sé dugc phan b8 séng doc theo PDD. Séng nhan duge
khong hé bi dich chuyén trén dudng day chinh 1a séng ding.
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Hirth 8.20: Song trén duong ddy khéng tén hao, hd mach cudi.

Cing c6 th€ minh hoa sy phan bé tré khang vao cla dudng day theo
Bl. Dua vao (8.141) ta c6
U, . .
Z,=—=-jZ, cotgPl=jX, (8.158)
I : ‘
D6 thi cia Z, theo Bl dugc biéu dién trén (H.8.21). G cac khoang

cach ¢ d6 dai w2 duge x4c dinh béi

kn§ﬁl<(2k+1)%; k=0,1,2. . (8.159)
XV 1 1 ! 1
; ; 5 Lo Hinh 8.2:
: 2/ 3/ 8%y Phdn b6 dién khdng vao PDD
o n ) 3n 1 ) 2 ” Pl
> T ! ‘ khéng tén hao, hé mach cudi

dién khang vao 1a dung khdng, con & cac doan
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(2k+1)12‘-<31<(2k+2)-g- | (8.160)

dién khéng vao la cdm khang.
Véi dudng day la phén tu séng, tai cdc diém

Bl=(2k+1)—g—; l=(2k+1)% (8.161)

s& xuit hién céc “bung” dong dién va “nat” dién 4p, ta c6: X, (Bl)=0
didu d6 ching t3 c6 cong hudng ndi tiép. Nhu vay dudng day phan tu séng
hé mach ddu cudi cé tré khang vao béing khong.

Véi duong day nia séng, tai cdc diém

Bl=kn hay l=k%_ (8.162)

sé xudt hién céc “bung” dién 4p va “nat” dong dién, va: X, (Bl)=oo

didu d6 ching té c¢6 cong hudng song song. Puong diy nia séng hé mach
d4u cudi ¢6 trd khdng vao l1a vo cung.

Vi du 8.7. Puong day khong tdn hao hé mach cudi c6 tré khang séng
Z, =600 [Q]; chiéu dai I = 100[km], hé s6 dich pha g = 0,01 [rad/km].

Biét bién do phuc.cia dién ap dau dudng day: U;=60 £ 0°[V]. Hay xdc
dinh bién d¢ phic dbng dién tai ddu dudng day va dién 4p tai cudi dudng
day.
Giai. Do dai géc cia dudng day: fl =1 [rad]

Bién d6 phic cia dong dién tai dau dudong day

j U Ui 60 _g155 £90° (A)
Z, —jZ,cotgpl —~j600cot g(57,3°)

. s . are N A °. U

Bién d¢ phic cda 4p tai cubi dudng day: Uz = o5

1 —
Bl =111 [V]

8.4.3 Pudng day khéng ton hao ngin mach cudi

Pudng day dai ngin mach cudi: Z,=0; Uz=0
Phuong trinh (8.136) c6 dang | |
Uee) = jZ,12sinBy . (8.163a) -

I(x) =1IzcosBy (8.163b)
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Qua trinh thoi gian tuong Ung

u(x,t)=\Z, Iz sin By cos(wt +V, +g) (8.164a)
i{x,t)= Iscos Byjcos(wt +wy,) (8.164b)
trong d6 y=1—x; I2=|I2]e/"?
phan bd cta |[U(x)| va |I(x)| theo By duge cho trén H.8.22.
|ia | v
p I2
A H N vf 10 < el R.l,
X
! / 1 \ / f x=1
(Yo ! v !
v, / v Vs 1
“\ / slA4 /
\ / \ 7
<~V Ny
A
By
v (o]
2n 3n n n
2 2

Hinh 8.22: Séng dung dién dp va dong dién khi duong ddy ngdn
mach cuébi ' '

Tir hinh v& c6 thé thdy réng, cing giﬁ'ng‘ nhu trong trudng hgp dudng
day dai khéng t6n hao h§ mach cudi, séng ding trong trudng hgp nay co
céc tinh chit nhu sau

+ Phan bé dién 4p tré A/4 so v6i dong dién.

+ Tai mbi diém trén dudng day, gié tri tic thdi cia dién ép nhanh-

pha hon so véi dong dién mét goc 2.

- Hé s6 s6éng ding va hé s séng chay

1

SWR=0; ———=0 (8.165)
SWR
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+ Tré khéng vao cia dudng day duge xac dinh bdi cong thic
Z,=jZ tgBl=jX, ‘ (8.166)
"D6 thi biéu dién cla X,(Bl) dugc biéu dién trén H.8.23. Trén céc
khodng cdch duge xdc dinh theo (8.159) va (8.160), dudng day ngdn mach
la cdm khdang va dung khang. O c4c diém theo (8.161) sé c6 cdc “bung”
cha dién 4p va “nat” cha dong dién. Theo duong diay phan tu séng
X, (BH=0 X

diéu d6 ching t6 c6 cong
huéng song song. Nhu
vdy dudng day khéng
tén hao, phan tu séng,
ngidn mach cudi c6 trd

Bl

o I n 3n 2n

khédng vao v6 cing 16n. 2 2,

O cic difm xdc
dinh theo (8.162) tuong
ing véi “bung” cia dong
dién va nias_ gua dién dp
(dudng day ban song): Hinh 8.23: Dién khdng vao duong déy
X, (BH=0 khéng tén hao ngdn mach cudi.

diéu d6 ching td c6 cong
‘huéng néi tidp. Do d6 dudng ddy béan séng ngin mach cudi ¢6 tré khéng
vao béng khong. »

B&i vi: Z, =0; nén: nz =-1; trén dudng day c6 séng phdn xa.

t

Tir (8.135), khi: Usz= 0, ta c6

Ux)= Z 1 e Z 1 e P (8.i67a)
2 2
oy =22 e + 12 0o _ (8.167b)
2 2

Tit d6 suy ra tai mot diém bat ky trén dudng day
I,Ut(x)

Ie(x)

=£ﬁ (8.168a)

U () s

() =52£ (8.168b)
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Xét cudi day vdi y = 0, tif phuong trinh (8.167) ta ¢6

I2 =2|I:2

C6 nghia la bién d¢ dong dién & cudi dudng déy gap hai lan bién do
song tdi.
8.4.4 Pudng day khéng tén hao tai bat ky

Phuong trinh bién d6 phic cta dién 4p va dong dién trong trudng
hop nay sé la '

Ux)=Usze™ +Upz e (8.169a)
. Tx)=Tr2e™® —Tpoe ™™ " (8.169b)
Cé thé viét dudi dang khéc
Ux)=Ui2(e™ +nz2e ™) (8.170a)
Tx)=T2(e’™ —re™™) (8.170b)
Véi féi bat ky, nz 1a mot s phic c6 dang |
ne

. 0 e
ne =|nzle’? =ny, £ 6, véi -n<6, <n

Bién d6i (8.170) ta ¢6

U = |U(x)| = |Usz|\1+ 2n, cos(2By - 8,) + 13 (8.171a)

I=|I(x)|=\I:2

1-2n,cos(2By -6 y+ns (8.171b)
2 2

cac phuong trinh (8.171) cho phép xdc dinh phén b& dién 4p va dong dién
trén dudng day khéng tén hao.
Céc gid tri cuc dai cta U va cuc ti€u cta I sé dat duge khi
cos(2Py —0,) =1 (8.172)

Cé nghia 1a By =%2+ kr; k=0, 1,2. (8.173)
Gi4 tri cuc dai cha ap va cuc tiu chia dong tuong (ing cac diém & trén 1a

U) =|Us|(I+|R2] ) (8.174a)

max
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o] =|Tela-iasz]) (8.174b)

min

Céc gia tri cuc tidu cha dién 4p va cuc dai cia dong dién sé dat dugc khi

cos(2By —0,)=-1 ’ (8.175)
tie 1a tai cac diém
By=92%+-g-+kn;k=o, 1,2, (8.176)

Céc gia tri dién 4p va dong dién tuong ung tai cac diém do

U) =|Us|d-|R2|) ' (8.177a)

min

f@)|  ={fe|d+hs]) (8.177b)

max

Céc cong thuc (8.174) va (8.177) cho thdy su phan bé cua séng ding
dién 4p va dong dién trén dudng day (H.8.24). :
. Hé s8 séng ding duge dinh nghia téng quat la

Ue(y)|+U () \I't(y) + I'fx(y)l
SWR = — = (8.178)
U:(y)l— Ufr(y)\ ’I:(y)‘— Iﬁv(.’)’)l
- v6i trudng hop dang xét, ta c6
AU ‘f(y)l 1+[h2
SWR = max —_ max — (8.179)
U(y) lI(y)‘ 1-|n:
. SWR-1
va ta ciing nhén dugc nz =_S_WI?-E (8.180)

Nhin chung, hé s6 SWR 1a mot thong s6 d& do. Thiét bi chuyén dung
cho céng viec nay 1a SWR k&, lam viéc trén nguyén téc do céc thong sd
séng dung trén mot cap dong truc cb xé ranh dé 14y tin hiéu. Mot thong
s6 quan trong ciing nhén dugc tu thigt bi nay 1a y,;,: khodng cach ti tai
dén diém cyc tiéu dién 4p d4u tién. Nhu da biét, hé s6 phan xa tai mot
diém bat ky trén dudng day thoa

A(y)=hze 2P =
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Hinh 8.24: Phdan b6 séng dung trén duong ddy khéng tén hao,
tdi bdt ky
R6 rang, quy tich cia n(y) la mot )
. Lq{n}
dudng tron, tdm trung goéc toa 49, ban
kinh bing modul hé s6 phin xa tai tai

nz|, dugc minh hoa nhu H.8.25. 0, Re(n}

Khi y thay ddi, géc pha hé s6 phén K /
. y
. n

xa: (8, —2By) sé thay déi, va néu nhu:

8, —2By)=-= Hinh 8.25: D6 thi vong hé s6

sé lam cho 4p cuc ti€u lan thd nhat. vhdn xa

Nghiém cta biéu thic nay la:
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Ynin =922—?=2%(92+n) : (8.181)

(Quuy & ddy -n<8, <m)

Ta c6 thé nhan thiy

. Khi Z, 1a thudn tré va lén hon Z_, tacé 6,=0 va yu, :-3. Piém
cuc dai dién 4p s& xudt hién ngay tai tai.

. Khi Z, 1a thudn trd va nhé hon Z,, ta c6 8, =-n va y,;, =0. Tai
chinh 12 mot diém cuc tidu dién ap.

. SWR k& ciing c6 thé dugc dung dé do tré khéng cda tai bat ky khi
biét trg khang séng cua dudng day. Cach lam nhu sau: néu biét dugc
SWR va y,,, bién d0 va géc pha cia hé.sd phén xa tai tai 12

ho| = SWE=L. o ATmia _ (8.182)
SWR+1 A
Tir 46, gia tri trd khdng tai
1+ne ,
Z,=Z, (8.183)
1-n:

Vi du 8.8. Dudng day khong ton hao, chiéu dai 1, duge cung c4p ngudn ap
e(t) va trd khang tai cu6i dudng day 1a Z,.

1. Trong truomg hop Z; =2, va Zs =ézc, hay xéc dinh e(t), néu bist

dién 4p tuc thoi trén tai: u,(?)= 120sin(6m.10%t) [v] va [ = 400 [m]

2. Trong c& hai truong hop trén, hay tinh hé s6 phdn xa tai cudi

dudng day va hé s6 séng ding. -
o o ¢ 310° - on

Giai. Ta ?O: Us =120 £ 0° [v]; ?»:7;:3‘104 =10" [m]; Bl=7.l=o,08n

[rad]

1- Khi Z, =Z, (dudng day dugc phéi hgp trd khang)

Us=Ee ™ - E=Use™ =120¢/%" [v]
hay e(t)= 120sin(6m.10%t +14°24" (V]

2- Ha sb phan xa va hé so séng ding: ne=0,SWR =1
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bién 4p tai dau dudng day

s . .
E=Uz(e®™ +r,ePy=——"2 (M 1 jype M)

=i2—01—[ef“~4" -—ée‘f“"“’ ] = 180(0,646 + j0,332) =131,27,2° [v]
1-=
3

Suy ra e(t)=131sin(6m.10%¢t+27,2°) [v]

Trén day vita xét phan b6 dong 4p trén dudng day khong tén hao
trong mét s§ trudng hgp tai khac nhau. Sau day c6 thé néu ra mot vai
tng dung thuc t€ cia dudng day khéng tén hao trong ky thuat.

8.4.5 Pudng day bién dap A4

Trong thuc t€, thuong can phai thuc hién phéi hop tré khang tai véi
trg khdng noi cia nguon biing cdc doan day dai dac biét. Van dé nay duoc
thuc hién dé dang trong trudng hgp céc tré khang déu la thue.

Khi xét dén b1eu thic (8.141) vé trd khang vao duong day khong ton
hao, néu chon d6 dai caa dudng day sao cho

l:(2k+1)2 ; k=0,1,2. (8.184)
2
thi ta cé Z, = Ze
z,

Diéu kién hoa hop tai va ngudn: Z, =Z;, v6i Z,= tré khdng noi ctia
nguon. Néu: Z; =R,; va Z, =R, (H.8.26), ta c6 thé thuc hién phéi hop trd
khédng gilta tai va nguén néu chon dudng day c6 tré khang s6ng théa man

khi d6 Z = R

v 13

Néu dudng day bién ap A/4 duge ding dé phéi hop séng trén mot
mach dudng day c6 Z, # Z, thi rd rang, né chi duge dat tai cdc vi tri ma

tré khang vao trén dudng day la s§ thyc thudn tdy, tdc 1a tai cdc diém
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. Z,=R
bung va nut dién _ . AA . .
dp. Do d6, trong R,
khoang cdch nia G) § R,
budc  séng tinh T 2o =VR R,
tir tai, sé c6 hai o o
vi tri dé dat z,
dudng day bién . (2k +1))/4
4p A/4. Hinh 8.26: Phé; hop tré khdang nho duong ddy A/4

8.4.6 Puong diy thyc hién mach c¢jng hudng

Nhu da biét, tré khdng vao cia dudng day A/4 ngin mach cudi 16n
v6 cung, diéu d6 cho phép st dung né nhu mét mach céng hudng song.
song. Pudng day duge sif dung 1am mach cong hudng phai théa diéu kién:
R, << oL, va G, <<oC,, trong dé c6 chi y dén ton hao.

Trd khang vao cta dudng diy ngdn mach cudi

7, =7.thyl =z, thol* jigBl
¢ 1+ jthaltgPl

Néu dlen tré don vi cia dudng day tuong d6i nhd, va G,=0 thi véi
l= A/4 tacd

(8.186)

Z,. =27

vn c’

——I——Z (8.187)
ol

dai lugng nay duge goi 1a trd khéng cong hudng cia dudng day. Bay gio
hay xét tinh chat tré khang vao ctia dudng day, & tan s lan cén tan s6
tuong ung véi I=Xx,/4, tdc 1a .

7»:}\,0+A)\, (8188)
véi AL <<}, . Khi thay (8.188) vao (8.186) ta c6
an A . | 2r AN
1 2 [+ jtg| —. -2 1-—
“l”tg(xomx 4] * Jg[x,, 4[ x H
Z,(A,+AN) = Z, p l =7, p— o
. m : T
alt, —2 1 2 Lol g 24
I+ g[onrM 4j 1+_]Odtg[ 2 (1 ,
Cubi cung ta cé
I+ 1
crJ T AA T AA
‘2‘T (XZ.E.'——'!‘_]
Z =7 - °©=Z, < (8.189)
’ 61+ ol 1 r A—}”+ ol
J AN 2 J
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va hé s phdm chat Q _B

Modul tré khdng vao

o EA’: 1 +7
2. . J

A Y
e Z 28 4
Z, 1 - 4 2 A, __1__
ZV,. 2 n AN 4 d 1 \/—2_
= |+
2 A, OA,
1

[ 1 1 n AL 4 Ak or, «

A —— = D l= —=—2==
\/[n AN 4 ) ; V2 2 %, o, by 2 B
+

24, oA,
D6 rong dai thong tuong d6i cua mach cong hudng
200 20
A, B

2o

(8.190)

(8.191)

(8.192)

(8.193)

(8.194)

Khi suy gidm « rat nho, phdm chat @ sé c6 gia tri rat 16n (cd hang
nghin). D6 chinh 13 uu diém cta mach cong hudng bing duong day so véi
mach cong hudng c6 thong sé tap trung RLC.

8.4.7 Mach vong phéi hgp tai

Y; - dén nap vao doan day x, tai Z, f

jo - d&n nap vao cda dudng day Z,

Y., -

v

ngén mach

Z,

dan nap vao cla mach song song
hai dudng day trén.

Hinh 8.27: Ky thudt hoa hgp bang mach vong don.
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Mot phuong thic khdc cing thuong duge dung trong viée phéi hgp
trd khang duong day dai la mach vong hoa hgp. Pay thuong la mot dudng
day dai ngdn mach cuéi (vdong), bd tri song song vdi dudng day can phéi
hop va duge dat tai mot vi tri tuong thich tinh tir tai. Trong ky thuét hoa
hop bing mach vong don, nguoi ta dung mdt mach vong va su phéi hgp
tai sé& dat dugc khi ta thay déi vi tri dat mach vong va chiéu dai cia né.
Gia s trd khang séng cta mach vong giéng nhu tré khang séng clia
duong day (H.8.27).

R& rang, dé khong c6 séng phan xa trén dudng day Z, phia bén trai

cia mach vong, thi ta phai cé

' Yv=Y1+jb=71— (8.195)

Bai todn mach vong don la bai todn xdc dinh x va y (trén H.8.27)
ing v4i cac gia tri khac nhau cba tré khang ta1 Z,.

Ap dung céc cong thirc (8.141) hoac (8.142) choY, trong (8.195) nguoi
ta sé nhan dugc hai 161 gidi cia b (dm hoac duong) Gng vdi cdc gia tri x.
Céc gi4 tri x chi nén chon: 0 S';c <A/2.

Tl gid tri b ta sé suy ra gid tri chiéu dai mach vong y.

Trong mach vong don, vé nguyén tdc dé dat phdi hop séng, ngudi ta
can thay déi khoang céch giita mach vong va tai cang nhu chiéu dai mach
vong tng véi céc gia tri tai khdc nhau hodc tan s¢ lam viéc khéc nhau. A
Néu nhu dung ky thuat mach vong déi (H.8.28), sy hon hén 1a & ché
ngudi ta c6 thé ¢4 dinh vi tri mach vong, sy phdi hgp séng van c6 thé
thuc hién bing céch thay déi chiéu dai cia cdc mach vong trong mot
khoang bién thién kha réng cua trg khang tai.

Xz X,

vong 1

Hinh 8.28: Ky thudt phéi hop séng nhd mach vong déi.



172 _ CHUONG 8

Mgt van dé can luu ¥ sau cing & phén nay la trong cac hé théng phéi
hop tré khang trén PDD (dudng day bién dp A/4, mach vong don, mach
vong d6i ...), su phdi hgp trd khdng sé bién mat khi tan s6 thay déi vi cde
khoang cédch so vé6i budce séng sé khac di. Vi du, trong hé dudng day bién
dp A1/4, néu tan s6 thay. d6i, chiéu dai cia duong day sé khac véi A/4. He
thong sé khong c¢6 tinh chat phéi hop tré khédng mac dir tai khong thay

doi. (H.8.29b) minh hoa sy bién thién cda hé s6 séng ding trén dudng,

day bén trai duong day A/4 (H.8.29a) theo tan s f.

SWR

Z.

M4

SWR , Z,

. a)

Hinh 8.29} Su thay déi theo tdn so.
8.5 QUA TRINH QUA b0 TREN DUONG DAY DAI

8.5.1 Phuong trinh toan ti cia PDD

Khi thyc hién phép bién d6i Laplace lén trén phuong trinh PDD
(8.17) d8i vdi cdc dai lugng 1a ham ciia thoi gian, ta c6
_dU(s)

p =ROI(s)+sLOI(s)~L,,iL(0*) (8.196a)

x v » !

d(Ii(s) =G,U(s)+sC, U(s)—C Uc(07) (8.196b)
x

Trong trudng hop cédc diéu kién ddu bang khéng, ta cé thé dua vé
dang phuong trinh vi phén c4p hai nhu sau

2
d U(s) ~Y'U(s)=0 (8.197)

v6i ) =J(Ro +sL, (G, +sC,) (8.198) (8.198)
= goi 12 d6 chén séng toan tit cha DDD
1 dU(s)
(R, +sL,) dx

Béng cdch st dung cac didu kién by

Dong dién I(sy=-

(8.199)

|
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Us)|, _, =Ui(s) (8.200a)
I(s)|,_, =1,(8) (8.200b)

. R, +sL
a ky hiéu Z = |22 8.201
Ve Ry e ‘ \}Go+sco (8.201)

ta c6 nghiém toan ti cha phuong trinh BDD

U(s)=U,(s)Chyx - Z(s)I,(s)Shyx (8.202a)

1(s) =~ 219 Spoe + I (5)Chyxe (8.202b)
Z (8)

c

Viéc phan tich nghiém trong trudng hgp téng quét la tuong déi kho
khan. Do d6, ta chi néu ra mot vai trudng hgp cho viéc tim hiéu qud trinh
qud dd xudt hién trén PDD va chi giéi han bai todn khéo sat trén dudng
day dai khéng tdn hao.

8.5.2 Déng dién ap vao duong day hé mach cudi
Véi duong day trén H.8.30, ta cé: Iy(s)=0; Ul(s)=—ls£

Pudng day khong tén hao nén X o

vs)=syL,C,; Z. = f—" =R,
‘ Co Cj) e(t)=E z,
Tu (8.202) ta suy ra: "
‘ U (s)Shy(s)l - o
I1 (s)= RcChy(s)l | —_—
. _ [ChyxChyl—ShyeShyl] ~ Hinh 8.30: Péng dién dp vao
va  U(s)y=U,(s). Chyl duoneg ddv hé mach cuéi
E Chyd-x)  L(s) _
=—. = (8.203)
U s Chyl sM(s) .

D& tim qué trinh thdi gian tai mdt diém x so v6i ddu dudng déy ta
phai tim bién d6i nguge £ ! cha (8.203), tic 1a tim nghiém cha phuong
trinh sM(s) = 0.

Nghiém cta phuong trinh M(s) = 0 1a Chy(s)l = 0. Tt d6 suy ra

vl=j(2k+1)—g—; E=0+1,+2,..

Theo gia thiét Y(s)=sL,C, ; do d6 cac diém cyc sé 1a
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2R+ 1) n
Jl L.C, 2

Tuong dng ta c¢é bién déi nguge cha (8.203)

L(O)+ - L(s,) o5t

u(x,t)=
(58 M) [~ s,Ms,)

,t>0 (8.204)

k+1
Tacé L(O)=E; MO =1; L(sk)=Ecos!:(2 )(l— ) ]

M (sk)_l,/LoCoSl [ 2R+ D) J_jl,/LOCO (- |
Thay cdc gid tri nay vao (8.204) ta nhan duge

cos((2k+1)(l—x)n:] [ 2kt .

L L2 e,
H=E{1-= -1 (8.205)
wx,t) k;w( ) 2kt 1) e

oo oo -1 .
khi thay Z = Z+ }: va thuc hién vai bién d6i
k=—cd k=0 k=

2k+1

J ‘ co{(g}ﬁi J(l—x)n} 0{2}%1“ t-—} ‘
= o2 2 LJLC f

ux.t)y=E 1—£2(-~1)’* : 22 (8.206)
T k=0 ‘

Qué trinh dién 4p tai cudi duong day (x = 1) 1a

COg[2k+1n t }

= |2 TiujLcC

uy(t)=E 1—5{2(—1#* 2 2dl. ¢50
L3 ver)

2k+1 ’

Téc d6 pha trén dutng day khéng ton hao 1a v=1/JL,C, ; do dé:
l\/ZC_CD— chinh 1a thoi gian séng dign 4p lan truyén hét duong day. Khi ky
hisu 7, =JL.C, tacé

[(2k+1’ni

4 L2 T,

H=E{1-2% (-1 L >0 8.207)
() n;( 2k+1 (
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¢6 thé tim dugc uy,(t)=0; véi: 0<—7—t1—< 1

d

uy(t)=2E; v6i: 1<—<3
. Td

. t
u,(t)=0; v, 3<—<b
2(2) T,

J

Qué trinh thoi gian cla dién dp trén duong day hd mach cudi dugc

biéu dién trén H.8.31, d6 1a tin hiéu tudn hoan véi chu ky: T = 4T,

U,

2E | ... -

|

Hinh 8.31: Biéu dién dp cudi duong ddy hé mach cudi.

8.5.3 Déng dién ap vao dudng day tai dién tro

Nbeao-o

Tai t = 0, déng mot ngudn 4p e(t) vao dudng day khong tén hao tai

dién tré R,. Ta c6

U, (
I,(s)=—22
=77

Rat I,(s) tit phuong trinh nay va thé vao (8.202a) ta sé co

U,(5).R,

9 Shy(s)l +I,(s)Chy(s)L =

U2(S)=

R,Chy(s)l + Z (s)Shy(s)l

khi biéu didn c4c ham hyperbolic qua cdc ham md, dién 4p trén tai sé co

dang
s (1+ny)
U,(s)=U,(s)e Ta 27727
2 /1(8) (1+n26—2sT4)
trong d6 n, = 1;2 ;gc - 1a mot s6 thue.
2 ¢

Thoi gian truyén séng trén dudng day la

T, =1JL,C, =%

(8.208)
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Néu ngudn 4p dau dudng day 1a ngudn ap mot chidu, ta c6 U,(s)=E/s nén

Uy(sy= 2 TEn2) _ p2ut, (8.209)
S (I+n,e™ %)

va do [ny|<1; e <1 v6i Re{s}>0 nén

E - 2 - -
Uy(s)=—=(1+n,)e% {Z—nze 2514 4 ple™sTd _pJe0sTd +}
s

E - - -
= -—(1+n2){e T e T 4 n2e 5T _pde’sT +}
s

VO uy(t) =L {Us()}; ta cé
u2(t)=E(1+n2){1(t—Td)—n2.1(t—3Td)+n§1(t—5Td)~..‘.}
= E[1¢ = Ty)+ ny 1t ~Ty)~n, 1t - 3Ty) +..]

= EZ{(—z)f'ngz[t —(2j+ DTy )+nd 1t - (25 + 1)Td]} (8.210)
s -

Vi —1<n, <0, qud trinh dién 4p duge vé trén (H.8.32)

u,(t)

T T TR PG Iy SV

(¥Td)

Hinh 8.32: Dién dp tai cudi duong ddy tdi dién tré.
8.5.4. Do thi Zig - Zac (gian db bounce)

Tit biéu thic (8.210), ¢6 thé thdy qud trinh dién 4p & cudi dudng day
(hay tai mot diém bat ky 0<x<!) 1a két qua clia sy x6p chéng séng téi
va séng phén xa tif hai dau dusng day (H.8.33). Ta c6

u=u, +ug ‘ (8.211a)

I=1,—ig =-Zl~(u, ~ug) (8.211b)
u? u?

P=P-P, _—t—Zf‘ (8.211c)
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t=0
Y Bl R,
[ o — —O
I by Z.v
Z
\ ‘ P, E R,

- X ="0 x=1

Hinh 8.33: Cdc thanh phdn Hinh 8.34: M6 hinh khdo sdt qud

song tdi va song phdn xq dé duong dady tdi tré

Hay dp dung diéu nay dé xdc dinh dién 4p trén dudng day (H.8.34).
Gia thiét 1a khong ton tai dp va dong trén dudng day tai: ¢ < O; tai:
t=0", trén dudng day chi c6 séng dién &p téi. Tré khang vao cia dudng
déy c6 gid tri bing trd khang séng. Nhu vay, dién 4p t6i tai dau dudng
day

Z .
1
=FE. < (8.212
tu R, +Z, a)
i = E (8.212b)
R, +Z,

Sau mét khoang thoi gian T, =I/v, séng t6i di dén tai va bi phén
xa. Ta c6 Ujeo = Us Ny (8.213a)
o 1 :

lf:\‘?. ZE.LL)&2 (8213b)
B R,-Z,
A1} ne = —
° R,+Z,

Sau d6, séng phan xa sé& truyén ngugc vé dau dudng day, va xuAt
hién phan xa tai ¢=2T,, dé tao ra séng t6i 14n thd hai truyén vé phia
tai. Dién 4p va dong tai ddu dudng day khi ¢6 thém thanh phan séng t6i
lan thit hai duge viét

u o= whtugg tul ' (8.214a)
- _Z{_(u;,—u;xﬁu,%) (8.214b)

< .
trong d6 u? - séng t6i tai diém ddu duong day (1an tha hai)
Theo diéu kién bién tai ddu dudng day

. 2 R 1 1 2
u=E_R1l = utll +u;x1+ut1=E—-2i(u”—ufx1 +ut1)
[
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R
= ué[1+§i}:uérl[%—1}+E—ut11{—Zi+1}

Dua vao (8.212a) ta viét lai

ufl[1+—lzil~}:u;”|:§1——1:|; uy, =u;x1.n1 (8.215)
v6i n = 21 J‘é | (8.216)
1 c )

Nhu vay ta thdy séng phan xa “nhin” mach d4u ngudn tuong duong
vé6i dién tré R,. Ngudn 4p xém nhu 1a ngdn mach (hodc nguon ddng xem

nhu 14 hd mach).

Qua trinh trén ct ti€p tuc nhu thé, cac x=0 x=1_
gid tri song t6i va séng phan xa dugc xéc u X
dinh 1an lugt nhu trén H.8.35. ' u T
Poé thi bidu dién qua trinh trén c6
dang nhu vay goi la d6 thi Zig - Zac (con 2Te u?

goi la gidn dd bounce, hay gidn do thoi

. . 2 3T,

gian - khodng cdch). Pé tim hiéu thém 5
cong dung cha d6 thi nay ta xét mot vi du 4T, ,

St . Uy
cu thé bang so. v
Vi du 8.9: Mach nhu trén H.8.34 cé cac 5Ts
théng so » Hinh 8.35: Qud trinh xudt

R; =401Q); R, =120 [Q}; hién séng tdi va phdn xa

Z. =60 [Q]; E =100 [v]
Hay xay dung d6 thi Zig-Zac clia dién 4ap va dong dién ?
Giai: Trudc tién, ta xdc dinh mot s6 thong s
Séng t6i tai dau duong day
60
60+ 40

u/; =100. =60 [v]; (i}, =§%=1A)

Ho s phan xa tai tai  n,=120-00 1
120+60 3

Hé s6 phan xa tai nguén n, _40-60 1
40+ 60 5

Do thi Zig — Zac cia dién 4p va dong dién cho tuong dng nhu trén
H.8.36a,b.
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Hinh 8.36: D6 thi Zig-Zac cua dién dp va dong dién
Céac miii tén trén céc d6 thi nay bidu dién hudng truyén cha soéng. Tir dé
thi Zig — Zac, nguti ta c6 thé xac dinh dugc hai d6 thi quan trong sau day:

1- Pé thi biéu didn ap va dong theo thoi gian t

Tt do thi Zig — Zac, ta c6 thé suy ra biéu dién 4p hoac dong tai mot diém
bdt ky trén dubng day dai theo thdi gian ¢. Ap va dong chinh 1a su x8p chéng
clia cic song t6i va song phan xa. Ta ké dudng thing c6 toa do x (tugng trung
cho mot diém dang xét), va cit d6 thi Zig — Zac tai cac diém, cho biét cac thoi
diém ma dién 4p hay dong dién c6 su bién thién dot ngdt do-cé su khac nhau
vé 56 lugng séng t6i va séng phan xa. H.8.37ab biéu dién dién ap tai dau
dudng day (x = 0) va tai cudi dudmg day (x = 1) theo thdi gian.

u{x = 0)v u(x = )v
80 3376
i 1 1 ' ‘ 45
76 ' ' )
1 _—_J_—
__j___r— ]
60 L1124 ' 224
] i i i i
i 1 ] ¥ 1
' 1 ! ] )
1] 1 + ] )
s s K N
o] 2T, 4T, 6T, o Ty 3T, STd
a) b)

Hinh 8.37: Biéu dién dp tai ddu va cubi duong ddy theo thoi gian
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Cé thé nhan thay rang, tif cdc biéu dién theo thdi gian, khi ta cho
t — « thi 4p va dong trén dudng diy s& tién vé gid tri xdc 1ap. Nhu viy,
cdc gia tri xdc 14p trén du(mg day dugc hiéu la

i i ' (8.217a)
=Y z o ' (8.217b)
k=1

Theo huéng phan tich nhu vay, cac

400 0,625A
gia tri xdac lap nhan dugc sé tuong tu +
nhu mach trén H.8.38, xem nhu nguén 100V 12003 75V
néi truc tiép dén tai thong qua day dan. R -
Diéu nay hgp ly vi véi ngudn ap mot Hinh 8.38: Ché dé xdc lap

chiéu, mé hinh dudng day khéng tén
hao, chi ¢6 L, vd C,, xem nhu 14 ngén

o

cua vi du 8.9

mach va hé mach.

2- P& thi biéu didn Gp va dong theo khoang cach x

Tir @b thi Zig - Zac, ta ciing ¢6 thé dung ducc cac dd thi bidu dién su
bién thién cta ap hay dong trén dudng day theo khodng cach x tai mot thoi
diém bat ky. Bang cach ké duong thing song song véi truc x, di qua truc thoi
gian tai thoi diém khao sat. Puong thing nay cit dd thi Zig - Zac tai mdt
diém, c6 toa d0 x, cho ta hai bén dudng day cha x, c6 phan bd 4p ho#c dong
khéc nhau do ¢6 su khac nhau cla s6 séng téi va séng phén xa.

H.8.39a cho ta phan b6 4p trén dudng day tai thoi diém ¢t=2,5T,.

"H.8.39b cho ta phan bé dong trén duong day tai thoi didm t = %Td .

u(t=2,5T )V it =—%—Td)A
80

76

 ~

TSy -
Ty

L
2
) b)

Hinh 8.39: Biéu din dp, dong theo khodng cdch 6 vi dy 8.9
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8.5.5 Pudng day bat lién tuc

Bay gi0, ching ta xét dén trudng hgp c¢6 mot diém néi giira hai dudng
ddy, c6 thé khdc nhau vé tré khang séng va téc do pha cda séng. Mb hinh
diém néi gita hai dudng day cé thé xem nhu 12 mot mang hai cifa nhu
trén H.8.40. '

D ———® ——— —— O a
Uy == Mang
hai cua Uy
—Co———— e @ g e e

Zcy, vy ———e ZCy, Vy

Hinh 8.40: Puong ddy bdt lién tuc

Khi séng tdi truyén dén cudi dudng day thi nhat, ngoai séng phan
xa tao ra truyén ngugc lai phia nguén, con xuit hién mot séng truyén
sang duong day thud hai goi 1a séng khic xa. Séng khiic xa s& déng vai tro
la séng t6i cho dudng day thut hai. P& dac trung cho séng khic xa, ngudi
ta cling dinh nghia mot hé s, goi 14 hé sd khuc xa, duge xéc dinh bang ti
s6 gilta séng khic xa va séng téi. Hé s khic xa duge ky hiéu 1a t.

=l (8.218)
U

Tuy theo cdu tric mach tai mang hai clta, ma c¢6 khi hé s nay cé thé
dugc biéu dién theo hé s6 phan xa. '

Mat khac, ta c6 thé thay trén cdu trac H.8.40, thi cong suit cia séng téi
cing sé lam xuat hién cong sudt khic xa truyén sang duong day thy hai.
Coéng suit nay duge chimg minh 1a ludn ludn bé hon cong suit song téi.

Trén thuc t&, ¢ cac dudng day, su bat lién tuc xudt hién ngoai thiét k&
thuong 14 do hu héng dudng day. Khi d6 ngudi ta ¢6 thé dinh vi diem bat
lién tuc nay nho mot thiét bi goi 1a TDR (Time - Domain Reflectometry). So
d6 khdi ctia mot hé théng TDR kiéu méu cho trén H.8.41.

- . xung
Maéffnhatb’;“"g Thiét bi hién thi
9 déng bd
xung ktlém Probe
ra trd khang cao
B& phoi hgp Budng day
trd khang can kiém tra

Hinh 8.41: So dé khoi hé théng TDR co bdn
Hé thong TDR c¢6 m6t mdy phat xung, géi tin hiéu xung kiém tra ra
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dudng day thong qua bo phdi hgp trd khdng. Cdc xung téi trén dudng déy
va xung phan xa lai (tu diém b4t lién tuc cia dudng ddy) duge ghi nhan
lai trén thiét bi hién thi nhd mét dau do (probe) trd khing nhép rat cao.
Bo6 phoi hgp trd khdang ddm béo céc séng vé tir dudng day can kiém tra sé
khong tao ra séng phan xa trd lai. Thoi gian nhén duge séng phan xa tit
dudng day can kiém tra va bién do cta ching sé cho ta xdc dinh vi tri
x4y ra hu héng va dic di€m cha hu héng.

8.5.6 Puong day tai khing

Xét bai todn séng truyén trén dudng day ma cudi duong day hay tai

diém b4t lién tuc cia duong \/_G

ddy c6 cdc phan t&¢ khang R, =0 Zov
nhu trén H.8.42. ‘ : G) ’
E
Tai ¢=0", séng téi tai
dau duong day -
x=0 x=1
ZC
u, =E. . ] L
R, +2Z, Hinh 8.42: Déng dién dp vao
. Uy duong day tdi khdng
=7

(4
Tai cudi dudng day, ta cé

u Ur o
%2 fx2 -
g === —==Zdy =Uyp ~ Uy

Z, Z,
Vay QU = Z.iy +uy (8.219)
Dua trén (8.219), ngudi ta xéy dung iy
dugc so d6 tuong duong bidu dién quan hé ——X—’W\/—C
gilta séng t6i va ddp ung tai cudi dudng day - 0=0 z. *
nhu trén H.8.43. So d6 nay con duge goi 1a Q)?Utz v g -
20 do6 tuong duong Peterson. -

O day: 6 = 0 Ia gdc thai gian khi séng
truyén dén cudi dudng day, quan hé véi
bién thoi gian ¢ qua biéu thde

Hinh 8.43
So dé tuong duong khi
'séng dén cudi duong day

9=t——£=t—Td (8.220)
[

Bang cdc phuong phdp phén tich qué do mach tap trung, ta c6 thé
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xdc dinh duge u, va i, trén so do H.8.43 nhu sau
Zc

Z(‘
Zee-Ty)
u, =2ue L =2u,e L ;6>0

. Zr ZC
io =—2ut2 1—6——[9 =——-—2ut2 l—e_f(t’Td) N 0> 0
B Zc Zc

Tir d6, luén ludn xudt hién séng phdn xa tai cu6i dudng day va
truyén nguge lai dau duong day

z
AR .
Upo =Up —Upp = Upp = Uy + 22Uy e s khi t>T
z
N . . . U0 2u o ~_c'”'T(/) .
va lpg Sho —lp =72 -2 1-e L ; khi ¢> T,
Z, Z. :

Néu nhu mach dién khang 1a chuyén tiép gita hai duong day nhu
trén H.8.44 thi so dd tuong duong xdc dinh cdc dap dng tai cudi dudng
day tha nhat cho trén H.8.45.

® ¢ ©® Za  C
——o—]

0=0 + +

z u

Zy Z, éQ—u?/ U_g c2 _3

Hinh 8.44: Chuyén tiép hai duong ddy Hinh 8.45: So do tuong duong
‘Tham s6 6 = 0 khi séng truyén dén diém 2. Nhu vay, phan tich qua
d6 mach tap trung (H.8.45) cho ta u, (ap cudi dudng day 1) va u, (dp dau

dudng day 2). Pién 4p u; cong sé déng vai tro dién 4p khac xa ti dudng
day 1 sang duong day 2.
8.5.7 Cac bai toan vdi diédu kién dau khac khéng

Xét qua do trén dudng day | N . N N N
dai v6i diéu kién dau khéc K z,1
khong. (H.8.46) cho ta mé 7T -
hinh bai toan. Tai ¢ = 0, déng
khéa K, hay xac dinh dién 4p
tai cudi day néu gid thiét trude _
d6 dién 4p tai cdc diém trén duong day bing E, tdc: w(x,0)=E; va
Hx,07)=0.

Hinh 8.46: Duong ddy diéu kién ddu
khdc khong

Phuong trinh todn td trong trudng hgp nay
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_AUS) _ 1 s (8.221a)
dx .
_AS o yisy-cuor) (8.221b)
dx
Vi phan phuong trinh thd nhit va thay phuong trinh tha hai vao ta ¢6
d——U;;—lgl =s*L,C,U(s)-sL,C,u(0")
X .
hay 1a d;lU;” ~¥*(s)U(s) = -sL,C,u(0") (8.222)
X .
trong dé ¥(s)=syJL,C,
Phuong trinh (8.222) 1a phuong trinh vi phan khéng thudn nhat, c6
nghiém riéng Us)= wo)
s

Nén nghiém téng quat
u(0)

U(s)= Achyx + Bshyx + (8.223a)
S
Tu (8.221a) ta suy ra
I(s)= —Zi [Ashyc + Beh] (8.223b)

¢
Xac dinh cdc hé s6 A, B nho diéu kién bg: 4p dau dudng day bang
khong, va dong cudi dudng day bing khong tai t=0";
_ u(07™)
s

A= (8.224a)

B = u(07) shy(s)l
s chys)

(8.224b)

~ Thay (8.224) vao (8.223a), va cho x = 1, ta ¢6 anh Laplace cta dién 4p
tai cudi duong day

S

U, (s) =£[1- ! } (8.225)

chy(s)l

So sanh véi (8.203), (cho x = 1), ¢6 thé viét qua trinh thei gian
2k+1 ¢ J |

ES ., V[“z T,
us(t) =22 (-1 t>0 8.226)
2(B)== Z%( T ToT > (




DUONG DAY DAl 185

t
Qu4d trinh thoi gian cia u,(f) )
cho trén H.8.47. . E
T
Coéng thuc (8.226) cing cho - = ’
. N R 5
phép viéc xdy dung do thi Zig - Zac
) . . s . S R
cia dudng day cé tich lay nidng
lugng. So db tuong duong dé xdac Hinh 8.47
dinh séng t6i xudt hién tai dau Pién dp tai cudi duong ddy
dudng day do déng khéa K cho trén
H.8.48 va d6 thi Zig - Zac cho trén H.8.49.
n, = -1 U(O_) n2 =1
[ - -u(0’)
t=0 * Ty
Uy Z. -u(0)
% e uo)
u(0") 3T,
47, u(0)
' Hinh 8.48: So dé tuong duong tai Hinh 8.49: Dé thi Zig - Zac

diém dong khoa

Pidm dac biét cua so do tuong duong (H.8.48) 1a su xudt hién cua
mét ngudn dp, stc dién dong bang so kién, ndi tiép va nguge chiéu dién
4p hd mach trén khéa. Néu bai todn 12 md khoa, thi sé xuat hién mot
ngudn dong, gia tri dong dién béng so kién, ndi song song va ngugc chiéu
dong qua khéa. O trén dd thi Zig - Zac ta thay xudt hién gia tri w(0")
duoc x6p chéng cling vdi cac song téi va séng phan xa. Tu dé thi Zig - Zac
nay ta cing c6 thé dé dang suy ra dang song u,(t) nhan dugc trén
H.8.47. '
8.5.8 Puong day tai phi tuyén

Phéan nay dé cap dén viéc phan tich qua trinh séng trén dudng day
khi ¢6 phan t phi tuyén trong mach bing phuong phap d6 thi (con goi la
phuong phap déc tuyén tai). E

Xét vi du don gian nhu trén H.8.50.
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200() . =50(0) u = 50ii|

+

Tg=1us
50[v] Y -

Hinh 8.50: Duong ddy tdi tré phi tuyén

ZC
So do tuong duong dung dé xac Wy i
dinh 4p, dong tai cuéi dudng day khi cé 0=0
séng téi truyén dén né nhu trén H.8.51. 2, !
Trén so d6 nay

50
o =ty = 50,225 =10 [v] Hinh 8.51: So dé tuong

0=t-T, =¢— Ius duong tai cudéi ddy
Bac tuyén vao clia mang mot ciia 1
u=2u,,~Z.i=20-50 (8.227) |
|

Giao diém cia dudong thing nay véi déc tuyén cta phan tir phi tuyén
cho ta dp va dong trén tré phi tuyén (toa d6 ciia diém B) trén H.8.52.

i(A)

04

0,3

50 =200i+ u
02 ----M T

0,1 1

'
'
'
1
'
'
'
]
'
'
1

u(v)
0 2 4 6 8 10

Hinh 8.52: Qud trinh séng trén dusng day tdi tré phi tuyén
Nhu vay, ta c6 thé hinh dung, séng xuat hién trén dudng day bat du
tit diém A, c6 toa do 1a ap, dong tai dau dutng day, la nghiém cda hé
{50 = 200i, +u,

= 507
u; =501,
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- khi séng truyén ngugc vé dau dudng z, i
day, ap dong tai dau dudng day sé ~— AWV
thay déi do ¢6 su xép chéng séng téi 0=0
va séng phan xa khac di, va dugc 200(c) " C) Uy,

x4c dinh nhd so d6 H.8.53.
Dong va 4p tai dau dudng day
lic nay la nghiém caa hé
50 = 200i; +u,
. 1 2
I =5y ——Ug,

V/ Z

c [

50(v)

Hinh 8.53: So dé tuong
duong tai ddu duong ddy

Tiu diém B, ta ké duong thing c6 hé s6 géc 1/Z, sé cit duong thang
50 = 200i + u tai diém C. Toa do diém C cho ta dp va dong tai dau dudng
day (H.8.52)

Qué trinh cu ti€p dién cho dén khi xdc 14p tai diém S, 1a giao diém
gita ddc tuyén mang mot cia ddu dudng day: 50 = 200i + u; va dac tuyén
ctia tré phi tuyén. Ta thay ring toa do diém S cing chinh 14 nghiém xac
14p cua bai toan.

Chung ta 4p dung phuong phép trén d€ phan tich mot hé théng gém
hai céng ddo (NOT) két néi nhy mot dudsng day cé tré khang séng Z, va
thoi gian tré T, (H.8.54). '

Céng 1 Céng 2

Do [>o—

Hinh 8.54: Puong ddy néi két hai céng ddo

!

Trang théi qua do cia dudng day c6 hai truong hop: chuyén tir mic
cao (logic “1”) xuéng muc thap (logic “0”) hodc nguge lai. Cac dac tuyén u-i
clia cdng logic cho nhu trén H.8.55.

Bay gié ra xét trudng hop ngé vao cia céng ddo thi nhat chuyén tir
mic cao sang mdc thap. Tic la tai ¢t = 0, dusng day chuyén tir muc thap
sang muc cao. Thé nhung trén dudng day khéng thé xudt hién ngay miic
“1”, ma phai trai qua mét quéd trinh qud do. Nguyén nhén la do ca dac
tuyén phi tuyén & ngd ra cong déo va ca tinh phan xa khi séng truyén
trén duong day.
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i(mA)

L 30
ngdra"1"

xac tap muc *1*

u(v)

ngo vao

Hinh 8.55: Ddc tuyén u - i cia céng logic

Xudt phat tir diém x4c lap “0” (trang thai khéi dong), ta ké duorng
thdng c6 hé s6 géc 1/ Z,, cit ddc tuyén ra tai diém A, cho ta gia tri séng

t6i 1an tha nhat (H.8.56).

u(v)

ngd vao

Hinh 8.56: Qud trinh séng trén duong ddy giao tiép giita hai céng ddo
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Tu A, ta ké dudng thing c6 hé s6 géoc —1/Z,, cit dac tuyén ngd vao
cia c6ng logic hai tai diém B, cho ta 4p tai cudi duong day. Qua trinh cu
ti&p dién nhu vay va x4c 1ap tai diém H, x4c dinh dudong day & mic cao.

Nhu vay, ta thdy ring, khi ngd ra cia céng logic 1 chuyén tif muc
thap sang muc cao, thi dién 4p tai diém cudi dudng diy sé c6 dang nhu
trén H.8.57.

uy(v)

44
" 2,95

1 oA B
2T 155
L

0.2

t
[o]
T, 3T, 5T,

Hinh 8.57: Dang séng dién dp tai cudi duong ddy

R& rang, phai mat mét khodng thoi gian sau, dién ap tai cudi duong
day méi dat dén mic cao (mic logic “1”). Chang han, néu nhu mot s§
¢8ng logic ddo hiéu mifc “1” 12 16n hon 2,2 [v], thi rd rang sau khoang
thoi gian bang 37, ké tir lic cdng logic 1 chuyén trang thai, thi cong
logic 2 mdi chuyén trang thdi ctia n6, d6 la dic tinh tré cta dudng day
dai. Chinh vi vay, khi phén tich cdc mach giao tiép cong dung dudng day
dai, ching ta phéi luu y dén diéu dé.
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Bang ky hiéu dung trong chuong 8
Ky hiéu Tén goi Pdn vi
R, Dién trd don vi Q/m
L, Bién cam dan vi H/m
Co Bién dung don vi F/m
Go Dién dén ro don vi S/m
a Ban kinh dudng day song hanh m
d Khodng céch gilia hai day song hanh m
r,R Ban kinh trong va ngoai cap déng truc m
X Khoang cdch tinh t ddu dudng day m
¥y Khoang céch tinh t cudi dudng day m
Z. Trd khang song (trd khang dac tinh) Q
Y. Dan nap séng S
R, Dién tr& séng (=Re{Z,}) Q
¥ Hé sé truyén lan 1/m
o Hé sd suy gidm bién dd don vj Np/m
B Hé s& di pha don vi rad/m
A Budc séng . m
v T&c d6 pha clia séng ' m/s
U - Thanh phéan séng 4p tdi tai diém 1 v
Yfxl Thanh phén séng 4p phan xa tai diém 1 v
i Thanh phén s6ng dong t6i tai diém 1 A
a1 Thanh phéan sdng déng phan xa tai diém 1 A
! Chiéu dai dusng day m
n Hé s6 phén xa
0, Gdc pha cla hé s6 phan xa tai tai rad
T Hé sé khic xa
Ukx Thanh phan sdng 4p khiic xa \%
Z, Trd khang vao clia dudng day
SWR Hé s6 song dung (1 56 séng diing)
1/SWR Hé sd sdéng chay
Ty Thai gian tré cGa dudng day S
5 Coéng sudt séng i6i W
P Cdng sudt séng phan xa W
Prx Cdng sudt séng khiic xa W

Hiéu sudt cla dudng day
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MACH KHONG TUYEN TiNH

C6 thé néi ring, cdc phan ti R, L, C tuyén tinh va mach dién dugc
tao thanh tir ching, chi 1a trudng hgp riéng cia mach khéng tuyén tinh
(KTT). Trong cic hé théng k§ thuat thuc t&, thi phan 16n cdc mach c6
chifa cac phan tit KTT. C4c phan t thuc t& nhu dién trd, tu dién, cufn
day cé 16i sit ti, diode, dén dién td, transitor... ¢6 cdc qud trinh vat ly
xay ra trong ching khéng it thi nhiéu déu 1a KTT.

Trong 1y thuyét mach tuyén tinh da xét truge day, cdc phan tit thuc
t& duoc 1y tuéng héa dé tao ra cho ching mot mé hinh tuyén tinh, c6 thé
chap nhén duge trong nhitng diéu kién lam viéc nao d6 cha phan ti. Cac
tinh chat KTT khi d6 1a khong mong muén, vi du khi phan tich mach

" khuéch dai ngudi ta phai tuyén tinh héa cdc phan ti KTT.

Cac phan td KTT duge st dung dé tao nén cic qud trinh KT'T, ma
‘mach tuyén tinh khong thé tao ra duge nhu cdc qud trinh chinh luu, diéu
ché, tach séng, tao dao dong... Mach KTT do d6 1a mach ¢6 chda it nhat
mot phén tit KTT, hodc vé mat todn hoc ¢6 thé néi ring, mach KTT dugc
mé ta bing hé phuong trinh vi phan phi tuyén. '

Céc phan ti KTT thuc t& rat da dang, sau day ta nhén xét so lugc
cac phan ti KTT va céc déc trung co ban cua ching.

9.1 CAC PHAN TU KTT VA CAC DAC TRUNG

9.1.1 Céic phan t& KTT

Gi4 tri cha céc phan ti KTT néi chung khong c6 biéu dién gidi tich
thuan tién, né thudng dugc md td bang cac dac tuyén (dac trung) thuc
nghiém, dugc cho du6i dang cac quan hé dong dién - dién ap doi v6i dién trd,
tit thong - dong dién d6i v6i cudn day va dién tich - dién 4p doi véi tu dién.

C6 nhidu cach phan loai phan t& KT'T, cach phén loai tdng quat nhat 13
dua vao phan ti KTT c¢6 hay khéng c6 c4c nhén t6 diéu khién lam anh
hudng dén dic trung ctia né. Khi d6 ¢6 thé phan biét thanh hai loai: phan t
KTT bi diéu khién (phu thuc) va khong bi diéu khién (khong phu thude).
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Céc phan ta KTT khong bi diéu khién 14 cdc phén tif c6 dac trung
duge mo6 ta chi béi mot ham. Sau day, sé khai quat mot s6 phan ti KTT
cd ban va dac trung caa chung.

1- Pién tré KTT

bién tr¢ KTT duge xdc dinh bdi quan hé gitta dong dién va dién 4p

_ u=1fz(1) : (9.1)
hay i=qQg(u) (9.2)
trong d6: fr(), @r()-1a cdc ham lién tuc trong khodng (—ee,c0) va

¢r =fz' (ham ngugc).

Céc dac tuyén duge md ta bdi céc phuong trinh (9.1), (9.2) sé& di qua
gbc toa d6 va niim & géc phan tu thd nhat va tha ba (H.9.1).

u

9]
. i o i Wi
+ U - 0'*

a) b) c)
’ Hinh 9.1: Pién tré KTT

+ - +i§‘ -

0 /° _ d o

Hinh 9.2: M6t s6 vi du ciia dién tré KTT.
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Néu dién tré KTT c6 dac tuyén (9.1) ma khong cé (9.2) ta goi né la
phan ti phu thugc dong (dién 4p 1a ham don tri cia dong dién va khong
c6 diéu nguoc lai (H.9.1c). N&u dién tré KTT c6 dic tuyén (9.2) ma khéng
¢6 (9.1) thi né 12 phan t& phu thudc ap (dong 12 ham don tri cia dp va
khong c6 diéu ngugc lai). Trong trudng hgp dién trd khéng tuyén tinh cé
thé biéu dién dac tuyén & ca hai dang (ddng 1a ham don tri ctia dién 4p
va ngyoc lai) thi d6 1a phan t& tré KTT khong phu thubc.

Céc dién tré KTT trong thuc t&€ thuong gap 1a diode ly tubng
(H.9.2a); diode 6n ap (H.9.2b), diode dudng ham (H.9.2¢); den khi lanh (H.9.2d).

2- Pién cam KTT

- Dién cdm khéng tuyén tinh dugc’cho bdi ddc tuyén quan hé giita tir
thong va dong dién (H.9.3) ¢6 dang ‘
v=fL@) (9.3)

——
. o ° i

+ u

Hinh 9.3: Dién cdm KTT
Pién 4p trén phan ti dién cdm KT'T khi d6 dugc xac dinh

==t 94
u it (9.4)

Trong cédc cong thic trén, ham f;() 1a ham lién tuc trong khoang
(=o0,00), di qua g8c toa do va & géc phan tu thd nhat va tha ba. Ngoai
phuong trinh (9.3), dién cdm KTT con duge biéu dién dudi dang

véi ¢, O =f, () (ham ngugc)
Ngoai ra, nguti ta ciing c6 thé biéu dién (9.4) dusi dang
dy dy di . . di :
=t =2 L) — 9.6
aTaw VY (9-6)

Phuong trinh (9.6) cho phép ta biéu dién dién cdm KTT theo mbd
hinh dién cdm tuyén tinh, chi khdc gid tri dién cdm L khong phai 1a
hdng s6, ma 1a ham theo dong dién chay qua phan t& dién cdm KTT.
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Ching ta c6 thé xét mot vi du: Cudn day

hinh xuyén quédn trén vat liéu khong nhiém

tir (khoéng khi, g6...) nhu trén H.9.4. Ta c6
w(t)=Li, (t)

2
va L=M0-NZA (H] 9.7)
Hinh 9.4: Phdn ti dién :
cdm thuce té trong d6 N - s6 vong day qudn

A - tiét dién 16i [m?]
I - chiéu dai trung binh mach vong xuyén: [m].

RG rang, gia tri dién cdm L khi d6 14 hiing s6 va d6 thi mé ta quan
hé (@) va L(i;) nhu trén H.9.5a,b.
v L(i,)

-— hé sé gbc L

a) - : b)

Hinh 9.5: Dgc tuyén y(ip), L(iy) ctia cdm tuyén tinh

Bay gid, néu ta thay thé vat liéu lam 156i hinh xuyén trong H.9.4
bing mét vat liéu nhiém tir thi cac dac tuyén (i, )va L(i; ) khong con 1a
dudng thdng nita ma c6 dang nhu trén H.9.6a,b. Day 1a mét minh hoa cho
phan ti phi tuyén.

v LG

/ [l

0 o 0

Hinh 9.6: Dgc tuyén y(i;), L(;) cia dién cdm KTT

8- Di¢n dung KTT
bién dung khéng tuyén tinh duge dic trung bdi quan hé KTT gilta
dién tich va dién 4p trén tu dién (H.9.7)



MACH KHONG TUYEN TiNH ' 195

. q
A ) Zanl ' u
Al

+ u - 0

Hinh 9.7: Dién dung KT'T
béc tuyén cia phan ti dién dung KTT duge mé ta dusi dang

q = f (9.8)
va dong dién qua tu duge x4c dinh
. dq :
= 2 9.9
7 9

trong d6 f.() - 1a ham lién tuc trong khodng (—ec,e), dao ham lién tuc
qua goc toa do (g, w) va ndm & gée phan tu tht nhat va tha ba. Dién dung
KTT con dugc mé ta bing quan hé

u = 9,(q) (9.10)
Dong dién qua dién dung KTT, x4c dinh theo (9.9) con dugc viét dudi dang
=99 _dadu_c,du (9.11)
dt du dt dt

Nhu vdy, phan t dién dung tuyén tinh duge xét truée day c6 thé
xem la mot trudng hop dac biét cha phan ti dién dung KTT vi quan hé
q(u) 1a dudong thing va gid tri dién dung C 1a hing s (H.9.8a,b). Phan td
dién dung KTT c6 quan hé g(u) khong con 1a duong thdng nita va gid tri
dién dungqsé 12 ham theo dién 4p trén tu (H.9.9a,b)

C(u)
C
u u
o] o
a) -~ b)
Hinh 9.8: Quan hé q(uw), C(u) cia dién dung tuyén tinh
q . Cu)
u /\ u
o [o]
a) " b)

Hinh 9.9: Quan hé¢ q(uw), C(u) cia dién dung KT'T
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Tém lai, ta c6 thé minh hoa quan hé gitta cdc dai lugng trén céc
phan ti khéng tuyén tinh co ban nhu trén H.9.10.

fa(uit) =0 :

=0, - “ & -

e ~ - -

I (/2N /,603 =
- SoLT N =.
= Rt =
3 - . =
= L RO "
& . A o

Hinh 9.10: Quan hé¢ giita cdc phdn tit KTT

Nhing phan t& dién tré, dién cdm, dién dung KTT dugc dinh nghia
trén day la mé hinh todn hoc 1y tudng chia cdc phan tit thuc t&. T4t nhién -
s& ¢6 su khdc nhau giita phan t& thuc t& va phan tif 1y tuéng, do qud trinh
vat 1y xdy ra trong cdc phén tif thuc t& rat phic tap. Cac dai lugng vat ly
nhu dién 4p, dong dién, tir thong hay dién tich trong cdc dinh nghia trén
12 cac ham bién thién theo thdi gian, con cdc dic tuyén cla cdc phén ti
KTT 1y tudng lai khong phu thudc vao su thay d6i d6. Trong thuc t&, cac
phan t& KTT it nhiéu déu phu thudc vao cdc qud trinh tdc dong 1én né.
Né&u cdc phan t& KT'T it phu thudc vao diéu kién lam viéc, thi mé hinh 1y
tuéng theo dinh nghia trén 1a ding din: Néu phan t& KTT phu thudc
nhiéu vao diéu kién lam viéc, thi su phu thudc dé khéng thé bé qua, va
nhu vay can phdi xdy dung cho phan t& KTT mot mé hinh phiic tap hon,
mé hinh nay sé& bao gébm nhiéu phéan ti 1y tudng trén day.

Tuy thudc vao diéu kién lam viéc, ngudi ta phén biét cac dac tuyén
cGa cdc phan t& KTT thanh céc loai sau

1- Pic tuyén tinh duge x4c dinh khi do ludng phén ti KTT lam viéc
v6i cdc qud trinh bién thién cham theo thoi gian.

2- Pic tuyén dong dugc do ludng khi cic phan ti KTT lam viéc véi
qué trinh diéu hoa. '

- 3- Pic tuyén xung duge x4c dinh khi phan td KT'T lam viéc v6i cdc
qud trinh bién thién dot ngot theo thoi gian.
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a) ‘ b)
Hinh 9.11: Ddc tuyéni=@(u)
a) ciia diode 6n dp; b) ciia diode dién tu

Vi &lu, dac tuyén i=@(u) cia cdc diode 6n dp va dién td nhu trén
H.9.11 khoéng bi thay déi nhiéu 1dm & cac diéu kién lam viéc tinh va dong
trong pham vi tdn s6.16n. V6i cdc dién tré nhiét ban dan, cdc dac tuyén
tinh va déng ctia n6 phu thudc manh vao nhiét do.

Pién cam KTT 1a mo hinh toan 8
clia cdc phan ti thuc nhu cudn day co
16i sat tu. Quan hé KTT wy(i) nhén /
duge tit quan hé KTT B(H) cua véat
lidu sit tir dung lam 16i. Pac tuyén /
tinh va dong cia diém cam KTT rat
khac nhau. Béi vi dac tuyén déng phu
thudc rat nhiéu vao tdn s8 cla qud  Hinh 9.12: Chu trinh tit tré cia
trinh d6. vdt liéu sdt ti

bién dung KTT dugc dinh nghia
¢ trén la mo hinh todn cta céc tu dién c6 cach dién la dién méi. Cac vat
liéu dién méi duge cho béi dac tuyén KTT gita dién cdm D va cuong do
dién truong E. Quan he nay khéng nhimg KTT ma con da tri (H.9.13).
Ngudi ta c6 thé dua vao dudng cong D(E) dé suy rz; dac tuyén: g=F£,(u)

(H.9.14).

/ : u
0 / , 0

Hinh 9.13: Duong cong phdn cuc Hinh 9.14: Ddc tuyén q(uw) cia tu
dién moéi dién, cdach dién dién méi
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bic tuyén tinh D(E) va dudng cong q(u) rat khéc dic tuyén dong, béi
vi ddc tuyén dong phu thude nhibu vao tan s6 clia qud trinh dé.

Cac phan ti KTT khong diéu khién vita néu & trén 1a cdc phan tit
KTT hai cyc. Céc phan tir KTT bi diéu khién 1a cdc phan t& nhidu cue.
Ching duge dac trung bdi cdc ho dac tuyén tuong Ung véi cédc thoéng so
diéu khién khéc nhau. Céc phan tit KT'T bi didu khién nhu c6 thé thay 1a
cdc ba cyc bdn dan (transistor) va céc den dién tir ba cuc va nhiéu cuc.
9.1.2 Céc thong sd dic trung cia cdc phan ti& KTT

Céc phan tit KTT dugc néu trén day sé duge dac trung bing mot s¢ cc
théng s6 lién quan dén diéu kién lam viéc ciia ng, duge dinh nghia nhu sau

1- Dién tré tinh va dong

bién tré KTT c6 dic tuyén: u=f,(i); c6 dién trd tinh duge dinh
nghia bdi ti s6 gita dién dp va dong dién tai diém lam viee MU, .1,)
trén dac tuyén tinh (H.9.15a)

R =

l

(9.12)
M .

bién tré dong cta dién tré KTT dugc dinh nghia bdi dao ham cha
dién dp theo dong dién tai diém lam viéc (H.9.15b).
R, =%
dz‘
bién trd tinh theo biéu dién hinh hoc trén H.9.15a bing tga (o la goc
tao nén béi duding cat tuyén OM véi truc ;). Dién trd dong theo H.9.15b bang
tgB (B = gbc tao béi dudng tiép tuyén tai didm M véi truc i).

(9.13)

M

u ’ u
U, M U, M
\a , .
Iz i AU
- [0 I, 0 I,

Hinh 9.15: Dién trd tinh va dién tré dong

Cé dién tr¢ tinh va dién tré dong déu phu thudc vao diém lam viéc
trén dic tuyén cia phan t& KT'T. N6 1a ham ciia dong dién
Ro = Ro(i); Rd = Rd(l) (914)

Cén chd y ring, v6i mot s5 phan tir KTT, trong mot khoang bién
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thién nao d6 cia dong dién va dién 4p, dién tré dong cta né c6 thé nhan
gid tri 4m (dién tréd KTT c6 dac tuyén nhu H.9.1c), con gid tri cta dién
trg tinh thi ludén luén duong.

2- Dién cam tinh va dong

Dai voi dién cdm KTT c6 dac tuyén: v =f; (i); ta c6 dinh nghia sau:

Dién cdm tinh la ti s6 gita tix théng va dong dién tai diém lam viéc

M(y,.I,) (H9.16a)

(9.15)

bién cdm dong L, duge dinh nghia bdi dao ham cha tu thong theo
dong dién tai diém lam viéc M (H.9.16b)

dy

L, =%

“Tdily,

W W

(9.16)

Wo M \|/O 7/ M

Hinh 9.16: Dién cdm tinh va dién cdm déng

Ca hai thong s6 minh hoa trén H.9.16 déu phu thudc vao vi tri cla
di€m lam viéc M, tdc 1a

L, =L,G) Ly = LyG) | (9.17)
Khi biét gid tri cia dién cdm dong, dién 4p trén cdm KTT sé& dugc
x4c dinh: u =Ld(i).-g% - (9.18)

3- Dién dung tinh va dong
Pé&i véi dién dung KT'T c6 dic tuyén g =f,.(u) c6 cdc thong s6 tinh va
dong duge dinh nghia nhu sau

c =1 (9.19)
Ulm

c,=4 (9.20)
duly
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Biéu dién hinh hoc cia hai théng sé trén ciing tuong tu nhu déi véi -
cac phén ti dién trg KTT va dién cdm KTT da xét & trude. Cée théng s6’_
tinh va dong cta dién dung KTT déu phu thudc vao diém lam viéc cta
phén ti. Khi da biét gi4 tri dién dung dong Cy(w) ta c6 thé xdc dinh duge

dong dién di qua né ;
' du .
i =C (u)— (9.21
vl d(u) dt )

TU cdc théng s6 tinh va dong duge dinh nghia trén day, c6 thé néi
réng, cdc thong s6 tinh duge ding dé mé ta phén t& KTT tai diém lam
viéc, con cdc thong s6 dong dung d€ moé ta phan ti KTT tai dlem lam
viéc tinh, c¢6 nguén tic dong bién thién theo thoi gian.

9.1.3 Cac phuong phdp phan tich mach KTT

Khéc v6i mach tuyén tinh, mach KTT duge mé ta bdi mot hé phuong
trinh KTT. Do d6, khéng thé 4p dung nguyén ly xép chéng va nguyén ly.
ty 1& cho mach KTT. V6i mach KTT khong c6 cic phuong phap chung dé -
giai hé phuong trinh vi phan mé ti chang. Tuy theo nhitng bai todn cu
thé ma nguoi ta cé thé ding phuong phép giai gan dung dugc néu sau day

1- Phuong phap dé thi

Néi dung cia phuong phédp nay dua vao cac dic tuyén cta cdc phan
ti KTT dé tim ra d4p img cha mach dudi dang d6 thi khi biét tac dong &
dau vao. Trén H.9.17a la dac tuyén volt-amper ctia mot tré KTT nao do.
Néu dat vao né mot dién ap bién thién theo thoi gian nhu trén H.9.17b
thi-dong dién qua tré KTT c6 thé dugc x4c dinh theo phuong phédp dé thi.
Nhu c6 thé thay tir hinh v&, bing céch x4c dinh gid tri cda u(t) tai nhing

]

|
a)

b)

e —
———
(R . NGRS SR

Hinh 9.17: Ddp ing xdc dinh theo
phuong phdp dé thi




' MACH KHONG TUYEN TiNH 201

thoi diém da chon, va sau dé déng 1én dac tuyén cta phan ti KTT. Ngudi
ta c6 thé vé duge dang cia dong dién theo thoi gian (H.9.17c¢).

Phuong ‘phdp d6 thi cho ta két qua dinh tinh, dé sit dung trong
truong hgp ngudn tdc dong c6 dang don gian. Trong trudng hop phéan tich
can két qua chinh xdc phai 4p dung phuong phép giai tich.

2- Phuong phap giai tich

Nhu d4 biét, mdi phan t&t KTT déu duge cho trude céc dic tuyén bidu
dién cdc quan hé gida céc dai lugng vat ly trén ching, tdc la quan hé gita
tdc dong — ddp (ng. Trong mot s truong hgp, khi phan tich mach KT'T,
ngudi ta cAn phdi thiét 1ap quan hé giita tdc dong va ddp tng dudi dang:

o yt) = flxt)]

Céc bidu thdc giai tich bidu dibn cac dac tuyén cha phan ti KTT cing
chi & dang gan dung, théa méan mot s ygu cau thuc t&, nham lam don gian
viéc phén tich mach, va cho phép ép dung nhiing cong cu toan thong dung.

Nhu vdy phuong phédp giai tich 1a phuong phdp biéu dién cdc dic
tuyén cia phan ti KTT bing cdc biéu
thic giai tich tién lgi, ngudi ta thuong
gip mot s6 biéu dién sau

Biéu dién gdn diung ddc tuyén bdng

da thic nguyén. Igprmmmmmmme s
Gia thiét phan td KTT dugc cho bdi Ig femmmmmee

dédc tuyén i = flu) c¢6 duge ti thue nghiém

hosc tit nha san xuat (H.9.18). Phan ti 1

KTT c¢6 diém lam viéc dugc chon la

MU,.1,). C6 thé biéu dién gan ding

B

Ug Uy Ua

dac tuyén cia phan t& KTT bang khai  ginh 9.18: Bidu dién gén diing
trién Taylor tai diém lam viéc M nhu ddc tuyén
sau
i=a,+a,u-U,)+a,w-U,)° +..+a,m-U,)" (9.22)
Céc hé s8 a, dugc xac dinh bdi
_r'a,)

(9.23)
n!

trong d6 f"(U,) - 1a dao ham cdp n cGa ham i = flw) tai diém lam viéc
MU,.1,). Trong thyc t& tuy theo mic d chinh x4c yéu cau, ngudi ta s&
han ché bac cia da thdc (9.22). Biéu thic (9.23) 1a cong thic xédc dinh céc
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hé s6 khai trién Taylor trong trudng hop ham flu) da xdc dinh. D61 véi
cdc phan ti KTT, ham f(u) thudng duge cho bing dac tuyén thuc nghiém,
do dé, cdc hé s6 a, cing phéi duge xdc dinh tir thyc nghiém. Vi du khi
han ché da thic (9.22) & bac hai, ta can xdc dinh a,.a;.a,. D& tim chung,
ngoai diém lam viéc M, ta can chon thém hai diém A, B trén dic tuyén
cta phan ti KTT (H.9.18). Céch x4c dinh nhu vy goi 12 phuong phdp ba
tung do. Ta s& thiét lap ra phuong trinh mé ta dac tuyén clia phan tir
KTT tai ba diém da chon

a,=1, _
a,+a,(Uy -U,)+a,Uy, —UO)‘9 =1,
a, +a,(Upg-U)+a, Uz -U,)" =1, (9.24)

Tt ba phuong trinh (9.24), ta sé ¢6 a,.a;.a,. Trong trudng hgp cin
bac cao hon, cdch lam tuong tu sé cho ta cac hé s6 @, can thiét.

Biéu dién ddc tuyén bing duong gay khiic (phuong phép tuyén tinh
héa ting doan dic tuyén).

Trong thuc t€ phan tich
mach KTT, nhiéu trudng hop
phai thay thé dic tuyén cla
phan t KTT bing nhiing doan
thdng. DPiéu d6 hoan toan la dé
lam don gidn viéc phan tich va
biéu dién két qua.

Phuong phdp nay goi la
phuong phdp tuyén tinh héa
dac tuyén cta phan ti KTT. Pé :
thuc hién viéc tuyén tinh héa dic tuyén, xét mot phan ti KTT c6 dic
tuyén nhu trén H.9.19. Ham u = f(i) lién tuc va kha vi tai lan can diém
lam viée MU,.1,).

Ham u = f(i) ¢6 thé khai trién bing chudi Taylor tai diém MU,I):
f' (I )

Hinh 9.19: Biéu dién ddc tuyén bing
doan thdng

u=f@=FfU)+fI)i-1,)+ G-1)+ (9.25)

Néu gi6i han da thidc (9.25) & bac nhat thi mot cach gan dung
w=f,)+f I )i-1,) (9.26)
Béi vi tai difm MU, .I,) ta c6
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fa,)=U,; fd, )—%M =R,
nén biéu thuc (9.26) viét lai ,
u=U,+R,(i-1,) (9.27)
hay ) u=E+R; (9.28)

trong d6, R, la dién tré dong cha dién tré KTT tai diém lam viée, con E
duge xdc dinh theo biéu thic
E=U,-R,I, (9.29)
Biéu thuc (9.28) chinh la phuong trinh dudng thing tiép tuyén véi
ddc tuyén u = f(i) tai diém M va cdt truc dién 4p tai diém E dugc xéc
dinh theo (9:29)

Tl cdc phan tich trén day, cé thé thay - E
ring, dic tuyén cGa phan t¢ KTT & lan e @
can diém lam viéc c6 thé duge lam gan N B
ding bing mot doan thing. Diéu nay cing u

¢6 nghia 1a ta da thay thé mot phan ti&  Hinh 9.20: Hai cuc tuyén
KTT biang mot phan tif hai cuc tuyén tinh  tinh thay thé phdn tit KTT
nhu trén H.9.20.
Viéc lam gan duang trén ddy duge s dung trong truong hop phan tu
KTT chiu tac dong gém hai thanh phan.
i=1,+1,(t) , (9.30)
¢ day I, - 1a thanh phan mot chleu
iayc(t) - 1a thanh phén xoay chiéu, théa man |i, (), |<1,.
Khi dé, ap trén phan ti KT'T cing sé gom hai thanh phan:
u=U,+u,(t) (9.31)
trong d6 u, (¢) - 1a thanh phédn xoay chiéu cia dién 4p u(?) tai diém lam

viée M. Tu (9.28) ta cé:

w,, ()= Ry i (1) (9.32)
N 2 : A .ac R
biéu d6 ching té ring, khi thanh ! . wd» .
- phan xoay chiéu c6 bién do nhd xuit + Uge ]

hién trén nén thanh mot chiéu, thi dién  Hinhk 9.21: So dé thay thé trg
tré KTT c6 thé duge thay thé bang dién KTT déi véi thanh phdn xoay
trg tuyé’n tinh, cé gia tri bﬁng dién trd chitu tin hiéu nhé
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dong tai diém lam viée (H.9:21).

3- Phuong phap tiém céan

Dé giai phuong trinh vi phan KTT khi phan tich mach KTT, ngusi
ta thudng dung cic gid thiét gan dung d€ gidm bac cia phuong trinh, lam
cho phuong trinh don gidn va dé phan tich hon. C4c phuong phép nay goi
la phuong phdp tiém cén. C6 hai phuong phap thudng gap sau day

1- Phuong phdp chudn tuyén tinh

Phuong phédp nay dung dé phan tich mach KTT & trang thai x4ac lap,
khi xét mach tao dao déng diéu hoa. Khi d6 dao déong sinh ra trong mach
da 6n dinh, bién do va tan sg cia né c6 thé coi 1a khéng déi. Do d6 6 thé
thay thé cdc thong s6 cia phan td KTT bing cdc thong s6 trung binh,
tuong Ung vdi bién d6 caa dao dong on dinh. Cdc gia tri trung binh l1a
hang s6 va phuong trinh vi phan KTT duge lam gan ding bing phljorng
trinh vi phan tuyén tinh dé€ c6 thé giai duge dé& dang.

2- Phuong phdp bién d¢ bién thién chém

Phuong phdp nay dung dé phan tich mach KTT & trang thai qua do.
Khi cdc dao dong sinh ra trong mach di én dinh (mach dao dong diéu
hoa), cdc thong s& cha hé théng KTT khong con thay déi. O giai doan
nay, nguoi ta gia thiét ring bién dé ctia dao dong sinh ra thay déi it so
v6i ban than dao dong. Do dé c6 thé bé qua cde dao ham theo bién do va
sé lam giam bac hé phuong trinh.

4- Phuong phap hinh énh pha

Dé gidi cdc phuong trinh vi phén béc cao, ngudi ta con dung phuong
phap hinh anh pha, tidc 1a vé nén céc dudng cong tich phan ctia phuong
trinh vi phan KTT. Trong trudng hop phuong trinh vi phan bac hai, hinh

anh pha sé 1a cdc dudng cong phang va duoc biéu dién trén mat phing
pha.

Phuong phap hinh &nh pha cho phép gidi cac phuong trinh vi phan
KTT ¢ trudng hgp tong quat nhat ma khong can dat cac gia thiét dé lam
don gidn héa. Két qua sé cho bidt ddy du cdc hién tuong xay ra trong hé

thong KTT & ca ché do qua do va xdc lap, v6i cd dao dong diéu hoa va
khoéng diéu hoa.

5- Phuong phap s6 .

Viéc phan tich mach KTT bing phuong phép db thi, giai tich hay c4c
phuong phép khéc vira néu trén sé tré nén khé khan trong truong hop
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mach phdc tap, s6 lugng phan ti KTT 16n. Khi d6 cn c6 su trg gidp cla
mdy tinh vé6i cdc phuong phdp s6 dﬁné dé gidi cdc hé phuong trinh vi
phan phi tuyén. Viéc di sdu nghién cliu co s toian hoc cia cdc phuong
phédp s6 s& vugt ra khdi khudén khg cta gido trinh. Trong gigo trinh nay
chi'dé cdp cdc phuong phdp s6 thudng dugc dung trong phan tich cdc
mach dién.

Nhu da néi 6 trén, khoéng c6 mot phuong phap théng nhat nao giai
hé phuong trinh vi phan KTT, do dé viéc lva chon phuong phédp thich
hgp 12 nhiém vu cda ngudi phan tich va mdc d6 -chinh xdc ma bai toan
phan tich yéu ciu.

8.2 MACH DIEN TRG KHONG TUYEN TiNH

Trong phan nay dé cdp mét s6 phuong phédp phén tich mach dién tré
* KTT dugc tao nén bdi cdc phan ti ¢6 dac tuyén u = f{i) hay i=¢(u) ciung
v6i cdc ngudn tac déng. Néu ngudn tic dong lén mach khéng d8i theo
thoi gian, ta sé ¢c6 mach KTT ngudn mdt chiéu, cdon néu tdc dong bién
thién theo thoi gian, ta sé c¢6 mach KTT ngudn xoay chiéu. Viéc phan
tich s& di kém mot s6 vi du minh hoa. '

9.2.1 Mach KTT nguén méot chiéu

Nhu c6 thé thdy ti nhimg phan tich ¢ trén, dic tuyén cia phin to
KTT c6 vai trd rat quan trong trong viéc phén tich mach KTT. Trong
trudng hop khi mach c6 nhiéu phan tit KTT, ho#c c¢6 cid phan t& tuyén
tinh va céc ngudn tdc dong, ta ciAn phdi xay dung cho cd phan mach d6
mot dic tuyén téng hop (d6i v6i mang mot cira phi tuyén), hodc dac tuyén
truyén dat (d8i v6i mang hai cira phi tuyén). Dac tuyén téng hop hoadc dic
tuyén truyén dat cia mach KT'T cht yéu phu thudc vao cdch néi ghép céc
phan t& KTT hodc tuyén tinh.

1- Pdc tuyén tong hop ciia mang mét cia KTT

a) N6i ghép cdc phan td ' :
KTT (phép cong d6 thi)

Trén H.9.22a 14 so d6 ndi _ \&
tiép hai dién tré KTT c6 dac : +
tuy&n 14n luot 1a u, =f,(1); va Uz
U, =f,(i). H9.22b 1a phan to  _ - -
dién trg KTT, tuong duong vdi a) b)
mach néi tiép hai phan td Hinh 9.22: Mdc néi tiép hai dign tré KTT
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KTT & trén.
Theo dinh lu4t Kirchhoff vé dién dp, ta c6 thé viét phuong trinh cho
mach trén H.9.22a
u=u;+u, =f(0)+fL0)=f@) (9.33)

Béi vi dong dién trong mach néi tiép cdc phan t& KT'T 1a nhu nhau,
nén khi vé cdc dac tuyén cia u u= f(i)
cdc phan ti KTT trén cing
mot hé truc toa do (u, i), ta c6
thé xdc dinh dac tuyén tdéng
hop cia phan t& KTT tuong
duong. Tai cdc gid tri dong
dién trén truc i, ta xdc dinh i

u= tyi)

u= 1,(i)

- - —

SE N Y

cdc gia tri dién 4p trén cac 0
phan t& KTT thanh phan. Ap

trén phan t& KTT tuong

duong bing téng 4p trén cac

;;héin tu tai cdc gid tri dong dién xdc dinh (H.9.23). Pac tuyén téng hop
trong trudng hop nay chi xay dung duge néu nhu cdc phan tir tré KTT la
phu thudc dong hoac khéng phu thude.

Hinh 9.23: Ddc tuyén tong hop
mach néi tiép

Tuofg ty néu cho hai phan ti tré KTT ¢6 cdc dac tuyén: i, =¢,(u);
Is = @y(u); mAc song song nhu trén H.9.24a thi ta ciing ¢6 so db cia phéan
t& KTT nhu trén H.9.24b.

a) b)
Hinh 9.24: Mdc song song hai tré KT'T
Ap dung dinh luat Kirchhoff vé dong cho mach song song, ta c6
i=i;+i, = @)+ Qolr) = p(u) : (9.34)

D& x4c dinh dic tuyén téng hop cia phan t& KTT tuong duong
(H.9.24b), ta vé& trén ciing mét hé truc toa do (u, i) cdc dic tuyén cua céc
phén ti trg KTT. Bdi vi trong mach néi song song, 4p trén cdc phan ti 1a
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nhu nhau, nén tai cdc gia i
tri dién ap da chon, ta x4c h= olu)
dinh céc dong dién qua céc
tré KTT. Va tu d6, xac .
dinh dugec dong dién qua .
tr6 KTT tuong duong. !
(H.9.25). T

Pac tuyén téng hop o : — u
cha mach phi tuyén mic Hinh 9.25: Ddc tuyén téng hop
song song chi xdy dung mach song song
duge néu céc tré KTT la

phan ti phu thudc 4p hay khong phu thude.

i = qy(u)

iy = @y(u)

-———— - O —

Néu nhu trong mach ¢6 nhiéu dién tré KTT, méic song song va néi
tiép, nhu trén H.9.26a, thi dac tuyén tong hgp cia mach tuong duong ba
phén tir (H.9.26b) duge xay dung nhu sau

- ) - G— ]
a) b)
Hinh 9.26: Mach phi tuyén néi Hinh 9.27: Ddc tuyén téng hop
hén hop ciia mach phi tuyén hén hop

Trén ciing mot hé truc toa dd (u, i), ta vé dac tuyén téng hop cda hai
tré KTT mic song song, va sau d6 thuc hién cho mach néi tiép ctia phan
tl thi ba v6i phén ti tuong duong cia hai phan t& song song. Pac tuyén
tOng hop va cach xdc dinh né nhu trén H.9.27.

b) Mang mét ciia phi tuyén cé nguén

Trong mach KTT mét chiéu, nhiéu khi ciing can x4y dung dac tuyén
tdng hgp cla mach mic néi tiép hodc song song tré KTT véi ngudn 4p
hodc nguén dong mét chiéu.

Gia thiét phan t& KTT la diode ban din (H.9.28a) va c¢6 dic tuyén
duge 1am gan ding bing hai doan thing (H.9.28b).
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" [ o | ‘\\’
A v /
— U
— | [0}
a) b)

Hinh 9.28: Diode bdn ddn (a) va ddc tuyén gdn ding (b)
Hay xdc dinh didc tuyén t6ng hgp cda mach mic néi tiép va song
song diode ban dan v6i ngudn dp va nguén dong mot chibu.

Xét mach méc néi tiep trén H.9.29ab cha diode ban dan v6i ngudn
ap mot chiéu E. Phuong trinh mé ta tuong dng.

(@) u=uz+E=f,0)+E (9.35)
(b) u=uy;~E=f,i)-E (9.36)
+ ' + - + ! +
Uy Ug
u - u -
E E
a) b)

Hinh 9.29: Tré KTT néi tiép nguén dp mét chiéu E
D6 thi cta cac phuong trinh (9.35) va (9.36) duge vé trén (H.9.30a,b).

i

/

e y . / u

//' /’ 0

a) ' b)
Hinh 9.30: Bdc tuyén téng hop ciia mach néi tiép ngudn dp
Ti cdc db thi c6 thé thdy ring, viéc méc néi ti€p phan td dién tré KT'T

v8i nguén dp mot chiéu E s& lam dich chuyén dac tuyén cia né doc theo
truc 4p moét doan zE.

Trong trudng hgp mach néi song song diode ban din véi nguén dong
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mét chiéu (H.9.31a,b), cdc phuong trinh mé t& mach tuong dng 1a
(@) i=ig+J =J+9,u) ' (9.37)
() i=iy~J =—J +0 ) (9.38)
trong d6é déc tuyén cia diode ban din 1a i, =¢,(z); va nguén dong mot

chiéu c6 gi4 tri dong dién la J.

. (DJ 1% . (DJ |

a) b)
Hinh 9.31: Trd KTT néi song song song nguédn dong mét chiéu J

L 4
p

J .
o u ° u
-J

Hinh 9.32: Ddc tuyén téng hop cia mach néi song song nguén dong

b6 thi cia cdc phuong trinh (9.37), (9.38) dugc biéu dién trén cac
(H.9.32a,b), trong d6, ddc tuyén cha diode ban din bi dich chuyén theo
truc dong dién mot doan * J.

¢)- N6i ghép tré KTT va trd tuyén tinh

Ap dung tu tuéng & phan 1. khi xay
dung dic tuyén tdng hop cia mach gém
c6 cac phan tir trd KTT va trd tuyén
tinh: ta c6 diac tuyén volt-amper cha :
phén tir dién trd tuyén tinh 13 dudng o

th%.ng, c6 hé s6 goc: tga =£_= R (H.9.33).
2

Hinh 9.33: Bdc tuyén cia phdn
ti tré tuyén tinh
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a) b) ° <)
Hinh 9.34: Mach chia phdn tiz KTT va tuyén tinh
Nhu vay, dic tuyén tong hgp cha mach néi tiép va song song phén ti
KTT vé6i dién trd tuyén tinh (H.9.34a,b), v6i gid thiét phan t& KTT cé dic
tuyén nhu (H.9.34c¢), dugc xay dung nhu sau
Phuong trinh mé ta cho cdc mach trén H.9.34a,b

(a) u=ugp+uy =Ri+f,0) (9.39)
(b) i =iy +ip = Gu+ ) . (9.40)
trong d6 G =—é—.
i v i
u u
‘a) b)

Hinh 9.35: Dgc tuyén téng hop ciia mach hinh 9.34

b6 thi biéu dién edc phuong trinh (9.39), (9.40) tuong tng véi céc
H.9.35a, H.9.35b.
Vi du 9.1. X4y dung dic tuyén tdng hgp clia mach phi tuyén nhu trén
(H.9.36b,c), biét phan tit diode c6 dic tuyén nhu H.9.36a.

, Hinh 9.36: Mach cho vi du 9.1
Cho biét gi4 tri dién trd: R = 1 [KQJ.
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Pac tuyen tdng hop chiia cdc mach H 9.36b va H.9.36¢ dugce cho trén
cac H.9.37a, H.9.37b.

iimA] . | iimA]
15 -12 06 u[v] _ 12 06 u[v]
, 03 /03
Y R R |
oonnnnes 0,9
a) . b)

Hinh 9.37: Ddc tuyén tong hap ctia mach hinh 9.36

2- Pdc tuyén truyén dat -

Pac tuyén téng hop dé cip & phéan tren 1a dac tuyén dic trung cho
mang mot cira. N6 cho ta xdc dinh dap (ng tir tac ddng & cing mot cira. Néu
dit vao mang mot clra ngudn dong J, ta ¢é: i=J ; va do d6 4p trén mang
mot cda, u s& duge xdc dinh tir dc tuyén tdng hop. Ciing tuong ty, ta sé xéc
dinh dugc dong dién i khi dat vao mang mét cira mot ngudn 4p E.

Pic tuyén truyén dat mang y nghia D,
khac. N6 m6 td quan hé tdc dong - ddp ing .
trén mach khi hai dai lugng nay khong &
trén cung mot cia. Xét mdt mach phi u - Dy uy

tuyén nhu trén H.9.38, cdn xdc dinh qui
luat bién thién cha dién 4p u, (trén trd
KTT D,) theo dién 4p dat vao mach u.
Quan hé u, =f(u) dugc goi l1a dac tuyén

Hinh 9.38: Mach KTT véi
quan hé “vao-ra”

try’gén dat.

- Théng thudng, d6i véi dic tuyén truyén dat, ngudi ta khéng dung
thuat ngit “tdc dong - ddp Gng” nhu & dic tuyén téng hop ma hay ding
tén goi “vao - ra” cho cdc thong s6 trén dac tuyén. Cdc thong so trén dac
tuyén téng hop bit budc phai 1a dong - 4p, trong khi & ddc tuyén truyén
dat thi tuy y.

bé xay dung dac tuyen truyén dat ciing c6 nhiéu phuong phép, trong
d6 thong dung nhat la:

- Phuong phép phén tich mot chiéu.

- Phuong phép 46 thi.
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- Phuong phédp s6 (thuong dung nhét 1a phép lap Newton-Raphson):”
tdc la tién hanh bai toan phéan tich mét chiéu nhiéu 14n khi cho tin hiéu
vao thay déi trén mot khoang dui 16n 4p hay dong.

Vi du 9.2. Cho mach KTT nhu + * : , .
trén H.9.39, v6i gia thiét cac trd h 2
KTT (diode) c6 dac tuyén nhu trén
H.9.34¢, hay xdy dung dic tuyén c U,

u
téng hop: u = fli); va dac tuyén £
truyén dat: u, = g(u). .

Phuong trinh clia nhanh bén Hinh 9.39: Mach cho vi du 9.2
trdi va bén phai ’
u=E+fd(l) 5 u:—E*fd(l)
D6 thi tuong duong cia mdi nhanh nhu trén H.9.40a,b.

iy ip

b)

a) .
Hinh 9.40: Pdc tuyén téng hop cia méi nhdanh t'rong vidu 9.2
Dong dién trong mach i duge x4c dinh
. P=i;+1i,
Phép cong d6 thi cho ta dic tuyén téng hop clia mach trén H.9.41.

------ E
Hinh 9.41: Ddc tuyén téng hop ciia Hinh 9.42: Dgc tuyén truyén dat
vidu 9.2 : u, =g(u) cia vi du 9.2
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D€ x4y dung ddc tuyén truyén dat, ta ap dung phuong phdp phan
tich mdt chiéu trén mach da cho. Ta thay

Khi: ~-E<u<E—>i=0;va: u,=u
u>E »u,=E
u<-E -su,=-E
Tit d6, ta nhan duge dic tuyén truyén dat nhu trén H.9.42.
3- Pdc tuyén cua phan ti KTT ba cuc va mang hai ciza KTT
Nhu da dé cap trong chuong 5 trudc day: mang hai cira tuyén tinh
thong thudng duge mé ta bang mot phuong trinh ma trén, va ma tran
trang thai dugc xem la thong s6 dic trung cho mang hai cia tuyén tinh.
N6 cho phép ta c6 thé khdo sat hay phan tich cdc mach dién cé chira
mang hai clfa tuyén tinh ma khéng cdn quan tdm dén c4u tric bén trong.
D61 véi mang hai clia ¢6 chia phan ti KTT cing tuong tu, tic la
cing ton tai sau biéu dién hé phuong trinh dong dp trén hai cia, moé ta
quan hé gita hai dai lugng trang thdi theo hai dai lugng trang théi con
lai trong bén dai luong (i;.i;,us.i,} . Chi khac day la cac hé phuong trinh
khong tuyén tinh. Sdau dang hé phuong trinh trang thai cho mang hai cua
KTT dugc cho trong bang 9.1.
Bang 9.1: Cdc hé phuong trinh trang thdi ciia mang hai ciia KTT

Hé phuong trinh i, = f;(i;.iy) Hé phuang trinh {z, = filuguy)
dang Z Nty = fotiyin) dang Y iy = folty.tey)
H¢ phuong trinh {u; = fiti;. 1) Hé phuang trinh {i,:f,(u,.i._,)
dang H 1, fz(izv“z) dangG Uy zfg(ltl.iz)
Hé phuang trinh [u; = fiiuy.—1y) - Hé phuong trinh .{uz = filuy.~ip)
dang A iy = fality.~in) dangB ip = foluy.—ip

Mai hé phuong trinh trang thai cé thé xdy dung nén hai ho dudng
cong. Vi du nhu & hé phuong trinh dang Z: néu ta cho thay déi théng s6
i, thi quan hé u;=f(@,) 12 mdt ho dudng cong theo i, va tuong tu ta
cling ¢6 quan hé u, =f(i,) la mdt ho dudng cong theo cic gid tri cia
théng s6 i,. V& mat nguyén ly, cdc ho dudng cong nady la nhu nhauy,
nhung that ra cdc ho dudng cong theo cdc hé phuong trinh trang thai
kh4c nhau ¢6 dang khéc nhau. Va déi khi, dé chinh x4c cho két qua phéan
tich, ngudi ta phai chon cdc phuong trinh trang théi dién ta cac ho dudng
cong gan véi dang tuyén tinh nhét.
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Xét mang hai cita KT trén H.9.43, hé phuong trinh dang H viét cho

né cé dang

(g = £,G) + 1wy | (941
B,
i b <7\ ¥
+ — W 2 — .
R, D —1-1
E, R,
Wy
U, /-\ UZ .
\
Jo

Hinh 9.43: Mc_zng hai cita KTT
R0 rang, néu ta xem u, va i; nhu 1a cdc tham s& thi quan hé
Uy =f1(;)+puy; va iy = f(uy)+Pi; sé vé nén hai ho dudng cong, moé ta
quan hé dp dong trén hai cifa cia mang hai cita KTT (H.9.44a,b). Phan tu
trd KTT (diode) trong so d6 nay c¢6 dic tuyén nhu trén H.9.34c.

Iy i Chidu tang i,

uy=0 _. » /
. Chiéu tang u, .
i,=0
J, /
. R

2
U u,

o Ec 0

a) . b)
Hinh 9.44: Ho ddc tuyén cia mang hai cia KT'T

4- Mach c6 chita phén ti khuéch dai thuét toan (OP-AMP)

Trong chuong 3 ching ta da dé cap dén phan thd OP-AMP va céc
phuong phdp phan tich mach c6 chia OP- AMP nhung chi xét ¢ mién
tuyén tinh. O phan nay ta dé cip thém mét s6 van dé.lién quan dén vung
bao hoa & dac tuyén ctia OP-AMP. PE don gian, ta xét mo hinh OP-AMP
1y tudng (H.9.45a) va dédc tuyén truyén dat nhu trén H.9,45b.
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cc
+

Pt uO

=V

cc

Hinh 9.45: M6 hinh OP-AMP va ddc tuyén cia né
Heé phuong trinh m6 ta cho OP-AMP ly tudng cho béi

([ i,=0 (9.43a)
i=0 (9.43b)
3 lu;, | v
u,=V,,.—" ;néu u, #0 _ (9.43c¢)
=0 -V,.<u,<V, (9:43d)
(V, -V, 1a cdc dién thé cdp nguon cho OP-AMP)
i+=0 : i+=0
i+=0 : , e . + . +
Uiy i-=0 + E Uin =0 Vcc Yo in i—=0 Vcc u
a) b) !
Hinh 9.46: Ba so do tuong duong cho ba mién lam viéc cia OP-AMP
Hé phuong trinh trén , T2 T
tuong doi cong kénh va khoé - i;
" khan cho phén tich, cho nén R, i’

dé don gian nguoi ta hay dung Wy >___. .
cdc so d6 tuong duong, thay + ,
thé cho phan ti& OP-AMP, & e@
cdc mién tuyén tinh hay béo T . -
hoa cda n6 (H.9.46). Cac so dd ¥ '
nay cing dién ta di céc Hinh 9.47: Mach OP-AMP chua
phuong trinh (9.43). G mién phdn tit tré KTT

tuyén tinh, mé hinh OP-AMP nhy trén H.9.46a, théa méan cic phuong
trinh (9.43a), (9.43b) va (9.43d). So d6 H.9.46b cho md hinh OP-AMP §&
mién bdo hoa duong, théa min cdc phuong trinh (9.43a), (9.43b) va
(9.43¢) v6i u,, >0. So d6 H.9.46¢c cho md hinh OP-AMP & mién bao hoa

am, théa man cac phuong trinh (9.43a), (9.43b) va (9.43c) v61 u;, <0.
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Phan 16n cdc mach chda OP-AMP dugc thiét ké lam viéc trong mién
tuyén tinh. Cdc mach nay ciing c6 thé chda cdc phan tif tuyén tinh hoic
khéng tuyén tinh. Ngoai ra, ¢6 mot s6 mach OP-AMP dugc thiét ke lam
viéc trén cd ba mién clia né nhim tao ra nhiing hiéu tng dac biét. Khi d6
OP-AMP dugc xem xét dudi mé hinh mét phén ti KTT.

Mach trén H.9.47 cho ta vi du vé mach OP-AMP c6 chda phan td tré
KTT c6 dac trung: u, = f(i,).

.. e
Do Ly =l =— Va u, =-u,
1

nén- u, = —f(;%) ' (9.44)

biéu kién cda tin hiéu vao mach e phai thdéa man
-V, <-f[iJ< V. (9.45)
R,

Céc phuong trinh (9.44) va (9.45) cho ta dac tuyén truyén dat u, = g(e)
ctia mach KTT v6i phén tit OP-AMP duoc xét trong mién tuyén tinh.

Trong mot s6 16n mach dién, OP- i

AMP c6 thé lam viéc trong ca ba mién * } N
trén dac tuyén cha né. Pidu nay xdy ra
X . . a u
khi bién d9 cia mot hay nhiéu tin hiéu e Yo
E

vao vugt khoi gi6i han trong mét hay - _
nhiéu khodng thdi gian nao dé. Khi 46,  Hinh 9.48: Mach so sinh dang
ngudi ta néi OP-AMP lam viéc trong OP-AMP

mién KTT. Viéc khdo sat cdc dac tuyén

tong hgp hay dic tuyén truyén dat cta mach trong trudng hop nay
thudng dua vao cdc so dé tuong duong ¢ ba mién nhu trén H.9.46. Va khi
biét dugc cdc dac tuysn nay, dang tin hiéu ra sé dé dang xdc dinh dugc
khi biét duge dang tin hidu vao.

Xét vi du cdn xay dung dac tuyén téng hop: i=o); va dac tuyén
tfuyén dat: u, = g(u), cia mach so sanh dung OP-AMP nhu trén H.9.48.
Tacé u,, =u-E

Cho nén OP-AMP lam viéc trong ving tuyén tinh khi va chi khi
u = E. Trong trudng hop nay ta cé

1=0; -V, .<u, <V, (9.46)
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O vung bédo hoa duong, so db thay thé cho mach nhu trén H.9.49a

i |
+ ——————@ + + P g+
in

Upn + u +
_ . Y _ .
: Ve Vee °
E E
a) b)

Hinh 9.49: So dé 6 ché dé bdo hoa duong va bdo hoa dm

u

Ta c6: u, =u-E. Viy OP-AMP 1am viéc & ché d6 bao hoa duong néu
u > E, va khi d6
| i=0;u, =V (9.47)

O viing bdo hoa am, so d6 thay thé cho mach nhu trén H.9.49b.
Ta c6: u;, =u—E. Vay OP-AMP lam viéc ¢ ch€ d6 bao hda 4m néu:
u < E, va khi do
i=0; u, =-V, (9.48)
Ti céc phuong trinh (9.46), (9,47) va (9.48) cung véi cac diéu kién
cha tin hidu vao « ta c6 thé dung duge ddc tuyén téng hgp cuia mach
H.9.50a va dac tuyén truyén dat H.9.50b.

1 R U 1

[l DR

-V

cC

a) b)
Hinh 9.50: Ddc tuyén téng hop va ddc tuyén truyén dat.

5- Phan tich mach tré KTT nguén mét chiéu

Khi phan tich mach dién trd KTT mot chiéu, dé xdc dinh dién 4p va
dong trén phan ti KTT (xac dinh diém lam viéc) ngudi ta thuong dp dung
phuong phép ngudn tuong duong Thévenin-Norton. Ngudn tuong duong la
phan mach tuyén tinh tich cuc, gdbm dién trd tuyén tinh va ngudn mét
chiéu. Pién tré khong tuyén tinh duge méc n6i tiép véi ngudn dp tuong
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duong Thévenin, hodc song song véi nguén dong tuong duong Norton

(H.9.51a,b,c).
5 a
a .
- (e
J
~, v Gao u
- b -
c) - :

Hinh 9.51: Nguén tuong duong cia mach KTT

Mach tuyén
tinh cuc

a)

Céc thong s6 cia ngudn tuong duong duge xdc dinh nhu sau

« Nguén 4p Thévenin c6 sic dién dong E, bing ap hd mach tai hai
cuc a-b, va dién tré tuyén tinh R,, 1 trd tuong duong nhin tit hai cuc a-b

khi triét tiéu nguén tdc dong.
. Ngu6n dong Norton c6 gid tri dong dién J, bing dong ngin mach
-qua clra a-b, va: G, =1/R,,. Céc so d6 trén (H.9.51b,c) c6 nhidu phuong
phdp gidi, thong thudng nhat 1a cdc phuong phdp giai tich, dé thi,
phuong phép s6 va phuong phap tuyén tinh héa.
. 1- Phuong phdp gidi tich
Gia st phan tir trd KTT trén H.9.51b c¢6 dac tuyén cia phan tit phu

thudc ap i=4u’ (9.49)
Phuong trinh mach tuong tng véi nguén Thévenin
uw=E-Ryi | (9.50)

Tir (9.49) va (9.50) ta c6
4R’ +u-E=0 (9.51)
Néu cho E = 2 [v]; R, =0,25 [Q] thi (9.51) ¢6 hai nghiém la
u=1[vlvau=-2[v]
Hai diém lam viéc tuong dng
up=1vl ; i, =4[A] (9.52a)
uy =-2[v]; iy = 16 [A] (9.52b)
Trong thuc t&, rat hi€m cé4c bai toin KTT duge giai theo phuong
phdp gidi tich do khé dién t& dac trung phan t& KTT bing mot ham todn

hoc vita 4G chinh x4c va c6 thé gidi duge. Ching ta sé ti€p tuc tim hiéu va
phuong phédp khic.
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2- Phuong phdp dé thi (duong tdi)

Néu déc trung cha phan i
tit KTT dugc cho dudi dang
dé thi thi bai toan (9,51b,c)
sé duge giai theo phuong
phap d6 thi. Ngudi ta xdy
dung trén cung moét hé truc

dac tuyén
trd KTT

' phuadng trinh
dudng tai

tuyén: mot dac tuyén cua trd
KTT va mot ddc tuyén cua
mach nguén tuong duong Hinh 9.52: Gidi theo phuong phdp do thi
Thévenin - Norton. Giao :

diém cla hai dudng nay sé cho ta diém lam viéc. Vi du trén duge minh
hoa theo phuong phap dé thi nhu trén H.9.52. Céc két qua ghi nhan duge -
ciing tuong tu nhu § trén. Pdc tuyén cia mach ngudn tuong duong con
dugc goi 1a dudng tai. N6 1a duong thing, cit truc dién 4p tai gid tri £ va
truc dong dién tai gid tri E/ R,,. Phuong phdp d6 thi (con goi 14 phuong

2 ) 1 2N\

phdp dudng tai) duge st dung rat rong rai trong thuc tién bGi vi thudng
céc dac tuyén caa phdn ti KTT duge cho 12 dudng cong do ludng, khi do
phuong phéap giai tich khong thé 4p dung. Tinh chat truc quan cuia
phuong phép dd thi ciing gitp ching ta rat nhiéu trong viéc phan tich va
thiét k& mach KTT.

3- Phuong phdp tuyén tinh héa ting dogn ddc tuyén

u(v) L L )

-
N
w
- S
-
N
«w
£

a) b)
Hinh 9.53: Ddc tuyén diode va xdp xi ciia nd.
Gia st phan t& tréd KTT trong H.9.51 1a phéan ti diode dudng ham c6
dic tuyén nhu trén H.9.53a. Mot céch gin ding, ngudi ta c6 thé xdp xi
dac tuyén nay thanh ba doan thdng nhu trén H.9.53b.
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Néu ta cho cdc théng s6 trén H.9.51b 1a: E = 6 [v]; R, =2[Q] vave

chéng hai davc tuyén: mét cta tré KTT va mot cha mach ngudn Thévenin
trong mét d6 thi u - i thi ta ¢6 nhu trén H.9.54.

u(V)
Hinh 9.54: Cdc diém lam viéc

Theo H.9.54, ta ¢6 thé chia truc dién 4p « thanh ba mién,
Mién 1: u<l , (9.53a)
Mién 2: I<u<2 (9.53b)
Mién 3: w>2 (9.53c)
Trong mdi mién, ta c6 thé thay thé cac dac tuyén bang c4c phuong trinh
Mién 1: i =3u (9.54a)
Mién 2: ; i=-2u+5 (9.54b)
Mién 3: i =05u (9.54¢)
Phuong trinh dudng tai:

uw=6-2i (9.55)

- Gidi (9.45a) va (9.55), ta c6 diém lam viéc trong mién 1

6 18
MU, I)=M,|Z =2
1Wydy) 1(7 7

Gidi (9.54b) va (9.55) ta ¢6 diém lam viéc tuong duong mién 2
4 7

M, U,, I =M9(—.~
2Uy, 1) 2133

Gidi (9.54¢) va (9.55) ta c6 diém lam viéc trong mién 3

\ 3

Trong trudng hgp tdng quat, phin mach bén phai trén H.9.51a

khoéng phai 1a mot phan ti tré KTT ma la mot mach KT'T, ¢6 nhiéu phdn
td tuyén tinh va khéng tuyén tinh thi cac phuong phép trén chi sit dung
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duge khi ta tién hanh rit gon phan mach KTT tré vé phan ti KTT tuong
duong bang cdch xay dung dic tuyén tong hop cia mang mot cia KTT
(H.9.55).

Mach tuyén
tinh tich cuc

Mach Mach tuyén
phi tuyén tinh tich cyc |

[ X
I =4
.{c' }

[ s +

Hinh 9.55: Rit gon cho mang mét ciua KTT

6- Phan tich mach chita mang hai cva KTT

Xét mach chda mang hai cfra KTT nhu trén H.9.56, trong d6 cac
phan mach tuyén tinh ¢6 ngudén & phia so cdp va thit cdp cia mang hai
cta da duge rat gon theo phuong phdp ngudén tuong duong Thévenin -
Norton.

R, iy iz R,
“W\—e —e Wy
Mang hai clfa

KTT Y2 E.

+

[ ]

Hinh 9.56: Mach chita mang hat ctia KI'T

Cac phuong phap thuong duge dung d€ phan tich mach (H.9.56) la.
phiong phap giai tich va phuong phép do thi.

1- Phuong phdp gidi tich

Tuong tu nhu phan tich mach ¢6 chia mang mét cia KT'T, ¢ day doi
V6 cac phdn mach tuyén tinh & so cdp, va thd cdp cha mang hai clla
KTT, ta c6 hai phuong trinh biéu dién ddc tuyén cGa mach ngudn tuong
duong Thévenin - Norton

u, =E, - Ry, (9.56a)
iy =(E,-uy)/ R, (9.56b)
uy = E, — Ryiy ' (9.57a)
iy =(E;—uy)/ R, } (9.57b)

V6i mang hai cita KTT, ta €6 hai phuong trinh trong s sdu hé
phuong trinh trang thdi cia mang hai cda (bdng 9.1). Do d6 ching ta da
nhéan duge bon phuong trinh dé gidi cho bon &n 88 u;,i;,u,.i,. Tu d6, xdc
dinh duge céc diém lam viéc cho mang hai cfra KTT.
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2- Phuong phdp dé thi (dudng tai kép)

Trong phén 5.2, ching ta da khao sat phuong phédp dé thi (dudng tai)
dé x4c dinh diém lam viéc cho phén ti KTT hai cyc. By gid ta m& rong
cho phan tit KTT ba cyc, bén cyc (mang hai cira). Hai dudng tai tuong ung
.v6i cdc mach ngudn tuong duong Thévenin-Norton & phdn so cdp va tha
cAp mang hai cifa s& dugc vé chong 1én hai dd thi u-i, mé t4 hai ho dac
tuyén cia mang hai cita KTT. Giao diém cta dudng tai thi nhat (phuong
trinh 9.56) vdi quan hé u; = f;(i;) cho ta diém lam viéc cGa ngd vao mang
hai ¢fa va giao diém cta dudng tai thd hai (phuong trinh 9.57) véi quan
hé u, =f,(i;) cho ta hai diém lam viéc tai ng6 ra cGa mang hai ctra.

Théng thudng, cdc quan hé: u, =f£,(;); va: u, =f,(i,); cia mang hai
cia KTT la cdc ho dédc tuyén vi né con phu thude vao théng sé thi ba da
dé cap ¢ phan dic tuyén mang hai clta KTT, cho nén cdc dudng tai sé
giao véi dic tuyén tai nhidu diém. Do d6, ngudi ta c6 thé dung kem |
- phuong phédp chuyén d6i dudng tdi d€ xdc dinh cdc diém lam viéc cho
mang hai cia KTT.

Vi du 9.3. Cho mach ¢6 mét phan ti KTT nhu trén H.9.57. Hay dung
phuong phédp d6 thi d€ tim 4p dong tren tré KTT va céng suit tiéu hao
trén né. Cho biét

= 7 [mA]l; R;=200[Q]; R = 600 [Q1]; Ry =800 [2]; Rz =300 [Q];
va dac tuyén caa tré KTT theo bang

uv] 0.1 0.32 0.6 11 2 2,8
i [mA] 05 1 1,5 2 25 3
A
WV A —e .
R, R, :
J R Ro LH“' u
B -

Giai. Thay th& phan mach tuyén tinh tich cuc nhin tir hai cuc A-B bang
ngudn dong tuong duong nhu’ trén H.9.58. Trong d6

R R
Jup=d. 2
R+R +-—28 R:B; Ry +Ry
o + Iz
=d.— RR, =3 [mA]

(R+R,XR, +R,) + R,R,
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G.. = 1 _ 1 _ R+R,+R, 1 (S]
2" Rup R, + (R+R)R, RR,+RR,+R,R,+R,R,+R,R, 700
R+R,+R,
A imA]
- .
3N
Jag (f) Gag u 2 1. |.V|
! E ulv]
o5 _ of 1 25 3
Hinh 9.58: So d6 nguén dong Hinh 9.59: Nghiém ciia vi du 9.3

tuong duong
Dong va dp trén phan ti KTT duge xé4c dinh theo phuong phép dé
thi. Dua trén so d6 tuong duong H.9.58 va cdc théng s6 vira xdc dinh trén
day, ta c6 phuong trinh dudng tai

_Jap—i

G

Trén cung moét dé thi u-i, ta vé dic tuyén cta phin t& KTT theo

bang da cho va phuong trinh dudng tdi xdc dinh § trén. Giao diém cta
ching 1a diém M (0.9 [v]; 1,75[mA}) chinh la dién 4p va dong dién trén
phan ti tré KT'T (H.9.59).

~Cong sudt tiéu hao trén phan ti KTT

P=ul,=0,9175=1575 [mW]

u

T4t nhién v6i mach trong vi du trén d4y, ta ciing c6 thé giai khi thay
th& phan mach tuyén tinh tich cuc bing ngudn tuong duong Thévenin véi
cdc thong s6

E = dJ,Rus=21[v]
trong dé R,z =700 [Q]

7- Phuong phap sé phén tich mach KTT nguén mét chiéu

Nghiém cda bai toan phi tuyén hiém khi ton tai duéi dang gidi tich,
va néu nhu mach khdo sat c6 dang phic tap thi phuong phép d6 thi cing
gap khé khan. Khi d6, phuong phédp s6 véi sy trg gitp clGa mdy tinh dién
t dé gidi bai toan phi tuyén té ra hiéu qua.

Bai toan phi tuyén mot chiéu gii theo phuong phép s6 bao gom hai buéc:

1- Thiét 1ap hé phuong trinh can bang mach

2- Giai hé phuong trinh cén bing theo gidi thuat sg.
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a) Thiét ldp hé phuong trinh cdn bing

Hé phuong trinh cdn bing mach dugc thiét lap dua trén céc dinh
luat co ban cia mach: luat Kirchhoff va céc dic trung cta cdc phan tu
mach. Ta c6 thé thiét l4p cdc phuong trinh phi tuyén nay bing phuong
phép thé nit, dong mit 1usi (dong vong) hay céc phuong phédp quen thuée
khiéc.
Vi du 9.4. Hay thiét 1ap hé phuong iy 0,50
trinh th€ ndit cho mach trén
H.9.60, biét dac tuyén cha tré phi

i i
tuyén @ $——w— w—t
- + u - iy
A 2 ,2
Theo cédc dinh luat Kirchhoff 2 " ’
I +i,=2
i~y =g =0 Hinh 9.60: Mach vi du 9.4
Ig+i;—2uf =0
U=¢; -0,
iy = g3
Trén cdc phan td mach |  ;
‘ I3 =—(Qy, —@y)
oS 2
i4 = 2((91 - (Pg)

O =@y +2(9; ~@y)=2
P R 1
Thé vao trén ©; —0, —(pf; _5(([)2 —93)=0

] *
2 (02 =05)+ 2(0; —93) ~ 2(0; - 92)* =0

30; -0, -2¢;-2=0
20, ~ 3¢, - 263 +¢, =0
49, - 4(9; - 9,)° +; =593 =0

D€ thanh lap duge hé phuong trinh mé ta: cin luu y khi viét hé
phuong trinh thé nit, cdc phén ti trg KT'T phai 12 phan t& phu thudc 4p;
khi viét hé phuong trinh dong méc lu6i (dong vong) thi cac tré KTT phai
la phu thuge dong, va cac phuong phép khdc cing phai c6 yéu cdu tuong
.
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b) Cdc gidi thudt sé
Cdc giai thuat s6 dugc dung rong rai dé phan tich mach tré KTT

nguén mét chiéu la phuong phép lap don gidn va phuong phdp Newton-
Raphson.

Phuong phdp lip don gian

Moi phuong phép s6 thuc chdt déu 12 trudng hgp dic biét cia phuong
phép lap. Ching ta c¢6 th€ hinh dung phuong phép l4p don gidn qua vi du
sau

Tim nghiém ctia phuong trinh

Qo f

x=F(x)=4-2x . 58)
.DA4u tién ta chon mot gid tri ddux, va tinh: x; =F(x,). Néu: «x, —x
thi x, chinh 12 nghiém cin tim va qud trinh tinh két thic. Tuy nhlen,
thuong 14 x; # x, khi d6 ta can mét gidi thuat cho phép xdc dinh nghiém
vGi d6 chinh xdc mong muén. :
Chéng han, ta c6 thé dung gidi thuit l4p sau day

Chon x, =10 va tinh

x,=F(x,)=4-2Y10=-031 ; x,=F(x)=4-2§-0,31=535

x;=F(x,)=4-2¥5.35=0,5 ; x,=F(x;)=4-230,5=241

x;=F(x,)=4-242.41=132; x;=F(x;)=4-23132=181

x, =F(x5)=4-2¥1,81=156; x4 =F(x;)=4-231,56 =1,67

xg=F(xg)=4~2Y1,67 =162; x0=F(x,)=4-2Y1,62=165

%17 =F(xy)=4- 231,65 =1,64; x;,=F(x;;)=4-24164=164

& buse lap tha 12, ta thu duge nghiém: x = 1,64; vdi sai s6 0,01.

V& mat hinh hoc, nghiém y
cua phuong trinh: x = F(x) 1a toa
do giao diém A cta dudng phén \ ...............
gidc: y = x, va dudng cong phi PN ;

tuyén: y = F(x), nhu trén H.9.61. NV / y=F(x)
Puong thing ding hoanh d¢ x, . '

1 N : L i ‘ + X
cat dudng: y = F(x), tai diém a, 72 o
dudng ndm ngang qua a cét . : _
dudng phan gidc tai b ¢6 toa do Hinh 9.61: Thudt todn ldp don gidn
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x,. Ti€p tuc nhu vay ta sé c¢6 diém A cin tim.

Ni dung ciia phuong phdp ldp don gién

Cho phuong trinh can bing c6 dang: x = F(x), dudi céc didu k1en phu
hgp ma ta khong dé cip & day, nghiém c6 thé dugc tim theo qui trinh

- Chon gi4 tri dau x,

- X4c dinh: x,,,=F(x,);n =0, 1, 2...

+ Néu: |x

n+l

x,| <€ (ela sai s6 mong mudn) thi qua trinh lap chdm ddt.
Luu y: Phuong phap l4p don gidn van ding cho trudng hop n phuong
trinh khi d6
Xns1 =F(;n); VOi: Xnes, xn 12 céc vecté - (9.59)
Tuy dé dung nhung phuong phdp lip don gian thuong hoi tu rat

chdm, do d6 trén thuc t& ngudi ta thudng dung mét phuong phap khéc c6
toc do haoi tu cao hon: phuong phap Newton -Raphson.

Phuong phdp Newton-Raphson

PE ¢6 mét y niém s bo vé phuong phap Newton-Raphson, xét
phuong trinh can bing mot bién

flx) =0 ) (9.60)

B6 qua cdc vd cung bé bac cao khi khai trién Taylor ham f{x) xung
quanh diém x, va thay x=x,,,

[pr) = Fla)+ F (2, (%, —x,,) ' (9.61)
Suy ra Xprg =X, —[f (x,)] f(vc ) (9.62)
Day chinh la gidi thuat Newton-Raphson déi v6i ham mot bién
Néu dat: F(x,)=x, -[f'(x,)]" f(x,) ta s& c6
Xnsl = F‘(xn) ' |
Nhu vay, phuong phdp Newton-Raphson chi 1a mot truong hop dac
biét clia phuong phép lap don gian.
Léy vi du trong phuong phdp lap & true va gidi lai bing phuong
phap Newton-Raphson. .
Pat: flx) =x -4 + 23x ; va tim nghiém cda: fix) = 0, biing giai thuat
Newton-Raphson
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f(x,) e -4+ 2213

f'(xn)—.n 1+§_va/3

xn+1 :xn - "F(xn)

Cing chon:  x, = 10, va tinh
x=F(x,)=099; x, =F(x;)=160
x3=F(x,)=164; x;,=F(x;)=164

Ngay & buéce 1ap thi 4, ta d4 thu duge nghiém véi sai s6 0,01. Diéu
nay cho thdy phuong phdp Newton-Raphson héi tu nhanh hon phuong
phdp lap don gidn rat nhiéu, va dé 1a 1y do tai sao phuong phdp Newton-
Raphson thuong duge dung dé Y
giai phuong trinh phi tuyén. y=(x)

Vé mit hinh hoc, nghiém
cbla phuong trinh flx) = 0 thue
chét 1a toa do giao diém A cda
dudng cong y = flx), va truc
hoanh (H.9.62). Goi P, la
di€m trén duong cong dng véi
x,, dudng tiép tuyén qua P,

f(x)

C L oas x Hinh 9.62: Thudt todn Newton-Raphson
sé ¢6 do doc f(x,). ‘

T¥ x,,, =%, -[f'(x,)]" f(x,), ta nhan thdy x,.; chinh la toa d6 clha
giao diém gita truc hoanh va dudng tiép tuyén qua P,. Tuong dng véi
x,.; 12 mot di€ém P,,, trén dudng cong. Lip lai qud trinh nay, ta sé xac

‘ dmh duoc nghiém céan tim tmg v6i diém A.

Bay gio ta hay mé rong gidi thuat Newton-Raphson cho hé n phuong
trinh phi tuyén ) -
fi(xg,%9,...,20,)=0 =1 ..,n (9.63)
Pat: vecto x —(x“’ x$,...x); véi: 2V - 1a gid tri cha x; & bude lap thij

f(x)=0 (i=1..,n) hay f(x)=0

Bé qua cdc hai bac cao va khai trién ‘Taylor xung quanh vectg Pl

=(J) ~—(J)
_ —ir. of . LG .
fi(x)=fi(x“’)+l§:__2(x1—x§“)+...+f—a(:cc~———(xn—x,(j))

1 n

. -+, . —(j+D)
Diéu ta cho doi 1a x“m thoa phuong trinh 0= f(x a ), suy ra
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—(7 —( 1
0=fix)+ HE) m)(xﬁj”’ VTN /G2 J))(xﬁf”' -x)
' ox; ox,
[ =D -]
ofi(x”)  Oofitx’)
. ' ox; ox, :
Néu dat Jx”)= : : (9.64)
: o, (a—c(j)) o, (;m)
i ox, ox, |
= ma trén Jacobian cia f(x) tai Pl
thi Jey. & - = FEY) (9.65)
Do d6 gidi thuat Newton-Raphson d6i v6i hé n phuong trinh sé 1a
—ieD) =i IR B
x(J D =x(J) _[J(xu)):l f(x(J)) (9.66)

N6i dung cta thuit toan Newton-Raphson: tém tit ba bude nhu sau
1- Chon s6 bude tinh cyc dai m; chon sai s6 € > 0; chon gia tri khdi
dong x,; datj =0 '
2- Giai phuong trinh (9.62) dé tim gi4 tri x*/*?
3- if xY* —x¥ || <¢: ngimg tinh
else thay thé j bing j + 1
Ifj+hzm: nging tinh
else quay lai budc hai
Néux la rnc}f vecto thi sai s6 & bude tinh tha (j + 1) duge xac dinh theo

P
D — ) ) = \/Z[x}f”’ —xfj)]z (9.67)

i=1

trong dé: P - 1a d6 dai cha vecto nghiém cén tim.
9.2.2 Mach tré KTT ngudn xoay chiéu

Viéc phan tich mach KTT xoay chiéu tuong ddi phic tap ngay ca khi
nguon téc dong 1a diéu hoa va tat nhién cang phiec tap hon nhiéu khi
ngudn tac dong 1a tudn hoan. Nhu da néi & trude khéng c6 mot phuong
phép théng nhédt nao dé phan tich mach KTT, tuy trudng hop cy thé ma
ta s& st dung cac phuong phép gin ding da néu ¢ muc 9.1.3.

Sau day ta sé xét mot s6 vi du d€ minh hoa viéc 4p dung cic phuong
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phap phén tich mach KTT cho ting qud trinh KTT cu thé thudng gap.

1- Phuong phap dé thi

La phuong phédp x4c dinh ddp Ung cia mach KTT nho vao viéc dung
d6 thi. Phuong phép nay duge thyc hién van dua vao dic tuyén téng hop
hodc dac tuyén truyén dat cia mach.

Xét so d6 mach chinh luu ding mét diode ban din nhu trén H.9.63a
va dic tuyén cta tréd KT'T (diode) cho trén H.9.63b.

u(t) R, € Uo(t) ' Rd

[o]

a) b)
Hinh 9.63: Mach chinh luu

Tir déc tuyén téng hgp cha mach gdm hai phan t tré KTT (diode) va
dién trd tai R, ; tai cdc gia trl t da chon, ta s& c6 cdc gid tri tuong ung
cla u(t). Déng cac gia tri u(t) tim duge 1én dic tuyén téng hop, ta sé& co
dang dong dién trong mach i(?).

Néu dién ap w(t) c6 dang sin

u(t)=U,, sin(wt) (9.68)

Dong dién qua mach cé dang

U

Z—gin (W) 2kr< wt<(2k+ DT
iH)={R_+R 9.69
He) 0°+ d Ch+Dm<ot<k+on 009

Dién 4p trén tai
u,(t) =R, i(t) (9.70)
Dang dong dién i(¢) theo phuong phép d6 thi cho trén H.9.64.

Sau khi khai trién dong dién i(¢) thanh chudi lugng gidc Fourier, ta
duoc

UR |1 ‘1 : 21 cos2wt cosdwt cos6wt
=22 [ 5 + + +... 9.71
(1) [ i [ 13 35 | 57 H 9.7

Thanh phan mét chiéu trong dién 4p trén tai
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= _l_].”_lfeo_ (972)
° n(R,+Ry)
i
Wud) (U,  iu) i(t)

: ° ’ n 2n

|

!

t ult)

———— e e o

Hinh 9.64: Phuong phdp do thi cho
2n mach KTT nguén xoay chiéu

¥ ot

Thanh phan mét chiéu chinh la gid tri trung binh cta dién 4p u, (t).
N6 ciing c6 thé duge x4c dinh theo cong thidc tinh tri trung binh truc tiép
trén dang tin hiéu i(#) theo phuong phdp d6 thi. Trong cdc mach chinh
luu thyc t&, d€ gidm cdc tai trong dién dp tdi (biéu thic 9.71), ngudi ta
ndi song song véi tai R, mot tu dién C,. Tu dién C, sé phéng dién qua
R, trong thoi gian diode khéong din dién, lam cho u,(t) c6 dang bing

phang hon (H.9.65).
u,(t)

A i ot
n 2n 3n 4n 5n

Hinh 9.65: Dang u,(t) khi c6 thém tu dién song song R,




MACH KHONG TUYEN TiNH : 231

Phuong phép d6 thi chi€ém mét vi tri rdt quan trong trong phan tich
mach KTT nguén xoay chiéu béi ly do

- Pap Ung hoan toan dugc xdc dinh, néu nhu ta xdc dinh duge dac
tuyén tdng hop hodc dic tuyén truyén dat cha mach.

- Mac du bi han ché& vé do chinh xdc, nhung phuong phdp d6 thi cé
tinh truc quan cao va khdng phu thudc vao dang nguén tdc dong, tdn s6
cla tdc dong. N6 ciing 4p dung dugc néu tdc dong 1én mach c6 cd tin hiéu
mdt chiéu va tin hiéu xoay chiéu, hodc tin hiéu xoay chiéu nhiéu tin sé.
Khéng phadi phuong phdp phan tich mach KTT nao ciing ¢6 nhiéu uu
diém nhu vay.

2. Phuong phép gidi tich

Xét mét ing dung khdc cia phdn tit KT'T trong mach diéu ché bién
do AM bing céch néi tiép phan ti KTT v6i mdt mach tuyén tinh. Phuong
phédp giai tich duge 4p dung néu ngudi ta lam gan ding dac tuyén cia
dién tré KTT theo biéu thic

i=@)=a, +au+au’ (9.73)

Néu tdc dong lén mach hai qud trinh diéu hoa c6 tan s khdc nhau,

téng cia ching
u(ty=U,,;sinQt+U,,,sinot (9.74)
trong dé gia thiét Q> o. Thay (9.74) vao (9.73) ta c6..

i=a, +a,(U, sinQt+U, sinwt)+ay(U,,sinQt+U,,, sin wt)?

Thuc hién vai phép toan lén ham i, ta cé:

. . , 1 2 1
i=a,+aU,;sinQt+a,U,, smu)t+—2—a2Um1 +—

a,U?
5%

mo

—éa_?U,i, CcOS 2Qt “";‘0«;;[]512 COS 2(1)t

+a,U,, Uz cos(Q = )t —apU, U, 5 cos(2+ o)t (9.75)
Phg bién do dong dién (9.75) dugc biéu dién trén H.9.66a.

A

L] .
L (Q-0) Q (Q+o) 2Q
Hinh 9.66a: Phé bién dé dong dién
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Néu phan mach tuyén tinh néi tiép véi phan ti KTT la mo6t mach
cong hudng, cé tin s§ cong hudng bing Q, va phdm chat @ dugc chon
thich hgp, thi dong qua mach cong hudng sé gom cdc thanh phan

ty=a,U,,;sinQt +a,U,, U, cos(Q-w)t —a,U, U, ,cos (Q+w)t (9.76)

hay la ity=aU,,(1+222U , sinot)sin Qf (9.77)
a;
Néu ky hiéu I, =aU,,
m=2%2y , (9.78)
a;
Ta sé c6 ity=1,(I+msinot)sinQt (9.79)

Biéu thic (9.79) mé ta qué trinh séng mang c6 tan s6 Q bi didu ché
bién 46 bdi tin hiéu diéu hoa c6 tin s6 ®(H.9.66b), ta goi d6 1a tin hiéu
diéu bién.

Trong thyc t&, qud trinh tin s6 thap khong phai 1a tin hiéu diéu hoa
.ma 1a tin hiéu tin tic tdn thap c6 dai tan tir o, + Oy - Heé 56 m dugc
goi 12 do sau diéu ché. Trong truong hgp didu ché khéng méo m 14y gid
tr1 trong khodng .

0<mgl (9.80)
i
L em) o,
Im_z'__
Im(1-m)_- B
ol 7t

Hinh 9.66b: Dang tin hiéu bi diéu ché bién dé

3- Phuong phap tuyén tinh héa dogn ddc tuyén

Rat nhiéu phén t trg& KTT trong thuc t& nhu diode, transistor lam
viéce dudi dién ap khong ddi 16n hon rat nhidu tin hiéu 4p né xit 1y. Trong
truong hop dé, ngudi ta cé thé thay thé phan tir KTT bang phan ti tuyén
tinh (xem phan 9.1.3). Mét doan dac tuyén cia phan ti KTT s& dugc
tuyén tinh héa. Phuong phap nay goi la phuong phép tuyén tinh héa va
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duge dung rdt rong rai trong cdc bai todn phi tuyén. Vi du 9.5 s& minh
hoa phuong phap nay. '
Vi du 9.5. Bon cuc tuyén c¢6 ma tran A duge cho.

A 2 (k)
2mS) 5

d ngd vao cha bdn cuc cb tac dong
e(t) = E + 2 sin (10%t) [v]

v
T&i cha bon cuc 1a dién trd KTT c6 dac tuyén volt-amper duéi dang bang.

i{mA) | 0 . 2 4 6 8 [10 412 | 14 | 16 | 18 [ 20 | 22 | 24 | 26 | 28

UV 0 }23 |46 63|74 7416554 |39|27|15/[104]20]35]52

1- Hay xac dinh thanh phin mét chiéu E cia nguén téc dong dé cho
diém lam viéc cha phan t& KTT & vao diém giita doan tré am dic tuyén.
2- Tai gia tri E xdc dinh, tim dong dién i(¢) qua tré KT'T.
Giai. Bon cuc duge cho 6 ddu bai chi ¢6 mot phan ti KTT, do d6 ¢6 thé
thay thé phdn mach tuyén tinh c6 nguén e(t) bdng nguén tuong duong
Thévenin (H.9.67a). Phan ti KT'T 1a tai cia ngudn tuong duong.

R R Rd

uy(t) - u,(t) E

Hinh 9.67: So d6 nguén tuong duong & vi du 9.5

Céc théng s6 ciia ngudn tuong duong Thévenin duge xdc dinh nhu sau:
- Dién 4p u,(¢t) 1a dién dp trén bon cuc hé mach, xac dinh theo ma

tran A
ety e®) E 4 E
=——-=——=—+sin(10"¢ =—+ Uy, (t
uy(#) A, 2 2 sin(10°¢) [v] 5 Ugye (2)
. Dién tré tuong duong R nhin ti cdc cyc hd mach khi ngdn mach

ngudn e(t)

A
R="2=15|KQ
A [KQ]

11
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upv]

16
N Hinh 9.68: Pdc tuyén cia tré

14 ; P
KTT va tiép tuyén tai M
12

10

i(mA]

o ~N
5 10 15 20 25 30

Dac tuyén cia phan tit KTT duge vé trén H.9.68. T db thi ta thay:
diém gida cGa phén tré 4m cda dédc tuyén c6 toa do6 M (4,5 [v]; 15 [mA]. O
lan can diém lam viéc nay ta c6 thé lam gin dung dic tuyén cia phan td
KTT bang doan thing tiép tuyén véi dac tuyén tai diém M. Pudng thing
c6 phuong trinh u=E +R,i

Tir do thi ta ¢6 E, =15[v], la giao diém cia ti€p tuyén vdi truc dién
ap. Dién tré dong ctia phan tir KTT duge xdc dinh theo dinh nghia
R, =tgp=-0.7 [KQ]

o Uge(t)

& -

a) b)
Hinh 9.69: So do cho thanh phdn mot chiéu va xoay chiéu.

Phan t& KTT c6 th€ dugc thay thé bing hai cuc tuyén tinh (H.9.67b),
d¢6 chinh la téi cha ngudn tuong duong vita xét & trén. Mach trén H.9.67b
12 mach tuyén tinh, do d6 c6 thé 4p dung nguyén ly xép chéng dé phan
tich. Dong dién qua phan tu KTT la do ca thanh phan mot chidu va xoay
chiéu cia nguén giy ra. So dé tuong ducng d€ xét cac thianh phin mot
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chiéu va xoay chiéu cia dong dién dugc vé trén H.9.69a,b.

Trong mach tuong duong mét chiéu H.9.69a c6 nguon E, va E/2, gia
tri E dugc chon dé sao cho dong I,c6 gid tri nhu da chon tai diém lam
viéec M. Theo dinh luit Kirchhoff 2 ta cé

E=2E, +2I,(R+Ry) =30+215107°(1,5.10° - 0,7.10°) = 54 [v]

Thanh phan xoay chiéu trong mach trén H.9.69b dugc xac dinh
Upge sin(107¢)

Iy = = =1.25sin(10* t)[mA
R+R; (1,5-0.7)10° ( imAl

Dong dién qua phan td KTT
i#)=1, +i, =15+1.25sin(10" t)[mA)

9.3 MACH K7T BONG

Mach phi tuyén doéng 1a mach phi tuyén ma & d6 yéu td thoi gian
khong thé bé qua. Nhu vay, trong hé phuong trinh phi tuyén md ta cho
mach xuat hién thém mot bién thoi gian ¢. Khéc véi plian 9.2.2 tropg
mach tré KTT ngudn xoay chiéu, yéu t& thoi gian khong anh hudéng dén
qué trinh tinh todn. Nhung trong mét s6 mach KTT cé chia cac phan ti
tich liy nang lugng, qud trinh chuyén héa ning lugng gilta céc phan ti
“mach theo thdi gian bt budc mach phai dugc dién ta biang mdt hé
phuong trinh vi tich phan phi tuyén, va céng cu todn dé tim nghiém cho
né ciing la mot van dé khéng don gian. Mat khdc, trong cac mach KTT c6
cdc phan tif cam va dung KTT, chiu tac dong bsi ngudn diéu hoa tan sé
®, thi dac tuyén cua céc phan t& KTT lai bi thay doi theo tan s§ nén viéc
gidi cang trd nén phuc tap hon. ’

Céc phuong phdp phén tich mach phi tuyén dong c6 thé duge chia
thanh hai nhém: cdc phuong phdp s6 va cdc phuong phép phi so.

9.3.1 Céc phuong phap phi sé

Mach phi tuyén dong ciing c6 thé thita hudng cdc phuong pl{a’p cua
cac loai mach phi tuyén truéc d6 trong viéc phan tich, nhung c¢6 hiéu
chinh lai cho phu hgp dac tinh cia né.

1- Phuong phép dé thi

Dic didm chia cac mach KTT chida cac phan ti tich ldy ndng lugng (L
va C), quan hé giita cic dai lugng ép - dong trén mach khong thé biéu
dién thanh ham truc tiép. C6 nghia 1a ta khéng o4 khdi rém vé dac
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tuyén tong hgp hay dac tuyén truyén dat ¢ mach KTT dong. Théng
thuong, ton tai mot quan hé vi tich phan cda dp, dong véi nhimg dai
lugng trung gian x khéc la tit thong d6i v6i phéan ti cdm KTT va la dién

- tich d6i v6i dién dung KT'T. Trong trudng hop don gian nhat, ¢6 thé tén

tai nhing quan hé ham giita dai lugng trung gian nay véi dai luong con
lai 4p hoac dong.

N1 dung cia phuong phép d6 thi ¢ mach phi tuyén dong 1a két hop
hai quan hé dé lai v6i nhau: tir trang thai da biét, dung mot trong hai
quan hé d€ tim ra dai lugng trung gian x(¢); va tir dé, dua vao quan hé con
lai suy ra dai lugng can tim.

Vi du v6i mot cudn day c6 161 thép, néu biét duge dong dién qua no la
i(t), c6 thé dung quan hé (i) cua 16i d€ tim ra dudng cong y(¢) (ddy xem
la dai lugng trung gian). Pao ham dudng cong nay bing db thi s& duoc
dién ap u(t) trén 16i. Nguge lai, néu biét u(z) bing céch tich phan ta tim

duge ham wy(¢), sau d6 dung dic tuyén i
(i) c6 thé vé dugc dudng cong ift). + e
o aas P q
Phuong phdp nay dung cho mach cé mot u <::
phan tit KTT. I—
. e—
Xét cudn diy quan trén 1561 sit nhu
H.9.70 c¢6 dac tinh y(i). Ap va dong trén
cuén day quan hé véi nhau qua dai lugng Hinh 9.70: Cudn ddy
trung gian 1a ti thong qudn trén loi sat
dy
u~—, W= wy(i) (9.81)

dt
Khi biét dang wu(?) hoac i(t), ta c6 thé tim duge w(¢) va do d6 xdc
dinh duge i(t) hodc u(t) theo phuong phép dé thi.

Gia s 4p dat vao cudn day c6 dang: u(t) = U, coswt . Ta cé6

v = [udt = U =, sin ot (9.82)
® .

Bé qua tén hao sit tu, dac tuyén y(i) c¢6 dang nhu trén H.9.71b.
Dong dién i(t) xdc dinh theo phuong phap dé thi nhu sau: tai mot thoi
diém ¢ = ¢,, ta c6: W(t;)=v,;, va nhd dudng cong (i) ta cb glid trii(¢))=

. Nhu vdy duge mot di€m trén dudng cong i(2). Thuc hién nhiéu lan
trong mot chu ky cla y(¢) ta s& c6 dang dong dién i(t) (H.9.71c).
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a) b)
y(t) Wy

[ R
T g g iy

c)

R e )

™

e e e e e m . m - ——-——

Hinh 9.71: Ddp ing i(t) theo phuong phdp
dé thi khi khong cé ti tré

Khi xét dén tén hao sit tu, dudng cong w(i) s& c6 tré tit nhu trén
H.9.72b. Ta ciing vé dugc i(¢) theo cdch trén. Tuy nhién ta c6 thé thay
diém khong cda i(t) va y(t) khong tring nhau.

Néu ta tdc déng vao mach nguén hinh sin thi dién 4p trén mach
ciing dugc xédc dinh theo phuong phap do thi tuong tu.

Qua cdc minh hoa trén, ta c6 nhan xét vé dang dong va 4p trong -
cudn day 16i sét

. V6i kich thich 12 hinh sin, ddp Ung nhan dugc sé& cé dang khong
sin. Loi sdt 1am viéc cang bdo hoa thi ddp ung cang nhon dau, va cdc hai
bac cao xuat hién trong ddp ung c6 bién do cang Ién.

+ Khi khéng xét dén tén hao sit tu, cidc dudng cong wy(t) va i(t) ¢
diém khéng va diém cuc dai tring nhau, va do6i xdng qua truc tung. Vi
thé, cdc hai co ban cia ching trung pha. Diéu hoa co ban cta dién dp
vubng pha v6i didu hoa cd ban cia tif thong cho nén cling vudng pha véi
didu hoa co ban cta dong dién, khién tdn hao nang lugng trong cudn day
biing khong (pht hgp véi gid thiét).
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b
W) ‘ v

)

c) .

72

R T ! .

Hinh 9.72: Ddp ing i(t) theo phuong phdp dé thi T \
khi c6 tu tré ‘

t

Khi ké dén £8n hao sit tir thi didu hoa cd ban cia dong dién va dién
-4p khéng vuéng pha véi nhau nita, do d6 ton thdt ning luong bén trong
cufn day 16i sét s& khac khéng. '

- Cdc dudng cong dép ung thudng ¢6 dang doi xing nda séng, cho
nén phg cia ching chi tdn tai cdc hai 1é. Pidu nay la do dac tinh (i) cda
cuén day doi xiing qua géc toa do. Cing suy ra rang, v6i phan ti KTT c6
déc tuyén khong déi xiing qua géc, phé cia dép dng sé c¢6 day da cac hai
1é va hai chén.

2- Phuong phap gidi tich R it)
Xét mach trén H.9.73 bao gdm mot ¥
cupn cdm tuyén tinh, mét dién trd tuyén u(t) L
tinh vd mét cdm KTT mic néi ti€p. Mach
Aién cung cdp bdi ngudn 4p diéu hoa c6 dang - 356'
u(t)=U,, sinwt Hinh 9.73: Mach KT'T déng

Quan hé i=q(y), cho du6i dang

~

i=ay+ay’ +azy’ +... ’ (9.83)
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Phuong trinh mé t4 mach trén H.9.73

LE R+ U sinwt | (9.84)
dt dt
Sau khi vi phén hai vé&€ clia phuong trinh, ta c6
2, . 2
LY REL DY U coswt=0 (9.85)

dt? dt di? "

Trong trudng hop ngudn tdc dong 12 tuan hoan, ddp dng trén mach
ciing s& 1a tuAn hoan, néu ta chi gi6i han mot s6 hai cla qud trinh tuin

hoan, vi du
v = A, coswt + Ag cos 30t + Ag cos 5wt + B, sin wt + B, sin 3wt + By sin 5wt
y=fi®) (9.86)

Khi thay ham f;(¢) vao ddc trung cla phan ti dién cdm KTT (9.83)
ta s&€ nhan dugc ham f,(¢). Sau d6 thay y=f;(t) va i=f,(¢) vao (9.85) ta
sé nhin dugc phuong trinh c6 dang

F(t,Al,A3,A5,BI.B3,B5)=0 (987)
ddu gan dang trong biéu thidc (9.87) 1a do ta bd qua cac hai béc cao trong
dip tng. Ta nhan thdy viéc gidi phuong trinh (9.87) la khong dé dang.
Néu nhu ta han ch& bét s6 hai dién ta & (9.86) thi (9.87) c6 thé gidi duge
nhung sé pham phai sai s6 16n. Méc du cho duge biéu thic cia nghiém
nhung y&u t6 nay 14 mot khuyét diém 16n cia phuong phdp giai tich.

Vi du 9.6. Cudn day (H.9.70) c6 s6 vong diay w = 500, quin trén gong ti
¢6 dudng cong tir héa xap xi gan ding bang da thic
H = 100B + 200 B’
v6i cudng do tu trudng c6 don vi A va tif cam la Tesla. Gong tl c6 tiét
m
dién S = 103[m?); va chiéu dai trung binh: / = 0,5[m].

Cudn day chiu tac dung cta dp xoay chiéu: u(t) = 110+/2 cos wt[v]

X4c dinh dong qua cudn day theo phuong phap gidi tich, biét f = 50Hz.
Giai. T quan hé B(H), ta thanh 14p quan hé i(y) cta goéng tif (xem thém

cac cong thitc & phan 9.4 mach tir)

v v wi 5001 )
B=—"=—" =2y; H= = = 10001
wS  500.107° v

1 05
Thay céc céng thic ndy vao da thdc cia dudng cong tir héa
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1000i = 200y + 1600y°® —i=0,2y+1,6y°

Tir thong méc vong trén cudn day

1102
)=
w(?) o

sinwt =y, sinwt

Thé& vao quan hé i(y). cia 16i ta nhan duge
i(t)=0,2vy,, sino+ 1,6y sin® wt

3sin Wt - sin 3wt]
4

= 0,2y, sin mt+1,6wfn[

=(0,2y,, +1,2y2 )sinwt - 0,4y sin 3wt

~

‘11042
i = =0,495 [wb
Vi : Vim =200~ : (wb] |
Vay i(t) = 0,245 sin wt—0,048sin3wt [A]

3- Phuong phép cén béng hai didu hoa

Mot trong cdc phuong phédp hay dung cho mach phi tuyén dong dé
xdc dinh diéu hda co bén va mét s§ hai bac cao 13 van dung nguyén tdc
can bing hai. Tu tué’ng clia phuo’ng phép nay 13, néu c6 ding thic

ZA cosncot+2A sinnwt = 0 - (9.88)

n=1
thi vi cdc ham sin (kwt) va cos(kwt) 1a cdc ham dgc l4p tuyen tinh nén
bién d6 cda m01 diéu hoa phai triét tléu

A, =0; A, = v . (9.89)

N6i dung cia phuong phdp nay nhu sau: hé phuong trinh mé ta
mach, sau khi rut gon sé vé phuong trinh vi phan nhusau

F({t,x,x',x".)=0 ~(9.90)

V& trdi (9.90) 1a biéu thic cla tin hiéu can tim x(2) cing cc dao ham

ctia né. Ngoal ra n6 cdon chia thém cic nguén téc dong bén ngoai, thudng
12 cdc ngudn diéu hoa tdn s6 o. -

Khi mach & ché& d9 xéc l4p, thi x(2) 12 tin hiéu tudn hoan c¢6 chu ky 7.
Ta c6 thé bié’u dién né dudi dang

x(t)= ZA,wcosnwt+2Am sinnwt = ZA,, sin(nowt +v,,) (9.91)

n=1

Trong tinh todn gén ding, ty yéu cdu cia bai tosn, ngudi ta thudng
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chi dé cap dén vai hai chinh trong (9.91). Gid si chi tim bién d6 cac hai
tit hai co ban dén hai bac k nao d6, tic la
x(t)=A; cosot + Ay sinot + ... +A,, cos kwt + A, sin kwt (9.92)

Theo phuong phép cin biing hai, d€ tim bién d6 cdc hai nay, ngudi
ta thay (9.92) va phuong trinh vi phdn mé ta mach (9.90). Sau khi tinh
todn va sip xép cdc s6 hang cing mét diéu hoa véi nhau ta sé& duge
phuong trinh dang

Ci(As, Ap, Ay Ay )cosot + S; (A, Ay Aye, Ay ) sin ot + ..

+ Cp(Ase, Aggrons Ay, ApgJcoskt +

+ S, (45, Asg s Ay Ay ) sin kot + Z (hai bac cao) = 0 (9.93)

Trong d6 C,() va S,() 1a cac hé s6 cha cdc diéu hda cos va sin sau
khi da gop thira s6 chung. Theo nguyén tdc cin bing hai cdc hé s6 nay
phai déng thoi triét tiéu, va ta c¢6 hé phuong trinh
| (Cr(AreAsgronn Ao Ayy) =0
v SI(AIC’AIS""’Akc’Aks)=0

< . - (9.94)
Cr(Arer Asgrenn Ape, Ag) =0
Sy Ay Ay Ay Ayy) =0

Giai hé (9.94) s& dugc bién do ¢Ga cdc hai cdn tim. N&u ké dén m hai
trong bidu thic nghiém (9.92) thi néi chung phai x4c dinh 2m gi4 tri bién
do A, A, A, A, cia cic thanh phan sin( ) va cos( ), hoac la m gid
tri bién d6 va m gid tri géc pha ban d4u, ching déu 12 nghiém cia hé
phuong trinh (9.94).

Vay noi dung chia phuong phdp can bidng hai 13 chuyen viéc gidi hé
phuong trinh vi phan (9.90) thanh viéc gidi hé phuong trinh dai s6 (9.94).
Théng thudng (9.94) dugce gidi béing_ phuong phép s6.

Vi du 9.7. Cho mach KTT nhu trén H.9.74, biét

Tré KTT c6 dic tuyén - o—i g_“_]
u=40i+1400i%; e(t)=17sin 1000t [v];

' | o(t) B
L =23 [mH]

X4c dinh hai co ban cta dong dién -

trong mach if¢) = I, sin(1000t — o) Hinh 9.74: Mach vi du 9.7

“ theo phuong phép cin bling hdi diéu hoa.

<

-~




Giai. Phuong trinh mé td mach

Lg—l-+u e(t) 0; L%+401+1400z -e(t)=0

’ Thay biéu thu’c cta hai co ban vao phuong trinh trén
© 231, cos(1000t - ) + 401, sm(1000t _ @)+ 14001 sin® (1000t — (p)
7 ~ 17 sin 1000t = 0
D€ don gién khi phén tich, ta dat: 6= 1000t—(p.
> 231, 050+ 401, 5in 0+ 140015, sin’ 8 ~ 175in(8+ ) =0
- =231, cos6+ 401, sin6+ 35OI ’[3 sin@—sin 36]
- 17sin 9cos<p —~17cos®. sm(p 0 -

Bb di cdc thanh phén 16n hon bac 1,tac6he
| 401, +105013, - 17 cos¢ =0
231, -17sing=0

Khi bién ¢ ta sé c6 mot phuong trinh béc ba theo I,,,; giii ra ta c6:
| | 1,=0,2[A]; 9=157°

'Vay diéu hda béc nhat gdn ding cta dong dlen c6 dang

' i®)=0, 2sm(1000t 15 7°) [A]

4- Phuong phap chmfn tuyén tinh

Trong khi phén tich ch€ dd xdc l4p cia mach phi tuyen dong, ta c6
thé xem céc dai lugng 4p, dong-trén téc phén t& KTT da 6n dmh vé mit
bién d9. Khi 46, ngudi ta sé thay the cdc phéan t& KTT bing céc phén ti
tuyén tinh, va xem nhu cdc thanh phan dong 4p trén cdc phén ti nay la
didu hoa cung tdn s8. Nhd vay, ngudi ta chuyén hé phuong trinh vi phan
phi tuyén vé hé phuong trinh vi phan tuyén tinh dé 4p dung mot cong cu
don gidn d6 1a phuong phédp vecto bién d9 phu‘c Ta c6 thé thdy qua vai
minh hoa sau day .

. Véi phén t& tré KT'T phu thudc dong: u=fr@()=R@)4. Ta thay -
u=R,i v6i R, =Rd,,) (9.95)
trong d6: I,, - 1a blén d6 cta dong dién. , |
. le phén t& cdm KTT c6 quan hé: y=f;(@)=L(@)i. Ta thay
y=Lyi v6i L,=L(,) (9.96)
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- Vé6i phén ti dung KTT c6 quan hé: g =£,(x)=C(u)u. Ta thay

g=Cyu véi C, =CU,,) : (9.97)
U,, - 1abién d6 cda 4p trén tu.
Do céc dai lugng chudn tuyén tinh lai 1a ham cGa dai lugng chua

biét, cho nén cdc phuong trinh dai s6 nh4n dugc da s& duge gidi bing
phép lap (phuong phap lip don gidn hay phép liap Newton-Raphson).

- Né&u trd tuyén tinh c6 dic tuyén phu thudc dong
: u=ai+bi’ ' (9.98)
Gié st dong dién qua tyé KTT c6: dang it) = I, sinwt thi -

v u=aIm sinwt +bI2 sin’ ot =al, sinat + 2 [3sm(ot sin 3wt]
=[a+§blf,].lm' sin ot =>u=[d+-3blf,:| i)

Dya vao (9.95) ro rang phén tit tré KTT dugc chudn tuyén tinh béing
dién trd tuyén tinh ;
R,=a +§b12 . (9.99)
Gi4 tri néy lai phu thuéc vao bién dé cta dong dlén qua phén td
KTT & ché 46 x4c lap. . _
Vi du 9.8. Gidi vi ‘dl,l 9.7 theo phuong phép chuidn tuyé'n.jzinh. ’
Gidi. Néu ta dat i(2) = I,,sin(1000t+¢); thi phéin tl’r‘-;tr& KTT sé& duge

chuédn tuyen tinh bﬁng i
'R, =40+105012 . tt |
' Rtt .
. Mach chusn tuyén tinh cta H.9.74 cho " 4 "t e —D_
trén H.9.75 @ g S
Su dung phddng phép bxen d6 phirc, tacé -~ °® E L
i —4———'—'. ‘ E. ' - . ‘
" R, +joL Hinh 9.75: So dé chudn
1720° - ' - tuyén tinh
=>Im£(p= 3 - L
" 40+105012 + j23

I, -1a nghiém cta phuong trinh
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17
J(40+105012) + 23°

I,=

Giai.biing phuong phép lip don gidn ta c6
23

I =02; o=—arctg———=-15,7°

" ¢ & 40+ 105012 a

Vay: i() = 0,2 sin (1000t — 15,7°) [A]

5- Phuong phap so dé tuong duong tin hiéu nhé

DPay 1a mét phuong phép gidi gin ding duge st dung tuong d6i rong
rdi trong ky thuit. Phuong phdp nay chuyén viéc gidi mét mach KTT
dong thanh viéce gidi mét mach -KTT ngudén mot chiéu, va ti€p dén la viéc
gidi mot mach tuyén tinh dong.

Phuong phdp nay dua trén co s& todn la dung khai trién Taylor cho
ham dac tuyén quanh diém lam viéc cGa cac phan t& KTT. Do d6, né
thudng dung dé phan tich cdc mach KTT lam viéc & ché d6 dac biét: céc
dai lugng gém mot thanh phdn khéng ddi di 16n, cong thém mét thanh
phén bién thién c6 bién dd bé. Cac budc thuc hién cha phuong phap néy
nhu sau

1- Tinh todn diém lam viéc mét chiéu

Cho triét tiéu t4t ca cdc ngudn xoay chidu trong mach, chi dé lai céc
ngudén mét chiéu. Do céc dai lugng dong, 4p trong mach 1a thanh phén
khéng ddi, cho nén ngudi ta thay thé cdc cudén cdm (tuyén tinh hay phi
tuyén) biing cdch cho ngin mach va cho hé mach cac tu dién (tuyen tinh
va phi tuyén). ‘ :

Thanh phin mét chiéu U, va I, cha cac da1 lugng 4p va dong trén
mach sé& xdc dinh dugce nhd cdce phuang phép phén tich mach KTT nguén
mot chiéu.

2- Xdc dinh thanh phén xoay chiéu

Cho triét tiéu tdt cd cdc ngudn modt chiéu doc lap, chi dé lai céc
ngudn xoay chiéu trong mach. C4c phén tif tuyén tinh dugc giif nguyén.
Céc phén ti KTT thi duge thay thé bing so dé tuong duong tuyén tinh
ctia n6 (chinh 13 phén t& tuyén tinh tuong duong tai diém 1am viéc cia
phén t& KT'T dya trén khai trién Taylor) nhu sau:

. Di¢n tré KTT: dugc thay bing gi4 tri dién trd dong tai diém 1am viéc

Rf%’f-(lo‘) o (9.100)
il
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v6i I, - 1a thanh phan dong khéng déi duge x4c dinh & bude 1.
+ Dién cdm KTT: dugc thay bing gia tri dién cam dong:

L= ‘fl‘" ,) ©(9.101)
- Dién dung KTT: dugc thay thé biing g1a tri dién dung dong
C, :q(U ) | (9.102)

. Nguén phu thujc KTT: dugc thay thé bing ngudn phu thudc tuyen
tinh tuong du’o‘ng Gia st ¢6 nguon dong phu thudc ép

=1, ot (U2)
véi f() - 12 mot ham phi tuyén.
Ap dung khai trién Taylor cho ham f,,(u;) quanh diém lam viéc U,,
cuané ta co
11 '"‘fpf(Ui’U)-’-f;t((]ZO )(u2 —U20)+...
Chi xét riéng cho thanh phan xoay chiéu thi ré rang ta c6 thé thay
th& bang ngudn dong phy thuge tuyén tinh dién 4p nhusau
e = for Uap) g ) . (9.103)
Nhu vay, nguén phu thudc tuyén tinh tuong duong cé hé sé phu thudc
1a f,,(Uy) véi Uy, 1a gid tri tinh dugc & phén 1.
. Déi véi mang hai cita KTT
Cho mang hai clta KTT nhu trén H.9.76 dugc mé td biing phuong
trinh trang thdi dang Z '

{u, =f1(ig,5p) - (9.104).

up =f3(1.12)

Vi cdc gid tri Iy, I,, khong d6i, va i, (t), i5,.(¢) l1a nhing lugng bién

Iy : ig
Mang hai cda
u, phi tuyén

Uy

Hinh 9.76: Mang hai cila phi tuyén
thién nhé, thi cdc dao ham riéng cta cdc ham f;(), fo() theo i, i, tl‘xy_
thudc vao cdc gid tri mot chiéu I,,, I, nhu sau
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(Ru(Izo’Izo) =‘glle‘(I}07120)
_ 1

Rzz(lzovlzo) = %{LA(Iw’Izo)
. a; (9.105)
R21(I1o’120)=3ig'(110’120) - '

1

R22(IIO’I20) - afz (IIO’IZO) .

Mang hai clra KTT duge thay the bing mang hai clia tuyén tinh, va
thanh phéan xoay chiéu trén hai cifa quan hé vé6i nhau theo

{u,zac =R, + R12i2ac (9.106)
Ugae = Rogise, + Roplyg,

Pép tng cin tim cla phuong phdp nay sé 1a xép chdng cda thanh
phan khéng ddi va thanh phan xoay chiéu x4c dinh tir so dé tuong duong
tin hiéu nhd.

Mic dit ¢6 rang buéc‘ nhung phuong phép nay duge sit dung rat rong
rdi, vi toan b cic bai toan trong linh vuc khuéch dai tin hiéu nhé déu co
thé st dung phuong phép nay.

6- Tao dao djng diéu hoa :

Dao dong diéu hoa (dao dong sin) duge tao ra trong mach KTT tuy
theo loai phén ti KTT duge dung trong mach, ngudi ta phan biét thanh
hai loai mach tao dao déng sin 1a ‘

1- Mach dao dong hai cuc, trong d6 pﬁén td KTT duge dung 1a cac
diot ban din hay dién tir ¢c6 dién tré Am. ,

2- Mach tao dao déng bdn cyc, trong d6 phan ti KTT duge ding 1a
cdc dén dién ti hay transistor - Mach tao dao dong sin bdn cuc dya trén
nguyén ly phan héi, do d6 né cdon c¢6 tén 1a mach dao d6ng c6 phan héi.
Trong muc ndy ching ta sé& gi6i han xét d6i v6i mach dao dong hai
cuc. ' '

- Tt nguyén Iy mach tuyén tinh ta biét riing, mach dién khi khéng c6
tin hiéu bén ngoai dua dén, n6 s& lam viéc & ch€ d6 tu do. Néu trong
mach ¢6 dao ddng nao d6 duge sinh ra, thi d6 1a do ning lugng ¢6 s&n
trong mach. V& mit todn hoc, mach dién & trong trang théi tu do s& dugc
md ta biing phuong trinh vi phén c4p hai thudn nhdt
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d’X . dX .
+20—+w’X =0 : ’ .
FF o + | | (9 197)
Nghiém tdng quat cha (9.107) c¢6 dang . )
X =Ae % cos(w,t+¢) 0 (9.108)

trong d6 ®, =l —a? o - (9.109)

A, ¢ - 1a c4c hing s6 tich phén' dugc x4c dinh béi diéu kién dau cha

bai todn.

Nhu c6 thé thay tir biéu thuc (9.108), tuy theo gid tri cta o, ma dao |
dong trong mach sé c6 cdc kha ning tién trién nhu sau

- Néu o > 0, bién d6 cha dao dong sé suy gidm, dao dong trong mach
t4t dan, va mach sé trd vé trang thai én dinh. .

- Néu o < 0, bién d6 dao dong tang dan, ta g01 la mach tu kich, do
d6 mach sé khéng dn dinh.

Khi o = 0 phuong trinh (9.107) trd vé dang

d’X

rofX =0 | (9.110)
Nghiém cta (9.110) s& 1a dao dong diéu hoa
X = Acos{w,t +¢) ‘ (9:111)

Cé6 thé thdy ring, véi truong hop o< 0, the.o"ly thuyét, bién do s
ting d&n oo khi t— . Trong thuc t& dao déng sé dat dén mot gid tri
hitu han nao d6 va khi d6 ta n6éi mach c¢6 dao dong sin, né phai cé hé so
o 12 mét ham s6 cia dao dong. Ban ddu o phdi &m dé mach d& dao dong
(ty kich), khi dao dong tang thi o phai gidm, dén lac dao dong dat duge -
gid tri mong mudn thi. o phai triét tidu d& mach c6 dao dong 6n dinh. Hé
s6 a trong (9.107) khong phai 12 hang s6, né phai ]a ham s6 cia X, do d6
mach dao dong phai duge mo ta bang phuong trinh' vi phan phi tuyén, tic
12 mach tao dao déng trai qua ba giai doan: mach c6 kha nang tu kich,
dao dong duge sinh ra, dao dong tién t6i én dinh. Nhu da néi ¢ muc 9.1.3,
dé phan tich mach dao dong sin, ngudi ta dung phdo’ng phép tiém cﬁn, cu
thé 1a

- & ché d6 1am viée tinh cta mach KTT, ngudi ta tim diéu kién tu
kich cia mach, tdc 12 diéu kidn o< 0. Khi d6 ¢6 thé thay thé phan t&
KTT bing mot phén td tuyén tinh tuong duong. Véi gid thiét gan dung
ndy, ta coi o 12 hing s6, (9.107) khi d6 s& 1a phuong trinh vi phan tuyén
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-

tinh thuan nhat.

Phuong ph#p d€ phan tich mach trong giai doan nay dugc goi la
phuong phép chuédn tuyén tinh.

- Giai doan tiép theo 1a giai doan thiét 14p dao déng (trang thai qua
d6). Dao dong duge sinh ra, bién d6 va t4n s6 déu thay ddi theo hé s6 «.
Trong giai doan nay, d€ phan tich mach KTT, ngudi ta gia thiét ring
bién do cia dao dong thay ddi cham so vé6i dao dong. Véi gia thiét do, c6
thé bé qua dao ham cla bién d6 theo dao déng, do dé ngudi ta goi la
phuong phdp bién do bién thién cham.

- Dao dong da dugc hinh thanh, bién d6 va tdn s6 cha né da di dén
dn dinh, mach & ch& d¢ x4c lap. Trong giai doan nay, do bién d4 cia dao
déng d4 6n dinh, nén c6 thé thay cac
thong s6 cia phadn td KTT bing cic
théng s6 trung binh khéng ddi. Véi gia
thiét nhu vay, phén td KT'T duge coi gin -R : z
ding 1a m§t phin t& tuyén tinh; do d6 '
phuong phdp phan tich mach trong giai
doan nay dugc goi 1a phuong phap chuin
tuyén tinh.

l

Hinh 9.77: Mach dao déng

Bay gid ta s& xét mach tao dao déng sin dung phdn ti¥ tré am nhu
trén H.9.77, v6i phuong trinh mach o
I-R+Z)=0 (9.112)
b€ mach sinh ra dao dong, khi khéng c6 nguén tdc dong bén ngoai,
tice 1a dong dién 10, thi tong tré khidng trong mach phai triét tiéu
Re{Z}-R=0 (9.113a)
I,.{Z}=0 : (9.113b)
, Dleu klen (9.113a) tuong duong véi didu kién a=0(Q =), c6 nghia la
tén hao trong mach phdi biing khéng, diéu kién nay duge goi 1a diéu kién
bién do. Dleu kién (9.113b) dugc goi 1a didu kién pha hay didu kién tan s0,
n6 biéu th1 su bu dién khéng trong mach. Méi mach dao dong diéu hoa déu
phai théa man hai diéu kién nay. Néu didu kién (9.113a) khong théa man,
dao dong sinh ra c6 thé tang hoic gidm, ta khéng c6 duge dao dong sin.
Diéu kién (9.113b) s& thda man néu mach ¢6 cac phén ti L, C. Phén tlf c6
tré khang Z trén H.9.77 1a céc mach cfng hudng song song hoic néi tiép.

Hay xét mach dao dong tré 4m don gién trén H.9.78a, gém mét phén ti-
tré am co dac tuyén i=@(u) nhu trén H.9.78b va mach dao dong LC.
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Nguén E, dugc chon dé dam bao diém lam viec M(U,.I» cha phan td
KTT nam & giita doan dic tuyén c6 do doc ant.

=
]
11

O

Hinh 9.78: Mach dao déng tré dm ,
Gia thiét aac tuyén i=@(u) & 1an c4n di€ém lam viéé Mu,,1,) duge
lam gan ding bing da thdc bac ba
i—Io=—a1(u—uo)+q3(u—uo)3 (9.114)
C6 thé thiét lap phuong trinh cho mach & H.9.78a dua theo cdc dinh
luat Kirchhoff

i-ip +ig=0 - (9.115)
E,-u;-u=0 (9.116)
L. du dip, ... o A s
trong dé i, =C_Jt—; uy =L—a7, v6i i; duge xac dinh tir (9.115).
- Tt phuong trinh (9.116) ta s& c6 duge
2 ,
et L didt, g o 9.117)
dt du dt A

1 2
Pat t=w t; v6i: ®, =——, va dao ham biéu thic (9.114) ta dugc
’ o vLC
di 2
—=-a; +3az(u-u,) (9.118)
du

(Chit y % _R, cla phén t& tré 4m). Phuong trinh (9.117) khi dé §
1

dén (9.118) s& c¢6 dang

2
du L, [_1+3“3 (u_uo)z]—dﬁJru-Eo:o (9.119)
a, dt .

d? c™

Phuong trinh (9.119) m6 ta mach tao dao dong sin la phuong trinh vi phén
KTT, c6 hé s8 diing truéc s6 hang dao ham bac nhét la ham ca dao dong u.
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Trong phuong trinh (9.119) ta s& dung bién méi
x=2"te XM (9.120)

o &
3a3

dX _ 3a3 du _ Idu

eX = (9.121)
va dt dt & dt
2 » 2 2
aX_ 13"3 du_Ildu (9.122)
2 N dif Edt
trong 46 E= /%;ei\/gal
Thay céc biéu thic (9.120 + 9.122) vao (9.119) ta s& duge
5 _
d X+e(X2—1)dX -é—( u-E)= 0 (9.123)

Bdi vi tai diém 1am viéc cha phdn t& KTT (H.9.78a) ta c6: u,=E,,
nén (9.123) sé c6 dang
2
d X+e(X2—1)d X=0 (9.124)
9.124) 1a phuong trinh vi phan KTT, c6 tén la phuong trinh Vander
Pol, né khong c6 nghiém chinh x4c. Nghiém gin dung cia (9.124)

2 .
——=5In,t
v1+ Aef“
trong d6 A - 12 hing s§ tich phan duge xdc dinh bdi didu kién ddu. Tuy
theo gid tri cia A ma dao dong sinh ra sé ¢6 dang nhu trén H.9.79. Néu
A = 0 dao dong sinh ra'sé 1a dao dong diéu hoa c6 blen d6 (H.9.79a)

' X,=2

X(w,t)= (9.125)

Néu A < 0, bién d6 dao dong mdi sinh ra 16n hon 2, sau mét khodng
thoi gian sé gidm dén gid tri n dinh: X, =2 (H.9.79b);

Néu A > 0, bién dd dao dong sé ting dén gid tri giéi han: X, =2
(H.9.79c¢).
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b) ' c)
Hinh 9.79: Nghiém cia phuang trinh Vander Pol
Piém lam viée M(U,,I,) thuong dugc chon & giita doan dic tuyén c6
dién tré am, con cac hé s6 a;,a, cla dac tuyén (9.114) phai duge chon dé€
sao cho bién d6 caa dao dong & x4c lap khong vugt qud ving dién tré 4m.
Dién trd KTT c6 dac tuyén i = @(u) trén H.9.78b thuong duge diung
1a diode tunel. Su phu thudc i=0¢(u) tuong tu cing cb thé c6 duge & céac
cuc c6 phan hi thich hop dé tao ra dao dong trong mach.
19.3.2. Cic phuong phap sé phan tich mach KTT déng
Cho dén ngay nay, phén tich s6 cho mach phi tuyén ‘déng la xu
huéng cang dugc ua chudng do sy phat trién cGa cong cu todn va toe do
cia m4y tinh c4 nhéan. :
Phan tich s6 mach phi tuyén dong cling bao ham hai bai toan doc lap:
1- Thiét lap c4c phuong trinh trang théi.
2- Giai phuong trinh trang thai béng phuong phdp sd.
1. Thiét lap phuong trinh trang théi
Nhu da biét, phuong trinh trang thdi cia mach cép 1 c6 dang
x' = flx, )7 (9.126)

™ Dgu ky hiéu dao him theo t. ' =%
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Mé rong cho mach cdp cao, hé phuong trinh trang thdi dugc vist dusi
dang

X, = f1(x1.%5,...X,,, )

Xy = [o(X] X9, X, 1)

(9.127)
x, = [, (x;,%9,.... %, 1)
Cho mach dién phi tuyén nhu H.9.80, i Y-
hdy thiét lap phuong trinh trang thai ' f
(néu ton tai) ing véi bién trang thai u, ' 0+
hodc g, trong ba trudng hop sau day o £ x u,

1- R, tuyén tinh, va: u, =In(q, + 1)

2- R, tuyén tinh, va: u, =¢3 -3¢
! : 2o Hinh 9.80: Mach dé thiét lgp

phuong trinh trang thdi
Truong hop 1: R, tuyén tinh: va u, =In(g, + 1)

=43 T =
3- u; =i ~3i, va: g, =Cu,

N o e .1 1
Trén tré tuyén tinh: i =—E-u1 =F(E—u2)

1 1
Trén tu phi tuyén: i=q, Y Uy
du,
~ . E u2
nén Uy =—"-—2__
R, dq,/du,
ma Uy = In(gy +1); nén q,=€"2 —1; tit d6: dq,/du, =e*
Do d6 phuong trinh trang th4i dng v6i bién trang théi u, la
' E—u2 -u,
Uy = e 2
2=7FR,

Ngoai ra, ta ciing c6 thé thist lap phuong trinh trang thdi dng véi
9z That vay

N .1
9 =l=E(E_u2); gz =E[E—ln(qz +1)j |
Truong hop 2: R, tuyén tinh va u, =g} - 3q,
Mot cach tuong tw g =i=—R§—(E~u2)

1
do d6 phuong trinh trang théi dng véi bién trang thai ¢, 1a
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2="I"2‘1‘[E (Q2 3q,)]

Tuy nhién dng v6i u, sé khong tén tai mot phuong trinh trang thai
nao. That vay
. E - uz
Uy =——>"—
‘ R,dq,/du,
Do ham g,(u,) da tri (ching han tai u, =0 tdn tai ba gid tri khdc
nhau cia ¢, ) nén dq,/du, ciing da tri, din dén phuong trinh trang théi
d6i v6i u, khéng ton tai duy nhat.

Truong hop 3: u; =i° -3i va g, =Cu,
Tu ' g, =i
ma u,=E-u -E—iq
1 2 e

Ham i(u;) da tri nén i(g,) cing da tri, do d6 sé& khong ton tai

phuong trinh trang thdi dng véi g,.

Mit khéc u, =1

, - C .

Ham i(u,) da tri nén i(u,)=i(E-u;) cing da tri: khong thé thiét
lap phu‘dng trinh trang thai ung véi q,.

Trong truong hop khéng tén tai phuong trinh trang thdi, nhd xét
dén c4c dién dung hoac dién cdm ky sinh, ta van cé thé thiét lap phuong

trinh trang thai (xem sach bai tap). Chinh vi vay, trong phan tiép theo,
ching ta c6 thé gia thiét riing phuong trinh trang théi luén luén ton tai:

x'=f(x,t), x(t,) =%, (9.128)
Bai todn nay con du’dc goi 1a bai todn diéu kién dau. Nghlem cia bai
todn diéu kién d4u téng quat it khi tén tai dudi dang gidi tich ma thudng
dugc x4c dinh bing phuong phép s6.
2- Gidi thudt 86
Msc di ton tai nhiéu gidi thuat s6 d€ giai bai toan diéu kién dau
x'=f(x,t) voi x(t,)=x,

~ nhimg phédn 16n ching déu dua trén hai tié'p. cin co ban: phuong. phép
* khai trién Taylor va phuong phép da thic héa.

Glé thiét chung dugc duy tri trong phén nay 12 bubec thoi gian |
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h =t,,,—t, khong ddi.

C6 nghia 1a 6 bu6c l3p thi n, ¢, =nh+t¢,.

1- Phuong phdp khai trién Taylor » »

Pé thiét 14p cong thire lap, khai trién Taylor s& duge thuc hién dén
mét bac phu hgp. Béc khai trién cang cao, 46 chinh x4c s& cang 16n. Cé
hai dang chd yéu cia phuong phdp khai trién Taylor: 1. gidi thuat Taylor;
2. Gidi thuit Runge - Kutta. Gidi thust Taylor 13 gii thuat doi hdi tinh
‘tryc tiép cdc dao ham riéng, mot cong viée thudong ning né va kém chinh
xdc. Do d6 trén thyc t&, d€ tranh nhiing tinh todn nay, ngub‘l ta thudng
dung gidi thuiat Runge - Kutta.

Giai thuét Taylor .
Gid st £(¢) 1a nghiém chinh x4c cia phuong trinh trang thai: x'= f(x,?);
x(t,)=x,.0 t=t,,,, khai trién Taylor £(¢) quanh ¢,, luy: h=¢, -t

f(tn+1)=£(tﬁ)"" “‘”(t Haes =ty ot — ! 2P, Mlpes —1,)° +
o
(. )=%(2,) +—hfc“?(t,, )+ +.—h"'£“”(t,, )+...
1 ' p!
Bé qua cdc thanh phén béc cao hon p va thay x'=f(x,t) "‘
Xne1 =Xy +"1_hf(xm L)+ +— I hpf(p_”(xn,t )
1! p!

Nhu vay, gidi thuét Taylor bic p sé c6 dang
Xpog =%, +th(x,,,t,,;h) '

(9.129)

T,(x,.t,;h)= f(xn,tn)+éhf“’(xn,tn) +'...+i'hP‘1f‘P"’(x,,,t,, )
! p!

Trong trudng hop p = 1, ta c6 gidi thuat Euler thuan o
RS o (9.130)
Tuy 1a gidi thust s§ don gidn, nhung do d¢ chinh xéc kém, gidi thuat
Euler thuan thudng it s& dung trong thyc t& tinh to4n.
Bai véi gidi thuat Taylor bac 2

Cx,,=x, +h[f(xn,tn)+%f'(xn,tn)] | 1

’xn+1 =X, +h{f(xn’tn)+f’2_l[f;(xn’tn)'f(x;;;tu)+ﬁ(xh7tn )]}‘ (9.131) ‘

g~
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vdi f.=0f 1ox; f,=0f /ot

Tuy nhién tinh todn cdc dao ham riéng trong gidi thuit Taylor
thudng ning né va kém chinh x4c, nhat 1a khi flx, ¢) khéng c6 dang gidi
tich. Vi thé€ hai nha toan hoc Runge va Kutta dd dé nghi mdt phuong
phép rat doc ddo vira tranh tinh todn dao ham virta giif nguyén téc sai s8
so v6i giai thuat Taylor. '

Giai thuit Runge - Kutta :

Y tudng co ban la thay ham 7, (x,.t,;k) bing m6t ham K REMN A

khong chita dao ham fiéng cda flx,t) sao cho

IKp(x,,,t,,;h)—Tp(xn,t,,;h)I < Rh?; véi R=const
Do d6, giai thuat Runge - Kutta bac p s& c6 cung béc sai s0 véi gidi

" thust Taylor nhung tinh todn dé dang hon nhiéu. Tuy nhién do khéng

thé danh gid chinh x4c sai s§ trong tung budc lap, kha ning kiém so4t

sai s6 cia phuong phdp Runge - Kutta s& phdn nao bi han ché.

Chéng han khi p = 2, thay cho ,
Ty(x,,t,:h) = f(xn,t,,)+%[fx(x,,,t,,).f(xn,-t,,)+ fi(x,,t,)l

ching ta dinh nghia- ‘
K, (%, .t,;h) = a,f(x,.8,) +asflx, + 0hf(x,.t,).t, +Bh]

. trong d6 a;,a,, @ va B ‘duge x4c dinh sao cho

1K, (x,.2,38) = T (. £y )1 < RR?

Dung khai trién Taylor

flx, +0hf (x,.8,),t, +BRI= F (X, 1)+ ORf (Kot ) (%) + BRf (2,.8,) + 0(h?)

do dé6 .
K (x,,t,:h) = (a; +a)f (x,.8,) + hlazof by )i (%) + @3B, (8,14 O(R?)

so sdnh v6i biéu thic cia T, (x,,.t,:h), ta cb

<a1+a2=1 a1 =1""a2
a,a=0,5 suyra (x=B=—1—
a$p=0,5 2a,

Nhu vy gidi thuét Runge - Kutta béc 2 sé 12
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h
Xpr1 =%, +(1—a2 )hf(xrl*trx)+a2hf[xn +2_az"f(x,,, n) t +§C_l;] (9132)

Cdc truong hop ddc biét cia gidi thudt Runge - Kutta bdc 2
» Gidi thuat Heun’s: a, =0.5

. +—Z-{ F(x, b))+ Flx, + Bf (£t + B) (9.133)

- Giéi thuat Euler — Cauchy cai tién: a, = 1

Xy =%, +hflx, +—}21f<x,,,t,, \t, +%J (9.134)

- Giai thuat Runge - Kutta bac 4:

Do ¢6 d6 chinh xédc cao dong tho‘l lai khong qua phic tap, gidi thuat
Runge - Kutta bac 4 thuong dugc dung aé tang buége thoi gian A, thoi gian
tinh to4n vi thé sé giam

Xny) =%, +hK, (x,.t,:h)
K,(x,.t, h)—— k;+2k, +2ks + k)

s - fix, ¢ (9.135)

n* Vl

: h h
k2 =f(xn +—2-k1.tn +§)

h h -
ks =f(x, fgkz-tn +§)

ky=f(x, +hkg,t,+h)

L]
Tuy nhién gidi thuit Runge — Kutta c6 hai nhuge diém
Thit nhdt, do khé danh gid sai s8 trong titng buéc lap nén h thudng
dugc chon 16n hon mic can thiét, lam t4ng khdi lugng tinh to4n.

Thit hai, ham f(x,t) phai duge tinh todn dén 4 14n trong mot buée lap
ma nhu’ng gid tri nay lai khong thé€ dung cho c4c buée sau, do d6 higu qua
“tinh todn cla phuong phap kém hon so véi phuong phap da thdc héa.

2- Phuong phdp da thic héa - ‘ ’
V& mat todn hoc, mét ham lién tuc b4t ky c6 thé x4p xi bdi mot da
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thic ¢6 bac di cao. Tuy vay trén thuc t&, sai s6 do gidi thuat va do mdy
tinh sé& ting ddng ké theo k nén ngudi ta chi dung nhu’ng gia tri £ nhd
hon 10.

Gia st phuong trinh trang thdi c6 dang: x’ = flx, t), v6i: x(¢,)=x, cb
nghiém chinh xdc %(¢). Y tudng co ban cta phuong phép 1a tim #(f) dudi
dang | » o

| ()= 0, + 0t +..+ 0t (do,a,,..., a, 12 nhiing hing s6)
sao cho néu cdc ham i), E(t,_1)X(t,,) VA cdc dao ham=#'(z,),
Xty ,x ', _p) chinh xdc thi x(t,,+ ;) clng la ngh1em chinh xéc cla bai
todn. T
‘Gidi thuat da thdc héa béc pcc’) da_ing _

A

Xns1 =

a,x, +..+a x,,_p

+h[b—1f(xn+1’ n+1)+b f(xn’t )+ +b f(x n-p° n—p)]
(9.136)

Khéac véi -giéi'thhét Taylor, cdc gid tri tinh duge trudc dé sé'duqc
-dung lai dé tinh x,,,, d4n d&n hiéu qua cao hon trong tinh todn. Do d6

- khi p > 1 gidi thuat nay cdn dugc goi 1a gidi thuat da budc, trong khi gidi
thuat Taylor luén lubn. 1a gidi thuat don buée. Mot luwu ¥ khac 1a khi
- b_; #0 gidi thuat da budc c6 tinh &n vi x,,, xuat hién & cd hai vé. '

Rang bugc vé do chinh xdc
- Dé x,,, duoc tinh chinh xdc, c4c gi4 tri cia a,,..a, b_l, b, phéi théa

' man rang budc vé dg chinh xdc. Chang han v6ik=2vap=0:
#(t)= o, + ot + 0t | .
Xni 1= Aty + hIb_if (Bt buss) + bof ()]
MA f(Xy,1 by g) =R +h) =0y + 2052, +h)
B f(‘ﬂin,tn):f'(t,,) =0y +20,t, ’
nén x,,; =a,x, +h{b_jloy + 20, @, + R+ b, (0, + 20,5t,)}
Zavs = 0o%y + hloty by +b,) + 205, (b_; +b, >+a2'h<2b_1 ) @
" Ta é_é xAc dinh: ao,b_l;b'o,;gao cho: x,,,=%(t,,;); va: x, =£(t,)
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£(t,,) =0, +0(t, +R)+ay(t, +R)
£(t,, ) =0, + 0L, +0tE +R(0y + 205t, +0ph) = Z(E,) + h(0; + 2065t + 0t5h)
nén  x,.;=%, +h(oy +204t, +0yh) (2) '

So sanh (1) va (2)

a,=1 “°=11
b;+b,=1 c6 nghiala {b, =3
2b,=1 1
b, ==

\ 2

P4y chinh 1a rang budc vé d¢ chinh xdc cha gidi thuat khi & =
p = 0. Khi d6

Xni1 =Xy +%[f(x,,+1,tn+1)-_l~f(xn,tn)] (9.137)

Giai thuat da thdc bac hai nay duge goi 12 gidi thuat hinh thang vi
thanh phéan thd hai cia né c6 thé gidi thich nhu dién tich cda mot hinh
thang.

Mé rong phén tich trén mgt cdch tuong tu cho trudng hop téng quét
v6i k va p bat ky, rang bude vé do chinh x4c sé 1a

a,':.l

=0 | 1(9.138)
i(—I)’a +Ji(—1)’ =1 j=1,2,.k

i=-1

Théng _thddng ngudi ta chon: p = k-1, va: a;=a;=..=a;_;=0. Khi dé
tuy theo gi4 tri b_; c6 hai gidi thuit chinh sau day

+ b_;= 0: gidi thuat hién (gidi thuat Adams - Bashforth) (Bang 9.2)
+ b, #0: gidi thugt &n (gidi thugt Adams - Moulton) (Bang 9.3)
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Bang 9.2
Bic Giai thust Adams - Bashforth
1 Xp41 =X, +Af(x,.t,) (Euler thugn)
3 1
2 Xp41 = Xp +h‘['§f(xnvtn)_Ef(xn-l-tn_l)]
3 Xpsl =X, +h| f(xn’t )- f(tn 1obn- l)+ f(xn 2> Hn-2)]
4 Ly p1 =Xy +h[ f(x,,,t )— f(xn-ptn_])
+'§Zf(xn-2~tn’—2)_'2—4'f(xn—3‘tn-3)]
2774
5 Xyl =Xy +h[ f( x,.t 720 f(xn-l t -])+ f(x,,_g th_2)
1274
- 720 flx, 3.t _3)+720f(x g bng)]
4277 7923 9982
6 el =Xy +h[1440 f(xn’tn)_1440f(xn =1 tn I)+ 1440f(x —2’ n- 2)
7298
bt [ 4 —5ilp-
720! (-0 1440 e )= 1440ﬂx" 5:tn-5)l
'Bang 9.3
Béc Gial thuat Adams - Moulton
1 Xn+1 =Xy +hf(xn+l'tn+1) (Eu'er nghi‘:h)
1 1
2 Xpel =%y +h[é‘f(xn-u’tm-l)+-2'f(_xmtn)]
3 Xp4p =Xy +h[15 f(xn+1» n+1)+ f(xn t )= f(xn—l'tn-l)]
9 19
4 Xpi1 =Xy +h[?4'f(xn+1’tn+1)+Ezf(xn’tn)
5 , 1
—Zf(x,,_x,t,._ﬂ*-——f(xn-z,tn.-z')]
5 Xp4] =X, +h[ f(xm-l' n+1)+ 720 f(.t,,,t )_ 790 f(xn—b n-1)
1 .
7 f(x,,_z, n-2)" "‘-'f(xn—:iv tp-3)]
f(xn 1:ta-1)

xn+1“xn+h[1440f(xn+]v n+1)+1440f( n* n) 1440

1440f (n-gtn-2)= 144of (3. “3)+1440f (Fn-g:tn-4))
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Giai thuat 4n thudng c6 do chinh xdc cao hon gidi thuat hién vi né
dodi hdi it hon mot gia tri trude d6 cta fix, t). Tuy nhién, khi d6 tinh todn
x,,; ¢6 thé phic tap hon vi x,,, ton tai & ca hai vé.

" Khdi dong glﬁl thuat da budc
: Khdc véi gidi thuat don budc, giai thuat da bubc khong thé tu khéi
- déng. Chang han d6i véi gidi thuat hién (b_;=0)

=Q,x, +h[b F (%, 8,) +.t b of (Xy_psts I_p)]

bé tinh duge «x,,;, ta cén phéi biét truéc p+1 gid tri ciaa:

Xy Xy gseees “trong khi chi ¢6 x, duge cho. D& ¢6 cdc gid tri nay, gidi

_p ’
thuit don budc phéi duge thl}'C hién truée it nhat p+1 14n, truée khi gidi

" thuat da buéc duge khdi dong. Do chinh x4c cao va dé lap trinh, gidi
- thuit Runge - Kutta béc 4 thudng dugc st dung dé khéi dong cdc gid tri
d4u. Do chi cdn tinh trong p + I buéc lap, kha ning kidm sot sai s§ yéu
‘cha gidi thuit Runge - Kutta sé khong c6 dnh huéng 16n. Sau d6, ta tiép
tuc tinh tosn bing gidi thuat da budc do hidu qua tinh toén cao va kha
: néng kiém so4t sai s6.

3- He théng héa cac gidi thudt s6

Msbt cach téng quan, cdc phuong phéap s6 khdo sét G trén du’dc liét ké
lai nhu’ sau

Mach phi tuyé’n dién tré
- Phuong phép lap don gian
- Phuong phdp Newton — Raphson
Mach phi tuyén déng
- Phuong phdp khai trién Taylor -
# Gidi thuit Taylor
« Giai thuat Euler thuan
# Giai thuiat Runge _ Kutta
- Gidi thuat Runge — Kutta bac ha1
> Giéi thuét Heun’s
> Gidi thuat Euler — Cauchy cai tién
. Giai thuat Runge — Kutta bac bén
- Phuong phép da thic héa '
# Gidi thuit hién Adams — Bashforth
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. Giai thuat Euler thuan
" # Giai thuat §n Adams — Moulton
- Giéi thuit Euler nghich
4- Phén tich sai & s
Phén tich sai s8 12 m6t van dé hét sic quan trong déi véi chat lugng
tinh todn cla phuong phdp s6. Tuy nhién phéan tich sai s6 mot cdch day
. dG doi héi nhitng din suit todn hoc tuong d6i phdc tap, vugt ra ngoai
pham vi cia mft gido trinh mach dién. Do d6, & day ching tdi chi gidi
thiéu mot s6 két qué chung nhat lién quan dén sai sé. . '
Xét mot bai toan dleu kién diu: x'=f(x,t).x(t,)=x, , T
Gia sl gidi thuat hoan toan chinh xdc tai ¢, , sai s6 cia gidi thuat o

¢

e S€1Aar. y E=X(ty,1) — Xnis

véi: ﬁ(in+1). - 1a nghiém chinh xdc tai ¢,,;; x,.; - 12 két qua t1nh
duge bing giai fhuét s0.

Péi véi maéh i)hi tuyén dién tré .

Gié sit tn tai L < 1 sao cho If) — fiy)) < L 1x -y thi & bube lap tha

- Phuong phép lap don gian: eV*? < L™

- Phyong phép. Newton — Raphson: £+ < LigV}2

Phuong phap Newton — Raph.son sé héi tu nhanh hon phuong phédp

lap don gian. D6 1a 1y do tai sao phuong phap Newton — Raphson rat phu
hop d€ gidi phuong trinh phi tuyén tinh. ~ ‘

Péi v6i mach phi tuyén dong

Gidi thugt Taylor
2
- Gidi thuat Euler thuan: & =% “"(‘t) =0(h%).t, <1< t,,+1

2

- Giai thﬁét Euler nghich: €= —--’—lz— ‘"(1) Oh®). t, <t<t,,

- Gidi thuat hinh thang s——-;i-a”c"'(t) O(h®), t, <T<t,,

Nhu vay giai thuat hinh thang c6 d9 chinh x4c cao ho‘n céc giai thuat Euler

Giii thuét da thidc héa bac k
g=C 2" () h*! =0(h*7), - ph<1<h
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. 1 k+1 k+1
Do dé Ck:(k+1)'{ [Za (p- +(k+1)2b(p—t) ]}

i=-1

9.4 MACH TU

Mach tir duge hiéu 1a phan khéng gian hitu han trong d6 c¢6 dong tit
thong chady theo nhitng dudng dinh hudng trong 16i thép. Nhu da biét viéc
hinh thanh tir théng 1a do sy tén tai tit trudng duge xdc dinh béi vecta ti
cam B va cudng d0 tir trudng H , trong trudng hop tdng quat ching la
ham cha thoi gian va vi tri khong gian. Tu trudng duge mo ta bdi hé
phuong, trinh Maxwell, d6i v6i trudng tinh (cdc vecto B.H khéng thay d6i
theo thoi gian) ¢6 dang ' A _
rotH=4J "(9.139)
divB=0 | (9.140)

trong d6 J 1a vecto mat do dong. Céc vecto B va H ¢6 quan hé véi
nhau dugc x4c dinh béi phuong trinh |
B=pH . 1 (9.141)
§ day p=p,p, 1a do tif thadm cha mdi trudng ;
- d9 tir thdm cla chan khong; p,- do tir thdm tuong doi cha méi -
trudng. - _ - -
Trong trudng hgp trudng bién thién theo théfi gian nhung théa méan
diéu kién dimg, né cing dugc mé té béi cdc phuong trinh (9.139), (9.140).
Cung véi ti trudng con cé vecto cudng do dién trudng E, lién hé véi
vectd tif cdim B theo phuong trinh Maxwell

B
tE=-22
ro 3t

Nguon sinh ra tru’fmg tinh 1a day dan hoac mach dién c¢6 dong mot
chiéu chiy qua, con ngudn sinh ra trudng bién thién 1a day ddn hay mach
dién c6 dong xoay chiéu. :

Trong thuc t&, tir thong duge déng kin trén dudng khép kin dugc tao
nén bdi sit tir ¢6 quan hé B(H ) 1&a KTT, da tri va cdc thuan tu, nghlch tur

c6 quan hé B(H). tuyen tinh, do’n tri.

Sau ddy ta sé xét cdc mach tir cé tir thong khong thay ddi theo thoi
gian (trudng tinh) va mach tir cé tlu' théng bién thién theo thoi gian.
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9.4.1 Mach tit tit théng khong déi t

P61 v6i mach tir thi dinh luat vé dong tir thong cé y nghia r4t quan
trong. Theo dinh luat néy, luu s6 cha vectd cudng do tir truong H doc
theo mach déng kin sé bang téng dai sd cdc dong dién xuyén qua mach
nay. Pinh luat dugce phét biu du6i dang cong thic todn hoc sau day

ey = L H,dl =k§:‘;1k (9.142)

trong d6 e, - sdc ti dong;
H, - thanh phén ti€p tuyén cha vects H v6i dudng l.
D4u cha I, trong tdng phu thude vao chiéu cda né so v6i chidu cia
dudng ! va duge x4c dinh dua vao qui tdc vin nuat chai.

Trudng hdp trong cudén day c6 dong mot chiéu I va s6 vong n
(H.9.81), cong thuc (9.142) c6 dang

ey = L Hdl=In=9 . (9.143)
& day @ - dugc goi la dong tir.
L
L emmmmeomes
PRl ~ \
M Y @@@@@@ !
| QAR
[
a) | ’ b) -

 Hinh 9.81: Cujn ddy co dong mgt chiéu
Néu dudng day [ hé mach, thi tich phan doc dudng nay goi 1a ap tir Uy,
Uy = L H,di - (9.144)

Trong tif trudng c6 vects tif cam B, thi ti théng ® qua bé mat S
~ duge x4c dinh béi cong thifc :

o=[[Bds (9.145)

trong d6 B, - 1a thanh phén phép tuyén ctia vecto B véi mé,it phing S.
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Sau day sé xét mot s6 dinh luat co ban ctia mach tit. Pé mo ta va
phéan tich mach tu, ta ¢6 thé lap nhitng so d56 mach dé mo ta su ghép néi
cdc bd phan 161 sit ciia hé théng tir. So db d6 ciing c6 nhitng diém gidng
v6i so d0 mach dién vé cdch mé td bién trang thai va két cau hinh hoc
(graph, dinh nhénh, vong, tp c#t...) va cdc phép tinh (dinh luat Om,
dinh luat Kirchhof?). o I

1- Pinh luét Om [ —

Ta goi nhdnh la moét doan
so d6 mach c6 dong tir théng @ !
chay tit ddu dén cudi. Mot nhdnh b | f
¢6 thé néi ti€p béi nhiéu doan :

..... [ ]
nhd, méi doan dai / ¢6 cing mot c N %// _ _j L
A

vét lidu dén tir. Do d6 khi hinh s Z
dang hinh hoc bao dam su phan e a
bd trudng tuong d6i déu trén tist
dién, tic 1a vecto B va H nhu
nhau ¢ moi diém ciia mat cit bat ky cda 1oi, thi tit thong tao ra théng 16i
duge tinh theo cong thitc :

©=[| B,do=[[Bdo=B[do=Bs | (9.146)
S s '

B S -
|
I
1

c |

Hinh 9.82: Mach ti khéng phdn nhdnh

va theo dinh luat vé dong tir 9.143
eM:Insztdlszdl=HJ.dl=Hl (9.147)
! ! )

Trong cic cong thic (9.146) va (9.147); S = ¢® - 1a dién tich coa tiét
dién ngang cla 161, [ = 2a + 2b + ¢ - 1a d6 dai trung binh ctia dudng sdc tir
trong 16i (xem H.9.82).

TUu phuong trinh 9.147 ta ¢6

H = eTM | (9.148)
Bsivi B=puH nén B :“_e_?,,_ (9.149)

Khi thay (9.149) vao (9.146) ta duoc

e e i
o=M _u (9.150)

L Ry

us
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hay 1a o=Iu (9.151)
Ry
" trong dé Ry, L (9.152)
uS
B ] H
- "
(o} . — o)

Hinh 9.83: Ddc tuyén vdt liéu lam 16

Cac phuong trinh (9.150), (9.151) dugc goi la dinh luat Om cia mach
tli, con R,, dugc xédc dinh theo (9.152) 1a tir tré. Tu trd trong trudng hgp
tdng quat 1a ham KTT cla cudng do tif truong va tir ép Uy, . Diéu d6 xuat
phat ti quan hé KTT ctia p(H) gay nén do dac tuyén KTT B(H) cha vat
liu 1am 16i. Quan hé p (H) duge xédc dinh bdi dudng cong tif héa dau tién

" bé qua hién tugng tir tré (xem H.9.83).

Tit trd duge x4c dinh theo cong thice (9.152) .
duge goi la tir tré tinh tai diém lam viéc trén
dac tuyén & = f(U,,). Phuong trinh (9.151) cho
phép ta xay dung nén so do mach tuong duong QD LH.. i
cho mach tir dang xét (H.9.84). T

Trén day ta da xét mach tir khoéng phén
nhanh va dinh luat Om mé ta quan hé giita céc
dai lugng vat 1y trén no. Hinh 9.84

a So dé tuong duong

2- Dinh luat Kirchhoff
Ta goi dinh hay ndt 1a chd néi (lién thong dong ti) cta hai hay nhiéu
nhanh. O méi dinh s& c6 nhiing dong tif thong chay téi va chdy di. Gida
mot cap dinh s& c¢é mot tu 4p. '
Xét mot mach tif phan nhanh nhu trén H.9.85, trén d6 c6 hai cudn
day véi s8 vong quén 1a n; va n,, dong dién qua ching tuong dng la I,
~ va I,. Khi thira nhan céc dudng sdc tif trung binh trén mdi nhénh la
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l,.1,.1; ta c6 thé viét phuong trinh cho tir théng tai nat A nhu sau

<) b,
s \
4 i \
Il ! [6)) 1 U,
| 3 - 1
hd L I q * D,
— ] 1 Unmz
i 1 ]
: : <+> Sum2 H UM3
*—— ) ey .
1 1 I q N S M1 l Ep;
I 1
\ i /l Ig
M e - .

Hinh 9.85: Mach tit phdn nhdnh Hinh 9.86: So dé tuong duong ciia
mach trén hinh 9.85
D, +D, D, =0 , (9.153)

tI‘OI’lg dé (DIZBIS. (D2=BES. (D3 =B3S

Phuong trinh (9.153) chinh 14 dinh luat Kirchhoff I cho mach tu
phan nhanh, duge phat biéu nhu sau

Tong dai sé cdc dong tix théng tai mét dinh hay tdp cdt la bdng
khiéng.

Trong trudng hgp téng quat, dinh luat Kirchhoff I cia mach tu c¢6 thé
viét dudi dang

> @, =0 (9.154)
k=1

Ta hay x4y dung so d6 tuong duong cho mach dang xét trén H.9.85.
Tu dinh luat vé dong tu, d6i véi mach ¢6 cdc duong sdc hitu han 7, L/,

ta c6 phuong trinh
ey;=Diny =Upyy +Upys = H L, + H,l, (9.154)
ero = Iony =Uspo +Uppy = Holy + Hol, (9.155)
Céc phuong trinh nay chinh 1a dinh luat Kirchhoff II cho mach dang

xét, c6 so dd tuong duong trén H.9.86. Trong trudng hop téng quat, doi
v6i mot mach tir bat ky, dinh luat Kirchhoff I ¢6'thé phat trién nhu sau:

Theo mot vong kin tong dai s6 cac tir 4p bang tng cac sic tir dong.

m

‘ iUM,; = e ~(9.156)
k=1 [

Dé tién loi cho viée tinh toan, dudi day sé ghi lai cac dai luong vat 1y
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xudt hién trong qud trinh phan tich mach tif va cac don vi cua né.

Bang 9.4
i Bon vjtrong hé S|
Ciac dai lugng vat Iy Ky hiéu
Tén Ky hiéu
Td cdm B Tesla 1T = wb/m?
Ty thong g Weber iwb = 1VS
Cudng do tu trudng H Amper/met 1 A/m
P tir tham H=Hody Henry/met 1 H/m
Tu &p Uy 1A
Stc tu dong CM Amper
Déng tir 0
T trd Ry Nghich do clia 1H!
Henry ’
1 1 T Vi du 9.9. Xét mdt mach tir
n
7. khong phan nhanh (H.9.87),
SSTTTTTT s /31/ 16i ferric c6 dudng cong B(H)
- ! duge cho truée (H.9.88). Trén
1 . . 4 A~ A ~
| l! - 16i ferric c6 quin cudn day n
[o] LN
! E vong va cudén day c6 dong dién
' 1 mot chiéu I.
\_ _,) _ /// ) . ] . .
""""""" 4 S 1- Hay xdc dinh tif thong
b, 2, be b ® véi gid thiét b, =b, =b, do
dé S,=S, va 6=In.
777 7 - Ti dinh luat vé dong tu
/Sz/ S2 - — ’
% N In=HI (9.157)

Suy ra H=£’1 (9.158)
Hinh 9.87: Mach ti khéng !
phdn nhdnh

Tit dudng cong tif héa B(H) trén H.9.88, ta c6 thé xdc dinh gia tri B
tuong tng véi gia tri H tinh theo (9.158). Do dé c6 thé tinh duge

@ =BS | (9.159)

2- V6i gia thist ¢ cau a, hay xdc dinh dong tir © dé 16i c6 duge tu

thong @ tim duge & trén. ‘

trong d6 | = 2a;+2a, + b
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. . . . ()]
Véi gia tr1 @ va dién tich S da biét ta c6: B= 3

A

Tu duong cong tir héa trén H.9.88, ta sé tim dugc gid tri cudng dd tu
truong H, tuong dng va6i gid tri B tim dugc trén day va do dé 6= HI
: )

: —1
C

)
T
LT

Hinh 9.88 . Hinh 9.89

\
\
<

3- Gia thiét rang: b, #b, > S, #S,. Hay xac dinh 6 khi da biét tu
théng @.
Tu cdm trong phan 161 c6 tiét dien: S,=bh; va do dai
y \
'll :201 +§ch1 la
L

B, = 9.160a)
17, (

Tu cdm trong phan 161 ¢6 S, =b,h va I, = 2a, +—;—nb2

By=— (9.160b)

Bdi vi day la mach tir khéng phén nhanh nén tir théng bing nhau
trong ca hai phan 16i, cudng d¢ tir trudng H, va H, tuong ing v6i B, va
B, c6 thé xac dinh tir dudng cong B(H) trén H.9.88.

Tt dinh luat vé dong tir (9.143), véi mach tir dang xét c6 so dd tuong

‘duong trén H.9.89, ta c6 phuong trinh x4c dinh 6

4- V6i gia thiét nhu trong phan c, hay tim tir thong khi da biét 0.
DE gidi bai todn nay, ta cin x4y dung mot dic tuyén ung dung. Khi da
biét dudng cong B(H), v6i doan co tiét dien S, va do dai l;, c6 thé xay
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dung dic tuyén @ =f;(U,) (xem H.9.90a) dua trén cac biéu thue
®=BS,; Uy, =H], (9.162)

@=t,(Uy) o=t (Uy)

a) b)
Hinh 9.90: Ddgc tuyén ® = f(uy)

Tuong tu véi doan 16i c6 tiét dién S, va do dai [y, ta xdy dung dac
tuyén @ = £, (1) (H.9.90b) dua trén céc biéu thc | _
®=BS,; Uy =Hl, (9.163)
Céc dic tuyén tng dung duge tao ra trén ddy mo té céc tif tré KTT
Ry,.Ry», cia céc phin 16i. Tir H.9.89 c6 thé thay ring, cdc tif tré nay
duge mic néi tiép, do d6 ta cé thé tao ra dac tuyén tong hgp cta ching.
Tai cdc gid tri da cho cia 6, hay xdc dinh tu thong @ cda 16i va cdc tir ap
U, .Uys cta cdc doan 161 1;,1,.

@
f1(UM) fz(UM) _
______ A e e
Id
7
O @--wfr——-- d ——-4-,:
_______ - _:-___/ '
P T s
I B Y A i
73 '
PRGN '
~ & i i UM L\/
u i P
M1 ,_-. UM2 5 ) .
Hinh 9.91: Bcfc tuyén téng hop cia Hinh 9.92: Tt théng trong

tir tré néi tiép khe hé khéng khi
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5- Xét mach tir trén H.9.87, nhung bi cit béi mot khe khong khi ¢6
do6 rong la 5. Khe hé khong khi cé dac tuyén B(H) la tuyén tinh, vi
W=p, =const. Béi vi vat lidu st tir c6 4o tif thAm p, > 1, nén tir tré cia
n6 sé& nho hon tir trd cia khong khi rat nhiéu 14n (xem 9.152). Trong khe
khong khi s& xust hién su “né” ra clia tir thong (H.9.92) va do d6 tiét dlen
cua dong tit thong trong khong khi S, sé& 16n hon trong sét tur.

Khi gia thiét d6 rong cta khe hé khong khi rat nhd so véi cdc kich
thuée khac cua né, S, dudc tinh theo céng thic

S, =(b+3)h+9) (9.164)
Theo céng thic thue nghiém
S, =1.15S8, =1.15bh (9.165)

Xét truong hop don gian nhat, khi b, =b,,S; =S, , hay tim dong tir 6
khi da biét tir thong @ . D6 dai dudng sdc tli trong sét

I, =1-8=1 (9.166)
d6 dai dugdng suc tu trong khong khi .
I, =8 (9.167)
ti cam trong 16i st va trong khe hd khong khi
¢ o
B =2:B, == 9.168)
S, hs, (

trong d6 S, va S, dugc xdc dinh theo (9.164), (9.165)

Cuong do tur truong trong khe hd khong khi

u, B

He
Con cuyng d6 tur truong trong 161 sdt Hg duge xdc dinh tur dudng

(9.169)

cong B(H). Dong tu duge xac dinh theo cong thic

0=HJI +H,, (9.170)
B @
BSo\
Bs ¢ -——--- M R \‘
: H E
N é Uy
- N - ~
° Hs Hso i 0

a) b)
Hinh 9.93
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6- Vdi cac gia thiét trong phan e, hdy tim tir thong @ khi da biét
dong tir 6. Bai todn nay c6 thé giai theo ba cach sau:
- - Xay dung dac tuyén tng dung cho 15i sdt va khe hd khéng khi
(xem H.9.93a.b)

(D:fs(UM); (D:—q&

Ry
Duta vao so dd tuong duong cda mach trén (H.9.94) ta c6
trong 46 Ry, = . 12 tir trd cia khe hd khong khi.
- o™~k :
Phuong trinh (9.171) c6 thé viét lai duéi dang khac
o9 _Yu (9.172)
Ryr B :
0 U
hay M = f(Uy). (9.173)
Ry B
(¢ 7 o}
UMS
0 <+> ~
- B &AM
RM UMk :
. U
° Uus 0
Hinh 9.94 Hinh 9.95

Nghiém cta phuong trinh KTT (9.173) la giao diém cla dédc tuyén
f.(U,) va dudng thing biéu dién tif trd ctia khe khong khi (H.9.95). Giao

diém c6 toa 40 M(Uys,®). Tii dp trén Khe hé khong khi

Upp =0-Uus
. V6i mach tir dang xét ta c6 phuong trinh
0=H,, +H,l, | (9.174)
Béi vi tir thong trong 16i sit va trong khe hé khong khi 12 nhu nhau nén:
B,S, =B;S; (9.175)
Suy ra B, =Bs—§j va H, = f:g: (9.176)

Khi thay H, tinh duge tir (9.176) vao (9.174) ta dugc
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o=H +35, (9.177)
) uoéh

~ Phuong trinh (9.177) cung v6i dudng cong tif héa B(H) sé tré thanh
hé phuong trinh KTT, ching c6 thé gidi bing phuong phdp db thi, khi vé
trén cang mét hé truc toa do (B, H). Giao diém M (B,,H,) 12 nghiém cia

bai todn (H.9.96), béi vi
®=B,S,; B,=teg. g -8 (9.178)
KA l

S
« Céc dic tuyén ung dung tim duge trong cach gidi diu tién cé thé ve
trén cung mot truc toa do, dua trén co sé so db néi tiep (H.9.94) tiu trd
 KTT va tit trg tuyén tinh d€ tim ra déc tuyén tdng hop trén H.9.97. V6i
gid tri da cho cda dong 6, ta sé nhan dugc tir thong trong mach va tir 4p
trong 131 sit cing nhu trong khe hé khéng khi. Tir H.9.97 ¢6 thé thay
rang, tit tré tuyén tinh cia khe hé khéng khi 16n, sé lam tuyén tinh héa
ddc tuyén téng hgp cia mach tir. Nhu vy c¢6 thé tuyén tinh héa mach tir
bing cach tang dong tir © can thiét cho 15i, dé ¢6 duge cung mot gia tri tir
théng nhu trong truong hop 16i khong c¢6 khe hd khéng khi.

B ' ® ®(Uys)

B

sO

HS HSO

Hinh 9.96: Gidi hé phuong trinh (9.177), Hinh 9.97: Ddc tuyén téng hop '
(9.178) béng phuong phdp dé thi ctia mach tit c6 khe hé khéong khi

Vi du 9.10. Bay gio hdy xét mach tir phan nhédnh trén H.9.98. Cho biét
trude dac tuyén tir héa B(H) cia st tir dung lam 161, tat ca cac kich thude
va tiét dién 16i S 1a nhu nhau d6i véi cdc doan 15i. Hay xdc dinh dong tir
8 dé trong khong khi c6 dong tif thong @ .
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@, A @,
M, A ®,
- ——— - - —,— -— o g = — N (D
I ! IcD |
o= ! Y | Hil, Hl
q ! 1 — [ !
q—} ] 'l
1 .
a K2
n : b : a b (H)HZLZ
1
q ] |
e r! 1 0 :
o— | 1 Hidk
‘ez l_‘ _—— - - .: _______ / ’
B
B

Hinh 9.98: Mach tit phan nhdnh  Hinh 9.99: So dé mach tuong duong
ciia mach ti trén hinh 9.98

Giai. Mach tit phan nhédnh trén H.9.98 c6 so d6 tuong duong nhu trén
1.9.99. Khi da biét tir thong @ ta c6 thé xdc dinh B, va H, cta khe hd
khéng khi theo cac cong thic sau
B o ® g B
) S, 1158 W,
Tu thong @ trong doan 16i ¢6 d6 dai / 1a nhu nhau, nén: B,S, =BS,
tff dé ta Cé: B = BkSk/S'
Tir dic tuyén B(H) ta sé xdc dinh dugc gia tri cuong do tir truong H
tuong dng vdi ti cadm B. Tu dp gitta céc diém A, B 1a
UAB = Hl + Hklk

trong mach b ta c6 Ujp=Hyl,
Suy ra : H,= Uss
. l,
Khi da bist H, c6 thé xdc dinh B, tit B(H).
Tir théng trong doan 16i ¢6 dd dai I,: ®, =B,S
Tir thong trong doan 161 c6 d6 dai [;: @, =P+ P,
. ()
Tit cdm trong doan 16i ¢6 d6 dai [;: B, =—S—1
Cuong dp tir truong H, tuong dng v6i tU cdm B, xdc dinh trén dédc

tuyén B(H)
Trong mach a ta ¢6 phuong trinh 8=H,l,+Uyp
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P4y chinh la nghiém can tim. _

Trong trudng hop nguogc lai, khi dd biét dong tu 6 va can tim tu
thong @ trong tat ci cdc doan tif, ta c6 thé xay dung so do tuong duong
ctia mach phan nhénh va c¢é thé dung phuong phép dé thi dé phan tich
mach KTT dién tré da xét & trén.

9.4.2 Mach tir tit thong bién thién

" Trong muc trén ta da xét mach ti tir thong khong d6i theo thoi gian,
ngudn sinh ra tir théng 13 dong dién mot chiéu chdy trong cudén day quan
trén 161 sdt tir. Bay gio ta sé xét mach tir thong thay déi theo thdi gian,
dugc tao nén do dong xoay chiéu chdy qua cudn day c6 16i. Hién tugng vat
ly x4y ra trong mach tit nhién sé khac va phuc tap hon trong trudng hop
trén. T thong bién thién tuin theo dinh luat cdm ung dién ti Faraday,
sé cam Ung lén cudn day va 16i sit ti mot sic tir dong ti 1é véi tée do bién
déi cia tir thong theo thoi gian (STD); STP cam (ing 1én cudn day la hiéu
tng c6 ich, con STP cam dng lén 161 1a nguén dong xody va tén hao nhiét
khéng c6 ich, cdc tdn hao gy ra do dong xody din dén cédc tén hao nhiét
la do hién tugng tir tré (sy qud tir cda 16i).

Khi néi dén hé phuong trinh Maxwell mé ta dién tir trudng, 1a noi
dén sy thay d6i chia ti truong theo thoi gian, sé déng hanh véi dién
truong duge mé ta béi phuong trinh

rot E = _9B (9.179)
ot

Biéu thic (9.179) chinh 1a biéu dién todn hoc cGa dinh luat cadm dng
dién ti Faraday. Nhu da biét tir vat 1y, tich phédn cta vects E doc theo
duong cong kin / gidi han dién tich S, qua d6 c6 tir théng bién thién theo
thoi gian, sé bang sdc dién déng cam ng doc theo mach nay va dugc mé
ta biing phuong trinh

e= @E,dt (9.180)
)

trong d6 E, - 1a thanh phdn tiép tuyén cha vecto E vé6i dudng L.
Theo dinh luat Stokes. o
$Edi=[[rotE,do (9.181)
B 5

Khi cha y dén (9.179)
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e=—jj%dc=—%jj3pdo=—%‘t3 (9.182)
S S L

Néu mach duge gisi han béi dién tich S, qua d6 c6 tu thong, lé«mét
day dan, thi sdc dién dong cdm dng (SPP) theo (9.182) sé& sinh ra dong
dién trong day din duoc xdc dinh theo qui tic Lenxo. Néu dién tich S la
cudn day c6 n vong quin trén 161 thi sdc dién déng cam ung trong cudn
day s& 16n hon n l4n, tic 1a

e=—N——=—— (9.183)

trong d6 y =nd - 1a tir thong méc vong.

Déng thoi véi SPD cam tng da xét trén ddy, trong 161 ciing ¢6 hién
tuong tuong ty xdy ra. Dudi anh hudng ctia SPD cam ing, trong 161 sé c6
dong xody, n6 1a ngudn goc sinh ra tén hao nhiét. Tdn hao cia dong xody
& tan s6 thap c6 thé tranh duge khi 161 duge lam bing cac vat liéu c6 dién
trd sudt 16n va duge cach dién vdi nhau. Con ¢ tan s cao ngudi ta lam 151
biing céc vat lidu tur ferric c6 dién trd sut cao.

Sau day ta sé xét mot s6 mach tit KTT~

1- Cuén déy cé l6i sdt ti (con goi 1a cudn chan, cudn can)

Hay xét mot mach tif don gian, 1a cuén day n vong dugc quén trén
16i sdt tir, va trén n6 cé dat dién ap

e . thay d8i theo thdi gian u(t) véi
o | B t (—oo,00) (H9.100)
o | D ni G | Gié thiét do dai trung binh ciia
(. SLIER G " E dudng suc tir trong 16i 1a [ va tist dién
o"—"T-/I ' R t' ’ 9 -~ 5\ 'A/\ 3 L) A
1\ K ngang caa 16i 1a S, dién tro cua day
R - quén 1a R. Dudi téc dong cla dién 4p
u(t), trong cudén day sé cé dong dién
Hinh 9.100: Cuén chdn it).
Phuong trinh md ta cudn chan
u=Ri+¥ " (9.184)
dt :

trong d6 Ri - ha 4p trén dién tré day quén; %: —¢;- 12 dién 4p eam Ung

trong cuén day c6 bién do bang bién do cia SPP e; nhung c6 ghiéu nguge

lai.
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Tit thong mée vong y bao gom hai thanh phan, tit thong méc vong
déng kin trong 161 va tu théng phan bé déng kin qua khong khi, ching
duoc x4c dinh theo biéu thic sau

y=nd+nd,, (9.185)
Tt théng phan bd trong khong khi phu thufc tuyén tinh vao dong
dién, do d6 ta c6 thé viét :
n®,, =L,i : ‘ (9.186)
trong d6 L, -1a dién cdm phén bé. Tir thong mée vong toan bod
Y=n®+ L, (9.187)

Khi luu y dén (9.187), thi phuong trinh ctia cuén chén (9.184) c6 thé
viét lai dudi dang

di do
=Ri+L,,—+n— : 9.188)
R Lo dt " dt ( :
., di e A . dO o
trong dé L"ha- ha 4p trén dién cam phin bo; nd—tzuL - ha 4p cam

Ung trong 16i do tir thong déng kin qua 161.

Phuong trinh cta cudén chén (9.188) la phuong trinh vi phan KTT,
nghiém giai tich cua né du6i dang téng quat khong thé tim duge. Khi
chdp nhan mot s6 gid thiét gan ding véi thuc té&, ta c6 thé giai (9.188)
mot cdch don gidn hon, va qua d6 c6 thé giai thich dugec mot s6 hién
tugng vat 1y xdy ra trong cudén chdn. Cu thé 13, ta c6 thé gid thiét dién 4p
trén dién tré ddy quin va trén dién cdm phan bé la rat nhé so véi dién
ap uy .

d <<luy | (9.189)

i
Rlil<<lu;1; L , |—
i uy %

'ph

va § gan dung bic nhat ta c6 thé bd qua ching. Gia thiét tiép theo 1a
dién 4p dat vao cudén day la diéu hoa c6 dang
u)=U,, coswt (9.190)

Phuong trinh cudn chan khi chii y dén céc gia thiét trén sé 1a

do
U t=n— 9.191
m COSOE =1 = | ( )

do d6 b= y—’lsin,mt =@, sinwt (9.192)
nw
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(Dm = T T A
onfn 4,44fn

U

m

U

(9.193)

' ‘Khi da biét duong cong tir héa dong B(H) cia vat liéu sit tu dung
lam 18i tuong Gng véi tan s8 £, ta c6 thé tao ra déc tuyén ®(i), trong d6

& =BS; va i=—1ﬂ

n

(9.194)

Hinh 9.101: Xdc dinh dong dién trong cuon chdn
" bdng phuong phdp d6 thi

Ta c6 thé xdc dinh dong dién trong cudn chan bing phuong phéap db
thi (xem H.9.101), khi chiéu tir thong bién thién diéu hoa theo (9.192)
qua dac tuyén ®(@). V4i tif thong bién thién diéu hoa, thi dong dién i(?) bi

méo dang, cac cyc tri cia dong
dién va tir thong xdy ra tai céc
thoi diém giong nhau, nhung
dong di qua gia tri zero sém
hon tir théng. Pién dp nhanh
pha so véi tit thong mot gbc
n/2, con dong thi tré pha so
véi ap mot géc n/2, diéu dé
ching té, bén canh nang luong
tich lay trong cudn day con co
ning lugng tén hao do dong
xody va hién tugng tif tré trong
161.

Dong dién bi méo dang c6

Hinh 9.102: Cdc thanh phan cla
dong dién qua cudn chdn
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thé dugc phan tich thanh hai thanh phéan
1- Thanh phan diéu hoa i, cung pha véi dién 4p. N6 biéu thi tén hao

nhiét toan bd trong 16i.
2- Thanh phén tit héa bi bién dang i, tao nén tif thong trong loi
cung pha véi né (H.9.102).

Do @6 ' i=y+1, , (9.195)
trong dé y=1I,,coswt’ (9.196)
i, =1, sinwt : (9.197)

v6i I, = /ZIﬁk (9.198)
k=1

I, - 1a bién dd cla hai thd k trong khai trién Fourier cia dong I -

Dong dién tong dugc goi la dong kich thich va ky hiéu la
o=i=p+i, =1, coswt+I , sinwt = I, sin(wt + o) (9.199)

trong d6 1, ‘112,+Im”, va: azarctg;lﬂ

mp
Vi cdc gia thiét lam don gidn héa bai toan ¢ trén, ta c6 thé tao ra
sd d6 tuong duong cho cuén chan trén H.9.103a va db thi vects cia cic
thanh phan dong dién trong né trén H.9.103b.

i

*

| 1

o : (D
b 1% - I
Hinh 9.103

Cong sudt tdc dung tén hao do nhiét trong 16i
2
P= p,G=—juzdt ~Ur=r1*=-L
1
trong d6 p, - cong sudt tdn hao don vi trong 16i (W/KG);
G - trong lugng cia 161 (KG); R, - dién trd cha 16i

' Két qua nhan duge véi R = 0; L,, =0 c6 thé khai quat héa ¢ mdc do
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gan dung nao 46 v6i truong hop cudn chan mo ta bdi (9.188). Khi st dung
phuong trinh (9.194) c6 thé viét lai (9.188) du6i dang phuc

U=RI+ joL,, [+UL (9.200)
v6i gia thist R1TI<<1ULl oLy [1<<iUL]

Phuong trinh (9.200) véi cac két qua nhan duge khi khong ké dén hién
tugng phan bd va tén hao trong 10i, cho phép ta vé so d6 tuong duong cla
cudn chan va dé thi vecto cha cac thanh phan dong dién trong né (H.9.104).

U
R L
*___JW\/___ro&)&\—————- joLgnl
: 1
II IN
RI
U R, U 8t U,
1

L \

¢ ®
o I,

Hinh 9.104 E,=-U_

Gia tri hiéu dung cia dong tén hao va dong tir héa duge tinh theo cac

cong thie sau

B, B ., _Uupa Ua.p. U (9.201)

Iy = ok ==t
hd AR T Uy M oL oL ol g

Vi du 9.11. Cho cudn chédn c6 sd dé tuong duong trén H.9.105 va céc

thong s6 dic trung nhu sau 1

d
| A

S6 vong day n = 5000; i i
Tiét dién 16i S = 4 [em”];
Cong sudt tén hao trong 16i £ = 25lW1; |, R,

Dién cam cla cudn chén L = 15 [H];
Pién tré cia 161 R, = 1 [KQJ;

TA4n s6 lam viéc f = 400Hz; Hinh 9.105
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Hay xdc dinh bé rong can thiét cha khe hé cha 16i d€ dién cam cia 15i
nho di 5 lan.
Giai. Cudn chan khong c6 khe P=U}, /R,

Gié tri hiéu dung cta dong tif héa
Ui _ Una

I =4,2[mA
whd1 =" = onfL [mA]

Gi4 thiét ring dong tir héa 14 diéu hoa, nén

0, =Hl=1,,,n=21[Av](*)
Cubn chan cé khe hé

Lihas =51441 =21 (mA]; 0, =I5 =105 [Av]
Theo dinh luit vé dong tur

0, = Hl+ H,l, = 105 [Av] (*%)
Trit cdc v€ cha hai phuong trinh (*) va (**) ta duge

. 8,-0,=H,l, =84 [Av]
84[Av]
H,

Cudng d cla tir trudng trong khe hd H, dugce x4c dinh nhu sau

Suy ra ‘ l, =

Gié tri hiéu dung cda tif thong trong 15

Uhd =12,6 .10°° [wb)
\/_ 2.4,44fn
. . Ohd _ 12,6.10°° 2 2
Tu cdm trong 161 B = =2 =3,156.107° [wb/m*]
Hene S 4107
T cdm trong khe hé khong khi
B, = B —=2, 7310'2[wb/m ]
1,15
Cudng dp tir trudng trong khéng khi
-2
H, =2 273107 _5 17107 (A/m]
n, 4nl10 , -
I, = 9. -6, __ 84 = 3.9 [mm]

H, 21710
2- Bién ap cé6 l6i sdt tw .
Néu trén 16i sit tir quan hai cudn day, thi ta sé c6 mét bign 4p don

gian (H.9.106). Gia thiét riing cdc cudn day duge quan dé sao cho tir thong
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trong 161 do cac dong: 8, =i;n; va 8, =i,n, - 1 téng cha cdc thanh phan
(H.9.107).

Uy

Hinh 9.106: Bién dp c6 l6i sdt Hinh 9.107: So dé tuong duong ciia
bién dp cé loi

Tuong tu nhu d6i v6i cudn chan, phuong trinh cta bién 4p c6 thé viét

. dy
=R, + 2L | (9.202
U, =1y di )
Uy = Roiy + dc‘{";’ (9.203)

trong d6 R,,R, - la diénitrc"f day qudn, y,.w, - la tir thong trong cac
cudn day. '

Né&u xét ca tir thong phan tdan trong khong khi

Y, =n,®,,,+n,® Lp,ll%Lti+nl<D (9.204)
di,

Yo =n2®ph2+n2(b=Lph2—5+n2<D (9205)
TU cac phuong trinh (9.202) va (9.203) ta co6

wy = Ryi; + Loy %‘tl- +uy, (9.206)

' . di,

u2 =R2l2 +Lph2"a‘+ul/2 (9207)
trong dé up;=n; 51_‘2; Upg =Ny o (9.208)

dt dt
Céc phuong trinh (9.206), (9.207) chi ¢6 thé gidi gan ding khi 4p
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dung phuong phép gidi tich nhu déi I 2
véi cudn chan. . .
Gié thiét rang trén cdc cuc s “ \Uz
cidp cta bién 4p c6 dit ngudn &p
diéu hoda '

ty (8) = Upy cos ot Hinh 9.108: So d6 bén cuc cla
Néu bdé qua tén hao va dién bién dp c6 165 sdt

cam phan bé clia 16i phia sg cdp thi ‘

phuong trinh phia so cdp sé la

u,=up, =n1%=U",1cos'wt : (9.209)
Nghiém cia phuong trinh (9.209)
&=, sinwt ' (9.210)
trong d6 o, _ Yna (9.211)
4.44fn,

Nhu vdy néu dién 4p bén so cdp la diéu hda, thi tir thong trong 161 sé
tré pha so v6i 4p mot géc n/2 va khéng phu thudc phia thi cdp cua bién
ap. Néu bén tha cdp hd mach (i, =0 ), thi bién ap sé trd thanh cuén chin

I =1, =i +1, (9.212)
Bién d¢ phuc cta ching Ii=1,=5+I, (9.213)
Ti s6 bién 4p bén so cAp va thui cdp theo dinh nghia
MM hay H=n (9.214)
U ny Uy

Trong dé n 1a ti s6 vbng day cia bién dp. Suc tir dong dat vao 161

ey =iy (9.215)
Néu bén thi cdp c6 tai (i, #0) va v6i gia thiét: R, =0.L,,, =0, thi
dién 4p bén thit cap sé la
Uy =ty =15 % ' (9.216)
Ti s6 dién ap bén so cdp va thud cap
YoMy hay Ho=n (9.217)

Uy ny Up
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Nhu vay khi bién 4p c6 tai, ti s6 dién dp, tir théng trong 16i va stc tu
dong dat vao 161 vin khong ddi so v6i trutng hop bién ap khong tai.
Sic tfi ddng duoe xac dinh theo cong thic (xem H.9.107)
ey =iy +isny (9.218)
Dua vao c4c két qua nhan duge & trén
g +igny =i,n, (9.219)
Nhu vay su ¢6 mat cha dong thd cdp sé lam cho dong so cdp khac véi
i,, tic 1a do thanh phan dong tai i, 1a hiéu cia dong so cap 6 tai va
khoéng tai
iy =, i) | (9.220)

khi thay (9.220) vao (9.219) ta co6
. i'1n1+i2n2:0
hay 1a LSRN (9.221)
iy n, n
tuong tu c¢6 thé viét cho cac bién do phic

freford,; fro_1
I'9 n
Céc két qua nhan duge-dsi véi trudng hop khong ké dén dién cam
phan bé& va tén hao cia day quan, c6 thé khai quat héa cho trudng hop
bign 4p c6 dién trd day quan nhé va dién cam phan b6 nho.
Tuong tu nhu d6i véi cudn chén, ¢b thé dua ra céac thanh phéan cta dong
méo dang cia i;.i, va phuong trinh vi phén cia bién ap duéi dang phic

Uy =R, 11+ joLyy, L1+ULs (9.222)

Uz =Ry, + joL, [+ ULz , (9.223)
Trong d6 cdc thanh phan diéu hoa duge biéu dién bdi cée vecto 1,1y
v6i céc gia thiét |
R,=R,=0; L, =Ly =0

Phuong trinh mé ta bién 4p sé ding vdi bién 4p thuc t& néu cdc diéu
kién sau day théa mén

RIII.1I<<IUL1 f; (1)Lph1|I.1l<<IUL1l
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R2|i2I<<IUL2I:mLph2|f2I<<!UL2I

(9.224)

Cé nghia 1a ha 4p trén dién tré day quin va dién cam phan bs nhd

so v6i ha ap trén dién cam.
Khi c¢6 cdc phuong trinh (9.222), (9.223) va cdc biéu thic vé quan hé
gitta dién ap va dong dién so cdp va thd cdp

ULt =n; L=——1*; U;=ULi;Us =Ups (9.225)
Urz Is n
Li=lo+l; Io=T+1:Us=-Z,1 v
L R1 me . i‘I. n:1 Lph2 R2 .12
o ——— 1> - W
L
L i
[ ] ®
5, e LB | 3 B U,
' Oy, UL,
o— <

Hinh 9.109

trong d6 Z, - la tré khang phia thua cdp, ta c6 thé tao nén so dd tuong
duong day du cua bién ap (H.9.109) va dé thi vecto trén H.9.110.

U, jolomTy

o)

Hinh 9.110: D6 thi
vecto cua bién dp co
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Khi 4p dung ly thuyét bén cuc vé céc tinh chat cta bién &p ly tudng,

so d6 tuong duong trén H.9.109 c6 thé dua vé dang trén H.9.111.
i,'

I
R, Lpnv

2

n R,
AAA

2
n Lph2

n:1

o—— AW T

—5o0

—

i I

R,

F.
-~
s
=
gu
000~
/[
g:-

Hinh 9.111: So dé tuong duong ciia bién dp qui vé so cdp

Trong qué trinh xét bién 4p trén day, ta da bdé qua dién dung ky
sinh cta bién 4p. P6 1a dién dung gitta cdc vong day quan va gida hai
cudn day.

'Anh hudng cia ching sé trd nén dang ké & pham vi tin s6 cao. So d6
tuong duong cia bién ap khi ké dén céc dién dung ky sinh gitia cdc vong
day C,, C, va dién dung gidfa cac cudn day C,, duge biéu dién trén

H.9.112.
2%
11
11
1, Ry Lom n2R2 n Lo L i
2
e AN —— T —— W T nil o
I, .
L I, I . o i
. -+ GC, L g =2 T C. 02
U1 R( P
Oy —_—0

Hinh 9.112: So dé tuong duong cia bién dp khi ké dén
cdc dién dung ky sinh
Trong thuc t&, nguoi ta thuong dung so d6 tuong duong don gidn
hon, vé6i gia thiét dong i, dugc bd qua so véi dong thanh phén I, cha I
khi bign 4p c6 tdi, va chi si dung mot dién dung tuong duong Cy;
(H.9.113).
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L Ruas Ly iz

’ grn: T BB |

C(d‘l

Hinh 9.113: So dé tuong duong don gidn ciia bién dp

Céc phan tit ciia so d6 tuong duong trén H.9.113 dugc xéc dinh theo
céc cdng thdc sau

Ry =R;+n°Ry; Lyg; =Ly, +n°Ly,, (9.226)

C; =C, +C2
n?

C(14ny
n
Anh huéng khong mong muén cda céc dién dung ky sinh dugc biéu
dién qua tu C,;;, n6 ¢6 thé duge xdc dinh khi do ti s6 gidia cdc tri hidu
dung cuia dién 4p so cdp va thi cdp clda bién 4p & cdc tan sd khdc nhau
cua dién dp sin dat bén so cap.
Uzng

U1hd

) ©en

Hinh 9.114: Sy thay déi cia ti s6 dién dp thit cdp va so cdp theo tdn s6

b6 thi cua ti s6 nay duge cho trén H.9.114 nhu cé thé thay 1a ham
clia X0,%). Anh hudng cia tu dién C,;, sé dic biét quan trong § vung

tan sé cao, khi ma tré khdng

|ch= 1

Wlq;

- (9.227)
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tré nén rat nhé va bit diu ngén mach phia so cdp cia bién 4p - ¢ 14n can
tan s6

0 = (9.228)

CiarLias
Con c6 thé xay ra cong hudng néi tiép trén bién 4p.
Vi du 9.12. Xét bién ap cé ti s6 vong ddy quan n = 10. Dya vao két

qua do céc bién do dién &dp, dong dién, va cong suét tdc dong phia so cap,
hay xac dinh cdc thong s§ cha so dé tuong duong cua bién dp trén

H.9.111. Cho biét 1T 1=100 [v]; 111m1=0.1[A]; P, =0.5 (W]

U1 =50[v]; 1 [1n1=0.8[A]; P, =1[W]
Véi gia thiét
- § trang thai hé mach cta thd cdp, bo qua ha 4p trén R; va L,
o] trang thai ngén mach phia thi cap, bd qua dong kich thich I,
- R,=n’Ry; L, =n’Ly,; =50 [Hz]
Giai. O trang thai hé n;ach thit cdp, khi chi y dén gia thiét dau tién, c6
thé viét

1lU1hI'
P, =
s 2
Suy ra R,=l[';1hl =10[KQ]

[
Bién d6 dong dién trén dién trd cua 161 R,
IU il

1
B6i vi & trang théi hd mach thd cdp I'; =0, nén I, =1y

11 1= =10 [mA]

Bién d6 dong tiu héa

B2 -1 P=10" ~107 = 107
Mét cdch gan dung ta duqc,

1T t=11m1=0,11A)
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B&i vi L1, 1=1U !
nén L=M=3,2[H]
|l

O trang thai ngin mach thit cap, dua vao gia thiét thd hai va ba ta c6
PIn =é‘|j1n I2 (RI +n2R2):|j1n |2 RI

Suy ra ' R1=——-}-)1"—=1,6[Q]; R2‘=£;=0,016[Q]

I iln |2 n
Béi vi ¢ trang thdi ngdn mach thd cap: I'(p' =0, ticla: I', =In
Con tong cac ha 4p trén cdc dién trd 16i va dién cdm phan bé 1a
Uln = jln[(R1 + n2R2 )+ j(l)(Lphl + nQLphZ )]

nén dua vao gia thiét ba ta cé

‘ \Un 12=1110 12 [(2R;)? +032(2Lph1)2]
v 2 2 p2
suy ra L;i,,,:'U“" ~AT TR 00987

40°11,, ¥

p.

L
va L,;=0.1H=100\mH|; L,,, =22 =1|mH|
. n



Phu luc 1: BIEN POI LAPLACE CUA MOT SO HAM

Ham f(t) Bi€n A8i Laplace cta f(t)
1 1 1/s
2 t 1%
. n n!
3 t ;71_451— )
4 e /(s + a)
5 1(1 _ e-al ) 1
a s(s+a)
—]
6 1 (e—all _e—azt) 1
a;—a; (s+ay)stay)
7 i ;(ale—a" —aze"'zl) s
to. a;—ay (s+a;)s+ag)
8 t"e ™™ n! i n=0,12,.
(s+a)n+l
. 1 _ 1.
9 —(t+at-1
a? (e ) s2(s+a)
1 - 1
10 ~|1-(1+at)e™® .
JF(1-drane ] s+ o)
11 (1- at)e"u s/(s+ a)!.
2 sin o m/(32 +u)2)
i3 cos it st rot)
14 e sinwi . ks - @) + 07
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(tiép theo) Phu luc 1
Ham f(t) Bién adi Laplace cha f(1)
15 e cosumt (s+a)i(s+a)? +w?]
1 1
16 = (I ~coswt) ———
w? s(s2 +a? )
17 tsinwt 20s/(s? +0%)?
18 tcoswt (s2 -m2)/(sz +u)2)2
19 ; sin Wyt — Wy sin ;¢ W0y .
] -} . (sZ + 0 )s? +})
20 COS gt — COs W s
w? -of (s2 +w?)s? +0d)
21 wy sinw;t — Wy sin Wyt s2
2_ 2 —
wy —wz (8% + 0w?)s? +wd)
22 w? cosw;t - w5 coswy? s3
w? -0} 2 +ofxs? +wd)
23 sinwt T ®
arctg —
t s
24 Sitwt) = [ S22 dr Eip—
¢ T s s
1 \/; 2 s
—.—e*Erf
25 e-atz 2Va (sz’; J

voi Erf(z=—2. [ e

wit "%
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Phu luc 2: PHO CUA MOT SO HAM

T TiN HIEU 1) - PHO FII(1)] = F(j® )
f(t) : S{v)
SN
1tye ™ 1 A ©
1 Jjoa o Mo
1 ;-
o 0(e)
~ f(t) ﬁ S(o)
] 2ua
2 e (1)2 + (12 "
t
: (=0 ©
0

f(t)
Ite™ 1
3 \ (Jw+ )

lo
f(t
) S(o)
/\ t ‘ ”/\\/\ ¢}
.. [O) e
e sinw,t S —_—— ~
4 {he s, o \/ \ ] w+w? rof ° ™o
oM O(er)
f(t) F(jo)
T
sin(n)gi o VoI (o] <w,
5 t ! € ©
g o 0; véi: o] >0, “og o o0
1v6i |t]<< ft) F(jo)
2
T sinm1
Q véi |t >— 2 )
6 It 2 t T . S~ »
— (1)5 o
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(ti€p theo) Phu luc 2
LA .!_-_. TIN HIEU 1(t) PHO F'[1(t)] = F(i® )
Fljo)
|t| T T 2
1-=vdi:|t| <= sinu)——]
7 T 2 T 2
T |
O; véi: itl> 1 wE J|
MD%T_\ML,(D
.
> 1 F(jo)
1 0%’
8 ¢ 25 fone 2
t [0
0
1 F(je)
9 O(t) \
___._>t “
: )
ft) F(jo)
10 1 2nd(w)
: w
° )
f(t)
F(jo)
¢ t T (w-w,) +
11 cos W,
' +3(w+w,)] l
(0]
W, [} 0y
F(jo)
: Jd(w+w,)
12 »smmot v o o °
-8(w-w,)] ‘[‘* ~
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(ti€p theo) Phu luc 2

17 TiN HIEU f(1) PHO FIf(1)] = F(ju))
’ T
l Fljo)l
! LY %[5(&1) —w,)+
I(t)ycos ot [\ /\ [
13 OW \j \/ t +8(w+ my )]+ / \
L ¢
mf, —w? -0y
() IS0+ w,)- IF(jo)!
. 21 (4
| {\ /\ /\ —B(w~ w1+ \
<4 1(t)sinw,t
[o] (1)0
ATAWE RS .
o
K1) IF(jo)
1(£_1vo’!it>0' 6(u+i
15 “lovsit<o t (W)~
(O]
)
f) IF o)
o i W, - kw,)
16 ‘ 2 S(t—‘IIT) n=—oo
o w, = 2% l l
T o7 T —0g [OFY
TFGo)
(t)
2 \\
17 ] -;2— .
o :
f(t) IF(jo)!
. /
18 sign(t) 5 — o / .
——— (O]
' o *
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