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LO1 NOI AU

Trong nhiing ndm gén déy, khoa hoc ky thudt dién ¥ va vé tuyén dién phdt trién
vdi téc dé v bdo. Ky thudt dién ti va vé tuyén dién hién dgi da thém nhdp vao tdt ca
cdc nganh khoa hoc ky thudt, kinh t& quéc dén, vén héa va dot séng hang ngay, la céng
cu ddc lur thic ddy su tién b cia khoa hoe k¥ thudt.

Néu nhut trong nhitng nam 1960, phuong hudng phdt trién chi yéu cia nganh ky
thudt dién t la viée bdn ddn hoa cde thidt bi dién ti, va ché tao cdc mdy tinh dién ti
véi dung luong ldn, téc d6 tinh todn nhanh, thi dén khodng giita nhiing ndm 1980, khoa
hoc ky thudt dién ti néi chung va ky thudt vé tuyén dién néi riéng da chuyén sang
giai dogn phdt trién mdi: giai doan phdt trién nhanh chéng va thinh hanh cia ky
thudt vi xi 1y, ky thudt mdy vi tinh, ky thudt théng tin s, théng tin vé tinh va ky
thudt tu dong héa & mate d6 cao. Tuy nhién, nhitng tién bd nhdy vot cua ky thudt dién
tik, chii yéu trong linh vic cong nghé ché'tao. Khdi niém linh kién dién ti khing chi gidi
han cho cdc phdn £ réi rac, don ndng, mé ngdy nay nguoi ta da ché tao cdc loai phdn
tiz t6 hop- vi mach - lam nhiém vy cia ni_o"t, hodc mét s6' mack chiic ndng trong cdc thiét
bi dién ti néi chung, hay thiét bi vé tuyén néi riéng vdi chdt lugng cao. Song vé co bdn,
k9 thudt cdc mach dién tit déu duge xdy dung trén cd s nguyén ly cia cde mach kinh
dién dutoc xby ding tit cdc phdn ti don 16, dé ditge hinh thanh va ddn hoan thién tit khi
nganh ky thudt dién tiz va vé tuyén dién ra doi.

Do vy mén hoc "Ly thuyét mach - tin hidu” vdn giit mét vai trd quan trong, la
mén hoc cd 8d ciia nganh dién ti& néi chung va vé tuyén dién néi riéng.

Gido trinh "Ly thuyét mach - tin higu" trinh bay nhitng khdi niém va cdc dinh
luét ca bdn cua mach dién; cdc phuong phdp co bdn phan tich mach dién tuyén tinh va
khong tuyén tinh; phén tich cdc ddc tinh co bdn va cdc qud trinh vdt Iy xdy ra trong
mach dién, ciing nhu tde dong cia cde mach dién khdc nhau lén tin hiéu khi truyén qua

-

né.

Toan bé nét dung trén duge trinh béy trong hai tdp bao gém :

Tép mét ti chuong 1 dén chuong 7. Hai chuong déu trinh biy cdc khdi niém va
dinh ludt co bdn ctia mach dién va xéy dung mé hinh todn hoc téng qudt - phuong trinh
trang thdi cia mach dién cé tham sé tdp trung. Bén chudng tiép theo trinh bay cdc
phuong phdp co bdn phan tich mach dién tuyén tinh vdi tham 86 tdp trung, va di sdu
phén tich mét $6 dic tinh co bdn ctia mach dién tuyén tinh. Chuong 7 duoe danh riéng
cho viéc xem xét va phén tich mach dién cé tham s6 phén bé.
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Tdp hai tit chuong 8 dén chutong 13.

Néu trong toan bé taép mét, viéc mé hinh héa ctia mach dién dude dua trén mé
hinh phdn tiz mach - phdn ti hai cuc - thi trong hai chudng déu ctia tip hai - chuong 8
va chiong 9 viéc xem xét va phdn tich manh dién duwoc thuc hién trén mé hinh téng
qudt- mang 4 cuc, cé nghia ld xem mach dién la mét hé théng truyén va bién déi tin
hiéu. Chuong 10 trinh bay phuong phdp phén tich mach dién khi sz dung mé hinh
mang nhiéu cuc. Chuong 11 duge danh tron ven cho viée trinh bay cdc khdi niém véa mdét
s6 tink chdt co bdn cua cdc tin hidu vé tuyén dién. Chudng 12 va chuong 13 danh cho
viée phén tich cdc mach dién khong tuyén tinh (mach dién phi tuyén); trong
chuong 12 di sGu xem xét cdc phuong phdp phén tich mach phi tuyén va nguyén ly bién
ddi phé trong mach phi tuyén; con chuong 13 xem ét cde phép bién déi phé enia tin hiéu
dung mach phi tuyén duge sz dung réng rdi trong ky thudt dién ti néi chung, hay ky
thudt vién théng néi riéng nhu cde mach difu ché tin hidu, nhén tin sé, tich séng tin
hiéu, tao dao déng hinh sin...

Citng vdi néi dung ctia hai tdp ly thuyét da néu J trén, con kém theo né tip "Bai
tap 1y thuyét mach" sé gidh thiéu khodng 300 bai tép dién hinh tiz don gidn dén phie tap
cing véi cde I3t gidi vé chi dén phuong phép.

Cudi ciing, cdc tde gid chdn thanh cdm on Phé gido s - Tién si Vii Nk Giao dé
doc va hidu dinh tai lidu nay. Cam on cde ban déng nghiép trong b mén "Iy thuyét
mach - do lugng” cua Hoc vién ky thugt quén su déng gop cho chiing toi nhidu ¥ kién
quy bdu trong qud trinh bién sogn.

Ching téi mong nhén duge y kién déng gép phé binh cia tdt cd cdc ban déng
nghiép.

Cac tac gia



Chuong 8

MANG 4 CUC
%

8.1. KHAI NIEM VE MANG 4 CUC

Trong nhiéu trudng hgp, khi phén tich mach dién, ngudi ta khéng quan tim dén
gia tri clia dién ap va dong dién trén t4t ca cac phAn t clia mach, ma chi chy ¥ dén gia
tri clia dién ap va déng dién trén ddu vao va ddu ra cla mach, hay néi cach khac, chi
quan tdm dén dnh hudng ciia mach dién d6i vdi tin hiéu khi truyén qua né. Khi ds,
mach dién s& dugc thay th& bing mé hinh tdng quat nhu vé trén hinh 8.1, va né duge
goi la mang 4 cuc (M4C).

1o !
o—— —:—02 l—bl'l— 2 2
; -] [F
———o0
1 i, 2 2
1 2 1
a) b)
Hinh 8.1

Mach dién (phdn mach dién) c6 cdu tric b4t ky gdm hai cip cuc dé néi véi "ngudn
tin hiéu” va "phu tai" duge goi 1a mang 4 cyc.

Cap cuc dé néi v&i ngudn tin hidu duge goi la ddu vao cia mang 4 cuc. Ciap cuc dé
néi véi phu tai goi 12 ddu ra ciia mang 4 cyc. Dau vao cla mang 4 cuc thudng duge ky
higu bang chi 8 1-1, cdn ddu ra clia mang 4 cyc thudng duge ky hidu bing chi 85 2-2.
Chiéu dién 4p va dong dién & ddu vao va ddu ra clia mang 4 cyc thudng dude quy dinh
nhu trén hinh 8.1. Trén méi cap cuc cia mang 4 cyc, dong dién chay qua cuc phia trén
va cuc phia dudi 12 bing nhau va ngudge chifu nhau, nén dé don gian, ngudi ta thudng chi
ghi dong dién G cac cuc phia trén d8i véi mdi cip cye cia mang 4 cue.

Bén trong mang 4 cuc cé thé cé chita nguédn tin hiéu, hoic khdng chita ngudn tin
hiéu. Néu bén trong mang 4 cutc ¢é chita ngudn tin hiéu, thi M4C d6 duge goi la M4C ¢é
ngudn. Cén néu bén trong mang 4 cyc khéng chita ngudn tin hity, thi M4C dé duge got
la M4C khéng chita nguén. Cac mang 4 cyc khéng chita ngudn duge ky hiéu nhu 3
hinh 8.1a, cdn cic mang 4 cyc c6 chita nguén duge ky hidu nhu & hinh 8.1b. C4n chu ¥
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ring, néu bén trong mang 4 cyc ¢b chita ngudn, nhung cic ngudn dé lai hoan toan triét
tidu 1An nhau, nghia 14 ban than cac nguén d6 khéng giy ra ddng dién va dién ap trén
céc cAp cuc cia mang 4 cuc, thi M4C dé van dude coi 1a M4C khéng chia nguén. Thi du
cac M4C vé trén hinh 8.2 dudgc coi 1a cac M4C khéng chita nguén.

|
N
Ok

Hinh 8.2

Né&u bén trong mang 4 cue chi chita cac phén tu tuyén tinh thi M4C dé duge goi la
M4C tuyén tinh; cdn néu bén trong mang 4 cuc cb chita phan tit phi tuyén thi M4C dé
dudc goi 14 M4C phi tuyén.

Mang 4 cuc dude goi 1a M4C tudng hé néu né chi chita cac phin tit tugng hé.

N#u ta thuc hién thay d6i ddu vao va ddu ra cla mang 4 cyc (thay d6i huéng
truyén tin hiéu qua mang 4 cyc), ma qua trinh truyén tin hiéu ti ngudn tin hidu dén
phu tai clia mang 4 cuc khong thay dai, thi M4C d6 duge goi 1a M4C déi xitng. Dé dang
thay ring cic mang 4 cuc d8i xiing 14 tucng hd.

Ngudi ta ciing phén loai cac mang 4 cyc theo két cdu cta né, va theo nhi€u cach
khaec.

8.2. CAC HE PHUONG TRINH TRUYEN CUA MANG 4 CUC

Cac hé phudng trinh thiét 14p quan hé gita dién 4p va dong dién trén céac cép cuc
cha mang 4 cuc dude goi la cac hé phucng trinh truyén cia M4C.

Xét mang 4 cyc vé trén hinh 8.1a, dong dién trén mdi cip cuc cua mang 4 cuc
khéng chi phu thuéc vao dién ap trén cap cuc d6, ma ¢dn phu thudc vao dién ap trén
cap cuc thit hai. Quan hé gilta dong va Ap trén cac cap cyc ¢ thé viét & dang téng quét:

i, = fi(u;,u
'1 1(up,ug) } (8.1)
ig = fo(uy,uy)
L&y vi phan toadn phén cac biéu thitc (8.1) ta nhan duge:
di, = Iy, D gy,
P (8.2)
di2 = ﬂdu] + —-lidUQ
aul 5112

D& v4i mang 4 cuc tuyén tinh, hé phuong trinh (8.2) ¢6 thé viét duéi dang:
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A, = Y, Au, + Y, Au
h 1nau+ Xy 2} (8.3)
trong dé:
ai a
Y11=““"—au1 ’ 12:_6u; )
1
01 A
Y21=5;;2", Yop= auz

Trong cac hé truyén tin hiéu, ngudi ta chi quan tim dén gia s6 cla dién ap va
dong dién trén cac cap cuc cua mang 4 cuc, ma khéng cin quan tdm dén gia tri tuyét
dé1 cua né. Khi dé, trong ciac phudng trinh (8.3) ¢ thé thay thé cac ky hiéu gia sé cua
dién 4p va dong dién {Au, Ai) bing cic k¥ hiéu cla dién ap va dong dién tuong tng,
nghia 1a khi nay hé phuong trinh (8.3) ¢6 thé viét dudi dang:

L=Y,U+ leUza} 1 (8.4)

L = Y5, U, + Yy, U,y
Hé phuong trinh (8.4) duge goi 1a hé phucng trinh truyén dang tham s3 Y ctia
mang 4 cuc.
Moi hé s8 Y; trong hé phudng trinh truyén (8.4) mang mét ¥ nghia vat 1y xac dinh
va s& dude xét & phén sau.
Hé phucng trinh truyén (8.4) c6 thé viét dusi dang ma tran:

[1]=[¥]{u] (8.4a)
trong d6 : [I] = [IIIZ]T; [U]= [U,U,]" 1a cac véctd ma tran cét ciia cac déng dién va dién
ap trén cac cap cuc clla mang 4 cuc (& day T dude dat & vi tri phia trén ma tran biéu thi
ma tran chuyén vi).

Y, Y
[Y]= [ o2 :i la ma tran tham s8 Y cia mang 4 cye.
Yo, Yo

Nhan bén trai ca hai v& clia phuong trinh (8.4a) v6i ma tran nghich dao [Y]|' va
sau khi bién déi ta sé nhan dugc:

[U] = [2][1] (8.52)
hay:
Up=2Z, I+ lelzs}
(8.5
U,=2Z,,1,+Z,,1,.
trong 46 :

! Trong h& phuang trinh truyén (8.4), cac ky hidu 1, 1, U,, U, khéng phai 1a ky hidu clia ddng dién va
dién ap mét chiéu, hoac gia tri hiéu dung clia dong dién va dién ap, ma ¢6 thé 1a hoac gia tri tdc thai,
hoac cac gia tri bién d& phife, hidu dung phiic, hodc anh cilia déng dién, dién ap.
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2, Z 1 Yoo ~ Y
7] = i1 12:| - = [ 22 lzil (86)
CRFAIR TR

|Y‘ = Yll Y22 - Y12Y21
Hé phuodng trinh (8.5) duge goi la hé phuong trinh truyén dang tham s3 Z cla
mang 4 cuyc; con ma tran {Z} duge goi la ma tran tham s6 Z cua M4C.

TiX cac hé phudng trinh truyén dang tham s&8 Y d (8.4) va dang tham s8 Z & (8.5), c6
thé nhan duge cac hé phuong trinh truyén dudi diy cia mang 4 eyc.

U,=H,I+ HwUz,}
8.7
I, = Hy L+ HyU,
hay: (M} = [H} [N] ©.72)
I, =F,U, + lez»} 8.9)
U,=F, U, + Fp,l,

hay: [N} = [F] M] (8.8a)

U,=A,,U, +A1212,} (8.9)
Il = A21U2 + A22 12

hay: V.= (Al [V (8.92)
U,=B,U, + Blle’} (8.10)
12 = B21U1 + B2212

hay: Vo] = [B] V1] (8.102)

Cac hé phudng trinh tit (8.7) dén (8.11) duce goi ldn lugt 1a cac hé phudng trinh
truyén dang tham s6 H, F, A, B ciia mang 4 cyc, con cac ma tran:

i [H H,, } ] [F F}

H‘Zl H22 F2l F22
[A] = {AII Al‘).} [B] ={Bll B12:|
A21 A2‘2 B21 B22

la cac ma tran tham s6 H, F, A, B tudng ing cia mang 4 cuc.

Can htu ¥ rdng, dé thuan tién cho viéc tinh toan tiép theo d6i véi cac hé phucng
trinh truyén dang tham s& A 3 (8.9} ciia mang 4 ciuc, ta quy dinh dong dién trén ddu ra
clla mang 4 cuc i, c6 chiéu ddi khdi mang 4 cuc (xem hinh 8.3).

o——| ——»—0
u
o—1 o

Hinh 8.3
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8.3. CAC THAM 50O RIENG CUA MANG 4 CUC

Céc hé s8 trong cic hé phuong trinh truyén cla mang 4 cyc dude goi 1a cAc tham

s8 riéng cia M4C. Cac tham s& riéng cia mang 4 cyc chi phu thuée vao ciu tric cua

M4C, gia tri tuong d8i gifta cac phén tii clia mang 4 cuc va tAn s6 cia ngudn tac dong,

ma khéng phu thude vao do 1én chia ngudn tac déng va phu tai mic & ddu vio va déu ra

cua M4C. Do d6 chiing con dude goi 1a cic tham s8 riéng, hay tham s8 bén trong cua

mang 4 cuc. M&i tham s8 riéng ciia mang 4 cuc mang mét ¥ nghia vat 1y xac dinh, va cé

thé xac dinh trong ch& d6 hd mach va ngin mach cia M4C.

Vi du: Tit chc hé phudng trinh truyén cua mang 4 cue, ta cé:

I
Yusg,
1| Uy=0
1
Y, = =
2| U=0
I
Y, = 2
1| Uz=0
I
Yo, = ﬁz‘
2| U=0
U
Zy = 1_1
1 | Iz=0
U
2y, = “I_i
z { ;=0
U
Zy = _I_z_
1 12‘0
U
Lo,y = —£
I, |1,=0
U
A= TJ‘I"
2 |I3=0
U
Ay = -
2 | Ug=0
I
An=g,
. 2l =0
I
Agy = il
2| Uy=0

téng din diu vao ctia M4C khi diu ra 2-2

ngin mach;
téng dan tudng hé gita ddu ra va ddu vio cla
M4C khi d4u vao 1-1 ngdn mach;
tdng din tuong hé giita ddu vao va ddu ra cua
mang 4 cuc khi dAu ra 2-2 ngin mach;
tong din ddu vao phia cuc 2-2 ciia M4C khi dau
vao 1-1 ngin mach;

téng tré ddu vao cia M4C khi ddu ra hd

mach;

. t8ng trd tudng hé gilta ddu vao va ddu ra cua
M4C khi ddu vao hd mach;

- téng trd tucng hé giita ddu ra va dau vao cua
M4C khi d4u ra ho mach;

- tong trd ddu vao phia 2-2 cia M4C khi diu
vao 1-1 hd mach;’

ti s8 dién ap trén ddu vao va ddu ra ciia M4C
khi ddu ra hd mach;

ti s& giita dién ap diu vao va dong dién ddura
cha M4C khi ddu ra ngin mach;

ti 86 gitia dong dién dAu vio va dién ap dau

ra ctta mang 4 cuc khi ddu ra hd mach.

- ti 58 giita dong didn ddu ra vi dong dién dau

vao khi ddu ra ngin mach.
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Céc tham s8 riéng clla mang 4 cyc 13 cae ham truyén dat cia M4C trong cac ché
4% hd mach va ngin mach.

Hai mang 4 cuc duge goi 12 tudng dudng néu cac tham s6 ridng tudng tng 1a nhu
nhau.

Méi lién quan giita cac tham s& riéng cla mang 4 cuc dudge chi ra trong bang (8.1).
Trong bang (8.1), cac ky hidu 4, A}, Ay, Ay, Ay 12 céc dinh thite va phin phu dai s8 cia
ma tran téng trd clia mang 4 cuc.

Quan hé gilta c4c tham s8 riéng ctia mang 4 cye ghi trong bang (8.1) ding vdi ca
cac M4C khong chita nguén va ¢6 chita ngudn. Véi cac mang 4 cuc thuan nghich (tucng
hé) khéng chita ngudn, do tinh chat tuong b3 clia mach dién, ta c6 Az = Ag, tit bang
(8.1) suy ra chc tham 88 Zy,=Zy,, Y5 = Yy, Hyy = —Hy,, Fiy = -Fy, v A Ay, - A, = 1. Béi
vay, cac mang 4 cyc thuidn nghich khéng chita nguén duge dac trung chi bdi ba tham sd
2y, Ly, 23 = 2oy, hodie Y, Yy, Y = Yy, ... Con véi cac mang 4 cuc thuan nghich khéng
nguon, déi ximg, cac tham 887,y = 2o, Y1 = Yo, Apy = Ap, nén chning dude diic trumg chf béi hai
tham 88, hoc Z;; = Zg, Zyy = Zyy, hodie Yy, = Yo, Yi2 = Yy,

Bdng 8.1. Quan ha gilra cic tham s clia MAC

Yll =t = = = s =
‘Z‘ H,, 22 A A
y, -~z _Hp K 1Al
|Z| H;, 29 A, A
Yy, a-fa . Ha | By 1 4,
I ‘ H;, Fyy Ay A
-Zu M1 Ay 4y
I I H, Fyp, A, A
1 H F A A Aoy — ALA
Y=YY2—YY — - 22 _ il 21 _ 211522 12621
Y=Y Yan Yo, ZuZy -T2y Hy By A, IS
Zy, :EL= [H1 ——}_ Ay = B8
Y1 -H,, Fy Ay Ajdy - Ay
2o~ Yo B Fa Al ane
1Y 22 Fii Ay Andyy - Ay,
zm:_z:"-l_:_}_Iﬂ_l_F_'ﬂ, 1 4,4
1Y H22 Fu A21 A11A22 - A12A21
g, Yo L __IFI__ ap
1Y H,, Fii A4y - 4,4,
1 H F, A
|Z] = 2)\Zyy -2 == 22 - I
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1 _|Z} Fy A, _ A

—_Y; Zzz*m Ay Ay

H22=h=-2£:—§‘£=ﬂ:i
Yu Zn [F Ap 4y

Yo 2y By 14y
Yy 2 1Fi Agy Ay

H,, M1 _Fu Ay 8nlyp-8i8y
Yin 2y [F] Ay AL A

Y, Z 1 Bu _Lp
Hl=H H22_ H,,H,, = 2z . 1t =t o 22
l | 1 12831 Y, Z,, F, Fup-FoF, Ay Ay

|Y| 1 _Hy =A21 - A)1Age—A1a8s

o ek R
! 2 Ly \HI Ay Ay A
F,, Yo _Zp _ He _ 1A __ 8
Y22 le |H| All &22
F,, Yy 2y _Hy 1 B
Y22 le lH’ Al'l A22
F, =t _1Z]_H, _A,_ b
Y22 le \ ‘ All A22

A= o _Zo_ M1 Ay
Yzl Zm H21 le Ay
AL __ L _1ZI__H, F, &
12 = - " T T T .
Ym Z21 H21 Fy Ay
Azlz_mz_L:_ sz - _lil_ Andyy Azhg,
Y?.l Z21 H21 le A
Y Z 1 F
Azz— 11 12 o __ > ‘=¢

Y Z H F, A
Al= A Ay — ApAy =2 =12 _the o2 T
[A]= AnAp = Aphy =gt = G = gt = ot = 8

8.4. CAC THAM SO HG MACH VA NGAN MACH CUA MANG 4 CUC

Dé xac dinh cac tham s& riéng clia mang 4 cye khi khéng biét cdu tric bén trong
cda nbé, ngudi ta phai ding phuong phéap thuc nghiém (do dién ap va dong dién trén cac
cap cuc clia mang 4 cuc trong ch€ d hd mach va ngdn mach). Tuy nhién, viée xac dinh
truc tidp cac tham s8 Y, Yyy, Zys, Zs; cling nhut cac tham s8 khac bing thyc nghiém kha
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phic tap, nén trong thye t& bang thuc nghiém chi cin xac dinh céc tham s&8 Y,,, Yy,
Zyy, Zyy (cAc téng din va tdng trd ddu vao cia mang 4 cyc trong ché dé ngin mach va ho
mach). Sau d6, tif cac tham s8 Yy, Y, Z1y, Zgo, bang tinh toan sé xac dinh cac tham s6
con lai. Cac tham 8 Y,,, Yy, Z,1, Z;; dude goi 14 céc tham s8 ngdn mach va hd mach cla
mang 4 cuc.

Vi dy: Véi mang 4 cyc thuan nghich, tham s8 Y,, = Y, nén tit bang (8.1) ta cé:

Y. Y,
Y = ——22 = A’
l } Zy Zyy
Y, Y
hay: Yy, Yoy ~ Y122 = _Z_' = z_ll‘
22

T day, ta xac dinh duge :

Y Y
Y, =2 ﬂYuYzz Zzz =% JY), Yoy - EU‘ (8.11)
1 22

Tham s6 Y,; = Y, ciia mang 4 cye xac dinh theo biéu thitc (8.11) ¢6 hai gla tri
khac ddu nhau. Song di€u dé hoan toan khéng han ché& viée xac dinh cac tham s riéng
cla mang 4 cyc théng qua cac tham s8 hd mach va ngén mach. That vay, 481 véi mang
4 cyc da cho (hinh 8.4a), néu ta 14n lugt thay d8i vi tri mét cdp cuc clia né (hinh 8.4b va
8.4c), thi tham s8 Y,; (Y;,) nhan duge ctia M4C s& khac d&u véi tham s8 Y,, (Y,,) cia
M4C ban ddu, con cac tham s8 ngén mach va hd mach Y,,, Yy, Z11, Z,, hodn toan khéng
thay déi so vdi tham s& tuong itng cila mang 4 cuc ban dau. Didu nay cé thé giai thich :
khi thay d6i vi tri clia mét cap cuc ctia mang 4 cuc, thi chidu quy ude cua ca dién ap va
dong dién trén cip cyc d6 s& thay d6i, con chidu quy udc cla dién 4p va ddng dién trén
cdp cdc con lai sé khong thay déi. Do d6 trong trudng hdp da néu chi cb tham s8 Y, Y,
d6i ddu, § day:

Y,, = il— va Y, = =2
U, |u-0 U, | u,=0

Viéc d6i ddu ctia tham 6 Y, (Y;,) s& lam thay d6i déc tuyén pha cta mang 4 cuc
mdt géc ¢ = 7. Didu nay din téi viéc thay d8i vi tri mdt cip cuc clia mang 4 cuc. Néu
viéc thay déi vi tri mét cip cyuc clia mang 4 cuc khéng gdy anh hudng dén diéu kién
chung clia bai toan, thi ddu ctia tham s8 Y,, (Y,,) xac dinh theo biéu thitc (8.11) 6 thé
chon tay y. Con trong trudng hgp cdn thiét, ddu clia tham s8 Y,, (Y,,), dude xac dinh
bing mét phép do don gian.

- i i1 H .
o —20 |--4—0 o—p—]
lu1 luz lu‘x luz lu, luz
F e — —, —0 [ Smm—

a) b) c}

Hinh 8.4
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8.5. GHEP NOI CAC MANG 4 CUC

Khi ghép ndi cac mang 4 cyc véi nhau sé tao thanh M4C méi. Tham s6 riéng cia
MA4C méi c6 thé duge xac dinh qua cic tham s& riéng cda cac mang 4 cyc thanh phan.
8.5.1. Cac mang 4 cuc ghép lién thong

Mang 4 cuc trén hinh 8.5 duge tao thanh tit hai mang 4 cuc A, vd A, méc lién
thong.

ly

— — > ———t——

uo dulloA AL AV ui ol

_—i__._ _....___..:__
Hinh 8.5

Phucng trinh truyén dang tham s8 A clia cic mang 4 cuc A, A,, A, tudng ling cé

dang :
Vil =1[A][V,], (8.12)
[vi] = {a,)[v] (8.13)
[ve] = (a,]v] (8.14
trong dé:

Vil =[UL]T; [Vo] =[U.L]%
] = o] [vi) = foan]”
V] = o] 2] = oz’
Mit khac, tit hinh 8.5 ta c6 :
v.]= )i o] = ] (2] =

két hop véi cac phuong trinh truyén (8.12), (8.13), (8.14), sau khi bién d6i ta nhan duge:

V] =[A] [A)] [VJ) (8.15)
So sanh biéu thitc (8.12) véi bidu thiic (8.15), ta nhan dudc:
[A] =[A][A4] (8.16)

Vay ma tran tham s A cua mang 4 cuc duge tao thanh tif hai M4C thanh phan
mac hién théng bing tich cia cac ma tran tham s8 A cda cac M4C thanh phan. Két luan

trén ciing ding d6i v8i mang 4 cuc gbm n M4C thanh phin méc lién théng.
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8.5.2. Cac mang 4 cyc méc néi ti€p - ndi tiép

Trén hinh 8.6 vé mang 4 cuc Z duge tao thanh tit hai mang 4 cyc thanh phéin Z,,

Z, méc ndl tiép - ndi tiép.

u
| E Ig
2 2
uil | % | v
Z
| U 1
Hinh 8.6

Hé phudng trinh truyén dang tham s8 Z clia cac mang 4 cuc Z, Z;, Zy:

(Ul =2 111,
(U] =[Z.] [I],
[Ua] = [Z] (3],
trong dé:
U= U, U= ol -l
m=mur, =1L ], [L]=[Ee]
Tit hinh 8.6 ta cé:
[Ul=[Uj+ U],
[1] = [L] =],
k&t hdp vdi cac bidu thitc (8.18), (8.19) sau khi bién ddi ta nhén duge:
[U1=1[{2Z4J + [Z2] ] [1].
So sanh (8.20) véi (8.17), ta cé:
(21 =1[Z)] + (2]

{8.17)
(8.18)
(8.19)

(8.20)

(8.21}

Vay ma tran tham s8 Z cila mang 4 cic gdbm hai M4C thanh phin méc ndi tiép -

néi tiép, bing téng cdc ma tran tham s6 Z ctia hai M4C thanh phan. K&t luan trén ciing

diing véi mang 4 cuc gém n M4C thanh phin méc néi t1ép - nél tiép.

8.5.3. Cac mang 4 cyc méic song song - song song

Trén hinh 8.7 vé mang 4 cyc Y gém hai mang 4 cyc thanh phdn Y,, Y, méc song

song - SOIg Song.
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Hinh 8.7

Phucng trinh truyén dang tham s8 Y cia cac mang 4 cuc Y, Yy, Yo

(Il = [¥][U], (8.22)

L] =[Y.] Uy, (8.23)

(L] = [ Y] [Usl, (8.24)
trong dé: (M ={,1,]";

my= ol
) = 12 2],
[Ul=[U,U,);
W= [uiuf;
(U] = [UfUE ]T
Mait khac, ti hinh 8.7 ta cé;

[U] = [Ul] = [U2]|
(11 =[]+ (L),

nén sau khi bién d8i céc biéu thitc (8.22), (8.23), (8.24), ta nhan duge:

M =Y.+ [Yd][U] (8.25)
So sanh (8.25) véi (8.22), ta cé:

[Y]=[Yd + Y], (8.26)

Vay, ma trin tham s8 Y cha mang 4 cuc gbm hai mang 4 cuc thanh phén méc
song song - song song bing tong cAc ma tran tham s8'Y clia hai mang 4 cuc thanh phan.
K&t luan trén ciing hoan toan dung déi véi mang 4 cuc gdm n mang 4 cuc thanh

phdn méc song song - song song.
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Ching minh tudng ty, ta xic dinh duge tham sé rténg ciua cic mang 4 cuc gdm
hai mang 4 cyc thanh phAn méic ndi tiép - song song va song song - ndi tiép (xem két
qua dua ra d bang 8.2).

Bing 82
TT Cach ghép néi M4C Sg ad Phuong trinh
ma tran tham s&
; C T )
1 Méc lign tho Y e N e T
C Hen inghg O— A1 A2 —a [A] = [A1}[A2]
I I
| e e e e e e e e e e 1
r-TTT T T T I
1 |
o ' —
' Z, r
| [
2 M&c ndi ti€p - ndi tié, ! !
prnoice | [ ;| | [21=12,]+ 123
o—oI Ll
I Z
|_ ______________ 1
J 1
1 I
3 Mic song song - song song ' Y ' [Y)=[Y{] + (Y]]
1 |
] Y2 |
: .
r-TTT T T 1
1 |
OH—— 1
| H, |
|
4 Mic néi ti€p - song son
P - S0ng song i[ ” }: (H] = [H{] +[Hy)
2
| Ho
rTTTTTTTsTTm o ]
] ]
I s
1
5 M3c song song - ndi tig ! j !
g song nettER r P [F1=(F] + [FJ
' il g
) F1

8.6. CAC HE PHUONG TRINH TRUYEN VA CAC THAM SO RIENG CUA MANG
4 CUC TRONG DAl SONG SIEU CAO TAN

Pic trung cho qua trinh truyén tdi ning lugng clla mang 4 cuc trong dai séng
sidu cao tin khoéng phai 14 cac gia tri cha dién ap, dong dién, ma la céc gia tri cua séng
téi va séng phan xa.
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Gia st mang 4 cuc lam viée 3 dai séng siéu cao tdn, ddu vao va diu ra cla né duge
méc ndi vdi cac doan dudng day déng nhit cb cac trd khang séng p;, p, tudng ng (xem
hinh 8.8).

Uir ey
—_ | \ e
———— . E———
1
P1: iP,
|
._...._.JI_ —
-+ . B
U1px U2px
Hinh 8.8

Trong trudng hop xét, dién ap va déng dién trén cac cuc cia mang 4 cuc sé la téng

cua dién &p va dong dién cua séng téi va séng phan xa:

U =Uy + Uy,

L =Lp-L, = '-lh(Un - U h (8.27)
oy ‘

U, = Uyp + Uy,

I, =Ly -l = pi?(Ug‘]‘ - Usz)> (8.28)

trong dé : U;p, Uyr 1a thanh phan dién ap séng téi;
U,,,. U;, la cac thanh phan dién 4p séng phan xa.
Trong hé phudng trinh truyén (8.9), thuc hién thay cac gia tri U, U,, I, I, t cac
biéu thite (8.27), (8.28), va sau mét s& bién déi don gian ta s8 nhan dude:

Uir = TuUyr +T12U2p:} (8.29)
lpx = T21U2T + T22U2px
trong do:
1 P
Ty = ;[All +—% +Appy + Ay 1]
< P2
1 A
T, = E (An ~—2 +Agp - ]
Pg
1 A
Ty = ‘2‘ {An +—12 —Agyp; - Ay J
P
1 A
Ty = 5 [Au - & -Agup, +Ay )
P2

Hé phuong trinh (8.29) xac dinh quan hé giita séng tdi va séng phan xa trén cac
cap cuc cua mang 4 cyc va duge goi la phuong trinh truyén cia mang 4 cuc dang tham

T a2 - »
50 truyen song; con ma tran;
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Tll TIZ
[T] = (8.30)
T21 T22

dugc got Ia ma tran truyén séng ca mang 4 cc.

Hé phuong trinh truyén (8.29) ciing ¢6 thé bién ddi vé dang:

Ulpx = SIIUIT + SIZUpr‘ (8 31)
Uy = 85U+ Szzum -
trong db:
T 1]
Su= 72, 8= 4
11 T,, 12 T,
1
S, = -—, 8 =2
21 T, 22 3

Hé phuong trinh (8.31) dude got 13 hé phudng trinh truyén dang tham s& tan xa

cda mang 4 cuc; cdn ma tran:

18y Sy
[s] = {821 Szj (8.32)

2ot 14 ma tran tin xa cua mang 4 cuc.

Quan hé giita ma tran truyén séng (8.30) va ma tran tan xa (8.32) cia mang 4 cuc

duge xac dinh bdi cac biéu thitc:

[So1 822] Tyl -Tp,

TaTa| 11 ~Sw (839
_TEI T22_ 821 Sll “‘S‘

trong dé:
IS1 = 818, - S5 5,

Cac hé phuong trinh truyén (8.29), (8.31) ¢6 thé viét gon dudi dang ma tran:

{Cd =[] [Cd (8.35)

{B,] = 3] (B}, (8.36)
trong &6 {C,], [C.l, [B,], [Ba] 1a cac véctd ma tran c¢bt cla cac sdng té va séng phan xa
trén cic cap cuc cua mang 4 cue: & day:

[01] = [UITUIpx}T; [Cz] = [UZTU2px]T

[B.] - [U U2T]T? [B.] - [Un‘Usz]T

lpx
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Ma3i phin tit ciia ma trin truyén séng [T] va ma tran tan xa [$] cia mang 4 cuc ¢6

médt ¥ nghia vat Iy xac dinh, va ¢6 thé xac dinh bing thue nghiém.

Vidu:
g Ui, - Hé s&8 phan xa trén ddu vao cta mang 4 cuc,
U Uy |ug-o khi ddu ra ciia M4C c6 tai hoa hgp (U, = 0);
S - Ui, - Hé s& truyén dat nguge (hé s6 phan héi) cta
2= 3 Cae e e s
Ugpy I U420 mang 4 cuc khi dau vao cua M4C cdta hoa hgp;
S - U,r - Hé s6 truyén dat thuan cia mang 4 cuc khi dau
T Uy, U= 0 ra cia M4C ¢6 tai hda hop,
U - Hé s6 phan xa trén ddu vao 2-2 ctia mang 4 cuc
- Zpx . o . ' s N s
Sye Uyt | 0eo khi truyén tin hiéu theo chiéu ngude va M4C cé
o | U= N
. tai hoa hgp trén diu vio 1-1;
1 Uy - Hé s& truyén dat thuin clila mang 4 cuc khi dau
T, Uprfu,-=0 ra cua M4C c6 tai hda hgp.

8.7. CHUAN HOA CAC HE PHUONG TRINH TRUYEN CUA MANG 4 CUC

Chuan héa cac hé phuong trinh truyén cia mang 4 cuc c¢6 ¥ nghia quan trong
trong thue t&, dic biét trong dai séng sifu cao tdn. Vi rdng, trong dai séng siéu cao tin,
cac gia tri dién ap va dong dién trén dudng truyén 1a da tri. Viée x4c dinh cAc dai lugng
nay kha phic tap hoic khéng thé xac dinh dude bang thue nghiém. Bdi vay, cin thiét
phai chudn héa cac hé phudng trinh truyén ctia mang 4 cuc, sao cho cac tham s§ chun
héa c6 thé dic trung cho mang 4 cic trong cac dai tdn s& khac nhau, ddng thdi cé thé dé
dang xac dinh chung.

Né&u chon céng suit & ddu vao va ddu ra cila mang 4 cuc 1a cac dai hugng dac
trung cho qua trinh truyén tai ning ludng cua mang 4 cuc, thi cac dai higng nay la don
fri va c6 thé dé dang xac dinh dude bang thic nghiém trong toian bd dai tdn céng tac.
Dé xac dinh hing s6 pha chi cdn cin cit vao dinh nghia: cong suét la tich s6 gia tri phie
cua dién ap va dong dién.

Né&u trd khang séng cia dudng truyén 1a mét s8 thuc p, thi céng suit tat diém xét

2
dude xac dinh bdi biéu thitc v kay pl2. Do d6 trong hé phugng trinh truyén (8.29), néu
p

thuc hién chia ca hai vé cho JEI_ , 56 nhan diuogce :

U]'r Pz Uy Pz Upr
=T, [—= === + T\, [— ,
Jor Ve e, “Vei Jps
(8.37)
U, U

2px

px v (P2 Uypp Pa
= 121\[-_— + Ty )= —=—
Jor Pr ypa Pr P2
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Hé phuong trinh truyén (8.37) xac dinh quan hé khéng phai gita cac gia tri cia
dién 4p séng tdi va séng phan xa § ddu vao va ddu ra cia mang 4 cuc, ma la giiia cac

. .. U U, U U, .
dai lugng méi: —AL | —tex 2T 2 pa. dai lugng nay c6 thit nguyén 1a cin bac hai
VP1 VP P2 Py

clia cdng suit (VW ), va chiing duge goi 1a chc bién do dién Ap chuéin héa & diu vao va
déu ra clia mang 4 cuc. Con céc hé s& trong hé phudng trinh truyén (8.37) dude goi 1a
chc phin t cia ma tran truyén séng chudn héa ctia mang 4 cuc.

N&u dat :

Hc.*
-
c

H
"o
L3
I
o

5
%

=
3
a

2px

Jor

thi hé phuong trinh truyén (8.37) duge dua vé dang:

1l

ag

a;=ty by + t,a, -} (8.38)
by=ty b, +tyea,,

hay dudi dang ma tran:
[e,] = [t] [eo] , {8.38a)

trong dé;
["1] = [azbl]T'[cz] = [bzale,
] - JBZ [Tn T, ] - l:tu bz :| (8.39)
P L Tor Toe Lo by
gol 14 ma tran truyén séng chuén héa clia mang 4 cuc.
Hé phuong trinh truyén (8.38) goi 1a hé phuong trinh truyén clia mang 4 cuc dudi
dang tham s8 séng chudn héa.
Tudng tu, ¢ thé nhan duge cic hé phuong trinh truyén dang khAic cia mang 4
cyc dudi dang tham s8 chuan héa.

Vi dy, tit hé phuong trinh truyén (8.31), sau khi bién d8i ta s& nhan duge:

b, = spya, + 838, -} (8.40)
by = 59,8, + 5ypty
hay duéi dang ma tran:
k] = [s] {a] (8.40a)
trong dé: [b] = [biby? ; {a] ={a,a,]",
Siy Siz g- .
[s] = e {” ‘2} (8.41)
8y, S
Sq Py Syp mo
Yeq

g01 12 ma tran tan xa chuén héa cla mang 4 cuc.
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Hé phudng trinh truyén (8.40) goi 12 hé phuong trinh truyén ciia mang 4 cuc dang
tham s& tan xa chuén hoéa.

8.8. QUAN HE GIJA CAC THAM SO CHUAN HOA VA KHONG CHUAN HOA
cUA MANG 4 CUC
Quan hé giita cac tham s8 chuéin héa va khéng chuin héa tugng ing cia mang 4
cuc, dudi dang cac bidu thitc ma tran duge chi ra duéi day. Trong 46, ky hiéu chit in
thudng la cac tham s& chufin héa, con chit in hoa 12 cac tham s8 khong chudn héa.

[tn tlZ} _ J_FZQ {Tn Tw} (8.42)
ty; tay pr (T Toy

p
s s S11 SIZ D_2
{ 1 ‘2] = : (8.43)
] g
ao S2l 'p_l SZZ
P2
P A
Ay = 12

{311 312] - 12 JP1P2 (8.44)

/p
Ay VPP Ag p_l
L 2

Zy Ly
[zn ZIZ} - pl \'plp2 (8 45)
231 299 Zyy 2y

L VPiP2 P2
-}’u {anl Y12\1'F3|F32}

Y21 P2 Yoo

I } ol ee] o
2 W

f

2

(8.46}

(8.48)

(8.49)

)|
A?l
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[Zn Zyy | _ [P Z1a /P P2 (8.50)

21 Z”J _z:zlm Z22Py ‘
2 Yiz

[Yn Yy | _ | m 851

Yor Yy 2 Y ‘
Lm P2 l

8.9. QUAN HE GiJA CAC THAM SO SONG VA CAC THAM SO A, Z, Y DANG
CHUAN HOA CUA MANG 4 CUC

Quan hé gita cic tham s6 séng s, t va cic tham s8 a, z, y dang chudn héa cla

mang 4 cyc cling dude chi ra duéi ddy dudi dang cac biu thiic ma trin:

[t] _ 1 [311 Ty T Ay +8y Ay - 8y + Ay ~ 322} (8.52)
2 8y Tap ~ 8y — dpy Ay T Byp — Ag) + 8y
[t] Z1pZ = (21 + W29y - 1) (g, + 1(2yp+ 1) - 252y, } (8.53)
2321 21921~ (21 — W(zgp - 1) (2, — {25y +1) — 2,52y, ’
[t] 1 [(1“3'11)(1 Yo) + Yai¥ie — (1 + Vi) +¥a) +¥15¥9 ] (8.54)
23’21 L(l iD=y = Yig¥ar  — Q=310 0+ ¥o0) + 10V ]
[ ] 1 |a1 (a“ 2y Xagy +ayy) ‘2‘ ‘321 1 (8.55)
\a{ —(ay; +a5) @y, +a,9) 15-‘ —(apo— 321}(311+391)J ‘
[s _ 1 {(311—1)(%2‘1)_212321 229, -I (8.56)
(7, + Dy D22, |22, (224 Dy + D=z, |
1 ;(1+)11)Cl Ya2) ~ Y11 ~2y;, 1 (8.57)
(1+Y11)(1 V2)+Y1£791L25’21 (1+Y11)(1+Y2?)"y13Y21J
[a]:l{tu Ty +t, +iy by + by — Ty “tazJ (8.58)
20ty ~tyy Htyy —ty, by — byt +tyy
[a] 8128y — (1 + 8, {8y, - 1) (1 +5,)(1 + 590} - 558, } (8.59)
2521 (1 =591 = 51) — 5158, (1 =5 )L+ 89p) + 558,
l2)= ! [‘ ittty +t) - 2 J (8.60)
Lo =t +tg~ty, | -2 by —ty —tyy +ty,
[z] 1 ’iﬂ“‘*r D8~ 188, &, J (8.61)
(A-81)Bps - D458, |- (48,0 5, ) +5,89,

[y]= 1 [t; “ty~tptty,  -3Y } (8.62)

Lyttt -ty =ty +ty) +tp +tyy)
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( 1 (L5 D048y +esy — By } (8.63)

T Wm0 s | By (L4860, =D 550,
Trong chc bidu thitc trén, dinh thite 1t] va |a| dude xéac dinh:
1tl = 1t — tiatan,
la| = a8y — A28y
Quan hé giita cac phan tif cia ma tran truyén séng chuén héa {t] va ma tran

truyén dat chuin héa {a] clia mang 4 cuc ¢é thé vidt dudéi dang ma tran :

[t] = {l _ﬁ_lx [} {1 1], (8.64)

1 1 -1

[a] = ﬁ _ﬂ x [t] B _ﬂnl (8.65)

T cac bifu thiic (8.64) va (8.65), dé dang suy ra cac tinh chit sau day cua ma

tran truyén séng [t] cua mang 4 cye:
- Dinh thic chia ma tran truyén séng [t] cia mang 4 cue bing dinh thitc cua ma
tran truyén dat [a] cia né - '
(t] =1al
- Ma tran truyén séng [t] cia mang 4 cuc gdm cic mang 4 cyc thanh phén mic

lién thong bing tich clia cd ma tran truyén séng [t} chia cic mang 4 cuc thanh phén :

[t]:]‘"_]uk].

Trong trudng hgp cdc mang 4 cyc thanh phin 14 hodn toan giéng nhau, ma tran

truyén séng cé dang:

L]

1

8.10. CAC THAM SO CUA MANG 4 CUC KHI CO TAI

Trong thuc t&, trén dau vao cia mang 4 cyc duge méc vl ngudn tin hidu, cdn trén

dau ra cha mang 4 cye duge méac véi phy tai Z, (xem hinh 8.9).

Zn 1 i‘ i2
“1l uzl Z
1 2
Zv2
Z,s

Hinh 8.9
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Dé danh gi4 anh hudng cla mang 4 cuc dén dic tinh truyén tdi ning lugng tir
nguén tin hiéu d&n phu tai, ngudi ta xét cic tham si cua mang 4 cye khi cé tai. Dai khi

ngudi ta cang goi cAc tham s8 nay 1a cée tham s& céng tac cla mang 4 cuc.

8.10.1. Tong trd vao cia mang 4 cuce

Téng trd vao cla mang 4 cyc nhin tit phia ddu vao 1-1 (ky hidu 1a Z,)) Ia ty s0 gifia
gia tri clia dién 4ap va dong dién trén diu vao 1-1 cha mang 4 cuc:

7 E_l_ AUy + Al
I

= = 12z (8.66)
Ay U, + Ayl

vl

Trong biéu thitc (8.66), néu thay U, = [,Z, va sau khi bién déi ta s& nhan duge:
AL+ Ay

8.66
. Ay Z, + Ay, ( »

Biéu thic (8.66a) chi ra ring, téng trd vao cla mang 4 cuc Z,; khdng chi phu
thudc vao téng trd phu tai Z,, ma con phy thuge vao cAc tham sé riéng cia mang 4 cuc.
Hay néi cach khac, mang 4 cyc thuc hién phép hién déi téng trd, nghia 13 nd bién d&i téng
trd phu tai Z, thanh téng trd c6 gia tri cho trudc.

Tuong ty, ngudi ta ciing dinh nghia téng trd vao cua mang 4 cuc nhin tit phia 2.2
(kg higu la Z,,) 14 ti s8 giita gia tri cia dién Ap va déng dién trén ddu ra 2.2 khi cho
nguén dién ap tac déng bing khong (E = o)

Thay cac gia tri cia Uy, I, tit hé phudng trinh truyén (8.11), sau dé bidu didn cac
tham s6 B qua hé tham s8 A clia mang 4 cuc, ta sé nhén duge:
U, - AgpZ, +A,

Iz, Ay, + Ay

v = (8.67)
Biéu thic cia téng trd vao Z,; 3 (8.67) cling c6 thé nhan dugc bing phudng phap
khac. Trén hinh (8.9), khi nguén tac déng E = 0, ta cé:
Il:—&, hay -an&
Z I,

n

Mat khac:

U, AUy +ALL
L An Uy + Aply

nén nhan duge:

_7 AU, + Apl,
n
Apn Uy + Agly
. M - ar > PO ~ L s A o ~ L U'Z
Chia ca tt s6 va mau s6 ciia v& phai cua bidu thite trén cho L, véi T Z,,.ta
2

nhan duge :
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_ ~ZAL +A,
" =24y + Ay,

hay sau khi bi&n déi ta sé& nhan dude:
Ay, +A),
AyuZ, +A,

ve T
Trong cac biéu thitc (8.66), (8.67), tinh Z, ciia mang 4 cc néu cac gia tri cda dién
ap va dong dién trén cic cyc clia mang 4 cuc la cac gia tri phite (bién d9 phic, heae higu
dung phirc), thi cic téng trd vio 1a dang phiic; con néu cac gla tri cua dién ap va dong
dién la cac anh toan tl tudng ing, ta sé ¢ tdng trd vao toan tir.
Téng trd vio ctia mang 4 cuc 6 thé xac dinh qua téng trd vao hd mach va ngin
mach cia M4C. Thit vay, cac bidu thic (8.66a) va (8.67) c6 thé viét lai dudi dang:

A + 7, Arp + 2,
A Ay Ay Ay Ay
vl — * v —
An Am g Ay g‘y__ . 7.
21 21
Vi:
A 1
All = Zﬂ 7 =Zv1hb‘
2 iy =0
A
el ¥ S sz :ZUlnz‘
Ay Z,=
Agy
A2 = ZV2 2 :Zv2h6'
1 .
f}"ﬁ = Zvl _Zvlng’
Aé? 7 =0
nén
yA Z
Zuy = Doy 8 (5.68)
Z\-‘th} + Zt
Z +Z
Z,,= Zuzhfx e (8.69)
Zons * Lo

trong d6 2,15 (Z,55:) 12 téng trd vao tit phia 1-1 (2-2) khi ddu ra 2-2 (1-1) hé
mach; Z,,,, (2,5, 12 tdng trd viao tit phia 1-1 (2-2) khi ddu ra 2-2 (1-1, ngén mach.
8.10.2. Hé s6 phan xa cia mang 4 cue

Trong dai séng siéu cao tdn, ngudi ta sit dung réng rii tham sé hé s& phan xa &

déu vao cia mang 4 cyc thay vi tham s6 téng trd diu vio.
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Hé s8 phan xa trén ddu vio ctia mang 4 cye (k¥ hidu 1a p,) 14 ty s8 giita séng phan
xa va séng téi trén dAu vao cia mang 4 eue (xem hinh 8.10)

13 202
b
pn - — ..__...z pt
1 b 2
P, &
Hinh 8.10
P = by tyby +taa,
e
a;  tby + 2,
N Z i ) - e ] - . =z - &
Via,=p, by p = Zt Pe . hé s6 phan xa cua phu tai mac d ddu ra mang 4 cuc,
¢t P2
nén ta nhan dudc :
t,, + tyyp
p, = 21 2201 (870)
L ttieP

Tudng tu, ngudi ta cing dinh nghia hé s phan xa trén diu vao 2-2 cia mang 4
cue (ky hiéu la p.) 1a £y s8 gilta séng phan xa va séng t6i trén ddu ra 2-2 cuia mang 4

cuc:
Dy = by _ —tip+tebs (8.71)
&g th = taPy
Z. - R , A ae Loa
trong d6: p, = Lo " PL hé s6 phan xa cda ngudn tin hidu;
Z,+ Py

7. - tong trd trong clia ngudn;
o, - 1a trd khang séng clia doan dudng diy néi
gita ngudn tin hidu v mang 4 cyc.
Bidu dién cac hé s5 phan xa p,, p» qua cic tham s& ma trén tan xa cia mang 4

cue, ta sé nhin dudge:

P, = 8+ S12821P, , (8.72)
1 ~ 84D,
Dy = 8, + —EuPn (8.73)
1 - sPp,

8.11. TRG KHANG PAC TINH CUA MANG 4 CYC

Téng trd vao cia mang 4 cuc phu thude vao tdng tro phu tai Z, (tdng trd ngudn Z,)
vi cAc tham & riéng ctia mang 4 cuc. Song véi mi mang 4 cue da cho, ton tai hai gia tri
tong tré Z,. va Z,, cé tinh chat sau: Khi t8ng trd phu tai Z, = Z,. thi téng trd vao
7., = Z,.; nguge lai khi téng trd ngudén Z, = Z,, thi téng trd vao Z,, = Z,.. Cac tong trd Z,,
va Z,, dude got 1a téng trd dic tinh cla mang 4 cuc.
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Thay cac gia tri Zy, va Z,, vio chc biéu thite (8.66a) v (8.67), ta nhan duge:
_ApZy +A

Z,. = , 8,74

O AyZy + Ay (79
ALZ, + A,

7. = ft22fie ____1_;_’ 8.75

b AyZ + Ay (&.79)

Giai déng thdi hé hat phueng trinh (8.74) va (8.75), ta nhan duge:

AjA
zcz 1t 12, (878)
T BAy,

. Aude

e \] A Ay '

L

Tré khang dac tinh cha mang 4 cye trong trudng hgp chung 1a mét s§ phitc. Dai
vdi mang 4 cyc 461 xting, cac tham s§ A|; = Ay, nén trd khang dac tinh:
A
Zic=2p=Z. = |-% (8.78)
Ay,
Cac mang 4 cyc ¢ téng trd phu tai bing trd khang dic tinh (Z, = Z..) dude goi la
mang 4 cyc ¢é tai hoa hgp.
Cac trd khang dic tinh clia mang 4 cuc ¢ thé xac dinh qua téng trd vao hd mach
va ngin mach cua né:

ALA, AL A _

Z,, = 'AnAu _ \/An _Alz = JZoisLotng s (8.79)
214422 21 22
AgpA iA,, A S

SRR AR T e

8.12. HAM TRUYEN DAT PHUC cUA MANG 4 CUC
Xét mang 4 cuc tuyén tinh, ddu vio mang 4 cuc duge méc véi ngudn tin hién véi

site dién déng E, téng trd trong Z,; diu ra dude méc véi phu tai Z; {(xem hinh 8.11).

Iy 2

Hinh 8.11

Ham truyén dat phitc chia mang 4 cuc 12 ti s6 gida gia tri bién dd phie (hiéu dung
phie) clia phan ing trén dau ra clia mang 4 cuc vi gié tri bién d$ phic (hiéu dung
phite) cia ngudn tac ddng.
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D&l v8i mang 4 cuc (hinh 8.11) ta cé cac ham truyén dat phite:

]
o

If

Tl(jm)

M-C:. m.

T;(jo)

[T] =

Trong hé phuong trinh truyén (8.10) cia mang 4 cuye, néu thay Us; = 11 Z,, ta

nhan dudc:
Mat khac, tit hinh 8.11 ta cé:
Ui -E-LZ; (8.82)

Nén tif chc phudng trinh (8.81) v (8.82), sau khi thuc hién mét s& bién déi don
gian, ta nhan dugc:
o
TI(JOJ) = '72'
E

1

- (8.83)
ApZyg + Ay + Ay 22, + AyZ,

Trong ham truyén dat phitc (8.83), néu thay iz = % va sau khi bién déi, ta
2

nhan dude :
T,(jo) = [f'* = Zy (8.84)
E AyZg + Ay + Ay 2,2, + AgZ,

R& rang ring, ham truyén dat phitc cia mang 4 cuc khéng chi phu thudc vao téng
trd cita ngudn tin hiéu Z,, tdng trd phu tai Z,, ma cdn phu thude vao cic tham sb riéng
cila mang 4 cuc. V8 § nghia thuc t&, cé thé ding mang 4 cuc d€ thay d6i dic tinh truyén
dat cua hé théng truyén tin hiéu.

Sau diy ta xét mdt s& trudng hdp riéng.

a) Truong hop cho truée dién dp hay dong dién ddu vao

Trudng hop nay phu hgp véi tong trd trong cla ngudn tin hidu Z, = 0.

Trong cidc ham truyén dat phite (8.83), (8.84), néu cho Z, = 0, ta nhan dugc:

T (jo) = L L 1 (8.85)

E f_]] ApZg + Ag
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U U Z
TGo)= == 2eof2 1 (8.86)
E U, Anda + Ay AL+ ALY,
d day Y, = Elh - tdng din phitc ctia phu tai.
2
Tuong ty, ta cing nhan duge cac ham truyén dat phite:
. iz 1
Ty(o) = &~ = ——n— (8.87)
I, B Ay
TGy = 2 = — 1 (8.88)

ir - Ay + YyA,

Moédun cua cac ham truyén dat phitc (8.86) va (8.87) dudc goi la hé s6 khuéch dai
theo dién ap va hé s8 khuéch dai theo dong dién tudng ting.

b) Truomg hop he mach ddu ra cita mang 4 cuc (Z; = «)

Trong mdt 8 trudng hgp, phu tai Z; clia mang 4 cuc ¢b gia tri kha 16n, vi dy, khi
diu ra cia mang 4 eye dude ndi vdi dau vao cia cac bd khuéch dai lip lai. Dic diém cta
cac bd khuéch dai lip lai (emitd lap lai, ngudn lap lai ...) 6 téng trd diu vao kha lén.
Trong trudng hop nay c6 thé coi gAn ding téng trd phu tai cha mang 4 cuc Z, = =, va do 406
ham truyén dat phite (8.84) sé c6 dang:

Tlio) = 92 S (8.89)
]:: Z=w Ay + LAy

Ham (8.89) chi phu thugc vao nguén tin higu (Z,) va cic tham sb riéng caa mang

4 cuc.

8.13. HAM TRUYEN CONG SUAT VA HE SO TRUYEN BAC TiNH CUA MANG 4 cUC
8.13.1. Ham truyén céng suit cia mang 4 cuc

Ham truyén cong suit cia mang 4 cyc (k¥ hiéu 1a K,) 14 ti s6 giita céng suit tac
dung trén phu tai Z, (néi véi diu ra clia mang 4 cyc) va cdng suét tdc dung cyc dai ma
nguon tin hiéu (néi vdi diu vao mang 4 cuc) c6 thé cung cAp cho mach:

Kp = P2

P.

dmax

Gia tri cong suit lén nhit Py,,, ma ngudn c6 thé cung ¢4 cho mach ngoai khi
thuc hién lién hgp phu tai:
E2

P, - —
2max 4Rl

trong 46 R, = R,Z, la 1 thanh phan tac dung cia tdng trd trong cia ngubn.
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Cong suit tac dung trén phu tai Z,:
Thay gia tri :

E
|A11Z2 +A +ApZL 7y + Azzzll

I

ti biéu thite (8.83) vio bidu thite tinh K, , va sau khi bi&n déi ta nbin duge:
K, - P, _ 4R,Z, R.Z,
12
Py s ALZy + Ay, + Ay Z, 7, + Ay,

(8.90)

Hé s6 truyén cdng suit clia mang 4 cuc ciing phu thude vao tham sé ctia ngudn,
phu tai va cac tham s& riéng clia mang 4 cuc.

Xét trudng hop riéng, khi téng trd trong ctia ngudn tin hiéu va téng trd phu tai la
thudn trd : Z, = R, ; Z; = R,. Diéu nay tuong {ing vdi mang 4 cue 1a cac bd khuéch dai
cao tin trong hé théng dién thoai, hodc cac bd khuéch dai diing tranzistor trong cac bd
khuéch dai nhidu tdng. '

Trong trudng hgp xét, ta cé:

R,’
P?.mm( = Ugm:.‘.i’
R,

P,

P, u? 4R,R,

do dd : = — = 2
P?max U2max iAllRE + Al?. + AQIRIR?. + AZZRI‘

Lay cin bac 2 ca hai v& clia biéu thite trén, ta tim dude :

U, WRR, (8.91)

U, max - ]_AnRz +A, +AyRR, + A22R1]

So sanh biéu thite (8.91) véi cic bidu thiic 88HvaBB8HkhZ =R,Z,=R,, ta
nhan dudgc:

e
Yo o o pg L (8.92)
UZmax RZ E E

el 2 » - = % - . I - e
Trong trucng hgp xét ta thiy, médun cua ham phiic |T1 (m})‘ = -é— c6 dang gidng

. : : . . U ,
mébdun ham truyén dat phiic ET2 (m))[ = %3- va duge xac dinh théng qua ti s 2 Ti

2 max

56 nay duge got 12 médun clia ham truyén dat quy chuan ctia mang 4 cuc:

U, R, U, 5,
- =21 —2_2/RR, 2
U \f; E TR

2max

!’f(jm)
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Tucng dng véi médun ham truyén quy chudn, ngudi ta xac dinh ham truyén quy
chudn clla mang 4 cye:

’i‘(jm) =2\/% 2 - 2JR1R2.-I_—2 - 2VRR, (8.93)

E E - AR +A, + A RR, + AR

Dai lugng nghich dao ciia ham truyén dat quy chuin (ky hidu la S(jo)) dude goi 1a
hé s8 truyén cong tac cia mang 4 cuc:

SGo) = cim = 2 By E (8.94)

TGo) 20U V¥ 2L JRR,

Trong hé théng truyén tin hiéu, ngudi ta thudng bifu didn ham truyén quy chuin
va hé sd truyén céng téc dudi dang logarit ti nhién, hay logarit thap phén.

(o) = an'AI‘(jw)eje(“’)} - InlT(o)| + i0(e)

Phan thyuc A =1nT(jo) dude goi 14 hé s8 khuéch dai céng tac.

Tuong tu InS(jw) = a + jb.
Phan thuc a = In| S(jo)| dudc goi 1 hé s8 suy gidm céng tac; cdn phin 4o b= arg S(o)
goi 1a hé s6 pha c¢dng tiac cua mang 4 cyc. Hé s& suy giam cong tac a duge tinh theo népe

(N), con hé s& pha céng tac b dude tinh theo radian hay dé. Néu hé sd suy giam céng téac
cia mang 4 cuc tinh theo ddn vi déxiben (dB), thi:

a(dB) = 20 1g‘ S(jw) |
Quan hé giita don vi suy giam N va dB duge xac dinh nhu sau:
a(dB) = 201ge®™ = 20.a(N)lge = 20.a(N).0,4343 = 8,686a(N)
nghia la:

1IN = 8,686 dB; 1dB=0,115N

8.13.2. Hé $6 truyén dic tinh ctia mang 4 cuc

Heé s8 truyén dac tinh cia mang 4 cuc (kv hidu 1 g) 14 mot mia logarit tu nhién cta ti
s8 gitta tich cua gia iri phic (bién d6 phiie, hodc hidu dung phite) cla dién 4p va dong
dién trén d4u vao va tich clia gia tri phic cia dién ap va dong dién trén diu ra caa
mang 4 cuc khi M4C cé tai hda hgp ddng thdi theo ddu vae va ddu ra:

g :lanli]\

(8.95)

- L
”U2 12 [ Tmlye - Tgg
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Khi mang 4 cue cé tai hoa hgp theo ddu vao va ddura, ta cb:

2

- - E
U1, = 8.96
1h Az, (8.96)

Ti cac biéu thitc (8.83) va (8.84) khi thay 2, = Z,., Z, = Z,., ta nhan duge tich
Usly
.2
E Z’Zc

Uz Iz = 5
(A + A2 Zo + ApZy)

(8.97)

Trong cac biéu thic trén, E 1a gi4 trj phic cla siic dién déng ngudn tin hiéu mic
tf dAu vao ciia mang 4 cuc.
Thay cac gia tri cua cac tich U, I;,Uz I3 tit cac biéu thitc (8.96), (8.97) vao bidu
thitc (8.95), ta nhan duge:
In Ay 2o+ Ay +AuZ 2y + AT,

¢ 2\1211:22: ’

hay:

Zy, 5 Z,
Ay 24 Ag JZIEZZ': + Ay 1 ﬂ

B Y B P
2 il\vlzlczﬁz; Zy (2

Thay cac gia tri Z,., Z,. tit cdc bidu thitc (8.76), (8.77) vio bidu thiic trén va sau
khi bién ddi, ta nhan dude :

g = ln[JA“Aw + AL Ay (8.98)

Cac tham s riéng A, clla mang 4 cyc c6 thé biéu dién qua cac tham sé dédc tinh
(Zy., Zy., g) cua né. That vay, gidi déng thoi hé cac phudng trinh (8.76), (8.77),
(8.98) ta nhan duge;

zZ
A, = |2t chg
11 22CC g
Ay = 4,2, shg ,
(8.99
ZICZZC
Z
A,, = [=%ch
22 7. g

Trong hé phudng trinh truyén (8.9) cia mang 4 cuc, thay cac hé s& A; tit cac bidu
thite {(8.99) sé nhan dudge:
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U, ‘% (Uz chg + Z,, Izshg}
2c

Uzshg + Izchg

> (8.100)

Zlc ZQ(’

2 = I, hé phudng trinh
2e

Néu mang 4 ciuc cé tai hoa hop, khi d6: Z, 12 = Uy,

Us = [2 (y(chg + she),
Z?c

- Z2c -

I = |=2 I2(chg + shg)
Zlc

Vi chg + shg = ef, nén ta nhan dude :
i]l = ’EIE- i]‘z e®

ZEc
i; = ’é-z-i I; e®

Z‘lc

Hé phudng trinh truyén (8.100) 1a hé phudng trinh truyén cliia mang 4 cyc dang
tham s& dic tinh. Con hé phudng trinh truyén (8.101) la hé phuong trinh truyén dang
tham s& dic tinh khi mang 4 cue ¢ tal hoa hgp.

trén duge dua vé dang:

{8.101)

Néi chung, cac tham s8 dic tinh cia mang 4 cic 1a mdt s8 phic:

. - 93 — ;
2= 2,87 2y = 27,875 g =a +jb,

nén hé phuong trinh (8.101) cé thé viét lai dudi dang:

< q‘?c
- z pu +b + DTty
U, = [F€Uee z
225
—Pre
: z Kz +b + P2
I,e®™ = |“2],e% 2
zlc
Tit day suy ra :
1 A
U, = < U,e",
Zye
z
I, = [~*1e
zlc
hay:
1, UI 1, 8
a =—In—"L1 = = Iln—,
2Ly 2

3-Li thuydt M-TH
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Diéu nay cé nghia 1 phan thye cia hé s3 truyén dic tinh a 1a mét nua logarit tu
nhién cla ti s§ gilta cong suit toan phin trén diu vao va diu ra clia mang 4 cue, khi
mang 4 cuc c6 tai héa bgp va duge goi 1a hé s8 suy gidm dic tinh.

Tuong ty, phdn 4o clia hé sd truyén dic tinh ciia mang 4 cyc b (goi la hé s& pha
déc tinh) trong trudng hgp chung bing mét nita tdng cia dd léch pha gida dién ap va do
léch pha giita dong dién trén diu vao va ddu ra ciia mang 4 cye, khi mang 4 cuc c6 tai
hda hgp.

D&i véi mang 4 cuc déi xing (Z,, = Z,), hé phuong trinh truyén (8.101) sé c6 dang
don gian sau:

- _ - g
Ui =Use (8.102)
I, = I:¢f
?‘ B sz (8.103)
=1,e
1 2

T diy suy ra:
b=¢,-0u= 01— ¢

Hé s8 truyén dic tinh cia mang 4 cyc cling ¢6 thé xac dinh qua cac téng tré hd
mach va ngin mach cla né. Tir biéu thic (8.98) ta cé:

e’ = chg + shg = JA11A12 + JA,zAzl

I:hg:s}Jg - Bibe Zy1ag = Zoang
chg AA,, Z Zona

vihd v2hd
Mit khac :
& _ 4
ef + e F
nén tir diy ta tim dugc:
1+ Zuing 1+ Z.tng
S _ 1vthg Zaw Y%
l-thg ‘/zm, , \/zdng
Zv]hér szhd
Do dé:
1 4+ \/_Z_\_(_lng 1+ ?_\-"Zﬂ
2o \)Z .y
a=_in CILLA R S Y N .8 (8.105)
2 1 ?.?‘.‘I‘F_ 1- Ei?ﬁ
Zvlhf] Zvﬂhé’
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'Z Z
1+ Zvlni 1+ Z\ang
b = 1 V7 viha 1 _ 1 Tvehg (8.106)

aes | 2| ) [Pone

Y/
Zvlh('l Z

»2ho

3.14. MOT so MANG 4 CUC DON GIAN VA CAC THAM sO CUA CHUNG
8.14.1. Cac mang 4 cuwec mét phin ti&

Cac mang 4 cyc mét phan tit 13 cac mang 4 cdc don gian nhdt (xem hinh 8.12).

zZ
o ¢t © o $- o)
Zz
O L} o _ =]
a) b)
Hinh 8.12

P51 vdi mang 4 cuc trén hinh 8.12a, ma trin tham s8 Z khéng ton tai, con ma

tran tham s8 Y va ma tran tham s3 A ¢é dang:

-3yl 2

D&l véi mang 4 cuc trén hinh 8.12b, ma tran tham s§ Y khéng tén tai, cdn ma

tran tham s8 Z va ma tran tham s8 A ¢6 dang:
Z Z 10

[2] = (4] =
Z Z Y 1

Trong cAc ma trdn trén : Y =

N

8.14.2. Cac mang 4 cuc hinh I' (mang 4 cyc hai phan t)

Cac mang 4 cye hinh I’ nhu trén hinh 8.13.

Hinh 8.13

Dé1 vd1 mang 4 cuc trén hinh 8.13a, ta cé:
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(8.107)

{8.108)

Hinh 8.14

P61 véi mang 4 cuce hinh T & hinh 8.14a, ta cé:

[Z]:{zﬁzz Z, }

Z, Z,+2,

[A] = 1+2Y, Z2,+2Y,2,+2,
Y, 1+2,Y,

béi v8i mang 4 cic hinh IT 3 hinh 8.14b, ta c6 :

(] - 1 Z,(Z,+2Zy) 2.2,
2, +2,+2,| Z,Z, 2.2, + 7))
Y, +Y. -Y.

yl=| 1 2 2

[ ] [: -Y, Y, +YJ

Y+ Y2, Y, + Y, 142,
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8.14.4. Mang 4 cite hinh cdu déi xing

Hinh 8,15

D3éi v61i mang 4 cuce hinh cdu 461 xitng & hinh 8.15, ta ¢6 :
- Ma tran tham s8 A:

Z,+2 22.Z
[A] = 1T 12 (8.109)
A 2 Z,+Z,
- Trd khang dic tinh :
ch = Zl’:2 = ZC = -\r‘Zl-Zz (8.110)
- Hé s8 truyén dic tinh :
Z,+2
chg = 2+—% 8.111
B=7 1 ( )
21}2 A
shg = 172 (8.112)
Z, -7,

Cubi ciing ta xét hé s8 truyén dic tinh cia mang 4 cyc duge tao thanh tif n mang
4 cyc thanh phan, méc lién théng hoéa hap v6i nhau (xem hinh 8.16).

;

n

A [ o I N P o
L g ﬂf if Z‘

ZiC ZZC {n 11c

Hinh 8.16

Goi hé s8 truyén dic tinh clia mang 4 cyc gdm n mang 4 cuc thanh phdn méc lién
théng haa hdp véi nhau 14 g.. Theo (8.95) ta co:

1. Unlo Uo Io U‘lIl U(n I I(n -1
g :—2-11‘1 . = '§]. ( . PR )
Un In Ul Il U2 -[2 U In
_ 11 Un Io -l-ln 1.11 fl - —l-ln U(n:l) f{n—l) =g By + B

UL 2 Wl 2 Usl
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Vay hé 3 truyén dic tinh clia mang 4 cyc gdm n mang 4 cuc thanh phin médc lién
théng hoa hdp véi nhau bing téng cac hé s§ truyén dic tinh clia céc mang 4 cuc thanh
phén:

8 = ) B (8.113)

Heé 6 truyén déc tinh g va cac trd khang dic tinh cda mang 4 cve Z,;, 2., dbi khi
dude goi la cic tham s séng cia mang 4 cue.



Chuong 9
MACH LOC DIEN

9.1. KHAI NIEM VA PHAN LOAI MACH LOC DIEN

Mach loc dién Ia mét mang 4 cuc ma né chi cho qua cac tin hidu cé phé tdn nim
trong mot dai tdn sé nao d6, va chan (khéng cho di qua) cée tin hidu ¢ pho tdn nam
ngoai dai tdn da cho.

Khai niém cho tin hiéu di qua dude hiéu 1a cho tin hiéu di qua véi d6 suy giam
nhé, con chan tin hidu dude hidu 13 truyén tin hidu qua véi d6 suy gidm 1én.

Dai tan s8 ma mach loc cho qua tin hiéu ¢6 phé tdn ndm trong dai d6 goi 1a dai
théng cua mach loc; con dai tdn s& ma mach loc chén céc tin hiéu c¢6 phé tdn ndm trong
dai d6 dude goi la dai chan (hay dai chin) eiia mach loc. TAn s& phin cach giita dai
théng va dai chidn duge goi 1a tdn s& cit cia mach loc. Mach loc ¢6 hé s8 suy giam tin
hiéu trong dai théng bing khéng goi 14 mach loc 1y tudng. Cac mach loc thuc té& c6 hé s&
suy gidm trong dai théng nhd hon hodc bing hé s suy giam cho trude, con hé s suy
giam tin hidu trong dai chan 16n hon hé s& suy giam cho trudc.

Can nhdn manh ring, mach loc duge nghién ciu & ddy 1a cic mach loc thuc hién
chon loc tin hidu theo tham s& tdn s& ctia tin hiéu. Trong thuc t& c6 thé thuc hién chon
loc tin hiéu theo cic tham s& khac cua tin hiéu. Tuy nhién, ngay nay phuong phap chon
loc tin hidu theo tham s& tAn s8 cla tin hiéu van la phuong phap thong dung trong thue
té.

Dua theo dai théng, cac mach loc duge phén chia thank mach loc tdn sé thép,
mach loc tin s8 cao, mach loc dai théng, mach loc dai chin. Dai théng tuong fng clia
chc mach loc : tn s8 thip, tdn s cao, dai théng, dai chin duge thé hién trén hinh 9.1.
Trén hinh 9.1, truc tung biéu thi hé s8 suy giam a ciia mach lgc. Trong k¥ thuat, ngusdi
ta ciing xiy dung cac mach loc nhidu dai théng, nhidu dai chan.

Theo cac phan td tao thanh, cac mach loc dude phén chia thanh mach lec LC,
mach loc RC, mach loc thach anh... Mach loc LC cdn dude got 12 mach loc thuén khang.
Mach loe thudn khéang dudge tac thanh ti cac dién edm L 1y tudng, dién dung C 1y tudng
duge goi 14 mach loc thuan khang 1y tudng.
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a
4 &
¥:| \& 7
N
-------------- N\ N N ,
0 fc f 0 fe f
a}) Mach lgc tin s6 thép b) Mach loc tdn sé cao
4 a L ¥
~N
NN\ \ , .
0 fes feo f 0 feq fea f
c) Mach lgc dai théng d) Mach loc dai chin
Hinh 9.1

Theo két cfu, cac mach loc dudc phin chia thanh: mach loc hinh I, mach loc hinh

T, mach loc hinh IT, mach loc céu...
Theo tinh ch4t dic trung, cac mach loc duge phin chia thanh mach loc loai k,
mach lgc loai m.

9.2, BIEU KIEN HINH THANH MACH LOC THUAN KHANG

Ta xét mach loc thudn khang dugc tao thanh tif cic mét lge o ban hinh ' (xem hinh
9.2). Mach loc don gidn nh&t chi gém mdt mét loc. Cac mach loc phite tap dude tao
thanh tit cac mét loc co ban bdng cach ghép ndi lién théng, hoa hgp giita cac mét loc.

Vi du, céiec mach loc hinh T, hinh [1 ¢hinh 9.3) d81 xitng dude tac thanh tir hai méat

loc co ban,
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Z 112 Z 172 Z 12 Z1
o——-{_} ' 0 © o ’
22, Z, 22, 2z,
o o O o o O > " . —0
z, pa Z Zi| | Zn Zn
Hinh 9.2 Hinh 9.3

Céc tham s8 dac tinh ctta mat loc cd ban (hé s6 truyén dic tinh, trd khang dic
tinh) duge k¥ hiéu tucng ing 14 g/2, Zr, Zn (xem hinh 9.2) va chung dude tinh nhu sau:

shg / (9.1)

chg (9.2)
= |Z,Z, (1+ (9.3)
Z = Z\Z, (9.4)
1+ i
4Z,

D& dang chimg minh duge ring, khéng thé tao thanh mach loc tit cac phin tu
ciing tinh. That vay, biéu thie (9.1) ¢ thé bién ddi v& dang:

sh & _ sh[ + ]E] —sh2 ch(jE] + chish(jEJ
2 2 2 2 2

= shf—cosp-+jchisin—h: Zy
2 2 2 g Y4z,

(9.5)

Trong trudng hop trd khang Z,, Z, (hinh 9.2) cting tinh (cing dién cam, hodc cing
dién dung : Z, = £ jx,, &3 = 1 jX,), biéu thitc (9.5) c6 dang:

sh E(:01-3}—3— + jch 3sinE S (9.6)
2° 772 2 2 {ax,

Tu ddy ta cé:

ch2 sin 2= 0 (9.7)
2 2
Vi ch% = 0, nén t (9.7) suy ra:

. b
sin— =0,
2
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va do dé, két hgp véi (9.6) ta nhan duge:

sh2 - [ 9.8)
2 4xq

Bi€u thitc (9.8) chitng t3 ring, hé s6 suy gidm a clia mang 4 cuc (hinh 9.2) luén khac
khéng & moi tén s8. Di€u nay ¢6 nghia 13, néu trd khang Z, va Z, clia mang 4 cuc 1
cling tinh, thi né khéng thé trd thanh mach loc (khéng hinh thanh dai théng).

Trudng hop trd khang Z, va Z, cia mang 4 cuc 12 khac tinh (Z, = jx,, Z,=Fjx,),

biéu thite (8.5) cé dang:

shicosE + jch El—sin—bi =+) I (9.9
2 2 2 2 4%,
Trong trudng hdp nay ta co:
sh2cos 2 =0 (9.10)
2 2
ch2gin2 -+ | (9.11)
22 4x,
Biéu thitc (9.10) duge thyc hién:
hoic: sh% -0, (9.12)
« b
bkofc: cos—2-: 0 (9.13)

biéu kién (9.12), sh% =0 (a = 0) chinh 12 diéu kién dai théng cia mach loc thuan

khang (hé s& suy giam cia mach loc thuén khang trong dai théng bang khéng).
Vay chi c6 thé tao thanh mach loc thudn khang tit hai phan tit Z4, Z, khac tinh.

9.3. PHUONG TRINH DAI THONG CUA MACH LOC THUAN KHANG

Trong dai théng, hé sd suy giam a clia mach loc bing khéng. Do dé, trong dai
théng clia mach loc, biéu thitc (9.1) duge bién ddi vé dang:

sh® - sh j_}?‘]:jsinhz 2, = _.i.Jx] =1] =
2 2 2 47, T jdx, 4x,

) X
hay: sin— = + | -L
2 4x,

(9.14)

Thuc hién binh phuong ca hai v& ciia biéu thiic (9.14) ta nhan dugc:

sian = S )
2 4x,

sau phép bién d8i lugng giac, ta cé:
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cosh=1- 1 (9.15)

2x,
Vi -1<cosb < 1, nén tit biéu thite (9.15) ta xiit ra :

-1 g1-—L g1,

2x,
sau bién d6i ta nhan dugc:
0 <y (9.16)
4x,

Bat phudng trinh (9.16) 1a b4t phudng trinh dai théng cfia mach loc thudn khang.
Tan s6 cit thit nhait ctia mach loc ing véi didu kién x,(0) = 0; con tin s8 cat thit hai cda
mach loc dng véi diéu kidn x,{w) = 4x,{w).

Bat phuong trinh dai théng ciia mach loc thudn khang (9.16) ciing c6 thé viét lai
dudi dang:

-1= —?—1—- <0 (9.16a)
4z,
Trong dai théng, hé s& suy giam cla mach loc a = 0, nén tit biéu thie (9.11) ta
nhin duge:
sin-lz = % i, (9.17a)
2 4x,
hay: b = * Zaresin |-L- (9.17)

Xy
Biéu thiic (9.17) x4c dinh quy luat bién thién pha ctta bd loc trong dai théng. Diu
ciia bidu thie (9.17) sé duge xac dinh dudi day.
Trong dai chén hé s& suy giam ctta mach loc a = 0, biéu thitc (9.10) duge thyc hién
khi diéu kién (9.13): cos% =0. Do d6, ti biéu thite (9.11) ta nhan dude :
X

a _ e (9.18a)
2 4x,

hay: a = 2arch J-x# (9.18)
4x,

Biéu thite (9.18) xac dinh quy luit bién thién ctia hé s8 suy giam cua mach loc

ch

trong dai chén.
Vi tich cua cae trd khang Z,, Z, cia mach loc thudn khang 1a mét s8 thuc duong,

.. . Z " .
va trong dai théng (-1< % <0) téng 1+ ZZ—'—— ciing 12 mét s& thuc duong, nén trong
2 2

dai théng trd khang dac tinh Z; va Zg cha mach loc 1a mét s8 thuc, mic dit mach dude
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2,

tao tir cac phdn tit khang. Trong dai chén, téng 1+ la mét s8 thuc 4m, nén trd

2

khang dac tinh cua mach loc 12 mét s8 thuén ao.

Pé xac dinh dfu ctia hé s8 pha cda mach loc trong dai théng (biu thite 9.17), ta
xét cac mach loc hinh T, hinh I1 d&i xiing (xem hinh 9.3).

Hé s8 truyén ddc tinh g clia cic mach loc da cho, c6 thé dude xac dinh theo céng
thite:

shg = JA ;A7 = VAo (9.19)

con céc trd khang dae tinh Zy, Zn duge xac dinh theo bidu thite:

Al
Lo = (=120 (9.20)
T YAu,

(9.21)

4 day Ayr, Ajnla cac tham s§ A clia cic mang 4 cuc hinh T, hinh IT tuong tng.
Chia ca hai v& clia bidu thitc (9.20) cho hai v& ctia biéu thite (9.19), ta nhan dude:
Z+ 1

shg - App T St

(9.22)

Nhan ca hai v& clia biéu thite (9.21) véi hai v& ciia biéu thitc (9.19), ta nhan dude:

ks

d day Z;p 1a trd khang nhanh doc clia mach loc hink T, cdn Z; 14 trd khang nhanh
ngang cuia mach loc hinh [1; Z,7, Z,1 14 cac s6 thudn Ao.

Trong dai théng ciia mach loc, hé s8 suy gidm a = 0. do dé shg = shjb = jsinb, cén
trd khang dic tinh Z1, Zn 1a mét s8 thue duong, nén tit cac bidu thitc (9.22), (9.23) ta
nhan dude:
2z 2.
Y/ VA

Ti biéu thite (9.24) cho pbép x4c dinh d& dang ddu cia hé s& pha ctia mach loc
trong dai théng.

sinb = (9.24)

9.4. MACH LOC LOAI k

Mach loc thuin khang duge tao thanh tit cac mét loc hinh [ (xem hinh 9.3), néu
tich trd khang nhanh ngang va tré khang nhanh doc:
Z,Z, =k*, (9.25)
trong dé k 1a s& thuc duong khéng phu thudc vao tidn s6, thi mach loc &y duge goi 1a
mach loc k.
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Dai véi mach loc loai k, cac tham 68 déc tinh, cing nhu phudng trinh dai théng c6
thé biéu dién qua tham s6 k:

kY 2
Zo=k Jt-| = =k,j1-|=2L]|, 9.26
' [2’(2 ] [21(] ©:26)
k k
Zn = = {9.27)
2
1o X
2x,
Hé s6 pha trong dai théng:
sinD = X X (9.28)
2x, 2
Heé s6 suy giam trong dai chin:
ch? - X .x (9.29)
2 7 %%, oK
Bat phuong trinh dai théng:
0< Ek— <1,
X2 (9.30)
heac O < <
2k
TAn s6 cit ca mach loc ing vdi cac diéu kién.
Xy = 0C
k (9.31)
¥a X2 = —
2
hay :
x,=0
\ (9.32)
va x, = 2k

Dé dang nhan thay rang, tich cla céac tré khang déc tinh Z;, Zp ctia mach loc loai
k cing bing k*.
That vay:

2

T cac bidu thiic trén dé dang thiy ring, khi tham s6 k ctia mach loc da cho, dé
xace dinh cac tham s8 cia mach loc, chi cdn biét su phu thudc hoac tréd khang x,, hoic

trd khang x, vao tan s8 (x,(@}, x,(0)).
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Khi tinh toén, thiét ké cac bg loc, tham s8 k duge chon tit didu kién phéi hop txd
khang clia mach loc vai phu téi d mét tan s& xac dinh, va né duge xem nhu trd khang
dac tinh cua mach loc.

9.5. MACH LOC LOAI k TAN SO THAP

Mach loc tin & thap cé dai théng tit tdn s6 © = 0 dén tan s6 © = w, nao dé. So dé
mach loc loai k tin s& thap (hinh T, T, IT) vé trén hinh (9.4).

3 dai tin s& thép, trd khang nhanh ngang ciia mach loc x, = oL, nhd, trd khang

nhéanh doc ctia mach loe x, = % 18n, tin hiéu théng qua mach logc dé&n phu tai. Ngugce
iy

lai ¢ dai tdn s cao, trd khang nhanh ngang x, = oL, 14n, tré khang nhash doc x, = —é—
iy

nhd, mach loc chin khéng cho tin hidu di qua.

D61 v81 mach loc loai k tan s& thap (hinh 9.4), ta cé:

1
Z, = july; 4, = ——,
1= July 2 oG,
do d¢: Kwogzz, <0 L
T e, TG,
L
hay: k = EJ—
2
Lys Lir Lie L,
o Y " o p—/T'\—v HM’T
J‘ Ez— C, 2= -C-i
_[' p) T —> 2 T 2
[ * -0 o - < o . L]
Z; Zn Zr rat Zn Zn

Hinh 9.4.

Tén s8 cit cia mach loc dugce xac dinh theo céc biéu thiic (9.31) hoac (9.32) va cé
thé xAc dinh bing d8 thi (xem hinh 9.5), hoac bing phusng phap giai tich.
Bing phudng phap giai tich, tin s8 cit thi nhit ciia mach loc theo bidu thitce
(9.32) ta cb:
X; = @,L; =0,
hay: 0y =0

T4n s8 cét thit hai cia mach loc:
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X1 = oL, = 2k,
tit diy xac dinh duge:
_ 2k
Weg = iT

By = : (9.34)

2k

kf2

S~

I
 d 1
c2 w 0 Weo

£y

0 o

Hinh 9.5. Xac dinh tin & cit cla mach loc bling dé thj

Dé xac dinh cac tham s khac ctia mach loc loai k tin s8 thap, tridc hét ta xét ti s6-

2, x _ ol w’LC, -0
4Z, 4%, 4 4 o',
wC,

dday n= — dude goi 1A tdn s& tuong d6i cia mach lge loai k tan s& thép. Trong dai
Wz

théng (0 < ©,) N < 1, cdn trong dai chin (0 > 0,) n > 1.
Tir diy ta xéc dinh duge:

- Hé s6 suy giam cua mach loc (trong dai chin):

a X
ch=— = ’——‘- =,
2 4x, "

hay: a = 2arch 1.

- Trd khang déc tinh chia mach loc:

Zy = kyl-n’ (9.36)

7, = 9.37)

y1-1°
Trong dai théng (4 < 1) trd khang dic tinh Zr, Zn clla mach loc 13 mét 8 thuc,
cén trong dai chdn (n > 1) trd khang dic tinh Z;, Zg ctta mach loc 1a mét s& thuin ao.

- Hé s6 pha ctia mach loc trong dai théng:

—

s.mE S . *n
2 \‘4:{2
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Pé xac dinh diu enia hé 58 pha, sit dung bidu thite xét ddu (9.24), ta cé:

sinb = _ZT = Zy = Zpo(C,.
1oy j_l_._
joC,

Trong dai théng ciia mach loc, trd khang dic tinh Z; 14 mét &6 thue dudng, nén hé
58 pha cua mach loc mang ddu dudng, nghia la:

5in - =
3 m

hay: b = Zarcsinm (9.38)

Trén hinh 9.6 vé d6 thi bién thién cla cac tham s cla machk loc k tdn sd thip
theo tan sd.

Tit b thi ¢(hinh 9.6) ta thdy, trd khang dic tinh Zy, Zn cia mach loc bién thién
nhiéu trong dai théng (tai tdn s6 o = 0, tré khang dic tinh Z; = Z;7 = k = R; cdn tai tdn
s8 o = o, trd khang dic tinh Z;= 0, Zg — ).

Do d6, chi c6 thé phéi hop hoan toan mach loc véi phu tai tai mét tdn s& nhat dinh
trong dai théng. Bdi vay, khi thiét ké& bd loc ta phai tinh toin sao cho viing gAn phéi hgp
ctia mach loc véi phu tai la 16n nhét. D& viing gin phdi hop 18n, ngudi ta duta vao tham
56 o goi 12 hé s8 phu tai:

R

o = tm.

R
Néu trd khang dac tinh ddu ra ciia mach loc 1a Zr, thi dé ving gin phéi hap 16n,
hé s& phu tai & dudge chon trong dai tit 0,7 dén 1; con néu trd khang dic tinh ddu ra cia
mach loc 12 Z;1, thi dé viing gdn phai hop 16n, hé s& phu tai a duge chon trong dai tir 1

dén 1,3. a !
1
1
1
I
|
>
1]
0, 1o
b _________ 1]
i1y
1
1
1
|
! '
0 . >
Z:4 |
R ' i
| -
1 -
1 -~
| rd
L
s
> 0
0 !
Zn .
=3 :
1
bl
: »

0 '.
| /
! Hinh 9.6
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9.6. MACH LOC LOAI k TAN SO CAO

So d8 mach loc loai k tin s6 cao vé trén hinh 9.7. O dai tdn 8 thap, trd khang

nhanh ngang x, = 18n, con tré khang nhanh doc x, = L, nhd, mach loc chan

oC,

) . T P . . . 1
khéng cho tin hidu di qua. Ngudge lai ¢ dai tin sé cao, trd khang nhanh ngang x,= —

Wiy

nhd, con trd khang nhanh doc x, = 0wl 16n, mach loc cho tin higu di qua dén phu tai.

2C, 2C, 2C, C,
| il 1
© Il ° © i il ° S e | e
32, %Lz 2L, § §2L2
O O I:. < Cr 0
zI"'I
Z; Zn Z; Z,
Hinh 9.7

D& vdi mach loai loai k tin s8 cao (hinh 9.7), ta cé:

1
Z, = ,Zy = joLy,
! Jfﬂcl z ]m ¢

do d6: k? = Z,Z, = Ly

hay: k= |—= (9.39)
Ve,
Tan s8 cdt th@ nhat ciia bd loc iing véi didu kién:
X, = 1 =0
48] (.ICI
hay: e = X
Tan sb cat thit hai ctia b loc ng véi diéu kién:
1
X, = = 2k
oG
1
hay: Wy = .
7 2~ 9KC,
Thay gia tri cua k t bidu thite (9.39) vao biéu thite trén, ta tim duge:
1 9.40)

D31 véi mach loc loat k tdn s6 cao, t s6:

4-Li thuyét M-TH
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Zl 1 1 mfz 1 b ]
=- - " = - =g = - - _ - 7
4Z, HaCjoL, 40°L,C, o’ n’ i
trong dé6: ¥ = L Dez,
n e

Trong dai théng (@ > @) % <1, cdn trong daichén (0 <w.z) x >1.

Tinh toan tudng ty nhu déi véi mach loc loai k tin s thip, ta s& xac dinh duge
cac tham s8 cia mach loc loai k t4n s8 cao (xem bang 9.1).

D4 thj bién thién cac tham s8 cla mach loc loai k tdn s8 cao v& trén hinh 9.8.

a

o

(RN e KN

r------

N

o
"
£

N
3
-
~ZL_

Rp--mmo-- Fiemme T
s
// :

-
Pl L .
0 L w
w

Hinh 9.8

9.7. MACH LOC LOAI k DAl THONG

V& nguyén ly, c6 thé xay dung mach loc loai k dai théng tit hai mach loc: mach loc
loai k t&n s8 thdp c6 dai thong tit o, = 0 d&n ©.; mach loc loai k tin s8 cao ¢6 dai théng
tit ©., d6n © = o (xem hinh 9.9).

Tuy nhién, xay dung mach loc loai k dai théng theo phudng phap trén kha phitc
tap, ddc bigt khé khin trong viéc phdl hdp trd khang giita mach loc tin s thdp va
mach loc tdn 88 cao. Trong thuc t&, mach loc loai k dai théng duge x4y dung theo 56 d8 &
hinh 9.10. '
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Tré khang nhanh ngang clia mach loc dai théng la mach céng hudng LC néi tiép,
con trd khang nhanh doc 1 mach eéng hudng LC song song. Nén & ving tdn s6 thdp va
ving tdn s6 cao trd khang nhanh ngang 16n, tréd khang nhanh doc nhd, mach loc khéng
cho tin hidu di qua. Con & viing tdn s6 lan can tdn s8 céng hudng w,= 1 !

VLG VLG,
trd khang nhanh ngang nhé, trd khang nhanh dge 18n, mach loc cho tin hiéu di qua dén

phu tai.
%
Dai théng cba mach loc \

tdn sé thép

Ddai théng clia mach loc
tdn s cao

[}

w

N

Dai théng \\
cla mach loc

dai thdng

1 c2 w

Hinh 9.9

L2 2C, Lf2 2C, 2G, L2 Loc,
)_rvv'\_"___.qp._o o_.__rv'v‘\_l'H;_"_rW\_Q Oo—p—mrrY ‘—”—"-”"""0

G f 2L, sz L, ——f A, 2 2L,
' T T. P _f* 5T

Hinh 9.10

»
Q
o

D61 véi mach loc loai k dai théng trén hinh 9.10, ta cé:

oG, Wq Q
. 1 L
joLy —-—— -2
Z, - j0C, C, 1 1 1

-_ -— = - . m m = - C
j[mLz - “:.J,—J j(coLQ— _.I_J Gy @ B JooCyv
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trong dé:
1 1 - tin s& cdng budng cla cic mach cdng hudng
@y = = e N
L.C L.C, ndi ti€p va song song.
vo @ _ @ - tdn s& twdng d6i cha mach loc.
0)0 0
Do dé ta cé:
wgL,v L
k?=2,2,=300Y =1
j0,Cv  Cy
L
hay: k = |=L
C,

1

= ! , nén biéu thitc trén cé thé bién déi vé dang:
VLG LG,

ko L L (9.41)
C2 C‘L

Tén 88 cit clia mach loc loai k dai théng dude xac dinh ti biéu thic (9.30):

Vi

0 < =<1,

oL, - ——
wC;

hay: 0 < 2k

1A

Trong dai tan s6 o, < 0 < @, , biéu thitc o, - <0, nén trong dai tin s nay,

wC,
bat phuong trinh (9.42) duge viét dudi dang:

-2k < oL, —-—::— <0,
oy

va tin s6 cat o, duge xac dinh tit bidu thie:

1

=-2k {9.43)
w,C,

w Ly -

Trong dai tin s& 0, < @ < @, bidu thiic oL, - > 0, nén bit phudng trinh

Q] ON
(9.42) dude viét duéi dang:

0<elL, - L < 2k

wC,
va tAn s8 cat ., dude xac dinh tit bidu thie

o, L, - —— = % (9.44)
¢ o, C,

]
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Giai cac phuong trinh (9.43) va (9.44), ta xic dinh dude cac tdn sd ¢t w,,, o, cla
mach loc loai k dai théng:

k k) 1
We, =T +4fi— | + (9.45)
I, (Ll e
\\2
W, = L3 + L3 + L (9.46)
’ Ll Ll LICI

D& dang nhan thdy ring, tin s8 cdng hudng o, ciia cac nhanh mach loc 1a trung
binh nhén cia cic tin s8 cit o, va o, nghiala:
Wey. Wy = Cl)g -
Cac tham sb khac cia mach loc loai k dai théng duge x4c dinh theo cac biéu thitc
(9.26), ..., {9.29) tuong Ung.
Hé s8 suy giam trong dai chin:

- ol

ch a
2 2k

Vi dai théng clia bd loc leai k dai théng duge xac dinh bing biéu thite:

An = o, —w, :gl{«,
F 1 1‘1

nén biéu thitc tinh hé s6 suy giam cé thé viét lai dudi dapg:

t::h3 = m—“.v.
2 Ao

D4 thuan tién tinh toan cac tham s ctia b loc, ta thyc hién phép bién déi:

Do yo Y |9 _ Qe

Aw’ W, —©, \Wy
O 8 @ _9 f §

Wy © @ O £, f P
Op _ O % oo L g
Wy @y Wy 0, L £,

Do d6 ta ¢é hé s8 suy giam:
ch2-F 9.47)
2
va cac trd khang dic tinh:
Zp = kV1-F* (9.48)

(9.49



54 LY THUYET MACH - TIN HIEU

hé 58 pha:
sin-z- = +F (9.50)

Sit dung biéu thitc xét dau (9.24), ta xéc dinh duge trong dai tdn ., < 0 < oy, hé
s6 pha clia mach loc mang dfu 4m (=), cdn trong dai tdn o, < @ < a_,, hé s6 pha cua
mach loc mang ddu dudng (+).

D3 thi bién thién cac tham s& cia mach loc loai k dai théng vé trén hinh 9.11.

as

Wet

£
(
foh 4

£
<
£y

Hinh 9.11

9.8. MACH LOC LOAI k DAI CHAN

Ngudge véi mach loc loal k dai théng, mach loc loai k dai chdn ¢é nhanh ngang 1a
mach cfng hudng song song, nhanh doc 13 mach céing hudng néi tiép. Do d6 & dai tin s8
thap va dai tin s8 cao, trd khang nhanh ngang nhd, trd khang nhéarh doc 16n, mach loc
1 1
JLiC  JL.C,
tré khang nhanh ngang 1én, trd khang nhanh doc nhd, mach loc khéng cho tin hidu di

qua.

cho tin hiéu di qua. Con & dai tin s& lan c4n tin 58 cong hudng o, =

D81 véi mach loc dai chén & hinh .12, ta cé:
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2C, C
[ ¥ i1
L1 L1}
1 L | r L
Y e
2L, 2, 2,
Gy ¢ S
T 2 ']' 2 T 2
o -O o - 0
Z; Zn Zn Zn
2c, 2¢,
11 $1
1r 11
° Ly t L, T °
L
C,
: |
z, z,

Hinh 9.12 So d8 mach loc loai K dai chén

. 1
wl,.
125 jo C, 1
zl = -
1 JoCyv
jloLy - ——
o,
ALy
trong dé:
0p = 1 1 - tdn s8 cong hudng cua nhanh ngang va nhanh doc;
VLG YLG
ve ® %0 - tin s6 tudng déi cia bd loc.

Tit diy ta nhan duge tham s8 k cia mach loc dai chén:

) PR O 9.51
TR

Véi cach tinh toan tudng tu nhu d81 vdi mach loai k dai théng, ta sé xac dinh duge

cac tham s6 clia mach loc loai k dai chén (xem bang 9.1).

D4 thi bién thién cic tham s8 ciia mach loc logi k dai chén vé trén hinh 9.13.
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Bang 9.1. C4c tham 58 dic trung clia mach loc loai K
Tham s& dac Mach loc tdn s8 Mach loc tan 54 Mach loc Mach ioc
trung thdp ¢ao dai thong dai chin
Dai a=0 1
théng sin b - F “F
Dai a % IFi !
chan ChE B H
b T r £ 4 .
.
7. ky1-n? ky1-%2 ky1-F? kJ1-—
2
K k K k
Z B
i 1-72 - 1-F? \[“i
F?
) L 5 L.l bl
<, ¢ CRE 1% 15
%
f £ £, f 1 1
n=4 X = F= i fy= = = ff, f
c £ f, & °JLc, T Jec, Yore
fﬂ fc2
ad '
0 Ewc1 Ewo EwCZ :J
by A
m : | i.
s
- S

I 1
o
!I ]I
f h
[ I
R i SR
L /’—'
VA2 T
e »
v
I!, I
e
d g
Hinh 8. 13

9.9. MACH LOC LOAI m
Cac mach loc loai k di xét § trén déu ¢6 wu difm chung 13 k&t ciu don gian, hé s6
suy giam J ving tin s3 xa tdn s& cit ldn. Song chiing ciing déu ¢6 nhude diém chung 1a
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cac trd khang déc tinh Zp, Z; bién thién nhiéu trong dai théng, nén khéng cho phép
phot hgp mach loc véi phu tai trong dai tdn s8 cua tin hidu. Mat khac hé s6 suy giam a
etia mach loc & viing tdn s8 l4n can tin s6 cét bé, nén viée loc tin hidu (suy giam tin
hiéu) 3 viing tdn s8 14n can tdn s6 cit kém. Muén ning cao d6 chon loc cia mach loc @
vilng tdn s nay phai tang s8 mat loc cta mach lge, diéu nay lai 1am cho két c&u cta
mach loc trd nén céng kénh, phite tap. Vi du déi v8i mach loc loai k hinh I" tan =8 thdp
c6 tén s8 cit £, = 1000 Hz, thi & tin s6 f = 1200 Hz, hé s8 suy giam a cua mach loc mdi
chi dat dude 1,26 nepe (3,5 14n). N&u cin tang hé s8 suy giam cia mach loc & tan sé nay
]én 10 l4n, thi cAn mac lién tiép hai mit loc hinh I (ding mach loc hinh T, hoic hinh IT).
D& khéc phuc nhiing nhugde diém trén ciia mach loc loai k, ngudi ta xay dung cic
mach loc loai m. Mach loc loai m ciing 1a loai mach loc thuin khang, né duge xay dung
trén cd 8¢ cia mach loc loai k theo hai phuong phap, cin cit vio dé sé gol tudng dng la

mach loc m nd1 tiép va mach loc m song song.

9.9.1. Mach loc m néi tiép

Mach loc m noi tiép duge xiy dung tit mach loc loai k vél diéu kién Zr,, = Zr, ¢ diy
Za 12 trd khang dac tinh Zy cia mach loe loai m; Z; 1a tré khang dae tinh Zy cua mach
loc loal k (xem hinh 9.14).

Z,12 2,12
i |222 l ! 2m
o + -0
d
Zn r Zy Zrm
a-Mach loc loai k b-Mach lgc loai m
Hinh 9.14

Céac trd khang dic tinh Zy, Zr,, dude xac dinh theo biéu thic (9.3):

Z Z m
Z Zl 22 [l + “Z—Z;} ZTm = lemZ:zm [1 + 4212"1]

Tu diéu kién Zr,, = Zq, ta eb:

Z, Z,
\/Zl Z{l + w] \’Z,ngm[l + 4sz] (9.52)

Trong phuong trinh (9.52), dit Z,, = mZ, (0 < m < 1), sau d6 giai phuong trinh ta
nhin dugc :
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Z2m= - + 1-m
m 4m

Z, (9.53)

Biéu thitc (9.53) chitng td rdng, nhanh doc cha mach loc m néi tiép gdm hai phén

2
tit mic ndl tiép, phin td thit nhit [—Z—?'—] cung tinh véi Z,, phén td thit bai [1 2 m Z, J
m m

cung tinh véi Z, (xem hinh 9.15).

Z,12
o T 1+—e o
22,
m
2
1.
m z,
2m
o 4 0
Zrm, Znm=2
ZTm = ZT an ) fim n
Hinh 9.15. Mach loc m ndi tidp Hinh 9.16. Mach loc m song song

9.9.2. Mach loc m song song

Mach loc m song song duge xay dung tit mach loc loai k véi didu kién cac trd
khang dic tinh Zn,, =2 (xem hinh 9.14). Cac trd khang déc tinh Zy, Zn,, dude xéc dinh
theo biéu thitc (9.4):

2,Z
Zy= . z2 ’ an =
1+ —-
Tu diéu kién Zn,, = Zp, ta ¢6 :
zlzzz o Zlm'§2m (9_54)
1+-—L 14 lm
47, 47,
Trong phudng trinh (9.54), dat Z,,, = & , (0 < m < 1) sau dé giai phuong trinh ta
m
tim durge:
2
! _ 1 i-m 1 (9.55)
Z,., mZ 4m Z,

Biéu thiie (9.55) chitng t3 ring, nhanh ngang ciia mach loc loai m song song gém
hai phin tit mic song song (xem hinh 9.16).

9.9.3. Cac tham s8 ciia mach loc loai m

Céc trd khang dac tinh Zn,, (d8i v8i mach loc m néi tiép- hinh 9.15) va Z,, (d6i véi
mach loc m song song - hinh 9.186), dude x4c dinh theo cac bigu thiic (9.4) va (9.3) tudng
ing.
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Déi véi mach loe m ndi tiép 6 hinh 9.15, ta ¢é:
ZlmZZm

1+ L
4Z,

Q . 1-m?

Thay cac gia tri Z,, = mZ,, Z;,, = Z, vao biéu thite trén va sau khi

m 4m
bién d48i, ta nhan dudc:
Lot = zn[1 +(1- mﬁ)ﬁ-] (9.56)

Tudng ty, d61 véi mach loc m song song 8 hinh 9.16, ta ¢é:

Z
T - zm.zm[1+ J
J 1m L2 4Z,,

Thay cac gié tri Z,,, = Z, va Z,,, ti biéu thiic (9.55) vao biéu thilc trén, sau khi
m

bién d6i ta nhan dudc:

Ty = —— 21— (©.57)
1+(1-m?)—L
47,

T cée bidu thite (9.56), (9.57) ta théy cac trd khang dic tinh Zn,, (d8i véi mach loc

A * e n Z A
m ndi tiép) va Zo, (A3 véi mach loc m song song) phu thude vao ti s6 —— vaA tham s8 m.
2

Dai théng cua mach loc loai m ciing duge xéc dinh theo biu thitc (4-186a):

Thay céc gia tri cta Z,, va Z,, cua cac mach loc m néi ti€p va song song vio biéu
thitc trén, sau khi bién d6i ta nhan dudge:

yA B m?

lm

422:11 B &._Z_2,+]_._m

(9.58)

2

D&t véi mach loe loai k,tAn s8 cit duge xac dinh theo cac phudng trinh : Z, = O va

7, = —4Z,. Tit biéu thic (9.58) ta thiy: Khi Z, = 0, thi Zim _ 0, va khi Z, = —4Z,, thi
2m
Zlm - _
4Z,.,

Tt day d& dang th4y ring, dai théng cia mach loc loai m triing vdi dai théng cua
mach loc loai k tudng dng.

Hé s8 pha cha mach loc loai m trong dai théng duge xéc dinh theo bidu thite
(9.17a):
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sinh =+ = (9.59)

4Z, va tham s8 m.

phu thude vio ti 56
1
Hé s8 suy giam cia mach loc loai m (trong dai chdn) duge xac dinh theo bidu thite
{9.18a):

- o (9.60)

Ji‘gz + 1 - m2

1

ch

E - zlm
2 47,

Tir biéu thite (9.60) d& dang th&y riing, tai tAn s6 ma & d6 théa man didu kién
42—212 +1-m? = 0, hé s& suy gidm ctia mach loc 16n vé cing (a - « ). TAn 55 ma tai dé hé
s8 suy giam cia mach loc 1én vo ciing duge ky hidu la f. (hay o).

Dé dang thay ring, tai tdn s f., trong nhanh doc ctta mach loc m néti tiép xay ra
céng hudng néi ti€p (céng hudng dién 4p); con ddi véi mach loc m song song trong
nhanh ngang xay ra cdng hudng song song (céng hudng dong dién).

That vay, d61 vdi mach loc m néi tiép ta cé:

L2
z, = Zr,l-mg
m 4m
2
-1 .o
Thay Z, = m Z, vao biéu thic trén, ta sé nhan dudc :

2 2

o = 1z + 14“‘ 7, -0,
m m

nghia 12 nhanh doc cua mach loc m nél ti€p xay ra céng hudng dién ap. D61 v8i mach
loc m song song, cé thé chitng minh tudng tu.

Can luu ¥ rang, khi tin s8 chuyén qua tén s6 £, nghia 12 trong viing tan s6 £ > £,
(khi £, > £), hoéc f < £, (khi f, < f), tré khang ca hai nhanh ciia mach loc loai m la cung
tinh. Khi d6, phit hdp véi cac két qua di nhan duge trong muc 9.2, bén v& trai cia bidu

thic (9.60), ham ch% phai thay bing ham sh%, va khi 4—221 — 0 thi:
1

sh? ,_ M
2 1-m?

Su phu thude ciita hé 8 suy giam a cua mach loc loal m vao tham s8 m thé hién
trén hinh 9.17; cdn sy phu thuée cta trd khang dic tinh Zpy,, (481 véi mach loc m néi
t1€p) va Zr,, (d61 v6i mach loc m song song) vao tham s8 m thé hién trén hinh 9.18. Trén
hinh 9.17 va 9.18, truc hodnh biéu thi gia tri cla ti s8 £f, 481 v8i mach loc tin s8 thap,
hodic gia tri cua ti 86 £/f d81 véi mach loc tén s6 cao.
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a (nep)

) / m =0,745
. \
; ml=0.59 / \
/AN
. m={0.415 /
m=0.305}t / \// \ m=1
3 M1 f/\ \ i
...-—-—%

2 /l//>// \<f M,

/5> ~ v ]
1 /“‘"-——.__________ Y —
RTIER 12 13 14 15 16 17 18 19 20

Hinh 9.17. Su phu thude ciia hé $6 suy giam a cla mach loc m vao tham sé m
Tir d6 thi va két qua tinh toan chi ra ring, trong dai tin s& thda man diéu kién

%— [hay %J =0 =+ 0,9, khi gia tri tham s8 m = 0,59, trd khang dic tinh Zj,, (ctia mach

loc m ndt ti€p) va Zr, (cua mach loc m song song) sai khac khéng qua 5% gia tri danh
dinh cua nd.

Céc tham s& ciia mach loc logai m duge tinh difa trén cd sd tinh toan mach loc loai k
va dua vao cac cdng thite (9.53), (9.55), (9.56), (9.57), (9.59) vi (9.60).

Trén hinh (9.19),..., (9.24) vé cic mach loc loai m ddn gian va sy bién thién cac
tham s8 tudng itng ciia ching.

'3
._-.F,T hay J—
k Z|"'|m
_E
1.8
m30,30%

1,6/ ——t //h

14 i /,/
1,2 -,//

| weT

‘o " m=0,59

N %'_"—-—h\_\——_..‘__\ \
0.8 - “‘_“‘:._\

m=0,754

06 \. |\\ W i

' l e

0.4 ;

02; I : \'\ f h 1e

! T ay—
Oi c f

01 02 03 04 05 086 07 08 09 10

Hinh 9.18. Su phu thudc cia trd khing dic tinh cta mach loc m vao tham sé m
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Vi cac mach loc loal m, khi chon gia tri cua tham s6 m thich hdp (trong thuc t&
gié tri tham s8 m thudng chon bing 0,6) déu c6 wu diém cac trd khang dée tinh (Zr,, déi
véi mach loc m ndi tiép, Zy,, d8i véi mach loc m song song) c6 gia tri hdu nhu khéng déi
trong dai théng [ Zn,(Zr.) = k], hé s8 suy giam a 18n 3 ving tdn s8 gin tdn s8 cét, dic
tuyén suy gidm cé d6 doc ldn & ving tdn s& gin tdn s& cét. Tuy nhién ching cliing déu cé
nhude diém hé s8 suy gidam & ving t4n s6 xa tdn s8 cdt nhd. Trong thuyc t& khi xay dung
céc bé loc, ngudi ta thudng su dung két hgp gita cic mach loe loai k va mach loc loai m,
sao cho cac trd khang dic tinh cla bg loc it thay d8i, hé s8 suy gidm a 16n trong ci dai
chén. Vi dy, mach loc dai théng trén hinh 9.25 la sy két hop gita hai mit loc dai théng
loai k va hai mét loc dai théng loai m néi tiép.

L2

Yy - o

J_Cz

a} Mach loc loai k

mL, /2
o Yy _I_ m02 -+
2
1-m’
2m L,
ZTm= zT ZI'Irrl

b) Mach loc loai m néi tiép

mL, /2
P o WE—
1-m’
o——p 5 C, o
I 4. mC,
10 -— "'2-
ZTm Zﬂm = ZF‘\

¢) Mach loc loai m song song

Hinh 5.19. Mach lgc tin 58 thip
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4ab a
1
! 1
! 1
]
t I
| S ; '
! i
! '
: :
! i -
0 (o o il
! 1
Zomt : H '
K| : ' /
: : /.
1 : rd I
] 1 //
1
, L~ -
Iwﬂ,/’ ' w
by 1
13 ! i
II i
i' 1
1
il :
! y
! '
§
) |
Z‘rm F Y : }u
! i ;:
k ! ’ )
1 ’ E
! b
Ao
P )
” ]
- ] .
0 :wn T //".'. “)
1 b o~
1 el
1 L f
i  f
1 W

Hinh 9.20. Bign thién cdc tham s8 cla mach loc m tén s8 th3p véi m ~ 0,59
2C,

—| o
2¢, 2C m 2L,

o—” o m

2m
2 T m
o - ° <
Zy Zn

sz: ZT ann
a) Mach loc loai k tin s cao b} Mach loc loai m néi ti€p t8n s cao

2m

— L,

1-m

R o g S—
o—9
1t
2L
RETST =
’—' - *—‘
Zrm Znm =2n

¢} Mach loc loai m song song 14n s& cao

Hinh 9.21. Mach lgc tin s8 cao
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0 R -+,
! c
ZTrn% | '
| 1
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o R
"I‘ 1
l.."l |
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o W /10 bt
!fz’j‘:
' !
do
Zﬁm1; ! E
b

kpmendenefon T
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Hinh 9.22. Bian thién cdc tham s cla mach loc m tin s cao vdi m = 0,59

L2 2531
I

[

]

Z

vl

2L, L2
2
> Q0 Zl'i

Hinh 9.22a. Mach loc¢ loai k daithéng

o

mL,/2
o—o—f"""—“ a
2
2C,/m 1&_7:1 L,
2
m2 c,
1-m
2L, me;
F m 2
- -

Zm =2 &

Zl"lrn

Hinh 9.23b. Mach Igc loai m ndi tidp dai théng
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C
M~
1l
£
=
ﬁ ™
0
? 042
=
11
11
o _m &_m
— .
m_zm & S
N — o m
WJZ |_IL_2

Hinh 9.23¢. Mach loc loal m song song dai théng

di m = 0,59

dng v

h loe m dai th

-

0 cua mac

n

Hinh 9.24. Bién thién cic tham s
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Dic tuyén suy giam cta mach loc hinh 9.25 ¢6 dang vé trén hinh 9.26.

2 2
t+m - = 1+
—L 1+m s 1+m Gt _2"‘1_
l S
[0 II—-—l—l} ] 3
ﬂ L, f-m ,
2m
2m
1-m2 !
2L, ::_T_% L, =C, —2—L-2- =:m_(232
m 2 m
ZI'Im < 0 an

Hinh 9.25. Mach lgc dai thong kit hop gitia hai loal mach loc Yoai k va loai m

a
&

}
¥
1
]
]
]
1
1
]
I
I
i
1
I
i
|
1
1
1
i
1
I
H
1

[ ) Weq Wea Wea i :.1
Hinh 9.26. B3c tuyén suy gidm a cia mach lgc m dai thong

9.10. MACH LOC HiNH CAU

Trong thuc t& ngoai cac mach loc loai k, loai m, ngudi ta cdn sit dung cac mach loc
cdu dé1 ximg. Mach loc cu déi xitng cing 1a loai mach lge thudn khang, c6 sd d6 téng
quat nhu trén hinh 9.27.

or # { I » —i

Hinh 9.27. Mach loc c8u ddi ximg
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Déi véi mang 4 cuc ciu ddi xing (hinh 9.27), ta ¢6 ma tran tham s& A:

Zo+Z, 277
{A] _ 1 2t 4y 142

- trd khang déc tinh:

Zc,z L, = Ze = %3‘ = 2,2, (9.61)
21
hé s truyén dic tinh:
chg = A, _Lpt 2
Zy — 2y

a . b

IR O S s

th2=thl> + Z|=_—2. 2
2 [2 2)

b
1+jth2tg—
AL

a . b ., & b
th—+jtg— {1~ jth=tg —
=[ 2 ’gz]( ) 2g2J

2 b
2

a zb . b ga
th2{1+tg? 2 l+itg~f1-th* 2
) 2(”2]”2[ z]_a
14+th?2¢g2 2 Zy
2 2

Tit biéu thife (9.62a) d2 dang suy ra cic két luan sau:

(9.622)
1+ th? % tg

- Hé s& suy gidm cla mach loc hinh ciu ¢hinh 9.27) bing khéng, (diéu kién dai
théng cia mach loc) khi trd khang Z,, Z, khac tinh.

- Hé s8 pha clia mach loc trong dai théng dude xac dinh bai biéu thie:

b Z X
tg— =+ || =1+ |+ 9.63
g2 \} 47, V x, ©-63)
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- Trong dai chén, trd khang Z,, Z, cia mach loc cing tinh, va hé s pha b cia
mach loc hodicb =0, hodc b=+ x.

Khi hé s6 pha b = 0, hé s8 suy gidm ctia mach loc dude xac dinh béi biéu thie :

= — (9.64)

Wi :h%<1, nén hé s pha b = 0, va bifu thic (9.64) phd hop véi didu kién
YARIVAR

Khi hé s6 pha b = + =, hé s& suy giam clia mach loe duge xac dinh bdi biéu thic:

cth? = |4 o [x (9.64a)
2 Z, Xy

Vi cth% >1 nén hé s§ pha b = 0, hay biéu thitc (9.64a) phu hgp véi diu kién

lle = |ZQ|
- Khi Z, = Z,, hé s6 suy giam clia mach loc a = oo (vi lic nay th% = 1) va dién ap

trén dau ra cia mach loc bing khoéng. V& ¥ nghia vat 1y diéu nay duge giai thich bing
sy cAn bing cia cAu khi Z, = Z,.

Cac mach loc hinh ciu tdn s& thdp, tdn s& cao, dai théng, dai chdn duge trinh bay

trén hinh 9.28.
L, &
C ;
L, ; 2 ¢,
b)

aj

c)

Hinh 9.28. Cac mach loc hinh cdu: a)Tan s&thdp; b) Tan s& cao; c)Dathong; d)Dé chan
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Dai théng cta cac mach loc hinh cAu duge xAc dinh tit diéu kién trd khang Z,, Z,
ciia mach loc khac tinh (khac dau). TAn s8 ma tai d6 hé s8 suy giam cua mach loc a =
(£.) duige xac dinh tit diéu kién Z, = Z,. Trén d8 thi, tdn s6 £ duge xac dinh tai diém ma
tai d6 cac dudng cong Z(f) va Z,(f) cit nhau. N&u dudng cong Z,(f) khéng cit dudng cong
Z,() thi mach loc 46 khéng cé tin s6 f..

Trén hinh 9.29 md ta cach xic dinh dai théng va tn sd £, cua mach loc tdn s§
th4p va mach loc tin s& cao.

Tit céc bidu thitc (8.61) va (9.62), ta thiy trd khang dic tinh Z, clia mach loc ciu
phu thude vio tich ctia trd khang Z,.Z,, con hé s& truyén dic tinh g phu thude vao ti s8

— - - Z " - - - > ~ . o
gita trd khang Z—‘ . B3i v4y, cac tham s8 Z_ va g ciia mach loc cdu khéng lién quan véi
2

nhau nhu 461 véi cac mach loc loai k va loai m (mach loc hinh T, T, IT). Do d5, khi tinh
to4n thiét k& mach loc hinh cdu, cac tham s& Z, va g cé thé chon ddc 18p véi nhau. Pay
12 vu diém ctta mach loc cAu so véi cac mach loc loai k va logi m.

Trong thuc t& cac mach loc cu duge stt dung véi bién ap vi phén (sd d6 chu vi
phén). Cac 80 d8 ciu vi phan duge trinh bay trén hinh 9.30. V& nguyén 1y cic mach loc

ciu vi phéin (xem hinh 9.30) hoan toadn tuong tu nhu cic mach loc clu théng thudng,
nhung cé s& phén ti1 it hon.

]

Hinh 9.29. Xac dinh t4n s& cét f, va tdn s6 1. clia mach loc cdu bling phuong phap 48 thi
a) mach loc tdn s& thdp; b) mach loc t4n s& cao
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Z,n'2

]
2z,

=5 I l O
[ {7} o o YTy Q
-2 > Zz 12
2z, Z,2
o

Hinh 9.30. Cac so d6 ciu vi phian

9.11. MACH LOC RC

Trong dai tdn s& thép, khi st dung cic mach Joc LC déi hdi dién cim L phai cé
g1a trj 16n. Song viée ché tao cac cudn cam b gia tri dién cAm L 16n véi hé s6 pham chat
cao rit khé thuc hién. Vi ring, néu ting tiét dién cia véng day =& lam tang kich thuéc,
trong lugng cua cuén cam. Cén néu st dung céc cudn cdm cé 15i ferit, thi gia tri clia
dién cdm lai phu thudc vao gia trj cliia dong dién chay qua cudn day. B3i vay, trong dai
tdn s6 thdp ngudi ta thudng si dung cac mach loc dién RC.

Dé xét nguyén 1y loc ctia cac mach loc RC, ta xét mach loe RC tén s6 thip cé sd db
trén hinh 9.31.

+—

81?

Hinh 8.31 Hinh 8.32

3 dai tdn 88 thép, dung khang X, % 18n, dién &p d ddu ra cé gi4 tri xdp xi
w

dién ap & diu vao. Con khi tn s8 ting 1én, dung khang X, gidm, va do d6 dién ap trén
ddu ra ctia mach loc ciing giam, hay néi cach khac, khi tin s& cao ting, hé s6 suy giam
cua mach loc ciing tang.

Vi du, syt bién thién clia hé s8 suy giam clia mach loc RC tin s8 thdp (hinh 9.31)
¢6 dang nhu trén hinh 9.32.

Céc b loc RC ¢6 d6 chon loe tin hidu kém hdn so véi cac bé loc LC (d6 déc ciia
dudng cong a(w) nké hon), nén dé ting do chon loc ddi hdi phai ting s6 mét loc cua
mach loc. Tuy nhién, khi nay hé s& suy gidm tin hiéu hitu ich trong dai théng ciing s&
ting lén.
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Xét mach loc RC d6i xiing tdn s6 thap (hinh 9.31b), hé s6 suy giam dac tinh cia
mach loc:

chg=A; =1+ ijC

hay:

chg = ch(a + jb) = chacosb + jshasinb=1+} mI;C .

T diy ta cé:
chacosbh=1 (9.65a)

shasinb = E}%E (8.65b)
Tit cic biéu thite (9.65) d& dang thdy ring hé s6 suy giam ctia mach loc a = 0 chi
tal tdn s§ o = 0. B3i vay, khac v8i mach loc LC, hé s suy giam cia mach loc RC trong
dai théng khac khéng.
D& xac dinh céc tham s8 ctia mach loc RC tén s6 thdp (hinh 9.31b) ta giai ddng
thdi hé phuong trinh (9.65a) va (9.65b).
Phuong trinh (9.65a) ¢4 thé viét lai duéi dang:

(1 +sh?.a) (1 -sin®b)=1 (9.68)
Dédng thdi ti phudng trinh (9.65b) ta cé:
: wRC
b = 9.67
SN b ( )

Thay gia tri cta sinb ti bidu thite (9.67) vio phuong trinh (9.66), sau khi bién d48i
ta nhin dude:

2
sh'a - (“’EC] sh’a — ‘”I;C =0 (9.68)

Giai phudng trinh triing phuong (9.68) ta sé tim dudc:

2 2
b J(mRC) , @RC {1+(mRC) (0.69)
8 2 4

Trong dai t&n s6 théa man diéu kién oRC

<1,

wRC
sha ~a = .

Ngudi ta dinh nghia tdn s8 cit o, cha mach loc RC tdn s& thdp 1a tdn s6 ma & d6
dung khang nhanh doc bing dién trd nhanh ngang (38 véi mit loc RC hinh T -
hinh 9.31a), nghia la :
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hay o =—— (9.70)

Tai tin s& cit @,, hé s5 suy gidm ctia mach loc:

sha =22
hay: a = 1,53 Np (nepe).

Déi véi mach loc RC tdn 56 cao (hinh 9.33), trong dai tAn s& thip dung khang (trd
khang nhanh ngang clia mach loc) 16n, dién ap ddu ra ciia mach loc nhd, nghia 14 hé s6
suy giam cia mach loc 16n. Khi tdn s8 ting 1én, dung khang sé gidm, dién ap ddu ra
cua mach loc tang 1én, nghia 1 hé s8 suy giam ctia mach loc giam nho.

2C 2C

2C
2R R
o " 4

o - ]

b}

Hinh 8.33. Mach lgc RC t4n 368 cao

a {nepa)

Hinh 9.34. Hé $3 suy gidm a ctia mach lpc RC t4n 88 cao

Véi mach loe RC tdn s8 cao déi xting (hinh 9.33b), ta c6 hé s suy giam:

.1
hg=A,;, =1~ j——,
chg 11 ]2 RC
hay:
chg = ch(a + jb) =chacosb + jshsinb =1 - j 1RC'
T diy suy ra:
chacosb =1
. 1 9.71)
h b = o
shasin RC

R® rang ring hé s3 suy gidAm clla mach loc RC t4n $8 cao bing khéng (a = 0) chi
khi tdn s8 © = .
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Véi cach tinh toan tuong tu nhu d6i véi mach loc RC tdn s5 thap, ta sé nhan dude:

1 1 1
ha = /1 .
sha JB(mRCf *2eRCY " (4oRC)? 9.72)

Trong dai tAn sé thoa man diéu kién <1,
20RC
sha = a = 1
20RC

Diéu kién xic dinh tén s8 cit cia mach loc RC tén s8 cao tuong tu nhu d8i véi
mach loc RC tAn s& thap, nén ta cé:

1
. 9.73
®<* 4RC 9.73)

v tai tdn s8 cét, hé s8 suy giam clia mach loc:

sha=2,2 hay a = 1,53 nepe.

Pic tuyén cia hé s8 suy giam a cia mach loc RC tén s8 cao dude trinh bay trén
hinh 9.34.

Céc mach loc RC dai théng, dai chén va chc dic tuyén clia hé 88 suy gidm tudng
{tng clia chiing v& trén hinh 9.36.

c, R, aa
o “ N — l O
R, -{ C,
o - L] 0 - ‘-:Jo :‘J
a) Mach loc RC dai thdng b} P4c tuyén cla hé’sﬁ suy giam
mach loc RC dai thdng
—__F a
R, 1‘ |
SR '
C, E
]
R, T C, IT
o * o ) b‘.r;
c) Mach loc RC dai chan d) Pic tuyén cla h8 s8 suy gidm

mach loc RC ddi chin

Hinh 9.35
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Véi mach loc RC dai théng, dién dung C, gy ra hé s8 suy gidm 16n & viing tin s&
thép, con dién dung C, gy ra hé s8 suy gidm 1dn & viing tln s& cao. Hé s suy giam dat gia
tri cye tiéu tai tdn s8 @, dude x4c dinh béi bidu thitc:

N
vRR,C,C,

KbiR, =R, =R, C, = C,= C:

1

0= Re

Tw hinh 9.35¢ ta thiy, mach loc RC dai chin gém hai mach loc RC t4n s6 th&p va
tdn s8 cao néi song song - song song. Néu chon cdc tham s& R, C thich hop thi tai tin s&
nio d6, dong dién ddu ra cia cac mach loc thanh phén s& 6 bién d6 bidng nhay, nhung
ngugdc pha nhau, va do d6 déng dién ddu ra clia mach loc RC dai chén sé bing khéng,

nghia la tai d6 hé s8 suy giam cla mach loc 18n vé citng (a = ).

Vi du, déi véi mach loec RC dai chén (hinh 9.35¢) khi chon R, = —8-2'3-, C, = % , hé
s& suy giam ciia mach loc a = w tai tn s8 o = -ﬁl-é

Bdng 9.2. Ciac tham s& cla mach loc loai k

Mach loc tdn s8thdp | Mach loc tdn s& cao Mach loc dai théng Mach loc dai chdn
i
Ly =——— L=
L, =—X (=X x(f,, —f,) e 1,
axf, 4xf, Mt - 1. ) K
Ly a2 _S1f ly=e—
4. L, 4n(foo-1,)
f.. -1 1
1 1 Cyp=—S2 %1 Cymoee—
C2* T Haer Ankle, fe, :':k (ffcz fe,)
1 Ty
% qe 0 it
Ty 6y 1€z
1 1
f a1 1 ey =X erea =g
“ Rl andlc
2 * ’
L + 1 F 1 .._1_4.& :F....1_
e 1o LG POV o)
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Vi hé s6 suy giam cua mach loc RC trong dai théng luén khac khéng, do d6 dién
ap ¢ ddu ra cia mach loc RC luén nhé hon dién ap & ddu vao cla né, nghia 1A luén cé sit
suy giam tin hiéu hitu ich. Trong thuc t& cac mach loec RC duge st dung cling véi cac bd
khuéch dai, lic nay cac tin hiéu hitu ich khéng nhitng khéng bi suy giam ma cén duge
tang trudng (khuéch dai). Cac mach loc RC c6 tinh chat trén duge goi 1a cac mach loc
RC tich cye. Vé mach loc RC tich cye, ban doc ¢6 thé tim hiéu ky trong nhidu tai lidu

(duge gidi thiéu trong phin tai liéu tham khao in d cudi tap sach nay).



Chuong 10
PHAN TiCH MACH DIEN TU

10.1. KHAI NIEM VE MACH PIEN TU

Tranzistor, IC, dén dién tif 12 nhilng phén t{ c¢d ban trong cac thiét bi dién tu. Ta
s& goi cac mach dién ¢ chila tranzistor, IC, dén dién tit 12 mach dién tit. Trong thyc té,
khi phan tich mach dién t{, ngudi ta Xhéng quan tAm dén gia tri tuyét doi ciia dién ap
va ddng dién qua cac phan tlf ma chi quan tdm dén gia s& clla né (gia tri bién thién cua
dién ap va déng dién).

Tranzistor, IC, dén dién ta khac vdi cac phdn ti dién trd R, dién cam L, dién
dung C ma ta da nghién citu trong T4p 1, sy khac nhau 46 duge thé hién qua nhiing
diém cd ban sau day: _

Thiz nhdt: V& mat ciu trie, cic phan tit dién trd, dién cdm, dién dung chi cé hai
cyc dé ndi véi cac phan khac cia mach; con tranzistor, IC, dén dién tit cé s cucn = 3 dé
néi véi cic phan khac cia mach, hay néi cach khac, cac phan tit dién trd, dién cam, dién
dung la cac phédn ti haj cuc; con tranzistor, IC, dén dién ti 1a cac phéin ti nhiéu cuc.
Vay ¢4 thé xem mach dién tit 1a mach cé chita phin tit nhiéu cye (mang nhiéu cyc).

Thit hai: Ta xét sd d6 thay thé& tudng duong (hinh 10.1b) cia tranzistor ¢hinh
10.1a). Trong sd dé thay th& d hinh 10.1b, caAc dién trd r;, dién dung C; 14 dién trg, dién
dung gilta cic mit ghép cla tranzistor, con nguédn déng dién cé gia tri phu thudc vao
dién ap gifta nit b va mit e (u;,) va tham s8 diéu khién g clia tranzistor, nén dudge goi la
ngudn phu thude. Do d6 mach chiia tranzistor, IC, dén dién ti 1a mach ¢6 chita nguén
phu thude.

Thiz ba: Gia tri cha cAc phin tu ri,. C, trong sd¢ dd thay thé tuong duong cua
tranzistor ¢ hinh 10.1b phu thudc vio tin sé cla ngudn tin hiéu va gia tri dién ap dit
trén cAc cuc cua tranzistor. Khi chon ngudn dién ap mét chiéu dat trén céc cuc cb gia tri
thich hop, va gia tri ctia ngudn tin hidu dua téi tranzistor bién thién trong pham vi hep,
thi cic gia tri cla cac phén tit r, C, c6 thé xem la céc gia tri hing s&. Con khi thay déi
gia tri dién 4p mdt chidu trén cac cuc clia tranzistor, hofic gia tri clia nguén tin higu
thay d6i trong pham vi réng, thi cic gi4 tri cha cac phan tit r;, C; phu thude vao gia tri
ctta ngudn tin hidu, nghia 12 tiy thudc vao diém lam viéc cla tranzistor va gia tri bién
thién cia ngudn tin hiéu, ma mach chia tranzistor, IC, dén dién tlt c6 thé 13 mach
tuyén tinh, hodc phi tuyén.
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a)

Hinh 10.1
a) Tranzistor; b) So 86 thay thé tuong dubng clia tranzistor

Trong chuong nay chi gidi han phén tich mach dién tit & ch& d6 tuyén tinh.
10.2. PHAN TICH MACH BIEN CO CHUA NGUON PHU THUOC

Khi phén tich mach dién cé chita nguén phu thude, thuén tién hon ca la diung
phudng phap dién thé diém nit. Khi d6, néu trong mach c6 chita ngudn ap phu thuée,
ta phai thay thé& tucng dudng bang ngudn dong phu thube.

Hé phuong trinh dién thé& diém mit ctia mach khéng chita nguén phu thude, c6
thé viét dudi dang:

N
J= Y Y,U, (10.1)
a=1

Hé phudng trinh (10.1) phit hdp v8i ma tran tong dan [Y], c6 két edu nhu sau:

Y‘ 1 Y 1 2 ------ Y tp Y 1 q ------ Y 1 "
Y21 Y22 ...... Yb Y2q LR YZN
{YI = YH Y].Z Yl,p qu YIN (102)
| Yee | Yoo | Yeq Yo
YNi YN? YNp YNq YNN

Trong ma tran téng din (10.2), cAc phén tit ndm trén dudng chéo chinh Y,, la
téng din cac nhanh ndi v8i nit k, Yy, luén mang diu dudng (+); cdn céc phz‘in. t ndm
ngoai duéng chéo chinh Yy; (1 = k) 13 tdng din nhanh chung néi gifta nit k va mit 1, Y,
luén mang ddu Am (). Néu giita nit k va mit r khéng cé nhanh chung thi Y,, = 0. Déi
v8i mach dién chi chia cac phan tll tuong hd (thuan nghich), ma tran téng dan [Y] la
ma tran d8i xing qua dudng chéo chinh.
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Néu trong mach dién ¢6 chita nguén phu thuée, gia st chi chita mét ngudn phu
thude; ngudn phu thude duge méc giita nit 1 va nitt m, va né duge diéu khién bdi dién ap
gila nit p va nit q véi tham s8 diéu khién a (xem hinh 10.2), thi trong hé phuong trinh
dién thé diém mit (10.1) chi c6 cac phuong trinh 61 véi niit 1 va niit m, bén v& trai sé
dude b8 sung thém thanh phén nguén déng phu thudc, cdn cic phucng trinh d6i véi cac
nit khéc cta mach 13 khéng thay d8i. Vi d6i véi mit | nguén déng phu thude o6 chidu
huédng téi nit, con ddi véi nit m ngudn dong phu thude c6 chidu rdi khéi niit, nén trong
phudng trinh déi véi nmit 1 thanh phin ngudn ddng phu thude duge viét véi diu duong
{+); con trong phudng trinh déi véi nit m, thanh phdn nguén dong phu thude dude viét
véi diu (-). Do d6 phueng trinh dai véi nit 1 va nit m sé cé dang:

N
Jy+a(U, -UY =D Y,U, (10.3)
=1
N
J.-aU,-U)=>Y,U, (10.4)
a=]
I
P
a{u_-U
Upe =y - Uy {Up-Uy)

Hinh 10.2

Trién khai hé phuong trinh (10.1), k& hdp véi didu kién (10.3), (10.4) ta nhan
duge:

J.1 =Y U + YU, + o+ Y U+ Y, U+ + YUy,

Jd, =Y U, + YUy + e+ Y, U+ Y, U+ .+ YUy,
J+a(Uy~Ug) = ¥yU+ YUy -+ XU, + YUy + o+ YUy,

S —a(U,-U =Y, U, +Y , U} +..+Y U +Y U +.+Y yUy,

JN = YNIUI. +YN2U2 +'“+YNpUp +anUq +...+YNNUN
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Chuyén tit ca cac 8 hang c6 chita &n s8 U sang v& phai va nhém cac thita s

chung, ta nhan dugc:

(3, =Y, U, + YUy + o+ Y, U, + Y, UL+ + Y Uy
Jdp = Yo Uy + YpoUp + .+ Y U+ Yo, U+ + Yo Uy,

<dy =Y U+ YUp+ o+ (Y, —a)U, + (Y, +2)U +..+ YUy, (10.5}
I = YUy + Y Uy + o+ (Y, + 20U, (Y, - aYU, +..+ Y Uy,

JN = YNIUI. + YN2U2 + ...+ YNp;th + Y“qu + ...+ YNNUN

Hé¢ phuong trinh dién thé& diém nit (10.5), pbit hgp v8i ma tran téng din [Y], c6
két cdu sau:

1 2 | p q N
1 Y., Yy, Yo Yia Y
2 Yo Yoo | o Y Yo Yo
! A Yo | o Yp-a | Yota | Yo (10.6)
m Y o Yoz | e Yupt @ Y@ | s Y
N Y Yuz | oo Y Yig | e Y

So sanh ma tran téng din (10.6) véi ma tran téng dan (10.2) ta thay: Né&u trong
mach chi ¢4 mét nguén dong phu thugc mic gilia mit 1 va nit m, dude dién khién béi
dién ap giila cac mit p, q v8i tham s& didu khién a, thi trong ma tran téng din cla
mach chi 6 cac phdn t{ nidm trong cic 6 cit nhau cha dong 1, déng m va ¢dt p, cft g
dutge b8 sung thém tham s& diu khién a clia nguén phu thude, cén cic phin ti nim
trén cic 6 khac khong thay d6i. Néu d6i véi nuit | (m), ngudn dong phu thude c6 chiéu
huéng té nit (rdi khdi mit), va d8i véi mit p (q), dién ap didu khién ciing 6 chidu
huéng téi niit (rdi khoi mit), thi trén 6 cat nhau tucng iing, tham s8 diéu khién a duge
b8 sung véi dfu duong (+). Con néu d6i v6i nit 1 (m) ngudn déng phu thude cé chidu
hudng téi nit (roi khoi nit), va déi véi mit p (q), dién ap diéu khién cé chiéu rai khéi
niit (hudng t&i niit), thi trén 6 cit nhau tudng ing, tham s8 diéu khién a dugc b sung
véi d&u Am (-). D& dang th&y ring cic k&t luan trén ciing hoan toan diing cho mach ¢6
chita nhiéu nguén dong phu thudc. Ti day ¢6 thé rit ra quy téc thanh Jap ma tran téng
dAn [Y] etia mach ¢é chita ngudn déng phu thude:

- Thanh lap ma tran téng din [Y] cta mach chi chita cac phéan ti tuong hd (khéng
tinh dé&n cac ngudn dong phu thudc);
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. B8 sung cac tham s& diéu khién clia cac ngudn phuy thudc vao ma tran téng din
[Y] ctia mach vita duge thanh 1ap theo két luan da néu trén.

Dudi day, ta xét mét s6 vi du.

Vidy I: Thanh lap ma tran téng din [Y] eiia mach khuéch dai dung tranzistor, c6
sd 46 tuong dudng déi véi thanh phan tin hidu vé & hinh 10.3.

Thay thé tranzistor bang s¢ dé vat 1y tuong duong vdi gia thiét dién trd r, caa
tranzistor nhd {r, = 0), ta s&é nhan dugc sd 46 nhu & hinh 10.4.

2 G 3
1 {1

Hinh 10.3

Hinh 10.4

Danh s& thit tu cac mit nhu hinh v&, chon mit 0 1am nit géc, cho dién thé nit géc
bing khéng, ta thanh lap duge ma tran téng dan [Y] cia mach (khi khéng tinh dén
ngudn phu thudce):

1 2 3
1 G+ Yoot Yoo Yy
2 =Yoo Yoot Yoot Got jC - joC
3 - joC gy + joC
ddiy g, = 1 .
R,

Mach dién da cho (hinh 10.4) chita mét nguén dong phu thuée mic giita nit 2 va
nit 0, ngudn phu thude duge didu khién bdi dién ap gilta nut 1 va nit 0 véi tham s6
diéu khién g. B8 sung tham s8 diéu khién g ctia nguén phu thudc vao & ¢dt nhau cia
déng 2, cot 1, ta nhan duge ma tran téng dan [Y] cia mach. Tham s8 diéu khién g
ctiia ngudn phu thudc duge viét trong ma tran (10.7) véi ddu dusng (+), vi rang dai
véi mit 2 nguén dong phu thude c6 chifu roi khéi nit, va déi véi it 1 dién ap diéu
khién ciing ¢é chiéu rai khdi mit.

1 2 3
1 G+ Yo *+ Yie Yo
Y] =2 g- Yy Yoo+ Yoo+ Gyt 0C ~jeC (10.7)
3 - G gy + joC

Vi du 2: Thanh lap ma tran téng din [Y] cha mach khuéch dai hai ting ding

tranzistor ¢6 so 46 tuong duong d6i véi thanh phan tin hiéu nhy trén hinh 10.5.
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Thay thé cac tranzistor T, T' biang cac so 4 vat Iy tuong ducng, ta sé nhan duge
mach dién nhu d hinh 10.6.

Hinh 10.5

Hinh 10.6

Mach dién trén hinh 10.6 chita hai ngudn dong phu thude. Danh s& thit tif cac nit
nhu hinh v&, chon mit 0 1am nut gée, che dién thé nit géc bang 0, ta thanh lap duge ma
tran téng dén {Y] ciia mach khi chua tinh dén nguén phu thude:

1 2 3 4
1 G+ Yo+ Y = Yee
2 - Y Yoet Yot G2+ j0C - joC
3 - jwC Gat Yt Yt JoC - Y.
4 = Yo Yt Yot G

Nguén phu thude thi nhat mic giita mit 2 va nit 0, duge didu khién bdi dién ap
gita mit 1 va mit 0 véi tham s& didu khién g. Ngudn phu thude thit hai méc gitta it 4
v nit 0, duge diéu khién bdi dién 4p gita niit 3 va nit 4 véi tham s& didu khién g BS
sung cac tham s& diéu khién clia cic ngudn phu thude vao ma tran vita thanh lap, ta

nhan duge ma tran téng dan [Y] ddy di cia mach:

Gt Yoot Yo Y
IY]= -Y,.*g Yot Yot Gt 0C - G
- joC Q¥ Vit Yot 15C = Ve (10.8)
-Y, - Yot Yaut Gt G
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Trong ma tran téng din [Y] cia mach (10.8), tham s8 diéu khién g cha ngudn
diéu khién thit nhat duge viét trong 6 cdt nhau cita dong 2 cdt 1 vdi ddu duong (+), vi
déi véi niit 2, ngudn phu thude ¢é chidu rdi khéi nit, déi véi niit 1 dién ap diéu khién
ciing ¢6 chiéu rdi khdi mit. Con tham s& diéu khién g' ctia nguén phu thudc thit hai duge
viét trong 6 cit nhau clia dong 4 ¢t 3 véi dfu 4m (-), trong & cit nhau ctia dong 4 cot 4
v8i ddu dudng (+), vi d6i vdi nit 4 ngudn phu thude cé chidu hudng téi nuit, déi véi nit 3
dién ap diéu khién cé chidu rai khdi mit; v8i nit 4 ca ngudn phu thudc va dién ap didu
khién déu cé chiéu hudng téi nit.

10.3. KHAI NIEM MANG NHIEU CUC, CAC THAM SO RIENG CUA MANG NHIEU
CYC (MnC)

Nhu da néi trén, tranzistor, IC, dén dién tl... 12 cAc phdn ti nhiéu cue, hay cac
mang nhiéu cye. Mot cach téng quéat, ¢b thé col phdn mach dién c6 két cau bat ky gdm n
cue dé ndl vé8i cac diém khac cia mach 1a mét mang nhidu cuc. Khi n = 2 ta ¢6 mang 2
cuc; khi n = 3 ta ¢é mang 3 cuc; khi n = 4 ta ¢é mang 4 cue; ...

Vi du, tranzistor, dén dién ti, bién 4p 14 cac mang 3 cyc (xem hinh 10.7).

Maét cach téng quat, mang n cyc dude ky higu nbu trén hinh 10.8, cac cue cua
mang nhiéu cie duge danh s8 thi tu tit 1 dén n.

Hinh 10.7

Uy

Hinh 10.8 Hinh 10.9
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Déng dién trén cac cuc cia mang nhiéu eye duge quy uée c6 chidu hudng vao phia
trong mang nhiéu cye. Con dién ap trén cac cyc cia mang nhiéu cye duge quy ude hoic
la dién ap giila cye cda mang nhidu cue véi mdt diém chung nao dé ciia mach nhu trén
hinh 10.8 (diém chung ciing cé thé 1a mét cyc bét ky chia mang nhiéu cuc), hoic 1a dién
ap gitla hai cuc lién ti€p cla mang nhiéu cyc nhu trén hinh 10.9.

Déng dién trén cuc k ciia mang nhiéu cyc khéng chi phu thuée vao dién ap cuc k
ma con phu thude vao dién ap trén cac cyc con lai cia mang nhiéu cyc. Trudng hap
18ng quat c6 thé viét:

ik = f(uly Uz, ey UKyeaay un) (10'9)

Néu mang nhiéu cuc la tuyé&n tinh va bén trong né khéng chia ngudn doc lap, va
néu chi quan tim dén gia 8 cla dong dién va dién 4p trén céc cuc clia mang nhiéu cuc,
thi tif biéu thitc (10.9) sé thiét lap duge hé phuong trinh thé hién lién hé giita gia s8 cia
dong dién va dién &p trén cac cuc cia mang nhifu cic:

L=yl +yUs + o+ v, U,
L=y, U, +v,,U, +... + u_,
2= ¥ M + Yol ¥antn (10.10)

Trong hé phudng trinh (10.10), cac dai lugng U,, L, 1a cac gia s& cta dién ap va
déng dién trén cac cuc cia mang nhiéu cite, c6 thé 1a cac gia tri bién dé phitc (hiéu dung

phite), hay cac anh toan ta.

Hé phudng trinh (10.10) c6 thé viét gon dudi dang ma tran:

(I} = [yd] [U] (10.11)

trong dé:
M =1[1,1,.. L}T; [Ul = [U,U,... UJ" 1a cac ma tran cét ciia cac dong dién va dién
ap trén cac cyc cia mang nhiéu cue; ma tran ¢é k¥ hiéu chit T phia trén biéu thi ma

2 -
tran chuyén vi.

Y ¥ Y
¥a1¥22--. ¥

[yo]={ 8 7% 72 (10.12)
YnIYnZ"'ynn

12 ma trin téng dAn toan phin clia mang nhiéu cue.

Mang nhiéu .01_Ic tuyén tinh hoan toan dude déic trung bdi cac phin t y,, cia ma
tran tdng din toan phin [y;] cia né. Cac phén t vy, 1a cic tham s8 riéng cda mang
nhiéu cue, ¢6 thit nguyén 1a téng dAn va duge x4c dinh bdi biéu thitc:

L

S= -k (10.13)
T U, U= 0
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Gia tri bing s8 clia y,, diing bing gia tri ciia ddng dién trén cue k cla mang nhidu
cuc, khi dit vio cuc s mét dién ap c6 gia tri bing 1 vén, con dién 4p trén cac cuce con lai
cua mang nhiéu cyc bang khéng (cAc cye con lai ndi véi diém chung).

Céc phén ti y,, cia mang nhifu cuc ¢é thé dude x4c dinh qua tinh toan, hoic
bang thuc nghiém.

Vi téng cac déng dién trén cac cic cta mang nhiéu cuc bing khéng, nén khi thue
hién c6ng ca hai vé& ciua hé phuong trinh (10.10) ta s& nhan dugc:

0=U>ya+U D vy +tU D v, (10.14)
s=1 s=1 s=1

Biéu thitc (10.14) nghiém diing v8i cac gia tri bt ky cia U, k=1, 2, ..., n), va cic
U, khéng thé déng thdi bing khéng, nén tit (10.14) suy ra:

> ya=0 (10.15)
a=1

nghia 14 t8ng cac phin ti trong mét cdt ctia ma tran téng dan toan phén [y,] cia mang
nhiéu cuc bing khéng.

Mat khae, cac hé 88 y; trong hé phudng trinh (10.10) (cic phén ti cua ma
tran téng din toan phédn [y,] 8 (10.12)) hoin toan khéng phu thuéc vao gia tri dién
Ap trén cac cuc chia mang nhidu cuc, hay néi cach khac, hé phudng trinh (10.10)
nghiém dung vdi gia tri U, bat ky. Trong trudng hop riéng :

U,=U,=...=0 (10.186)

Diéu kién (10.16) tuong dudng véi viée nél cac cyc cia mang nhiéu cyc véi mot
cuc chung nao d6. Song khi cAc cye cia mang nhiéu cuyc duge nél vao mét cue chung,
theo dinh luat Ki&khép 1, téng dai s8 cac dong dién tai mét nut (cuc chung) bang
khéng va phudng trinh d6i véi cye chung khi nay sé 1a:

0=U y,=0 (10.17)
=1

Phuong trinh (10.17) nghiém ding v8i gia tri bdt ky cua dién ap U. T day suy

ra.
> Yie=0 (10.18)
g=1

Nghia 1A téng cic phan ti trong mét hang clia ma tran téng din toan phan fy,]
cia mang nhiéu cyc bang khéng.

Cac bifu thie (10.15) va (10.18) chitng tb riang ma tran téng din toan phin [y
cia mang nhifu cuc 12 ma tran suy bién (dinh thitc cha ma tran [y,] bing khéng).

Néu trong ma tran toan phin [y,] bé di mét hang va mdt cit tuong ting, ta sé
nhan duge ma tran vudng cip (n—1) - ky hiéu I3 ma tran {y], dugc got la ma tran téng
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din rit gon hay ma tran tong din clia mang nhiéu cuc. Vide bd di mét hang va mét cot
tuong ¥ing cia ma trin téng dan toan phan, tudng ling véi viée chon mat cyc clia mang
nhiéu cue 1dm nit chung, hay nit géc khi phan tich mach bang phuong phap dién thé
diém nit. Biét ma trin téng din rit gon cfia mang nhiu cuc, d& dang suy ra ma tran
téng din toan phin cla né. Phén tif thude hang m, cét k cla ma tran tdng din toan
phin [y,) cua mang nhiéu cuc dudge xac dinh theo cong thiie:

n-1
Yok = = 2. Yu (10.19)
a=]

Con phén tit thuée hang k ¢4t m cla ma tran téng din toan phin [y) cia mang
nhiéu cuc dude xac dinh theo ¢éng thic:

n-1
Yim= =2 Yis (10.20)
z=1

Hay néi cach khac, ma tran téng din toan phdn [y,] cda mang nhiéu cuc nhan
duge tit ma trin téng din rit gon bang céch bd sung thém vao ma tran téng din nit
gon mét hang va mét cdt tuong itng, sao cho téng cic phin t trong mét hang va trong
mét cbt (sau khi duge b8 sung) bing khong.

Tudng tu, néu quy dinh chiéu dién ap vaA chiéu cac déng dién mach véng khép
vong qua cic cuyc cia mang nhifu cyde nhu trén hinh 10.9, ta sé& thiét 1ap dude hé
phudng trinh biu thi méi lién quan gilta dién ap trén cic cuc cia mang nhidu cyc va
céc déng dién mach vong khép véng qua céc cic ctia né:

Ui=Zp0i+ Zpply+ o+ 2,1,

[]2 = Z2111 + 22212 + ... F ZEnIn! (1021)

U,=2Z2,1,+Z,L+..+2,1,
hay viét gon dudi dang ma tran:
U] = Z] [ (10.22)

trong dé: (U] ={U,U,... U] (I} = [I,I,... L]" 12 cAc ma tran cét cia cac dién ap gitta

cAc cuc va cac dong dién mach vong khép vong qua cic cyfe cia mang nhiéu cue;

2y Zyy - 2y,
2o 2oy ... &

[Zy) =72 722 T (10.23)
an Zn2 Znn

14 ma tran téng trd toan phin cia mang nhiéu cyc.

Cac phin tQ Z,, cia ma tran tdng trd toan phén hoan toan dic trung cho mang
nhiéu cue, va l1a cac tham s6 riéng cia mang nhiéu cuc. Cac phan td Z,, ¢6 thit nguyén
12 téng trd va dude xac dinh béi biéu thite:
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T, = X (10.24)
I j1,.,=-0

8 Kiesd

(i6ng nhu ma tran téng din toan phin, tdng céc phin ti trong mét hang va
trong mdt cdt ctia ma tran téng trd toan phan clia mang nhiéu cuc bing khong:

> 24 =0, (10.25)
asl
> 2., =0, (10.26)
8=1

nghia 13 ma tran téng trd toan phin [Z,] clia mang nhiéu cue ciing 14 ma tran suy bién.
Vi néu trong ma tran téng trd toan phin [Zg], bd di mét hang va mét cdt tudng ling ta
sé nhan dude ma tran t8ng trd rut gon {Z) ca mang nhiéu cuc. D& dang thdy ridng viée
bo di mét hang va mdt cbt trong ma tran téng trd toan phin phi hgp véi viée cho déng
dién mach vdng khép vong qua cuc tudng ling cia mang nhiéu cuc béng khéng.

Céan luu v rang, khi thay déi s& thi tu cia cue (cic mach vong) cliia mang nhiéu
eue, k&t ciu cila ma tran téng din (t5ng trd) ciia mang nhiu cyc ciing thay déi. Cén khi
thay d8i chifu dién Ap trén céc cuc cla mang nhiéu cue va chifu cac déng dién mach
vong khép vong qua céc cyc cila mang nhidu cic s& din dén viée thay déi d&u cla céc
phin t tudng ing trong ma tran téng trd cia mang nhiéu cyc.

10.4. QUAN HE GIJA CAC PHAN TU CUA MA TRAN TANG DAN [y] VA
MA TRAN TONG TRG [z] CUA MANG NHIEU cyc

Hai phudng phap bidu dién tham s8 cia mang nhidu cyc - ma tran tdng din [y] va
ma tran téng trd [Z] - tudng ung vdi hai phuong phap cd ban phan tich mach dién :
Phudng phap dién thé diém nuit va phudng phap déng dién mach vong. Biét mét trong
hai ma tran tham s8, hofic ma trin tham s& [y], hodic ma trn tham sd [Z], dé dang suy

ra ma tran tham sé& kia.

Xét mang 3 cife trén hinh 10.10.

Hinh 10.10
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Gia sit ma tran téng din toan phan [y,] clla mang 3 cuc da biét:

1 2 3
! ¥ Yz ¥ia

vl =2 Yas Ya2 Yos (10.27)
3 ¥ Ya2 Ya3

Néu chon cuc thit 3 cha mang 3 cuc 12 mit gdc (xem hinh 10.10a), khi dé ma tran
tong din rit gon [y] cia mang 3 cuc sé cé dang:

1 2
vl = 1 ¥4 Yi2
2 ¥a1 Yo

Dé xac dinh ma tran té’ng trd rut gon clia mang 3 cyc (khi mach véng 2 hd mach,

' = 0 (xem hinh 10.10b}), trong hé phudng trinh dién th& diém mit, néu thay:
U, = uy; Uy=—1uy; 1, =1;; i, =- 13, ta sé nhan dudge ;

v r r
L =¥l - ¥pla,
r * I

— 1l = ¥a Uy = Youlla

Giai hé phuong trinh trén véi cac bién la u) va u}, ta nhan dude:

¥y . Y12 -
u) 22 1] + iy,

¥Y11¥22 — ¥12¥ 93 Y1uuYaa—¥ie¥a
_ ¥n 1:1 + ¥n 1:3
Yiuu¥Ya ~¥Yi2¥a Yu¥Ya ~¥12¥n1

Uy

Tu day ta x4c dinh duge ma tran téng trd rut gon [Z] cla mang 3 cyc:

1 3
L Yoz Yz

[2) = Yi¥az ~Yiz¥a ¥1i¥az — ¥a¥ 2
3 Yz Yu1

Yi¥az —¥i2¥ Y1i¥22 — ¥aa¥2s

Dé nhan duge ma tran téng trd todn phén [Ze] clla mang 3 cuc (hinh 10.10¢), chi cdn
thém vio ma tran tdng trd nit gon hang thit 2 va cot thit 2. Cac phén tit nim trong cac
& ctia hang va cbt bd sung duge xic dinh tir diéu kién téng cac phén ti trong mét hiang
(trong mét cot) clia ma tran téng trd toan phin cla mang 3 cuc bing khéng. Nghia 1a

ma tran téng trd toan phén cia mang 3 cuc cé dang:

1 2 3
1 Y22 (Y12tY22) Y12
2
(Z ] ] = (Y21 * Yaz) Yot Yt Yty - Yt Vi)

0 =
Yu¥o ~Yi¥a

3 ¥ = (Yt ¥u) ¥
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Két hgp véi (10.19), (10.20) va (10.27), ta nhan duge:

-1 2 3
1 ¥z Yaz ¥iz
s
Zy|z ———— 2 y y (10.28)
[ 0] Yi¥az —¥i2¥ 2 » = Yie
3 Y21 Ya Y14

Bing céch tinh toan tuong ti, ta s& xac dinh dude ma tran téng dan toan phin
cla mang 3 cue theo ma tran tdng trd todn phin da biét cia né:

1 2 3
1 7 Zia Zoa
ol ——ee— 2| % 2 % (10.29)
211233 — 213234
3 232 ZT2 222

Cac biéu thite (10.28) va (10.29) cho phép xac dinh truc tiép ma tran tdng trd,
hodc ma tran téng din ctia mang 3 cyc khi biét mét trong hai ma tran tham s6 clia né.

10.5. MOT SO MANG NHIEU CUC THUONG GAP VA MA TRAN CAC THAM SO
CcUA CHUNG

10.5.1. Tranzistor

Tranzistor mic theo so d6 cic gbc chung va sd d6 vat Iy tudng dudng cua né duge
Uz

thé hién trén hinh 10.11.

et

=] e
O 0
Ug ! U
o— 13
B
a)
r i
e e r, m'e
o Hr}oC c
lil rb
o - —0 [ & —0

Hinh 10.11. Tranzistor
a) Ky hiéu di&n ap va dong dién trén cac cuc ctla tranzistor;
b) Tranzistor nhir mét mang 3 cuc khang tugng hd,
c) Sa a8 vit ly tuong duong cla tranzistor véi ngudn dién ap phu thubc;
d) Sa a6 vat Iy tuong duong cla tranzistor véi nguén dong phu thude.
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Dién ap trén cac cuc cua tranzistor u,, u, (hinh 10.11a) phu thudec ca vao dong

dién i, va i, nghia la :

ue = G, i°)} (10.30)

c fE(ie’ }'c)

u

Gia s8 clia dién ap trén cic cyc duge xac dinh nhu 14 vi phan tean phin cha cac
bidu thite (10.30):

du, = WMegi , Dy
91, o1, (10.31)
du,_ . ou, ..

du, = (l_l"'dle+ Cl_lcdjc
a, ang

Néu chi quan tdm dén gia s6 clia didn ap va dong dién trén cic cuc cla tranzistor.
va gia thiét ring tranzistor 1am viéc & ch& db tuyén tinh, khi d6 hé phuong trinh (10.31)
c6 thé dua vé dang:

He = Tyle+ rm%:}

. X (10.32)
uc = r2116+ Taple,
trong d4 :
.o du, _— du,
T T (10.33)
= Q¥e. oo Oug
BT, R A,

Pé xéc dinh ma tran tong trd ciia mang 3 cyc - tranzistor (binh 10.11b), trong céc
biéu thitc (10.32) ta thay :u.=u;u, = —ug; up =~ (U + )} i, =i, — is ; I = 1, — 1, va sau
khi bién déi ta sé nhan duge:

uy = ryly () -1y -1,
uy =y —xp iy +(ry -1y =Ty Ty Ny {1y — Ty Ny,

Uy = =Ty 1y +{lyy —Fgp N1y + Typlj.

T ddy ta nhan duge ma tran tong trd toan phan cita mang 3 cue - tranzistor:

1 2 3
L F11 M=o = Fz
[Z)= 2 =Py ¥ Ty AR Rl KPSl VSRl P Pz~ T (10.34)
3 =t f31— T 2

Cac phén tid ry; , vy, rey, ry; 14 chc tham s§ riéng cua tranzistor, chung c6 thé
duge xac dinh bing thuc nghiém (do dac), hode tinh toan theo cic ho dic tuyén cua
tranzistor hodc xac dinh trén so dé vat ly tudng duong cua tranzistor.

Vi du, sit dung s¢ db vat Iy tudng dudng clia tranzistor (hinh 10.11c), ta xéac dinh
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=X, Fry; Y=g In =yt T =, . (10.35)

Liic nay ma tran téng trd toan phdn cia mang 3 cufe tranzistor (10.34), ¢6 dang:

1 2 3
1 Ty 1y -, -1y
[Z]= 2 (o ot o= T —r, (10.36)
3 = {ry* ) Mo — T Ty + e

Sit dung méi lién hé gilta ma tran téng trd va ma tran téng din cua mang 3 cuc
(10.29), ta xac dinh dude ma tran téng din toin phin cia mang 3 cyce - tranzistor:

1 2 3
1 r.+r, -1, -1,
i
[YD _d__ 2 - (rb+ rm) fe t Ty m—fa (1037)
r
3 M T -1, F+ o= Tp

dr =r, (rc+ rb) + Iy (rc - rrn)'
Néu st dung sd d6 vat Iy tuong duong cla tranzistor (hinh 10.11d), trong 46
a = 2 thi hé phudng trinh (10.32) c6 thé dua vé& dang:
r

T

ue: hlli?+ h12uc’} (10.38)

i, = hyyd,+ hyu..

Cac dal ludgng h,,, h;s, hs), ha, trong hé phucng trinh (10.38) goi 14 cac tham sé h

cua tranzistor.

Céc tham s8 h cha tranzistor ciing ¢6 thé xac dinh duge bang thuc nghiém hoic
qua tinh toan. Tuy nhién, viée xac dinh cic tham s h clia tranzistor biang thuc nghiém
12 don gidn va ¢é 46 chinh xac cao hdn so véi vide xac dinh cac tham s8 1y, 1yy, Yoy, Tay
bang thuc nghiém.

Sd &5 thay thé tuong ducong cla tranzistor nhu & hinh 10.11e, d thudng dude st
dung trong dai tin s6 thip, va litc nay cic tham s8 r; h 14 cac s6 thuyc. Quan hé giita cac
tham s6 r va tham s& h, cing nhu quan hé giita cac phén ti cha ma tran téng din (téng
trd) cua tranzistor va cac tham s8'r, h xem & bang 10.1.

Trong dai tAn s cao, cac tham s& cla tranzistor phu thudc vao tdn s8 va la s&
phite. Trong trudng hdp niy, dé xac dinh ma tran téng ddn (téng trd) cha mang 3 aue -
tranzistor, thudng st dung s d6 cuc phat chung (xem hinh 10.12).
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02

UC

a) b}

Hink 10.12
a) S0 d6 cuc phat chung; b} Cac cuc clia mang 3 cuUc - tranzistor va
cac mach vdng khép vong qua céc cue

D& véi s¢ d5 4 hinh 10.12a, ta cé:
iy = ynup + ypou,

1. = ¥ 4y + Yool

Tit diy, néu coi tranzistor nhut mét mang 3 cuc (xem hinh 10.12b), ta xac dinh

duge ma tran t8ng din toan phin cia mang 3 cyc - tranzistor:

1 2 3
1 Y Y12 = (Yut Vi)

[yl = 2 Y21 ¥n = (Yot ¥zl (10.39)
30 - (atya) | - Gty | YutYetVatya

Stt dung quan hé giita cAc phén tf cla ma trén t6ng trd va ma tran téng din cia
mang 3 cyce (10.28), ta xac dinh duge ma tran téng trd ciia mang 3 cyc - tranzistor:

1 2 3
1 Y22 = (Y12t ¥22) Y12
[ ]_ 1 2 = Ayntvyn) Yut Yot Yatys ~ (Yt ¥i2) (10.40)
Zo]e——
Yii¥az — Yi2¥ 2
3 ¥z = (Y11 ¥a1) bAT
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Badng 10.1. M&i lign hé giira c4c thamn s& cua tranzistor

Tham sé Fin Fiafzalaz Mo Mo Fan i FPIS 2 PPY 4 PYO AP
Fiy M fat Fy h ha1aNys
22
iz Mg Mo b
b2z
M1 21 M+ My _ h
has
M2 ) Mo+ Te 1
ha;
Fo 12 o Pz
b2
o F22— T2 fe -hpy
a2
1
h2;
I Fa— T M _hpthy
ha;
R ML r ool M) M
11 e
My M, +rc
bz P} n P12
[ My +Me
ha Fat M, +r,
-2 " h
Moz i *Fe n
hy. 1 1
M r, +T, ha2

10.5.2. Dén dién tua 3 cye

Dén dién ti 3 cuc (xem hinh 10.13a), trong trudng hgp Iy tudng lam viée 6 ché dd
khéng c6 dong dién ludi va trong dai tan sd thap, do dé:

i, =0,
i, =8SU, +GU,,

trong dé: S1a hd din ; G, }a dién dan trong cua dén: G, = -}%— i
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—

Hinh 10.13. Bén dién tir 3 cuc
a) Dong dién va dién ap gilfa cac cuc; b) Mang 3 cuc - dén dién tir.

Tu day ta nhéan duge ma tran téng din toan phdn cla mang 3 cuc - dén didn tu
{hinh 10.13b).

1 2 3
1 0 0 0

fyel = 2 S G, -(5+G) (10.41)
3 -5 -G, S+G

Trong dai tin s6 cao, cac tham s8 chia dén dién tit 3 cuc phu thude vio tén s6 va 1a
s& phiic.

Phuong trinh dién thé diém mit d6i véi dén dién tit 3 cuc (hinh 10.14a) trong dai
tdn s& cao c6 thé vigt dudi dang:

(10.42)

L =¥l +¥154,,
1.= Y21ug T ¥ogU,

—O L L9, RO

Hinh 10.14. Bén dién tir 3 cuc [am vige trong dai tdn sd cao
aj Dong dién va dién ap trén cac cuc; b) So d3 thay thé tuong duang;
¢} Mang 3 cuc - dén dien tir.
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Thay thé dén dién tit 3 cue bang sd 46 vat 1y tuong dudng (hink 10.14b), ta cb:

(10.43)

1= (Y, + Vga ) Ug— ¥ gally,s }
1,= (S -y N, + (Y + Y 4,

trong d6: ¥,, Y, ¥a 12 téng din diu vao, téng din truc théng va téng din ra cla
dén dién tit 3 eyce;
S 1a hé din cia dén.

Tt phudng trinh (10.43) ta xac dinh duge ma tran téng din rit gon va ma tran
téng din toAn phan clia mang 3 cuc- dén dién t¥ (xem hinh 10.14¢):

1 2
[yl = 1 Vot Yo - Y (10.44)
2 S - Ve Yat Yea
1 2 3
1 Yg + YQD - YQA - YQ
bye) = 2 S - Ye Yot Yea = (Sty,) (10.45)
3 _(S+YQ') =Y S+YQ+YB

St dung quan hé giita cac phén £ cia ma tran téng dAn va ma tran téng trd cha
mang 3 cuc (10.28), ta xac dinh dude ma tran téng trd toan phin cla mang 3 cfe- dén
dién tit (hinh 10.14¢).

1 2 3
L Yat YQa Y ~ Yo
10.46
[20] :_dj_ 2 - (S + Ya} S+ YQ+ Ya - ¥ ( )
¥
3 S - yga - (S + YQ) yq + ygﬂ

trong d6 dy =y, (Va+ Yo

10.5.3. Bién ap

D&l vél bién ap (hinh 10.15a), ta cd:

U[ = ijl L + j(nNI Iz,
Uz= ijh + j(:)L;,: I-z .
P& nhan dugc ma tran tng trd rit gon ciia mang 3 cuc - bién ap (xem hinh

10.15b) trong phudng trinh trén, néu thay: Ui =U'; U, =-Us; I =1I'; 1» = -T';, ta sé
nhan dugce:
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Ui =joL, I' - joMIYy

~Us=joM I, - jolL,I'

) M 2,2
" =
1U1 L L 102
3
a)
Hinh 10.15

Tit diy ta xac dinh ma tran téng trd rit gon [Z] cla mang 3 cuc - bién ap (khi
ddng mach vong I', = 0):

1 3
{Z]= 1 Z, -Zy; (10.47)
3 - 212 22
¢ day :

Z,=joL,;Z,=jol,;; Z, = joM.

Dé c6 duge ma tran téng trd toan phan clla mang 3 cuc - bién ap, chi cAn bs sung
vao ma tran tong trd rit gon (10.47) déng thi 2 va cdt thit 2. Cac phan ti ndm trong
chc b chia dong va cdt bd sung dude xac dinh tit didu kién téng cAc phin ti trong mdt

hang va trong mét ¢t clia ma tran téng trd todn phan clia mang nhiéu cuc bang khéng.
1

2 3
1 - Z, -Z,+Z,; -Zy
Zl= 2| —z+z, | z+2z,-22, ~Z,+ Zy (10.48)
- Zy -4t 2y Z

Stt dung quan hé gitia cac phin tit clla ma trin tdng din va ma tran téng trd cua

mang 3 cuc (10.29), ta xac dinh duge ma tran téng din toan phan cia mang 3 cyc - bién
ap (hinh 10.15b).

2 3
1 Z, -2y -4+ Zy,
ol — 2 ~Z, z, ~Z,+ 2y, (10.49)
dZ
3 —Zyv 2y, -Z,+ 2 i+ Z2,-27,,
d day dZ2 =22, - lez .

Tudng tu, ta xac dinh dude ma tran téng trd (t6ng din) cla cac mang nhiéu cuc
loai khac (xem bang 10.2).
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10.6. PHUONG PHAP DIEN THE DIEM NUT
10.6.1. Ma trin téng din cia mach ¢é chita mang nhiéu cye

Hé phuong trinh dién thé diém it etta mach dién dang ma tran cé thé viét gon:
N
Jy = > YU, (10.50)
=1

Trong hé phuong trinh (10.50), J, 1a téng dal sd cac ngudn dong ddng tri nim
trong cAc nhanh ndi véi nut k; U, 1a-dién th& nit s cua mach (so véi dién th& mit géc
bing khéng); Yy, (s = 1, 2, ..., N) 1 cAc phén ti ndm trong hang k clia ma trin tong dan
[Y] ciia mach.

D61 v6i mach dién chi chita cac phén tlt 2 cye tuong hé (thuan nghich), ciing nhu
mach cé chita ngudn phu thuée, viée xac dink ma tran téng dan [Y] kha don gidn (ta da
xét trong cac chuong trude). Dudi day s& xem xét viée xéc dinh ma tran téng din [Y]} cla
mach dién c6 chila cAc mang nhiéu cyc.

Gia st trong mach dién, ngodi cac phan tit 2 cuc thuén nghick, chi chita mét
mang nhiéu cuc {mang 3 cyc), v4i ma tran tdng dan toan phin [y} cia mang 3 cuce :

1 2 3
1 Y1 Y1z ¥
[yd = 2 Yo Yz Y23
3 ¥ Y32 b

hay néi cach khac, biét hé phudng trinh truyén cia mang 3 cyc :

L = ¥4 + YigUe + ¥yalias

¥a Uy + ¥YoglUg + ¥a3lUs, (10.51)

1,

13 = Yaily + YagUg + YasUa.
Gia thist ring cyc thit nhat (1) cla mang 3 cye ndi véi nit p, cue thit hai (2) né
véi niit g, cuc thi ba (3) néi véi nit r chia mach (xem hinh 10.16).

Hinh 10.16

Trong trudng hgp di néu, trong hé phuong trinh dién th& diém nit (10.50), chi cb
céc phuong trinh d6i véi cac mit p, q, r bén v& trai duge b3 sung thém cac dong dién i;,
i,, i; tudng 1tng clia mang 3 cuc, cdn che phudng trinh déi véi ce it khac cia mach
khéng thay déi. Hon nila, cdc ddng dién i, s, 1; cia mang 3 cyc duge b8 sung vao cac
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phuang trinh tudng ing véi d&u trit (-} (vi cac dong iy, 1y, iy déu c6 chidu ra khai nit). Do
d6 cac phudng trinh déi véi niit p, g, r & ¢6 dang:

M
J, -1 = ZYpsus,
8=1

u,, -

EY

&

r
l\..H

i
M=

YQ

3

]
W
—

Y u

Tota?

M=z

Jr‘_la_

®

-

Sau khi chuyén cac s6 hang i,, iy, is sang v€ phai, va thay cac s8 hang i,, iy, i, tit
cac bidu thite (10.51) ta nhan duge:

N
J, = szuuu T Yuly + YU, +¥i3u;
Bz}

N
Jq = Zquu, T Yl + YUy + Yoaly,p (10.52)
8-1

S~
B
Mz

Y, u,+ yau + Yl + ¥Yy3U5-

Khai trién hé phuong trinh dién th& diém nit (10.50), luu ¥ t8i cac phuong trinh
(10.52) va thye hién diéu kién u, = uy, u,= u,, U= u,, ta nhan duge:
(I, = Yu, + You, + .+ Y u, + Y u, + Yu +...,
dy = Yorup + Yoou, + .+ Yo u, + Yoou, + Yy u, +..,
Jdp = Yu + Yu, +..+ (Y, +y10u, + (Y, + Yizug + (Y, +yadu, +.,
Jo o= You + Yous + o+ (Y, + Yaodu, + (Yoo + ¥aduy + (¥, + yaglu, +...

doo= Yu, + You, ..+ (Y, + Yaou, + (Y, + Vaaug + (Y, + 3300, +...

(10.53)

Iy = Ygu, + Yoty + . + Yaplty + Yo, + Yyou, + ...

Hé phuong trinh dién th& diém nit (10.53) pha hgp véi ma tran téng dan [Y] cua

mach:
1 p-1 p q r
1 Y Y1) Yo Yig Y.
p-1 Y19 Ypip1 Yio-1p Yip-1ia Yip-1r (10.54)
D Yo Yo Yot ¥ Yoot Yi2 Yot Yo
q Yar Y1 Yo ¥ Yai Yt ¥z Yot ¥n
r Y Y1 Yo+ ¥ Yeg* Ya Yot Yaa
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Tit k&t qua nhan dude, dé dang thiy rdng: Néu trong so d6 mach dién cé chila
mang 3 euc, cac cde ciia mang 3 cde duge ndi véi niit p, q, r tudng Ung trong sd d, thi
trong ma tran téng din cda mach chi ¢6 cic phin tlt ndm trong cac 6 cat nhau cla cac
ddng p, q, r véi cac cdt p, q, r duge bd sung thém céic phin tit tuong Gng clia ma tran
téng din toan phin cia mang 3 cuc, cdn céc phdn tl trong cac & khac khéng thay d6i.

Ké&t luan trén ciing hoan toan ding néu trong so d6 mach chita mang nhiéu cuc
bat ky, hodc chita nhiu mang nhiéu cyc. Trong trudng hdp nay, cic tham s6 cia ma
tran téng din toan phdn cia ting mang nhifu cyc ldn lugt duge bd sung vao cac 6
tuong {tng ctia ma tran téng din clia mach, tucng tut nhu ddi véi trudng hgp mang 3 cuc
da xét. |

N&u mbét trong céc cuc cha mang nhiéu cye duge ndi véi nit chung cia s dé, thi
nhu da chi ra d trén, hang va cét ciia ma tran toan phin clla mang nhiéu cie ¢6 s6 thi
ty (ng véi cue ndl véi mit chung clia so 44 s& bi loai bd. Diéu niy 6 nghia la cac phan
td trong hang va cdt clia ma tran tong din toan phdn cla mang nhiéu cyc ¢é s8 thit ty
{ing véi nit chung cua sd 48, trong trudng hop nay khéng duge bd sung vao ma tran
téng din cha mach.

Dudi ddy, ta xét mdt s8 vi du.

Vi du I;: Thanh lap ma tran téng din cia mach dién ¢ sd dé tudng ducng d8i véi
thanh phén dién 4p tin hiéu dua ra trén hinh 10.17. Ma trfn tng din todn phén clia
mang 3 cuc - tranzistor cho trong bang 10.2. -

Sa 46 mach trén hinh 10.17 chila mét mang 3 cuc - tranzistor. Cuc 1, cuc 2 cua
mang 3 cyc ndi véi nut 1, mit 2 tudng ing cla sd 4§, cife 3 clla mang 3 cye ndi véi nit 0
cha sd d8 (mit chung cia sd d6).

Hinh 10.17

Ma iran tong din clia mach, khi chua tinh dén mang 3 cuc - tranzistor ¢ dang:

1 2 3

1 g4

2 g+ C - oG dday G, =—

3 - joC 9s * JoC
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B3 sung cac phin ti cla ma tran téng din [y clia mang 3 ac - tranzistor vao cac 6
tuong ing cita ma trin vita thanh lip, ta nhin duge ma tran téng din ciia sd 48 &
hinh 10.17 nhu sau:

1 2 3
1 Gt Yo Y12
[¥]= 2 ¥ @t JC + y,, - joC (10.55)
3 - joC g + joC

Vidu 2: Thanh lap ma tran téng din cha mach c6 sd d8 tucng ducng d6i véi thanh
phin dién ap tin hig¢u dua ra trén hinh (10.18). Ma tran tdng din toan phin clia mang

3 cuc - tranzistor cho trong bang 10.2.

Hinh 10.18

S¢ d6 mach & hinh 10.18 chita hai mang 3 cuc - tranzistor T va T Mang 3 cuc -
tranzistor T ¢6 cute 2, ¢dn mang 3 cyc - tranzistor T ¢6 cuc 3 néi véi niit chung cia so 48

(nit 0).

Ma tran téng din cta sd 48 khi chua tinh dén cac mang 3 cyc - tranzistor ¢é dang:

1 2 3 4 5 6
1 % - g
2 “91 | Gt Gst joC; -G - joC,
3 -8 .
4 Uat go* JoCy - g ~ joCy
S - 9s -G 9t Gs+ 0Cq
8 - jwC, - joCy gst joCit+ joC,

B& sung cAc phan tit clia cie ma tran téng dAn clia cic mang 3 cuc - tranzistor vio cac &
tuong ng cla ma tran vita thanh lap, ta nhan duge ma tran téng din cla sd dé &
hinh 10.18 nhu sau:
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1 2 3 4 5 3]
1 9y = 1
2 f-g0 | 9% 95t Co* ¥y =YY =9 - oG,
3 —¥iu—¥au Gt Yut Yt ¥'12 (10.56)
Yot Yot ¥
4 ¥'os Gt Gt - e - G,
Ci+ya

5 - 9s - Qs G4+ gs* joCsy
6 - joC, — jnCy ggt joCy+

D109

10.6.2. X4ac dinh cac tham s3 ¢dng tac cia mach

D& tim dong dién va dién 4p trén cic phan ti clia mach, cin giai hé phudng trinh
dién thé& diém nut (10.50). Song trong thue t& ngudi ta thuong khdéng quan tam dén gia
tri tuyét doi cia dién Ap va dong dién qua cac phin tl, ma chi quan tim dén md tuong
quan giiia gia s6 clia dién ap va ddng dién trén phu tal va gia s3 cia dién ap, dong dién
ctia ngudn tin hidu, ciing nhu Anh hudng ctta mach dién trong hé théng. Dai lugng déc
trung cho tinh chat trén clia mach thudng 1 : hé s8 truyén dién ap, hé s6 truyén déng
&ién; tong trd ddu vao, ddu ra..., ta sé goi ching 1a tham s6 cong tdc cia mach.

Pa s6 chc mach dién ti sit dung trong thuc t& chi gém mét nguén tin higu va mét
phu tai. Lic nay, d€ thuan tién cho viéc xac dinh cac tham s6 cdng tac cua mach, ta md
td mach dién bing md hinh téng quat - mang 4 cuc (xem hinh 10.19). Ngudn tin hiéu

tac dong méc trén ddu vio mang 4 cue, cdn phu tai mic trén ddu ra mang 4 cue.

Zy 1i1 2 1,
£ U, J'oz Z,
1
’ )
Hinh 10.19

Trudng hgp gida dau ra va ddu vao mang 4 cuc (hinh 10.19) ¢6 diém chung, ta gia
thiét ring ngudn tin hiéu tac déng méc gida nit a va mit chung, con phu tal mac gita
ntt b va nut chung (nit chung giita diu ra va din vao cia mang 4 cuc la nit géc cua so
d8). Liic niwy so d8 & hink 10.19 duge bién ddi vé dang & hinh 10.20.

Quan hé gitta dién a4p va déng dién trén déu vao va déu ra cia mang 4 cuc véi

dién ap va dong dién trong mach duge xac dinh bdi biéu thiie:

fh = Ua; [-Jzz Us; Li= :]a; I :—jb.
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Hinh 10.20

Nghiém clia phuong trinh dién thé diém nit (10.50) ¢6 thé vist dudi dang:
. { X .
Uk = —» A, J.. 10.57
K A § sk ( )

trong d6 A la dinh thitc cia ma tran téng din [Y] clia mach; A, 1 phin phu dai s8 cia
ma tran tang dan [Y].

Vi bén trong mang 4 cuc (hinh 10.21) khéng chita ngudn doc 1ap, nén tit ca cac
phan tif clia ma tran cét cac ngudn dong cho trude déu bing khéng, trit hai thanh phin

e =li vt Jy = -1y Do d6, d8i véi truding hop xét, cong thitc (10.57) s& c6 dang don gian:

1 » - 1 » - A - A -
Uy = Z(ﬁakJa + Ay db) = E(A,k I - Ay L) = -A&Il - 7;&12. (10.57a)

T day ta xac dinh duge dién ap niit a (Ua.) va dién ap niit b (Up) cla mach:

- A L] abn [

U& = a8 I]. - 12;
A A
i]b - Eil - %[2'
A A
U, = AAII - éﬁh,
hay: . 4 . AA . (10.58)
U, = Ba], _ Bwg,
A

Cac biéu thitc (10.58) chinh 1a hé phudng trinh truyén dang tham s& Z ctia mang
4 cyc ¢ hinh 10.20.

. - : U
Trong hé phuong trinh truyén (10.58), néu thay Iz = —Z—z, ta nhan duge:

t

Uy = Baafn Beagy, (10.59)
A Z,A
- A » A -
Uy = Zsby _ Sy 10.60
2 Al Z.A 2 ( )

Tit phuong trinh (10.60) ta tim dudc:

fJ* ZT.Aab

= et T, 10.61
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Thay gia tri fjg ti biéu thite (10.61) vao bidu thic (10.59), sau khi bién déi ta

nhan dudc:

I_I aanAbh — AabAha+ ZtA'Aua
A Z A+ Ay

Vi A AL~ Ay, AA L, DN biéu thitc trén duge dua vé dang don gian:

ZA _+ 4 .
= _‘TJLE____%E‘PE[I_ (10.62)
Z.A ¥ A,

trong dé 4,,,, 14 phan phuy dai s8 kép cla ma tran ting ddn [¥Y]. Né la dinh thic nhan
duge t ma tran [Y] sau khi b di dong a cdt a, dong b cdt b. (Chit y: Dinh thile c6 sd
hang vi 6 cét bing khéng cé gia tri bing 1).

Tu day ta tim duge:

0, ZA,, + A
_['J Lo f4Don T Daath (10.63)
I 20+ Ay
Biu thite (10.63) chinh la téng trd ddu vao ctia mang 4 cuc.
0, Z, A+ b
Z,= L.’T‘ = ZtTaaT Faabb (10.64)
Il ZtA + i\bb
Khi ddu ra mang 4 cuc hd mach (Z, = » ), ta cé:
7=t Bm (10.64a)
I | 7 A
Cdn khi dau ra mang 4 cyc ngan mach ( Z,= 0), ta cé:
: A
Zgoy= -UJ "5 (10.64b)
ll LD Ahh

Hé s8 truyén dién ap ciia mach duge xac dinh bang ti s8 gitda dién ap dau ra U

va dién ap trén dau vac U;. Chia ca hai v€ cua bidu thitc (10.61) cho biéu thie (10.62),

ta nhin dugce:

K, . Uz L Dby (16.65)
Ul ZlAnu+ Ann,bl)

Khi diu ra mang 4 cic hd mach (Z, = =), ta co:

-
K . UZ _ Auh
vha = "4 - A
Uila e A
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Néu trong biéu thitc (10.61), thay Uz = I Z,, sau khi bién ddi ta nhan dude hé s
truyén dat theo ddng dién:

K, = 1—2 _ B (10.66)
Khi diu ra mang 4 cuc ngin mach (Z, = 0), ta cé:
KIng = 12" = % (10.66a)

i’l 4,-0 Ay
Téng trd truyén dat gitta ddu ra va diu vao cia mang 4 cuc dude xdc dinh bing tf

sC giita dién ap ddu ra Uz va dong dién ddu vao I, . Tit bidu thite (10.61) ta tim dugc:

Zy = U | _Zb8a (10.67)
il LA+ Ay

Tuong tu, téng din truyén dat gita ddu vao va diu ra clla mang 4 cuc duce xhc
dinh bing ti s& gilta dong dién ddu ra I va dién 4p ddu vao U,. Trong bifu thiic

(10.65), néu thay Uz = 12 Z, va sau khi bién déi, ta nhan duge:

UL LA P S (10.68)
I:] ZtAaa+Annbb
1 :

Téng trd ddu ra ciia mang 4 cuc 1a ti s gitta dién 4p va dong dién trén diu ra, khi
dién Ap cua ngudn tac doéng bing khéng. Trong hé phudng trinh (10.58), néu thay

L=~ p—L ta sé nhin duge:
L] L] & -
Ui = ——Zé-%Ul* ;ﬂ I,
i (10.69)
U, = = Ui- 9—@-12
Z.A A
Tit phudng trinh tht nhat cua hé phudng trinh (10.69), ta tim dudgc:
. \ -
Up |1+ Ban | _Buaj
Z,A ]
- Z A .
hay: Uy =— sk 10.70
o YT Zara, (1070)

Thay gia tri cGa U; ti biéu thite (10.70) vao phuong trinh thit hai cia hé phudng
trinh (10.69), sau khi bién d6i ta sé nhan dugc:
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Uz 2, Ap* Do b
I ZA+ A,
2

Z, = -

Ia

(10.71)

Khi phan tich cac mach dién tit phitc tap, dé qua trinh tinh toan don gian, ngui
ta thudng 4p dung dinh 1y Thevenin va Norton (dinh ly may phat dién ding tri) dé dua
mach di cho v& mach tudng ducng gém ngudn dién ap cé siic dién déng bing dién ap
diu ra cia mach (mang 2 cuc) khi hd mach éo; ngudn dién ap Ay méc ndl ti€p vii tdng
trd dau vio clia mang 2 cuc khi cho cic ngudn tic ddng bang khéng. D& dang nhan thay
réng, téng trd vao cia mang 2 cuc chinh la téng trd ddu ra clia mang 4 cuc (10.71), con
dién 4p dAu ra cia mang 2 cuc khi hd mach éﬂ dude xac dinh tit diéu kiédn khi dau ra
hd mach (Z, = «), dong dién dau ra cta mang 4 cyc 'Iz =0. Do d6, néu trong hé phudng
trinh (10.58), khi Iy =0 vi thay U; = E~ I Z, , ta s& nhan dude:

n?

E-1,Z =],
A
- A .
Uszho = =21 .
A
T diy ta tim dude:

Eo = Usno = o=
} e ZnA+Aun

(10.72)

Tit cac k&t qua nhan duge, ta thdy cac tham sé céng tac cia mach hoan toan duge
xac dinh théng qua dinh thde va phin phu dai s8 clia ma tran tng din cliia mach.

Bang 10.3 dua ra cac céng thitc xac dinh tham s c¢dng tac ciia mach dién tf trong
trudng hop mach chi €6 mét ngudn tin hiéu tac déng va gitta ddu vao va diu ra cua
mach cé diém chung. Céc cdng thite trén dude tinh theo dinh thic clia ma trin téng dan
cua mach va cac phin phu dai s§ cia né.

D&i vdi trudng hgp gifia ddu vao va diu ra ctia mang 4 cuce (hinh 10.19) khéng ¢4
diém chung, ta gia thiét ngudn tin hiéu dude mic giia nut a va nit gic clia sd dd, con phu
tai - giita miit b va niit ¢ cla sd dé (xem hinh 10.21).

/ L.Jz 71

Hinh 10.21
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Theo sd d8 & hinh 10.21, ta cé:

. l . . 2 .b . . (10.73)
Ja =Il ) Jb =—12; JC:IQ
Vi bén trong mang 4 cuc khdng chita nguén déc lap, nén theo cong thite (10.57) ta
xac dinh dude:
U = i(AM Ja + Apa Jb +Ach) - i(A:m L - Ay Ly + Bea I2)

- 1 - - L] - L] -
Uh = E(Aah Ja +Abb Jb +Acb Jc) = "i‘(Aab Il - Abb I'Z +5cb 12),

U, = %(éu da +Ap, Jb+4A_ de) = —i—(Aac I - A, ]-:2 +4a, I:).
va do d6:

- - 1 L3 - L]

U= Ua :Z(Aaa L - A I: + A L2);

- - - 1 - - L] - L]

Uy =Up- U = Z{(Aab Li- Ayl + Aoy~ (A, L-ale+4,@2)
hay:

L] 1 L] L[]

U1 = E[Au Il - (&bﬂ - Aca)IE:I,

) (10.74)
U2 = E{(Aah - A“)Il - (Abb T O T Al'.w: + Acc)12j|
Vi

Abn - ‘Aca = A(I:Hc)a)
Anb - &ac = Aa(b*t‘]

Bpp =By = A+ A=Ay, ~ Ap) — (B — AL) = Byheey™ Bebrey = Bibecibee)

nén cac biéu thite (10.74) dude dua vé dang:

. A - A reda -
U, = ~eaq, - ey,

f ‘Q‘A (10.75)
U2 - a{b+c) -[1 _ (brci{b+c) I?,

Cac biéu thiic (10.75) v& hinh thitc hoan toan gidng cac bidu thite (10.58), chi khac
trong cac phan phu dai s8, chi s8 b duge thay bang chi s8 (b + ¢}. Do d6 cac bidu thic xéc
dinh tham s& cdng tac cita mach trong trudng hdp nay duge suy truc tiép tif cic bidu
thite tudng Ung dé1 véi trudng hgp ddu vao va diu ra c6 difm chung, chi khic tat ca cac
chi s8'b trong biéu thitc dudc thay bing chi s6 (b + c).

Dé1 vdi mach dau vao va ddu ra khéng cé diém chung ta cé:
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Hé s8 truyén dién ap:
U ZBa-c
Ky=— = t_albre) (10.76)
Ul ZI.A + Aﬂa,(b+c)(b+c)
Hé s8 truyén dong dién:
i Bogoec
K === o) (10.77)
I ZA+8pomo
Téng trd ddu vao:
i Z,A
Zv _ I:Il _ 1“aa (b+c){b+e) (1078)

Trong cac biéu thiic trén:

L ZA + Ay oxivio)

Auiprers Aprosores 5 Daaromes 12 cAc phan phu dai s8 téng clia ma tran téng dan [Y)

cua mach.

Aupeq 12 dinh thitc nhan duge tit ma tran téng din [Y] cia mach sau khi bo &i

dong a, cét b céng vao cét ¢ (bd ¢bt b) va nhan véi thita s6 (-1)**%;

Apeabee 12 dinh thite nhan dude tit ma tran téng din [Y] sau khi cdng dong b vao

dong ¢, ¢t b vao cfit ¢;

Avatbres tboey 12 dinh thitc nhan duge tif ma tran tdng din [Y] sau khi bd di dong a,

cdt a; dong b cdng vao ddng ¢, ¢dt b cdng vao bt c.

Dudi day ta xét mdt sd vi du.

Vi du I1: Xac dinh hé s8 khuéch dai dién ap, hé s6 khuéch dai dong dién, téng trd
diu viao cua mach khuéch dai tranzistor c6 sd d6 tudng duong d6i véi thanh phén tin

hiéu vé trén hinh 10.22. Ma tran tham s8 y cua tranzistor cho trong bang 10.2.

YZ IZ
| E— -+
4
Y
1 =}
o ™ ‘) a4 ™
2
i’ i
0. ‘ Hes
o
0
Hinh 10.22

Danh s8 thit tu cic mit nhu hinh v&, chon niit 0 lam nit gde cia sd d6, ta xac dinh

duge ma tran tdng dan [Y] etia mach:
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1 2 3 4
1 Yq -Y,
2 ~Y, Yot Yzt ¥iy Y12 -Y
[¥1= 3 ¥a1 Yo+ Yot ¥ ¥z
4 -Y; Yo Yot ¥

Trong sd d6 & hinh 10.22, giita ddu vao va diu ra c6 &iém chung, vaha=1,b = 4.
Theo bang 10.3 ta x4c dinh dugc:

Téng trd ddu vio:
_ Ay tAnag B+ YA

A+ Ay A+ YA

/A

¥ ’

Hé s8 khuéch dai dién ap:

- 2,4, _ By
248, + Ajgg Ap# Y:Au,u

u

Hé s8 khuéch dai déng dién:

K, = Ay - Y, A4
ZA + A, A+ YAy,
Trong dé:
Yo+ Yy +yqy Y12 - Y,
Ay = Yo Y+ yu + Y] Yiz |
-Y, Yo Yy + Va2
=Y, Y,+Y,+yy, Yz
Ay=-1 0 Yoy Yy + ¥o2 +¥11 s
0 - Y, ¥ou |
Ay=|-Yy Yo+ Y,y Y2 '
0 ¥a Y, + ¥4 t Y1
Yo+ Y, +yy, Yio
Ay g4 = ¥a Yo+ Y +¥1)

Vi dy 2: Ching minh ring mach dién nhu & hinh 10.23a cé thé tao ra doan dién
trd 4m. Cho hai dén dién tif c6 tham s8 gidng hét nhau, vaA ma tran tham sé [Y] ca né
c6 trong bang 10.2.
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— e g °

Hinh 10.23

So db tuong duong clia mach & hinh 10.232 (461 v4i thanh phan dién 4p tin hidu)
dua ra trén hinh 10.23b.
Danh s6 thi ty cac nit nhu hinh vé&, chon nit 0 1am niit gée, ta x4c dinh dude ma

- z
tran tong dan [Y] cila mach:

1 2
1 G, S
[Yl=
2 S G+G,

Su dung biéu thite tinh Z, cho trong bang 10.3 wing véi trudng hop dau ra, dau vao
¢6 didm chung, Z,= o, a = 1, ta tim dudc:

Z:R:ﬂ: G+G - R.

T A GGG~ s

trong 46 u = SR, 14 hé s8 khuéch dai tinh cia dén.
2
RG rang, khi HR > 1, dién trd diu vao ¢é gia tri 4m.
i

1+—=

Vidu 3: Xac dinh dong dién qua Y, ciia mach dién hinh (10.22) cho trong vi du 1.

Coi Y, 1a phu tdi, ta xic dinh duge ma tran t6ng din [Y] cia mach:

1 2 3 4
1 Yo -Y,
2 -Y, YoF ¥iy Y12
(Yvj= 3 ¥z Yot Yoot ¥y ¥z
4 ¥ Yt Yo

Dé1 vl truong hgp xét, gifta ddu vio va dAu ra khéng ¢6 diém chung, va a = 1,
b=4,¢c=2.
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TU bang 10.3 suy ra:

Y, = L | By i Qs _ Yyhi1449)
le Zbos + Dpaprarseey  Libis + Dy B+ Yoy aeayann)
- - Y A -
I; =Y, U= 2 164-2) R o
Ay + Y2All,(-1+2)(4+2J
trong dé:
-Yo Yy+y Y12
Byay=—| O Yar+Yi2  Yp + Yoo + Y1
0 Yi+yy Yai
Y0+ y]] y12 O
Ay =] ¥xu Y, + Yo + V1 Yiz |
0 Yo Y, + ¥5

A Yo +yn Y +yh ViptYy
B Yo1 + Y12 Y, + ¥

10.7. PHUONG PHAP DONG DIEN MACH VONG
10.7.1. Ma trin tong trd cia mach dién c6 chita mang nhiédu cyc

Khi phéan tich mach dién bang phuong phap ddng dién mach vong, trude hét cin
xac dinh ma tran cét cia cac ngudn dién 4p tac déng va ma tran téng trd cia mach. Déi
v8i mach ¢é chila mang nhiéu citc ma bén trong mang nhiéu cuc khéng chita nguén déc
lap, ma trén cft cia cic ngudn dién ap tac ddng hoin toan gidng nhu trudng hdp mach
chi chita cac phén tit 2 cyc. D& xac dinh ma tran téng trd ca mach, ta gid thiét ring
cac mach véng duge chon sao cho mdi dong dién khép vong qua céc cic cia mang nhiéu
euc tring véi dong dién mach vdng cia mét mach vong tudng ting. Khi d6, dé dang thay
s& mach vong trong so db, cling nhu vi tri clia né s& khéng thay ddi khi mbi mang nhiéu
cue dude bign thanh mét diém (cac e ella méi mang nhiéu cye dude ndi chung vé mét
cuc). N6i cach khac, mach dién bign thanh mach chi chita cac phan tit hai cue, va hé
phuong trinh ddng dién mach tucng iing cé thé vist dudi dang:

. M .
Ec =Y Z,Ls (10.79)

a=1
Hé phuong trinh (10.79) phit hgp véi ma tran téng trd cia mach ¢ dang:
L\ 2y 2y 1

2] - |Zn 2o T (10.80)

LZMI ZMZ e 'ZMM
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Gia st trong sd d6 mach chi chita mét mang nhiéu cuc, vi du mang 3 cue, véi ma
tran téng trd toan phén [Zg, thiét 1ap méi lién hé giita déng dién khép vong qua cac cue
va dién ap trén cic cuec cia mang nhiéu eue:

1 2 3
1 Zy Zys 243
[Zd= 2 Zy Zp Zxn
3 Zs4 25 233

Ul = zll I]. + 212 I2 + z13 Ia,

Us = z5 I+ 2512 + 255 I5.

Ta lai gia thiét ring, mang 3 cyc duge méc trong ss d8 theo thi tu cac ddng dién

khép vong qua cac cye cua mang 3 cuc (cac vong ngoii clia mang 3 cue) Iy, Iz, Is i4n

higt tring véi cac ddng dién mach vong thil p, q, r ¢clia sd &6 (xem hinh 10.24).

i, Hinh 10.24
Trong trudng hgp ndy, trong hé phudng trinh déng dién mach vong (10.79) chi ¢6 cac
phuong trinh thit p, thit q, thit r (phudng trinh {ing véi mach vdng p, q, r) bén v€ phai

duge bé sung thém cac dién ap tuong ang U, Us, U, véi diu duong (+), con céc phuong
trinh khéc ctia hé 14 khong thay d8i (coi cac dién ap trén cac cuc clia mang 3 cuc nhu
cac dién ap rai va cac dién ap roi nay trung chiéu véi chiéu dong dién mach vong). Vi
vy phudng trinh d61 véi mach vong p, g, r tudng ing c6 dang:

. M ..

Ep = ZZP_ I +U,

L]
-

Eq: Zq‘In +U2,

M=

=
L
-—

Zl’! ia + i]ﬁ.

Eq.
NgES

o
n
-
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Thay cac gia tri U;,Us, U, tit cac phuong trinh (10.81) vao cac phuong trinh

trén, luu y il =Ip;lz =14 ; la=Ir, ta nhan duge:

- M L] - L] L]
Ep = Zzpn la+ 2, by +25 Lo + 245 1r,

=1
- M - [ . L]
Eq = qul I; + 221 Ip + 222 Iq + ZZs Ir,
=1
- M [ - L] .
Er = Zz“ Il + 231 Ip + 232 Iq + 233 Ir-
=1

Khi d6 hé phudng trinh dong dién mach véng cla so 44 mach <6 chita mang 3 cuc
nhu da néu & trén cé thé viét dusi dang:
L M »
Ey = ZZL, L.
a=1

Hé phudng trinh (10.82) khac hé phuong trinh (10.79) chi bdt cdc hé 56 cua cac

(10.82)

bién ip, L. ir trong cac phudng trinh {ing v8i cac mach véng thit p, q, r. Cac hé s6 nay s&
la téng clia cac hé 8 (ng véi hé phuong trinh (10.79) va cic tham s6 tudng ling cua ma
tran téng tré ctia mang 3 cuc. Diu nay ¢6 nghia la, trong ma tran téng trd [Z] cia
mach, trén cic 6 cit nhau cita hing p, hang g, hang r vdi bt p, cét q, cbt r sé duge c@ng
b8 sung cac tham s tudng Ung clia ma tran tong trd clla mang 3 cuc, con cac phén tu
nim trong cac 6 khac s& khéng thay 461, do dé:

p-1 p q r r+1
p-1. . Zip g1 Zip-1ip Zip. 1 Zip-ry Lot 1)
P-. Ziotp-1) Lyt Zyy Le* Zia Zot Zyy Zoirany
[Z} = q... Zotp-n Zop* 2 Zog* 2z Lo+ 2y Loy
r. Zp Zop+ Zy L.t 2y Z, + Iy A
r+1. Ziwwp ) o Zyorg Zyory Zietyery

Né&u thay d8i s& thi tu cac mach vong phia ngoai mang 3 cuc cho trung véi s6 thi
tu cac mach vong tudng (ing trong sd dé, thi treng trudéng hop nay ma tran téng trd toan
phin clia mang 3 cuc & hinh 10.25 ¢6 dang:

p q r
P Zy, Z1z Zy
[Z) = q Zz Z Z33
r Zy L3z Zas
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Viéc thay ddi s8 thit tu cac mach vong ngedi cia mang 3 cue nhu da néu, sé& chi ra
mét cach rd rang trén cac & nao cla ma tran téng trd cia mach duge bd sung cac tham
s8 (phan ti) tudng Ung clia ma tran téng trd cla mang 3 cuc .

Néu trong 6 46 mach c¢6 chita mang nhiéu cyc b4t ky, hofic nhifu mang nhidu
cuc, bing cach xét riéng titng mang nhidu cuc, ta lin lugt b8 sung dude t&t cd cac phin
ti clia ma tran téng trd cla mdi mang nhiéu cuc vao cic 6 tudng dng ciia ma tran tong
trd cua mach. Hay néi cich khac, thanh 1ap ma tran tdng trd cia mach ¢é chita mang
nhiéu cifc bat ky, hodc nhiéu mang nhiéu cuc, tuong tu nhu thanh lap ma tran téng trd
cta mach chi chita mdt mang 3 cic da xét & trén.

Né&u mang nhiéu cuc nao dé trong s d6 c¢6 mach vong phia ngodi nim bén ngoai
s0 45 mach dién cdn xét, thi cAc phin tl trong cic hing va cic cft cha ma trin téng trd
ctia mang nhidu cyc 6 s8 thit ty tucng ting véi mach vong ngodi s& khéng duge bd sung
viao ma tran téng trd chia mach. Diu nay tuong ng véi s6 thit tu cia mach vong ngoai
cia mang nhiéu cuc ndm phia ngoai so dd ¢6 s8 thit ti 0. Cac két luan trén duge minh
hoa qua vi du sau day.

_ Vidu: Thanh lap ma tran téng trd ciia mach khuéch dai tranzistor gdm hai tAng
khuéch dai va cé sd d8 tuong dudng d6i véi thanh phin tin hidu trinh bay trén hinh 10.25.

Mach dién trén hinh 10.25 chda hai mang 3 cyc: tranzistor T va T'. Chon céc

mach vdng va chifu cac dong dién mach vong clla sd d6 nhu trén hinh vé, ta xac dinh

duge ma tran téng trd ciia mach khi chua tinh dén cac mang 3 cuc :

1 2 3
1 R‘ + R2 = Rz
(10.83)
2
~R, Ryt Ry

Hinh 10.25

Néu danh s8 thit tu cAc mach vong phia ngoai cla ¢ic mang 3 cye - tranzistor T
va T trung vdi sd thit tu cac mach vong tuong vng trén sd do, theo bang 10.2 ta ¢6 cac

ma trin téng trd cha cac mang 3 cyc - tranzistor: V6i mang 3 cuc - tranzistor T :
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1 2 8]

1 f*+ Ty -r, -0y

[Z1= 2 [ Tg+ T~ Tm -T.
0 = {fp* ) M= e Fe+ 1y

Vé1i mang 3 cuc tranzistor T":

2 3 o
2 Pt Iy -r, — I
[Z1 = 3 o= e fo+rr,-r, -,
0 —{ry+r.) [ re+r,

B8 sung cac phén tit clia cae ma tran [Z], [2] cua cic mang 3 cuc - tranzistor T, T'
va cac & tudng fing ctia ma tran (10.83), ta nhan duge ma tran téng trd [Z] clia mach
khuéch dai (10.25) nhu sau:

1 2 3
1 R+ Ry+r,+r1, -r, ~-R,
1= 2 T = Te Tt Fe =Tt I+, -r,
3 -R, fm=Ts Re+ Ryt rg+r,. -1y,

10.7.2. Xac dinh tham s6 céng tac ctia mach dién tit theo ma trin tdng trd
cua mach
Cac tham s8 ¢dng tac chia mach dién t cing ¢6 thé duge xac dinh théng qua ma
tran téng trd ciia mach.
Gia s trong mach chi c6 mét ngudn dién 4p tac déng, khi d6 ta cé thé thay thé
mach di cho bing mang 4 cuc (xem hinh 10.26). Trong d6 ngudn tac déng néi véi dau

vao mang 4 cuc, con phu tai méc véi ddu ra clia mang 4 cue.

D

Hinh 10.26

Khi phin tich bing phuong phap dong dién mach vong, ta ludn cé thé chon cac
mach véng trén sd db sao cho nguén tac déng nidm trong nhanh ddc lap cia mét mach
vong (gia sit mach vong thi a), va phu tai ndm trong nhanh déc 1ap clia mét mach vong
{gia st mach vdng thit b). Vi cach chon nhu thé va gia thiét trong mang 4 cuc 3 hinh

10.26 khéng chita cac ngudn déc 1ap, t4t ca cac phan ti clia ma tran cét cac ngudn dién
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ap tic dong déu bing khdng, trit hai phiAn ti Ee.. va Ep. Mit khic E..= Uj;

Ewb =— Us, cdn dong dtén mach vong L. = Li; v = L.

Nghiém cua phuong trinh dong dién mach vong:
- 1 M L
I =—> A, Eu .
A Z; .

Dé1 v truong hgp xét, ta cé:

* 1 - L] A = A »

Iy = —(Ay Ean + Ay Ew) = —2£U; - 227 10.84

k A( ak bk Ebb) A 1 A 2 ( )

Tit day xac dinh duge cac dong dién & ddu vao I; va d ddu ra Iz cia mang 4 cuc:

- A - -

Ia = _‘m“Ul - ‘é'hiUZ,

A A

It = ﬁUl - -A‘%Uz.

A
hay:
I = Baa(y, - By,
_ AA . AA . (10.85)
Ip = —20QJ, - —Bbyy,,
A A

Céc bidu thic (10.85) tudng tu cac bidu thitc (10.59), (10.60), chiing déu thiét lap
quan hé giita dién ap va dong dién & du vao va ddu ra clia mang 4 cuc.

Né&u trong cac biéu thitc (10.85), thay Uq = iz Z, ta sé nhan dugc:

I = Baa (- Zln 7, (10.86)
A A

Ty = Bangy _ Zibwb g, (10.87)
A A

Tit phudng trinh (10.87) ta tim dude:
I =B 7y, (10.88)
A+ ZAy

Thay gia tri I» tit bidu thitc (10.88) vao phudng trinh (10.86), sau khi bién déi ta
nhin dudc:

i' “&Z!(émAbb w_A‘za.bAlm)-{-‘é‘Aa.a
T A Z By, + A

Vi Apfyp ~ ApBra = AAL, 1y nEN cudl ciing ta nhan duge:
_ ZtAaa,b
LAy +A !

b+Au.

1

(10.89)
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Tit day ta x4c dinh dude tong trd vao cia mach:

7., = I-J‘ __ LB ts (10.90)
Il ZlAaa,bb + Ana
Khi ddu ra mang 4 cic hd mach (Z,=x0), ta cé :
Zoy= ot =t (10.90a)
I, 1Ze== Byabh
Con khi ddu ra mang 4 cuc ngin mach (Z,=0), tacé :
} A
Zng = I.J‘ = —. (10.90b)
I'.i Z,=0 AM

Chia ca hai v& ctia biéu thite (10.88) cho hai v& ctia biéu thic (10.89), ta s& nhan
dude hé s truyén dat dong dién:

Ky=2o  Bw (10.91)
Il ZtAn,bb+ ‘ﬁxm
Khi ¢du ra mang 4 cuc ngdn mach (Z, = 0), ta cé:
King = 1—2 = L (10.91b)
I 1 20 Baa

Né&u trong biéu thiic (10.88), thay iz = %2— ta s& xac dinh dude hé s& truyén dat

t

dién &p:
Ry= 2o _Llw (10.92)
Khi ddu ra mang 4 cuc hd mach ( Z, = «), ta cé:
: A
'QULCLE R (10.93)
le Zo=o Dy

Ciing tit biéu thic (10.88), ta xac dinh duge téng dan tudng hd gilta ddu vao va

ddu ra:

_ 12 _ Aab
T..h Z Ay + A

(10.94)

Téng trd tudng hd gita diu ra va ddu vao dude xac dinh truc tiép tit biéu thitc
5 . o U2 - 3 A
(10.91) bang cach thay s = 7 khi dé ta cé:

t
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: Z A .
Zy= P—i = (10.95)
1 Ztaan,bh + Aaa

I
Dé xac dinh téng trd ddu ra cla mach, trong hé phuong trinh (10.85), thay

Ui =-2, 1, sau d6 gidi hé phudng trinh ta s& nhan dugc:

B 28,8 (10.96)

Zy=-71"=
I, ZoAgain + Bup

Téng trd diu ra ctia mach 10.96 ciing chinh 1 tdng trd trong cla nguén dién &p
ddng tri tinh theo dinh ly Thevenin Norton. Cén sitc dién déng cia ngudn dién Ap dang
tri (dién 4p ddu ra khi hd mach) duge xac dinh tit hé phuong trinh (10.85), khi thay

Ui=E -1 Z, va I2 =0, hé phuong trinh (10.85) c6 dang :

i1 _ La (é—ilzn) _ B I'Jz,
AA _ AA ) (10.97)
0="2E-LZ) M- § P
A A
Tir day ta tim duge:
. EA
Usne = ab (10.98)

2, Asaph + Agp
Trong bang (10.4) dua ra cac bidu thiic xac dinh tham s8 cbng tac cua mach théng

qua dinh thitc clia ma tran tng trd cia mach va cac phan phu dai s8 clia né.

Duéi day ta xét mét thi du:
Xac dinh tham s& cdng tac cla mach khuéch dai 6 phan héi trén tranzistor hudng

cue, ¢6 s0 dé tuong dudng déi véi thanh phén tin hiéu thé hién trén hinh (10.27).

ﬁ o

Hinh 10.27

) S

Chon cac mach vong déc 1ap va chiéu cac dong dién mach vong nhu trén hinh vé,

ta xac dinh dude ma tran téng trd cia mach nbhu sau:

1 2 3
1 ry+o, -, -
[£] = 2 fm— Ty Fot To= T -1,
3 = {tatry) Tm— T ftr+ Ry
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Theo bang 10.4, véia=1,b =2, ta cé:
Hé 56 khuéch dai dong dian:

A12

K[ T rrree———— e
Raﬂn,zz + 4,
Heé 56 khuéch dai dién ap:

K, = R4, .
RA, +4A

Dién trd ddu vao:

_ RA,+A
R:An,n +4y, ’

v

Dién trd ddu ra :

R _ RnAll + 4 .
™ ?
RoAji20 + Ay
trong dé:
Iy T - L
AIZ = - R = _(rm - re)(rb + RO) + rc(re + rb);
-(r, +1,) n+r +R,
Y. + I, — T
Azz = ¢ = (re + rb)(rc + RU) - rh(rm - rﬂ);
-(x,+n) n+r+R,
¥, +r.—r ~r
Ap=[ "™ ¢ =(r, + 1 —r, X, + Ry) +r,r;
Y, — T, r,+n +R,

Ajgp =1, +1, + Ry

Thay gia tri cua cac phén phu dai s§ vio cac biéu thic tinh tham s6, ta nhan
duge:

- Rt[(rm — re)(rb + R{)) - rc(re + rb)] .

TRl )@ v Ry~ )]+ A
K. - (rp 1) + Ry) +r.(x, + 1)

: Ri(r, +1,+ Ry) +(r. + 1, —r )x, + Rp) + r.x. ’
R - R rn)r +Ry) -5 - 1)

v

TR, 5+ R+ (r, +x - r ), + Ry) 1,

_ Rn[(re +x, -1 )(m + Ry +rrf+a
™R AR+ (X + Ry) - (r, —1)

Trong cic biéu thiic trén, A 1a dinh thitc ctia ma tran t8ng trd [Z] cha mach.
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Bang 10.3. Céc bidu thirc xac djnh tham s& céng tic cGia mach théng qua dinh thire
cia ma trin tdng dan clia mach va cdc phdn phy dai s6 clia né

Tham s8 céng tac Ky hi&u Cang thie tinh
Hé s& truyén dién &p t.J ZAw
) . L
KU == ZIA.' +6“bb
Uy
H& s6 truydn dién ap khi diu ra hd . Aw
mach Ky pr = Y2 A
Uha — 7, P aa
| %
Hé s truyén déng dién . Aw
K =2 Z5+A,,
I1
Hé s& truygn déng dién khi ddu ra . Ay
ngin mach K =12 By
Ing == bb
| 2=0
Téng trd d4u vao ; ZiAgz +Daabb
= -.—1- Z|Q+Abb
h
Téng trd d4u vao khi ¢du ra hd . A
mach U A
Zony =7 21mn
4
Téng trd ddu vao khi 38u ra ngin . A
mach Zv _ ﬂ 1a,bb
Agén ]1 =0 Ay,
Téng trd ddu ra 02 ZnBpb +Bazbb
Zia = - 2o+ 4,2
I2
Sc dién déng cla ngudn ding tri . . AgE
Eo = U2 -—
Zy=w ZnA +AI3
Téng trd truyén dat N Zidap
221 = —.1 ZIA +Abh
2
T8ng dan truyén dat X 4,6
You = 2 Z1Baa +Baaph
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Bang 10.4. Cac biéu thirc xac dinh tham s& céng tic cGa mach théng gua dinh thirc
clia ma tran tdng trd cita mach va cac phdn phu dai s& clia chung

Tham s6 cdng tac Ky hiéu Bidu thie tinh
Hé& s6 truyén dién ap 0 Z1Aap
KU = -2 Ziabb + A
U
Hé s8 truyén dién &p khi ddu ra hd N .
mach Kyhy = .2 App
U Z,=m
Hé ad truyén dong dién ' Aab
Kl =.—2 ZlAaa,bb + Aazi
t1
Hé s& truyén dong dién khi ddu ra - A
ngin mach King = 12 A..
1 2=0
T8ng trd ddu vao g ZyApp + A
Z, = _1 ZiAgaph + Aaa
h
Téng trd ddu vao khi 84u ra hd 5 Apy
1
mach Zons =~ Daabb
Jg | 5
Téng trd d4u vao khi diu ra ngin N A
mach . -
' Zvngin e 7.0 Aae
I 12
Téng trd ddu ra O ZoAan + A
Za=-, ZoAzaph + b
f2
S{rc dién déng coa ngudn ding tri . . .
Epr =U2 Edqp
1= ZnAaa.bb + App
Téng trd tutang hd gira ddu ra va . ZiAgb
adu vao Z,y= 2 ZiBag b + Baa
Iz
Tfﬂng\dén tuong hd gilra dju vae . Agn
va daura Yy = 2 Thpt b




‘ Chuong 11
TiN HIEU VA PHO cUA NO

11.1. PHAN LOAI TiN HIEU

Tin hiéu - hiéu theo nghia khai quat - d6 14 mét qua trinh vat 1y cé chita dung tin
titc, hay mét qua trinh vat 1y mang tin tic. Tin tic, c6 thé 12 mét ban nhac, mét ban
théng bae, mdt ménh 1énh... Trong k¥ thuit vién théng, hay trong hé théng tu dong
didu khiédn, tin bidu thudng la cic dao déng dién: ddng dién, dién ap... Trong qué trinh
truyén va thu nhan tin titc, trén kénh théng tin ngoai tin hiéu cé ich, cdn ¢6 can nhiéu.
Can nhiéu bao gdm moi qua trinh vat 1y khéc nhau c6 tac dung lam x4y, hay lam giam
chit lugng clia qua trinh truyén va thu nhén tin tde. Khi cdng sust truyén tin khéng
d8i, néu can nhidu cang 16n, chit lugng truyén va thu tin cang giam. Tin hiéu thudng
duge phan chia thanh hai loai: Tin hiéu tién dinh (x4c dinh) va tin hiéu nglu nhién.
Tin hiéu tién dinh la chc tin hidu ma ta c6 thé bigt truée duge cie tham s8 hodc quy luat
bién thidn cla cac tham s8 ctia né. Con tin hiéu nglu nhién la cfic tin hidu ma ta khéng
thé biét trudc dude cac tham s8 hodc quy luat bién thién cia cac tham s8 clia nd, ma chi
c6 thé danh gia né bing 1y thuyé& xac suit. Tin hidu 13 mdt ham s8 cua thdi gian va
nhiéu tham s8 khéc.

Tin hiéu tién dinh c6 thé 12 tin hiéu tudn hoan, hodc khéng tudn hoan. Xét trong
mién thdi gian t, tin hidu s(t) dude goi 12 tudn hoan néu né thda man diéu kién:

s{t) = st + nT) (11.1)
trong d6 T ¢6 gia tri hitu han va duge goi 14 chu ky clia tin hiéu tuin hoan s(t); n 12 s8
nguyén bit ky, —wo < n <oc,

Tin hiéu hinh sin 1a tin higu tudn hodn ddn gian nhit:
2n
s(t}y=A cos(? t + (p] = Acos(ot + @) (11.2)

trong dé A, T, ©, @ 14 cac hiing 56, va 12 bién d8, chu ky, tn s& géc va goéc pha dau tuong
ung.

Tin hidu (11.2) cdn got 1 tin hidu don 4m. Khai niém don &m & 34y duge hiéu la
n6 chi ¢6 mdt tin s6 o va phd cia né chi cé mét vach. Khai niém phd sé& dude xét ky &
phan duéi. Trong thuc t& khéng tén tai cac tin hiéu tuin hoan, song céc tin higu ¢ chu



124 LY THUYET MACH - TIN HIEU

ky lap lai va ton tai trong khodng thdi gian kha 1én c6 thé duge xem nhu tin higu tuin
hoan. Tin hiéu s(t) khéng théa man diéu kién (11.1} dudge goi 14 tin hidu khéng tudn
hoan, hay tin hiéu phi chu ky. Vay tin hiéu phi chu ky chi tén tai trong khoang thdi
gian xac dinh.

Tin hi¢u tién dinh s(t) c6 thé 12 tin hiéu lién tuc hodc tin hidu xung. Tin hiéu s(t)
dugc goi 12 tin hiéu lién tuc néu né 14 mdt ham s lién tye theo bidn théi gian t; con tin
hidu s(t) chi ¢ gia tri khac khdng trong cac khoang thdi gian kha bé trén truc thdi gian,
ngoai cac khodng thdi gian dé s(t) = 0, thi né dude goi 1 tin hidu xung. Vi dy, trén hinh
11.1 biéu dién tin hiéu xung vudng véi cic gia tri bién d6 khac nhautw U,,,;,, dn U_,,.

S(t) F 3

10 nis

0 ' "t

Hinh 11.1

Né&u tin hidu xung (hinh 11.1) cé céc gia tri bién d8 dude lugng tit hod theo cde
mitc Iugng tit thi né duge goi 1a tin hidu s& Thuit ngil tin hidu 86 lién quan dén ky
thuat théng tin s, hay didu khién s8 ma ching ta s& nghién cttu k¥ trong gio trinh,
tai liéu vé xit Iy tin hiéu s6 hay chc gifo trinh, tai liéu khac.

Tin hiéu s(t) duge goi 13 tin hiéu nglu nhién, néu ta khéng thé biét trudc gia tri
cling nhu quy luat bién thién cac tham s ciia né. Thi du dién ap tudng ing véi tidng
néi clia mai ngudi 14 mot tin hidu nglu nhién. Pl véi tin hiéu ngdn nhién ngudi ta phai
danh gia né théng qua cic tham s8 cua 1y thuyét xac sudt nbu: Quy luat phén bd xac
sudt, sy phan bd phd clia céng sudt tin hiéu.. Cdn nh4dn manh ring, tin hitu ngiu
nhién ciing c6 thé 1a tin hiéu hiu ich hodc can nhidu. Vi du, tin hidu do cac dai rada
phéat di, khi gip muc tiéu cAn phat hién phan xa trd lai ma may thu rada thu duge 1a
tin hiéu ngiu nhién hitu ich, cdn tin hiéu ma may thu rada thu duge khéng phai tit muc
tiéu cin phat hién trd lai, ma tif cac nguén khac 1a tin hiéu pgiu nhién cta can nhiéu.

11.2. PHAN TICH TiN HIEU BAT KY THEO HE HAM CHO TRUGC

Tin hidu 12 mét ham s& ctia nhiéu bién sd. Viéc phén tich tin hiéu 43 cho theo hé
ham cho trudc c6 ¥ nghia quan trong khi gidi bai toan truyén tin hiéu qua mach dién
ciing nhu khi gidi bai todn gia cong, xit 1§ tin hisu.

Xét hé ham bién s6 thuc:

(Pl(x) ’ (PE(X)’ P3 (X), '(pn(x):--- (113)
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Hé ham (11.3) dudc goi 12 tryc giao trén doan {a, b] néu né thda man diéu kién:

b
[ 0a ()0 (x)dx = 0 khi n=m (11.4)
1

va: ,_[cpi(x)dx £ 0 (11.5)

Piéu kién (11.5) chiing td rang bit ky ham ¢, (x) nao trong hé (11.3) khéng déng
nhat bang khéng.

b
Pai lugng: o] = j' o (x)dx (11.6)

a
dugce goi 14 mite cua ham @, (x).

Ham o,(x) théa min diéu kién:
b
loal® = [@2txax =1 (11.7)

dude goi 1a ham chudn héa.

Con hé ham @,(x), @y{x),..., ma trong d6 mot cdp ham bt ky trong hé truc giao
nhau, thi né duge goi 1a hé truc giao chudn hoa.

Trong toan hoc ngudi ta da chitng minh duge ring, ham f(x) bat ky théa min diéu
kién:
ﬂf(x)!dx <w (11.8)
déu cé thé bidu dién dudi dang:
f(x} = Coppx) + Cipy(x) + ... + C (%) +... (11.9)

Tich phéin (11.8) dude tinh trong mién xac dinh (trong cac khodng xac dinh) cia
ham f(x).

CAn nh&n manh rang tit ca cac phan iing va tac déng trong mach dién thuyc déu
la cac ham ciia bién s8 thdi gian va déu thda min diéu kién (11.8).

N#&u c4c hé s8 C, clia chudi (11.9) duge xac dinb bdi bidu thiic:

b
[ £, (x)dx .
C, =2 = [ 0, (0dx (11.10)
PO

thi chudi (11.9) dugc goi 1a chudi Fouriler tdng quat ctia ham f(x). Véi hé ham ¢,(x) cho
trude va s8 s8 hang dinh trude, chudi Fourier téng quat dam bao tiém cin dén ham f(x)
véi sai 88 trung binh binh phudng 14 nhd nhit, nghia la:
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b N 2
M= | {f(x) -2 2.0, (x)] dx

n=0
s€ dat gia tri nho nhét khi a, = C,. Day 1a mét dic tinh quan trong clia chudi Fourier.

C4 thé chiing minh duge rang:
b N 2 b N ,
Misin = f{f(x) ~ZCn<pn(x)J dx = ffz(x)dx =D Cllen] (11.11)
a n=0 a N=0
Vi
b
J£* Goyax =

13 binh phuong mic cua ham f(x), v4 M > 0 nén bifu thitc (11.11) cé thé vidt lai dudi
dang:

> Cle,|" < |g° (11.12)
n=0

B4t dang thice (11.12) 1a bat d:ing thite Becxen, nd nghiém ding vdi hé ham truc
giao bat ky.

Khi tdng s& thinh phén ctia chudi, sai 8§ trung binh binh phudng M, ¢6 thé nhd
tuy ¥, va khi nay hé truc giao dudge goi 1a ddy da.

Diéu kién ddy di ctia hé truc giao cé thé vidt dudi dang:

>-Clfe’ - 113)

D41 véi hé ham ¢,(x) c6 gia tr] phiic, didu kién trye giao ela hé duce x4c dinh bdi
biéu thite:

b
Icpn(x)gp:n(x)dx =0 khi n#m (11.14)

con binh phudgng mitc cua ham o (x):

loa| = jcp,,(x)cp (x)dx = j

(0 (%) dx (11.15)
va hé s& Fourier:

jf(x)cpn(x)dx (11.16)

Cll
ol

Trong cac biéu thite trén, ham ¢, (x) 13 ham lién hap phitc cita ham ¢, (x).

Khi thuc hién khai trién tin hiéu s(t) thanh chudi ham truc giao, biéu thitc (11.9)

s8 ¢6 dang:
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N
s(t)= Y Coe,(t) (11.17)

n=0

Trong trudng hop nay biéu thic (11.13) ¢6 ¥ nghia la nang lugng cia tin hiéu.
That vay, khi thay f(x) bang s(t), ta cé:

1z
Il = [s*taat =E (11.18)
ty
Néu s(t) 12 cac dao d6ng dién (dong dién, dién 4p), thi E chinh 1& ning lugng cua
tin hiéu tiéu hao trén dién trd R = 1 Q trong khoang thdi gian tit t, dént,.

Do d6 biéu thiic (11.13) xac dinh nang lugng toan phan ctia tin hiéu.
E=Y Co.| (11.19)
n=90

Néu hé ham truc giao ¢,(t) 12 hé ham truc giac chuidn hoa, thi nang lugng toan

phan cua tin hiéu:
E=)C (11.19a)
n=0

Chon bé ham truc giao phu thudc vao muc dich caa viéc phén tich tin hiéu thanh
chudi. V3i muc dich thuan tién cho viée giai bai toan ly thuyét mach, cling nhu bai toan
truvén tin hidu qua mach va xi Iy chiing, ta sé chon hé him tryc giao don gian nhit.
Con véi muc dich tiém c4n hoa ham tin hiéu, hay mét qua trinh, mét dic trung nao dé,
ta sé chon hé ham truc giao sao cho s& thanh phéin cta chudi 14 it nhat, nhung van dam

bao yéu ciu cua sai $6 tiém cin cho trudc.

Véi muc dich thit nhat, ngudi ta thudng chon hé ham tryc giao 14 cac ham lugng
gide: sin, cosin. So vdi cac hé ham tryc giao khac, cac ham lugng giac sia, cosin la cac
hiam don gian nhat xac dinh vdi moi gii tri cua thdl gian t. Mat khae cac ham lugng
giac 12 cac ham thdi gian duy nhét khéng bi thay d8i dang khi truyén né qua hé théng
tuyé&n tinh bat ky (véi tham s& hing s&) ma chi thay d&i bién d6 va pha. Hon thé nila,
phin tich tin hiéu phic tap thanh cic ham hinh sin cho phép st dung s6 phic dé phan
tich mach, ciing nhu phan tich qua trinh truyén tin hiéu qua mach tuyén tinh. Day la
phuong phap kha don gian va tién ich. Con v8i muc dich giai bai toan tiém cin héa,
ngudi ta thudng chon hé ham truc giao la da thic Trébusep, da thic Hecmit, da thitc
Lagrang...

Véi ndi dung cia cudn shch, dudi diy chi di sdu phan tich tin hiéu thanh chudi

ham lugng giac.
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11.3. PHAN TiCH TN HIEU TUAN HOAN THANH CHU®I FOURIER - KHAI NIEM VE
PHO TAN CUA TIN HIEU

Dé phan tich tin hiéu tudn hoan phic tap thanh chudi Fourier, ta chon hé ham
truc giao la cic ham lugng giac:

1, cosunt, sinw,t, cos2m,t, sin2w,t,..., cosno,t, sinnao,t,... (11.20}

-jlot —jay
H]

hodc: .. € e it 1, et @it (11.21)

Khi chon h¢ ham truc giao (11.20), chudi Fourier cta tin hiéu tufn hoan s(t) cé
dang:

s{t)=A, + Z (a, coske t + b, sinkot)=A, + z A, cos(ke,t + @) {11.22)

k=1 k=1
trong do:
y T2
A= [stra,
-Ti2
Ti2
a, = T Is(t)cos ko, tdt,
-Ti2
o T2
b= = j’ s(t)sinko,tdt, | (11.22)
-T2
Ak = 1"8,5 + bi s
P = —arctgzl,
X
2n
W, = ?

T la chu ky cta tin hiéu tudn hoan s(t).
Khi chon hé ham trie giao (11.21), chuét Founer cia ham tudn hoan s(t) sé ¢6 dang:

s(t) = 3 Cx ™™ (11.23)
k=-m=
. , T2 _
trong dé: Cx = T j's(t)e"]‘“’“dt. (11.24)
-T2

Chudi (11.22) 1a chudi Fourier dang thue (dang luong giac), con chudi (11.23) 1a
chudi Fourier dang phitc clia bam tudn hoan s(t). Chudi Fourier dang thuc c6 thé nhan
dugc tit chudi Fourier dang phitc. That vay, néu trong biéu thitc (11.24), thue hién thay
thira s6:

e ¥t = coskat — jsinkae,t

ta s& nhan duge :
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Ti2 Ti2

Ci = % Tj! 2 s(t)cosketdt - %_Tjjj(t)sin ko,tdt,
trong dé:
L T2
Cu = T Is(t)coskmltdt
Ty
L T2
“Ts2

S8 phiic Cy c6 thé viét lai dusi dang:
Cy = Ckei%

trong dé :

Cy = \J'ka + Cgks

C
Py =— arctg——zi-.
1%

Dé dang thdy ring, phan thuc Cy, va médun C, 14 ham chin déi véi bién k, con
phén ao Cy va argument ¢, 12 ham 1é d6i véi bién k.

Trong biéu thitc (11.23), thuc hién thay Cy = C,e'** ta s6 nhan dudc:

s(t) = Y Cpe et = B et (11.25)
k=we

k=-w
Néu trong biéu thiic (11.25), thuyce hién tach ra mét cip s6 hang fng véi chi s6 k = n,
ta s& nhén duge tdng chia ching:
|C !ei("nwﬁw-,) + ’C Iei(nmltwn)’
Vi Cy 12 ham chin, ¢dn ¢, la ham 1€ cia bién k, nén biéu thic trén c6 thé viét:
Cne—j(nm}h%) + Cnei(non1t+(pn) _ 2Cn cos(n , t + (Pn)

Tt ddy c6 thé suy ra ring, khi chuyén chudi Fourier ctia ham tuén hoan s(t) dang
phitc v& chuéi Fourier dang thyc, né sé c6 dang:

s(t) = Co + D 2C, cos(ka,t + ¢, ) (11.22a)

k=1
TU céc biéu thite (11.22) ¢6 thé coi tin hidu tudn hoan s(t) 1a téng vé 86 cia cac
ham hinh sin v8i tdn s ke, (k = 0, 1, 2, 3...) véi bién db A, (C.), géc pha dau ¢, dude xéc
dinh bdi cac biéu thife (11.22), hodc (11.24). Thanh phin hing s6 (A 12 thanh phén
mét chiéu hay gia tri trung binh clia ham tudn hoan s(t); cac thanh phén tin s8 ko, 1a
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1; S(t}

¥

“Tx {210 Tx/2

[ Y
I, S

Hinh 11.3

Vi tin hiéu s(t) 1a hAm chin theo bi&n thdi gian t, nén theo tinh chit cha phép
bién d6i Fourier céc hé s8 b, = 0. Ap dung céng thic (11.22) ta tim dudc:

Ti2 T2
1 1 Et
A= = t)dt = — | Edt = —*.
o= [ sthdt=— | -
-Ti2 e
9 Tyerl 2E . Tar2 2E . Ty
A, = T ‘[ Ecos ko, tdt = Tho, smkmlt_t 2: Er_c-sman'IT
“Tae2 LN
Viy chudi Fourier cua tin hiéu tuén hoan s(t):
T 2« 1 . knix
ty = E|2X+2% —sin cosko,t 11.26
s(®) {T :% kT ‘ J (1129

Goi N = T/, 14 d6 thua cla day xung tudn hoan, thi khi gia tri N 16n, s8 vach phd
cia tin hiéu cang 16n, khodng cach gitla céc vach phé cang nhd, va gia tri cda hai vach
phé ké lién nhau x&p xi bing nhau. Hinh 11.4 1a d3 thi phd cla tin hidu s(t) ving véi
N=6.

Ay
VAN
A N
l AT Do
0 27 4x w

Hinh 11.4
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chc thanh phén hai. Thanh phén hai dng véi k = 1 goi 14 thanh phén hai co ban, ¢dn cac
thanh phan khac duge goi 1 cac thanh phén hai bac cao.

Néu trén truc tin s o, Ung véi méi thanh phan clia chudi (11.22) ta sé bidu thi
bing mét vach c6 dé 1én 1 16 véi bién db ciia né, va mdt vach cé 46 16n ti 18 véi gbe pha
diu g, cta dac ddng, ta s& nhan duge d8 thi goi 1a d6 thi phé clia dao déng tuin hoan
s(t) (xem hinh 11.2).

A

7 T o #

w, 2:..:1 I, nw,

£

a) D6 thi phé bién o

Wy 2w,  Bu, Nea, w

P2
g

b) P& thi phé pha

Hinh 11.2

Vi nang hugng cita dao dédng hinh sin ti 1é véi binh phuong bién dé cua né, do dé
phé bién db cha tin hidu cho biét hinh anh phéan b8 ning lugng cla tin hidu theo tin s8,
cdn phé pha - phan b& pha ban dau ctia tin hidu theo tdn s&. Phé clia tin higu tuan hoan
1a r&i rac (phd vach), khoang céch clia cic vach phd lién tiép nbau trén thang tin sé
ding bang tdn s& cia hai cd ban o,. DAl tdn s6 ma ning lugng cua tin hiéu phén bd
trong d6 ditde goi 1a bé réng phd clia tin hidu. V& Iy thuyét bé rong phd cia tin hiéu 16n
vd cing, song tit 1y thuyét cha phép bién déi Fourier, cic hé s8 A, s& giam nhanh khi k
ting, nén bé rong phé cua tin hiéu la gidi néi. Trong thuc t&€ ngudi ta dinh nghia bé
rong phd cia tin hidu la dai tdn s6 ma khoang 90% ning lugng cda tin hiéu tap trung

trong dai d6.
11.4. PHO COA MOT S6 TiN HIEU TUAN HOAN DON GIAN

11.4.1.Phé ctia day xung vudng tuin hoan cing cyc tinh

0 khit<-t,/2
s(t)=<E khi-1,/2<t=<1/2
0 1, /2<tsT-1,/2
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Ti2 T/2

Cx =% I s(t)cosko,tdt -—-% Is(t)sinkmltdt,
-T2 -T12
hay: Cu = Cpp - )Gy,
trong dé:
Ti2
i
Cu-= T Is(t)coskmltdt
-Ti2
T/2
i .
-T/2

S8 phite Cx ¢6 thé viét lai dudi dang:

Cy = Ckei‘Pk
trong dé:

Cy = \chk + Cgk!

C
Py =~ arctg—zl‘-.
1k

Dé dang thdy ring, phdn thyc C,, va médun C, 1 ham chin 46 vé bién k, cdn
phén 3o Cy va argument ¢, 12 ham 18 d6i véi bién k.

Trong biéu thitc (11.23), thyc hién thay Ci = C,e/™ ta s& nhan duge:

s(t) = D CeM et = 3 geitnt-m) (11.25)
k=-w k=—m
N&u trong biéu thitc (11.25), thuc hién tach ra mét cap s§ hang mg véi chi s8 k = n,
ta s& nhan duge tdng cla ching:

]C ]ej(—nwlwwﬁn) + |C ‘ej(ﬂmlti-ipn)
n . )
Vi C, 12 haim chén, con ¢ Ia ham 1é cla bién k, nén bidu thic trén cé thé viét:

C

g ietre) o gletee) 90 cos(ne,t + @)

Tit day c6 thé suy ra rdng, khi chuyén chudi Fourier ciia ham tudn hoan s(t) dang
phic vé chudi Fourier dang thuc, né sé 6 dang:

sty =Cy + ZZC,‘ cos(ke,t + ¢, ) (11.22a)

kol
T céc bidu thite (11.22) ¢4 thé coi tin hidu tudn hoan s(t) 1a téng vé s8 cla cac
ham hinh sin vdi tan s ko, (k= 0, 1, 2, 3...) vdi bién d5 A, (C,), géc pha diu ¢, duge xac
dinh bdi céc biéu thite (11.22), hotic (11.24). Thanh phin hing s8 (A, 1a thanh phin
mét chiéu hay gia tri trung binh ctia ham tuin hoan s(t); cac thanh phan tin s& ke, 1a
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11.4.3. Phé ciia tin hidu hinh ring cua
‘Tin hiéu hinh rang cua Chinh 11.7) duge sit dung rong rai trong ky thuat do ludng,

diéu khién tu déng...

T s(t)

h

Hinh 11.7

Tin hidu s(t} 14 ham khéng ch&n, khéng 18, ap dung biéu thic (11.24) ta c6:
- 1 T R
Cy= = j Ate et gt
T ¢
Dat. u=At du= Adt.
e-ikﬂ'xl

dv = e ¥orldt v=- L
ike,

ta sé nhan dude:

ko, o ke,
p . .k i
Virdng Ie-ik“’“dt =0, nén Cy = l-_.f}i_e"ll‘“’“ = ﬂeli’-
o T - jko, o 2km

Vay chudi Fourier dang phitc ciia tin hiéu tuln hoin s(t) sé c6 dang:
S(t) = Z AT ej(kw,h-u!‘;!) (1128)

con chudi Fourier dang thue s€ 1a:

s(t) = —AI + £cc;s(k(ult'. + n/2) =A 1 + Lzlcos(kwlt+nf2) (11.28a)
2 k=i T 2 knk:l k

Phé bién d§ clia chudi Fourier dang phtic va dang thuc ctia ham s(t) vé trén

hinh 11.8,
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AT
2
AT o
AT 2n 2m
AT 4n AT
AT = T an AT AT
8n b | I Br  Bn
| 1 .
-4, -3wp 2w, -Gk D wy 2wy 3wy 4wy w
AT
2
AT
Fis
AT
o AU
3r ﬁ
I I-’-h'(
0 Wy 20, 3.w1 4w, ::
Hinh 11.8

11.5. PHAN TicH PHO CUA TIN HIEU KHONG TUAN HOAN

Phén tich phé cfia tin hidu khéng tudn hoan c6 thé dya trén cd s3 ciia viéc phin
tich phé cla tin hidu tudn hodn.
Xét tin hiéu khéng tudn hoan, tén tai trong khodng thdi gian tit t; dén t, (xem

hinh 11.8).
s(th4

Hinh 11.9
Trong khoang thdi gian T ¢é chita doan tu t, dén t,, tin hiéu s(t) c6 thé duge biéu

dién dudi dang chudi Fourier:

s(t)= Y Coet, 0<t<T (11.29)
b=

trong dé:

. tz i
Cx = % js(t)e"‘“"" dt (11.30)
4



Chuong 11. TIN HIEU VA PHO CUA NO 135

Trong bidu thite (11.29), thay thita s§ Ci tif bidu thitc (11.30) ta sé nhan duge:

o t!
s(t) = Js(t)e"k“’“dtlem"“.%‘—, D<t<T (11.31)
k=-mw t, g

¢ day: T = s .
0y
Bén ngoai khoang {0, T}, chudi (11.29) xac dinh ham s(t) = s(t + kT) (k 1a cac s&
nguyén), nghia la ham tudn hoadn nhén duge béng cach lap lai tin hidu s(t) vé ca hai
phia bén phai va bén trai véi chu ky T. D& ngoai khoang [0, T} ham s(t) bing khéng can
tang khoang T 18n v6 cing { T — ). Song khi gia tri T cing 16n hé s8 Fourier C. cang
nhd. va khi T —» oo, bién d6 ctia cic thanh phan hai trong chudi s& c6 gi4 tri v cliing nhod,

. ~* 5 > s e - = 1 P 5 P - 2
con s6 thanh phan hai trong chudi ciing sé ldn vb cling, tAn s6 hai cd ban @ = T -0.

Hay néi cach khac, khoang cach giita cac vach phd - bang tdn s hai cd ban- sé vé cling
nhé va phd cla tin hidu khéng tuan hoan sé ta phé diec.

Trong trudng hgp xét (T — =), trong biéu thitc {11.31) cdn thay thita s§ o, bing
do, ko, bing tin s8 chay o, vA toan tit tdng ( L ) phai thay bing toén tu tich phén,
nghia la;

= t
s(t) = —I—Iejmt Jis(t)e"i"“ dt {do (11.32)
2n 2 :
Tich phan bén trong 14 m6t ham cua bién o:
ty
S(0) = [se “dt (11.33)
4
duge goi 1a mat d6 phd hay dic trung phé cha ham khong tudn hoan S(t).
Trong trudng hgp chung, gid hant,, t, co thé chua biét, nén ham mat dé phé s(w)
¢6 thé dugc vidt dudi dang tong gquat:
S(0) = fs(tre ™ dt (11.34)
Trong biéu thilc (11.32), thay tich phin bén trong bang S(w) & (11.33), ta sé nhan
duge:

s(t)= — [S@)edo (11.35)
2n 7
Cap biéu thitc (11.34) va (11.35) duge goi la cap bién d8i Fourier cia tin hiéu

khong tuin hoan. Tich phan (11.84) 1a bién déi thuan Fourier, cdn tich phan (11.35) la
bién déi ngude Fourier.
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Biéu thite (11.34) chi khac bidu thitc (11.24) thita 58 UT. Do d6 tinh chit va v
nghia clia mat d6 phd S(e) hoan toan giéng nhu hé s8 (.}‘n caa chudi Fourier dang phite

ctia tin hidu tuin hoan s(t).

Ham mat 46 phé S(w) 6 thé viét dudi dang:

S(©)= Alw) +B(e) = S(@)e™®, (11.36)
trong dé:

Alw) = Ts(t)coscotdt,

—o

- (11.37)
Blw) = js(t)sinmtdt
S(0) = yA%(0) + B () (11.38)
_ B(o)
p(o) = - arctg ___A(m) (11.39)

Ham S() ¢6 thé xem nhu dac tinh bién d6 tdn 5, con (o) - dic tinh pha tdn s8
cua déc tring phd cilla tin hiéu khéng tudn hoan s(t). D& dang th4y ring S(o) 1a ham
chdn, cdn ¢(w) 14 ham 18 ctia bién tdn s6 o.

Bidu thitc (11.35) khi k&t hop véi (11.36) c6 thé viét lai dudi dang:

s(t) = EI;_LS(m Yol @9 3

oo

-1 [S@xost + @30 + - [S(@)sin(@t + p)do
2 2n s

-0

Vi S(») 12 ham chin theo bién ©, cdon @(w) 1a ham 18 theo bign o, nén ham dudi
dfu tich phén cta tich phan thit nhit ciing 14 ham chin theo bi&n ®, cdn bam dudi ddu
tich phén cia tich phén thd hai 1a ham 1é theo bién », nén tich phén thit hai bing
khéng. Du dé:

s{t) = 1 IS(m)cos(mt + ¢)do = lj S(w)cos(et + ¢)do (11.40)
2n J Lo

So sanh cac bifu thic (11.35) va (11.23) ta thiy, c6 thé xem dai lugng
El_ S(w)de = S{@)df nhu 12 hé s§ Ck cia chudi Fourier dudi dang nhiic itng véi tin s&
T
o = 2xnf.
Tuong tu, so sanh cac bidu thic (11.40) va (11.22a) c6 thé xem dai ludgng
-I-S(o))dm = 25(w)df nhu la bién 46 ciia thanh phin hai véi tAn s6 © = 2af.
n
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Tt ddy dé dang suy ra ¥ nghia vat Ij cia ham mat d6 phé cla tin hiéu khéng
tudn hoan s(t); cén 25(@) la bién d§ cla tin hidu phan b& trong mot don vi tin s5 (Hz)
trong dai tdn s8 v6 cung hep c6 chita tin s§ o.

Ciing tit cic k€t qua nhéan duge, cho phép thiét l4p quan hé giita phé clia xung
don va phé ctia diy xung tudn hoan. Gia st Si(e) 1a mat d phé cia xung ddn s,(t). Nhy
da chi ra & trén, mat dé phé Si(o) chi khéc hé s8 Ci cita chudi Fourier ca day xung
tuin hoan véi chu ky T bdi thita s8 1/T [xem bidu thic (11.84) va (11.24)]. Do d6 khi lip
lai xung ddn s,(t) 48 nhan duge day xung tudn hoan véi chu ky T, hé s8 Cyx ciia chudi
Fourier cia diy xung tuin hoan sé la:

(11.41)

véi bién @ trong ham mat phéd é-,(m) dugc thay bdng ko, clia thanh phan hai tuong ing.
Do dé:

28, (ko,)

m

Tit biéu thic (11.42) d& ding suy ra ring: Madun clia mat 44 phd cla tin hiéu
xung dan va dudng bao ctia cic vach phé clla diy xung tuin hoan nhan duge bing cach
lap lai xung don da cho véi chu ky T ¢6 dang hoan toin gidng nhau, chi khac nhau vé ti
I8 xich.

11.6. MOT 5O TINH CHAT cUA PHS TiN HIEU
Giita tin hidu s(t) va phé é(co) cua né dude lién bé vdi nhau bdi cip tich phan

Fourier. Dua vao tinh chdt cua phép tinh tich phin dé dang suy ra cac tinh chat sau
day cua phd tin higu.

11.8.1. Téng cac tin hiéu
Gia s tin hiéu :
s(t) = 5,(t) + 5,(t) + ... + 5,(D),
khi dé phé ctia tin hiéu s(t):

S(0) = S1(0) + S2(@) +... + Sal0) (11.43)

trong d6 Sk(0) 1a phd ctia tin hiéu s, (t).

11.8.2. Tang hoidc giam dd 16n cuaa tin hiéu

Giz s tin hiéu s(t) c6 phd la é(m), khi d6 tin hidu a.s(t) (a 12 hing s6) s& c6 phé

12 8. S(o).
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Tinh chait thit nhit va tinh chat thit hai cdn dudge goi ia tinh chit tuyén tinh cla
phé tin hiéu.

11.6.3. Gitt cham tin hiéu

Gia s\ tin hiéu s,{t) tén tai trong khoang thdi gian tit t, dén t, va c6 phé la ),
thi khi giit cham tin hiéu s,(t) mét khoang thdi gian 1 (khéng thay déi dang cua tin
hidu) ta s& nhan dude tin hiéu msi;

s9(t) = 5y(t — 7).
tén tai trong khoang thai gian ti t, + t dén t, + v (xem hinh 11.10). Tin hiéu s,{(t) sé cé

phéla:
S2(w) = e ™ S1(w) (11.44)
S(‘} 3
t, 1,41 t, t, +1 t
Hinh 11.10

Theo biéu thitc (11.34) ta cé:

- o ) tg+1 .
So(w) = J's?(t)e-l“"dt - f s, (t - Ve ¥t
—a L+t
Trong tich phAn trén thuc hién déi bién
Piat x =t - tta sé nhan duge :
L] 12
Sz(w) = e'J"“J.sl(x)e"“”‘dx
tl
Vi tich phén xac dinh khéng phu thudc vao bién 18y tich phin, nén c¢é thé viét:
L] llz L]
Se(w) = e 7 j s, {t)e ¥ dt = e " Sy (0) (11.45)
ty
Tt két qua nhéan duge ta thay, khi giit cham tin hiéu mét khoang thi gian 1, chi
lam thay d6i phé pha cla tin hiéu mot lugng —wt, con phé bién do khong thay déi
Ngudc lai ¢6 thé suy ra ring, néu tit c& cac thanh phan phé ctia tin hidu déu thuc hién
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thay d6i pha mdt lugng tuyén tinh bang ~ot, thi tin hiéu cling sé bi gid cham mét lugng
7 theo thoi glan.

11.6.4. Nén hoéc gidn tin hiéu theo thdi gian

Gia si tin hiéu s,(t) bi nén theo thdi gian thanh tin hiéu s,(t) (xem hinh 11.11).

5,(t) = s,(nt).
s {t)

F 3

) i ’ \\ $,{1)
y ‘\ s,(t)
£ i
0 Tin T 1
Hinh 11.11

D6 rong cla tin hiéu s,(t) nhd hon d6 rng cua tin hiéu s;{t) n l4n va bang T/n
(n> 1}

Phé ctia tin hiéu s,(t) sé la;

. T/n . Tin )
Sa(w) = Isg(t)e""‘“dt = jsl(nt)e""‘“dt
Y

o
Trong tich phan trén, thuyc hién d&i bién.

Dat x = nt ta s€ nhan dudge:

T @ T N
S (0) = ljsl(x)e 'y = lj.si(t)e =t
n{) nf]

Tich phan phan phai chinh ]A ham phd cla tin hiéu s,(t), nhung véi tin sé bang

had , nghia la ‘:31[2} Do d&:

n n
d 1 5 s

Se(w) = — Sul— (11.46

20) = —Si(5) )

Vay khi nén tin hidu lai n 1an theo thdi gian thi phé clia né sé duge md rong (gidn)

n 14n theo truc tin s& va bién @6 phé sé giam di n lan.

Tuong tu cé thé suy ra ring khi gidn tin hidu nlan theo truc thot gian thi phé cia

né s& bi nén lai n 1an theo truc tdn s& va bién d6 phd sé tang l&n n 1én.
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11.6.5. Vi phén va tich phén tin hiéu

Vi phén tin higu c6 thé duge thuc hién bing cach vi phén tit i cac thanh phin
hai chila trong phd cita né. Mat khac, ti bidu thie (11.35), thanh phén hai img v8i tdn
s0 ® cda tin higu c6 thé viét dusi dang:

{i él(m)dm}ej““
on

Biéu thitc trong ddu ngoic vudng cé thé duge xem nhu bién d6 ctia dao déng trong
dai tn de.

Thuc hién vi phan biéu thitc trén ta nhén dudc:

jﬁJJ:-—luSl (m)clf.mi|e’-'“’t
2n
TV N 2 - VY ds(t) |, .
Tit day c6 thé suy ra ham ph8 clia vi phén tin hiéu 8y(t) = bang :
S2(0) = jo Si(0) (11.47)

Tudng ty, ¢6 thé chitng minh duge ring ham phé cta tich phén tin hiédu:

Sp (o) = 2L@) (11.48)
jo

T cac biéu thite (11.47) va (11.48) ta thiy khi vi phan tin hiéu theo thai gian s&
lam tang phd & viing tin s& cao, con khi thuye hién tich phén tin hiéu theo thdi gian sé
lam ting phd & vilng tdn s& thap.

11.6.6. Phé cua tich hai tin hiéu
Gia sit tin hidu s(t) 1A tich clia hai tin hidu g(t) va f(t):

s(t)=pg(t).f(1)

Theo cong thite (11.34) ta xac dinh duge phé ciia tin hidu s(t):

o

S(o) = j s(t)eiotdt = j’ g(t)f(t)e T°tdt (11-49)

Goi G(w) 12 phé ciia tin hidu g(t); F(@) 1a phé ca tin hisu £(t).

Theo cong thite bién ddi nguge Fourier, ta co:

_ im - jwt
g(®) = ZI_j G1(0)e’ do,

1% jeot
ft) = E;[-:[‘Fz(m)e de
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Néu trong tich phén (11.49), thyc hién thay hoiic g(t), hodsic f(t) tit cac tich phéan
trén, vi du thay g(t) ta s& nhan dude:

o . i ¢ — jurt T jxt
S) = o :[of(t)e dt :[DG(x)e dt

_ 51.; T(.}(x){: Tf(t)e-i""’-*“dt}dx

Biéu thiic trong d&u ngeic vudng cta tich phan chinh 14 mat 4% phé cta ham £(t)
ing vdi tn s8 o - x, nghia 14 :

Tf(t)e‘j(“’")‘dt = f*‘(m - x)

—a

Do dé:
S(e)= L [ 6x)F@ - x)dx (11.50)
2n_w

Vay phé cnia tich hai tin hiéu bang tich chip phd ctia chiing nhén véi thita s§ 1/2x.

TU cac bidu thic (11.49), (11.50) d& dang nhan thiy ring, trong trudng hop riéng,
khiw =0:

[ttt = — [ 60 F-x)dx
. I o
hay thay bién x = ©, ta nhan dudge:
[Eweat - 1 J'é(m)i‘ (~)dw = f G(o)F* (0)do (11.51)
i 2n A 21:_‘m

trong 46 I.:’Em) = F(-o») 12 ham phd lién hgp phic ciia ham phé F(a).

Tudng tu, c6 thé ching minh duge ring, ham phd cha tin hidu s(t) 1a tich chap
cua hai tin hiéu f(t) va g(t):

s(t) = £(t). g(t) = _[ g(Oft — 1)dt
béng tich cla céc ham phé tudng ing, nghia la:
[ecore - nar = gi | Flo) Glo)e ™ do (11.52)
LN

Biéu thic (11.52) duge sit dung réng rai khi giai bai toan truyédn tin hiéu qua
mach tuyén tinh. Trong trudng hgp nay cic ham f(t) va g(t) 1a tin hidu ddu vao va dic
tinh xung ctia mach, c¢dn céc ham F(o) va Glo) 1& mat d5 phd (ham phd) cta tin hidu
va ham truyén dat phic cia mach.
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11.6.7. Moi lién hé giita ham thdi gian t va ham tin s6 o cua tin higu

Cho ham tin hidu s(t), khi dé phé ctia né duge x4c dinh theo céng thite (11.34):
Gle) = [s(te ™ at

Ap dung céng thite O -le

PR [>T -
g™t =

coswt —jsinet,
biéu thitc trén c6 thé vist dudi dang:
Glw) = Is(t) coswtdt — jfs(t) sinotdt
Né&u s(t) 12 mdt ham chén theo bi€n s& thdi gian t, thi tich phin thit hai bén vé&
phai sé bing khéng, vi tich s(t).sin ot s& 1a ham lé theo bién s8 thdi gian t va gidi han
lay tich phan la déi xiing.
B3i vay, néu s(t) 12 mét ham chén thi him phd cha né:
(o) = js(t) cosotdt
Piy 12 mot ham thuyce va ciing 12 ham chiin theo bién tin s6 o.
Né&u tin hiéu s(t) 12 mét ham 18 thi tich phan thit nhat bén vé& phai sé bang khong,

va ham phé cua né:

=
é(m) == Is(t)sinmt dt

Piy 13 ham o va cling 12 ham 1é theo bién tin s8 .

Né&u s(t) 1a mét ham khéng chin va ciing khéng 18, ta cé thé phén tich ham s(t)
thanh téng cua hai ham s,{t) va s,(t), trong dé s,(t) 12 mét ham chén, cdn s,(t) 1a mot
ham 1é. Trong trudng hdp nay ham phé G(e) cia tin hiéu s(t) s& 12 mot ham bién sd
phite, va phan thuc clia né s& 1a mét ham chin theo bién tdn s o, con phén do cna né
&8 13 mdt ham 18 theo bién tin s6 o.

Tit két qua cia viée phan tich trén, dé dang suy ra rang: Khi tin hiéu s(t) }a mdt
ham chén, thi trong tich phan ngudc Fourier (cdng thiic 11.33), ta cé thé chon dfu tuy ¥
trude bién thdi gian t, nghia la:

_ 1 T joot _ 1 t - pot
s(t)-ai Glo)e’ dm—-é;:‘; G(o)e " dw

Néu trong tich phan trén ta thuc hién thay bién 4y tich phin bang t, va tham s&
t bing @, thi bén v& trai ciia biéu thiic bién thdi gian t ciing s& duge thay bang bién .
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_ _1_ T —jwt =
s(©)= 5 :LG(t)e dt (11.53)

Tich phan (11.53) ¢6 thé xem nhu mat d¢ phé cia ham méi G(t) nhéan dude khi
thay o bang t trong ham phé cfia tin hidu s(t).

Né&u bidu thi mat d6 phé clia ham méi 1a Y(w), khi d6 ta cé:

Y(o) = 2ns(w) (11.54)

Vay bién o va bién t trong tich phin Fourier lién quan tuong hd véi nhau: néu tin
hiéu chiin s(t) ¢6 phé 1a G(o), thi tin hiéu G(t) s& ¢ phd 12 2m.5(w).

11.7. NANG LUQNG CUA TiN HIEU PHI CHU KY

Trong biéu thitc (11.51), néu f{t) = g(t) = s(t) thi tich phén bén v& trai sé duge dua
vé& dang:

o

}'f(t).g(t)dr, = j' s?(t)dt (11.55)

-

Con tich phén bén v& phai sé ¢6 dang:

oo Eul 2
1 [ ] - B 1 L]
-2;[)0(@)}‘ (0)do = EE_[JS(Q,) do (11.56)

Tich phan bén v& phai ctia biéu thie (11.55) chinh 14 nang lugng toan phén cua
tin hidu s(t) (toa ra trén dién tré R = 1 Q). Do @6 tit (11.55) va (11.56) suy ra:

s @ 2
_ {2 L Lorlg
E = _Ls (Mt = = _[J S(@)| do (11.57)

Nbu vay néng hugng clia tin hidu c6 thé dude tinh theo ham thdi gian s(t), hofc
ham phé S(e).

Pang thite {11.57) dudc goi la ding thitc Paxévan. Niang lugng cua tin hiéu phi
chu ky {t8n tai trong khoang thot glan tir t, dén t,) 14 hitu han. Trong khi d6 nang lugng
ctia tin hiéu tudn hoan lén vé cing (xem bidu thic 11.19). V& ¥ nghia vat 1y diéu nay
dudc giii thich: do tin hiéu tuin hoin tén tai trong khoang thdi gian ti —x dén +o, nén
né phai cé ning lugng vé ciing 16n.

.2
S(w)

Ciing tit bidu thic (11.57) dé& dang suy ra rang, dai lugng 13 nang lugng

¢ta tin hidu pban b8 trong mdt dai tin s6 kha hep va né cé thé duge xem nhu mat 46

phé nang ligng cla tin hiéu.
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11.8. HAM PHO CUA MOT SO TIN HIEVU PHi CHU KY THUONG GAP

11.8.1. Tin hiéu xung vudéng don

4s(9)

0 khit<-1,/2

E s(t)=<E khi-1 /2<t <1 /2
0 khit>1,/2

¥

/2 0 142

Hinh 11.12. Tin higu xung vudng don

Theo cdng thitc (11.33) ta tim duge:

1,12

é(a)) o= Ee—jﬂ)tdt = ie_j““ 1;’2 _ _E';_“(e—jmtm% _ ejmtxi’Z)
-J -1, /2 -3
-t /2 Jo T Jo
sin@-—% (11.58)
= E—Ezsmwl"— = E1 2
© 2 8 o 5

D34 thi chia bign d6 phd ciia tin hiéu xung vusng don xem 3 hinh 11.13.

& S{ﬂ)
Etyx
SN >0
6 -4 -2 0 2 4 Bn
Tx tx TX Tx tx Tx

Hinh 11.13. Bién 49 phé ciia tin higu xung vudng don

Tich cta bién d3 xung E va d6 rong xung 7, (E.t,) chinh 13 dién tich clia xung don,
né xac dinh gia tri clia mit d6 phé clia tin higu xung don tai tin s§ © = 0, nghia la
8(0) = E.1,. Khi d3 rong clia xung cang 1én, khodng cch giita cac khong didm ctia dé thi
phé bién d6 cang thu hep lai. Ngugce lai, khi d§ réng xung 1, cang hep, khoang cach giita
cac khdng diém clia d3 thi phd bién d cang gidn ra. Khi 46 réng xung 1, — 0 (bién a8
xung E khéng d6i), cac khéng diém diu tién ing vai gia tri o, = + 2n/1, duge gidn ra téi
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v6 cing, con ham mat dd phd S (w) sé c¢6 gia tri v cing nhd trong dai tdn s6 tu -
dén +o.

11.8.2. Tin hiéu dang xung chuéng (xung Gauss)

Xung chudng vé& mit hinh dang triang vé dé thi caa quy luat phin bd xac suit
Gauss, nén né dude goi 1a xung Gauss (hinh 11.14a). Hang s8 a ¢6 gia tri bing mdt nila
d6 réng cua xung duge xac dinh e 2 = 0,606 bién d6 cua xung, va do dé d6 réng cla

xung Gauss 1, = 2a.

$s(n 4 S(0)

b
@,
B

N LT TR

L 2

M === ———— -

Hinh 11.14. Tin hig¢u dang xung chudng

Theo cong thite (11.33) ta ¢b:

L e o ()
S)=A fe =’ eiotdt = A J‘e 2 gt (11.59)

—w -

Dé tinh tich phan trén, ta thuc bhién bién 46i nhu sau:

t'.:a . t2 \ 2 9 t : 2 t : 2
_E+Jmt =- §+]mt+d —-d°{=- E+d —d?| =~ Jé;+d +d

trong d6 d duge xac dinh tit bifu thuc:

jwt=2-5-d hay d =398

2a : - _\E_
Do dé (11.59) duge bién déi vé dang:
t 'df

S(e) = Aet Te[ 22

—

Néu dit x = + d, sau bién d6i ta sé cé:

t
J2a
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é(oa) = Aedzﬁaj'e"“zdx
Vi: Ie"‘zdx = \E, nén ta nbhan dugc:

@®
T 2

t
L] 2— [ ——
S(0) = V2t Aae = =Be 2% (11.60)
trong dé: b= —1—, B= J2_7t.Aa.
a

D3 thi ctia ham (11.60) nhu trén hinh 11.14b.

K&t qua nhan dude cb ¥ nghia quan trong trong Iy thuyét tin hiéu, nghia la tin
hiéu dang xung Gauss va hAm mat phé ciia n6 cing duge biéu dién bdi mét ham s8 va
¢6 tinh déi xitng. D& nhin duge bam phd tit ham s(t) (hodc ngude lai) chi cin thay bién t
bang bién  (hodc nguge lai). Trong trudng hdp nay dai phé duge xac dinh & mic e so

2

v ea C v 1 S La A
v gid tri cuc dai sé bang 2b =2 - =2 = i coén hé sd@ B=+2naA.

a T, T,

Tudng 111, ham phd c6 dang xung Gauss:

w?

S(w) = Be 2°
sé& ing v tin hiéu "Gauss”;

@

5, e
s(t)=A.e ¥ =" 2,
® Vo
_B.b
Jor

R6 rang rang dé rong xung 1, cang hep, dai phé 2b cang rong.

vBidérong v, = 2.— vabiéndd A

o |

11.8.3. Phé cta tin hiéu xung dang BsinC(x)

sin2xWt

— 11.61
2rWt ( )

Cho tin hiéu xung s(t) = B

trong dé 2xW cé thit nguyén la tdn s géc, con d6 rong xung biang 1/W (duge tinh bing

dd réng ctua bup chinh).

D& tim phd ctia xung da cho (hinh 11.15a) c6 thé s dung céng thite téng quat
(11.33). Song d€ don gian tinh toan, ta si dung quan hé tuong hd giita bién thai giant
va bién tin s8 © cia phép bién d6i Fourier va két qua di nhan dude trong phin ddu cla

muc nay.
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& St t Y(w)

1 1

2w 2W
P N >
S’ N ? -2rW 0 2w w
sin 2nW¢

a) D6 thi xung s(t) = B b} ©4 thi phd cla xung

2 Wt

Hinh 11.15
Néu trén hinh 11.12 ta thay bién thdi gian t bing bién tdn sé © va 1/2 bing o,
sau d6 nhéin vdi hé s& ti 1& 2n ta sé nhan dude d3 thi ham mat 46 phé:
2rs(e) =27A, -o . <a <o,
cna ham thdi gian:

sSino mt_

G(t) =2A .0,

Biéu thiic trén nhan duge ti biéu thitc (11.58) khi thay =t va 1, = 20,
Né&u thay cic hing s6 2A0 = B, va o, = 2aW, ta tim dugc ham phd cla tin hiéu
xung (11.61):
: B 2B O, .
Y{o)=2rA =2r-——"-=— =B 2 khi -21W <o < 2aW.

On  Op 2

P43 thi cia ham phé Y(w) la hinh 11.15b.
11.8.4. Phd ctia chiim n xung vuéng cé bién dé A, dé réng t, nho nhau va

cach déu nhau mdt doan T,
4 s{t)

—_ ¥

i
|

Hinh 11.18
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Né&u goi mat dé phé clia xung thit nhat la Gi(o) thi mat d6 phd cla xung thii hai la

G ,(w) = e™T G (), cha xung thit ba la é Aw) = e 3T (.} 1(e)... va xung thit n 1a é o) = e 19T

G {0). Theo tinh chat cdng phd, ta tim dugc mat dé phd etia chim n xung:

é(m):: é](m) + éz(m) + ..+ én(m)
= él((ﬂ) +e ijél(m) + . e i beT él (0)

= G,(w)[1+e wT | o-2ieT | +e—j(n—l)wT]
2k
Tai cac tAn 88 o = T"‘ (k la cac s nguyén) mdi thanh phan trong diu ngoic

vudng déu bing 1, do d6:

2kn 2kn
G( )=G [ T ] G{ T J (11.61)

. s 2k . n L . . i e
VAy taicactAn sé o = —71;—{ , médun mat d5 phd cua chiim n xung vudng 16n gip n

Iin médun ciia mat d6 phé ctia xung vuéng don. V& ¥ nghia vat 1y, diéu nay cé thé giai

. C i a e 2kn . ,\ o X .
thich nhu sau: Talcac tinsé o = T cac thanh phan pha eia mdi xung trong chimn

xung déng pha vdi nhau (sai khac nhau gée 2kn).
bl . . 2kTE . - . .2 - ; > - N
Ocactansd o = o va cAc tan s6 ma tai dé téng cac véctd e *T bang khong thi
n
mat dé phd ctia chium n xung vudng bang khéng. Con tai cac tin sd khac, médun cua
mit d6 phd | G(w)] duge xac dinh bing téng hinh hoc (t6ng véctd) ctia mat do phd clia
cac xung thanh phéan.

Két qua trén ciing ¢6 thé nhan dude theo phuong phap khac, néu thay téng cic s8
hang trong ddu ngodc vuéng clia bidu thie phd bing téng clia cip s6 nhan céng béi
g=e"”

Ap dung c6ng thitc tinh téng ctia cdp s8 nhin cdng boi g

_Uy(g"- 1)
n q _1

ta s& tim dudeham phd G {@) ciia chum n xung vubng:

T T T
Sjno—f  -jnw= Jow=-
e 2 a 2 _e 2
e jnaT -1

G(m) = Gl(m) = Gl(m)
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okn S1nnG —T— 0
Taicac tdn s6 o = - biéu thic _m_’f?_ ¢ dang s Ap dung quy téc Lopitan
sin—
ta tim dugc:
T T
] It E COS—2—
= Lim =5 T~
Wmpon —  COSm -
2 2
, T
sz . a 2kn N . P o Hn-1o--
Vay tal cAc tdn sd @ == méit d6 phd Gle)=nGi(a)e 2 va médun

|G| =nl| G ().
Trén hinh 11.17a vé mbédun clia mat d6 phd cGa chiim ba xung vuéng, cdn trén
hinh 11.17b vé& médun clia mat d6 phd cia chum bén xung vudng véi khodng cach giia

cac xung T = 31,.

\\\\\\\\\'—'

AR

A

o1 2n 2 @
4 T 7T Tx
Hinh 11.17

Dudng nét ditt trén hinh 11.17 bidu thi mat 46 phd cla xung vuéng don. Khi s8
xung n tang lén, médun clia mat dd phé bi tach nhd ra, va khi s6 xung n — «, mat dé

phé sé gém nhing vach tuyén tinh, d6 chinh 1a phd cta day xung vudng tudn hoan.

11.8.5. Phé ctia ham xung don vi 8(t)

Tin hiéu xung don vi 1A cac tin hiéu xung c6 thdi gian ton tai (d6 réng) nhd vo

cing, dé cao (bién dd) 16n vé cliing va dién tich ctia xung véi true thdi gian bang mét. Cé
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thé xem tin hidu xung don vi &) 13 giéi han cla xung vuéng (hinh 11.12) khi bién dé
cua xung E = 1/1_ va 46 réng 7, 0.

5(t) = 0 ]{h'lt-:O
0 khit+0

Tﬁ(t) dt=1

Né&u tin hiéu xung don vi duge dich chuyén theo truc thdi gian cta doan t, dé
thanh tin hiéu 8(t - t,), khi dé ta sé c6:

S(t—tu):{og 1}:2::: (11.63)

]28(1: —tg)dt =1 (11.64)
Tit cac bibu thite (11.63), (11.64) d& dang suy ra:

TS(t — t)E(E)dt = f(to) Tsu )t =£(ty) (11.65)

That vay, theo dinh nghia ham 8(t - t;) s& bang khéng trén tit ca truc thdi gian t,
trit diém t = t,, § dfy né c6 gia tri vd ciing 16n, do d6 mién 14y tich phan trén dé cé thé
thu hep vé ciing nhd chi cin né c6 bao diém t,. Trong khoang thdi gian hep vé cing,
ham f(t) c6 gia tri hang s8 va bang f(ty) va do 46 ¢é thé dua ra ngoai d&u tich phan.

Vay tich phén cua tich ham f(t) hit ky v8i ham 8(t - t,) trong khoang tit —c dén
+0 bdng gid tri ciia ham f(t) tai thai diém t = t,, tinh chat nay trong toan hoc dude goi 1a
tinh chAat loc cia hadm denta (hdm xung don vi).

DéE tim mat d6 phé clia ham 5(t), cé thé sit dung cbng thitc phd cha xung vudng
don (11.12) khithay A=1/r,vat, >0, khidétacsd:

. ®T,

. sin

Gs(o) = im—1,——=—=1
0T

X A

2

Vay méat d6 phé Gs(») cta ham xung don vi 8(t) 12 mét s8 thiuc va bing 1 trén
toan bd dai tan 6. Trong 1y thuyét phd clda tin higu, phé cia ham 8(t) goi la phd tréng.

Ciing c6 thé xac dinh mat d6 phé cia ham 5(t) theo céng thitc tdng quat (11.33):

Gs(@)= [5(t - to)e 'dt

-

Theo tinh chat loc ciia ham denta (céng thitc 11.65) ta cé:
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Gs(o) = I 8t —ty)e ™ dt =e 0 J' 8(t — to)dt = e ¥t (11.66)

Trong truding hep to= 0, G s() =1.

Ham 8(t ~ t;) c6 thé viét dusi dang bién ddi nguce Fourier ctia ham phé G s(o):

RS U - oty 1T ettt
8(t — t) = ZRHLGB(m)e do= o je o)de (11.67)

Nang hugng cua tin hiéu xung don vi 8(t) 16n v6 cing. Diéu nay dude giai thich
bang ding thitc Paxéven (11.57) khi ham phéd éa(m) = 1, ning lugng cua tin hiéu sé 18n
v cing, hodc ndng lugng cla tin hiéu 8(t) ty 1& véi /1, khi t, > 0, nang lugng cta né
s€ vd cling lon.

St dung quan hé tudng hd giita bign thdi gian t va bién tdn s8 @ cta phép bién
ddi Fourier, c6 thé xét dic tinh ctia ham 8(o):

_lewl__lm—jmt
S(m)—a-:[oe dt—avj;e dt (11.68a)

D& dang thiy ring, viée thay d6i d&u trén s8 mi cia biéu thitc trong diu tich
phan khéng lam thay d6i gia tri cfia né.
Tudng tu ta co:

ad w

PR S O O SR VD S G e
80 ~ wo) = - J'e dt= - J'e dt (11.68b)

-l —tg

11.9. PHO cUA MOT 6 HAM KHONG TON TAI TICH PHAN FOURIER

Ta da bidt, ham f(t) ¢6 bién d6i Fourier, néu nb thda man diéu kién:
[lEie < (11.69)

Didu nay ¢6 nghia 1a tich phan trén phai héi tu tuyét d6i.

Trong thuc t& tén tai mét s6 ham tin hiéu khéng théa man diéu kién (11.69),
nhung t4n tai phd Fourier. Thi du cic ngudn tac déng bic thang, hoic tai thai diémt =0
déng mach né1 ngudn tac déng hinh sin (xem hinh 11.18).

Dé st dung cong thic téng quat (11.33) tim phd clia cAc ham khéng théa min
diéu kién (11.69), ngusdi ta thudng dua vao 18p ham phu théa min diéu kién héi tu
tuyét déi ciia tich phan ma trong toan hoc quen goi 14 phuong phap "thita s& héi tu".
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45()
& S(t)
E
>
a) Nguén tac déng bac thang b) Nguén dac dong hinb sin tac ddng

vao mach tai thdi diém t =0
Hinh 11.18

Vi du, dé tim phé cta tac déng bac thang:

0 khit<0
e(t) = ]
E khit>0

ta xét phé ctia ham:

0 khit <0
e(t)= -ct . "
Ee khit >0, v4iC>0

Dé dang thdy ring ham e(t) thda man didu kién (11.69) va mat db phd clia né:

G) =E j' e Cle iotde ﬂﬁE_—e-‘C*im“r = -—E— (11.70)
d C+ijo , C+ijo
hay:
. —iarcte®
G(a) = E e tgc, —o<D <o (11.707
C2 + 0)2
oA , E
Véi médun; Glo) = ————
-,JC2 +al
va argument: Olw) = arctg%

D4 thi médun va argument ctia ham phd G (w) v& trén hinh 11.19 (dudng nét ditt).
Trong biéu thite (11.70), néu cho C — 0 ta s& nh&n duge mat 46 phd ciia ham bac
thang:
E E

oo - §
- I

hay:
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E L

. —ge ; Ble@) = ®/2 khiw>0

Ge(o) = E . (11.71)
ﬂe’"”; B(w) = -2/2 khi o <0
o)

Dé& dang thiy rang:

. 1 et _
%11_1?‘(1) e(t) = (1:1}’13 Ee™™ = E =e(t)

D6 thi ctia médun Gg(w) v argument 6(o) ciia mat d phd G p(@) tinh theo efng
thitc (11.71) vé trén hinh 11.19 (dudng nét lién).

Can chu ¥ ring khi sit dung phuong phéap thita s& hdi tu dé tinh phé Fourier clia
cac ham khéng thda man diéu kién hdi tn tuyét d81 cia tich phén, viée chuyén qua gidi
han chi duge thuc hién d8i véi két qua cudi cling clia tich phan.

Sit dung dic tinh ciia him denta cho phép md réng khéi niém mat d6 phd cua cac
dao d6ng diéu hda, hay cac dao ddng tudn hoan bat ky. Thi du xac dinh mat d6 phé cla
dao déng diéu hoa s(t) = Ajcos(wgt + ¢g). HAm diéu hda s(t) khong thda man diéu kién

hé1 tu tuyédt ddl cua tich phan.

F 3
C —0
TH—C>0 peuw
/
ni2
| Aes N
7|0 W
/
s
s
s
F
—va -nf?

Hinh 11.19

Theo céng thitc tdng quat (11.33), viét bidu thitec clia mat dd phé cta dao déng
diéu hda:

G(o) = j s(t)e'dt = A, [ cos(ogt + @)e dt

St dung céng thiic Euler, tich phan trén c6 thé viét dudi dang:
(.}(u}) = _é'_q_ej% ‘[e—i(m—mo)dt 4 ﬁ}_e-jtpn Je—j(w»rmg)tdt
2 . 2 J

theo cong thite (11.68b) ta cb:
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Ie_’.‘“’_%“dt = 2n8(w - ©y)

J-e_j('”*w“ndt = 2r8(0 + 0g)

—n

do dé:

Gw)

Ay ; By
= 2ne™ 8w — wy) + 2me 08w +
> [ rr (0 —vy) + 21e” 3o mo)] (11.72)

= At,rr[ej“"J o - og) + e'j""'ﬁ(m + wo)]

Ham mat d6 phd G (@) (11.72) bang O tai tit cd cac tdn s5, trit tdn s6 0 = w, va
® = -, tal ddy né cb gia tri vd cung lén. Vay dao déng diéu hda tdn s8 v, bién d6 hitu
han c6 mat dé phd bing vé cling tai cac tdn s8 o, vd —o,, trong trudng hdp riéng khi
we= 0, ta nhan dugc tin hiéu hing s8:

G (0) = Ay2ad{w) (11.73)
Tuong tu, c6 thé bidu dién mat 46 phé caa dao ddng tudn hoan bit ky:
s(t)=A + Z A, cos(kot + @)
k=1

duéi dang téng cha cac ham denta:

(.}(m) = 21A,d(w) + .1&1:':[03""'1 o -0, )+ e ¥+ o \ )]
+A2n[ei% 8o - 20,) + e 250 + 20, )| +
(11.74)

+ An[em 8o ~no, )+ e ¥ 3(w + no, )] +

11.10. PHAN TICH TIN HIEU THANH CHUGI KACHENNHIKOV

Xét tin hiéu khéng tuin hoan:

1 T -jwl
s(t) = E:!;G(m)e ot gy

trong dé G (0) 12 mat 46 phé ctia ham s(t). Gia st ham phé G (o) 12 gidi ndi, nghia 1a né
s& bang khéng khi o > oy va khi © < —w,, khi d6 tich phin trén sé bién thanh:

J'é(m)e-*‘“dt (11.75)

—tgy

1
s(t) = P

Trong trudng hgp nay cé thé coi ham G (») 1a ham clia d8i s6 © véi chu ky bing
20, va cé thé phén tich thanh chudi Fourier (11.23):
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kz—-m

Glo) = ZA; e ¥ (11.76)
kw—m
Céac bién d9 phitc Ay trong chudi (11.76) duge xac dinh theo céng thitc tuong tng
(11.24) nhung bién thdi gian t dude thay bang bién tin s8 -

- we ~-ik ?.1_‘..
Ay 2o do
hay:
Ay “IAC g (11.77)
trong dé: A= = 21_ (11.78)
11

Né&u trong biéu thitc (11.75), thuc hién thay déi s&t = kA, va so sanh véi biéu thic
(11.77), ta & nhan dudc:

2ns(-kA,) = o, ;\k

hay:
Ax =?S( KA, ) = 2A, 5(-ka, ) (11.79)

C

Thay gia trictia Ax tit bidu thic (11.79) vao bidu thie (11.76) ta cé:

1l

- 1 @0 . ©
G(o) 5 > 24,5(-ka e

-

(11.80)

= A, z s(kA,) g ko
k=-w

Né&u trong biéu thitc (11.75), thay ham G (o) bing biéu thitc (11.80), ta nhan duge:

s(t) = — j A, s(kat)e"i“l”eim‘dm

_mc k=-o

o

- A f falt-KA L)
= Zma_:[ s(ka, e do

k== (11.81)

Zs(kA ).'_'\ sina (t - kA)

m

N 7t t- kA
_ ZS(kAI.) sino (t —kA,)
| — (IJc(t - kAt)
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Tit biéu thitc (11.81) ta thdy, néu tin hiéu s(t) c6 phd hitu han, thi c6 thé phan tich
né thanh chudi (11.9) theo hé ham:

siny,  sino(t -kA)

au(b) = Lk B o {t - kA,)

(11.82)

Chudi (11.81) duge goi 13 chudi Kachennhikov clia tin hidu s(t).
Trén hinh 11.20 vé 46 thi thdi gian clia cde ham @ (t) trong (11.82). D& dang thay
ring, hé ham (11.82) 1a hé ham truc giaoc chufn héa. Tai cac thdi diém

t= kE =2kA, = kfi ham @, (t) = 0, va tai cac thai diém t =k 2} ham ¢ (t) = 1. Do dé
®

< c c

. . - at ]. b o A~ . -~ . ~ * . * ! ..
tai cac thot diém t, = kg chudi (11,81) chi tén tai mét thanh phan ¢ gia tri bang gia

C

tri tic thai clia bam s(t) tai thoi diém d6.
Nhu vay néu tin hiéu s(t) khéng chila cac thanh phan tin s8 16n hon tan s6 £,

thi n6 hodn toan duge x4c dinh bdi cac gia tri titc thdi rdi rac ¢fia né tai cac thdi diém

cach nhau mét khoang A, khéng 1én hon 2{:1 {At < 2; ] Két luan trén duge goi la

dinh 1y Kachennhikov, hay dinh 1y vé su rdi rac hda tin hiéu.

Dinh ly Kachennhikov do nha béac hoc vi dai Kachennhikov ngusi Nga - Vién si
vién han ]im khoa hoc Lién x6 (trude diy) tim ra ¢é6 mét 7 nghia r&t 16n trong ki thuat
théng tin hién dai. Né md ra kha nang phat trién théng tin s8, cing nhu kha nang
truyén trén mét d6i ddy théng tin ddng thdi nhiédu kénh théng tin khac nhau. Vi theo
dinh 1y dé truyén tin hiéu lién tuc s(t) (hinh 11.21), ta khéng cAn truyén tit ca cac gia
tri cita né tai moi thdi diém, ma chi cn truyén &i cic gia tri rdi rac clia né tai cac thai

2f1 (hinh 11.22). Khi d6 phia sau thu tin, ti cac

max

diém cach nhau mét khoang A, <
gia tri roi rac nhan duge, ta hodn toan ¢ kha nang khéi phuce duge tin titc ban diu cin
chuyén di.

Pt}
K=0 K=1 K=2

F 3

I
]
1
I
I
I
I
I
I
I

k4

Hinh 11.20
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F s(t)

RN

Hinh 11.21

'sKAt

0 \\QAI
A

il I

Hinh 11.22

11.11. PHAN TiCH TINH CHAT TUONG QUAN CUA TiN HIEU

Dsi véi cac tin hidu xac dinh, ngoai dic tinh tan s& (phd Fourier), trong thuc t&
¢dn quan tdm dén dic tinh thdi gian ciia né. Ham tudng quan cia tin hidu dic tning cho
toc 46 thay ddi theo thoi gian ctia tin hidu dé.

Ham tudng quan cua tin hidu xac dinh s(t) d& réng hitu han, ky hiéu 13 (),
dugc xac dinh bdi biéu thiic:

()= Is(t).s(t —1)dt (11.83)

trong d6 1 la khoang dich chuyén clia tin hiéu s(t) theo truc thdi gian.

Biéu thitc (11.83) cho thdy ham tuong quan (1) dic trung cho mél tudng quan
(lién hé) cia tin hidu s(t) khi bi dich chuyén di mét khoang © theo truc thsi gian véi
chinh tin hiéu s(t) ban dau.

Ham tudng quan w(t) dat gia tri cyc dai khi t = 0, vi tin hiéu bat ky hoan toan

tudng quan vl chinh nd. Khi t = 0, ta cé:

w(m):Jsz(t)dt -W (11.84)

Diéu nay nghia la gié tri cuc dai clia ham tuong quan bang nang lugng cua tin

hiéu.
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Khi khodng dich chuyén t ting 1én, ham tuong quan w(t) giam va khi gla tri t
ting 16n hon d4 réng cua tin hiéu, ham tudng quan y(z) = 0.

Trén hinh 11.23 mé ta cich xay dung ham tudng quan y(t) cia tin hidu xung
vudng véi dd rdng t; — t,; trén hinh 11.23a v& dé thi ctia xung vudng s(t); trén hinh
11.23b vé db thi cia xung sau khi da dich chuyén di mét khodng 1 theo truc thdi gian;
trén hinh 11.23c vé& dé thi tich clia tin hiéu s(t). s(t — ©); con trén hinh 11.23d d8 thi clia
ham tudng quan y(1).

Tudng tu, trén hinh 11.24 md ta cach xiy dung hiam tudng quan yw(t) cla tin hiéu
xung tam giac.

Viéc chuyén dich tin hiéu s(t) mdt khoang t theo truc thdi gian c6 thé thuc hién vé
phia bén phai, hodc bén trai clia tin hidu da cho. Do dé biéu thite (11.83) ciing 6 thé
viét dudi dang:

w(t) = j s(t)s(t + 1) dt (11.85)

—an

nghia 12 hAm tuong quan (1) 12 mét hAm chin ctia 461 s6 1.

Trén hinh 11.25a vé d6 thi thdi gian cia tin hidu s(t) 12 mdt cham bén xung vudng
d5 rdng t,, cac xung cach déu nhau mét doan T va trén hinh 11.25b vé dé thi ham tuong
quan (1) cia né.

Vi ning lugng cua tin hiéu tuin hoin 1én vé ciing, nén d8i véi tin hiéu tudn hoan
khéng thé xic dinh ham tuong quan theo cac bidu thiic (11.83), hodc (11.85). Trong trudng
hgp nay ham tudng quan duge xac dinh theo bidu thie:

Ti2

yp{t) = _}'im % Is(t)s(t -dt
-T72 (11.86)
1 T/2
= lim— j' s(t)s(t + T)dt
T --)u'JT P
-T72
t
a) s(t) ) /\s(t)
—» .
CHE t ! TR
o | o /\:\S(l-t}
. I* »t | ; o
et it TR >t
c) E o i
: s{hs{t-1) . %‘,s{t)s(t-r}
it 4Tty i il1+r t, >

d A :
Nﬂ y\
) >t ! .

) 0t H{tety) 0 Lty

Hinh 11.23 Hinh 11.24
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a)
0 >
1 Tx t
! '
o) Law
-3T 2T -T Ty O 1y t
Hinh 11.25

Ham tuong quan cua tin hiéu tudn hoan w;(1) ¢6 thi nguyén la céng suat, va
w1{(0) bing céng suit trung binh cha tin hiéu tudn hoan. D8l vdi tin hidu tudn hoan,
gla tri trung binh cua tich s(t).s(t - ©) trong khoang thdi gian v6 cling 16n T, bang gi4 tri
trung binh trong mét chu ky T;, do d6 bidu thitc (11.86) ¢ thé viét:

Tot2 Tgi2
1 1
wrlt) = — |s(tis(t —1)dt = — s(t)s(t + t)dt {11.87)
T —T;[r 2 To —T!.F 2

Biéu thic tich phan (11.87) chinh Ia ham tudng quan ctia tin hiéu trong khodng T,.

Tyl Ty /2
i () = J’ s(t)s(t — 1)dt = j' s(t)s(t + )dt
T, t2 ~Ty 12
do dé:
()= Y (11.88)
4]

Tt bidu thite (11.88) dé dang thiy rang, ham tudng quan cia tin hidu tuin hoan
ciing 1a mét ham tudn hoan véi chu ky bing chu ky cia tin hiéu. Thi du, 48 véi tin
hiéu tuin hoan:

s(t) = Acos(oet — @).

ta c¢6 ham tudng quan:
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9 Toi2

w1 =.— Icos(mﬂt - (p)cos[mo(t -1)- cp]dt = lA2 COS®,T; Oy = 2 (11.89
To i -2 To

2
Khi 1=0, y(0) = —'%— la ¢cbng sudt trung binh cua tin hiéu.
Ctng cdn nhin manh ring ham tudng quan y;(1) khdng phu thude vao géc pha
déu cta tin hiéu s(t).

Tuong ty, dé danh gia méi lién hé cia hai tin hiéu khac nhau 5,{t) va s,(t), nguoi

ta st dung ham tudng quan chéo. Him tudng quan chéo cia hai tin hidu s,{t) va s.(t),
k¢ hidu 13 w,, (1), duge xac dinh bdi biéu thic:

Wy, (T) = _[s,(t>s2(t— ndt = Isl(t + s, (t)dt (11.90)

Ham tuong quan w(r) 1a truong hgp riéng cia ham tucng quan chéo khi s,(t) va
8,(t) 1A nhu nhau.

Trén hinh 11.26 md ta cach xiay dung ham tudng quan chéo cia tin hidu s,(t) la
mot xung vudng véi tin hidu s,(t) 12 mdt xung tam giac, trong d6 hinh 11.26a {ing véi vi
tri ban dau (x = 0); hinh 11.26b Ung v&i trudng hop tin }:&iéu s,(t) bj dich chuyén mét
khoang v€ phia bén phai thanh tin hiéu s,(t - 1); hinh 11.26¢ 13 d3 thi cla ham tudng
quan chéo y,(1). Dién tich gidi han bai dudng cong tich cla hai tin hiéu s, va s, vdi
truc thdi gian ti 18 véi phan gach chéo. Dinh cta dudng cong w,, (1) itng véi gia tri T,
khi d6 dién tich gidi han caa dudng cong tich cua hai tin hidu s,s, vdi truc thdi gian dat
gia tri cuc dal.

$5(1)
a A/ ()
L s
! . /I'sz T}
Ry
b i / s,(t)
’ A
I T ] I
i : ,' YT
c) i E
. ' > T
0

Hinh 11,26
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Cén luu ¥ ring, ham tuong quan chéo y,, (1) khéng nhat thidt dat gia tri cuc dai
tai 1= 0, va ciing khéng nhat thiét 12 ham chin hodc ham 18 theo d6i s8 1.
Xét ham tuong quan chéo ciia hai tin hiéu diéu hda cing tin sé va géc pha dau
khéac nhau:
s,(t) = Acos (ot - ¢,)
8y{t) = Agcos (ot — @,)

Sau khi thay cac ham s,(t) vi s,(t) vao biéu thite (11.90), 14y tich ph4n ta nhan
ducc:

AiAy

Yyo(T) = cos[oz—- (¢, — 9,)] (11.91)

R& rang ham tudng quan chéo ciia hai tin hiéu didu hda cing tin s8 phu thude

vao hiéu hai géc pha diu ctta chiing. Trong trudng hgp tén s& cia mét tin hiéu, thi du

G Lar v s e v ia 2 2 . .

s,(t) 14 b1 s6 cua tan s6 cua tin hiéu s,{t), o, = ?n; Wy = N, = n%(n =1,2,3,...) thi hai
1 1

tin hiéu 1a tryc giao nhau va tich phan (11.90) bang 0, nghia l4 ham tudng quan chéo
y2(1)=0.

11.12. QUAN HE GIJA HAM TUONG QUAN VA DAC TRUNG PHO CUA TIN HIEU

Trong biéu thitc (11.51), néu thay f(t) = s(t), g(t) = s(t — 1), ta sé nhin duge:

_[ £(t)g(t)dt = ]' s(t)s (t - T)dt

—tg

Tich phén bén v& phai chinh 14 ham tuong quan eta tin hiéu s(t), do dé:

w0 = [s(t)s(t - Ddt = L [ G)G;@)do (11.92)
- 2 -

trong dé é’ {®) 12 ham phd cua tin hiu s(t): G (0}]a ham phd ctia tin hidu f{t) sau khi
bi giit cham mdt khoang thdi gian T ((.}t(m)= ér(m)e""m; G.(») 1a ham lién hgp phitc
cha ham (G:(0); (G 0) =G (0)e’").

Néu trong biéu thic (11.92), thay G (e)= G (0)e®" va luu ¥ rang:

2

G()G (@) = [G(o)] , ta s& nhan dude:

2
e do {11.93)

1 ¢l
()= E;__[J G(w)

Theo tinh ch4t cia phép bién 481 Fourier, suy ra:
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- 2 o
G(m){ = J’q;(t)e‘imdz (11.94)

Viy binh phudng médun ham phé clia tin hiéu bing bi€n d&i thuin Fourier ham
tudng quan clia né; ham tudng quan cia tin hiéu bing bién d61 ngude Fourier ctia binh
phudng mdédun ham phsd cua né.

Ti cac két qua nhan dude, dé dang suy ra riang bé réng phd ciia tin hiéu cang 16n,
thdi gian tudng quan cia tin hidu cang nho.

11.13. KHAI NIEM VE DAC DONG CAO TAN B| DIEU CHE

Mot trong nhitng nhiém vu cd ban clia k§ thuat vé tuyén dién 1a truyén tin tite di
xa qua khdng gian ty do. Nhut ta da biét, céc tin tiic cin truyén di thudng cé phd nim
trong dai tdn s& th&p nén khéng thé truyén truc tiép di xa duge do cé 46 suy giam 1dn
trén dudng truyén va do nhiéu nguyén rhéan k¥ thuat kbac. Vi du 481 véi tiéng néi, &m
nhac, thudng c6 phd tdn nim trong dai tin f,;, = (30 + 50) Hz dén f,,,, = (3000 + 10000) Hz.

Do db, dé truyén tin titc di xa ngudh ta phai cho bam tin titc tac déng (xdm nhap)
vao cac dao ddng diéu hoa tin s6 cao, lam cho mét hodc mét s§ tham s& ciia dao déng
difu hoa (bién 49, tdn s, géc pha) bién thién theo quy luat ciia ham tin tic.

Qua trinh tac déng clia ham tin tic vio dao dong tin s8 cao 1am cho mdt hodc mét
86 tham 88 clia nd bién thién theo quy luat ham tin téc duge got 13 qua trinh diéu ché.
Dao déng tdn sd cao c6 tham s& bién thién theo quy luat ham tin titc goi 1a dao ddng bi
didu ch& hay tin hiéu diéu ch& Dao ddng tdn s8 cao c6 tham s& khong déi goi 1a dao
d6ng tai tin, hay dao déng tin s& mang. TAn s6 mang o, dude chon tiy thude vio cy ly
truyén tin, difu kién truyén lan séng dién ti, va nhiéu yéu t& khac. Song trong moi
trudng hgp, tdn s8 mang o, cdn chon 18n hon rét nhifu l4n tdn s8 cao nh4t cha phd tin
tite. Didu nay s& dam bao cho viée truyén tin hiéu qua caec mach vé tuyén dién khéng bi
méo dang. Mit khac, dé loai trit kha ning gdy méo dang tin hiéu trong qua trinh
truyén lan clia séng dién tit, cn chon tdn s6 mang o, sao cho bé réng phd ciia tin tic
nhdé hon tdn s mang.

Trong trudng hop chung, dao ddng cao tan bi diéu ché (tin hiéu diéu ché) cb thé
viét dudi dang:

u = Ut)cos {wet + ()] = Ult)cos O(t) (11.95}
trong dé bién dd U(t) hoic géc pha ¢(t) bién thién theo quy luat ham diéu ch€ (ham tin
tirc).

N&u bién 48 U(t) = U va géc ¢(t) = ¢ 14 hing s8, thi dao déng (11.95) 1a dao déng
diéu hoa don gian (dao déng tan s6 mang).

Né&u bién d6 U(t) bién thién theo quy luat him didu ché géc pha ¢(t) 1a hing s6,
thi dao déng (11.95) duge goi 12 dao dong bi diéu bién hay tin hiéu dién hién (déi khi
ciing goi 14 dao ddng didu bién).
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Néu goi pha ®(t) bién thién theo quy luat ham didu ché, bién 46 U(t) 12 hing s5,
thi dao ddng (11.95) duge goi 1a dao ddng diéu ché& géc, hay tin hiéu diéu ché géc. Dao
dong didu ché géc lai duge phén thanh dao ddng diéu tdn va dao ddng diéu pha. Hai
dang dao déng diéu tdn va diéu pha lién quan chit ché véi nhau. Su khac nhau giita
chiing chi bdi quy luat thay d8i ctia géc pha ®(t) khi ham didu ch&€ 13 nbu nhau.

11.14. DAO DONG DIEU BIEN
Gia st ham diéu ché& 1a s(t), dao ddng tin s8 mang u = Uy cos{met + ¢p), khi d6 dao
dong diéu bién sé ¢6 dang:
ugy(t) = [Up + a.s(t) Jcos (oot + @) (11.96)
& day a la hé s6'ty 18; U, + as(t) 14 quy luat bién thién clia dudng bao ciia tin hiéu diéu bién.

Trén hinh 11.27¢ vé d6 thi thdi gian clia dao déng didu bién ng vdi ham didu ché
s(t) vé trén hinh 11.27a va dao ddéng tin 58 mang vé trén hinh 11.27b.

-

[ s(t)

Hinh 11.27

Xét trudng hop ham difu ché s(t) 14 mdt ham didu hoa:
s(t) = u(t) = Ugcos (U + 6).
trong trudng hop nay dao déng didu bién sé cb dang:
U g (t) = [U, +Ug cos(Qt + 8)] coswgt + @)

=[U, + AUcos(t + 6)] cos(egt + @) (11.97)
= Uo[l + mcos(Ct + 8)] cos{egt + @),



164 LY THUYET MACH - TiN HIEU

trong d6 hé sb ty 1é& a dugc chon bing 1; m = —2 1a s gia cuc dai ciia bién d6 ciia dao
0

dong di€u bién va dude goi la d6 sau diéu bién hay chi s8 diéu bién.

D3 sdu difu bién m dic triung cho mitc d6 thim nhap cia ham diéu ché& vao bién
dé cua dao ddng tan s8 mang. Vi bién d6 cita dao déng khong 4m, nén d6 siu diéu bién
nam trong gidi han: 0 < m < 1.

Vé y nghia vt 1y khi 0 < m < 1 tin hiéu diéu bién khéng bi méo (bién dé cia dao
déng diéu bién bién thién theo quy luat ham diéu ché), con khi m > 1, tin hidu didu bién
bi méo dang (bién d6 cua dao déng diéu bién bién thién khéng theo quy luat ham didu
ché).

Trén hinh 11.28b va 11.28¢ vé d6 thi thdi gian clia dao déng didu bién ing véi céc
dd sdu diéu ch€ m < 1 vA m > 1 khi ham diéu ché& ug = Ugeos(C2t + 6) (hinh 11.28a).

s \
\v—/ t;

a) Ham sd diéu ché s(t)

1
|
1
1
1
|
A
-1
1 ! b
. 1 .
F ! M
1 ! i
P ! 1
- ! ! 1
- 1 L 1
- . ] !

b} Chi s8 diéu ché m < 1

Udb(t) 'y :,ﬂ

Y
e
— )
Y
by
!
E—
-
-
-

I
I
1
I
I
|
I
|
|
I

\.-—-‘_—_-—
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Hinh 11.28
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T hinh 11.28b ta thay:
AU = Umax_ UO = UO - Um'm
UO - Umax+ Umirl
2
Do d6 chi s6 diéu ché:
U Umnx+ Umi
AU U, U, UYmam 75" y  _u
- — max — - IMBx ITLLE] 1 1.98
" UD UO }_J_’]?‘i"...-'? _{_J_m_i“. Umax + Umin ( )
2

Trudng hgp téng quat, ham diéu ché s(t) 12 mét ham da &m:

s(t)=u= Z U, cos{{t +0y)

k.1

dac ddng difu bién sé ¢ dang:

Uy(t) = {U(ﬁ az U, codCt+6, )} cos{wgt +@g)

k=1

= Uo[l +mycod{ t +0, )+ my, cof{QWt +0,) +..4+m cod( £+ 0 )]cos{mot + @)

= U, Ika cos((t + 6, )}os(mot +@g)

k=1

U e 1t e s AL LA La .
trong dé m, = aU k goi la chi s8 diéu bién bd phan thi k.
0

Khi d6 chi s§ diéu bién todn phin, hay d4 sdu di€u ché toan phan duge xac dinh
theo biéu thite:

UZ+U% + e u?
mo WU+ U~ il (11.99)
Ug
hay:
m = \/mf F M e +m? (11.100)

D€ dao déng didu bién khéng bi méo dang, do siu didu ché toan bé m ciing cin
thoa man diéu kién:
0 £m«=<1.
Y 7 oy .
11.15. PHO CUA TIN HIEU PIEU BIEN
Khi ham difu ch& 1a don 4m, biéu thite giai tich clia tin hiéu diéu bién sé ¢4 dang
(11.97):

Ul = Gy [1 + meos(Qt + 8)]cos{ot + @y).

Stt dung céng thitc bién d8i ludng gidc:
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CoOsS————

a+f o-PB
2 2

cosa. +cosf} = 2cos

biéu thitc trén duge bién d8i vé dang:

mU 4

Uy (t) = Ugeos(ogt + @4) + cos[(m0+ Q)t.+9+(p0]

(11.101)

+ ml;“cos[(wo -t + @y + 0]

Thanh phén thit nhat bén v& phai cia biéu thite (11.101) 1 dao déng khéng didu
ché véi tan 58 w, dude goi 14 thanh phin dao déng tdn s8 mang. Cac thanh phén th{ hai
va thit ba 1a cac dao déng tdn s8 méi (@, + ) va {0y — 2), xuit hién trong qua trinh
diéu bién, dudc goi 1a cac thanh phdn tdn s& bién (thanh phin tin s8 bién trén o, + O
va thanh phén tdn s8 bién dudi @, ). Bién 4% clia cAc thanh phan tdn s& bién bing

- o # " g - -y A P I o - mU
nhau va bang nua tich cua chi s6 diéu bién m vdi bign 46 U, [ = 2 0] .

Vay khi ham diéu ch& la don am, ph& cia tin hiéu difu bién bao gém ba thanh
phén: thanh phin tin s6 mang o,, bién d6 U, va hai thanh phin tin sd bién o, + Q va

w0, — O, bién d5 P-Jo

. D4 thi phé bién db cha tin hiéu diéu bién trong trudng hgp nay
vé trén hinh 11.29. D6 réng phé bang hai ldn tin s8 chia ham didu ch&

Ac = 20 (11.102)

mu_/2 mu /2

EY

Uss R wy wet Q2

Hinh 11.29. B3 thj pha bién dé cla tin hidu didu bién khi ham didu ché 1a don am
Tuong ty, khi hAm diéu ¢ch&1a da 4m, ta bién d6i bidu thitc (11.99) va nhin duge:
B U cos[(m + Q) e, +9 ] +
Uy (1) = U, cos{mgt + g ) + M{ 0 7T TTO T Tk 11.103
é 2 +C°S[(“)0 -t + (@ _ek] ( )

Ti biéu thdc (11.103) ta thay, khi him di€u ché 13 da am, phé ctia dao déng diéu
bién s& gém thanh phin tdn s6 mang ©, va hai dai thanh phAn tin s& bién. D& thi phé
bién df cia dao déng diéu bién trong trudng hgp nay vé trén hinh 11.30. D3 réng phd
bang hai 1in tén s& cuc dai cda ph& ham didu ché&:

Ao = 20 (11.104)

Tt d6 thi phé & hinh 11.29 va hinh 11.30 ta thay, phé bién d3 cla tin hiéu diéu
bién d6i xiing nhau qua thanh phin tin s8 mang va d€ hai dai v6 tuyén didu bién dit
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gin nhau khéng bi nhidu loan 1dn nhau, thi tdn s§ mang cua hai dai £, va f,3 phai chon
thoa man diéu kién:
[ foa = fo8! 2 Famax + Frmax (11.105)

3 day F,.., va Fgo.. 12 tdn s6 cao nh4t cia phé ham didu ché ciia dai A va dai B tuong
img.

* L
W~ Qmax Wy + O max

mh“ﬂu.i

max

Hinh 11.30. ©6 thi phd c0a tin higu didu bién khi ham didu chd 12 da am

Trén hinh 11.31 vé d8 thi vécts ciia dao déng diéu bién khi ham diéu ché 1a don
Am.

o mU
2 X% 2
o Q

<l

b O
Hinh 11.31

Trén 48 thi vécto, ¢ don gidn, ta coi vécto biéu dién dao dong tdn s6 mang o,
ditng yén, va cho truc toa d6 chuyén déng quay véi vin t8c gbe bang o, theo chidu quay
cua kim déng hd. Khi dé, vécto biéu difn thanh phin dac déng tdn s8 bién trén (o, + )
s& chuyén déng quay quanh géc clia né véi van tée géc bing Q theo nguge chiéu quay
cua kim déng hd; vécts biéu dién thanh phin dao déng tdn s8 bién dudi (0, - ) s&
chuyén déng quay quanh géc ctia né v8i van tdc géc bing Q theo chiéu quay cia kim
dédng hé. Vi hai véctd bifu dién cac thanh phan dao déng tdn s& bién cé d$ dai nhu
nhau, quay cing mdt vén té géc Q nhung theo cic chidu nguge nhau va c6 gée pha ddu
d8i nhau so vdi véctd thanh phédn tdn s6 mang, nén phudng cia véctd téng luén khéng
d8i, chi c6 d6 dai clia n6 thay déi (ddu mut cla véctd tong chuyén dong trén dudng
théng chita véctd biéu dién dao dong tdn s& mang). Diéu dé ¢6 nghia 13, dao dong diéu
bién c6 bién do thay déi, con tdn s& va pha khéng thay déi.
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Khi truyén tin hiéu diéu bién qua mach céng hudng, bién dd cua cac thanh phan
tan s6 bién & diu ra sé khac nhau, nén diu mit ctia véctg téng sé& chuyén déng bén
ngoai dudng thing chita vécto tin s& mang, nghia la huéng clia vécto téng sé thay déi.
Diéu d6 sé din t6i viée difu pha ky sinh khi diéu bién.

Cuédi citng ta xét su phan bd cong sudt ciia dao déng diéu bién. Cong suit cia dao
déng dieu hoa ty 1& véi binh phuong bién dd cua né, do d6 khi ham didu ché 1a don dm,

cong sudt clia thanh phin tdn s& mang c6 dang: P,~U2.

Con céng sudt cua thanh phan tin s8 bién trén va bién dudi:
\2 2112
[mUOJ m UU
P, ~ -
2 4

2 2712
Pd"" [mUU] :mUU

2 4

=

Céng suit cua dao déng didu bién:

2rq2 2712 2

Khi d6 sdu diéu ch& m = 100%, ta cé:

1
~ U1+~
ab 0(+2]

Vay khi d8 sdu diéu bién m = 100%, céng suit cha mdi bién tin chi bing 1/4 cong
suit cita thanh phén tdn s8 mang va bing 1/6 céng suit tdng clia dao déng didu bién.

Trong ki thuat dién bao, tin titc (ham didu ché) duge ma héa dusi dang cac nhém
xung {(xem hinh 11.32a), dao d¢ng di€u bién khi dé sé c¢6 dang nhu vé& trén hinh 11.39b.
Dao d¢ng diéu bién trong tridng hgp nay duge goi 12 dao déng didu bién manip.

F 3 S{t)

Hinh 11.32
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11.16. DAO DONG DIEU CHE, GOC PHA VA TAN SO TUC THOI CUA DAO BONG
Gia su c¢6 dao dong hinh sin:
u = U, cos{ugt + @) = U cosd(t)
trong d6 ¢(t) = wy+ @q la pha titc thoi ena dao déng.
Xét pha cla dao ddng tai chc thai didm t, va t,:
Tai thai diém t,:
&(t) = ooty + @g,
Tai thai difm ty:
${to) = moty + g .

Vécto biéu dién dao dong tai cic thdi diém t, va t, duge thé hién trén hinh 11.33
(g1a thiét rdng t, > t,).

Bién thién pha cua dao déng trong khoang thdi gian tit t, dén t,.
Ad = &(ty) — (b)) = oty + @p) — (agt, +Pp) = 0ty — t,) = @At (11.106)
dday At =t, - t,.

4 J
8¢ = $(t;) - o(ty)
ol =wot, + @ o) =wot, + @,
B »
Hinh 11.33

T biéu thitc (11.1086) ta théy, trong trudng hop xét, tin s& cia dao déng:

R (11.107)
At
Né&u tan s& cna dao déng bién thién theo thdi gian, thi trong biéu thite (11.107) ta
phai thay ky hiéu gia s8 A bing dao ham, nghia I3 tdn s6 titc thdi cha dao dong:

o(t) = 2 (11.108)
dt

Tit bidu thie (11.108) suy ra:
o(t) = J'm(t)dt (11.109)
Vay tdn s6 cha dao déng bing dao ham theo thdi gian pha clta né, con pha clia
dao ddng bang tich phan tin s8 clia né.
Bdi vay, ndu ham didu ché ]a s(t), khi thuc hién diéu ché& géc, bidu thitc giai tich
cta dao dfng diéu ché tudng ling véi hai dang didu ché sau:
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Diéu pha:

wyt) = Ucos| ot + bs(t) + o). (11.110)
Diéu tin:

u, ({t)=1U, cosLont + b_[ s(t)dt + (po] (11.111)

trong d6 b 1a hé s& ty 1é.
Tén s tic thoi cia dao déng khi diéu pha:

d ds(t
0(®) = fogt +bs(t) + 5] =0y +b dt) (11.112)
Tén s8 titc thdi clia dae déng khi didu tin:
d :

Tit cic bidu thitc (11.110) + (11.113) ta thédy, khi diéu pha, pha ciia daoc déng bién
thién theo quy luit ham diéu ché, con tdn s cia dao déng bién thién theo dao ham
ham diéu ché; khi diéu tdn, tdn s cha dao ddng bién thién theo quy luat ham diéu ché,
con pha ciia dao ddng bién thién theo tich phan ham diéu ché&. Hay néi cach khac, néu
pha ctia dao déng bi&n thién theo quy luat ham difu ché& thi tdn s8 cliia dao dong sé
bién thién theo dao ham ham diéu ché; con néu pha cla dao déng bién thién theo tich
phéin ham diéu ché, thi tAn s8 s& bién thién theo quy Iuat ham digu ché.

Khi diéu tén hodc diéu pha, ca tdn s8 v pha clia dao déng déu thay déi, nén diéu
tdn va didu pha duge goi chung l1a diéu ché géce.

Trén hinh 11.34b va 11.34c vé& d5 thi thdi gian ctia cac dao déng didu tdn va diéu
pha {tng v&i ham diéu ché vé trén hinh 11.34a.

s{t)
a) I/g\ / .

<
S—
L <
e
<]
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Xét trudng hgp ham diéu ch&1a don 4m:
s(t) = u(t) = Ugcos(it
Khi diéu pha:
ug(t) = Ugleos[ot + bUqcosOt + ¢g) = Ugcos{ogt + meos(it + ) (11.114)
Khi diéu tan:

u,, (t) = Uy cos(wgt + b UgcosCtdt + ¢g)
a 0 o 0

=, cos(wgt + b'gn sinQtdt + @, (11.115)
= U, cos(w,t + m, sin{lt + ¢g)

b.U,

ddav: m, = 1a gia s8 pha cuc dai khi diéu ché gic, dude goi 1a chi s8 diéu ché géc.

Khi didu pha, chi s8 difu ché géc ty 1& v6i bién 46 ham didu ché, con khi diéu tdn
chi 58 didu ché& gée ti 18 thuin véi bién dd ham didu ché, ty 186 nghich véi tdn s6 ham
diéu ché.

Xét tdn 56 tic thoi khi diéu ché goe:

Khi diéu pha:
@(t) =0, - b.UsQsinQt = wy+ Aw sin2t (11.1186)
Khi digu tdn:
w(t) = 0y +bUgxcos(), = 04 + Aw, cos(l, (11.117)
¢ day: Av; = -bUgn;  Aw,, = bUg.

AG s , Ao, 13 d6 léch tdn s8 cuc dai khi diéu ché gée, goi 1a d6 dich tan.
Khi diéu pha, d5 dich tn ty 1& véi ca bién 4 va tdn s6 ham diéu ché; cdn khi didu
tdn, 46 dich tin chi ty }é véi bién dd ham diéu ché.
Tudng tu nhu trudng hop didu bién, khi ham diéu ch& 1a da &m ta ciing cb6 chi s6
diéu ché goc va db dich tédn bd phan.
11.17. PHO CUA DAO DONG PIEU CHE GOC
Trong trudng hgp téng quat, khi ham didu ché€ 13 don 4m, dao déng diéu ché géc
sé ¢d dang:
U, (t} = Ugcos{wgt + msin(lt) (11.118)
3 day m 1a chi s6 diéu ché& géc, va dé don gian tinh toan ta gia thidt géc pha dau
cta dao d6ng tin s mang va goc pha diu clta ham didu ché ¢, =0, = 0.
Stt dung cong thic bién d6i lugng giac:
cos(a + b) = cosacosb - sinasinb.

dé bién d6i biéu thitc (11.118) vé dang :
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U4 (t) = Ugcosogteos{msinit) - sinwgtsin{msin{t) (11.119

Trong Iy thuyét ciia ham Becsel, ta da biét:
sin{msinQt) = 2J,(m)sinQt + 2J,(m)sin3Qt + 2J,(m)sin5Ct +...,

cos(msin(2t) = Jy(m) + 2J,(m)eos, Ot + 2J,(m)cosOit + ..,

sin{mcosQt) = 2J;(m)cosQt ~ 2J;(m)cos3Qt + 2 (m)eos5Ot +...,

cos(meosQt) = do{m) — 2J,(m)cos, (Ot + 2J (m)cosdOt - cos4{ht — 2J(m)cosBOL + ...

g day J,(m) a2 ham Becsel loai mét bic n cla 451 s6 m.

Do d6 bidu thite (11.116) 6 thé vidt dudi dang:

u,, (t) = U, cos mot[JU(m)+ 2J,(m)cos2Qt2d,(m) cosd (2 +..... ]
- U sin 0,t[2J, (m)sinQ+2J,(m)sin3 2t +........}
= Ugdg(m)cosw gt +Ugd  (m)cos(w, +Q)t- cosw, — Q)t]
+Ud,( m)[cos(o)[, + 20M+cos(w, — ZQ)t]
+Updy(m){cos(og + 3Q)t+cos(o, — 3O0t]

(11.120)

Tit biéu thite (11.120) ta thay, khi diéu ché& gée, mac dit ham diéu ch& 1a don am,
song phd clia né vin bao gém thanh phan tin s& mang o, vi v6 s& cac thanh phan tin
s6 bién o, £ nQ), (n = 1, 2, 3...). Cac thanh phén t4n s3 bién ting cip mét d61 xiing véi
nhau qua thanh phan tan s6 mang. Bidn d8 clia cac thanh phdn phé dude x4c dinh bing
tich cia bién dé dao déng tdn s8 mang va d6 16n ham Becsel tudng Ung, nghia la phu
thudc vao bién d6 cia dao dong tin s§ mang va gia tri cita hAm Becsel. Cac gia tri clia ham
Becsel thudng duge cho theo bang hoic d6 thi nhu trén hinh 11.35.

Thuyc té& khin > m + 1, gi4 tri clia cac ham Becsel J,(m) — 0, do d6 trong thuye t&
phé ctia dao déng didu ché géc ciing chi bao gdm mét s§ hitu han [2(m + 1) + 1} thanh
phin, va bé réng phé:

Aw = 2(m + 1)(2 (11.121)

Hinh 11.35
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Khi m >> 1, ¢6 thé coi bé réng phd Aw = 2mQ.
Ngudgc lai khi m << 1, thi bé réng phé clia dao déng didu ch& Aw = 202, giéng b

réng phd cia dao déng didu bién.

m= 04
wo s k]
] | [ e
wo ? IS
1
:
:
‘ ; l m=24
Bl
B | ‘ i ( I |1 .o
Wo
m=3
i,
L [,
Hinh 11.36

K&t luan trén véi didu kién m << 1 ciing ¢6 thé suy tryc tiép ti bidu thite sau:
sin{msin(t) = msin(lt,

cos{msin{t) = 1

do dé:
Uy, (t) = Uy coswgteos(msin(it) U, sin wgtsin(msinQt)
= Uy coswgt mUgsin o tsin(t (11.122)
m.U, m.U,

= U, coseyt+

cos(wy + Nt —

.cos{w, + Ot

Trén hinh 11.36 v& 44 thi phé bién d6 ctia dao déng diéu ché géc itng vdi cac chi sd
diéu ch€ m khac nhau.

D6 thi vécto clia dao ddng didu ché& gée khi ham didu ch& 1a don 4m, vdi chi 88
diéu ché m << 1 ¢6 thé suy ra truc ti€p tit dd thi vécts clia dao ddng didu bién. So sanh
biéu thic (11.122) véi bidu thie (11.101) khi ¢, = 8, = 0 ta thiy, hai vécto biéu dién dao
déng tén sb thanh phan bién dusi khi diéu gée va khi diéu bién ngude dau nhau.

D4 thi véctd ctua dao déng diéu ché géc khi ham diéu ché 1a don 4m, vdi chi s6
diéu ch& m << 1 v trén hinh 11.37.
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mu /2

Hinh 11,37
T hinh vé ta thiy :
&= Sy = Og
Nén suy ra: B.= B,

do d6, didu muit cila véctd tdng clia ba véctd sé chuyén déng trén dusng thing vudng géc
véi dudng thing chita véctd ditng yén U,. Diéu dé c6 nghia 1a phudng clia vécts téng
thay déi theo thdi gian, d6 chinh 1a hiéu itng ciia diéu ch& géc. Khi chi s didu ché

-

m << 1, 4 dai cla chc véctd - Yo nho hon nhidu d8 dai vécta Us
m Us << Up

nén c6 thé coi nhu dd dai cla véctd tong khéng thay déi va bing 86 dai cha véctd fjo , b
nghia 14 bién d4 cia dao déng diu ché géc khéng thay d6i. Trong thuc t& véctd tdng cla
dao déng didu ché géc thay déi ca vé phuong ciing nhu v& d6 dai, diéu d6 c6 nghia la
trong dac dong diéu ch€ goc ludn tdn tai hién tugng didu bién ky sinh.

Tuong ty nhi dao ddng diéu bién manip, khi cdn truyén tin hiéu dién bio di xa,
ngudi ta cing Ap dung diéu ché& goéc manip.

Trén hinh 11.38b vé d6 thj thdi gian clia dao dong diéu tAn manip, cén trén hich
11.38c vé d6 thi thdi gian clia dao déng diéu pha manip, véi ham diéu ché& 14 nhém xung
dién bao vé trén hinh 11.38a.

Khi diéu tAn manip, bién d4 va pha ban ddu khéng thay d6i, chi ¢6 tdn s& thay dai
(vi du trong thdi gian tdn tai xung, dao ddng vdi tin s wy, va trong thai gian khéng ¢é
xung,dac ddng v4l tAn s8 wg). Con khi diédu pha manip tdn s6 va bién dé ctia dao ddng
khong d&i con pha thay d6i theo ham diéu ché.
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S(t) L

Hinh 11.38

11.18. KHAI NIEM VE DIEU CHE XUNG VA PHO CUA DAY XUNG B| DIEU CHE

Trong ki thuat théng tin hién dai (théng tin s3), ngodi tai tin chinh 1a cac dao
déng cao tdn, vdi ing dung dinh 1y Kachennhikov ngudi ta con ditng tai tin phu la day
xung tudn hoan. Ban ddu dua tin titc s(t) cdn truyén di tac ddng vao diy xung, lam cho
mét hodc mdt s& tham s8 cia day xung bién thién theo quy luit ham diéu ché Qua
trinh nay goi la qua trinh diéu ché so cap, hay qua trinh difu ché xung. Dy xung sau
khi bj didu ché& thudng cé phd ndm trong dai tdn sé thap khéng thé bitc xa va truyén di
xa dude, do d6 ngudi ta lai cho day xung bi diéu ché - déng vai tro ham diéu ché - diéu
ché cac dao déng cao tdn rdi mai bitc xa va truyén di. Qua trinh tac déng cua day xung
bi diéu ché vao cac tham s8 cia dao déng tin s& cao goi 1 qua trinh di€u ché thit cap,
hay diéu ché cao tan.

Dé xét tin hidu xung bi diéu ché, trude hét ta xét day xung vudng tuin hoan

(hinh 11.39).
t st

—~Y

r ] i
' T : t
Ty

Hinh 11.39. Diy xung vudng tudn hoan
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Diy xung tuan hoan trén hinh 11.39 hoan toan duge die trung bdi cic tham s6

sau:
- Bién d6 xung E;
- b6 réng xung 1,;
- Chu ky 13p lai cia xung T (hay tin s8 xung );

- Pha cta xung (1a d6 dich chuyén ciia xung trén thang thdi gian so véi diém gdic
xac dinh trude).

Néu cho ham tin titc tac dong vao diy xung, lam cho mét trong bén tham s6 cia
day xung bién thién theo quy luat ham tin titc, ta sé nhan duge cac dang diéu ché xung
tucng Ung:

- Piéu bién xung;

- Diéu d8 réng xung;

- Diéu tin xung;

- Diéu pha xung.

Ciing cin chi § ring, diéu ché d6 rong xung c6 thé duge thic hién bang cach md
rong d6 rdng xung vé phia sudn truée, hosic sudn sau, hodc vé ca hai phia cla xung.

Trén hinh 11.40b vé& db thi thdi gian cla diy xung bi didu bién itng véi ham diéu
ché& s(t} vé trén hinh 11.40a.

4sn

aj

¥

N

ool

Hinh 11.40

Dudi day ta sé xét phd clia diy xung vudng tuin hoan bi didu ché bién dd.
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Phé ctia diy xung vudng tuin hoan, bién dé E, d6 réng xung 1, véi chu ky T ta da
xét trong muc 11.4.

s(t) = D(}—- + —zusmknTr—coskw t] (11.123)

Né&u cho ham diéu ché u(t) = Ugcos(t didu ché bién dd cua xung, khi dé bién d¢
ctia day xung bi diéu ché€ s& bién thién theo quy lut:
e = E(t) = E{(1 + mcosQlt) (11.124)

Trong biéu thiic (11.123), thay gia tri bién 46 E = E(1 + meosQt) tit bidu thiic
{11.124), ta s& nhan duge:

‘nk=1

s(t)= E(1 + mcos Qt)[%‘ + EZ %sinkn%‘coskmlt}

_EQ+m m{? . Ezs_“.@ﬁﬁmkmlt]

Ty
E m mnkml‘r
(1 + mcosQt) 1+ 22 — 2 coska,t
T k=1 k TX
0o

= sink
= E’It“‘ 1+22Mc03kw1t

k=1 kml :t_).‘_
2
w sinke, >
2k, Z coska, (Ot
T 1
k=1 kmlg"

=E;, 1+ 2Zsmkm U’ZI oskot +ET1 st

k=1 ko,
mEz, <~ sinkot, /2
+ = 2 ‘t cos(ko, + Q)t (11.125)
k=1 ke, =
2
Etxz 511;{};0);1;;2@8(}{&‘ _ o
% 1%x

Tit bidn thitc (11.125) ta thdy, phé cha day xung didu bién, khi ham diéu ché 1a
don Am, ngoai cac thanh phin nhu d& véi day xung khéng bi diéu ché&, con cac thanh
phan tng véi tAn s8 ham didu ch& Q, va cac thanh phén iing vdi cic t8 hop tdn s6 ko, +
va ko, - Q, nghia la bén canh cac vach phd ting véi tdn s8 ko, cdn ¢ hai vach phé
d&i xitng nhau ng vdi cac tdn sd ke, + Qva ke, - Q véi d6 16n bang d4 14n cua vach
phé ttng vdi tin s8 ke, nhén véi m/2.
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D5 thi phd bién d% cua diy xung bi diéu bién trong trudng hop xét duge thé hién
trén hinh 11.4],

&
Ay
A
~
A"
\
\
*
AT S i o
1 | 1 T VI 1 \./l]')lljlllll\\ > w
Q w 2w, 2n
Ty
Hinh 11.41

Tuong ty, trong trudng hop ham didu ch& I da 4m, phé clia diy xung vudng tuin
hoan bj diéu bién, bén canh cac vach phd itng véi cac tin s& ko, cén hai dai phd d5i
xing nhau ing véi cic thanh phdn tdn s6 ke, + Q, (=1, 2, 3,..).

D4 thi phd bién d8 clia day xung vudng bi diéu bién trong trudng hgp nay duge
thé hién trén hinh 11.42.

Hinh 11.42

Cée day xung thi tdn bi diéu ché& o6 phé ndm trong viing tdn &3 thdp, khéng thé
tryc ti€p truyén di xa duge, d8 truyén di xa ngudi ta phai thye hién diéu ch& cao tdn 14n
thit hai (diéu ché& thit cap). Diéu ché thit c4p ¢6 thé thuc hién bang diéu bién, difu tin,
hodc'di€u pha manip. Do d6 trong théng tin xung, ta c6 cac dang diéu ché sau: diéu
bién - di€u bién; di€u bién - diéu tdn; diéu bién - didu pha; diéu tin - didu bién; diéu tdn
- didu tin; difu tdn- diéu pha; difu pha - didu bién; diéu pha - didu tdn; didu pha - diéu
pha; diéu dé réng xung - didu bién; didu d réng xung - diéu tdn; diéu 4% réng xung -
diéu pha.

Hinh thic diéu ché thit nhat 1a diéu ché sd cap, con hinh thic diu ché thit hai la
diéu ché& thit c&p (difu ché& manip).
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11.19. PHUONG PHAP TAN SO PHAN TICH MACH DIEN

Xét mach dién tuyén tinh ¢6 ham truyén dat phitc T(o). Gia sit Gi(o) 13 ham phé
ctia tin hidu u,(t) tic déng trén ddu vao clia mach, khi d6 theo bién d6i nguge Fourier ta

ch:
u,(t) = ;—R-Lén(m)ej“‘dm

Xét mét lugng vé citng nhd cia tac déng trén d4u vao:
dfo, ()] = %de)eh‘dm
va dat:

aUi = X Gilo)o, (11.126)
2n
dl..h goi la bién d6 phiic ciia tac ddng vd cling nho d{u,(t)]. Biéu thiic (11.126)
dudc bién déi vé dang:

d[u () ] = dU; ™ (11.127)

Biéu thic (11.127) biéu didn mét dao déng diéu hoa cb bién d6 phite dU, va tin s§
cua dao déng .

Bién d6 phiic clia phan ing & ddu ra clisa mach ling véi thanh phin tic déng vb
cing nhé dfu,(t)] bing tich cia ham truyén dat phdc T(e) cta mach véi bién dé phik
clia thanh phén tac déng v4 ciing nhé trén diu vao:

d Uz = d Ui . T(o) (11.128)

Thanh phdn dao dong diu hda ciia phan ing & d4u ra ng voi tac ddng difu hoa
d[u,(t)] 6 ddu vao:

dlu,(®)] = d Uze® = d UrT(jo)e®* (11.129)
Thay gia tri d U, tit bidu thite (11.1286) vao biéu thite (11.129), ta nhén duge:
dfu,®)] = EI—T(ja))(.h(m)ejmdm
T

Phan itng trén diu ra ciia mach sé bing téng dai s8 cila phan {ng thanh phén do
titng tac déng riéng 1é vé ciing nhd giy ra, do d6 ta tim duge phan ung d ddu ra:

u, @) = % { T(o) G1 (@) do (11.130)

Mait khéac, theo bi&n d8i ngude Fourier ta cé:
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uz(t)=i J‘éz(m)ei‘“‘dm (11.131)
2n 2

& diy G,(w) 12 ham phé ciia phan ting trén ddu ra u,(t).
So sanh biéu thitc (11.130) véi bidu thitc (11.131) ta nhan dugc:

Ga(0) = Gi (o)) (11.132)

Vay ham phé cla phan itng diu ra clia mach dién tuyén tinh bing tich cta ham
phé cha tac dong ddu vao véi ham truyén dat phiic ciia né.

Céng thitc (11.130) cho phép tinh phéan ing d ddu ra cia mach theo ham phé cia
tac déng va ham truyén dat phitc da biét cha né. Con céng thite (11.132) cho phép tinh
ham phé ciia phan {ng theo ham ph8 clia tac déng va ham truyén dat phic da biét caa
nd.

Phuong phap tim phan {ing cia mach dién tuyé&n tinh theo ham phé ciia tac déng
va ham truyén dat phitc ciia mach, cén dude goi 13 phucng phap tin s8 phén tich mach
dién.

11.20. QUAN HE GIUA DAC TINH THOI GIAN VA BAC TINH TAN $O CUA MACH

Xét mach dién tuyén tinh, gia sit ddc tinh xung ctia mach 1a g(t). Theo bién d6i
nguge Fourler, ta cé:

a(t) = —J—Jé;(m)eim"dm (11.133)
LY

& day (.}g (w) 12 ham phé cia dic tinh xung cia mach.

Trong chucng 6 (Tap 1) ta di biét, ddc tinh g(t) cia mach chinh 14 phan ng &
ddu ra clia mach duéi tac ddng clia ham xung don vi 8(t), khi diéu kién ban diu bing
khéng, do d6 theo cdng thite (11.132) ta c6 thé vidt:

Gel@) = T(jo)Gs(o) (11.134)
d day és(m) 12 mat d6 phé ctia ham xung don vi 8(t), va éﬁ(fﬂ) =1, nén:
Ge(o) = T(o) (11.135)

Thay gia tri cia ham phé ég(m) tit bidu thite (11.132) vao biu thic (11.133), ta
nhin dugc:

g(t) = [T do (11.136)
2n =

Biédu thic (11.136) chinh 14 bién ddi ngudc Fourier ciia ham g(t), do dé:
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T(jo) = j g(t)e ' dt (11.187)

Céc bidu thic (11.136) va (11.137) xac dinh quan hé gida dac tinh xung g(t) va
ham truyén dat phitc T(jo) cia mach dién tuyén tinh, hay quan hé gitta dic tinh thoi
gian va déc tinh tin sd cia mach.

Vay gitta ham truyén dat phitc T(o) va dac tinh xung g(t) cia mach dién tuyén
tinh dude 1ién hé véi nhau bdi cap tich phan Fourier (11.136) va {11.137).

D& tim quan hé giita ham truyén dat phic T(o) va dic tinh qua d5 h(t) cita mach
dién tuyén tinh, ¢ thé sit dung quan hé di biét giila dic tinh xung g(t) va dic tinh qua
d6 h(t) cia mach:

gft) = h'(H).
Tuy nhién, viéc tim quan hé gida ddc tinh qua db h{t) va ham truyén dat phic
T(jo) cia mach dién théng qua dic tinh xung sé riit phiic tap, nén trong thyc té& thudng
xac dinh quan hé giita ching qua ham truyén dat toan td cia mach.
Ham truyén dat toan tu cia mach dién tuyén tinh 13 ti s§ gilta anh todn ti cta
phan ing va Anh toan ti cia tac déng khi didu kiér;ban d4u clia mach bing O.
P

T(P) =
P) F.(P)

(11.138)

& day F,(P) va F,(P) la anh ctia phan ling va tac déng ciia mach.

Dic tinh qua d6 h(t) cia mach dién tuyén tinh la phan {tng clia mach duéi tac
dng ciia ngudn bic thang don vi 1(t) khi diéu kién ban ddu ctia mach bing 0, do dé néu
trong bidu thic (11.138) ta thuyc hién thay F,(P) = VP (anh toan tU cia tac ddng bac
thang ddn vi 1(t)) va F,(P) = H(P) (anh toan tit clia déc tinh qua dd h(t) cua mach) thi ta
sé nhan duge :

T(P) = B(Tpl - P.H(P)
P
hay: H(P)zT—(P@ (11.139)

Vay anh ctia dic tinh quéa dé clia mach dién tuy&n tinh bing ham truyén dat toan
tlt cha mach chia cho toan tu P.

Ciing cin huu ¥ ring ham truyén dat toan ti T(P) ctia mach dién nhan duge tu
ham truyén dat phitc khi thay ky hid¢u jo béng ky hiéu P.



Chuong 12

MACH DIEN PHI TUYEN,
NGUYEN LY BIEN DOI PHO
CUA TiN HIEU TRONG MACH PHI TUYEN

12.1. KHAI NIEM VE MACH PIEN PHI TUYEN, PHAN TU PHI TUYEN

Trong chudng 1, muc 1.3 (tap ) chiing ta da néu khai niém vé phén ti phi tuyén
va mach dién phi tuyén. Trudng hop téng quat, mach dién bt ky déu c6 thé md ta nhu
trén hinh 12.1.

x(t) ——» — ¥(t)

Hinh 12.1. M& hinh tdng quéat cGa mach dién
trong d6 x(t) 1a tac déng ddu vao, y(t) 1A phan ing & ddu ra dudi téc déng x(t)  ddu vio.
Quan hé gita tac déng va phan wng 1a quan hé nhin qua duge xac dinh béi
phudng trinh trang thai cia mach, cé thé viét dudi dang téng quat:
yit) = f{x(®), a, b, c...], (12.1)
trong dé a, b, ¢ ... biéu thi cac tham s cia mach.

Dang va tinh chat cia phuong trinh trang thai (12.1) phu thudc vao két ciu caa
mach va tinh chit clia mach (tinh chét cAc phén ti ciia mach).

Mach dién hinh 12.1 dudge goi 14 mach dién tuyén tinh néu phucng trinh trang
thai (12.1) 1a phuong trinh tuyén tinh. Coén néu phuong trinh trang thai (12.1) 1a
phudng trinh phi tuyén thi mach dién (hinh 12.1) 12 mach dién phi tuyén.

Phuong trinh (12.1) 14 phudng trinh tuyén tinh néu né théa min cac didu kién
sau day:

f(x, + xg) = f(x,) + f(xo)
flax) = a.f(x)



184 LY THUYET MACH - TiN HIEU

Cén d61 v&i mach dién, duge goi 14 mach tuyén tinh khi né thda man nguyén ly
x&p chéng.

Dé dang thay rang, phuong trinh (12.1) 13 tuyén tinh néu cac tham s& a, b c .. cia
mach 14 cic hing s& khéng phu thude vao gia tri cia tac déng ciing nhu phan ing. Con
néu mét, hofic mét s8 tham s8 a, b, ¢,... cia mach phu thude vao gia tri cua tac dong,
hodc phén iing thi né 12 phuong trinh phi tuyén.

Thi du: Xét mach dao déng don RLC méc néi tiép, phuong trinh trang thai cla
mach trong ch€ d$ dao ddng tif do (ngudn tac ddng bing khéng) c6 dang:

1

R.i +L—d—'+—Iidx =0 (12.2)
dt C

K6 rang, néu cac gia tri R, L, C 12 hing s6 thi phudng trinh 12.2 1a phudng trinh
vi tich phén tuyén tinh, cdn néu mét trong cic tham s6, gia sit R phu thude vao dong
dién 1 qua né : R = R(i), thi phuong trinh (12.2) khi ndy s& c6 dang:

di 1
R(i)i+L—+—[idt = 0 12.2a
(1) xC ( )

va né la phuong trinh vi tich phan phi tuyén.

D3i véi phén tit tuyén tinh, tham s6 vat Iy dic trung cho gia tri cda né la mét
hing s6, khéng phu thudc vao dién ap vi dong dién qua nd, nén né dude dic trung bdi
mot con 88 (gia tri cia phédn tit d6), thi du dién trd R = 1000 <, dién dung C = 0,1 uF.
Cdn d6i véi phin tlt phi tuyé&n, gia tri cla né phu thuée vio dién ap va dong dién qua
né, nén né duge dic trung béi mot bang sé, hosic mét dudng cong.

Thi dy: Trong bang 12.1 thi#t lap quan hé gilia dié¢n &p va déng dién qua mét phén
tu phi tuyén nao dé, con trén hinh 12.2 vé dic tuyén vén-ampe ctia mét loai di6t ban
dén.

Bidng 12.1

Hinh 12.2. Bjc tuyén vén-ampe ciia mét loai didt b&n din
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Can chd ¥ ring cac gia tri u,, 1, trong bang 12.1 c¢iing nhu dudng cong trén hinh
12.2 duge xac dinh bang thue nghiém, hodc duge cho tit ndi ché tao phan ti phi tuyén
do.

D&i véi phan ti phi tuyén, dbi khi ngudi ta ciing si dung khai niém tham s& tinh,
hay tham s8 mét chidu (tham s& clia phin tit phi tuyén tai diém céng téc) va tham s&
d6ng hay tham sé vi phéan.

Thi diu: @61 vdi dist ban dan cé dic tuyén vén-ampe vé trén hinh 12.2, dién trd tinh
R, dugc xac dinh bdi bidu thite:

R, - = (12.3)
I
cén dién trd dong:
du
R-——=-t¢t (12.4)
& gt

(xem hinh 12.2).
Trén so d mach, dé phan biét phén t tuyén tinh véi phin tl phi tuyén ngudi ta
ding k¥ hiéu nhu trén hinh 12.3.

R R
e — S
L s
[P o N Y
C &=
o d—o T
a) b}

Hinh 12.3. Cac phin tir thu ddng clia mach dién
a) cic phan tirtuyén tinh; b) céc phan t phi tuyén

12.2. TIEM CAN HOA PAC TUYEN CUA PHAN TU PHI TUYEN

Qua trinh thiét lap bifu thitc toan hoc gAn ding clia mdt dudng cong dutge got 1a
qué trinh tiém cén héa.

Qua trinh tiém cén héa déc tuyén cla phén tit phi tuyén duge thue hién qua hai
bude: Chon ham tiém cin (chon bidu thite toan hoc) va xac dinh cac tham s& tidm can
sao cho d3 thi ciia ham s8 chon lip lai gdn diing dic tuyén cta phin ti phi tuyén vai
sai 56 cho phép. Bai toan chon ham tiém can khéng c6 13i giai duy nhat. Né phu thuée
trude hét vao dang dic tuyén tiém cin va vao phudng phap sé sl dung dé phén tich
mach phi tuyén tiép theo. Song néi chung cac ham chon cAn théa mén hai ydu cdu co
ban sau day:
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1. Ham ti¢m c4n phai c6 d3 thi 14p lai gdn ding diic tuyén ciia phén t& phi tuyén
vdi sal 88 cho phép.

2. Thuén tién cho viéc phan tich mach theo phuong phap da chon.

Trong thuc t& khi phén tich mach phi tuyén thudng chon céc loai ham tiém cén
sau:

a, Da thiic lay thita:
i=ag+am+au’+. . +au® (12.5)
trong d6 thudng si dung da thic liy thia bac 2:
1= ap+ a,u + au’ (12.5a)
da thiic bac 3 hay bac 5 thidu:
1= g+ au+ azu’ (12.5b)
1= ag+ au+ au®+ au® (12.5¢)

b. Thay dudng cong cita diic tuyén bang cac doan dudng thdng (dudng gip khvic).
Thi du: dic tuyén vdén-ampe cua dist ban din (hinh 12.4) duge thay bdng dudng gip
khiic ¢é phuong trinh:

0 khi u<U,
1 = ¢I, +SU Upysusl, (12.6)
I, u>u,

Pl SRS S

) 7
Hinh 12.4. Tigm cdn héa dic tuydn cGa phdn t phi tuyén bing duéng gay khiic
¢. Da thitc mii :
i=Te"" +1,e*" + I,e™" + ... + I ™" (12.7)
Viéc chon ham tiém cdn dang da thitc mi (12.7), ¢6 thé tiém can dic tuyén phin
tu phi tuyé&n bat ky, song viée xac dinh cac tham s& tiém can rat phiic tap, nén thuc t&
chi sit dung da thitc mi dang don gian:

1=l e™ (12.78)
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hogc: i=Ie"" + L,e" (12.7b)
d. Ham siéu viét:

i= %‘ (1 + thqu) (12.8)

Ham siéu vigt (12.8) thudng duge sl dung khi tiém can héa dic tuyén géc - gbp

cua tranzistor.

Viée xac dinh cic tham 88 tiém cin phu thuéc vao tidu chufn gin ding chon khi
tiém can. Céc tiéu chuén gin ding thudng st dung cé thé 1A :

- Bai 8§ giita ham tiém cén va ham dugc tiém cén trong khoang da cho 1a nhd
nhit, nghia la:

|"f(x) - f(x)| < (12.9)
trong d6 f(x) 12 ham tiém can; f(x) 1a ham dude tiém can (xem hinh 12.5).

lby jki

Hinh 12.5 Hinh 12.6

- Trung binh binh phudng cla sai s& giita ham tiém can va ham duge tiém cén
trong khoang da cho 1a nhd nh4t, nghia 14 :

x 1/2
[i f [fx) -f(x)]zde <8 (12.10)
0

trong d6 x 1a khodng tiém can.

- Ham tiém can f(x) hodn toan tring véi ham diuge tiém cAn tai mét s8 diém
trong khoang tiém can (phuong phap ndi suy) (xem hinh 12.6).

Phuong phap xic dinh cac tham s8 tiém can (chc hé 85 tiém can) theo cac tidu
chuin gin diing duge chon, ban doc ¢6 thé tim hidu trong cAc tai lidu toin hoc phén vé
"Ly thuyét két cfu ham s8". Khi thuc hién tiém can djic tuyén cla phin ti phi tuyén,
ngudi ta thudng sii dung phuong phap don gian nh4t, d6 12 phudng phap cac diém chon.
Sau déy ta minh chiing bing mét s8 thi du.

Thi du 1. D¥c tuyén clia phén t1t phi tuyén dugc tiém cdn héa bdi da thitc liy thia
bac 2:
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i=ay+au+au’ (12.11)
Trén dic tuyén cta phin ti phi tuyén ta chon ba diém vdi cac toa do tuong ing
u,1,, Usly, Ualz (Xem hinh 12.7a).
Thiét 1ap cac gia tri tuong Ung cua dién ap va dong dién vao da thic (12.11), ta sé
nhan duge hé phuong trinh:
ly=ag +au; + aﬁuf,
i,=a, +a,u, +a,us, (12.12)

. 2°

Giai hé phuong trinh (12.12) ta xac dinh dugc cAc tham s& tiém can.

Thi du 2: Dac tuyén clia phdn tit phi tuyén citng dude tiém can héa bdi da thic ly
thira bac 2 nhu (12.11).

6 d4y ta thuc hién lam tring bam tiém cAn va gia tri dao ham cia nd vol ham
duge tiém cAn tai mét s diém (xem hinh 12.7b).

&

/ » U
Hinh 12.7a
i
IOO
T +» LU
! 9
| £

Hinh 12.7b. M ta xac dinh tham s3 tiém can bing cach lam tring gia tri
clia him va dao ham clia né tai mét s& diém
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Tai diém u =0, ta ¢6 i = Iy, do dé a; = [y, Cing tai dim u =0, ta goi Sy 14 tang
cua géc nghiéng cua ti€p tuyén cua dic tuyén phin ti phi tuyén, ta sé cé:
di
—_— = SU

du u=0

nghiala a, = S,.

Tham s& tiém cin a, o6 thé xac dinh tit phuong trinh dét véi diém b (tai diém bodi= 0):
0=1Iy + 8 (-E) + a; (-E),
tit diy, ta tim dudge :

_SE-Iy
e

a8y

12.3. BIEN 631 PHO CUA TIN HIEU TRONG MACH PHI TUYEN
12.3.1. Tac dong mét dao dong diéu hoa vao phian ti phi tuyén
Xét phan tit phi tuyén khéng ¢6 quan tinh, dic tuyén cua né duge tiém can héa
bdi da thite lay thita:
y=agtax+ax’+..+a.x" (12.13)
Gia sl trén diu vio cita phén td phi tuyén tac déng mét dao déng diéu hoa:
x(t) = Xcos(wt + ¢)
(xem hinh 12.8).

x{t) ————» f — ¥{t)

Hinh 12.8. Tac ddéng mot dao dong didu héa vao phédn tr phi tuyén

Khi d6 phan itng 6 ddu ra:
y(t) = a5 + a,Xcos(ot + ¢) + a,X cos® (ot + @)

+ a;X%o0s%(et + @) + ... + a,X"cos" (vt + @).

Thuc hién cac phép bién déi lugng gidc da biét, sau d6 nhém cac thila s8 chung, ta
sé nhan duge: :

y{t) = [ao + -12-32)(2 + %a,lx" + ] + {alx +%X3 + -g— X5 +] cos(wt + @) +

" [%32"2 ¥ %«%Xd +] cos2ot +o)+ (12.19)

+ [iaaxa +%35X5 +....:|0053(mt+cp) +
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Biéu théc nban duge (12.14) chitng t3 rdng, khi tae déng vao phin tit phi tuyén
khéng quan tinh mét dac déng diéu hda tdn 58 v, phan iing ddu ra s& gém n thanh
phén tdn s6 ne (n =0, 1, 2, 3,...) v4i n la bac cia da thic tiém can. Thanh phan ung véi
n = 0 ]a thanh phdn mét chiéu, thanh phdn tdn s§ ing v8in = 1 goi 1A thanh phin hai
cd ban, con cac thanh phén tdn s6 ing véi gia tri n > 2 duge goi 1a cac thanh phin hai
tuong ing (cac thanh phén hai bic cao). Cae thanh phdn hai bac chdn n =0, 2, 4, ...)
chi phy thude vao cac hé s8 véi chi s8 chén ciia da thiic tiém can; thanh phén hai bac chén
2ke chi phu thudc vao cac hé s8 clia da thitc tiém can véi chi s8 18n hon va bang 2k
(k =0, 1, 2, ...). Cac thanh phan hai bac 1é (n = 1, 3, 5) chi phu thuéc vao cac hé s8 véi chi s6
1é cua da thiic tiém cin; thanh phan hai bac 1& 2k + 1 chi phu thudc vao cic hé s8 cia da thite
tiém cAn véi chi s61dn hon va bang 2k + 1.

12.3.2. Tac déng vao phin ti phi tuyén ddng thoi hai dao déng didu hoa
Tuong ty, xét tdc déng vao phan tit phi tuyén khdng quan tinh véi dic tuyén duge
tiém cdn héa bai da thitc lay thira (12.13) dng thdi hai dao déng diéu hoa:
x(t) = x,(t) + x,(t)
= X,cos (@t + ) + Xyco8 (0ot + @y)

{xem hinh 12.9):

%4t} —erm— f I
%) ————

Hinh 12.9. Tac déng vio phén ti phi tuyén hai dao dong didu hda déng thai

Phan {ng trén diu ra trong trudng hgp nay:

y(t)=ag +a,fx, (t) + xa(0)]+ a,[x, (t) + x, ()] +

aafx, (1) + %, (OF + o+ a fx, (1) + x4 (1)]°
ag +a,[X, cos( @t +¢,)+ X, con{w,t + ¢, ]+

+

a,[X, cos( @t +g,) + X, con{o,t + ¢, ]%+
agfX, cos( @t +9,) + X,cos (@t +9,]%+

+ +

+ a,[X, cos( ot + @)+ X, con (0, +¢y)°.

Sau khi thue hién cic phép tinh liy thita, ing dung cac céng thitc bién déi lugng
gidc da biét va nhém thita s8 chung, ta nhan duge:
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y(t) = |a, +a,[%Xf +-;—X§J + ] +

+ |a; X, + a,[%xf + %X1X§ ) + ...:| cos(w,t +@,) +

+ |a,X,+ a,(%xg%xfx, J+] cos{ et + p,) +

+ 323-}{? + m(é—xf + %xfxg) +] c0s2(00,t + ;) +

-

+ ?zxg [ X3+ 2X2X2) :Icos2(m=t+qag)+

+ 2% X, +a.{3x’x, +%x xz] ]oos[(m, ~o )t -] +

-

+|a,X X, +a,[%}(fxz + %X1X;]+ ...:Icos[(ml YOI+ + Py +

+ %aQXf + as( X3+ XsX ] ]oos 3ot + ) +

+ [%BSXg + 35[% X3+ Exfxg] + ] co8 3(w,t + @g) +

+ E13:,,)( X,+ ag[ = X#X +--—X"K§)+ ]ms 3[(2a, - w,)t + 2o, - ;)] +
L4 (12.15)

+ 333)( XZ+a [ X3 ?X§J+...}cos{(m1 - 2w, )t + @ - 2,] +

+ -}agx X;+agl— XIX; + —XSXZJ ] cos[(@; + 2w,)t + ¢, + 2,] +

Biéu thite nhan duge (12.15) chimg td réng, trong trudng hgp xét phan ing & diu
ra, ngodi cac thanh phén tdn s8 ne,, mo, (n, m 12 cic s& nguyén), cdn cac thanh phin
tin s8 nw, + mao,. Dao ddng dGng véi cac tdn s8 nﬁy goi la thanh phan dao d6ng tdn &8
tShdpvasd p= im|+ {n| cling duge goi 12 bac cla dao déng thanh phan tén s8 t& hap.

Thi dy, thanh phén dao déng t3 hdp véi tin s8 3w, + 20, 1a thanh phin bic 5, con
thanh phén dao déng t8 hop véi tdn s 30, - o, 12 thanh phin bac 4. D& thuén tién cho
viéc bi€u dién sau nay, ta s& biéu dién bién dé ciia cic thanh phan tin s& t3 hop bing
chi s8 kép.

Thi du: I, hay U,,. D& dang thdy ring cic thanh phin dao déng ne,, ma, 1a
trudng hop diic biét clia thanh phédn tdn s§ t8 hop ing véi hodicn = 0, hodc m = 0; con
thanh phin mét chiéu ing véi trudng hop n = m = 0. Céc thanh phin dao déng bac
chin (n, m, p chén) chi phu thuéc vao hé s& véi chi s& chin clia da thic tiém can. Thanh
phéan dao déng bac chin 2k chi phy thude vao cic hé s6 ciia da thie tiém cin vdi chi &
chéin 16n hon v béing 2k. Cac thinh phén dao déng bac 1& (1, m, p 12) chi phy thuéc vao cic h
58 vi chi s8 lé cua da thitc tiém can. Thanh phén dao déng béc 1é 2k + 1 chi phu thudc
viio cac hé 50 chia da thic tiém cin véi chi 5§18 16n hon va bing 2k + 1.

Dé dang chitng minh dugc réng, cac két luan trén hoan toan ding d61 véi trudng
hgp khi tac déng vao phan ti phi tuyén déng thai nhiéu dao déng didu héa.
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12.4. PHAN TICH MACH PIEN PHI TUYEN

Phudng trinh trang thai clia mach dién phi tuyén la phudng trinh vi phan phi
tuyén khéng thuin nhét. Do d6, d6i véi mach dién phi tuyén chi o6 thé phén tich mét
cach gin ding. Dudi ddy chi han ché& viéc phén tich mach digén phi tuyén & ché& db xéc
lap. Trong thyc t& cac mach dién phi tuyén c6 thé duce phéan chia thanh cac phan tuyén
tinh va cac phAn phi tuyén déc 1ap nhau. Hon nifa c4c phin ti phi tuyén cé thé dugc coi
nhu céc phan ti khong quéan tinh. Tén tai hai phucng phap cd ban phén tich mach dién
phi tuyén: Phudng phap giai gin diing phudng trinh vi phén phi tuyén va nhém
phucng phap phén tich ph8. Phuong phap giai gin ding phudng trinh vi phén phi
tuyén chi ap dung cho mét s8 bai toan cu thé (mach cu thé). Nhém phuong phap phan
tich phé dua trén nguyén Iy bién d5t phé cia tin hiéu trong mach dién phi tuyén tinh. Trong
nhém phudng phap phéan tich phd, chon phucng phap nio d6 phu thuge vao dang cua tin
hidu ddu vio va ham tiém c4n déc tuyén clia pbdn ti phi tuyén.

12.4.1. Phuong phap cung bdi

Phudng phap cung béi duge sit dung khi dic tuyén clia phan td phi tuyén duge
tiém can héa bdi da thitc lay thita. Vi myc dich tim cac thanh phén phé clia tin hiéu
diu ra, ta sit dung céc cdng thitc bién déi lugng giac sau day:

sin’ o = l - lCOS 2a,

2 2
cosza=l+1—c052a,

2 2
si:laa:-a—sina—}—sinBa

4 4
cosaazécosu+lc053a,

4 4
sm4a=2—lcos2a+—l—cos4a,
8 2 8
cos‘a:~3~+lcos2a+lcos4a,
8 2 8

sinsa:——lvsinﬁa—gsin 3a+isina
16 6 8

cos“a=-l—c035a +—5——cos3a+-5—cosa,
i6 16 8

sinasinB=%cos(a—[i)——;-cos(a+[3),

. 1. 1.

sin ot cos B = Esm( o —p)+ -2—sm( o+ PB),

1 1
cosacosﬁzacos(awﬁ)+Ecos(a+[}),
T 1. 1.
sin o sin Bzgsmu—-zsm(a—2ﬁ)-zsm(a+2ﬁ),

sin o cos ? P = -;—sin a +isin(cr. - 28) + isin(a +2B),
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cosacos? p= %cosa + %cos(a - 2B+ i—cos(a + 2p),
.3 1 1 1
cososin® fi= Ecosor. - Zcos(cx -2py - Zcos(a + 2B),

. 2 1. 1 .
sinacos” o = Zsma + Zsm 3a,

2

) 1 1
cosusin® o= ECOS a- ZCOS 3o

Dudi day ta xét mét s8 thi thu don gian ng dung cac ¢dng thic trén dé tim phd
cua tin hiéu ddu ra phén ti phi tuyén.
Gia st dic tuyén ctia phin ti phi tuyén duge tiém can héa béi da thic luy thua
bac 3:
¥(£) = ag+ a;x(t) + axi(t) + ax*(t),
tac dong vao phin ti phi tuyén dao déng diéu hoa:
x(t) = Xcoswt.
Thiét 1ap x(t) vao biéu thic d6i vdi y(t) trén:
y(t) = ay+ a,Xcosat + a,X2cos?ot + a;X%cog’ot.

Sl dung céc cong thitc bién déi lugng giac trén va san khi bién dé&i ta sé nhan
duge:

2

y(t)=a, + a,X + (alx + % asxa}cosmt +

2
a
+ 2

1
cos 2ot + j“—aa}(3 cos 3ot.

Tit day ta nhan dude gia tri clia thanh phin mét chiéu va bién db cua céc thanh
phin hai:

2

Y, = a,+ 8,X , Y=a,X + %asx3,
a,X* 1

Y, = —»22— , Y,= Zaaxﬂ‘

Vi diic tuyén ciia phén tit phi tuyén duge tiém cén héa bang da thic lity thira bac
3, nén tin hiéu ddu ra khéng chila céc thanh phdn hai ¢é béc 16n han 3.

Biy gid xét trudng hop tac déng vao phén til phi tuyén hai dao déng diéu hoéa
déng thai:

x(t) = X,coso,t + X;cosm,t
Trong trudng hgp nay:

y(t) = ag+ a; (X cose,t + X,cosw,t) +

+ a,(X,coso;t + X,cosm,t)? + az(X;cosa,t + Xycosmgt).
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St dung céc céng thitc bién d6i htgng giac trén, sau khi bién déi ta nhan duge:

a,X? N a,X2

3 2
yit) =ag + 2201 Tz 4 (axxl L 38:X; | 82,X,X)

4

2 ]cos ot

3 2
+ [a,Xx +38:Xp | 3a,XX,
4 2

}cosmzt +

2 3
2

2
+ %cos%lt + %coa%zt + %cos&olt +

i

N aafz cos30,t + 8,X,X, cos(, +a,)t +2,X,X, cos@, ~ oyt

+3a,X, XZcos(, + 20,)t + 3a,X, X2cos(w, — 20,0t +

+ 88,X2X,c08(2w, + wy)t + 38,X°X,c08(20, — ©,)t
Tit diy ta xac dinh dudc bién d4 clia cAc thanh phin dao déng tudng {ing & diu ra:

Y = X, + Sa,X0 + Sa,X X2,
4 2
3 3 3 2
Yﬂl = RIX2 + ZﬂaXz + -2"83XIX2,

azxf Y, a2X§

Y = R = »
20 2 0z 9
a. X3 a. X3
Yo = 220y, = 23l
% 4 03 4

Y, = a,%X,X,, Yy, = 8a,X X7,
Yy = 3a,X7X, ‘
Trong trudng hdp nay dao déng & ddu ra cling khéng chita ciac thanh phdn hai ¢é
bic 14n hon 3.
D4 thi phd ctia tin hiéu didu vio va ddu ra tuong dng vé trén hinh (12.10).
Chit ¥ ring trén hinh 12.10 khéng chi ra méi tudng quan hién d% giita cac thanh
phéin daoc d6ng.
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Trén didu vao
6 =) >
Y,
Yo Yz v
[ I } Trenddura
o w 2w 3w > w
a)
X2
T &n d4u vao
0 QJz l\l1 >«
Y10
Yot
Y Trén ddura
YO Yoz Y11 20
S 8 T O e
0 @z | N\ | @1\ VXTI %oy O
2&!)2 3“’2 Wy -ty Wy 4y 2:,.31 Wy 2(.01 +wWs
w1 - 2w Wy + 2o,
b)

Hinh 12.10. Phé cla tin hidu & diu vao va d4u ra bd bién ddi phi tuyén
a) khi tAc ddng & ddu vao mdt dao dong didu hoa;
b) khi tac déng & diu vao hai dao 3Ong diéu hoa Aadng thdi

12.4.2. Phudng phap géc cit dién

Phuong phap géc cit dién duge sit dung d€ phén tich phd khi dac tuyén ciia phén
ti phi tuyén duge tiém can héa bing dudng gay khic (hinh 12.11).

$i

Hinh 12.11. Tigm can héa dic tuyén cla phén t phi tuyén bing dudng giy khiac
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. {o khi usy, 1216

[oo+8SU khiu>U,

Gia s ddc tuyén clia phén ti phi tuyén dude tiém cin héa bing dudng gay khic

(hinh 12.11) dudc xéc dinh bdi biéu thite (12.16), trong d6 U, 1a dién ap cdt, Iy, 1a dong
dién tinh:
i = I,|SU,| 12.17)

Gia sit 3 ddu vao phan tit phi tuyén tac ddng dién ap :

u=E + Ucosat (12.18)
trong dé6 E 1a dién ap thién ap, x4c dinh diém lam viéc clia phin td phi tuyén (xem
hinh 12.12).

Piém 1am viée trén dic tuyén ciia phin tit phi tuyén dude chon sao cho tén tai
phép bién d8i phi tuyén khi bién dé U clia dao ddng didu hoa du 1én, nghia 1a khi thda
man diéu kién:

U> U~ El (12.19)

Bing phuong phap ba mit phing toa d8, ta xac dinh duge dd thi thdi gian clia
ddng dién chay qua phan ti phi tuyén (xem hinh 12.12).

Tit d8 thi (hinh 12.12) ta thdy, dong dién qua phin ti phi tuyén chi trong mét
phin chu ky cda tin hiéu vao, mét nita phin nay (biéu thi theo don vi radian hoic d8)
duge goi la goc cit dién 0.

E F Y 4i
+ / ------------------- Y T
Ioo : :
: fmax j-
| i
i 1
Uo/ ! . u 3 : »
E T | I P 2 wt
: e | :
! ¥ T ! o 20

wti +

Hinh 1212 Bé thj gidi thich qué trinh xuit hién déng dién qua phan tir phi tuyén
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Thiét 1ap biéu thiic cia dong dién trong mét chu ky cla tin hidu vao:
I+ SU khi O0<wet <8
i=<0 khi 6 <ot <2n-0 (12.20)
Io + SU khi 2r -8 <ot <2rn

Gée cit dién 0 cb thé biéu didn qua dién ap thién 4p E, dién ap cdt U, va bién d§
cua dién ap vao U,

Tit bidu thitc cua déng dién (12.20), sit dung edng thitc bién ddi Fourier ta s& tinh
dugc cac thanh phan hai cia tin hiéu ddu ra. Cac thanh phdn hai nay phu thude vao
chc tham s& dién ap E, U,, U va hd din S. Tuy nhién tinh toan tich phan Fourier trong
trudng hop nay kha phiic tap. Do d4, ta sé& viét biéu thitc clia dong dign i dudi dang khac.
Trong biéu thic (12.20), thay u ti bidu thitc (12.18), ta s& nhan dugc biéu thite bidu thi
.51t thay d8i ctia dong dién theo thdi gian t (trong cac khoang thdl gian i+ 0):

1= Iy + 8E + SUcosut (12.21)
Quy luat thay dé6i dong dién theo thdi gian cé thé biéu thi qua gée cit dién 0. Vi
khi ot =9 , ddng dién 1 = 0, nén ta nhan duge:
0 =1y + SE + SUcost (12.22)
L&y hai v& clia bidu thitc (12.21) triX di hai v€ clia bidu thic (12.22), ta s2 nhén
duge:
1= 8U (cosot — cosB) (12.23)
Bidu thitc (12.22) cho phép dua ra biéu thic xac dinh gée cit dién 8:

cosB = - SES+UI°° __E ;JUO (12.24)

Céng thic (12.24) ¢ nghia khi |E - Uyl < U [xem biéu thitc (12.19)]. Trong
trudng hop ngude lai khéng tn tai phép bién d8i phi tuyén.

Khi ot = 0, dong dién ddu ra dat gia tri cuc dai i,,,, nén t bidu thie (12.23) ta
nhin dudgc:

1. = SU (1 - cos) (12.25)
Bién d6 cta cac thanh phin hai cia ddéng dién ddu ra duge xac dinh theo cong
thitc tich phan Fourier dang téng quat:
) 2n
An { = lj'f(mt):;’;nmtdmt
B, me
O day ham f(ot) la sy thay dé1 cua déng dién theo thdi gian t. Trong trudng hop
xét ham i(ot) 1a ham chin (xem hinh 12.12), nén trong khai trién Fourier, cic hé s
B, = 0, va chi t&n tai cac hé s6 A, (thanh phin mot chidu va cac thanh phin ing véi
ham cdsin) va ta s& bifu dién qua [,

Thanh phan hai bac 1 (thanh phan hai co ban):
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18
I, == [i(et) cosatdot
LA *
Thay i(wt) tit biéu thitc (12.23) vao bi€u thic trén, ta nhan dugc:
18
L= —J.SU(cosmt ~cos@)cosotdot
n
-8
e o 8
= sU —l-jdtot + ljcosZthdwt - cosﬁjcoswtdcpt
T 2-0 2_e %
Sau khi thuc hién tich phén va bién d8i, ta nhan duge:
I, = Y 0 sin6cosd) (12.26)
n
Thuc hién chudn héa theo gia tri cuc dai clia dong dién:
I, ©-sinbcosb
Ly ™1 -cosB)
Biéu thitc nhan duge chiing t3 rng ti s8 I/i,.., chi phu thuge vao géc ct dién 6.
Tinh to4n tudng ty sé xéc dinh duge tuong quan ciia cac thanh phén hai khac clia
dong dién:
I
- =y (0) = g,
TOAX
I
— = )= oy,
lmu
L
T =02(0) =y,
MRx
—=9,0)=qa,

Céc hé 88 o goi 12 hé s phan giai:

o = sind —Bcosh
o {1 — cos Q)

8 —sinBcos b
alz -
{1 ~ cos )
Khi n > 2, hé s6 phin giai:

_ 2{sinnbcosO ~ ncosnBsin 9)
" m(n? - 1)(1 - cosB)

(12.27)

{12.28)
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C#c hé s8 phén gidi a, 12 ham s& chi phu thudc vao gbc cit dién 0. Gia tri ciia chuing
c6 thé duge tinh trude véi céic gia tri khac nhau clia goc cit dién 6 va lap thanh bang aé
tién sit dung. Trén hinh (12.13) vé d8 thi ciia ham o.,(6) {tng véi cac giatrin=0, 1, 2, 3.

aﬂ
oy T —
0,5 o —
/ /-*r""-a;#
0.4 /) A
\ // / —
0.3 4 1
4 //
02 e
il y’ az
/ ™
0.1 / \‘\
o3 '\\ \\
0 180
0 60 E RN 150 8

Hinh 12.13. BS thi ham o (8)

Phucng phéap phin tich phé theo gbc cét dién 8 duge thuc hién theo cac bude sau:
Theo chc gia tri E, U, S, Iy, da biét (trong d6 cac gia tri Iy, S duge xac dinh tryc tiép trén
dic tuyén clia phén ti phi tuyén), dua vao cong thite (12.24) x4c dinh goc cit dién 6; T gée
cét dién 0 da biét, theo cong thiic (12.25), xac dinh gia tri cue dai cua ddng dién i,,,, sau
d6 theo d3 thi hinh 12.13, hodc tra bang, hoc tinh toan s& xac dinh dugc cac hé s8 phin
giai «,. Bién dé cla thanh phén hai bic n duge xac dinh bang tich ciia hé s& phén giai
va gia tri cie dal ciia dong dién:

I, = ot Lpa (12.29)

Phan tich sy phu thubc cia hé s8 phin giai o, (8) cho phép rit ra cac két luan sau
day:

- Bién 46 cia méi thanh phén hai dat gia tri cuc dai ing véi gia tri xac dinh cia
gbc cit dién 0 (gia tri t8i wu). Thi du, bién d6 thanh phin hai bac 2 dat gi tri cuc dai
{ing véi gi4 tri géc cit dién © = 60°, bién d6 thanh phin hii bic 3 img véi gia tri 6 = 40°, ..,
120° . St dung tinh chat ndy cho phép chon

bién d& thanh phin hai bac n ing viigiatri 6 =

diém lam viéc clia phén tid phi tuyén sao cho thanh phin hai mong muén (hiu ich) o
déu ra dat gia tri 16n nhAat.

- Bién d6 cac thanh phédn hai bic 1é (tr thanh phén hai cd ban - hai bac 1) bang
khéng itng vdi gia tri goc cit 8 = 90°. Didu nay cho phép loai bd céc thanh phin khéng

mong muén & diu ra.
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12.4.3. Phuong phap ba, nam di€m toa dé

Phuong phéap ba, nim diém toa d6 dude s\t dung khi thyc hién phan tich mach

bing d6 thi va khi 4p dung phuong phap giai tich sé phitc tap do khé khin trong viée
giai bai toan tiém can.

Phudng phap ba diém toa d6 cho phép xéc dinh mdt cach gin ding thanh phén
mét chiéu va bién d¢ clia thanh phédn hai cd bin va thanh phir hai bac hai cia tin hidu
ddu ra.

Gia s trén dau vao phdn ti phi tuyén c6 dic tuy&n vén-ampe vé trén hinh
(12.14) tic déng mét dién ap diéu hoa.

k4

]
wt 1\

Hinh 12.14. M6 ta phuong phép ba diém toa d&

4

Hinh 12.15. Mo ta phuong phap nam diém toa dé



Chuong 12. MACH DIEN PHI TUYEN NGUYEN LY BIEN BSI PHO CUA ... 201

Dong dién & d4u ra i 12 tdng cha thanh phdn mét chiu va cac thanh phin hai,
trong trudng hgp chung c6 thé viét duéi dang:

1 =1+ I,coswt + L,cos2wnt + ... (12.30)

Gia sil ring cac thanh phin hai bic cao n > 3 ¢6 gi4 tri nhd ¢6 thé bd qua, ta chon

trén d8 thi ba diém:
| i=1,,, khiot=0, u=1,
i=i, khiot=w2,u=0,
i=i,, khet=n, u=-U
Ap dung cac gia tri nay vao bifu thic (12.30) ta nhan duge:

imu=10+11+12!

iO = ID - I?s
lnn=L-1 + L5
Giai hé phudng trinh trén theo cac bién I, I;, I,, ta nhan duge:
L= i+ tint 210 |
° 4
1= b
I, = lmax™ imin_ | 12.31
1 2 ( )
Imax + gin — 21
I,= ma==e,

Khi cdn tinh dén cac thanh phin hai bic cao hon (n > 2), ta sé chon thém mét s&
diém trén d8 thi. Thi du khi cdn tinh d&én thanh phin hai bac bén, trén d5 thi ta chon
thém bai didm ot =% va ot - %“ (xem hinh 12.15).

Trong trudng hop nay déng dién diu ra sé 1a tdng clia nam thanh phan:

1=1I,+ I,cosot + [,cos2ut + [;eos3ot + [,cosdat.

Tit d8 thi & hinh 12.15, phi hdp véi cic diém chon trén d6 thi, ta thiét 1ap duge hé
phuong trinh :

e =g+ L+ L+ [+ 1,

i, =IL,+05L-0561,-1;+0,51,,
ip =l-I+1,

ip =I,-05L+05L+1,-0,5L,

i'min: ID""Il + I2" I3+I4-
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Giai hé phuong trinh trén ta tim duge:
1,. . . .
I, = E[(lmu +lma )+ 20, + 12)],

Il = l[(imu _imin)+ (il _iz)]'

3
I, = %[(i,m +i,)+ 2], , (12.32)
1;,. ) . |
I, = ‘g[(lmx = 1min )~ 20, _12)]’
1, = i%[(i,m #i Y- 4, +1g)+6i,)

Cén chi ¥ ring phucng phap ba, nam diém toa d9 cb sai s8 16n va khi bién do
dién ap vao tang, sai 56 ciing tang.

12.4.4. Phuong phap ing dung 1y thuy&t haim Becxel
Phuong phap phén tich phd trén cd sd Iy thuvét ham Becxel duge sit dung khi dic
tuy&n cta phin ti phi tuyén dude tiém cAn héa bdi ham s mi hay da thitc mi.
Tit 1y thuyét ham Becxel ta di biét:
e = J, (a) + 2J,(a)cosx + 2J,(a) cos 2x + .. (12.33)

e* "% = J (a) + 2J,(a)cos 2x + 2J , (a) cos 4x +_.

(12.34)
+ 2J,(a)sinx + 2J,(a)sin3x + ...

trong 86 Jy(a) 14 ham Becxel logi 1 bac 0 chi s a;
J.(a) 12 ham Becxel loai 1 bac k chi s8 a.
C#c ham Becxel béac 0, hoiic bac k thudng dude cho bing 44 thi.

Gia sit tac déng vao phan ti phi tuyén, dic tuyén cia né duge tiém cin héa bang
ham mii 1= Ie™ , mdt dao dong diéu hoa u = Ucoswt. Khi &6 :
1= I, exleon
Su dung cong thite (12.33) ta nhan duge:
1= Ly [Jo(al) + 2J(aWcosnt + 2J(al) cos2ut + ...]

Tit day ta xac dinh dude céc thanh phén phd cta tin hiéu ddu ra:

Thanh phin mét chiéu I, = Lydo(all),
Bién d6 thanh phin hai bic mét I, = 2(al),
Bién @6 thanh phén hai bacn I, = 21, (all).

Néu dic tuyén cia phdn ti phi tuy&n dude tiém can héa biang da thitc mi:

1= A e+ Aye®
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khi d6tacé:
i= Ajetlenet | A grelicmat
Thute hién bién d8i tuong tu nhu trén, ta s& nhan dugc :
I = A dy(a,U) + Aydg(a,U),
I, = 2A,J,(a,U) + 2A,J,{a;)),

I, = 2A,d.(2,U) + 24,J (a,U).
Trudng hgp tac dong vao phén ti phi tuyén bai dao déng diéu hoa ddng thoi.
u = u; +u, = Ujcosot + Uscosa,t
va diic tuyén cla phén tilt phi tuyén duge tiém cin héa bing ham mi:
1= Tpe™
taséco:
j = [mﬂa[u1 con oy t+Ugp conmgt]

=1 eaUI conuyl enuzcolmgl
=14 .

Thuc hién phén tich cac thita s& mi theo chudi (12.33), ta nhan duge:
i = I5[d,(aU,)+2d,(aU; Xeos ot + 20 ,(aU, ) cos 20t +...] x
x [Fo(alUy)+2d,(al, Jeos w,t + 2J,(alU, ) cos 2e,t +...]
= [o[do(alU, We(al,) + 2d,(aU, ), (aU; ) eos ot + 2J,(al, W, (al, Y cos 20t
+... + 2J4(aU, ), (aU, ) coso,t + 4d,(al, ) coso,t+
+d(alU,)cosw,t +4d,(al,) cos o t.d,(all,) cos 2m,t+
+ 4J,(aU, ) cos 2w,t.J,(aU,) cos 20,t+...]
= Joo{dp(alU  )do(all,) + 2J(alUy)d (al,; ) cosa,t+
+2d,(aU, ), (alU, ) cos 20, t+...+
+ 2J(al,}).d, (aU,)coswat +2d, (alJ, W, (all;) cos(w, + 0y )t+
+ 2J,(aU)).d,(aU,)cos(e, — 0a)t+ 2J,(alU, ), (al,y) cos(2em, + @,)t+
+2J,(alU ), (aUy) cos(2m, —wg)t+..+
+ 2d4(al),).d,(alU,)cos 2w,t + 2d,(aU; My (all, ) cos(e, — 20, )t+
+ 2J,(alU,).Jdy(aU,)cos(w, + 20,8 + 2J,(al, ), (all,) cos(2e, + 2o, )t -+
+2Jd,(aU, ), (al,) cos(2w, - 2w,)t+... ]

Tix day ta tim duge :

Iy = Lgdo(aUdg(aly),

Lo = Too [2d, (aU)) J.(aUy)]
Tit nhitng két qua da nhan dudce cé thé rit ra mét s8 nhan xét sau day:
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- Diém d4c trimg nhét clia mach dién phi tuyén la Jam thay d8i phd ciia tin hidu
khi truyén qua né. Sy thay d8i nay bao gdm ca viée sinh ra cac tAn s& méi, ciing nhu
chuyén di phd ctia tin hiéu theo thang tdn s6. Nhd dic tinh quan trong nay ma cac
mach phi tuyén dudc ing dung réng rii trong k¥ thuat dién t néi chung hay ky thuat
vién théng ndi riéng. Van d8 nay sé duge xem xét ky trong chuong tiép theo.

- Khac véi mach dién tuyén tinh, 461 v8i cac mach dién phi tuyén khéng c6
phudng phap phan tich téng quat ma chi ¢é thé phan tich mét cach gin ding. Viée chon
phuodng phap phin tich mach phi tuyén khéng chi phu thudc vao dic trung cia phin ti
phi tuy&n ma cdn phu thudc vao dang va 4 1én cia tin hiéu vio, ciing nhu diém céng
tac tinh cua phan ti phi tuyén.



| Chuong 13
CAC MACH BIEN POI PHI TUYEN CO BAN

13.1. KHAI NIEM VE PHEP BIEN POI PHI TUYEN

Ta goi phép bién déi tin hidu ma k& qua lam thay ddi phd cia né (thay déi ciu
triic cia phd, hode chuyén tit ving tAn s§ ndy sang ving tdn s& khac) 1a phép bién déi
phi tuyén. Mach dién thuc hién phép bién d4i phi tuyén goi 13 mach phi tuyén.

Chc phép bién d6i phi tuyén dude sit dung réng rai trong k¥ thuit dién tu, dic
biét trong k§ thuat vidn théng va k¥ thuat didu khién tif xa. Trong ky thuit vién théng
vi k¥ thuat diéu khién tit xa, sit dung cic phép bién d6i phi tuyén vira cho phép tang ey
ly, vita cho phép ting kha nang chéng nhiéu va kha ning bao mat trong qua trinh
truyén tin.

Bi&n d8i phi tuyén tin hiéu cé thé duge thue hién bing mach dién phi tuyén, hoic
mach dién tham s8. Trong pham vi cudn sach nay chi han ch& xem xét cac phép bién
d6i phi tuyén bing mach dién phi tuyén. Cing chi han ch& xem xét cac phép bién déi
phi tuyén cd ban nhit dang dudc st dung réng rai trong k¥ thuat vién théng. Tuy
nhién, trén cd sd cic phép bién déi phi tuyén co ban da xét, cé thé dé& dang nghién ciiu
cac phép bi€n d8i phi tuyén khac duge ing dung trong ky thuat hién dai: ky thuat
théng tin s8, diéu khién s& ...

Cac mach dién phi tuyén s dung trong thuc t&€ bao gébm phén phi tuyén va cac
phin tuyén tinh, cac phén nay déc lap nhau. Diéu nay cho phép khi phin tich mach
dién phi tuyén chi di sAu phéan tich phan phi tuyén clia mach (phén tuyén tinh di phéin
tich ky trong T4p 1) va c6 thé xem phén phi tuyén nhu mach dién phi tuyén.

Khi tac déng vao phin ti phi tuyén tin hiéu x(t) c6 phd X(o), phé cta tin hiéu diu
ra ngodi cac thanh phin phd cla tin hidu ddu vio cén cé cac thanh phin phd khac.
Trong cac thanh phan phd cda tin hidu diu ra bao gdm ca cac thanh phédn hitu ich va
cac thanh phan phu xu4t hién trong qua trinh bi&n ddi (viéc chon thanh phan hitu ich
cha phéd cla tin hiéu diu ra phu thude vae muc dich sit dung tin hiéu diu ra bj bién
d81). Cac thanh phan phu s& lam méo tin hidu ddu ra, cAn phai loai bd ching. Viéc khii
bd cac thanh phadn phu cé thé duge thue hidn nhd bd loc tuyén tinh, hoidc st dung céac sd
a8 dic biét cia bd bidn ddi. Do db trong trudng hgp chung, cic bd bién ddi phi tuyén déu
¢4 thé mé ta bing md hinh téng quat nhu trén hinh (13.1).
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X{t) —— f B S

Hinh 13.1. So 46 khdi tdng quét clia bd bigh dai phi tuyén

Trong so 45 & hinh 13.1, kh&i médc trén ddu ra phdn tit phi tuyén 1a mach loc
tuyén tinh. Céc mach loc tuyén tinh sit dung trong thuc t€ thudng 1a céc mach cong
hudng don, hodc cic mach céng hudng ghép.

13.2. BIEU CHE BIEN DO

V& ¥ nghia ctia viéc diéu ché tin hiéu, ciing nhu phén tich cac loai tin hiéu didu
ché&, da duge xem xét ky trong chudng 11. 0 day chi xét nguyén Iy mach tao tin hiéu
diéu bién.

Trong trudng hgp don gian nhét khi ham digu ch€ 13 don 4m u(t) = UgcosQt, tin hidu
difu bién gom ba thanh phdn tdn s8: thinh phin tdn s§ mang va hai thinh phén tin
56 bién (xem biéu thitc 11.101):

uy,(t) = Ucoswmyt + E-g—"-cos(mo + 0t + mTU"cos(mu ~ Ot

Do vay cé thé tao tin hiéu didu bién theo sd dé khéi vé trén hinh 13.2.

_u°.’.._..9. z (Uw+Un2 f . $ .
_uB_, Ugm,

Hinh 13.2 So dé khéi mach tao tin hipu diéu bién

Gia st u, = Ugcoswgt, ug = UgeosCit
va diic tuyén phin tit phi tuyén duge tiém can héa bing da thic liy thita bac 2:
i=au + a,u’
khi d6 ta cé:

i = a,(Uj coswgt + U cos(it) +a,(U, cosagt + Ug cosCit)?
= a,U, coswgt +a,Ug cosSh + a,U% cos® agt + a,Ud cos? Ot + 28,U, U, cosagteosOt

= a,Ug cosagt +a, U, cosCR + 939-29 + Bﬁcos%au
2 2
+ ﬁ;—%— + “—ficom + a,U, U cos(g + Ot
+ 8,U U cosfpy -t
2 2
= ;'12 aZ;J +aUncosQI:+—«:c|a2;'l s2AN +

+ agUoUQ cos(wg ~ )t + a, U, cosagt + a,U U, cosag + Ot + TUﬂcoszcoot
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in » i e, 8US aUh . s sl
Thuc hién loc bd cie thanh phin mét chidu 2 T g cAc thanh phin tan 50
a, U . a,U?Z . aa
thdp a,UqcosCit, --25-5-’- cos20t va thanh phén tn s8 20, :—22—9—~cos2mot, d diu ra ta

thu dudc tin hiéu diéu bién:

ug(t) = a;Ugcos gt + a,UUq cos (e, + (0t + 8,0 Ugcos( og — Ot

Trén hinh (13.3) vé d4 thi phd cla tin hidu ddu vao va tin hiéu ddu ra mach diéu
ché& bién 46 trong trudng hgp ham diéu ché la don 4m. RS rang qua trinh diu bién 1a
qua trinh chuyén phé ciia tin tite & ving tAn s8 thip 1én viing tin s8 cao.

L.
<

> | >
4] Q Wo t.ro / Wo
Wo =12 wet

Hinh 13.3. Phd cha tin higu & ddu vao a) va & ddu ra b) mach tao tin hidu didu blén
Truong hgp dic tuyén cia phin tit phi tuyén dude tiém c4n héa bdi da thic liy
thira béc 16n hon 2:
1= a,+ au + a;u? + azu®

khi d6 tin hiéu 6 ddu ra phén t phi tuyén:

i= ay+a,Ujcosogt +a,UgcosQt + a,U?2 cos® ot +
+ a,U% cos® wt + 20,U,U, coswgteos Ot +
+ a,U3 cos® gt + 2,U3 cos® Ot + 3a,U2 U, cos” otcos 2t
+ 3a,U,U% cos ogteos® Ot
Thue hién bién d8i lugng giae bidu thic trén, sau d6 sdp x&p lai thi tu cac sd
hang va nhém cac thita s& chung, ta nhan duge:
a,U3 + a,Uj (

a,Ug + -i—a:,Uf} + —g—aaUnUg]cos Qt
1 2 )
+ 3 a,Upcos2Qt + ZaaUn sin 30t +
3 3.3 12
+ a'.on + Z&on +§ﬂaUQUO COS(I]ot +

+ a,U U, cos(og — Dt + a,UgUg cos(my + Ot +

+ %aaUg U, cos{wy - 20t + %aan-,Uo cos(vg + 2Q)t
+ %angcoa Z20,t + %aaUnUgcos(Zmo -t +

+ %aaUQUg cos(2my+ St + —‘li-aan‘l cos 3wt

...................................................................
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B4 loc tuyén tinh méc trén ddu ra phin ti phi tuyén (thudng 14 mach céng hudng
ddn - mach RLC mic song song) s& cho qua céc thanh phén tdn s 14n can tin s8 cong
hudng w,, cic thanh phin nay duge viét trong cae hang thi 3, thi 4 va thit 5 cla bidu
thite trén. Trong d6 cac thanh phdn viét trong hang thit 5:

%aan]Uo cos{@g — 20Nt va %aaU?}Uo cos(w, + 200t

12 cac thanh phén k¥ sinh (cac thanh phan nay khéng c6 trong bidu thitc ciia tin hidu
diéu bién) sé gay ra méo tin hidu khi diéu bién.

D& xét hién tugng méo tin hiéu do mach didu ché& giy ra, ta viét lai cic thanh
phén tin hiéu & ddu ra bd loc tuyén tinh duéi dang:

u, = k[(aon + % a;Ud + %aan)Uo}osmgt +

+ a,UqUj cos(og — Ot + a, U Ug cos(wg + Ot +
+ gaanon cos(wy — 2Nt + %asU?}UG cos{ay + 20t ]
trong d6 k 12 hé s8 truyén cua mach loc tuyén tinh trong dai théng.
Biéu thite trén cé thé viét lai dudi dang:
3 13,3 1p
u, =ki|a,U; + Z%Uo + 2 a,UxU, [coswogt +

3 o '

+ 2a,U, U, cos (Mt cosmgt + 3 az; Ui Ug cos 2Qt cos oot

Ky hidu:
a, U, + %aaU‘g + %aSU?)UO =a1U0[1 + %ﬂUg + 32

a, a,

va viét lai biéu thitc u, trén dudi dang:
u, +k [alUO(l +az)+ 2a,UqU, cos (0t + —g- a,URU, cosmt] coswot

(13.1)
= k.Ioll +m, cos{}t + m, cos 2Qt] cos oyt

trong dé: I, =a,Ug(1 + ag)=2a,Uy 1 +~3-’~~a—3U§ +EﬂUf_} ,
4 a, 2a,
8a,UZ
m, = 2a,Uq A3vq

y Mg = ——
a,(l+0g)’ ° 2a,(1+ay)
Tuong tu cé thé tinh cic chi s6 diéu ché bd phan my, m,...
Bidu thitc (13.1) cho phép dé dang danh gia d6 méo tin hidu do mach diéu ché& gay
ra théng qua hé 88 diéu ch& m,. RS rang khi hé s8 cita da thilc tiém can a; = ¢ thi mach

diéu bién khéne gdv méo tin hiéu.
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Mach dién tao tin hiéu diéu bién c6 thé thyc hién trén dist ban dan, transistor,
dén dién tit... Trén hinh 13.4 v& sd d6 nguyén Iy cac mach tao tin hiéu diéu bién ding
transistor. Mach tao tin hiéu diéu bién ¢ hinh 13.4a sit dung dac tuyén i (uy) cua
transistor, ¢én mach & hinh 13.4b st dung diic tuyén i (u,).

Hinh 13.4. St d3 mach tao tin hiéu diéu bién ding transistor

Trong cac sd dé diéu bién & hinh 13.4, ngudn dién ap E, xac dinh diém lam viée
tinh clia transistor (lAm viéc & ché dé phi tuyén tudng dng), cdn bd loc tuyén tinh su
dung mach céng hudng LC méc song song.

Tao tin hidu diéu bién cén bang (tin hidu diéu bién khéng chita thanh phéan tin s&
mang) ¢6 thé thuc hién theo so d6 khéi vé trén hinh 13.5.

Uy + Uy

h 4

3,

F 3

Us @ 3

Uy - Uy - :

Hinh 13.5. Sg d8 khai mach tao tin higu didu bign c&n bng

e

h 4

h 4

2

Trong so d6 & hinh 13.5, tin hiéu t4n s8 mang u, = Uycos o¢t dua téi hai déu vao
b6 cong mdt va bd cong hai la déng pha nhau, cén tin hiéu diéu ch& u, = Ug cos(t dua
t4i hai ddu vao bd cong la nguce pha nhau. Tin hiéu ti ddu ra phén tit phi tuyén thi
hai duge dua qua bd trit (d4o pha) trude khi dua tdi bd cdng ba.

Gia st hai phan tif phi tuyé&n 1i hoin toan giéng nhau va dic tuyén cua né duge
tiém can héa bdi da thite lay thua bac 2:

i=a,+au+ au’ (13.2)

Tin hiéu dua tdi ddu vao phin t phi tuyén thi nhit:

u'=u, + u,,
" con tin hidu dua tét diu vao phéan tit phi tuyén thit hai:

u"'=u, - u,



210 LY THUYET MACH - TIN HIEU

Tin hiéu trén déu ra phén tit phi tuyén thit nh&t i' v trén ddu ra phin ti phi
tuyén thi hai i":
i'=a, +a,u +a,u, +a,uf +a,ul + 2a,0.u,,
i"=ag +au; - a,u,+a,u? +a,ul - 2a,uu,.
Tin hiéu trén ddu ra b cdng ba:
i=1-1"= 2a,uz+4auu,
Thay u, = Ugeos ogt, 1y = UgcosQt vao bidu thite trén, ta s& nhan duge:
1= 2a,Uqcos Qt + 4a,Ucos wgt.UncosOit,
hay:
1= 2a,Uncos (Ut + 2a,U,Uncos( oot + Qt + 28,UUq cos {0, - Q)t.
Thanh phédn thit nh&t 2a,Uq cosQt d& dang loc bd nhd bs loc don gian, khi d6 tin
hiéu cén lai:
i = 2a,U,Uqcos (@,+ Q)t + 2a,U,Uncos (0, - Ot
12 tin hiéu diéu bién can bing.
Sd d6 nguyén Iy mach tao tin hiéu didu bién cén bing ding dit ban dén &
hinh (13.6).

~
%l
u, ;|t L C

=
|U1|

Hinh 13.6. Sa 83 nguyén Iy mach tao tin higu didu bién can bing ding didt ban dian

C6 thé tao tin higu difu bién cin bing khéng cén sit dung bd loc nhd mach didu
bién véng cé sd d6 nguyén Iy vé trén hinh (13.7).

i

Hinh 13.7. So dS nguyén ly mach didu bién véng
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Dé giai thich nguyén Iy 1am viéc cia mach didu bién véng, ta sit dung sd 46 &
hinh 13.8.

U2 QD iy li";[
Uy GD :Zl,' i'zT i"1l

Hinh 13.8. So d8 giai thich nguyén iy 1am vidc cla mach didu bién véng
So 46 & hinh (13.8) khéc 56 d3 & hinh (13.6) do dugc b8 sung cip didt @:, @,
Di¢n p dit trén diét @) :
u) =+ U
Dign ap dat trén didt @, :
up= 1, - U,
Dién ap dit trén dist @:: :
uj=-u;-u,
Dién ap dt trén dict 2,
uy=— 1+ Uy

Dong dién trén ddu ra:
e e e
1=(0] —15) + (] - 13)
Gia su diic tuyén cua didt duge tiém can héa bdi da thitc lily thita bac 2 nhu bidu
thite (13.2), khi dé:
2 2
1 =g, + aU;+ a;lUy + 8,1 + 85U, + 2a,u,U,,
1y =ag + a1l - a0, + 8,07 +a,u; — Za,u,u,,
(i-13) = 2a,u, + 4a,u,u,,
bt J _ 2 2
Iy =ap—a ) —a;Uy +a,u; + aU; + 2a,1,U,,
1y =ay-au, + 2,1, + a0’ +aul - 2au,u,,

oy .
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Dong dién du ra :
i=(] —1iy) + (] - 13) =8a,uu,
Thay u, = Ugcosat, u; = Uncos(, ta nhan duge :

1 = 8a,Uj; cosotUgcosQit = 4a,U Uqcos(wg+ Ot + 4a,UyUgeos(mg — Ot
né chinh 1a tin hidu diéu bién cin bing.

Mach didu bién vong ngoai viéc khéng cin st dung bo loc, ¢dn cho phép khi bd
cic thanh phén tan s6 1an cén tan s& hitu ich, cac thanh phan rat khé loc bé nhd cac bd
loc.

D& tao tin hidu didu bién don bién (tin hiéu didu bién mét dai bién), cé thé s
dung mach tao tin hiéu didu bién, hoic diéu bién cin bang, trén diau ra cla né mic
thém céac bd loc d€ nhan tin hidu mét dai bién. Song tinh toan thiét ké& cac b loc nhu
thé rat khé khin. Nén tao tin hiéu diéu ché don bién c6 thé thuc hién bdi mach cé so dé
khai vé trén hinh (13.9).

Uy = Ugtoswot 2a,U Unc0s(w, - Q)t +2a,U, Uncos(u, + Ot

uy = Uy cost DBCB1

4a,U Uncos(w, - Q)
—

M

& @

U, sin(at

U, sinwgt

v

L4

pBCB2

v

2a,U Uncos(w, - 0t - 2a,U_Ugcos{g + Ot

Hinh 13.9. So d8 khai mach tao tin hiéu didu bién don bién

Tin hiéu tidn s8 mang u, = Ugcoswst va tin hiéu diéu ché& u, = UgcosQt duge dua
truc tiép téi dau vao bs diéu bién cin bang 1 (DBCB1). Cac tin hiéu nay dude dua qua
b& xoay pha, thuc hién quay pha di géc n/2 trd thanh tin hidu Ugsinogt va UgsinQt
trude khi dua tdi ddu vae bd diéu bién cin bing 2 (DBCB2}. Trén ddu ra bd loc DPBCB1
ta thu duge tin hiéu :

2a,UUgcos (0, - Ot + 2a,U Ugqgcos(e, + Q)t
con trén dau ra bd DBCB2 ta thu dudc tin hiéu:
2a,U Uqcos (0, — )t — 2a,U,Ug cos(o_ + (Dt

O dau ra bd céng ta nhan dudge tin hiéu diéu bién don bién:

Ugpa(t) = 4a,UsUqcos(o, - Ot
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13.3. BIEN BOI TAN SO TiN HIEU

Trong kj thuét vidn théng, dé truyén tin di xa, ngudi ta phai thuc hién chuyén
phé ciia tin tite & ving tin s6 thip 18n ving tin s8 cao (di€u ché tin higu) réi méi thye
hién truyén tin. Trong qua trinh truyén lan, do c6 s¢ suy giam trén dudng truyén, nén
tin hidu thu nhan dugc bén phia may thu thudng cé ning lugng rit nho. Dé dam bao
qua trinh xt 1§ tin hidu trong may thu cing nhu ddm bao cho cac thiét bi ddu cudi lam
viéc binh thudng, cAn phai khuéch dai tin hiéu nhén duge. Viéc khuéch dai cac tin hiéu
& viing tin s& cao véi dai tAn céng tac rong (dic biét trong dai séng siéu cao tdn) rat
phiic tap va khé khan do han ch& dai tin cdng tac clia transistor, cta dén dién td ... do
anh hudng cta cic phin tit ky sinh va nhidu y&u t& khac. D& khéc phuc nhitng khé
khan trén, ngudi ta thuc hién chuyén phé ciia tin hidu nhan dude tit vung tan s& cao vé
ving tin sb thaip hon (viing tin s trung tan) nhung khong lam thay d81 c&u tric phd
cua tin hiéu (khéng lam méo dang tin hiéu).

Quaé trinh chuyén phé clia tin hiéu tit ving tin s§ nay sang vung tin s8 khic
(thudng tif viing tin sd cao vé viing tan s3 thip hon) ma khéng lam thay déi ciu tric
ciing nhu méi tudng quan giita cac thanh phan cta phd dude goi 12 bién tan.

D& dang thay ring, didu kién khéng thay ddi cAu tric cling nhu mdi tudng quan
gifia cAc thanh phan clia phé duge thyc hién khi quy luat bién thién cha dudng bao va
pha ctia tin hidu ddu ra lip lai quy luat bidn thién cta dudng bao va pha cta tin hiéu dau
vao. Nghia 1a, néu tin hiéu trén diu vao:

s,(t) = a(t) cos[ gt + 0(t)],
thi tin hiéu trén ddu ra :
8,(t) = a(t) cos[ @t + 6(t)].

Trén hinh (13.10) mé ta d3 thi thdi gian va d6 thi phé cla tin bigu é ddu vao va &
dAu ra bd bién tin (v4i tin hiéu diéu bién).

s

e i
ettt i -

-

aial T

wo P Wig
a) b)

Hinh 13.10. M5 ta d6 thi thai gian va dd thi phd cla qua trinh bién tdn
a)ddduvac, byddaura

EY
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D& xét cac tham s& ciia mach bién tdn, cling nhu anh hudng ciia né dén tin hidu
trong hé théng, ta xét so d6 khéi tdng quat cia mach bién tén trén bink 13.11.

trong dé u, 1a tin hiéu duge phat di tit phia phat tin va thu dude tit anten thu, gia sit ;
u, = U(t) cos( eyt +8),

u, I3 dao dong duge 14y tit ddu ra b6 tao dao déng tai ché, trong may thu, bd
tao dao dong tai chd goi 1a bd tao dao déng ngoai sai, cdn u, goi la dao déng
ngoai sai. Gia slt dao déng ngoai sai:

u, = U, cosw,, t,

(bién d$ U, va tin s8 dao déng ngoai sai v, 13 hdng s6).

Lty

..

Hinh 13.11. So d& khéi téng quét cia mach bién tdn

Gia sl déc tuyén clia phén ti phi tuyén duge tiém cin héa bing da thitc Iy thua
bac 2:
1= 8,+ au + au?
khi 46 ta cé:
. 2 2
1=ap+au + a,Uy+ &,u) +au, + 2a,u,u,
Nam thanh phdn diu 1a céc thanh phén mot chiéu, thanh phin hai bac mét va
hai bac hai clia tdn s8 © va ,,; cic thanh phin nay khéng phai 1a thanh phén hitu ich
khi bién tdn. Thanh phdn thi saw:

2ajuyu, = 2a,U(t) cos{oet + 6). U, coso,,t
= a, UV, cos[(@g — 0,0t + 8] + a,Ut)U,cos [(we+ o, )t + 6],
trong d6 thanh phén tén s§ higu ©, - ©,, = @,, 14 thanh phadn hitu ich.

Nhd b5 loc tuyén tinh ma § ddu ra mach bién tdn chi ¢6 thanh phin hiiu ich:

U,a1, = 2, U U) cos {0y - o, )t + 6].

RS ring trong trudng hgp xét, tin hiéu & diu ra mach bién tdn c6 quy luat bién
thién cia bién d6 va pha l4p lai quy luat bi&n thién ciia bién d3 va pha ciia tin hiéu ddu
vao, nghia la khi nay mach bién tin khong gy méo tin hiéu.

Tham 58 quan trong nh4t cia mach bién tdn 13 dic tuyén bién tin, dé 13 sy phu
thuéce cua bién d6 thanh phén tin hiéu tdn s8 trung gian o, vio bién dé cla tin hiéu &

d4u vio mach bién tin:
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U,, = fU,).
Trong trudng hop xét .
U, (t) = a,U,U().

Vay khi déc tuyén cia phan tit phi tuyén ding trong mach bién tdn dude tiém can
héa bing da thiic liy thita bac 2, déc tuy&n bién tdn 12 dudng thing di qua gbc toa do
(xem hinh 13.12).

g

» U

Hinh 13.12 Dic tuyan bién tdn khi dic tuyén cua phin tir phi tuyén duge tiam cén
bdi da thite Iy thira bic 2

Tang cua géc nghiéng o cua dic tuyén bién tdn xac dinh hd dén bign tdn:
Sht. = a'EIJnr
Khi bién d6 ciia dao d6ng ngoai sai cang ldn, hd dén bién tn cang 1én. Tuy nhién,
khi thiét k€, tinh toAn mach bién tdn, chon bién d¢ cua dao déng ngoai sai U,, khdng
chl phu thudc vao tham s& h3 din bién tdn, ma cin phai tinh kha nang ting cac thanh
phin dao déng phu trong mach bién tdn sé& lam cho két cdu b loc trd nén phiic tap.
Trong trudng hop ddc tuyén cia phin td phi tuyén ding trong mach bién tin
dugce tiém can bdi da thic 1oy thita bac 16n hon 2, thi du bac 4:
t=ay+ au + au? + aud+a,u’,

khi d6 bién d3 thank phin tin s8 trung glan:

U, =a,U(t).U,,+ a_,[%Us(t)Um + %U(t).Uf,,]
3 ) 3 ..
=U(t)Um(a2 + ~2-— a4Um] + 3 a, U (t)U,,

ti 16 khéng chi véi bién dé clia dién ap tin hidu ma con ti 1& véi 1ap phuong bién 46 cua
dién 4p tin hiéu (U%(t)), nghia 1A trong trudng hgp nay tin hidu d dau ra mach bién tin
sé& bi méo so vdi tin hidu ¢ ddu vao.

D6 méo trong mach bién tdn duge danh gia bing ti s& gilta bién d6 cia thanh
phin tin s& trung gian ti 1& véi lap phudng bién 46 dién ap tin hiéu va bién 46 thanh
phin dién ap trung gian ti 18 bac nhat v4i bién 49 dién ap tin hidu.
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3
FEACHOLM U

U(t)Um,(a2 L2202 J U2, + géz

116
ay

Y= (13.3)

Dé giam méo trong mach bién tAn ddi hdi phai chon bién d6 ctia dao d6ng ngoal
sai 1én hon nhidu bién d8 ciia dién ap tin higu U, >> U(t).

Trong thyc t&, dao déng ngoai sai duge 1y ti bd dao ddng tai chd, nén bién db cia
dao déng ngoai sai U,, thudng trong khoang tit 2 dén 4 vén, cdn bién d6 cda dao déng
tin hiéu thudng trong dai uV dén vai mV.

Cling ti biéu thic (13.3) ta thay, khi hé s8 tiém can a, = 0, d6 méo trong mach
bién tany = 0.

Mach bién tdn c6 thé duge thue hién trén diét ban din, transistor, dén dién ti...
Trén hinh 13.13 vé& sd 46 nguyén 1§ mach bién tin diing transistor ludng cuc.

jr i {

A 1

¥
[4ed

E
]
Hinh 13.13. S0 d& mach bigh tdn ding transistor oing cye

Trong s 46 & hinh 13.13, dién trd R cling véi dién trd mat ghép phat R,, cla
transistor lam thanh mach phén ap tao dién ap thién ap cho transistor (xac dink diém
lam viéc cia transistor), dién dung C, chéng ngin mach thanh phin dién Ap mét chiéu.

C4 thé xAy dung cac mach bién tdn ma khéng cin sit dung bé loc. Mach bién tin
khéng st dung bé loc dude goi 14 mach bién tan t6i wu. So dé khéi clia mach bién tan téi
uu vé 8 hinh 13.14.

u, = U{hcosuwot 85 nhan U{t)coswgt U, ,cOS wnst
" '1
< U, costnst > LU, cos (g - wins)t
5 b
nf2
U, sinenst
U{t)sinwyt B6 nhan

> 2 U(tsinuot U, sin st

Hinh 13.14. So d3 khéi mach bién tdn t8i vu
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Dién ap tin hiéu u; = Ut)cosw,t va dién ap ngoai sai u, = U, cosw, t dua trige tiép
viao bd nhén 1. Con trude khi dua t61 ddu vao bd nhin 2, né duge dua qua bd quay pha
thuc hién quay pha di mét géc 90°. Tin hiéu tit dau ra cua hai bd nhin dua t8i bs céng.
O ddu ra bd cong ta thu dude tin hiéu tdn s trung gian cé quy ludt bién thién cua bién
dd va pha lap lai quy luat bién thién ctia bién d6 va pha cua tin hiéu ddu vao.

B4 nhan 1a mach phi tuyén cé tin hiéu ddu ra bing tich cia tin hiéu ddu vao. S
d6 khéi ciia b nhén vé trén hinh 13.15.

U, 2
u, +u {uy +u,) Uq.Us
a) T S s BP | £
——
2
Uy N by +u (ug + Up)
1Y
u | 12, BP, -
44U,
b) 1 23
2
L s u;-u, {u;-uy) N\
2 BP, N

Hinh 13.15. So do khdi bd nhan haij tin hiéu
a) ¢ s dung bd loc, b) khéng sif dung bo ioc

13.4. TACH SONG DAO DONG DIEU BIEN

Tin titc ¢6 phd nim trong viing tin s6 thip, trude khi truyén di xa phai thiye hién
qué trinh didu ché. Bén phia may thu, cic dao déng cao tdn bi diéu ché duge thu nhan
qua anten thu, sau khi dudc tach ra tit cic dao déng khac va duge khuéch dai dén gia tri
cAn thiét, cAn bién d8i lai vé dang ham tin titc ban ddu. Qua trinh bién déi dao déng cao tin
bi didu ché vé& dang tin titc ban ddu goi 14 qua trinh tach séng. Vay c6 thé xem quéa trinh
tach séng 1a qua trinh nguck lai clia qué trinh diéu ché - qua trinh giai diéu ché. Do vay
ngudi ta cing goi qua trinh tach séng la qua trinh giai diéu ché.

V& mit toan hoc, bai toan tach séng dao déng diéu bién duge phat bifu nhu sau:
Dao déng cao tan bi diéu ché bién d6 & ddu vao duge bién thanh dao déng tan s0 thap &
diu ra c6 quy luat bidn thién lip lai quy luat bién thién cha dudng bao clia dao déng

trén diu vio. Nghia 14, néu dao déng cao tdn ¢ dau vao:

s,(t) = a(t)cosagt,

thi dac dong & dau ra:

so(t) = a(t).
Trén hinh 13.16 vé d6 thi thdi gian va d8 thi phd cta dao déng & ddu vio va ¢ diu
ra mach tach séng dao déng didu bién khi ham diéu ch&€1a don am.
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ts,0 IBL
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W 2 W+ Q2
Hinh 13.16. B3 th thai gian v dé thi phd clia dac dong & ddu vao a) va & diu ra b) ca mach téch
soéng dao déng diéu bian

Qua trinh tach séng la qua trinh chuyén phé ciia tin hiéu tif viing tdn s& cao vé

ving tdn s8 th&p, nén mach tach séng phai 1a mach phi tuy&n, hodc mach tham s8.
Xét qua trinh tach séng dao déng di€u bién trén cd sd s dung mach dién phi
tuyén {phéin tl phi tuyén) cé sd dé téng quat vé trén hinh 13.17.

[

Hinh 13.17. So d3 téng quat mach tich séng dao ddng didu bidn

Gia sit ham di€u ché 1a don am, khi d6 dao déng difu bign & ddu vio mach tach
séng s& bao gém ba thianh phdn tdn s8: thanh phédn tdn s8 mang o va hai thanh phin
tin s& bién 0, + Q va @y ~ Q. Theo két qua phan tich di nhan dude trong muc 12.3.2,
khi d6 dao déng 3 dau ra ngodi cic thanh phin hai cla cac thanh phan tin s6 diu vio,
con cac thanh phdn hai 13 t3 hdp clia cae thanh phin ddu vao. TU cic thanh phin dao
déng t8 hyp tdn s5 thap & ddu ra, c6 thé tach ra thanh phdn dao déng hitu ich thn s& Q.
T4n 3 nay duge xem nhu hiéu giita tdn s6 mang o véi mét trong hai thanh phén tin s&
bién:

Q=0 (0~ Q)= (@e+ D ~ay.

Thanh phén dac déng tin s§ Q d& dang nhin duge nhd bd loc tdn s& thap RC

(xem hinh 13.17) néu cac gi4 tri R,C dugc chon théa man diéu kién:

<<R <<—1-,
0,C QcC
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nghia la dung khang cia dién dung C d61 véi thanh phdn tin s8 cao nhd han nhidu so
v6i dién trd R, con 461 vél thanh phéin tAn s8 thdp (thanh phin tdn s8 tin tde) 1én hon
nhiéu so véi R.

O ddu ra phan ti phi tuy&n, ngoai thanh phén tin s& O, cdn céc thanh phén tin
s t5 hop bac cao, thi du thanh phén tin s8
20 = 205 - 2 (g - ),
302 = 3w, - 3 (g - C)...

Cac thanh phin niy cing ndm trong dai tdn s thidp nén khéng thé loc bd nhd
mach loc t4n s8 thdp do tdn s& clia ham tin tite O bién thién trong pham vi kha réng. Su
tén tai cic thanh phin tin 8 20, 3Q),... sé gy nén méo tin hidu 3 ddu ra mach tach
séng dao déng diéu bidn. Vidc gidm d6 méo do mach tach séng giy ra cé thé duge thuc
hién bang viéc chon phdn ti phi tuyén cé dic tuyén cdn thist. VAn d€ nay sé dude xem
xét dudi day.

Gia sit phén tit phi tuyén o6 dic tuyén dude tiém can bing da thite liy thita bac 2:

1= ag+ au+ au’
va u la dao doéng diéu bién:

u = U(t) cosact.

Khi d6 ta cé:
i =a,+a,U(t) cosoqt + a,Us(t)cos®m,t

=ay +a,U{t)coswyt + flég~U2(t‘,)-:os 20t + -%Z-Uz(t)
B4 gua cac thanh phin tin s& cac di duge loc bé bdi mach loc tdn s8 thdp RC, chi

xét cac thanh phin tin s thap:

i =ag+ %U“’(t).

(Gia st ham diéu ché la don Am, khi dé:
Uft) = Uy(1 + meosit).
Trong trudng hgp xét:

: 89 112 2
=80+ Us(1 + meosQt)
22 U2+ 22 U2m? cos® (1t + 2,Usmcos Ot
=an+?U0+~é— cm” cos + a,Ugmcos
a, a dg o112
=a, + —=UE + f—szg+ a,UZmcos (2t + Tzrn Ujcos 201t

Thanh phin mét chiéu a4 + %Ug + %mgUg dé dang loai bo nhd tu phén cach,

ho#c bién ap, nén:
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) a,
i,.=a,mUz cos (ot + T‘! m?U?Z cos 20t

R& rang tin hiéu d dau ra c6 chia thanh phan hiu ich:
a,mU?2 coslt

lap lai quy luat cia ham tin tic cdn truyén di. Song bén canh thanh phin hiu ich, tin
hiéu & ddu ra con chita thanh phin véi tdn s bang 2 1an tdn s& ham tin tdc:

%szg cos 20,

nghia 1 tin hidu dAu ra s& bi méo, syt mée ndy do thanh phin binh phudng cia dic
tuyén ctia phén ti phi tuyén giy ra.

DE danh gid 46 méo do mach tach song giy ra, ngudsi ta dua vao dai lugng goi 1a
hé sb méo k.

Hé s§ méo cia mach tach séng la ti s6 giita bién d6 cua thanh phan véi tan s§
bing 2 14n tAn sd tin tdc va bién 46 cha thanh phan tin sé tin tic d ddu ra mach tach séng:
_Uyg % m*Ug m

= = 13.4
U, amU; 4 139

ky

Giam méo do mach tich séng giy ra bing cach giam @b siu diéu ché m. Tuy
nhién giam dé siu diéu ché sé lam giam thanh phin céng suét hitu ich cia dao dong
diéu bién, lam giam cu ly va chit lugng théng tin. Mach tach séng dao déng diéu bién
v8i déc tuyén cia phan td phi tuyén duge tiém can bdi da thite bac 2 duge goi 12 mach
tach séng binh phudng, hay tach séng tin hidu y&u. Mach tach séng tin hiéu y&u cé dé
méo phi tuyén 1én.

Khi tin hiéu vao ldn, dic tuyén cia phén tit phi tuyén duge tiém cidn héa bing
dudng gdy khic {xem hinh 13.18), déng dién qua phdn ti phi tuyén cé dang 13 day
xung, dd cao clia cac xung thay d8i theo quy luat thay d8i dudng bao cta dao déng cao
tdn tac dong trén ddu vao.

&

L A
Hinh 13.18,. Dién dp va dong dién qua phin tr phi tuyan khi dic tuyén
cla phan tir phi tuyen dugc tiem can bing dudng gay khac
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Thanh phin mét chiéu (thanh phdn tin hidu hitu ich é ddu ra bd loc) ciaa day
xung nay dude xac dinh bdi biéu thite (xem muc 12.3.2):
IO = aﬂimax'

Chon &3ém 1am viée clia phan tit phi tuyén ¥ng véi gée cit dién 0 = #/2, khi dé gée
cit dién O hoan toan khéng phu thudc vao bién d6 dién ap tac déng vao phadn td phi

o LA A LA s s . 1
tuyén va hé s& phin giait dong dién o,0) = ao[g] =—.
T
Bdi vay trong trudng hgp nay :
i‘m.lll = SU(t)!

trong d6 U(t) la bién d6 cua dién ap tan sb cao, va:
L) - U (13.5)
s

nghia 12 tin hiéu dAu ra khong bi méo dang va hoan toan lap lai quy luat bién thién cua
bién &5 dién ap ddu vao.

Biéu thite (13.5) ciing ¢6 thé nhan duge bing phudng phap khae. Khi dic tuyén
cia phéan ti phi tuyén duge tiém cén bing dudng gay khie (hinh 13.18), déng dién qua
phan ti phi tuyén sé duge xac dinh bdi biéu thite:

1 = %Q uk + u), {(xem muc 12-3-2)
Néu u = Ut)cosot thi:

SuU(t)

1= 2 Qt:osmt‘ + cosmt)

Theo c6ng thitc bién d6i Fourier, tinh thanh phin mét chiéu:

i 2n 2n
I = o [itt)dot = J’

=T

SU(t)

ﬂcos mt) +COS® t)dm t
{1

Sau khi tich phén ta tim duge :
_ SU)

A

I()

Cac mach tach séng khéng gdy méo tin higdu duge goi 12 mach tach séng 1y tudng.
Khi chon cac phan tit phi tuyén dung trong mach tach séng phai chon sao che mach
tach séng 1a gin 1§ tudng. Thuc t& diéu nay chi ¢é thé thuc hién khi tin hiéu diu vao bé
tach séng co gia tri lén.

Tham s quan trong nhat cia mach tach séng la dic tuyén tach séng, né 1a ham
s6 biéu thi méi lién hé giita gia tri ciia thanh phan tin hiéu hiu ick ¢ ddu ra va bién dé
cua tin hiéu d dau vao :

I, = (U,
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trong d6 U, 14 bién d§ caa dao ddng cao tdn & ddu vio, cdn I, thanh phdn mét chidu phu
thude vao bidn 46 cua ¢ién ap vao va duge goi 1a dong dién tach séng. Dong dién tach
séng I,, Ia hidu clia thanh phin mét chiéu I, va dong dién tinh I,,.

Iu = IG - Il)ch
trong d6 déng dién tinh Iy, 12 dong dién qua phan td phi tuyén khi tin hidu d ddu vao
bang khéng.

Chat ludng clia mach tach séng dé dang duge danh gia qua dic tuyén tach séng
ctia né. Néu dic tuyén tach séng 1a dudng thing : [, = S,U,, & day S, 14 h8 din tach
séng, thi mach tach séng la mach tach séng 1y tudng. Trong trudng hgp nay dong dién
tach séng c6 quy luat bién thién lip lai quy luit bién thién ciia dudng bao cita dao déng
trén ddu vao U(t). Con trong trudng hgp déc tuyén tich séng khéng 13 dudng thing,
mach tach séng s& giy méo.

Xét mach tach séng dao dong didu bién véi phin ti phi tuyén ¢ dic tuyén vén-ampe
vé trén hinh 13.19, trong hai trudng hdp, tin hidu vio bé va tin hiéu vao ldn.
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Hinh 13.19. B3c tuyéh Vdn-ampe cta phan tr phi tuyén vdi bian dé cda tin hiéu vao khac nhau

Tit hinh vé dé dang thay ring, khi tin hiéu vao bé U, (tin hidu y&u) phan tit phi
tuyén chi lam viéce trong doan diu clia dic tuyén va né dude tiém can héa bdi da thic
lay thita. Con trong truong hgp tin hiéu vao ldn Uy, dic tuyén ciua phén ti phi tuyén
dudc tiém cdn bing hai doan dudng thing (dudng gay khic). Do d6 dé nhan duge dic
tuyén tach séng, phai xem xét mach tach séng trong hai trudng hdp riéng biét: khi tin
hiéu vao bé va khi tin hiéu vao 1én.

1. Tdch séng tin hiéu yéu: Khi nay dic tuyén ctia phdn td phi tuyén dude tiém can
héa bing da thie lay thita (gi4 thiét da thite lay thita bac 2):

1= ag+ au + 82112.
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Gia slt u = U,cosot, khi d6 :
i =ay +a,U, cosat +a,U% cos’at
a, Ut a
= a5 +a,U,, cosot + —2553 + ?szm cos 2wt
Thanh phan mét chiéu clha déng dién ddura :

2
aEU‘lo:

Ig=2a,+

va tinh rang dong dién tinh I, = a,, tit day ta tim duge dic tuyén tach séng trong ché
dd tin hidu vao yéu (tach séng tin hiéu yé&u):

a
Its = %Ufﬂ)

Dic tuyén tich séng trong triudng hgp nay 1a dudng parabol, quan hé gita déng
dién tach séng va bién 44 clia dao déng cao tdn khéng tuyén tinh, mach tach séng giy
méo tin hiéu.

2. Tach séng tin hidu manh: Khi tin hidu vao 18n, dic tuyén cita phan ti phi
tuyén duge tiém cin bdi dudng gay khic, trong trudng hgp nay, theo biéu thic (13.5),
dong dién tach séng:

- Sy
i

2w

phu thuge tuyén tinh vao bién d6 cia dién 4p vao va dic tuyén tach séng la dudng thing.

Tit cac két qua phan tich trén ta nhan dude dic tuyén tach séng clia mach tach
séng diéu bién c6 dang vé trén hinh (13.20).

s

0 » Uy,

Hinh 13.20. Dic tuyén tach séng cla mach tich séng dac ddng diéu bién

Phén ti phi tuyén dung trong mach tach séng dao dong didu bién c6 thé 13 dist
ban din, transistor, hogc phén ti phi tuy&n khac. Trén hinh 13.21 vé sd d3 nguyén ly
mach tach séng dao ddng diéu bién ding diét ban din.
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o >

Hinh 13.21. So d8 mach téch séng dac déng diéu bién dung dibt

D351 véi mach tach séng dao déng didu bién, chon gia tri R, C cna b loc khéng
thich hgp cling sé gay ra hién tugng méo tin hidu sau tach séng. Difu nay c6 thé giai
thich nhu sau: Khi didt théng, tu C s& dude nap dién véi hing s8 thdi gian nap 1, > R,,C, ¢
day Ry, 12 dién trd tuong dudng cta didt khi théng kha nho, nén 1, nho va tu dién C sé
ditge nap nhanh dén gia tri bing gia tri cuc dai cta dién ap diu vao. Khi diét tit, tu
dién C sé phéng dién qua dién trd R véi hing s8 thdi gian phéng = RC. Vi R >> Ry, nén
1, >> 1, va tu C sé phéng cham qua R. N&u chon cac gia tri R, C thich hgp, thi di¢n ap
trén tu dién C sé ob quy luat 1ap lai quy luat bién thién bién d6 cha dién ap vao (xem
hinh 13.22a),tin hiéu ra khéng bi méo.

Né&u dién trd R chon qua bé, thi khi diét tat, tu dién C cling sé phéng nhanh qua
dién trd R. K&t qua dién ap trén tu dién C sé& cé dang nhu & hinh 13.22b va tin hidu ra
sé bl méo.

Nguge lai, néu dién trd R chon qua 1dn, thi khi diét tit, tu dién C sé phéng rit
cham qua dién trd R. Két qua dién ap trén tu dién C sé c¢6 dang nhu hinh 13.22¢c va tin
hiéu diu ra bi méo.
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Hinh 13.22. DG thi dién dp trén diu ra mach tach séng phu thugc vao tich R.C
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13.5. TACH SONG DAO DONG PIEU TAN

Mach tach séng dac doéng diéu tdn cén c6 tin hidu trén ddu ra c6 quy luit bién
thién lip lai quy 1uat bién thién ciia tdn s titc thdi ctia tin hiéu trén ddu vao. Hon nita,
qua trinh tach séng 1A qua trinh chuyén phé cia tin hiéu tit ving tdn s8 cao vé ving
tdn s8 thap. Do dé mach dién tach séng phai 12 mach dién phi tuyé&n, hodc mach dién
tham s8. Song, cic phén ti phi tuyén nhu dist ban dén, transistor, dén dién td... hoan
toan khéng cé phan itng d81 véi sy thay d6i tdn s8 cia tin hidu vao, ma tinh chit phi
tuyén clia né chi biéu thi qua sy thay ddi bién dé clia tin hidu vao. B3i vay, dé tach séng
dao déng diéu tdn, trudc hét cAn bién déi dao d6ng didu tdn thinh dao déng didu bién
(thue chit thanh dao dong viia diéu tdn vita diéu bién), sau dé thuc hién tach séng dao
déng diéu bién; hosic bién déi dao déng diéu tdn thianh dao déng diéu pha, sau dé thuc
hién tach séng dao déng diéu pha; hoidc bién d6i dao déng diéu tdn thanh dao déng didu
ché& xung, sau dé thuc hién tach séng dao déng di€u ché xung. D61 véi mach tach séng
dao déng diéu tdn théng qua tach séng dao doéng diéu bién, ddi hdi su thay d&i bién d6
cua tin hidu vao khéng dige gdy anh hudng dén gia tri cua tin hidu ra, nén tin hiéu
trude khi dua téi mach tach séng cin duge han ché bién d8. Sg db khéi ctia mach tach
séng dao déng diéu tin théng qua tach séng dao ddng diéu bién vé trén hinh 13.23.

{
X0 1 Hesp . ngT TSBD  —— ¥(t)

h 4

Hinh 13.23. So d& khéi mach tach séng dao dgng didu tin thong qua
tich séng dao ddng diau bién

Mach bién d8i dao dong diéu tdn thanh dao déng diéu bién 1a mach dién tuyén
tinh ¢6 dac tinh tdn s8. Né ¢6 thé 1A mach RC, LC, RL, hay mach loc dién. Tuy nhién
trong thuc t& d dai tin s8 cao ngudi ta thudng st dung mach edng hudng don LC.

Trén hinh 13.24 vé s¢ d6 nguyén Iy mach tach séng dao déng difu tdn théng qua
tach séng dao déng diéu bién. O day mach bién d4i dao déng diéu tin thanh dao déng
diéu bién dung mach céng hudng song song L,, C,, mach tach séng dao déng didu bién la
mach tach séng diing diét, gobm diét 2, dién trd R, dién dung C.

11
1
)
b

uglt) t L Te, Ik

Hinh 13.24. So d6 nguyén ly mach tach séng dao déng digu tan
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Mach céng hudng L, C, diéu chinh cdng hudng d tdn s8 o, khac tdn s8 trung tam
w,, cua dao déng diéu tin, thi du @, < ©,, (xem hinh 13.25).

Hinh 13.25. Sy phu thudc cla bién do dién &p trén mach ¢cdng hudng vao tén s&
cla dao déng o ddu vio

Bién d6 dién ap trén mach cdng hudng phu thuée vao tdn s8 cia tin hiéu vao.
Trong dai tdn s ldn cén tdn s8 trung tim cua dao déng diéu tdn o,, doan dic tuyén
céng hudng clia mach ¢éng hudng don c6 thé xem nhu tuyén tinh (xem hinh 13.24).
Thye hién tiém cAn doan dic tuyén céng hudng trén béing bidu thie:

U=U,+ko
Trudng hop don gidn nhét khi ham diéu ché (ham tin tic) 12 don 4m:
ugn = UgeosOt,
khi dé tan s8 titc thdi ciia dao déng diéu tdn:
w(t) = o, + Aocos(t,
bién d3 dién 4p trén mach céng hudng :

U(t) = U, + ko, + kAo cos Ot

=(Ug + kmu)(l + ko

cos (2t
U, +ka, J

R3 rang, bién d% dién ap trén mach céng hudng cé quy luat bién thién lip lai quy
luat bién thidn clia tdn s& tiic thdi cia dao ddng didu tin, nghia la theo quy luat bién
thién cta ham diéu ché& Hay néi cach khac, dién ap trén mach céng hudng 1a dao déng
diéu bién véi d6 sau diéu ché :

m=— KOO
U, + ko,,
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Gia s dién ap trén mach céng hudng dl 16n, khi d6 mach tach séng dac déng
diéu bién lam viéc 3 ch& dd tach séng tuyén tinh (tich séng tin hidu mach), dao déng

trén ddu ra:

Lty = 8U@) = S(Uy+ ko) + SkAwcos(t,
trong d6 S 14 hé din tach séng ciita mach tach séng dao déng didu bién.
Bd qua thanh phan mét chidu SU,+ ka),), ta ¢b
i,.(t) = SkAwcosOt (13.6)
Dé tin hidu trén d4u ra mach tach séng cé gia tri én, 46t hoi 46 déc clia doan dic
tuyén cdng hudng ciia mach céng hudng trong ving tin s8 14n can tin s8 »,, phai lon (k
c¢é gia tri 16n). Diéu nay phd hgp véi mach céng hudng cé hé s6 phim chit Q 14n. Song
v8i mach céng hudng cbé hé s8 phadm chit Q 16n, doan tuyén tinh clia dudng cong cong
hudng bé (chi trong dai tdn Ao hep). D& md réng doan tuyén tinh, cdn chon mach cong
hudng cé hé s& phdm chit Q nhd, khi d6 d6 dée clia diic tuyén cong hudng k nhd. Dé
khic phuc nhuge diém trén, ngudi ta st dung mach tach séng tin s8 hai mach cong
hudng cé so &5 vé trén hinh 13.26z.

JLU

AV

Uradt) Ura

E!P

Hinh 13.26
a} So dd nguyén ly mach tach séng tan s& dung hai mach cdng hudng;
b) Budng cong céng hudng clia cac mach cong hudng

Trong so d6 tach séng, hinh 13.26, mach ¢éng hudng thit nhat duge didu chinh
cbng hudng & tin s8 cdng hudng:
Wop > By, (0o = 0 + AW)

cdn mach cdng hudng thit hai duge diéu chinh céng hudng & tan s8 cdng hudng wg, < o,
(g = @, ~ Aw) (xem hinh 13.26b).

Khi ham diéu ch€ 1a don 4m, bién 46 dién ap trén mach céng hudng thi nhit:
U,{t) = Uy + ko, + kAocos(i,
bién d¢ dién ap trén mach cdng hudng thi hai:
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T.t) = Uy + ko, - kAocosQt

Trong ché& 48 tach séng tuyén tinh, dao déng & ddu ra mach tach séng diéu bién
thit nhat:
I, (t) = SU,{) = S(Uy+ ke, + SkAwcos(t
cdn dao déng d ddu ra mach tach séng diéu bién thit hai:
[oo(t) = SUL(t) = S(Uy+ ko) - SkAwcast
Dao déng ¢ ddu ra mach tach séng dao d6ng didu tdn:

L () = Loy() — Togt) = 28k AncosOt (13.7)
So sanh cac biéu thite (13.6) va (13.7) ta thay: Trong trudng hgp dd ddc cla doan
dic tuyén cdng hudng cia cidc mach ¢éng hudng 1a nhu nhau, tin hiéu & ddu ra mach
tach séng dao déng diéu tAn dung hai mach cdng hudng 1dn gip 2 ldn mach tach séng
tan s8 théng thudng. Néu déi héi tin hidu ddu ra khéng d6i, d8i véi mach tach séng dao
déng diéu tdn dung hai mach cdng hudng cho phép chon mach céng hudng 6 hé s&
pham chit Q nhd hdn, va do d6 sé giam dude d6 méo do mach tach séng gay ra. S dung
mach tach séng dao dong diéu tidn v&i hai mach céng hudng ¢é6 nhude diém 1 hai mach
cdng huong duge diéu chinh cdéng hudng d hai tan s6 khac nhau, nén viéc diéu chinh
kha phite tap. D€ khéc phue nhuge diém trén, ngudi ta si dung mach tach séng tdn s6
v6i mach edng hudng ghép c6 so d6 vé trén hinh 13.27.

ra
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Hinh 13.27. Mach tach séng tdn 53 ding mach céng hudng ghép

Trong mach tach séng dao déng diéu tin & hinh 13.27, cac mach dao déng so cip
L,, C, va thit cdp L,, C, déu duge difu chinh cdng hudng tai tin sd bang tin s6 trung
tim o, ela dao déng didu tin : 0g, = wg; = Oy

Cé6 thé giai thich nguyén ly 1am viée clia mach téch séng dao déng didu tdn & hinh
13.27 bang d6 thi véctd.

Gol gia tri bién d6 phtc ciia dién Ap trén mach dao déng sd cAp 1a Uy, trén mach

dao ddng thit cdp la Us, trén andt cia cac didt 2,, @2 tudng tng 1a Us va Us (so véi
diém "dit" chung). Sitc dién ddng cam ing tit mach so cip sang mach thit cdp:
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Em = joMI
trong dé 1) 1a gia tri bién d8 phitc clia dong dién qua dién cam L,.

Gia sit hé s8 hd cam M > 0, khi dé stic dién déng cam itng sé déng pha vdi dién ap
U,.

. Khi tdn s8 cta tin hidu vao bing tin s8 trung tim © = ,, mach thit cip céng
hudng, dong dién qua mach thit cip iz trang pha véi stic dién déng cam Ung I.CM . Dong
dién iz gay ra dién ap [-12 trén dién cam L, vuct pha dong dién iz g6c bang /2. Dién

ap trén a not cia didt @:

- - fJ

U3 = Ul + —2- ,

2

con dién ap trén andt cua didt 2, :

- L I.-I
Us= U =2
2

(xem 44 thj véctd & hinh 13.28a).

a) b) ¢)

Hinh 13.28. D3 thij vécta gidl thich nguyén ly lam viéc mach tach séng tin so
dung mach edng hudng ghép

Vi dién ap & ddu ra céc mach tach séng dao ddng didu bién 14y trén cac dién trd R,
dién ap Uy, U, ti 18 v6i bién d6 cla dién ap ddu vao U, U,, con dién 4p diu ra bing
hiéu cta hai dién ap Uy, va Ugy,. Trong trudng hdp xét c6 bién 46 diégn ap U; = U, nén
dién ap & ddu ra mach tach séng tin s bang khéng.

- Trudng hop tin s6 cla tin hiéu vao 1én hon tin s trung tim ela dao déng didu
tin (o > ©,) khi nay mach thit c4p sé& léch cdng hudng va ddng dién I, s& chim pha so
vl stic dién déng cam iing Ey gbc ¢ < #/2, con dién ap I-Jz sé vucgt pha dién ap I:Il g6c
nhd hon w2 (xem hinh 13.28b). K&t qua bién 48 dién ap U; > U, va dién ap diu ra

mach tAch séng:
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Ut} =k, Us-Uy) 20
- Trudng hop tin s3 cua tin hiéu vao nhd hon tdn s8 trung tdm cta dao déng didu

tdn (o < @) khi 46 mach thit c&p ciing léch cdng hudng nhung dong dién I sé vugt pha
so vdi sifc dién ddng cam ing Em géc ¢ < n/2, con dién ap U, sé vugt pha dién ap U, ,
géc ¢ > =/2 ( xem hinh 13.28¢c). Két qua bién d6 dién ap U; < U, va dién 4p ra mach
tach séng:

Uty =k (U; - Uy =0
nhung déi chiéu.

13.6. TAO DAO DONG HiNH SIN

Qué trinh bién d6i nang lugng cla ngudn dién mot chidu thanh nang ludng cia
nguén dién hinh sin dude goi 1a qua trinh tao dao dgng hinh sin. Mach dién thuc hién
chiic nang tao dao déng hinh sin goi 1a mach tao dao déng hinh sin. Tao dao déng hinh
sin lién quan véi viéc bién d&i phé tan s6, do dé6 mach dién tao dao déng hinh sin phai la
mach dién phi tuyén, hay mach dién tham s,

Dé xét qua trinh vat 1y xay ra trong mach tao dao déng hinh sin, ta xét mach dao
déng don (hinh 13.29).

1 2
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Hinh 13.29. Mach dao ddng don RLC mic néi tisp

Gi st khéa K dudc chuyén £ vi trf 1 v& vi tri 2 tai thai didm t = 0,
Phudng trinh trang thai cia mach (sau khi khéa K & vi tri 2) ¢é dang:
—3—;+%+—f‘1—6i=0 (13.8)
Gia sit hé s8 pham chit cia mach Q >> 1, khi d6 dong dién chay trong mach sé o6 dang :
1= [ge ™ sinw,t (13.9)
trong dé: I 14 bién d6 ban dau cua dong dién trong mach véng, né phu thude vio ning

- L . ¥ R » ~ -t -7 L] -
lugng cé chita trong mach tai thdi diémt=0; o = oL la hé s6 suy giam cua mach vong.

0= Jol —a (13.10)

1
JLC

wg = 1 tdn s8 céng hudng ciia mach.
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Tuy thude vio gia tri cia tham s6 o, dao dong tu do trong mach cé thé ¢6 ba dang
khac nhau. Khi « > 0 (R > 0) dao dng tu do trong mach la dao déng hinh sin véi bién
dd tit ddn theo thdi gian (xem hinh 13.30a). Khi o < 0 (R < 0) dao déng tu do trong
mach 14 dao d6ng hinh sin véi bién d§ ting trudng theo thdi gian (xem hinh 13.30b).
Con khi @ = 0 (R = 0), dao déng tu do trong mach la dao ddng hinh sin véi bién d3
khéng d8i I = I; (xem hinh 13.30c).

+ [ W
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Hinh 13.30. Cic dang dao ddng tyf do trong mach véng
a)khi R>0; b)khiR<0; c)khiR=0

Trong thuc t&, cAc mach dao déng luén cé tén hao (R > 0), nén dac déng tu do
trong mach ludn la dac déng tit din theo thai gian. Do d6 dé duy tri tit dao déng hinh
sin trong mach cAn thuc hién bu lai ning lugng da bi tén hao sau mdi chu ky dao déng.

Viéc bil nang lugng tén hao trong mach dao déng cb thé thuc hién bdng hai
phuong phap:

. Phuong phdp bt ngoai: Ngudn ning lugng b cho mach dao déng duge ldy ti
nguén dao déng bén ngoai. Mach tao dao déng hinh sin theo phudng phéap nay duge goi
14 mach tao dao dong ngoai kich, kay mach phat séng ngoai kich.

- Phitong phdp bi: trong: Nguén ning lugng bi cho mach dao déng duge lay ti
dAu ra ciia mach (sau khi da duge khuéch dai) dé dua trd lai ddu vio cia né. Mach tao
dao déng hinh sin theo phuong phap nay duge goi 1a mach tao dav déng ty kich, mach
tu tao dao déng, hay mach phat séng tu kich.

Thuc chit mach tao dao déng ngoai kich la mach khuéch dai dao déng hinh sin. g
day chi nghién citu nguyén ly lam viéc cia cac mach ty tao dao déng hinh sin, hay mach
tao dao déng hinh sin tu kich. Sd db khéi tdng quat cia mach tu tac dao déng hinh sin



232 LY THUYET MACH - TiN HIEU

ta hinh 13.31, trong d6 mach khuéch dai K 12 mach phi tuyé&n, cdn mach phan héi P thuong
12 mach tuyén tinh.

Hinh 13.31. Sd d& kh&i tdng quat clia mach tu tao dac déng hinh sin

13.7. KHAI NIEM VE PHAN HOI TRONG MACH DIEN

Ly thuyét vé phan héi cling nhu anh hudng ctia phan hdi dén cac tham s8 va dac
tinh ciia hé théng néi chung, hay mach dién néi riéng, ban doc ¢é thé tim hidu ky trong
cac tai lidu vé ly thuyét didu chinh tu déng, ky thuat mach dién tit va nhidu tai liéu
khac. O day chi trinh bay mét vai khai niém chung nhat v& phan héi va Ung dung na
trong cac mach ty tao dao déng hinh sin.

Hién tugng tin hiéu tit ddu ra cia mach dién quay nguge trd lai ddu vao cla né
goi 1a hién tugng phan hoi. Mach dién cé tén tai hidn tugng phan héi goi 13 mach dién
¢6 phan héi. So d6 khdi clia mach dién ¢6 phén héi vé trén hinh 13.31. Ty thuée vao
dai lugng phan hoi va cach mac mach phan hi véi ddu ve clia mach, ngudi ta phén chia:
phan héi theo dién 4ap, phan héi theo déng dién, phan héi song song, phan héi néi tiép... (xem
hinh 13.32).

: K " K *
— —
p B
a) b)
: K . S
] s B
) d)

Hinh 13.32 So d5 cac mach dién c¢é phan hdi
a) Phan hdi song song theo dién ap; b) Phan hdi né| tiép theo dién ap;
¢} Phan héi song song theo dong dién; d) Phan hdi ndi tiép theo dong dién
Dé xac dinh phan héi trong mach dién la phan hdi theo dién ap hay theo dong
dién, chi can ngén, hodc hd mach diu ra. Khi ngdn mach ddu ra ma hién tugng phan
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héi trong mach khéng tén tai, thi phan héi trong mach ia phan hai theo dién ap; con
khi hd mach dAu ra ma phan héi trong mach khoéng tdn tai thi d6 12 phan héi theo dién
ap.

Phan hdi trong mach dién cling duge phan chia thanh phan héi dudng va phan
hdi 4m. Viée phan chia phan héi trong mach dién thanh phan héi duong va phan héi
am dyta trén trén co sd so sanh pha clla tin hidu phan héi véi pha cia tin hidu vao. Néu
tin hidu phan héi déng pha véi tin hiéu vao, thi phan héi d6 14 phan hdi ducng. Con néu
tin hidu phan héi nguge pha véi tin hidu vao thi d6 14 phan hdi am. D& dang thay ring,
phan héi ducng 1am cho tin hiéu téng & ddu vioe ting 1én, con phan héi Am lam cho tin
hiéu téng & ddu vio giam di.

Xét chc mach dign c6 phan héi (hinh 13.32), goi K 13 hé s§ truyén cia kbiu
truyén thang, {.3 la hé s6 truyén clia khau phan héi, khi d6 tich I.(B s€ 14 hé s6 truyén
cua mach phan héi hd (xem hinh 13.33).

Trong ch& 46 xac lap didu hoa, cac hé s truyén K, P néi chung 14 s8 phic, va hé
s8 truyén clia mach phéan hdi hd ¢6 thé viét dudi dang:

Ijié = K.ej""—fi.eiw" =K.B.ej(m"”m°)

trong d6 K, §§ 1a médun; cdn ¢y, ¢p 14 argument cua cac hé s phiic tuong tng.

Hinh 13.33. 8¢ d& mach cé phan hdi ha

Tu day d dang suy ra ring, khi phan héi trong mach 13 phan héi duong thi
Pk + ¢p = 0 (2Kn), cdn khi phan héi dAm: @y + gy = £ 1 (2K + ).

3 céc mach ty tao dao dong hinh sin, thi viée dua tin hiéu phan héi trd lai ddu
vao thudng duge thyc hién qua ghép hd cdm, hodc qua céc phéan ti trong mach phan
héi, con mach khuéch dai c6 thé diing transistor, dén dién tit, phan ti khuéch dai thuat
toan. Trén hinh 13.34 v& so 43 nguyén Iy cac mach tu tao dao ddng hinh sin ghép hj
cam ding transistor va ditng phén t{ khuéch dai thuat toan.

Hinh 13.34, Cac mach ti tao dao dang hinh sin ghép hd cam
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13.8. DIEU KIEN DAO BONG CUA MACH TUf TAO DAO DONG HiNH SIN
D2 xét diéu kién dao déng ctia mach ty tao dao déng hinh sin, ta xét mach tu tao
dao déng téng quat trén hinh 13.35, trong dé khau khuéch dai véi hé s8 khuéch dai I:(,

khau phén hdi véi hé s& phan héi B.

{{ l L‘Jra

Hinh 13.35. So d8 gidi thich didu kién dao déng clia mach tif tac dao dong hinh sin

Gia st tai thdti diém t = O mach duge cfip ngudn, trong mach sé xuét hién dao
déng tu do. Dao déng ty do sé dude khuéch dai bdi mach khuéch dai K va dua tdi dau
ra. Tin hiéu 117 dau ra, qua mach phan héi B quay trs lai ddu vaoe ctia mach khuéch dai
va lai dién ra chu trinh ti€p theo. Dao déng tu do trong mach ¢6 thé gém nhiéu thanh
phén tan s6, song néu tai cia mach khuéch dai c6 dic tinh tan s8, thi du mach cong
hudng, thi chi thanh phin tin s6 bing tin s8 cdng hudng cla mach céng hudng mdi cb
gia tri 16n & ddu ra va qua mach phan héi sé cé ga tri ldn hon gia tri cing cua thanh
phan tan sd d6 tai thai diém trude. Két qua sau mdi chu trinh, thanh phin tin s8 bang
tdn s3 cdng hudng s& duge ting dan. Trong kbi dé cac thinh phan tan s8 khac cua dao
déng tu do sé bi giam din sau méi chu trinh. Giai doan nay goi 14 giaj doan tu kich cua
mach tu tao dao déng hinh sin. N&u trong suét ca qué trinh hé s8 khuéch dai cia mach
khuéch dai K va hé s& truyén cina khau phan hai B khéng thay déi thi dac déng d dau
ra sé ting trudng mai, mach khéng én dinh. Bdi vay khi bién 48 cia dao ddng ting dén
gia tri nhit dinh - gia tri xéc lap doi hdi bién db cia dac doéng ¢ diu ra phai khéng thay
d8i va biing gia tri xac lap. Ché& db lam viée clia mach tu tao dao déng hinh sin khi bién
dd va tén sb cia dao déng & ddu ra khéng d8i duge goi 1a ché db xac lap. Tit so d6 §

hinh 13.35 dé& dang thiy rang, trong ché& dé xac lip, tich clia hé s8 khuéch dai K va hé

s& truyén P (bé s6 truyén ctia mach phéan héi hd) phai bang 1:

K.fp=1 (13.11)

Diéu kién (13.11) 14 diéu kién cin bang bién dé va cdn biang pha c¢la mach dao

déng.
Vi K=K.e" B =p.e", nénbidu thie (13.11) c6 thé viét lai dudi dang:

K.f.e ) _
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Tt diy suy ra :
Kp=1 (13.12)
Px + @p = 0 (2Kn) (13.13)

Piéu kién (13.12) 1A didu kién cin bing bién d3, cdn didu kién (13.13) la didu kién
cin bing pha clia mach tu tao dao déng hinh sin.

Tit cac két qua phén tich trén ta thiy, trong cic mach tu tao dao ddng hinh sin
hodc 12 hé s& khuéch dai K ctia khau khué&ch dai, hodic 1a hé s8 truyén ctia khau phin
hai [3 (hodc hé s6 truyén cua ca hai khau) phai thay d8i trong qua trinh tao dao déng.
Diéu dé c6 nghia 1a mach ty tao dao ddng hinh sin 12 mach phi tuyén. Trong thyc t&,
ddl v8i cac mach tu tao dao déng hinh sin ngudi ta sit dung phédn t& khuéch dai K 1a

phan ti phi tuyén, con mach phan héi B 1 tuyén tinh.

13.9. MACH TAO DAO PONG HINH SIN BA PIEM

So dé téng quét rit gon ctia mach tao dao dong hinh sin ba diém vé& trén hinh 13.36,

O Y o

Hinh 13.36. S0 d3 mach tao dao déng hinh sin ba diém

Trong mach tac dao déng hinh sin (hinh 13.36), mach khuéch dai ding transistor
méc theo 56 d8 emitd chung, hé s8 khuéh dai K clia mach khuéch dai dude x4c dinh
bdi biéu thite :

K=-Y,Z., (13.14)
trong dé:
{2y +2y)Z,

L =
o Zy+Z2,+2,

Y.; 12 tham s8 cua transistor, phu thuée vao loal transistor va diém cong tac
cua transistor. Thudng transistor lam viée & dai tdn nhd hon tin s& cit
cua transistor (t4n sé gi6i han 1am viéc), nén Y,, = g,, va l1a s8 thuc.

D&u tri¥ (-) trong bidu thic 13.14 biéu thj dién 4p ddu ra nguge pha so vdi dién ap
diu vao.

Hé s8 truyén cua khAu phan héi:
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L%
Z,+ 2,

i

Hé s truyén cia mach phan héi hd :

- 82 (2, +2,)2, 2,
Z,+72,+72, 'Zl +Z,
Zz-zs

L +Z2,+7Z,

K.p=
=— €2
vi:Z = +JX | Zy =+ X,y Zy= g+ JX,

nén biéu thite (13.16) ¢6 thé viét lai dusi dang:

(r, + X)) + JX,)
(f +5, +5)+JX, + X, +X,)

K.p=-gy

Céac mach dao déng st dung trong thue té& ludn cé :
r) << Xy rp<< Xy ry<<X;
nén biéu thie trén lai cé thé viét
XXy

I‘{l- =
P=gn (r+1 +r)+ (X, + X, +Xy)

Tit didu kién cin bang bién d6 va cin biang pha K. B=1,suy ra:

X, +X,+X,=0
X,,X, clng tinh

{13.15)

(13.16)

(13.17)

(13.18)

T cac bidu thite (13.18) suy ra didu kién dao ddng cla mach tao dao déng ba
diém la X,, X; ciing tinh, con X, kbac tinh véi X, va X,. So dé tuong duong cia cac mach

tao dao déng trén hinh 13.37.

'l'Cz

Hinh 13.37. So dé tuong dudng clia c&c mach dao dong ba digm

Mach tao dao déng hinh sin c6 sd d5 tudgng duong vé trén hinh 13.37a 14 mach dao
déng ba diém dién cdm hay mach dao déng Hacley (Hartley), con mach tao dao dong
hinh sin ¢é so dé tudng duong vé trén hinh 13.37b 12 mach tao dao déng ba diém dién

dung, hay mach dao déng Konpit (Colpits). Trén hinh 13.38 vé sd dé nguyén ly cia mot

s& mach tao dao déng hinh sin kiéu ba diém trong thuc té.
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Trong cic mach dao ddng dung thach anh (hinh 13.38c), thach anh duge sit dung
nhu mét dién cam tudng dudng. So dé thay thé tuong duong cla thach anh c6 dang vé
trén hinh (13.39), trong d6 L, C, R, phu thudc vao kich thude va d6 mong cia
thach anh, con C, la dién dung tuong duong cia gia dd, thudng R, kha bé c6 thé bd qua,
do d6 dién khing tuong ducng cia thach anh ¢ dang vé trén hinh (13.40).

ra

|

—

ot C

=0

[

C
ZIR2 R,
E

a) Cac mach dao déng ba diém dién cam

a}

b) Cac mach tao dao dong ba diém dién dung : « - mach théng thudng
B - mach dao ddng ba diém dién dung méc thea sa dd Clapp.

[ l
C1

E
[

¢) Cac mach tao dao dong ba diém ding thach anh d& én dinh tin sé dao déng
Hinh 13.38. Cic mach tao dao dong ba didm
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Hinh 13.39. Su d& thay thé tueng duong cla thach anh

-

Hinh 13.40. Dian khéng tuong duong chia thach anh
1

2nJLC.

Trong so d6 & hinh (13.40), f, 1a tdn s& cdng huéng nhanh néi tiép: £ =

1

con f, 12 tdn s8 céng hudng song song: f,=

on (L, 3 “

Vi tin 8 cdng hudng ndi tiép f, va tin s8 cdng hudng song song f, rit gin nhauy,
nén d6 6n dinh tdn s8 dao déng 461 véi cic mach tao dao dong dung thach anh rét cao.
Céc mach dao déng ding thach anh trong thuc t& dé 6n dinh tin s8 tudng d6i ctia dao
déng c6 thé dat t8i 1075,

13.10. CAC MACH TAO DAO BONG HIiNH SIN RC

Trong dai tAn s& thip, sit dung cac mach tao dao d6ng hinh sin LC (kiéu ba diém,
hodc ghép hd cam), doi hdi dién cam cé gia tri 1dn, nén kich thude clla mach dao dong
18n (do kich thude ctia cudn cam L 18n). Mat khac khi cudn cam cé gia tri 16n, tén hao
trong mach dao déng lén, d6 8n dinh tin s8 cha dao ddng kém. Do d6 dé tao dao déng
hinh sin trong dai tdn s6 thip ngudi ta thudng sit dung mach dao déng RC. Déi véi
mach tao dao ddng hinh sin RC, khau phan héi ding mach RC. Trong ciAc mach tao dao
déng RC, trong mach khéng cé phan tit dién cdm L, nén ngodi viée kich thude ctia mach dao

déng nho, né cdn dé dang ché tao dudi dang médun héa trén vi mach.
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13.10.1. Mach dao déng RC ki€u cau Vién

So 38 khéi ciia mach tao dao déng hinh sin RC kifu cAu Vién v& trén hinh 13.41.

C, R,

Il | —|
14

I
T

Ml

Hinh 13.41. So d8 kh&i mach dao déng RC kidu ciu Vién

Trong mach tae dao déng RC kiéu cdu Vién, khau khu&ch dai K duge chon sao
cho hé sd pha g4 = 0. Khiu phan héi  1a mach RC ¢6 dang:

-

Pé dam bio didu kién dao ddng (difu kién cin bing bién d6 vA cin bang pha), doi
hdi hé s6 pha cla khdu phan héi ¢p cliing phai bing khéng (¢p= 0).

T hinh v&, sau khi tinh toéan ta s& nhan duge hé 5 truyén ctia khéu phan hdi:

poDeas_ - ! (13.19)
Uwp 1+ +-92— +j oR,C, — 1
R, C, @R,C,

DE hé s8 pha clia khau phan héi gp= 0, ddi héi hé s8 truyén cia khau phan héi
phai la s8 thuc diueng, nén tir biéu thitc (13.19) ta s& nban dude tin s8 dao déng cla
mach dao ddng RC kiéu cdu Vién:

1
A S (13.20)
JR.R,C.C,

Trong thyc t& ngudi ta thudng chon R, =R, =R, C, = C, = (, nén tén s8 dao déng

ctia mach dao déng RC duge xéc dinh bdi biéu thite:
1

- 13.21
©=2G { )
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Khi nay hé sd truyén ctua khau phan héi [.3: 1/3, vi do d6 hé s6 khuéch dai cua
khau khuéch dat I-( =3. Phén tit khuéch dai ¢6 thé dung dén dién td, transistor, IC ...

Trén hinh 13.42 vé cic mach tao dao déng RC kiéu cdu Vién ding transistor va IC.

2
™~
V1
R4 R3
; LT _{ '_—“"—‘——I
|1
I~
¥—4
y
-
C'I
S il
| S | 1]
I~
R
2 I‘ 02
b)

Hinh 13.42 Cac mach tao dao dong RC kigu cdu Vién
P61 v8i mach tao dao déng ding transistor (hinh 13.42a), khiu khuéch dati 14 hai
ting khuh dai mic theo so d8 emits chung. Vi mét tdng khuéch dai emits chung
dién ap ddu ra ngude pha véi dién ap diu vao, nén khi ding hai tAng khuéch dai, hé s&
pha cua khau khué&ch dai ¢4 = 0. Khau phan héi gom cac dién dung C,, C,, R, va dién
trd vao R,, cla tAng khuéch dai thi nhit (R,, déng vai trd cla dién trd R,. Mat khac do
Ry, >> R, nén Ry, ¢6 thé xem nhu khéng anh hutdng dén qua trinh lam viéc cta mach).

Tén s8 dao déng cua mach tao dao déng:

1
JCCRR,,

Con hé s6 khuéch dai ciia hai ting khuéch dai (khi dao dong xac lap):

i =
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R, C
K=1+=21t+22
+va+cl

D&l v mach tao dao déng ding phan ti khuéch dai thuat toan C) ¢hinh 13.43b),
st dung mach phan héi am R,, R, va céc di6t dé 6n dinh tin s8 va bién db dao déng.
13.10.2. Mach dao déng RC vdi khau phan héi 1a mach di pha

Sd d6 nguyén I cia mach dao déng RC véi khau phan héi 12 mach di pha vé trén
hinh 13.43.

Ee
1t

)

C c C
_,___,__I T1
R | |R}_E9R
] - 1

Hinh 132.43

0 mach dao déng RC (hinh 13.43), khau khuéch dai diang mét ting khuéeh dai
méc theo sd dd emitd chung, con khéu phan héi gdm ba mit loc RC (hinh 13.44).

c C C

i i

e R R
Uv[j U

I
I

raf

Hinh 13.44
Vi thita s6 pha cla khiu khuéh dai ¢x = 180° nén dé dim bao didu kién can
bing pha, thita 58 pha ciia khiu phan hdi ¢ ciing phai bing 180° (py = 180°) véi mbi
mit loc RC, d3 di pha cia dién ap ddu ra so v8i dién ap ddu vao ¢ < 90° do d6 trong
khAu phan héi cdn diung ba mit loc RC.

T hinh (13.44) ta xac dinh duge hé s8 truyén ctia khiu phan héi:
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: UraB 1
B=- = - (13.22)
Uep 1-5a? - ja(6 — x?)
trong d6:
1
o =
oRC

Tit diéu kién ¢z = 180°, doi hdi B phai 1a s6 thuc 4m, nén i bidu thite (13.22) ta
nhin duge tin s8 dac ddng clia mach dao déng:
_1
J6RC

va hé s8 khuéch dai ciia khau khuéch dai (khi dao dong xac 1ap):

(13.23)

K=29.

Vi dién trd vao chia mach khuéch dai emitd chung nhé va thay d8i phu thude vao
sy thay d&i c¢ta nhiét d6 méi trudng cang nhu su thay déi ciia dién ap ngudn cung cap
cho bé khuéch dai, do d6 dé giam anh hudng ctia dién trd vao ciia mach khuéch dai dén
mach phan héi, tin hiéu tit d3u ra mach phan héi duge dua t8i ddu vio mach khuéch
dai qua tdng khuéch dai 1ap lai ¢hinh 13.45) hodic mach khuéch dai dang hai transistor

méc theo kidu Dalinton ¢hinh 13.46). E
- (4

Hinh 13.46. Mach dao déng RC vdi ting khuéch dai mic theo so d& Palinton
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13.10. NHAN TAN SO

Cac mach nhéan tin s8 duge st dung nhiéu trong céc thiét bi dién t1, thi du trong
céc thiét bi phat, thiét bi do ludng. Déi véi cac thist bi phat, d6 6n dinh tin s& mang ddi
hai rdt cao. D€ 8n dinh tdn s8 ctia méy phat (tAn s8 mang), trong cac thidt bi phat ngudi
ta sit dung cac bd tao dao ddng ding thach anh, song tdn s8 dao ddéng cua thach anh -
phu thudc vio phudng phap cit va d6 méng clia thach anh. Thi du, khi tdn s8 dao dong
cia thach anh 1dn hon 20 MHz, d6 mong cua thach anh doi héi khoang vai phin tram
milimét. Viéc cit cac thach anh c6 d6 méng nhu thé rit khé khan. Do dé dé tao cac dao
ddng cao tén c¢é dé n dinh cao, ngudi ta sit dung cac mach tao dao d6ng thach anh dao
ddng d tin s8 tudng d8i thdp, sau d6 thyc hién nhan tdn s8 dé nhan duge cac dao déng &

tin s& cao,

Sd d8 khéi téng quat clia mach nhén tin s& vé trén hinh 13.47.

2 i Z K

h

Hinh 13.47. So d8 khdi téng quat cGia mach nhan tin &

Khi téc ddng vao mach nhéan tdn s& tin hidu véi tn s8 o, trén ddu ra phan td phi
tuyé&n ngoai thanh phén tdn s§ cia tin hidu vio con bao gdm cac thanh phin hai bac
caono (n =2, 3, 4 ...). N&u trén diu ra phin td phi tuy&n duge méc bd loc tuyén tinh,
thi trén ddu ra bd loc (du ra mach nhén tin) chi cé mét thanh phdn tdn s8 mong mudn
14 mét trong cac hai bac cao cla tdn s& tin hidu diu ra (Ko). D§ 1dn cia cac thanh phdn
hai trén ddu ra clia phén tit phi tuyén, nhu di chi ra & chudng 12, phu thude vio tinh
chit cing nhu déc tuyén clia phdn ti phi tuyén. Thi du khi phén t phi tuyén dugc
tiém c&n héa bing dudng gay khiic, thi thanh phdn hai bic n § d4u ra cé gia tri 16n, khi
120° 120

3

géc cit dién 6 duge chon bang 0= ——-] . Do vay khi tinh toan cac mach nhan tin
n

s8, v&n dé co ban 1a chon phin ti phi tuy&n ciing nhu chon diém lam viée clia phan ti
phi tuyén sao cho hiéu qua nhé4n tdn 14 16n nhat. Phdn ti phi tuyén treng cic mach
nhén tin c6 thé dung transistor, IC, dén dién ti1.

Trén hinh 13.48 vé& s0 d6 nguyén 1§ mach nhén tdn s8 ding transistor.
5l T

nwo
] i}

Hinh 13.48. Mach nhan tdn sé ding transistor
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Trong mach nhén tdn 3 hinh 13.48, ngudn dién ap E, xac dinh diém lam viée cla
transistor (phén tit phi tuyén); cdn mach céng hudng duge diéu chinh céng hudng & tin
88 noy.

Khi c4n nhan tan s& vdi hé s6 nhan n 18n, dé€ hiéu qua nhén tén 16n, ngudi ta si
dung phudng phap khac. Trude hét dao déng lién tuc clia tin hiéu vao dude bién déi
thanh day xung tuin hodn ¢6 tdn s& lip lai tAn s§ cla tin hiéu vao (xem hinh 13.49).
Phé ¢lia ddy xung c6 dang:

T
1nmr—-

@
T
s(t)=A —+ z cosnmot
=1 n,

trong d6 T la chu ky; 1 14 d6 réng cia méi xung.

Trén ddu ra ctia bd loc dai hep s8 (2) ta s nhan duge dao déng vdi thanh phin hai

VA ek

T — 1 + 2 i

mong mudn.

Iy
h 4

Hinh 13.49. Sa d& khéi mach nhan tdn voi hé s& nhan ldn
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