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MG PAU

Nhu da gidi thiéu trong phan 10i néi dau cta tap 1, tap 2 cia giao
trinh " LY THUYET MACH - TIN HIEU" bao gém 4 chuong tit chuong 8 dé&n
chuong 11. Né&u trong tap 1 chh y&u tap trung vao trinh bay cac phuong
phap phan tich mach dién tucng hd va cac d4c tinh cd ban clia né, thi trong
tap 2 mbi chuong s& xem xét, trinh bay cac ndi dung tuong déi doc lap.

Chuong 8 di sdu phén tich cic mach dién tuyén tinh trén mé hinh
tong quat, hé théng - mang 4 cyc. Viéc st dung mé hinh mang 4 cuc vao viéc
phan tich mach dién khong chi tién ich riéng d6i véi bai toan 1y thuyét
mach, ma trén co s& d6 c6 thé 4p dung dé phan tich hé théng truyén va xi 1y
tin hiéu bat ky. Mot trong nhiing Gng dung d6 1a phan tich cac mach loc
dién (chuong 9), mdt loai mach dién khéong thé thidu ving trong hé théng
phat, thu va xu 1y tin hiéu.

Chuong 10 tap trung xem xét phan tich cic mach khong tuong hé -
mach c6 chita dén dién t, transtor, IC... hay mach dién ti. Khac véi viéc
phan tich cac mach dién tuong hd, viéc phan tich cac mach dién tit dugc dua
trén md hinh mang nhiéu cuc (MnC). Viéc sit dung md hinh MnC vira ¢
tinh tdng quat vita phu hdp viéc giai bai toan ly thuyét mach trén cd sé bai

toan hé thong.

Chuong 11 danh toan b cho viéc xem xét va phan tich cac dac trung
va tinh chat co ban cta cac loai tin hiéu (lién tuc) diing trong cac hé théng
théng tin lién lac néi chung. Noi dung cta chuong nay tuéng nhu khéng
lién quan t6i bai toan 1y thuy&t mach, song diy 1a cac tin hiéu thuc, dugc
thu nhan va truyén trong mach (hé théng). M4t khéc, ndi dung cia chuong

nay con 14 tién dé cho viéc xem xét cac noi dung s€ duge trinh bay trong tap 3.
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B, CHUGNG TAM
EITLA 1‘1 e NG 4 CUC
| §8-1. KHAI NIEM VE MANG 4 CUC

¢ .. Trong nhifu trudng hgp, khi phén tich mach dién, ngudi ta khéng
quan tAm dén gia tri cua dién ap va dong dién trén tit ca cic phan ti cla
mach, ma chi chi y dén gia tri clia dién ap va dong dién trén dau vao va dau
ra cia mach, hay néi mét cach khéc, chi quan tdm dén anh hudng cia mach
dién d6i v6i tin hidu khi truyén qua né. Khi dé, mach dién s& dugc thay th&
bang mé hinh téng quat nhu vé& trén hinh 8-1, va né dugc goi 1a mang 4 cuc
(M4C). '

11 I i i
o>t 2 L 2.2
J -] Th
c_@.__- ——:}-‘2 ‘ L
1y 12 1 2
ay b)
Hinh 8-1

Mach dién (phan mach dién) cé ciu triic bat ky gom 2 cip cuc dé néi
vé1 "ngudn tin hiéu” va " phu tai" dugc goi 1a mang 4 cuc.

Cé4p cuc dé néi véi ngudn tin hidu dudc goi 1a ddu vao clia mang 4 cuc.
Cap cuc dé ndi véi phu tai goi 1a dau ra clia mang 4 cuc. Dau vio clia mang
4 cyc thudng dugc ky hiéu bing chi s§ 1-1, con diu ra clia mang 4 cuc
thuong duge ky hidu bing chi s6 2-2. Chiéu dién ap va dong dién trén diu
vao va dau ra ctia mang 4 cuc thuong dugc quy dinh nhu trén hinh 8-1.
Trén mdi cip cuc cua mang 4 cuc, dong dién chay qua cuc phia trén va cuc
phia duéi 13 bing nhau va ngudc chiéu nhau, nén dé don gian, ngusi ta
thuong chi ghi dong dién & cac cuc phia trén di véi mdi ciip cuc clia mang 4 cuc.

Bén trong mang 4 cuc c6 thé c6 chita ngudn tin hidu, hoic khéng chita
ngudn tin hiéu. Néu bén trong mang 4 cuc c6 chita nguén tin hiédu, thi M4C
d6 dugc goi 1a M4C c6 ngudn. Con néu bén trong mang 4 cuc khéng chia

5



nguon tin hiéu, thi M4C d6 dudc goi 13 M4C khong chita nguon. Cac mang 4
cuc khoéng chita ngudn dugc ky hiéu nhu hinh 8-1a, con cac mang 4 cuc cb
chita nguon dudec ky hiéu nhu hinh 8-1b. Cin chd ¥ ring, néu bén trong
mang 4 cuc c6 chiia ngudn, nhung cac ngudn d6 lai hoan toan triét tiéu lin
nhau, nghia 14, ban thin ciac nguén dé khong giy ra dong dién va dién ap
trén cac cip cuc cia mang 4 cuc, thi M4C d6 van dudgc coi 1a M4C khong
chita nguén. Thi du cic M4C vé trén hinh 8-2 dugc coi 13 cAc M4C khong
chiia nguon.

1 Z Z 2

GSE/_’Z

g;? ;?gz
. Eo @F2

Hinh 8-2

Néu bén trong mang 4 cuc chi chita cac phan tit tuyén tinh, thi M4C
d6 dugc goi 1a M4C tuyén tinh. Con néu bén trong mang 4 cuc cé chita phan
t phi tuyén thi M4C d6 dugc goi 1a M4C phi tuyén.

Mang 4 cuc dudc goi 13 M4C tuong hb, néu né chi chita cic phan ti
tuong hé.

Néu ta thuc hién thay d6i didu vio va dau ra cia mang 4 cuc ( thay
d6j hudng truyén tin hiéu qua mang 4 cuc), ma qua trinh truyén tin hiéu tu
ngudn tin hiéu dén phu tai cia mang 4 cuc khéng thay déi, thi M4C d6 duge
goi 14 M4C doéi xting. D& dang thdy ring cic mang 4 cyc do6i xting 1a tuong
hé.

Nguoi ta cling phan loai cac mang 4 cuc theo két ciu cua né, va theo
nhiéu dau hiéu khac.

§8-2. CAC HE PHUONG TRINH TRUYEN CUA MANG 4 CUC

Céc hé phuong trinh thiét 1ap moi lién hé gifta dién 4p va dong dién
trén cac cip cuc cia mang 4 cuc dudc goi 1a cac hé phuong trinh truyén cha
MA4C.
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Xét mang 4 cyc vé trén hinh 8-1a. Dong dién trén mébi cip cuc cia
mang 4 cuc khong chi phu thudc vao dién ap trén cip cyc d6, ma con phu
thudc vao dién ap trén cip cyc thi hai. Quan hé giita dong va ap trén cac
cip cuc cb thé viét & dang téng quat:

i1 =f1(u;,u, )}

8-1
1, =, (ug,uy) D

LAy vi phan toan phan cac biéu thic (8-1) ta s& nhan dugc:

o :
gi = Mgy 4 Ol gy
ou, ou,
i oi (8-2)
di, =—1du, + —2du,
Ju, ou,
D6i véi mang 4 cuc tuyén tinh, hé phuong trinh (8-2) c6 thé vist duéi
dang: '
A%l =Y, Au, +Y,,Au, 8-3)
Ai, =Y, Au, +Y,,Au,
trong do
o1 o1
Yllzé,la Yy, =—5,
5] 5112
Y21 _ é’lz ’ % 512

2=
duy du,

Trong cac hé thong truyén tin hiéu, ngudi ta chi quan tAm dén gia s&
cua dién ap va dong dién trén cac cip cuc clla mang 4 cuc, ma khong can
quan tam dén gia tri tuyét doi cia né. Khi d6, trong cac phuong trinh (8-3),
c6 thé thay thé& cac ky hiéﬁ gia s6 cia dién ap va dong dién (Au,, Ai) bing
cac ky hiéu clia dién ap va dong dién tuong dng, nghia 13, khi nay hé
phuong trinh (8-3) c6 thé vist dudi dang:

1,=Y,U, +Y,U, } )

(8-4)
I, :Y21U1 +Y22U2

' Trong hé phuong trinh truyén (8-4) cic ky hiéu I,, I, U,, U, khong phai 12 ky hiéu cia dong dién va
dién 4p 1 chiéu, hoic gi4 tri hiu dung ctia dong dién va dién 4p, ma c6 thé 13 hodc gid tri tifc thoi, hodc
c4c gia tri bien d6 phiic, hiéu dung phic, hoic anh clia dong dién dién ap.



Hé phuong trinh (8-4) dugc goi 14 hé phuong trinh truyén dang tham
s0 Y cua mang 4 cuc.

Mai hé 8 Y;; trong hé phuong trinh truyén (8-4) mang mdt ¥ nghia
vat 1y xac dinh va sé dudc xét 6 phan sau.
Hé phuong trinh truyén (8-4) c6 thé viét duéi dang ma tran:
[1=[¥][v], (8-4a)

trong do : [I] :[1112]T ;[U ]: [U1U2]T la cac véc t6 ma tran cdt cua cac
dong dién va dién ap trén cac cip cuc cia mang 4 cuc (8 day T biéu thj ma
tran chuyén vi).
1Y Y N . PR
[Y]= 14 ma tran tham s6 Y cia mang 4 cuc.
Yy Yo
Nhan bén trii ca hai v& cia phuong trinh (8-4a) véi ma tran nghich
N -1 vy A 2 - ~

dao [Y] va sau khi bién d6i, ta s€ nhan dugc:

[U]=[2][1]. (8-5a)
hay
U =Zyh+Zp ], } (8-5)
Uz 3221 Il +222 12 .
trong do :
[Z] — {Zn le} _ _1_ \inz _le j} (8—6)
Zz1 Zz2 IYI —Y2l Yn

Y] = Y11 Yo - Y3 Yy
Heé phuong trinh (8-5) dudc goi 14 hé phuong trinh truyén dang tham
s6 Z ctia mang 4 cuc; con ma tran [Z] duge goi 14 ma tran tham s6 Z cia M4C.

Tt cac hé phuong trinh truyén dang tham s6 Y (8-4) va dang tham s6
7. (8-5), c6 thé nhan dugc cac hé phuong trinh truyén dudi ddy cia mang 4 cuc.

U, =H,I, + H, U,, (8-7)
I, =H,I + H,U,

hay [M] =[H] [N] (8-7a)
I=F, U +F12 I, ’} (8-8)
U, =F, U, +F,l,



hay [N] = [F] [M] (8-8a)
U, =A, U, +A, T, ,}
I :An U, +A22 I,

hay [Vil= [Al[V,] | (8-9a)
U, =B, U +B; 1 )}
I, =B, U, + By 1,

hay [V2] = [B] [VI] (8-10a)

Cac hé phuong trinh(8-7), ...(8-11) dugc goi 1an lugt 14 cac hé phuong
trinh truyén dang tham s6 H, F, A, B cia mang 4 cuc, con cAc ma tran

[H] - {Hll H12 jl ) [F] — [Fll FlZ :‘
HZI H22 F21 F22 ’
[A] — !:All Al?.il , [B] :liBl] B12}
‘ AZl A22 B2l B22

14 cAc ma tran tham s6 H, F, A, B tuong @ing cia mang 4 cuc.

(8-9)

(8-10)

Can luu ¥ ring, dé thuan tién cho viéc tinh toan tiép theo déi véi cac
hé phuong trinh truyén dang tham s6 A (8-9) va dang tham s§ B (8-10) cia
mang 4 cuc, ta quy dinh dong dién trén diau ra cia mang 4 cuc i, ¢6 chiéu
roi khoi mang 4 cuc ( xem hinh 8-3).

1 i2
-—r— >
X B

Hinh 8-3.

38-3. CAC THAM SO RIENG CUA MANG 4 CUC

Cac hé s0 trong cac hé phuong trinh truyén cta mang 4 cuc dugdc goi
14 cac tham s6 riéng ciia M4C. Cac tham s riéng ctia mang 4 cuc chi phu
thudc vao cau tric caa M4C | gia tri tuong ddi giita cac phan ti clia mang 4
cuc va tan s6 clia ngudn tac dong, ma khong phu thuge vio dé 16n ctia nguon
tac dong va phu tai mic trén dau vao va dau ra cia M4C. Do d6 ching con
dugc goi 1a cac tham sd riéng, hay tham s6 bén trong clia mang 4 cuc. Mol
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tham s6 riéng cia mang 4 cuc mang moét ¥ nghia vat Iy xac dinh, va c6 thé

xac dinh trong ch& d6 hé mach va ngén mach ctia M4C.

Vi du: Tt cac hé phuong trinh truyén clia mang 4 cuc, ta cé:

v.. 2l ~ téng dan dau vao ciia M4C khi ddu ra
n=v- )
U; U, =0 2-2 ngin mach;
I ~ téng dan tuong hd giita ddu ra va dau
12 ~T7 9 . N ~ <
U, U =0 vao cua M4C khi dau vao 1-1 ngan mach;
v b — téng dan tuong hd gitia dau vao va dau
21777 a . A <
U, |U;=0 ra cia mang 4 cuc khi dau ra ngin
mach;
I, — tong dan dau vao phia cuc 2-2 ciia M4C
b o p
U, |U;=0 khi dau vao 1-1 ngan mach;
;s U —  tong tré dau vao cia M4C khi dau ra
YL L =0 hé mach;
7z U —  tBng trd tuong hd gitta dau vao va dau
12 _ . ,
I 1,=0 ra cua M4C khi dau vao hdé mach;
z U —  tdng trd tuong hd gitta dau ra va dau
L, =0 vao cita M4C khi dau ra hé mach;
7z YU ~  tong trd dau vao phia 2-2 cia M4C
L =0 khi dau vao 1-1 ho mach;
A _U ~ t} s6 dién ap trén diu vao va diu ra
n= . ”
U, |, =0 ctia M4C khi dau ra hé mach;
N — i s6 gitia dién ap dau vao va dong dién
12 < ” 2R <
L, JU,=0 dau ra cua M4C khi dau ra ngan mach;
A _L —  ti 8 giita dong dién dau vao va dién
21 N ” . . R
U, |1, =0 ap dau ra cua mang 4 cuc khi dau ra

hdé mach.

Cac tham s6 riéng cua mang 4 cuc la cac ham truyén dat cia M4C

trong cac ch& d6 hd mach va ngin mach.
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Hai mang 4 cuc dugc goi 1a tuong duong néu cac tham s6 riéng tuong
ung la nhu nhau.

M6i lién quan giiia cac tham s6 riéng clla mang 4 cuc dude chi ra
trong bang (8-1). Trong bang (8-1), cac ky hiéu A, Ay, A, Agy, Age 12 céc

dinh thic va phan phu dai s8 cia ma tran tong tré cia mang 4 cuc.

Méi quan hé gitta cic tham s6 riéng cia mang 4 cuc ghi trong bang
(8-1) dling véi ca cac M4C khong chita ngudn va cé6 chita nguon. Véi cac
mang 4 cuc thuan nghich ( tuong hé) khéng chita ngudn, do tinh chit tuong
hd ctia mach dién, ta c6 A;; = Ay, tit bang (8-1) suy ra cac tham s6 Z;y;= Zs,
Y., = Yy, Hyg = -Hgy, Fig = -Fyy va A} Age- AjpAy; = 1. Boi vay, cic mang 4
cuc thuan nghich khéong chita nguén dudc dic trung chi bdi ba tham s6 Z,
Zivo, Lo = Zig1, hodc Yiq, Yo, Y2 = Yy ... Con véi cac mang 4 cyc thuén nghich
khong nguén, déi xing, cac tham s6 Z;; = Zog, Y11 = Yag, Aj1 = Agg, nén ching duge
d#c trung chi bdi hai tham s6, hofic Z;; = Zgg, Zyo = Zg;, hodic Yq; = Y22‘, Yo=Y

Bang 8-1: M&i lién hé giita cac tham s6 cia M4C

Y, = 22— = —1—- = _'_Fl — _AX_ZZ__ — _AJI_
1 || H,, F, A, A
Y, o He Ey :__‘f‘.“_:ézl_
N ’Z‘ Hll F22 AIZ A
Y = - iZ_L HZX = -——I—:Z—‘ = __1__ = _éﬁ
; |Z' H), E, A, A
y, - @ o Ho_ 1Ay Ay
N ‘ZI Hll p22 A12 A
1 H F A ALA, ~A,A
’Y] :Yllle '—Y12Y21 = 2 _n a1 - 125221
2,2, — 252, Hy E,, A, A
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12

= ZpZy

— _1__ . Al] _ AzzA
Fll A21 A11A22 - A12A21
— ~FI2 — _)é)_ - AZIA
B, Ag A Ay - Aphy
_E 1 A,A
1 A21_ A 1A22 - A12A21
= -—ﬂ = A22 — AIIA
Fll A2l A11‘522 A12A21
1 H, F, A
Y11Y22 —Y12Y21 sz F“ A21
_EL F22 — Al2 - _é_
Z2 13 Ay Ay,
z, __Fy ﬂ _ Ax
Zn ]Fl A22 An
__2.2_1 - _ EZI. _ 1 - A12
Zn IFI A22 An
1 — & Azl — AnAzz - A12Az1
222 lFl A22 AnA
21 1




Y] 1 sz _ A21 _ Aquz"Alezl

Y,, Zy IH, Ay AyA
F. = & _ Zin H, lAl A,
12 = = = - — ==
Y, Zy |H| A A,
o~ _ Yo _Zy _Hy 1 Ag
B Yo Zy [H| Ay Ay
p oo b _ A _m,_a, A
22 = =
Y, z,, IHl Al A,
. Y z 1 A A
[F =FF,-F,F = Y” = = = -2 ==z
22 Zy H,H,-H,H, A, A,
AL Yo _m_ M _ 1A,
T = = = =
Y, Zy H,, F, A,
A, = __1_ _]i _H“ Ezi = A
12 = = = = =
Y, Zy H,, E, A,
A = _m 1 H,, & AyA, —ALA,
2n = = = = =
Y, Zy H,, E, ALA
A = — Yo _ 0z _ ___1_ _ |F‘ él
2 = = = = =
Y, 2y H, E, A,
Y, z H F A
'AI = AL A, - ApLA, =% =2 =22
Y, Zy H, F, A,

88-4. CAC THAM SO HO MACH VA NGAN MACH CUA MANG 4 CUC

D8 xac dinh cac tham s8 riéng ciia mang 4 cuc khi khong biét cdu tric
bén trong cla né, ngudi ta phai dung phuong phap thuc nghiém ( do dién 4p va

dong dién trén cac cip cuc ciia mang 4 cuc trong ché 6 hd mach va ngin mach).
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Tuy nhién, viéc xac dinh truc tiép cac tham s6 Yis, Yo, Z1s, Zo; ciling nhu cac
tham s& khac bing thuc nghiém kha phitc tap: Nén trong thuc t&, bing thuc
nghiém chi cAn xac dinh cac tham s6 Yy;, Yoo, Zy;, Zse (cac téng dan va tong
trd dau vao ctia mang 4 cuc trong ché& d6 ngin mach va hé mach). Sau do, tit
cac tham s8 Yi1, Yoo, Z11, Zoo, biing tinh toan s& xac dinh cac tham s8 con lai.
Cac tham s8 Yi1, Yoo, Z11, Zoo dudc goi 12 cac tham s6 ngidn mach va hd mach
clla mang 4 cuc.

Vi du: v6i mang 4 cyc thuan nghich, tham s6 Y;3 = Y,;, nén tit bang
(8-1) ta co:

|Y‘=Yi:i
Z, 2
Y Y
hay Y1xY22"Y122 :—Zﬁ—:i;

Tu day, ta xac dinh duge :

11 22

Y Y.
Y, :i\[YnYzz-Z—n' :i\/YnYzz"El'L (8-11)

Tham s6 Y2 = Yy; clia mang 4 cuc xac dinh theo biéu thic (8-14) ¢6
hai gia tri khac dau nhau. Song diéu d6 hoan toan khéng han ché viéc xac
dinh cac tham s6 riéng cia mang 4 cuc théng qua cac tham s hd mach va
ngin mach. That vay, d6i v6i mang 4 cuc da cho (hinh 8-4a), néu ta 1an lugt
thay d6i vi tri mét cidp cuc ctia né (hinh 8-4b va 8-4c), thi tham s6 Y;5(Ysy)
nhan dudc ciia M4C sé khac dau véi tham s6 Yqy (Ys;) cia M4C ban dau,
con cac tham s6 ngin mach va hd mach Y;;, Yy, Zy1;, Zgo hoan toan khong
thay d6i so véi tham s8 tuong tng ciia mang 4 cuc ban dau. Diéu nay c6 thé
giai thich : khi thay d3i vi tri ciila mét ciip cuc cia mang 4 cuc, thi chiéu quy
uéc ctia ca dién ap va dong dién trén cip cuc d6 sé thay ddi, con chiéu quy
udc cia dién ap va dong dién trén cip cuc con lai sé khong thay déi. Do dé

trong truong hop da néu chi c6 tham s6 Yy, Yy, d6i dau, & day:

I
12 Il Vé’ Y21 ;
U, [U,=0 U, (U, =0
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Viéc d6i dau ctia tham s6 Y;5(Ys;) s& lam thay ddi dic tuyén pha cta
mang 4 cuc mét géc @=I1. Diéu nay dan t6i viéc thay déi vi tri mdt cip cuc
cia mang 4 cyc. Néu viéc thay d6i.vi trf mot ciip cuc cia mang 4 cuc khong
gdy anh hudng dén diéu kién chung cta bai toan, thi ddu cha tham s8 Yy,
(Yyy) xac dinh theo biéu thic (8-14) c6 thé chon tuy §. Con trong truéng hop
can thiét, ddu clia tham s8 Y15(Ysy;), dudc xac dinh bing mét phép do don
gian.

sl 2 1 o e
”~— — —a L
a) b) c)
Hinh 8-4.

§8-5. GHEP NOI CAC MANG 4 CUC

Khi ghép ndl cac mang 4 cuc v6i nhau, s& tao thanh M4C méi. Tham
s6 riéng cia M4C méi c6 thé dude xac dinh qua cac tham s6 riéng cia cac
mang 4 cuc thanh phan.

1- Cac mang 4 cuc ghép lién thong

Mang 4 cuc vé trén hinh 8-5 dugc tao thanh tit 2 mang 4 cyc A; va A,
méc lién théng.

1
o ho——n s b 5 | &
v - 7 - U rd
Vo, [y A [ Im ot A | D9
A
Hinh 8-5.

Phuong trinh truyén dang tham s6 A clia cAc mang 4 cuc A, Aj, A,
tuong ung c6 dang :

tvil =1[Al{V,], (8-12)
[vi]=[a.][%] (8-13)
[vi]=[4.1[v:] (8-14)
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trong do,

[Vl = [UL1"; [Ve] = [U,L1%
v=fuin]; [v] = [wn]
vil=[uin] s [w] = ]

Mt khac, tit hinh vé 8-5ta c6:
V=[] [v] = ] v - v

két hop véi cac phuong trinh truyén (8-12), (8-13), (8-14), sau khi bién d6i
ta nhan dugc:

[Vl =[A{] [Ag] [Vl (8-15)
So sanh biéu thitc(8-12) véi biéu thiic (8-15), s& nhan duge
[A] =[A] [A,] (8-16)
Vay ma tran tham s8 A cia mang 4 cuc dugc tao thanh tit 2 M4C
thanh phan méc lién théng bang tich clla cadc ma tran tham sd A cia cac

M4C thanh phan. Két luan trén ciing ding d6i véi mang 4 cuc gbm n M4C
thanh phan méc lién théng.

2- CAc mang 4 cuc mac ndi ti€p - ndi tiép

Trén hinh 8-6 vé mang 4 cuc Z dudc tao thanh tit hai mang 4 cuc
thanh phan Z;, Z, mic néi tiép - ndi tiép

A -

. Z_ ____ J
Hinh 8-6.
Hé phuong trinh truyén dang tham s6 Z clia cac mang 4 cuc Z, Z;, Z,.
[(O1=1[Z] 1], (8-17)
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(U1 =1[Z,][1,], (8-18)
(U] = [Z,] [1], (8-19)
trong do,

[U1=10,0,)", wg=[uiv ], [u,]=[uui]
W=05", M=), Ll=[e]
T hinh vé 8-6 ta co:
[U] = (U] + [Uy],
[0 =[1,] =[L],
két hop véi cac biéu thitc (8-18), (8-19) sau khi bién ddi ta nhan dudgc:

[U)=[1Z,] +[Z;] 1[1]. (8-20)
So sanh (8-20) véi (8-17), ta co

(Z] =[Z,] +[Z] (8-21)

Vay: Ma tran tham s6 Z cia mang 4 cuc gom hai M4C thanh phan

< A A A e Al > ~ P A ~ . ~
mac noi ti€p - noi ti€p, bang tong cac ma tran tham sé Z cia hai M4C thanh

phan. Két luan trén ciing ding véi mang 4 cyc gom n M4C thanh phan méc

ndi tiép - néi tiép.

3- CAc mang 4 cuc mic song song-song song

Trén hinh 8-7 vé mang 4 cuc Y gom hai mang 4 cyc thanh phan Y,

Y, mac song song - song song.
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Phuong trinh truyén dang tham s8 Y ciia cic mang 4 cuc Y, Y, Yo

tIl = [Y][U], (8-22)
(L1=[Y. [ U], (8-23)
[Iz] =[ Y] [U,], (8-24)

trongds:  [0=[LLI"; (1= 15 ],
L=[rE],
[U1=[0,0,1"; (U= [0 U] ; U= [0 ]
Mait kbac, ti hinh 8-7, ta c6
[U] = [U,] = [U,],

[ =[1,] + (L],

nén sau khi bién d6i cac bidu thic (8-22), ..., (8-24), ta nhan dudc
(I =[ 1Yl +1Y.11[U] (8-25)

So sanh (8-25) vai (8-22), ta ¢

[Y]=[Y ]+ [Y,], (8-26)

Vay, ma tran tham s6 Y cia mang 4 cuc gom hai mang 4 cuc thanh phan
méc song song- song song bang téng cac ma tran tham s6 Y ctia hai mang 4

cuc thanh phan.

Két luan trén ciing hoan toan ding d6i v6i mang 4 cuc gom n mang 4

cuc thanh phan mic song song - song song.

Chitng minh tuong ty, ta xac dinh dugc tham s6 riéng cia cac mang 4

cuc gbm 2 mang 4 cuc thanh phan méc ndi tiép - song song va song song -

ndi tiép ( xem két qua dua ra trén bang 8-2).

18



Bang 8-2.

N° | Cach ghép néi So aé Phuong trinh
M4C ma tran tham s&
1 _m (Al =[A][A; ]
MaAc lién théng | i
2 I 1
. I ” i Zy |
Mac noi tiép - nod1 | E | .
tiép | L[ [Z] = [Z,] +[Z]
%
3 Mic song song - r-=----=-°- o
!
song song Y, (Y]=[Y]+1Y.]
Y, |
. Y
4 o o
i '
Mic noi tiép - song | E !
song i H, | (H]=[H,] +[H,]
e - — E_I_ J
5 S i
p F !
Mic song song - £l ] |
o |
néi tiép l Fy =T [(F] =[F] + [F,]
Lo Y l

19



§8-6. CAC HE PHUONG TRINH TRUYEN VA CAC THAM SO
RIENG CUA MANG 4 CUC TRONG DAI SONG SIEU CAO TAN

Dic trung cho qua trinh truyén tai ning lugng clia mang 4 cuc trong
dai séng siéu cao tAn khéng phai 1a cAc gia tri ciia dién ap, dong dién, ma la
cac gia tri cua séng téi va séng phan xa.

Gia st mang 4 cuc lam viéc 6 dai séng siéu cao tan, dau vao va dau
ra ctia n6 dugc méc ndi véi cac doan dudng diy déng nhat c6 cac trd khang
séng p; pg tuong Ung. (Xem hinh 8-8).

U1T UZT
™3 P
i t
pl 1 l pz
e | T e’
U1pu ) Upr
Hinh 8-8.

Trong truong hgp xét, dién ap va dong dién trén cac cuc cia mang 4
cuc sé 1a tong ctia dién ap va dong dién cta séng téi va séng phan xa.

U, =U;+U,,, _
I =1y~ 1 =L (U, - Uipe) &2
Py
U, = U2T+Usza
ERETE W 629

2
trong d6 :

U;p, Ugp la thanh phan dién ap séng téi;

Uipx Ugpy 12 cac thanh phéan dién 4p séng phan xa.

Trong hé phuong trinh truyén (8-10), thyc hién thay cac gia tri Uy,
Uy, I, I, tix cac bidu thic (8-27), (8-28), va sau mdt s6 bién d6i don gian, ta
s€ nhan dugc:

U =TUpxp+T,U

2px 2 (8-29)
U, =T,U,;+T,U '

1px 2px
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trong d6:

1 A p
Z(A“ +—1 +A,P, A, —),
2 2
1 A p
T, —“,",‘(An ——2 4 A,up—Ay, —L)>
“~ P, P2
1 A p
T, = > —(A) +‘pg'— AP, —Ay ”1‘);
2 2
1 A P,
zz 2 (An — A21p1 +A22 —L)

2 2

Hé phuong trinh (8-29) xac dinh méi lién hé gilia séng t6i va song
phan xa trén cac cdp cuc cia mang 4 cuc va dugc goi 1a phuong trinh truyén

clia mang 4 cuc dang tham s6 truyén séng. Con ma tran

T, T
[1)-

1 12
(8-30)
T21 T22

dudc goi 12 ma tran truyén séng cia mang 4 cuc.

Hé phuong trinh truyén (8-29), ciing c6 thé bién d6i vé dang:

Ulpx =5, Uy +SIZU2px > (8-31)
Uy = Sy Upp + Szzusz
trong d6

T T
Sy = T—ZI > S, = ‘U‘ >

11 11

1 T
S, —TIT— > Sy =%,

11 11

Hé phuong trinh (8-31) dugc goi 1a hé phuong trinh truyén dang
tham s6 tan xa ciia mang 4 cuc. Con ma tran:

[s] =

11

(8-32)

21 S22
gol 12 ma tran tan xa cila mang 4 cuc.
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Moé1 lién hé gitia ma tran truyén séng (8-30) va ma tran tan xa (8-32)
cia mang 4 cuc dude xac dinh béi cac biéu thic:

Su S”LL—TZI ' } (8-33)
1S, SzzJ T, ! - T,
K TH}ZL LS (8-34)
_T21 Tzz Sz1 B Sll _IS‘ J

trong do:
S| = S11Ss5 - Si5 Sg.

Cac hé phudng trinh truyén (8-29), (8-31) c6 thé viét gon dudi dang
ma tran:

[Ci] =[T]1[C,], (8-35)
[B:] = [S][B,], (8-36)

trong d6 [C,], [Col, [B], [By] 1a céc véc td ma tran cdt cua cac séng téi va
séng phan xa trén cic cip cuc clia mang 4 cuc; d day:

T

[C]=[Un Uy ] 1 [C.] = [Uir U,

[Bl] = [Ulpx Uz'r]T; [Bz] = [UlT Usz '

Mbi phan ti clla ma tran truyén séng [T] va ma tran tan xa [S] cta

mang 4 cuc c¢6 mét ¥ nghia vat 1y xac dinh, va c6 thé xac dinh bing thuc

nghiém.
Vi du:
S Uipe - Hé s6 phan xa trén diu vao cia mang 4
11 _
Usr [Uap=0 cuc, khi dau ra ciia M4C c¢6 tai hoa hagp
(U2nx = O),
S Ui - Hé s6 truyén dat ngugc (hé s6 phan hai)
12 _ N o L 47
Uaps (Ui =0 ciia mang 4 cuc khi dau vao cua M4C od tai
hoa hap;
. = Usr - Hé s6 truyén dat thuan cia mang 4 cuc
21 _
Uir [Uap =0 khi dau ra ciia M4C cé tai hoa hgp;
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S, = %p}_ o - Hé s6 phdn xa trén dau vao 2-2 clia
2T [T T mang 4 cyc khi truyén tin hiéu theo
chi€u ngugc va M4C c6 tai hoa hop trén
dau vao 1-1;
1 Uy - Hé s6 truyén dat cua mang 4 cuc khi dau
To UnlUa=0 1y chia M4C c6 tai hoa hop.

§ 8-7. CHUAN HOA CAC HE PHUONG TRINH TRUYEN
CUA MANG 4 CUC

Chuén héa cac hé phuong trinh truyén cia mang 4 cuc ¢6 ¥ nghia
quan trong trong thuc té&, dic biét trong dai séng siéu cao tan. Vi rang, trong
dai séng siéu cao tan, cac gia tri dién ap va dong dién trén dudng truyén la
da tri. Viéc xac dinh cac dai luong nay kha phic tap hodc khéong thé xac
dinh dugc bang thuc nghiém. Béi vay, can thiét phai chuin héa cac hé
phuong trinh truyén ciia mang 4 cdc, sao cho cac tham s6 chudn héa cé thé
dic trung cho mang 4 cuc trong cac dai tAn s6 khac nhau, déng thoi cé thé
dé dang xac dinh ching.

Né&u chon cong suit trén dau vao va dau ra cua mang 4 cuc la cac dai
luong dic trung cho qua trinh truyén tai ning lugng ciia mang 4 cuc, thi cac
dai lugng nay 1a don tri va c6 thé dé dang xac dinh dugc bing thuc nghiém
trong toan bd dai tan cong tac. Dé xac dinh hing s6 pha chi cAn cin cit vao
dinh nghia: cong suat 1a tich s gia tri phtic ciia dién ap va dong dién.

Néu tré khang séng cia dudng truyén 1a mot s6 thuc p, thi cong suat

. o A , . 2. . R . U2 2 A
tai diém xét dugc xac dinh boi biéu thiic — hay pI%. Do dé, trong hé phuong
Po,

trinh truyén (8-29), néu thuc hién chia ca hai vé& cho \/;—71— , sé nhan dugc :

UIT =T Bi UzT +T ff’_z_ E2px

- 1 12 ]
\/El— 1 Pr P Pr P, (8-37)
Ulpx - Tz EZ_ UZT + Tn p2 Usz

S TN NS
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Hé phuong trinh truyén (8-37) xac dinh moi lién hé khong phai gitia
cac gia tri cua dién ap séng t6i va séng phén xa trén dau vao Ve‘x dau ra cua
Ui Usr Ui 4 dai
\F Jo Vo Vo
lugng nay c6 thi nguyén la cin bac hai cia cong suit (\/—) va ching
dugc goi 1a cac bién dd dién ap chudn héa trén dau vao va diu ra clia mang
4 cyc. Con cac hé s8 trong hé phuong trinh truyén (8-37) dugc goi 1a cac

phan £ cia ma tran truyén séng chuin héa clia mang 4 cuc.

Néu dit :

mang 4 cuc, ma la giia cac dai lugng mai:

=b,,

thi hé phuong trinh truyén (8-37) dugc dua vé dang:

a =ty b, + 1,8, >} (8-38)
b, =t,b, +tya,,

hay duéi dang ma tran:
[Cil=Tt1C,], (8-38a)

trong do

[C.]=[ab] [C] [bs2.]",
R e E R

3 BN ~ A P 2 z
gol 12 ma tran truyén séng chuin héa cia mang 4 cuc.

Hé phuong trinh truyén (8-38) goi la hé phuong trinh truyén cta
mang 4 cuc dudi dang tham s séng chudn héa.

Tuong tu, c¢6 thé nhan dugc cac hé phuong trinh truyén dang khac
ctia mang 4 cuc duéi dang tham s6 chudn héa.

Vi dy, ti hé phuong trinh truyén (8-31), sau khi bién ddi, ta s& nhan dugc:

b, =88, + 8,8, ;}

(8-40)
b, = 5,8, + 852,
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hay duéi dang ma tran:
[b] = [s][a] (8-40a)
trong dé:

[b] =[b;by]" ; [a] =I[a;a,]",

S]] SIZ 52— S S
1
- Vo | K

o
S, ~ Sy
L P>

(8-41)

goi 14 ma tran tan xa chuin héa cha mang 4 cuc.
Hé phuong trinh truyén (8-40) goi 12 hé phuong trinh truyén cda

mang 4 cuc dang tham sb tan xa chudn héa.

§8-8. MOI LIEN HE GITA CAC THAM SO CHUAN HOA VA
KHONG CHUAN HOA CUA MANG 4 CUC

M0i lién hé giita cac tham s§ chuan héa va khong chuin hoéa tuong
{ing cla mang 4 cyc dugc chi ra dusi day, dudi dang cac biéu thic ma tran.
Trong d6, k¥ hiéu chit in thudng 14 cac tham s6 chudn héa, con chit in hoa 14

cac tham s6 khong chuan héa.

{tn ty, jl _ P I:Tn le } (8—42)
ty, ty oy T,
Jo,
Sn S, ~
[S” S”} = g (8-43)
S S
21 22 _& 822
P2 A

(8-44)
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Zy  Zp | | A VPP,
= (8-45)
Zy Zy 7, Z,
VP11 P P2
Yu Y| Y, P4 Y5, VP11 P2
= (8-46)
Ya Y Youp: P, Yo P2

l:Tll T12 }: &{tu t12:| (8-47)
T, T Voo Lty ty

P ] -
511 S124]7
|:Sll SIZ:I _ P> (8-48)
S, Sy, £,
So147 Sy
L VA _
Py \/—‘—
4y A1,/ P1 P,
[A“ An} _| Ve (8-49)
A A -
21 2 a,, £,
L VP11 P2 P ]

l:zu le} R Zy N PP (8-50)
Zn Ly Zy NP1 P2 Z32P>

Y Y12
[Yu Y12:| _ P VP1P2 (8-51)
Yo Yy Yo Yo

VPP P



38-9. MOI LIEN HE GIUA CAC THAM SO SONG VA CAC THAM SO

a, z, y DANG CHUAN HOA CUA MANG 4 CUC
Mbéi lién hé gifta cac tham sé séng s, t va cac tham sd a, z, y dang
chuin héa clta mang 4 cuc ciing duge chi ra dudi day duéi dang céc biéu

thiic ma tran:

[t]_l[an ta;,; tay ay a;—a); tay; —ay } (8-52)
2lapta—a, —ay, A —a); "8, Tay,

1 I:Zn z, (2, +1)(z,, - 1) (zy+ (2, +1) — 24,2,

[t]= } (8-53)
22| 21,25, (2, ~D (2, — 1) (2, ~D(zy +D—2,,2,

-

1 {(1+y11)(1—y22)+y213’12 —(+y))A+yR) +yLYy ] (8-54)

2y, [ (A-yy YA=Y2) =YYz ~(A=-y)A+y5)+¥,Ya
4= [l (an —a)epty)  ~dalay ] .55
-y +a21)(a21 ta)| - 2| (@ —a, ey, +a)
1 Z,. —1 -z 2
[S] _ l:( 1~ Nzp ey 29 (8-56)
(z, + Wz —D-2y2, | 22, (2 +Wzyy +1)—~ 2,2,
[ 4 _ 1 ‘:(1+YI1X1_YE)_YIZYZI 2y, j‘ (8-57)
A+, X=Y) Y1 Yo | 2V A+y X1+Y0) = Y0Ya
[a]:l ty Tty +1,ty, thtt, -ty _tzz} (8—58)
21_t11 —1ty +1, — 1y, th =ty —ty iy,
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[a]: 1 [:Suszl = (1+5,,)(s,, — 1) (1+5,)A+5,) = 8,8, J (8-59)
25, | 1=5,(1-5,,) —5,8, (1=5,)(A+5,) +5,8, l

(2] 1 [;(t“ +ty 1) 21 } (8-60)
t21 -tn +t22 _t12 -2 tn —t2] —tlz +t22

[Z] _ 1 [(1+511X522 ~D—s8, 2, :i (8-61)
(1=, X8 — D) +8,,8, | 28 (I+spX1=5,) +5,8,,

[y] _ 1 [‘11 —t2l “tlz +t22 - 2’t| } (8—62)

» ty,+ty —t,~t,| 2 —(t, +t, +t, +ty,)

- ! {(l~su)(l+szz)+snszl -2, } (8-63)
(s, X1+8,) =88 28, (A+8, X8, ~D—sp8y

Trong cac biéu thitc trén, dinh thic |t]| va |a| duge xac dinh:
lt,: [SEL SRl SPY SP

‘al =ad9 Ty

MBoi lién hé giita cac phan tii clia ma tran truyén séng chuin héa [t]
va ma tran truyén dat chuin héa [a] clia mang 4 cuc c¢6 thé viét dusi dang

[t]zE _llrx[a]xE _j (8-64)
[a]:E _11}( [t]xE _11J (8-65)

T chc biéu thic (8-64) va (8-65), d& dang suy ra cac tinh chat sau

ma tran :

ddy clia ma tran truyén séng [t] cha mang 4 cuyc:
- Dinh thitc cia ma tran truyén séng [t] cia mang 4 cuc bang dinh
thitc clia ma tran truyén dat [a] cia né :
t] = la]
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- Ma tran truyén séng [t] cia mang 4 cuc gom cac mang 4 cuc thanh
phan mic lién théng bing tich clia ca ma tran truyén séng [t,] clia cdc mang
4 cyc thanh phan :

[t]:g[tK].

Trong trudng hgp cidc mang 4 cuc thanh phan 1a hoan toan gidng

nhau, ma tran truyén séng cé dang:
A B O D T
1= X jay X

§8-10 CAC THAM SO CUA MANG 4 CUC KHI CO TAI

Trong thuc t&, trén dau vao cia mang 4 cyc dudc mic véi ngudn tin hiéuy,
con trén dau ra clia mang 4 cuc dude mic véi phu tai Z, ( xem hinh 8-9).

Zn 1 i 122
ul\l/ UZ\L Zt
1 ' 2
Z
Zvl v2
Hinh 8-9

D& danh gia anh hudng ciia mang 4 cuc dén dic tinh truyén tai ning
lugng tit nguon tin hiéu dén phu tai, nguoi ta xét cic tham sé cia mang 4
cuc khi c6 tai ( D61 khi ngudi ta ciing goi cac tham s6 nay 1a cac tham s6

cobng tac cua mang 4 cyc).
1- Tong trd vao ciia mang 4 cuc

Téng trd vao ctia mang 4 cuc nhin ti phia dau vao 1-1 (ky hiéu la Z,,)
14 ty s gitia gia tri clia dién ap va dong dién trén dau vao 1-1 clia mang 4 cuc.
U _AnpUp +ApDL

(8-66)
I AynU;+Anl,

Zy =
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Trong biéu thic (8-66), néu thay U,=1,Z, va sau khi bién d6i, ta sé nhan
dugc:
— Allzt + A12

= 8-66a
M AZIZt +A22 ( :

Biéu thic (8-66a) chi ra ring, tdng trd vao cia mang 4 cuc Z,; khong chi
phu thudc vao tong trd phu tai Z;, ma con phu thudc vao cac tham s6 riéng
cta mang 4 cyc. Hay néi mot cach khac, mang 4 cuc thuc hién phép bién dsi

tong trd, nghia 13, né bién déi tdng tré phu tai Z, thanh tdng trd cé gia tri cho trude.

Tuong tu, ngudi ta ciing dinh nghia tong trd vao cia mang 4 cuc nhin ti
phia 2-2 (ky hiéu 1a Z,y) 1a ti s6 gifia gia tri ciia dién ap va dong dién trén

dau ra 2-2 khi cho ngudn dién ap tac déng bing khong (E=0).

Thay cac gia tri ctia U, I, tit hé phuong trinh truyén (8-11), sau dé biéu
dién cac tham s6 B qua hé tham s§ A cia mang 4 cuc, ta s& nhan dudc:
Uy ApZ +Ap

= (8-67)
L ApZ,+Aqp

2=
Biéu thic cha tdng trd vio Z.,, (8-67) ciing ¢6 thé nhan dudc bing
phuong phap khéac. Trén hinh (8-9), khi nguén tac dong E=0, ta cé:
I, =—-—*+, hay —anp—’
Il

Mat khac:

i - AU, AT
L AU, + AR,

nén nhan dugc:
7 = AnU, +ALL
AZIUZ +A2212

Chia ci t& s6 vA miu s8 ciia v& phai chia biéu thic trén cho I, véi
U R
—Il:— Z,,ta nhan dudc:
2
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7 = —szAu +A12

“n T 3
_szAzl + A22

hay sau khi bién d8i ta s& nhan dugc:

v2

A22Zn +A12
AZIZn + All 7

Trong cac bidu thic (8-66),(8-67) tinh Z, clia mang 4 cuc néu cac gia

tri cua dién ap va dong dién trén cac cuc ciia mang 4 cuyc 1a cac gia tri phic

(bién do phiic, hoic hidu dung phiic), thi cac tong trd vao 1a dang phiic, con

néu cac gia tri ciia dién ap va dong dién 13 cac anh toan tU tuong lng, ta sé

c6 tong trd vao toan ti

Téng tré vao clla mang 4 cuc, c¢6 thé xac dinh qua téng trd vao ha

mach va ngén mach clia M4C . That vay, cac biéu thic (8-66a) va (8-67) cb

thé viét lai duéi dang:

A
ilz-+Zt 247
Z — All All Z _ A22 A22
vi T . 3 v2 T :
M Ay TR Ry
A21 A21
Vi:
A 1
Al :ZVI Z = (X): Zvlhé’
21 t
A
= :ZV2 :Zvlng ’
A Z =0
A22
=7 =7 .,
Az] v2 Zn . v2ho
_éz—:zvl = Zvlng >
A,, Z =0
nén
ZVan + Zt
ZV] :Zvlhaz +Z
v2hd t

(3-68)
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Zvlng + Zn

v2ho Zvlha +Zn

Y/ (8-69)

trong d6 Zying (Zvong) 12 tong trd vao ti phia 1-1 (2-2) khi d4u ra
2-2 (1-1) hé mach; Z,,,, (Zyoyy) 1a téng tré vao ti phia 1-1 (2-2) khi dau ra 2-2
(1-1) ngin mach.

2- Hé s6 phan xa clia mang 4 cuc

Trong dai séng siéu cao tan, ngudi ta st dung rong rii tham s& hé so
phan xa trén ddu vio cia mang 4 cyc thay vi tham s6 tong trd dau vao.

Hé s6 phan xa trén dau vao ciia mang 4 cuc (Ky hiéu la p, ) 1a ty s6 gita
séng phan xa va séng téi trén dau vao cia mang 4 cuc ( xem hinh 8-19)

12 ‘ﬁz
by
pn ¢ —3 p*t
1 bl 2
pl p3
Hinh 8-10
_ PL_ t21b2 11,3,
pp=—"= b
a, b, 11,8,
N Z, - AN 2 a0, ) N
Vi ay;=p; by, pt:-—‘—ﬁ - hé s6 phan xa clia phu tai mic 6 dau ra
Z +p,
mang 4 cuc, nén ta nhan dugc :
t,, +t
l: 21 22pt (8—70)
t TP,

Tuong tu, ngudi ta ciing dinh nghia hé s6 phan xa trén dau vao 2-2 cia
mang 4 cuc ( ky hidu 1a py) 12 ty s6 gitia séng phan xa va séng téi trén dau
ra 2-2 cua mang 4 cuc:

b, —t,+t,p,

p, =—%= — === (8-71)
: a, b, —14,p,

trong do :
Z - A A o 9 A ¢ v A
P. :2—“—’1—)1— - hé s6 phan xa cua nguon tin hiéu;
+p
n 1
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Z, la téng trd trong clia ngudn, p; 1a trd khang séng cia doan dudng
day néi gitta ngudn tin hiéu va mang 4 cuc.
Biéu dién cac hé s§ phan xa p;, p; qua cac tham s§ ma tran tan xa caa
mang 4 cuc, ta sé nhan dugc:

p, =s,, +-2abL (8-72)
1-s),p,

Py =8y + atile (8-73)
1 - Sl]pn

§8-11. TRO KHANG DAC TINH CUA MANG 4 CUC

Téng trd vio clia mang 4 cuc phu thudc vao tong tré phu tai Z, ( téng trd
ngudn Z,) va cac tham s6 riéng clia mang 4 cuc. Song véi mbi mang 4 cuc da
cho, ton tai hai gia tri tong tré Z,, va Zs, c6 tinh chit sau : khi téng trd phu
tai Z, = Zo, thi tong trd vao Z,, = Z,., ngudc lai khi tdng trd ngudn Z, = Z,. thi
tong trd vao Z,, = Zy,. Cac téng trd Z,, va Zs, dudc goi 1a t6ng tré dic tinh cla
mang 4 CLIC.

Thay cac gia tri Z,, va Z,. vao cac biéu thiic (8-66a) va (8-67), ta nhan dugc:

A.Z, +A
" — 1172¢ 12 , (8—74)
AZIZZC +A22
ch :Azzzlc +A12 , (8—75)
Azlzlc + A11 ,

Giai dong thai hé hai phuong trinh (8-74) va (8-75), ta nhan dugc:

Z, = Auhi (8-76)

A22

-
>
=

zZ, = |~z (8-77)

Trd khang dic tinh cia mang 4 cuc, trong truong hop chung 1a mot s&
phitc. D61 véi mang 4 cuc d6i xting, cac tham s A;; = Ay, nén tré khang déc
tinh:

A12

(8-78)
A21

Zlc:ZQCZZc:
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Céc mang 4 cuc ¢6 téng trd phu tai bing tré khang déc tinh (Z, = Z,) goi
1a mang 4 cuc c6 tai hoa hgp.

Céac tré khang dic tinh cla mang 4 cuc c6 thé xac dinh qua tong tré vao
hé mach va ngdn mach cta né:

A A A, A
zZ, = |~ute o 2o Do ey 8-79
1c \/A21A22 \/A A vihg ving ( )

21 22

AA A A
Z, = |onln :\/ 2 _ Sn_ 7 Z,, (8-80)
\[AZIA“ A A 2ho 2ng

21 11
§8-12. HAM TRUYEN DAT PHUC CUA MANG 4 CUC
Xét mang 4 cuc tuyén tinh, ddu vao mang 4 cuc dudc méc v6i ngudn tin
hiéu véi siic dién déng E, tong trd trong Z;; dau ra dudc mic véi phu tai Z,

xem hinh 8-11.

Zy 1 h

Hinh 8-11

Ham truyén dat phiic cia mang 4 cuc 1a ti s6 gilia gia tri bién d6 phiic
(hiéu dung phiic) ciia phan ting trén dau ra cia mang 4 cuc (U.,I;) va gia

tri bién d6 phitc (hidu dung phiic) cia ngudn tac dong.

D61 véi mang 4 cuc (hinh 8-11) ta c6 cac ham truyén dat phic:

o
T(jw)="=
E
.U
Tz(]a)):TZ
E

Trong hé phuong trinh truyén (8-10) clia mang 4 cuc, néu thay
U;=1.Z,, ta nhan dugc:
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U :(Anzz +A12)12 )

. . (8-81)
L=(AyZ, +Ap)h

Mit khac, tit hinh 8-11, ta cé:
Ui=E_L,Z,: | (8-82)

Nén tit cac phuong trinh (8-81) va (8-82), sau khi thuc hién mot sé bién
d61 don gian, ta nhan dugc:

. I 1
T,(jo)=~= (8-83)
E AnZz + A12 + A212122 + Azzz1

Trong ham truyén dat phiic (8-83), néu thay L _Ux va sau khi bién

2

d6i, ta nhan dugc :

. Z
T,(jw)="2= : (8-84)
E Allzz + A12 + Azlzlzz + AZZZI

Ro rang ring, ham truyén dat phic cia mang 4 cuc khong chi phu
" thudc vao téng trd cia ngudn tin hiéu Z,, téng trd phu tai Z,, ma con phu
thudc vao cdc tham s6 riéng clia mang 4 cuc. V& ¥ nghia thuc t&: c6 thé ding

mang 4 cuc dé thay d6i dic tinh truyén dat cta hé théng truyén tin hiéu.
Ta xét mot s6 trucng hgp riéng.
a) Truong hop cho trude dién dp hay dong dién ddu vao:
Trudng hdp nay phit hop véi tong trd trong cia ngudn tin hiéu Z,=0.

Trong ciac ham truyén dat phic (8-83), (8-84), néu cho Z;=0, ta nhan dugc:

L I |
T(jo)=t= e (8-85)
E U AIIZ'Z +A12
U L z 1
T, (JCO):I{Z = I.Jz = t—= (8-86)
E U AnZ,+A, AL+ALY,
O day Y, L - Téng dan phiic ctia phu tai.
y 4, 7
2
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Tuodng ty, ta ciing nhan duge cac ham truyén dat phiic

) 12 1
L(jo)=7=——"7— (8-87)
’ I8 Ap +Z,Ay
T,(jw) = 2% = — ! (8-89)

L Ay +oA,

Mb dun clia cac ham truyén dat phiic (8-86) va (8-87) dugc goi 14 hé s&
khuéch dai theo dién ap va hé s6 khuéch dai theo dong dién tuong vng.

b) Truong hop hdé mach ddu ra clia mang 4 cuc (Zy = co):

Trong mdt s6 trudng hop, phu tai Z, cia mang 4 cyc cé gia tri kha 1én,

vi du, khi ddu ra clia mang 4 cuc dudc néi véi dau vao clia cac b khuéch dai

Lip lai. Dic diém ctia cac bd khuéch dai lip lai (e-mi-to lap lai, ngudn Lip lai ...) ¢6

tdng tré dau vao kha 16n. Trong trudng hop nay c6 thé coi gan ding téng trd

phu tai ctia mang 4 cuc Zy; = «, va do d6 ham truyén dat phiic (8-84) sé c6 dang:
U; 1

T(iw)= e
E Z,=0 A, +ZAy

(8-89)

Ham (8-89) chi phu thudc vio nguodn tin hidu (Z;) va cac tham s6 riéng
cla mang 4 cuc.
§8-13. HAM TRUYEN CONG SUAT VA HE SO TRUYEN DAC TINH
CUA MANG 4 CUC

1- Ham truyén céng suit cia mang 4 cuc
 Ham truyén coéng suit cia mang 4 cuc (ky hiéu 1a K,) 1 ti & giita cong
suat tac dung trén phu tai Z, ( néi véi dau ra cia mang 4 cuc) va cong suit
tac dung cuc dai ma ngudn tin hidu ( ndi véi ddu vao mang 4 cuc) cé thé

cung cap cho mach:

K:p2

1%
p 2 max
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Gia tri cong suat 16n nhat Py, ma nguén cé thé cung cdp cho mach
ngoai khi thuyc hién lién hgp phu tai.
EZ

P, =—
B4R,

trong 6 R; = R,Z; - Thanh phan tac dung clia tong trd trong clia ngudn.
Cong suat tac dung trén phu tai Z:

P, :Ii R.Z,
Thay gia tri :

E
L =
’ ]AIIZZ +A12 +A21ZIZZ +A27.Zl|

tit biéu thitc (8-83) vao biéu thic tinh Kp , va sau khi bién déi, ta nhan dudc:
K P _ 4R,Z, R.Z,
P 2
P2rax ‘AuZz +A12 +AZIZIZZ +A2221‘

(8-90)

Hé s6 truyén cong suit cia mang 4 cuc ciing phu thudc vao tham s6 cta
ngudn, phu tai va cac tham sb riéng cia mang 4 cuc.

Xét truong hdp riéng, khi tong trd trong cia ngudn tin hiéu va tong trd
phu tai 13 thuin tré : Z; =R, ; Z, = R,. Diéu nay tuong Gng véi mang 4 cuc la
cac bo khuéch dai cao tan trong hé théng dién thoai, hodc cac bo khuéch dai

dung tranzistor trong cac by khuéch dai nhiéu tang.

Trong truong hgp xét, ta cé:

u}
P,=—=;
Rz
UZ
szax 2 max ,
Rz
P U; 4R,R
do d6 : 2 =—2 = 2 5
PZmax UZmﬂX lAnRz + A12 + A21R1R2 + A22R1|

LAy cin bac 2 ca hai v& cia bidu thic trén, ta tim dugc :

Y 2RR (8-91)

U2max ‘AllRZ +A12 +A21R1R2 +A22R1J

37



Gia tri cong sudt 16n nhdt P,,,, ma ngudn cé thé cung cdp cho mach
ngoai khi thuyc hién lién hgp phu tai.
2
PZ max = E—
4R,
trong @6 Ry = R.Z, - Thanh phan tac dung ciia tdng trd trong clia ngudn.
Coéng suat tic dung trén phu tai Zy:

P, :Ié Rezz

Thay gia tri :
E

I =
’ |A1122 +A12 +AZIZIZ2 +A2221l

tit biéu thiic (8-83) vao biéu thitc tinh Kp , va sau khi bién d6i, ta nhan duge:
P, 4R.Z,.R Z,
! pZmaX IAUZ’Z + AI'Z + AZIZIZZ + A2221]2

(8-90)

Hé s6 truyén cong suit ciia mang 4 cuc cling phu thudc vao tham s6 clia
nguoén, phu tai va cac tham s6 riéng ciia mang 4 cuc.

Xét truong hgp riéng, khi tong trd trong cia ngudn tin hiéu va téng trd
phu tai 1a thuan trd : Z; = R ; Z, = R,y. Diéu nay tuong ng v6i mang 4 cuc la
cac bo khuéch dai cao tan trong hé théng dién thoai, hodc cac bd khuéch dai
dung tranzistor trong cac bd khuéch dai nhiéu tang.

Trong trudng hgp xét, ta c6:

ut
P, =—+;

R2

U2
PZmax = 2 >
Rz
P Ul 4R R
do d6 : oo s v ;
Porox  Udmax ‘AnRz +An +ARR, +ALR,

L&Y can bac 2 ca hai v& clia biéu thiic trén, ta tim dugc :

Y, 2RR; (8-91)

U2max - lAuRz + An + A21R1Rz + AzzRL'
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So sanh biéu thic (8-91) véi cac biéu thic (8-83) va (8-84) khi Z,= R,,
Zs=R,, ta nhan dugc:

R, U
Ye LR Ry LR (8-92)
U R, E E

e

2 max

\ 2z A~ A 7 \ 2. . I 7
Trong truong hgp xét ta thiy, mé dun clia ham phic (T, (m’)l:'é )

cn N N , . U N , .
dang gibng mé dun ham truyén dat phic th(la))[:Ez— va dugce xac dinh

2

théng qua ti s6 . T1 s6 nay dudgc goi 12 mé dun ctia ham truyén dat quy

2 max

A.)
chuan ciia mang 4 cuc.

o)y, R, U, I
T(jw) = -=2 |+ —2=2JR R, 2%
(J )\ U2max RZ E v E

Tuong ing v6i md dun ham truyén quy chuin, ngudi ta xac dinh ham

truyén quy chuin ctia mang 4 cuc:

N . . 2 R
T(Gw)=2 }5 pi =2JRR, 1—2 = VR, (8-93)
Rz E E AnRz +A12 +A21R1R2 +A22R1

Dai luong nghich ddo cha him truyén dat quy chuén (ky hiéu la S(je))

dugc goi 1a hé s6 truyén cong tac cia mang 4 cuc:

S(jw) =~ 1 = E BA:*_L_ (8-94)

T(jw) 2U, VR 21, JRR,

Trong hé théng truyén tin hiéu, ngusi ta thuong biéu dién ham truyén
quy chudn va hé s8 truyén cong tac dusi dang lo-ga-rit tu nhién, hay lo-ga-rit
thap phan.

T(jo) T(jo)

gn%(jm)zzn[ +i0(0)

eje(m)} =In

Phan thuc A=/n

T( ja))‘ dugc goi 1a hé s6 khuéch dai céng tac.

Tuong tu {nS(jw)=a+jb.
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Phan thyc a = /n|S(jw)| dugc goi 1a hé s suy giam cdng tac. Con phin
ao b=arg S(jo) goi 12 hé s6 pha coéng tac ciia mang 4 cuc. Hé s6 suy giam
cong tac a dugc tinh theo né-pe (N), con hé s pha céng tac b dude tinh theo
ra-di-an hay d6. Néu hé s6 suy gidm cong tac ciia mang 4 cuc tinh theo don
vi dé-xi-ben (dB), thi:

a(dB) = 20£g[S(jw)|

Mboi lién hé gitia don vi suy giam N va dB dugc xac dinh nhu sau:

a(dB)=204ge*™ =20.a(N){ge=20.a(N).0,4343=8,686a(N)

Nghia la:
1IN = 8,686 dB
1dB =0,115N
2- Hé s6 truyén dic tinh ca mang 4 cuc
Hé s6 truyén dic tinh ctia mang 4 cyc (ky hidu la g, ) 1a modt niia 16-ga-rit tu
nhién ctia ti s6 gitia tich cua gia tri phuc ( bién do phic, hodc hiéu dung
phitc) ctia dién ap va dong dién trén dau vao va tich chda gia tri phic cla
diéu ap trén dau ra ctia mang 4 cuc khi M4C c6 tai hoa hgp dong thoi theo

dau vao va diu ra.

g=-——| _ (8-95)

Khi mang 4 cuc cé tai hoa hop theo dau vao va dau ra, ta ¢ :

.« o .2
Uil = f (8-96)

lc

Tit cac biéu thiic (8-83) va (8-84) khi thay Z;=Z, Zs = Zs. , ta nhéan
dugc tich {Jz I :
E’Z,,

(8-97)
(Allz2c + A12Z10Z2c +A22Z]c)2

UZI2 =

7 4 - ~ : ~ s . ” y 2 A A~ A ¢
Trong cac biéu thiic trén, E la gia trj phtic ctia siic dién déng nguon tin
hiéu mic tit dau vao clia mang 4 cuc.

39



Thay cac gia tri clia cac tich Ui L, UL, tit cac bidu thic (8-96), (8-97) :
vao biéu thic (8-95), ta nhan dugc:
g AIIZZC +A12 +A2] ZICZZC +A2221c

&= yNVAVA ’

hay

1 A Z,. Z,.
g :En[‘z_(-'z_jzz“z’c""An E?T+A21 2,2, +A, Z:Cil

Thay cac gia tri Zy,, Zs, ti cac bidu thic (8-76), (8-77) vao bibu thic trén

va sau khi bién d6i, ta nhan dudc :

g =€n[JA11A22 +JALA, (8-98)

Cac tham s6 riéng A;; clia mang 4 cyc, c6 thé biéu dién qua cac tham s6
ddc tinh (Zq., Zg, g) cia né. That vay, giai ddong thoi hé cac phuong
trinh (8-76), (8-77), (8-98) ta nhan dugc:

ZC
All: Zlc Chg b
A, =vZ,.Z, shg ,

1 ’ (8-99)
A, =——==-shg |,
“ VZICZZC g

Z

Ay = |5 chg

Hé phuong trinh truyén (8-9) ciia mang 4 cyc thay cac hé s§ A; tit cac |
biéu thic (8-99), sé nhan dudgc:

0= 22 (Us chg +2,, T she ),
* (8-100)

: V4 ijz M
L= |=% (=—shg + L ch
1 Zlc (ZZC g ’ g )

Néu mang 4 cyc c6 tai hoa hgp, khi dé: Z, 1.=U,, —;—2—:12, hé phuong

2¢

trinh trén dugc dua vé dang:
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(.le féc— (.Jz(chg + shg ),
ZZc

. Z .
L= ch I.(chg + shg )

lc

Vi chg + shg = e?’nén ta nhan dugc :

Zlc [.Jz et

2¢

ZZc

U=

(8-101)

IL,= 1. e

1c

Hé phuong trinh truyén (8-100) 1a hé phuong trinh truyén ctta mang 4
cuc dang tham s6 dic tinh. Con hé phuong trinh truyén (8-101) 1a hé
phuong trinh truyén dang tham s6 dic tinh khi mang 4 cuc c6 tai hoa hop.

Néi chung, ciac tham sd dic tinh cla mang 4 cuc 13 mot s6 phic :
Z,=2,8" ;Z, =2,¢%;g =a +jb , nén hé phuong trinh (8-101) c6 thé
viét lai dudi dang:

: PP
; Z J(¢u2+b + )
Ue’fu = f——‘“ U,e'e 2
ZZc )
H Pirc— Pic
- Z Hpiptb + )
Leu = /—Zc Ie'e 2
Zlc

Tu day suy ra :
.
U, = ’-i U,e*,
ZZC
z .
I = ’-z-clze" :
Zlc

a =l 1,5
2 UL, 278,

hay

Diéu nay c6 nghia 1a, phan thyc cfia hé s6 truyén dic tinh a, 1a 1 nia
16-ga-rit tu nhién cla ti s& gitta cong sudt toan phan trén ddu vao va dau ra
clla mang 4 cuc, khi mang 4 cuc c6 tai hoa hop va duge goi 1a hé s6 suy giam
dic tinh.
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Tuong ty, phan 4o ciia hé s6 truyén dic tinh cia mang 4 cuc b, (goi la
hé s6 pha dic tinh) trong trudng hop chung bing mét nita tdng cia d6 léch
pha giita dién ap va do léch giita dong dién trén dau vao va diu ra cla
mang 4 cuyc, khi mang 4 cyc c6 tai hoa hgp.

Da1 véi mang 4 cuc dd1 xtng (Z,, = ch) hé phlIdng trinh truyén (8-101)
sé c6 dang don gian:

I.Jl = [.Jz eg
. e (8-102)
L =1 ¢e®
U,=U,¢’ '
(8-103)
I =Le’
Tu day suy ra:
b =¢0,-0,=0,-9;, (8-104)

Hé s6 truyén dic tinh ctia mang 4 cuc ciing c6 thé xac dinh qua céc téng
trd hé mach va ngdn mach ctia né. T biéu thic (8-98), ta cé:

e® =chg +shg =\A, A, +JALA,

thg ____Shg A12A21 \/Z ing =\/Zv2ng
chg VA AL VZowe VZume

Mit khac :
thg _ € —.e
€ +e
nén tu day ta tim dugc:
1+ Zvlng + Zv2ng
% _ 1+thg _ Zvlhd Z,ns
1— thg Zvlng Zv2ng
Zvlhd szhb
Do dé:
Z Z
1+ Zvlng 1+ Zv2ng
2, =~ tn ang | Lgn | V2vahe (8-105)
2 1 Zvlng 2 Zv2ng
V ZvlhO szhé
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1+ ——-ZV"‘g 1+ izﬁ‘ig—
1 vihé 1 v2hd
b, = yarg — =" he 1= U8 e (8-106)
].— ving ].— vang
Zvlha Zv2h(7

§8-14. MOT SO MANG 4 CUC DON GIAN VA

CAC THAM SO CUA N6
1- Cac mang 4 cuc 1 phah t&
Céac mang 4 cyc 1 phan tit 1a cAc mang 4 cyc don gian nhat (xem hinh 8-12).

Z
— "}

[ ]

*I
L

ay b)

Hinh 8-12.

Déi véi mang 4 cyc hich 8-12a, ma trin tham s6 Z khong ton tai, con
ma tran tham s6 Y va ma tran tham s6 A c6 két cau:

NSV R

Con d6i véi mang 4 cuc hinh 8-12b, ma tran tham s6 Y khéng ton tai,
con ma tran tham s6 Z va ma tran tham s6 A c6 két cau:

Z Z 1 0
Trong cac ma tran trén : Y=—.

2. Cac mang 4 cuc hinh I' (mang 4 cuc 2 phan t)
Cac mang 4 cuc hinh I" vé trén hinh 8-13.

Hinh 8-13.
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D61 véi mang 4 cuc hinh 8-13a, ta co:
2]- [Z +Z, Z, } [Y]{Yl -Y, }
Z, -Y, Y, +Y,
1+Z2)Y, Z
e

Z, :_"lez(l"}‘%‘) (8-107)
- } 4L, (8-108)

1+—

3- Cacmang 4 cuc hinh T, hinh IT (hinh 8-14)

Hinh 8-14

Déi v6i mang 4 cyc hinh T hinh 8-14a, ta ¢6:
s L]
Z,+Z,\

(Y] ] Z,+Z, -Z,
" 2,2,+2,2,+2,Z,| -2, Z,+Z,

[A] =

1+2,Y, Z,+2,Y,Z,+Z,
Y, 1+7.Y,

Ddi1 v6i mang 4 cuc hinh IT hinh 8-14b,ta c6 :



[Z] — 1 l:zl(z2 +Z3) le3 }
Z,+7Z,+7Z,| Z,Z, Z,(Z,+Z)
[v] - [Yl +Y, - Y, ]
-Y, Y. +Y,
(A] - [I+ZZY3 Z, i}
Y, +Y,Z,Y,+Y, 1+72,Y,

4- Mang 4 cuc hinh ciu d6i xing (hinh 8-15)

Hinh 8-15

D6i v6i mang 4 cuc hinh cau d6i xing hinh 8-15, ta c6 :

- Ma tran tham so A:

Z +Z 227
[A]==— L . (8-109)
Z, 7, 2 7, +2,

- Tré khang dic tinh :
Z,=2,=7 =72, © (8-110)

- Hé s6 truyén dic tinh :

Z +Z

hg =12 8-111

chg Z. -1 ( )
2J2.7

shg = -2 (8-112)
Zz _Zl ,

Cudi ciing, ta xét hé s0 truyén dic tinh cia mang 4 cuc dugc tao thanh tir n

mang 4 cuc thanh phan, méc lién thong hoa hgp véi nhau (xem hinh 8-16).
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} SN
Uol F | g:ﬂ TlUIF Ee2 :l r"_(—‘l- F Bss  \Ua|| |22,
Zic Zyc Zoe  Zmuye
Hinh 8-16

Goi hé sb truyén dic tinh clia mang 4 cuc gom n mang 4 cuc thanh phin
méc lién thong hoa hgp véi nhau 1a g, . Theo (8-95), ta cb:

gtk Ly el B Dol
2 U, 2 UL Ush Unln
= lfn(,jo{OJrlen [.]1{1 +.... +l€nM= gtg+..+g,
UL % UL 2y,

Vay hé s6 truyén déc tinh cia mang 4 cuc gom n mang 4 cuc thanh
phan méc lién thong hoa hop véi nhau bing tong cac hé sb truyén dic tinh

cla cac mang 4 cuc thanh phan:
g =28 (8-113)
=1 ’

Hé s& truyén dic tinh g,; va cac tré khang dic tinh clia mang 4 cuc Z,;,

Z.; d6i khi ngudi ta ciing goi 1a cac tham s6 séng cia mang 4 cuc.
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CHUONG 9
MACH LOC PIEN
§9.1. KHAI NIEM VA PHAN LOAI MACH LOC DIEN

Mach loc dién la mét mang 4 cyc ma né chi cho qua cic tin hiéu cé phé
tin ndm trong moét dai tAn s8 nio d6, con chin ( khéng cho di qua) cic tin
hiéu c6 ph6 tdn ndm ngoai dai tan da cho.

Khai niém cho tin hiéu di qua dugc hidu 1a cho tin hiéu di qua véi d6 suy giam
nhd, con chin tin hiéu duge hidu 1A truyén tin hiéu qua véi d6 suy gidm 16n.

Dai tdn s6 ma mach loc cho qua tin hiéu c6 phé tdn nim trong dai d6 goi
13 dai théng clia mach loc. Con dai tan s6 ma mach loc chin céc tin hiéu c6
phd tdn nidm trong dai d6 dugc goi 1a dai chin (hay dai chdn) cta mach
loc. TAn s6 phéan cach gitta dai théng va dai chan dudc goi 14 tan s6 cit cta
mach loc. Mach loc ¢6 hé s6 suy giam tin hiéu trong dai thong biang khéong
goi 1a mach loc 1y tudng. Cac mach loc thuc t€ c6 hé s suy giam trong dai
théng nhoé thua hodc bing hé s§ suy gidm cho trudc, con hé s6 suy gidm tin
hiéu trong dai chin 16n hon hé s6 suy giam cho trudc.

Cén nhin manh ring, mach loc duge nghién cttu & day la céc mach loc
thuc hién chon loc tin hiéu theo tham s6 tin s6 clia tin hiéu. Trong thyc t&
c6 thé thuc hién chon loc tin hiéu theo cac tham s& khac ctia tin hiéu. Tuy
nhién, ngay nay phuong phap chon loc tin hiéu theo tham sé tan s6 cta tin
hiéu van 1a phuong phap théng dung va dude stt dung réng rai trong thyc té.

Duya theo dai thong, cac mach loc duge phan chia thanh mach loc tan s6 -
thap, mach loc tan s6 cao, mach loc dai théng, mach loc dai chin. Dai théng
tuong dng cua cac mach loc : tan s6 thap, tin s6 cao, dai thong, dai chin vé
trén hinh 9-1. Trén hinh 9-1, truc tung biéu thi hé s6 suy giam a ctia mach
loc. Trong k¥ thuat, ngudi ta ciing xAy dung cic mach loc nhiéu dai théng,
nhiéu dai chén.

Theo cac phan ti tao thanh, cic mach loc duge phan chia thanh mach
loc LC, mach loc RC, mach loc thach anh ... Mach loc LC con dugc goi 1a
mach loc thuan khang. Mach loc thuin khing duge tao:thanh tit cic dién
cam L 1y tudng, dién dung C 1y tudng dugc goi 13 mach loc thuan khang ly
tudng.
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——————— s LT RS >
0 £ 0 £ i
a) Mach loc tin s6 thap b) Mach loc tan s6 cao
na | HP a
/ p—— N — >
0 0 £, . f
¢) Mach loc dai thong d) Mach loc dai chin

" Hinh 9-1
Theo két ciu, cac mach loc duge phan chia thanh: mach loc hinh [, mach

" loc hinh T, mach loc hinh II, mach loc cau ...

Theo tinh chit dic trung, cic mach loc dugc phin chia thanh mach loc

loai K, mach loc loai m.
39.2. DIEU KIEN HINH THANH MACH LOC THUAN KHANG
Ta xét mach loc thudn khang duge tao thanh tI cac mit loc co ban hinh [
(Xem hinh 9-2). Mach loc don gian nhit chi gdbm mét mét loc. Cac mach loc
phiic tap duge tao thanh tit cac mit loc co ban bing cach ghép néi lién
thong, hoa hop giita cac mét loc.
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Vi du: Cac mach loc hinh T, hinh IT (hinh 9-3) d61 xttng dudc tao thanh

| tit hai mit loc co ban.

ZI(,2
o—f:} +
D 27
Hinh 9-2 Hinh 9-3

Cac tham s6 dic tinh cla mat loc co ban (hé s6 truyén dic tinh, trd
khang dac tinh) dugc ky hiéu tuong tng 1a g/2, zr, zp (Xem hinh 9-2). Ching
duge tinh:

(9-1)

(9-2)

©-3)

(9-4)

D& dang ching minh dugc ring, khong thé tao thanh mach loc tit cac
phan ti cung tinh. That vay, biéu thic (9-1) c¢6 thé bién d6i vé dang:

sh2= sh(iﬂ'h): shich(jp—) +ch3sh(j2)
2 2 "2 2 2 2 2

. Z
= shicosEJrjchEsmE: !
2 2 T az,

(9-5)

Trong truong hop trd khang Z,,Z, (hinh 9-2) cing tinh (ciing dién cam,

ho#ic cing dién dung : Z; = + jx;, Zs = * jX,), biéu thic (9-5) c6 dang:
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a b .. a. b | X
h< cos— + h—‘-—zi,—L- -
S 2cos2 jc 2sm2 I, | (9-6)

T ddy, ta sé€ cé:

a . b
ch—sin—=0 9-
5 S (8-7)
Vi ch—;— # 0, nén tu (9-7) suy ra:
singzo,
2
va do d6, két hgp véi (9-6), ta nhan dudgc:

shd= | K
2 V4x,

(9-8)

Biéu thic (9-8) chiing to ring, hé s suy gidm a clia mang 4 cuc (hinh 9-2)
luén khac khéng 6 moi tan s6. Diéu nay cé nghia 13, néu trd khang Z, va Z,
clia mang 4 cuc la ciing tinh, thi n6 khéng c6é thé trd thanh mach loc (khéng
hinh thanh dai thong).

Truong hop tré khang Z; va Z, cia mang 4 cuc la khac tinh (Z; = 4jx,,
Z,=7%jx,), biéu thic (9-5) c6 dang:

sh2 cos2 + jch? sinl =+ |0 (9-9)
2T 22 4x,

Trong truong hop nay, ta co:

sh? cos2 =0 (9-10)
2 2
b2 ginl=t | B (9-11)
2 2 4x2
Biéu thic (9-10) dugc thuc hién:
hoc sh—;— -0, (9-12)
hoic cos% =0 (9-13)
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Didu kién (9-12) sh—;— =0 (a=0) chinh la difu kién dai théng clia mach loc

thuan khang (hé s6 suy giam cua mach loc thuan khang trong dai théng
bing khéng).

Vay chi c6 thé tao thanh mach loc thudn khéang tit 2 phén t& Z,, Z, khac
tinh.

§9.3. PHUONG TRINH DAI THONG CUA MACH LOC THUAN KHANG

Trong dai thoéng, hé s6 suy giam a cta mach loc bing khéng. Do dé,

trong dai thong ciia mach loc, biéu thiic (9-1) dugc bién d6i vé dang:

Z tj
shg-:sh(jp—)z jsinE = 1 = _Jxl =% LS ,
2 2 2 47, 4%, 4x,
hay  sinl =+ | | (9-14)
2 4x,

Thuc hién binh phuong ca 2 v& cia biéu thic (9-14), ta nhan dugc:

X

4x

., b
sin® — =

2
sau phép bign d6i luogng giac, ta cé:

cosb=1—- 1 (9-15)
2x
2

Vi -1<cob < 1,

g

nén tit bidu thic (9-15) ta rut ra :

11—~ <)
2%,

2

sau bién d5i, ta nhan dugc:

0<—1 <  (9-16)

4x,

Phuong trinh (9-16) la phuong trinh dai théng ctia mach loc thuan
khang. Tan s cit thi nhat cia mach loc tng véi diéu kién x,(@)=0; con-tan
s0 cit thi hai ctia mach loc @ng véi diéu kién x;(0)=4x; ().
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Phuong trinh dai théng ca mach loc thuin khang (9-16) ciing c6 thé
viét lai duéi dang:

V4
—134 L. <0 (9-16a)

2

Trong dai théng, hé s6 suy giam ciia mach loc a=0, nén tit biéu thic (9-11),
ta nhan dugc:

sin-b—-—'- + [ . (9-17a)
2 4x,
hay b = + 2arcsin_|—2 (9-17)

4x,

Biéu thiic (9-17) xéc dinh quy luat bién thién pha cia bo loc trong giai
théng. D4u cla biéu thitc (9-17) s& dugc xac dinh dudi day.

Trong dai chin hé s6 suy giam cta mach loc a0, biéu thic (9-10) dudc
thuc hién khi diéu kién (9-13): cosg: 0. Do d6, tit bidu thic (9-11), ta nhan

dugc :
chd = | X (9-18a)
2 4x,
X
hay a=2 arch |— (9-18)
4x,

Biéu thiic (9-18) xac dinh quy luat bién thién ctia hé s§ suy giam cia

mach loc trong dai chin.

Vi tich ctia cac tré khang Z1,Z; ctia mach loc thuan khang 1a 1 s6 thuc

v x A Z 2 V4 - e s e
duong, va trong dai thong (1< 4Zl <0) tong 1+ 4Zl cling 1a mot s6 thuc
2 2

duong, nén trong dai théng tré khang dic tinh Z; va Zn clia mach loc 1a mot

s6 thuc, mic dit mach dude tao tit cac phan ti khang. Trong dai chin, tong

Z - 9, ’ v ’ 2 ~ A IN
1+— 14 1 s6 thuc 4m, nén tré khang dic tinh cua mach loc 1a 1 s6 thuan
2

>
ao.
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Dé x4c dinh dau ciia hé s6 pha clia mach loc trong dai théng (biéu thirc 9-17),
ta xét cac mach loc hinh T, hinh IT d6i xting (xem hinh 9-3).

Hé s6 truyén dic tinh g ctia cac mach loc d& cho, c6 thé duge xac dinh

theo cong thiic:

Shg:\/AlzTAle = '\/A121'IA211'I (9-19)

con cac.tré khang dic tinh Zy, Zn duge xac dinh theo biéu thic:

A
Z, = |[Zwr 9-20
T, (9-20)
A
Z,= Alm | (9-21)

21TT

¢ ddy ayr, Ajn la cac tham s6 A cia cic mang 4 cyc hinh T, hinh II tuong
ing.
Chia ca hai v& clia biéu thitc (9-20) cho hai v& clia bidu thic (9-19), ta
nhan dugc:
Z, 1

shg A

=7, (9-22)

21T

Nhén ca hai v€ cta biéu thic (9-21) véi hai v& cia bidu thic (9-19), ta
nhan dugc:

Zyshg=A,n =2, (9-23)

6 diy Zyp la tré khang nhanh doc ctia mach loc hinh T, con Zyn 14 tré khang
nhanh ngang ctia mach loc hinh IT; Zgr, Z;i1 14 cac s6 thuén ao.

Trong dai théng cha mach loc, hé& s6 suy giam a=0, do dé
shg=shjb=jsinb, con tré khang dic tinh Z; Zx 14 mot s6 thuc dudng, nén ti -

cac bidu thite (9-22), (9-23) ta nhan duge.

sinb = ——Z—T—- = —Z—‘R . (9-24)
1y 1Zy

Tit biéu thic (9-24), cho phép d& dang xac dinh d4u ctia hé s§ pha clia

mach loc trong dai théng.
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§9-4. MACH LOC LOAI K
Mach loc thuan khang dudgc tao thanh tit cac mét loc hinh I' (Xem hinh 9-1),
néu tich tré khang nhanh ngang va tré khang nhanh doc.

z,Z, =K%, (9-25)
trong d6 K 1a sé thuc duong khong phu thudc vao tdn s6, thi mach loc Ay
dugc goi 1a mach loc K.

D61 véi mach loc loai K, cac tham s8 dic tinh, cliing nhu phuong trinh

dai théng c6 thé biéu didn qua tham s6 K.

Z, = KJI— J (9-26)
Xz

- (9-27)
\} 2x \}
Hé s6 pha trong dai thong:
b K X
sin— =+ =+ L 9-28
2x, 2 ( )
Hé sb suy giam trong dai chan
a K X
ch— = = 9-29
2 2x, 2K (9-29)
Phuong trinh dai thong:
0< 2K <t,
" (9-30)
hod ¢ 0 < X <1
2 ,
TAan s6 cit cia mach loc ting véi cac diéu kién.
X, = ®
_ K (9-31)
va Xy = E‘
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hay :

=0
. } (9-32)
va x,=2K

D& dang nhan thay ring, tich cta cac tré khang dic tinh Zp, Zn cta
mach loc loai K ciing bing K=

That vay:

Z,Z,
Z,
47,

Z
ZoeZy :\/lez(1+4z' ) . =ZZ, =K*

2 1+

)

T céc biéu thic trén, dé dang thdy ring, khi tham s6 K cia mach loc da
cho, d& xac dinh cac tham s§ cia mach loc, chi cin biét sy phu thudc hoic
trd khang x;, hodc trd khang x, vao tan s6 (x,(@), Xx(@)).

Khi tinh toan, thi&t k& cac bo loc, tham s6 K dudc chon tit diéu kién phoi
hop tréd khang ctia mach loc véi phu tai 6 mot tan s6 xac dinh, va né dugc
xem nhu tré khang dic tinh ciia mach loc.

39.5. MACH LOC LOAI K TAN SO THAP

Mach loc tan s6 thap c6 dai thong tit tan s8 © =0 dén tan s6 0=, ndo db.
S¢ d6 mach loc loai K tan s6 th&p (hinh [ , T, IT) v& trén hinh (9-4}.

O dai tn s6 thap trd khang nhanh ngang cta mach loc x; = oL, nhd, trd

khang nhanh doc cia mach loc x, = 16n, tin hiéu théng qua mach loc

wC,

dén phu tai. Ngugc lai & dai tin s8 cao, tré khang nhanh ngang x; = oL, 16n,

trd khang nhanh doc x, = nhd, mach loc chén khéong cho tin hiéu di qua.

2

D6i véi mach loc loai K tan s6 thap (hinh 9-4), ta cé:

1
Z :‘wL B Z, = ’
1T Jo L 2 joC,

joL L
do dé K2=227 =321 -2
: joL, C,

> _

hay k== (9-33)
c,
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Hinh 9-4.

Tan s6 cit cia mach loc dude xac dinh theo céc biéu thic (9-31), hoidc

(9-32) va c6 thé xac dinh bing d6 thi (xem hinh 9-5), hodc bing phucng

phap giai tich.
Bing phuong phap giai tich, tin s6 cit thi nhit cia mach loc theo bidu
thic (9-32) ta co:

Xy = mc1L1 =0.

hay 0, =0

Tan s6 ct thi hai cia mach loc:

X1 = 0cly = 2K,

tu ddy xac dinh dudgc:

2 (9-34)
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2K

Hinh 9-5 : Xac dinh tan s6 cit cia mach loc bing d4 thi.

D& xac dinh cac tham s& khéac cia mach loc loai K tin s thdp, trudc
hét, ta xét ti so:

Z, X,

- — oL, ,___szlcz _ o —n
4Z, 4x, %)C 4 o’c,
2

2 3A a s YN LA ~ A2 . 2 ~
¢ diy n = dudc goi la tan s6 tuong do1 cua mach loc loai K tan so
c2

thap. Trong dai thong (© <ogy) M<l, con trong dai chin (@>w0q) N>1.
Tu day, ta xac dinh duge:

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

a X
h~— = 1 =
¢ 2 4x, 7
hay a=2 arch n. . (9-3b)

- Tré khang dic tinh cia mach loc:

Z,=Ky1-7’ _ (9-36)

Z = (9-37)

Trong dai thong (n<1) trd khang dic tinh Zy, Zy cia mach loc 13 mét s& ,
thyc, con trong dai chdn (m>1) trd khang dic tinh Zy, Zn cta mach loc 1a

mdt s6 thuan ao.
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- Hé s6 pha cia mach loc trong dai thong:

sinkzir X =+7
2 4x,

D& xac dinh d4u ctia hé s8 pha, st dung bidu thic xét ddu (9-24), ta cé:

sinb = ,ZT 2 S 2,0C,.
2% j 1

joC,

Trong dai théng cia mach loc, tré khang dic tinh Z; 14 mét s6 thuc
duong, nén hé s6 pha cia mach loc mang ddu duong, nghia 1a:

sinR =
> n

hay b = 2arcsin (9-38)

Trén hinh 9-6 vé& d6 thi bién thién ctia cac tham s6 cia mach loc K tan
s6 thap theo tan so.

Tit do thi (hinh 9-6), ta thay tré khang dic tinh Z;, Zn cia mach loc
bién thién nhiéu trong dai théng (tai tdn s6 ©=0, tré khang dic
tinh Z; = Zn =K=R, con tai tin s6 0=0¢c, trd khang ddc tinh Z;=0,
con Zp—> ).

Do d6, chi c6 thé phéi hop hoan toan mach loc véi phu tai tai moét tin s6
nhat dinh trong dai théng. Béi vay, khi thiét ké& b loc, ta phai tinh toan sao
cho ving gan phdi hgp cha mach loc véi phu tai 1a 16n nhat. Pé vang gin
phéi hop 16n, nguoi ta dua vao tham s6 o goi 1a hé s6 phu tai.

Rtai
=

Néu tré khang dic tinh dAu ra clia mach loc 1a Zy, thi dé ving gin phéi
hop 16n, hé s6 phu tai o duge chon trong dai tit 0,7 dén 1; con néu trd khang
dic tinh ddu ra cia mach loc 1a Zp , thi dé ving gin phéi hop 16n, hé sb
phu tai o dudc chon trong dai tit 1 dén 1,3.
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Hinh 9-6
§9.6. MACH LOC LOAI K TAN 8O CAO

So d6 mach loc loai K tin s8 cao v& trén hinh 9-7. O dai tin s6 thap trd

1 2, ~ 2, 7’ Pl 2
khang nhanh ngang x, = —C 16n, con tré khang nhanh doc x; = oLy nho,

1
mach loc chin khéng cho tin hiéu di qua, ngugc lai 6 dai tan s8 cao,trd

1 L3 \ 2, z z ’ 7,
khang nhanh ngang x, == nho, con tré khang nhanh doc x; = oL, 16n,
wC, .

mach loc cho tin hiéu di qua dén phu tai.

Hinh 9-7
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D61 véi mach loai loai K tan s6 cao hinh 9-7, ta cé:

1 .
Z=—-,2,=joL,,

joC,
do d6 K?=7,7, -2
Cl
hay K= |tz (9-39)
Cl

Tan sb cit thi nhat ctia bd loc ting véi diéu kién:
1
w CICI

X, = =0

hay Og; = .
Tan s6 cit thi hai ciia bd loc ding véi diéu kién:
1

X, = = 2K
a)CZ Cl
ha PN
Y < 2KC,

Thay gia tri ctia K tit biéu thic (9-39) vao biéu thic trén, ta tim dudc:
1

D, = e (9-40)
< 2JL,C,
Déi v6i mach loc loai K tan s6 cao, ti s8
Z, 1 _ 1 _ w:, 1
4Z, j4oC,jolL, 40°L,C, o’ n x
l w
trong dé y=—=—2
n

Trong dai théng (0 > wge) ¥ <1, con trong dai chin (0 < ogy) 7 >1.

Tinh toan tucng tu nhu d6i véi mach loc loai K tan s& thdp, ta sé xac

dinh dudc cac tham s§ cia mach loc loai K tan sd cao ( xem bang 9-1).

D6 thi bién thién cac tham s6 ciia mach loc loai K tan s6 cao vé trén

hinh 9-8.
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Hinh 9-8

§9.7. MACH LOC LOAI K DAI THONG

V& nguyén 1y, c6 thé xay dung mach loc loai K dai thong tit hai mach loc:
mach loc loai K tan s thap c6 dai théng tit ©g; =0 dén ©¢y; mach loc loai K
tan sO cao c6 dai thong ti oq; dén @ = . (Xem hinh 9-9.)

Tuy nhién, xdy dung mach loc loai K dai théng theo phuong phap trén
kha phic tap, dic biét khé khin trong viéc phoi hop tréd khang giita mach
loc tin s6 thdp va mach loc tdn s8 cao. Trong thuc t& mach loc loai K dai
théng dudc xay dung theo sd d6 hinh 9-10.

Trd khang nhanh ngang ciia mach loc dai théng 14 mach cong hudng LC
noi tiép, con trd khang nhanh doc 1a mach cong hudng LC song song. Nén &
ving tan s6 thap va viing tan s6 cao tré khang nhanh ngang 1én, tré khang

- nhénh doc nhd, mach loc khéng cho tin hiéu di qua. Con & viing tan s8 lan
A (

1
JL.C,  4L,C,
* trd khang nhanh doc 16n, mach loc cho tin hiéu di qua dén phu tai.

T4 4 61

, tré khang nhanh ngang nho,

'~ can tin s6 cong hudng @, =



daithéng clia \
mach lgc tédn s thdp
/ dai theng clia mach loe
tdn g6 cao

03(:1
/ daithéng
ofia mach loc
/ dAi thong

Hinh 9-9

LV'Q ch LVQ 2(:1 ch L(/Z Ll C1

F— e

N

T,

*»

& »
¢ 4

*
4

- Hinh 9-10
Dé6i véi mach loc loai K dai théng hinh 9-10, ta cé:

. 1 . @ D .
Z =joL, - )= onLl( - °)=Ja)0L1v’
oC, o )

0

z, = jo C, _ C, _ 1 : 1

. . 10 .C
L. - L. - JoL,
0L~ 25 i@l o)

/)] a
a a
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w, = 1 _ 1 - tan s cong hudng clia cac mach cong
LG, L,C, 5 Y I
huong na1 tiép va song song.
y= 2 _ %o - tan s6 tuong d6i cia mach loc.
o, )
Do d6, ta co
w,L v L
K2 - Z1Z2 J 0] — 1
jo,Cyv G,
L
hay K= |—
C2
o1 ]
Vi = , nén bibu thic trén c6 thé blen ddi vé dang:

CEE e

Tan s6 cat clia mach loc loai K dai thong dudc xac dinh tit biu thic (9-30)

X
0< 2L

<1,
2K

hay 0<|wL, -

< 2K (9-42)

@ C,

<0, nén trong dai

24 LA A R .
Trong dai tan sb6 og; <0 <@g , biéu thic oL, -
)
1

tan s6 nay, bat phuong trinh (9-42) dugc vist duéi dang:

<0

>

1
-2K<wL, -
@ C,
va tan s6 cidt g, dude xac dinh tit bidu thic:
1

mc1L1 - C
WLy

= —2K (9-43)

9 . A A « R P l A a
Trong dai tan s0 oy <o <wogy, biéu thic oL, — — >0, nén bat phuong
@ 1

trinh (9-42) dudc viét dudi dang:

'OSa)Ll———IC——sZK
2 1
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va tan s6 cit wgy dude xac dinh ti bidu thiic :

oL, - L -k (9-44)

C, ™1

Giai cac phuong tﬁnh (9-43) va (9-44),kta xac dinh dut_jc cac tin s6 cit

®¢y, Ocg ca mach loc loai K dai théng:

K K., 1

O, =——+ _[(—)" + —— 9-45

“ L1 ' (L]) L1C1 ( )

w, = X, (5)2 PN (9-46)
: Ll L] LICI

D& dang nhan thiy ring, tan s6 cong hudng o, chia caic nhanh mach loc
1a trung binh hinh hoc cla cac tin s6 cit @ V3 ®gp. nghia la :

— 2
Doy Oy = Dy

Céc tham s6 khéc ciia mach loc loai K dai théng dudc x4c dinh theo cac

bidu thic (9-26), ..., (9-29) tudng dng.

Hé s6 suy giam trong dai chén.

ch? = f‘_’_&l_‘,.
2 2K
Vi dai théng ctia bd loc loai K dai théng dude xac dinh bing biéu thiic:
| . 2K
Ao = o, -0, =—,
C, ¢ L1

nén bidu thiic tinh hé s6 suy gidm c6 thé viét lai dudi dang:

9_0_ - ol ((D_. - (D_O):
A Do, ~Og @,
o 9 @ B f f
L0, © 0, © f, f .
Be, O _‘mcz ®, fc2 _B_
@, @, ®, Qg £, fc2
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Do dé, ta c6: hé sb suy giam
ch—;— = F C(9-47)

cac trod khang dic tinh
Z. =KJ1-F* | (9-48)
K
Zyy = e (9-49)
V1-F? '

hé s6 pha:
sin—g =+F (9-50)

St dung biéu thiic xét ddu (9-24), ta xac dinh duge, trong dai tin
0¢1<0<w@g, hé s8 pha cia mach loc mang ddu 4m (-), con trong dai tan
0p<®<®0cg, hé 56 pha cia mach loc mang ddu duong (+).

Do thi bién thién cac tham s6 ciia mach loc loai K dai théng vé trén
hinh 9-11.

g

a
‘"""‘{38"_—"
av

-
o
Sy

1
1
1
|
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T‘ﬂ':_z..l.-.'[ _ = - 'Li' - |
K ] ¢ e
iZm, " ! ' PR -2
- | I | 7
== = + ¥ = >
-~ - t 1 | - - W
P - | | e ]ZH
P ¥4 | I '
; t I t
Hinh 9-11
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§9.8. MACH LOC LOAI K DAI CHAN

Sd d6 mach loc loai K dai chan v& trén hinh 9-12.

Ngudc véi mach loc loai K dai théng, mach loc loai K dai chin c6 nhanh
ngang 13 mach céng hudng song song, nhanh doc 12 mach céng hudng néi
tiép. Do d6, 8 ddi tan s6 thap va dai tan s6 cao, tré khang nhanh ngang nhg,

tré khang nhanh doc 16n, mach loc cho tin higu di qua. Con 6 dai tan s6 lan
1

A ¢ 2, 1
can tan sé cong huong o, = =
JL.C, JL,C,

trd khang nhanh doc nhd, mach loc khong cho tin hiéu di qua.

, trd khang nhanh ngang 16n,

D361 v6i mach loc di chén hinh 9-12, ta cé:

, - Jle'Aa)C] . 1
1 = - . )
f@L, - 129G
o C,

: 1
Z,=jwL, “oC

) = ja,L,v,
2
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- trong do:
- tan s6 cong hudng cua nhanh

1 |
W, = =
o JLC JLG, ngang va nhanh doc.

o o, - tan s6 tuong déi cua bo loc

vE— -

w, @

Tt ddy ta nhan dugc tham s6 K cia mach loc dai chin:

L
1 2

Véi cach tinh toan tuong tu nhu d61 véi mach loai K dai thong, ta sé xac
dinh dudc cac tham s6 cia mach loc loai K dai chin ( xem bang 9-1).

D6 thi bién thién cac tham s6 cia mach loc loai K dai chin vé trén
hinh (9-13).

a i
I ' {
i | |
| | I
| ! I
Y (DlCI C’?o ODlCZ ®
[} [}
1
b A : ! 1
1 ! !
T | i
| 1
0 t } + S
| '_‘//— ®
— 7T 1 t 1
II "l iil
Z
Z I ! i il ZI'I
TAMZ ZT} I (!
L Gl B A A Rt~
z 2
T b | ’]an/"';.r’——
o ——F —>
I ;. 4
1 £ | |
i R |
i w 12T
1 T
Hinh 9- 13
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§9.9. MACH LOC LOAI Y1V

Cac mach loc loai K d4 xét ¢ trén, ching déu c6 uwu diém chung la két
cdu don gidn, hé s6 suy gidm 4 viing tan s6 xa tan s6 cit 16n. Song ching
ciing déu c¢6 nhudc diém chung 1a cac trd khang ddc tinh Zy, Zr bién thién
nhiéu trong dai théng, nén khéng cho phép phdi hgp mach loc véi phu tai
trong dai tdn s6 clia tin hiéu. Mit khac hé s6 suy giam a ctia . mach loc &
ving tan s6 14n can tan s6 cit bé, nén viéc loc tin hiéu ( suy gidm tin hiéu) & -
ving tan s6 14n cin tin s6 cit kém. Mudn ning cao d6 chon loc cia mach
loc & viing tin s6 nay phai ting s6 mit loc cia mach loc, di€u nay lai lam
cho két cdu cia mach loc tréd nén céng kénh, phic tap. Vi du ddi véi mach
loc loai K hinh | t4n s8 th&p c6 tan s8 cit f,= 1000Hz, thi § tdn s6 f=1200Hz,
hé s6 suy giam a ciia mach loc méi chi dat dugc 1,26 nepe (3,5 lan). Néu can
ting hé sO suy gidam ctia mach loc d tin s6 nay 1én 10 lan, thi cAn méic lién
ti&p 2 mit loc hinh [ ( ding mach loc hinh T, hoic hinh IT).

Pé khic phuc nhitng nhuge diém trén ctia mach loc loai K, ngudi ta xay
dung cac mach loc loai m. Mach loc loai m ciing 14 loai mach loc thuan
khang, n6é dudc xay dung trén co s6 cia mach loc loai K theo hai phuong
phap, cin cit vao d6 s& goi tuong ting 12 mach loc m néi ti€p va mach loc m
song song.

1- Mach loc m ndi tiép
Mach loc m ndi tiép dugc xdy dung tit mach loc loai K véi diéu kién .

Zpm=Lr, 8 diy Zy,, trd khang dic tinh Zy cia mach loc loai m; Zq trd khang
dic tinh Z7 cia mach loc loai K ( xem hinh 9-14).

/2 “1ai2
- ez 2
Zn Zn " Zpn Zilm
a- Mach loc loal K b- Mach loc loaim

Hinh 9-14
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Céc trd khang dic tinh Zy, Zp,, duge xac dinh theo bidu thic (9-3).

Z Z
Z. = |zza+2yy . 7z =z 7 (14 ZLm
T \/1 2( 4Z) Tm \/ 1m 2m( 47 )

2 2m

Tu diéu kién Zp, = Zy, ta co:

Z Z
\/ZI.ZZ(1+4Z‘ ) = \/ZlmZZm (1+ﬁ) (9-52)

2 2m

Trong phuong trinh (9-52), dit Z,,, = mZ; (0<m<1), sau d6 giai phuong

trinh, ta nhan dugc :
Z, 1-m’
Z,,=—+ Z, (9-53)

2
" m 4m

Biéu thiic (9-53) chiing té ring, nhanh doc cta mach loc m néi tiép gém

N 2 S A [ A 2. p a7, Z “~ , v N 9

2 phan tu méc nd1 tiép, phan t thi nhat (—%) cung tinh véi Z,, phan ti
m

2

thit hai (2 ~2,) ciing tinh véi Z. (xem hinh 9-15).
m
7,2
-
| 1-m?
r 2m Z l_i (_,
ZTm;‘Z‘T . an Zrm Zrm=Zn

Hinh 9-15 : Mach loc m noi tiép. Hinh 9-16: Mach loc m song song.
2- Mach loc m song song

Mach loc m song song dugc xdy dung ti mach loc loai K véi diéu kién
cac tré khang dic tinh Zn, = Zn (xem hinh 9-14). Cac tré khang ddc tinh
7, Zrim duige xéc dinh theo biéu thitc (9-4):
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Tu diéu kién Zp,, = Zr, ta cb :

(9-54)

2

3 |N

Trong phuong trinh (9-54), dit Z,,, , (0<m<1) sau d6 giai phuong

trinh, ta s& tim dugc:

1 _ 2
Lo lem 1 (9-55)
Z, —mZ 4m Z, :

Biéu thitc (9-55) ching to ring, nhanh ngang cia mach loc loai m song
song gom hai phan ti méc song song ( xem hinh 9-16).

3- Cac tham s6 cia mach loc loai m

Cac tré khang dic tinh Zp,, (461 véi mach loc m ndi tiép- hinh 9-15) va
Zn,, (461 véi mach loc m song song - hinh 9-16), dudc xac dinh theo cic biéu
thic (9-4) va (9-3) tuong tng.

D61 véi mach loc m néi tiép hinh 9-15, ta cé:

bl

_Z, 1-m°

Thay cac gia tri Zyy, = mZ,;, Zoy = + " Z, vao biéu thic trén va
m m
sau khi bién d6i, ta nhéan dugc:
Zo = Zgl1+(1-m?) Z, (9-56)
4Z,

Tuong tu, déi véi mach loc m song song hinh 9-16, ta cé:

Z
Zo = A2, . Z, (1+—2-
Tm \/ 1m 2m( 47 )

2m
e Z, N . Sy Al
Thay cac gia tri Z,, = ~% va Zy, tit biéu thic (9-55) vao biéu thic trén f
m
va sau khi bién d6i, ta nhan dugc:
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Z,

Tm — Z
1+(1-m*)-—2
( )4Z

(9-567)

2

Tit cAc biu thitc (9-56), (9-57) ta thdy cac trd khang dic tinh Zn,, ( d6i
v6i mach loc m ndi tiép) va Zy, (déi véi mach loc m song song) phu thuéc

Z . -
L. va tham s6 m.

N 2 A
vao 1 so
2

Dai théng cia mach loc loai m ciing dudc xac dinh theo biéu thiic (4-16a)

_1<A’L_ <0

2m

Thay cac gia tri cia Z;,, va Zy, cia cac mach loc m ndi tiép va song song
vao biéu thitc trén va sau khi bién déi, ta nhan dugc:
Z m’

lm
4z.  4Z,
Zl

(9-58)

2m

+1 - m®

Déi vdi mach loc loai K cac tan s8 cit dudc xac dinh theo cic phuong

trinh : Z; = 0 va Z; = -4Z,. T biéu thac (9-58), ta thdy: Khi Z,=0, thi

z .
Lin - 0, vakhiZ, = -4Z,, thi 2o = 1,
4Z 47

2m 2m

Tt ddy, dé dang thiy ring dai théng cia mach loc loai m tring véi dai
thong cia mach loc loai K tuong ting.

Hé s6 pha ca mach loc loai m trong dai théng duge xac dinh theo biéu
thic (9-17a):

snd =+ [ Lm _ m (9-59)

4Z,

222 e m?

2 4z,
z

0 A" 4Z N A
N6 phu thudc vao ti s6 7 2 va tham sé m.

1

1

Heé s suy giam clia mach loc loai m ( trong dai chin) dugc xac dinh theo
bidu thic (9-18a).
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m} T & (9-60)
2 2

+1-m

1

T biu thic (9-60), d& dang thiy ring, tai tAn s0, ma & d6 théa man

« QD A Z A A v 2 p2 A N
dieu kién 4z, + 1-m? = 0 hé s suy gidm cia mach loc 16n v6 cing (a — « ).
1

Tan s6 ma tai d6 hé s6 suy giam cia mach loc 16n vo ciing duge ky hidu la £,
(hay o).

D& dang thiy ring, tai tdn s6 f, trong nhanh doc cia mach loc m néi
tiép xay ra cong hudng ndi tiép ( cong hudng dién 4p), con d6i véi mach loc
m song song trong nhanh ngang xay ra cong hudng song song (céng hudng
dong dién).

That vay, 61 véi mach loc m ndi tiép ta cé:

Z, 1-m’

Z, =— + Z
™ m 4m
2
-1 LR , A T
Thay Z, = o Z, vao biéu thic trén, ta sé€ nhan dugc ;

2 2

g, Mol -,y
4m 4m

nghia 1a nhanh doc cia mach loc m néi tiép xay ra cong hudng dién ap. Doi
v6i mach loc m song song, ¢6 thé ching minh tuong tu.

Can luu ¥ rang, khi tin s§ chuyén qua tan sé f, , nghia 13 trong ving
tan s6 £> f, ( khi f, >f), hodc < f, (khi f, <f), trd khang ca 2 nhanh cua
mach loc loai m li cing tinh. Khi d6, phu hgp véi cac két qua da nhan dudgc
trong muc §9.2, bén v& trai cta biéu thiic (9-60), ham ch% phai thay bing

42, —> 0 thi:

ham sh2, va khi
2 Z

m

v1-m?

Su phu thudc ctia hé s6 suy giam a cia mach loc loai m vao tham s6 m

sh— —

NV

thé hién trén hinh 9-17. Con su phu thudc clia trd khang dic tinh Zp,, (36
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véi mach loc m noi tiép) va Zg,, ( d6i véi mach loc m song song) vao tham sé
m thé hién trén hinh 9-18. Trén hinh 9-17 va 9-18, truc hoanh biéu thj gia

. L) e f A o ~ A~ ’ 0 . ¢ f 2
tri cua ti s6 3 dé1 v6i mach loc tan s6 thap, hodc gia tri cta ti s6 -ff— déi véi

c

mach loc tan s6 cao.

Tit 46 thi va két qua tinh toan chi ra ring, trong dai tin s6 thoa min

diéu kién ;—(fff—) =0 +0,9, khi gia tri tham s m=0,59, tré6 khang dic tinh

[
Zim ( clia mach loc m ndi tiép) va Zyy, ( cua mach loc m song song) sai khéc

khoéng qua 5% gia tri danh dinh cta né.

a(nep)

\
/ m=(0,745

6 :
=059 /

o 11 12 13 & 15 16 17 18 13 20

Hinh 9-17: Su phu thudc clia hé s3 suy giam a

ciia mach loc m vao tham s6 m

Céac tham s6 ctia mach loc loai m dugc tinh dya trén co s tinh toan mach
locJoai K va dua vao cac cong thiic (9-53), (9-55), (9-56), (9-57); (9-59), (9-60).

Trén hinh (9-19),... (9-24) v& cac mach loc loai m don gian va sy bién

thién cac tham s6 tuong ing cua no.
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zlm hay K

K ZMen
1.8
m=|0,30

1.6 Mt
14 /ﬂ//
12 ]

= £1=0,59
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02 e S

0.1 020204 050607080910

Hinh 9-18: Su phu thuéc cua trd khang dic tinh

cua mach loc m vao tham sé m.

Cac mach loc loai m, khi chon gia tri cia tham s6 m thich hgp ( trong
thuc t6 gia tri tham s6 m thudong chon bing 0,6) déu c6 uu diém cac trd
khang dic tinh (Zn,, d6i véi mach loc m néi tiép, Zg,, d6i véi mach loc m song
song) ¢ gia tri hau nhu khéng déi 'trong dai théng [ Zy,(Zpy,) ~ K], hé s6 suy
giam a 16n & viing tan s6 gan tan s6 cat , dic tuyén suy giam cé dd déc 1én &
ving tan s6 gan tan s6 cit. Tuy nhién ching ciing déu c6 nhuge diém hé s6
suy giam & viing tan s6 xa tin sé cit nhé. Trong thuc t& khi xay dung cac bd
loc, ngudi ta thuong st dung két hop giita cac mach loc loai K va mach loc
loai m, sao cho céc trd khang dic tinh ctia bo loc it thay ddi, hé s6 suy giam
a 16n trong ca dai chin. Vi du, mach loc dai théng hinh 9-25 1a su két hop

giita 2 mit loc dai théng loai K va 2 mit loc dai théng loai m néi tiép.
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+*

a) mach loclcail K

le.Q
1 mc2
22
P
. -

ZTm_ Z

b) mach loc loai m ndi tiép.

17

ZTm ) an—zﬂ
¢)mach loc loal m song song

Hinh 9-19 :Mach loc tan s6 thap.
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Hinh 9-20 :Su bién thién cic tham s6 ctia mach loc m tan s6 thip véi m~0,59

e
26 2Cym 2L,
— m
r }21’2 (_l F T]%'Ir% 2 cl

Z Zn T It Zlm
a) Mach loc loai K tdn 68 cao b) Mach lec loai m né&i tiép tén s8 cao

2m 1,

1-m? 2

|—— ‘ 21.:2
l——) b é—-l
Zrm Zm= Zn

c) Mach loc loaim song song t4n 88 cac

Hinh 9-21: Mach loc tin s6 cao
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Hinh 9-22: Sy bién thién cic tham s6 clia mach loc m tin s6 cao véi m ~0,59

— ll
LI.“2 2{:1

.
[ RLTT

ZT L; d ZH
Hinh 23a) Mach loc loai K dai théng

i
mLy2 9¢ -%%EZLI
m

£
Ly AmG
Tra=Tr L g

Hinh 23-b) Mach loc loai m ndi tidp dai théng
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C Inm=Zn

Hinh 28-&) Mach loc loai m song song dai théng

Hinh 9-23 : Mach loc dai théng

h loc m dai théng v6i m ~ 0,59

5

& cila mac

A

Hinh 9-24:Su bién thién cac tham s
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Dic tuyén suy giam ciia mach loc hinh 9-25 ¢6 dang vé trén hinh 9-26.

lemp ~2c, Lc Lmp

——+1 1+m 1+m 5
¢ — N 1' ;___H L + 5 ¢
1-m% 1-m7
—Ll =
2m 2m 210 2m
—Zci fundial

14n *1 Tk
2L, mG, Lz G oL, mC,
Ly Lo " 7% mg lm

2

il

Hinh 9-25: Mach loc dai thong

két hgp giita 2 loai mach loc loai K va loai m

L

~/ \_

l l
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| I
I I
I I
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i |
! 1

i 1
Wz Wy Doz Dooy w

L2

Hinh 9-26: Dic tuyén suy giam a

ctia mach loc m dai thong




§9.10. MACH LOC HINH CAU

Trong thuc t& ngoai cac mach loc loai K, loai m, ngudi ta con st dung cac
mach loc cidu d6i xing. Mach loc cau ddi xing ciing la loai mach loc thuan

khang, c6 sd d6 tong quat vé trén hinh 9-27.

Za 7

24

Hinh 9-27: Mach loc cAu d6i xiing

D61 véi mang 4 cuc cau dél xing hinh 9-27, ta c6 ma tran tham s6 A:

[A]— 1 Z,+Z, 22,7,
Z,-2,| 2 Z,+Z,
tré khang dic tinh:
A
Zo,=Zc, =Zo= [ = JZ.Z, (9-61)
21
hé s6 truyén dic tinh:
Z.,+7
chg = A, = 15 >
Zz - Zl
2JZ,.Z
shg A, Ay = _____3__1__’
Zz - Zl
Shgz\/chg—l _ Z, ’
2 2 zZ,-2,
ch® = \/l+sh2 L Z ,
2 2 \Z,-2,
7 .
he - |2 (9-62)
2z,
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Biéu thic (9-62) , c6 thé bién d6i vé dang:

a b
th— + jtg—
) ng

thg th(Z JZb : a b
1+ jth—tg—
) 2 g2
e
= 2 5 (9-62a)
1+th® = tg? —
2 2
a b b a
th—(1+t 2—-)+'t —(1—ch —j
- g 182 2 [z,
1+th? 2 g 2 b Z,
2 2

Tt bidu thic (9-62a) d& dang suy ra cac két luan sau:

-Hé s6 suy gidm ctia mach loc hinh cau hinh 9-27 bing khéng, (diéu
kién dai thong cia mach loc) khi tré khang Z,,Z, khac tinh.

-Hé s6 pha ctia mach loc trong dai théng dugc xac dinh béi biéu thiic:

\[{ (9-63)

-Trong dai chén, trd khang Z,, Z, cia mach loc ciing tinh, va hé s&

tg-— =

4Z

pha b cia mach loc hoidc b=0, hodcb = £ .

Khi hé s6 pha b=0, hé s6 suy giam cta mach loc dugc xac dinh béi bidu

thic :
I 41 I ST (9-64)
2 Z, X,

Vi th—:—<1, nén hé s pha b=0, va bidu thic (9-64) phu hop véi didu kién

12,1 < |Z2_l-

Khi hé s6 pha b = + ©, hé s suy giam cia mach loc duge xac dinh béi
biéu thiic:

= |5 (9-64a)
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Bidu thiic (9-62) , c6 thé bién d6i vé dang:

th2 + jig >
wgeu(3ey)= 24
r jth=tg—
1+ 5 g2
(th3+jtg—;—) (1— jth%tg%)
_ - (9-62a)
1+th> = tg’ —

b
th= (l+t )+t-(l th? )
2 g 182 ~J_7L
2 b z,
2

1+th® 2 tg?
5 g

Tt biéu thitc (9-62a) dé dang suy ra cac két luan sau;

-Hé s6 suy giam ctia mach loc hinh cau hinh 9-27 bang khéng, (diéu
kién dai théng cua mach loc) khi tré khang Z,,Z, khac tinh.

-Hé s6 pha cia mach loc trong dai théng duge xac dinh bdi bidu thic:

L [ U Y (9-63)
2 4Z, X,

-Trong dai chén, tré khang Z,, Z, clia mach loc ciing tinh, va hé s8

pha b ctia mach loc hodic b=0, hodc b = £ x.

Khi hé s6 pha b=0, hé s6 suy giam cta mach loc dugc xac dinh bdi bidu

thic :
2= |2 - % (9-64)
2 Z, X,

Vi th%(l , nén hé s6 pha b=0, va biéu thic (9-64) phi hop véi diéu kién

|Z,| < 1Zy].

Khi hé s6 pha b = + 7, hé s suy giam cta mach loc duge xac dinh bdi
biéu thitc:
cth? = 4] - X (9-64a)
2 2
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Vi cth—;— >1, nén hé s6 pha b = 0, hay biéu thic (9-64a) phu hgp véi
diéu kién |Z,|>1Z,|.

-Khi Z; = Z,, hé s6 suy giam ctia mach loc a = o (vi ltic nay th—Z- =1)
va dién ap trén dau ra clia mach loc bing khéng. V& ¥ nghia vat 1y diéu nay
dugc giai thich bang su cin bing cia cau khi Z, = Z,.

Cac mach loc hinh ciu tin s6 th4p, tdn sé cao, dai théng, dai chin dudc
vé trén hinh 9-28.

Dai théng cta cac mach loc hinh cau duge xac dinh tit diéu kién trd
khang Z,, Z, cia mach loc khac tinh (khac d4au). Tan s6 ma tai d6 hé s suy
giam ctia mach loc a = w (f,) dudc xac dinh tit diéu kién Z,=Z,. Trén d6 thi,
tan s6 £, duge xac dinh tai diém ma tai d6 cac duosng cong Z,(f) va Z,(f) cit
nhau. Néu dudng cong Z;(f) khong cit dudng cong Z.(f) thi mach loc dé
khoéng c6 tan so f..

Trén hinh 9-29 mé ta cach xac dinh dai théng va tan s6 f., cia mach loc

tan s6 thap va mach loc tan s6 cao.

Ly

g/ﬁ
0
1\
()
L]

L J
4
4
*

Hinh 9-28 :

a) Cac mach loc hinh cau tan s8 thap;

b) Tan s6 cao; ¢)Daithong; d)Daichin.
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Tit cac biéu thic (9-61) va (9-62), ta thay tré khang dic tinh Z, cla

mach loc cau phu thudc vao tich cia tré khang Z,.Z,, con hé s6 truyén dic

2 A e~ 2, i Z 9. N P A N
tinh g phu thudc vao t1 s6 gitia tré khang 1. Bé&i vay, cac tham s6 Z, va g

ciia mach loc cau khéng lién quan véi nhau nhu d6i véi cac mach loc loai K

va loai m (mach loc hinh T, T, IT). Do d6 khi tinh toan thiét k& mach loc hinh

A pa N ~ 2 R A A Pl A N o R
cau cac tham s6 Z, va g c¢6 thé chon ddc 1ap v6i nhau. Day la vu diém cua

mach loc cau so véi cac mach loc loai K va loai m.

Trong thuc t& cac mach loc cau duge st dung véi bién ap vi phan (s¢ dd

cdu vi phan). Cac so do cau vi phin dudc vé trén hinh 9-30. V& nguyén ly

cac mach loc cau vi phan ( xem hinh 9-30) hoan toan tuong tu nhu cac mach

loc cAu thong thuong, nhung né cé6 s6 phan ti it hon.

: t]
i~ 7
Zz A !
I
. ﬁ:o' £
. : 1/ Ze, f
] I l
0 AT f |
| i 1 |
1 | I I
a : :k aa T
j | : :
] I
1 I ' :
| R I
0 N
E g 0 |E3° lf f
a) b)

Hinh 9-29: Xac dinh tin s6 cit f, va tan s6 f,, cia mach loc cau

bing phuong phap d6 thi

a) mach loc tan sd thap; b) mach loc tan s6 cao.
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Hinh 9-30: Cac so d6 cau vi phan

§9.11. MACH LOC RC

"Trong dai tan s6 thap, khi st dung cac mach loc LC, doi héi dién cam L
phai cé gia tri 16n. Song viéc ché tao cac cudn cam cé gia tri dién cam L 16n
v6i hé s6 pham chat cao rat khé thuyc hién. Vi ring, néu ting tist dién cla
vong day s& lam tang kich thuéc, trong lugng ctia cuén cam. Con néu si
dung cac cudén cam cé 161 phe rit, thi gia tri ciia dién cam lai phu thudc vao
gia tri cia dong dién chay qua cudén diy. Béi vay, trong dai tan s6 thap,
nguoi ta thuong st dung cac mach loc dién RC.

D& xét nguyén 1§ loc clia cac mach loc RC, ta xét mach loc RC tan s6
thap c6 so do vé trén hinh 9-31.

a
R/ R2 R |
| IQ Ic
A
0 @
) b)
Hinh 9-31 Hinh 9-32

2 L A ~ »’ P 1 2, oA P 2, A ’ >z, .

O dai tan s6 thap, dung khang X, = et 16n, dién ap 0 dau ra c6 gia tri
xap x1 dién ap & dau vao. Con khi tan s6 ting lén, dung khang X, giam, va
do d6 dién ap trén dau ra ctia mach loc ciing gidm, hay néi mét cach khac
khi tan sb cao ting, hé s6 suy gidm ctia mach loc ciing ting.

84



Vi du: sy bién thién ciia hé s6 suy giam cta mach loc RC tin s thip
hinh 9-31 c6 dang vé trén hinh 9-32.

Cac bd loc RC c6 d6 chon loc tin hiéu kém hdn so véi cac bd loc LC ( Do
déc chia dudng cong a(0) nhé hon), nén dé ting d6 chon loc doi héi phai ting
s6 mit loc ciia mach loc. Tuy nhién, khi nay hé s6 suy giadm tin hiéu hitu ich
trong dai théng ciing sé ting 1én.

Xét mach loc RC d6i xting tan s6 thap hinh 9-31b. Hé s6 suy giam dic
tinh cia mach loc:

. WR
chg= A, = 1+J—(2—§—
2
hay
chg = ch(a+ jb)= chacosb +jshasinb = 1+j—a112§§—.

Tu day, ta co:

chacosb =1 (9-65a)
shasinb = Q%—C- (9-65b)

Tit cac biéu thiic (9-65), d& dang thay ring hé s6 suy giam cta mach loc
a=0, chi tai tan s6 @ = 0. Béi vay, khéac véi mach loc LC, hé s6 suy giam ctia
mach loc RC trong dai thong khac khéng.

Dé x4c dinh cac tham s0 clia mach loc RC tan s6 thap hinh 9-31b, ta
giai déng thoi hé phuong trinh (9-65a) va (9-65b).

Phuong trinh (9-65a) c6 thé viét lai dudi dang:
(1+sh®a) (1-sin’b)=1 (9-66)
Déng thoi tit phuong trinh (9-65b), ta cé:

sinb= @RC

(9-67)

Thay gia tri cGa sinb tit biéu thiic (9-67) vao phuong trinh (9-66) va sau

khi bién d6i, ta nhan dudgc:
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2
sh*a- (Q_l;_(.:_) sh’a — _a%{g =0 (9-68)

Giai phuong trinh tring phuong (9-68), ta s& tim dudc:

sha = \/(wRC)Z | @RC /H(wRC)Z (9-69)
8 2 4 |

2 LR » 2 ~ oA . A R
Trong dai tan s6 thoa man diéu kién 50—2—(—:— <1,

shazaz‘/—(—g—l}g.
2

'Ngudi ta dinh nghia tin s6 cit o, cia mach loc RC tan s8 thip 1a tin s&

ma 3 d6 dung khang nhanh doc bang dién trd nhanh ngang ( d6i véi mit loc
RC hinh I' - hinh 9-31a), nghia la :

R_
2

2 4
— hav o =— 9-70
o .C Y @ =2C (9-70)
Tai tan s6 cit o, hé s6 suy giam ctia mach loc

sha=22

hay a = 1,53 nepe.

D61 v6i mach loc RC tan s6 cao hinh 9-33, trong dai tan s6 thap dung
khang (tré khang nhanh ngang ctia mach loc) 16n, dién ap dau ra ctia mach
loc nﬁé, nghia 13 hé s6 suy giam ctia mach loc 16n. Khi tan s8 ting lén, dung
khang sé giam, dién ap diu ra clia mach loc ting 1én, nghia 13 hé s suy
giam cua mach loc giam nho.

2C 2C 2C

2R R

a) b)

Hinh 9-38: Mach loc RC tan s6 cao
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2
sh*a— (——%——) sh’a - —==0 (9-68)

Giai phuong trinh trung phuong (9-68), ta sé tim dudc:

i \/(chf , @RC [ (@RC)’ 9-69)
8 2 4 ‘

7. A A rd ~ . A oA R
Trong dai tan s6 thoa min diéu kién 22—9 <1,

shazazwfﬂ{—c—.
2

'Ngudi ta dinh nghia tin s6 cit o, ciia mach loc RC tan s& thip la tin s&

ma & d6 dung khang nhanh doc bing dién tré nhanh ngang ( d6i véi mit loc

RC hinh I" - hinh 9-31a), nghia la :

R 2 4

—=——, hay o, =— (9-70)
2 oC RC

Tai tan sb cit o., hé s6 suy giam ctia mach loc

sha =22

hay a = 1,53 nepe.

D6i v6i mach loc RC tan s6 cao hinh 9-33, trong dai tin s& thap dung
khang (trd khang nhanh ngang ctia mach loc) 16n, dién ap dau ra ctia mach
loc nhé, nghia 1a hé s6 suy giam ctia mach loc 16n. Khi tan s6 ting 1én, dung
khang sé giam, dién ap dau ra cua mach loc ting 1én, nghia 1a hé s8 suy
giam cta mach loc giam nho.

2C 2C 2C

2R R

a) b}

Hinh 9-33: Mach loc RC tan sé cao
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=
s
e
a

Hinh 9-34: Hé s6 suy giam a cta mach loc RC tdn s cao
Véi mach loc RC tan s8 cao déi xting hinh 9- 33b, ta ¢6 hé s8 suy giam:

1
chg=A, =1-j——no,
g 1 JZG)RC

| hay

chg=ch(a + jb) =chacosb+jshsinb =1~ j

20RC
Tu day suy ra:

chacosb =1
1 (9-71)

shasinb = -
' 2a0RC

R6 rang ring hé sd suy giam cta mach loc RC tan s cao bing khéng

(a=0) chi khi tan s6 o = .

Véi cach tinh toan tuong tu nhu doi véi mach loc RC tan s6 thap, ta sé

1 1 v 1
ha= ¥ /1+ 9-72
e \/ 8@RC)’  2aRC |  (4&RC)’ 5-72)

1
20RC

nhéan dudgc:

Trong dai tin sO thod min diéu kién <1,
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1 .
20RC

sha~a=

Diéu kién xac dinh tan s cit cia mach loc RC tin s6 cao tuong tu nhu

d6i v6i mach loc RC tan s6 thap, nén ta cé:

]
S 9-73
P TURC (9-73)

va tai tAn s6 cit, hé s6 suy gidam clia mach loc:
sha=2,2 hay a ~1,53 nepe.
~ Déc tuyén cia hé s§'suy gidm a ctia mach loc RC tin 6 cao vé trén hinh 9-34.

Cac mach loc RC dai théng va dai chin va cac dic tuyén cta hé s§ suy

giam tuong {ing cia né vé trén hinh 9-35.

C a
-t
Ry
- b
a) Ry Tcz )
[ & g . ] o coo 0};
a) Mach loc RC dai thong b) Déc tuyén ctia hé s6 suy giam
mach loc RC dai théng
a
Ry {T—;h i |
| S ., !
C C i
o) L d) |
|
Ry TCZ ;
» T o A  J (';3
¢) Mach loc RC dai chén d) Déc tuyén clia hé s6 suy

giam mach loc RC dai chin

Hinh 9-35
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V6i mach loc RC dai théng, dién dung C, giy ra hé s6 suy giam 1én &
ving tan sd thdp, con dién dung C, giy ra hé sd suy giam 16n & ving tin s6
cao. Hé s8'suy giam dat gi tri cuc tiéu tai tAn s8'o, duge x4c dinh béi bidu thic:

1

W, = —m—————
* JRR,C.C,

Tt hinh 9-35c¢, ta thdy mach loc RC dai chén gom 2 mach loc RC tAn s5
thap va tan s6 cao ndi song song - song song. Néu chon cac tham s8 R,C
thich hgp thi tai tin s6 nao d6, dong dién dau ra ciia cac mach loc thanh
phan sé c6 bién d6 bang nhau, nhung ngudc pha nhau, va do d6 dong dién
d4u ra ctia mach loc RC dai chdn sé bang khéng, nghia 1 tai d6 hé s6 suy
giam ciia mach loc 16n v ciing (a= ).

Vi du, d6i v6i mach loc RC dai chin hinh 9-35¢ khi chon

A A . . A g 1
R,=—%,C, =—%, hé sb suy giam ctia mach loc a = oo tai tan s6 WD, =

2 RC’

~
@!

Vi hé s6 suy giam ctia mach loc RC trong dai thong luén khac khéng; do
d6 dién ap trén dau ra ctua maéh loc RC luén nhé thua dién ap trén dau vao
cua nd, nghia 13 luén cé su suy giam tin hiéu hiitu ich. Trong thuc t& cac
mach loc RC dugc st dung ciing véi cac b6 khuéch dai. Lic nay cac tin hiéu
~ hitu iIch khong nhiing khéng bi suy giam ma con dugc ting trudng (khuéch
dai). Cac mach loc RC c6 tinh chat trén dugc goi la cac mach loc RC tich cuc.
V& mach loc RC tich cuc, ddc gia c6 thé tim hifu k§ trong nhiéu tai liu duge

giéi thiéu trong phan tai liéu tham khao in & cudi tap sach nay.
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Béng 9-1. Cac tham s8 dic trung ciia mach loc loai K.

90

Tham s6 Mach loc Mach loc Mach loc Mach
dic trung tan sO thap tan sb cao dai théng | loc dai chin
Dai | a=0 1
. . F
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. 2 i
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Bang 9-2: Cac tham s6 ctia-mach loc loai K.

Mach Mach Mach loc Mach loc
loctan s | loc tan 85 dai théng dai chin
thap cao
K K K
L1= f L2:4f Ll:nf f
4rf i 7-c(fc2 - fC1) G Clé
_ K(fcz B fCl ) 27 dn(f., —1f.)
4nfe e,
o o1 c =1 - = !
2 4af K ' anf K V7 4n Kf, £, ' K(fe, -f)
fcz _ fcx
- ﬂK(fCZ _.fcl) 2-”Kfc1~fc
] . foe, =
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CHUONG 10

PHAN TiCH MACH PIEN TU
§10-1. KHAI NIEM VE MACH DIEN TU

Tranzistor, IC, dén dién ti la nhitng phan tt co ban trong cac thiét bi
dién ti. Ta sé goi cac mach dién cé chiia tranzistor, IC, dén dién tit 14 mach
dién ti. Trong thuc t&, khi phan tich mach dién ti, ngudi ta khong quan
tAm dén gia tri tuyét déi cua dién ap va dong dién qua cac phin ti ma chi
quan tAm dén gia s6 ctia né ( gia tri bién thién cua dién ap va dong dién).

Tranzistor, IC, dén dién ti khac véi cac phan ti dién tré R, dién cam L,

dién dung C ma ta da nghién citu trong cac chuong truéce, sut khac nhau dé6
dugc thé hién trong nhitng diém co ban sau day:

Thit nhit: v& mit cdu tric cac phan ti dién trd, dién cam, dién dung
chi ¢6 2 cuc dé ndi véi cac phan khac clia mach, con tranzistor, IC, dén dién
ti c6 s6 cuc n >3 dé néi véi cac phan khac ciia mach, hay néi mét cach khac,
cac phan tit dién trd, dién cam, dién dung la cac phan ti 2 cuc, con
tranzistor, IC, dén dién ti 1a cac phan t& nhiéu cuc. Vay c6 thé xem mach

dién ti 13 mach c6 chita phan tit nhidu cyc (mang nhiéu cuc).

Thit hai: ta xét so d6 thay thé& tuong duong hinh 10-1b ctia tranzistor
‘(hinh 10-1a). Trong sd d3 thay thé& hinh 10-1b, cic dién trd r;, dién dung C;
la dién trd, dién dung gifta cic mit ghép cia tranzistor, con ngudén dong
dién c6 gia tri phu thuéc vao dién ap giita nit b va niit e (uy,,) va tham so
diéu khién g cta tranzistor, nén dugc goi 12 nguén phu thuéc. Do d6 mach

chita tranzistor, IC, dén dién ti 12 mach cé chita nguon phu thudc.

Thit ba: gia tri cia cac phan ti r;, C, trong so d6 thay th& tuong duong
cua tranzistor hinh 10-1b phu thudc vao tan s6 ctia ngudn tin hiéu va gia tri
dién ap dit trén cac cuc cia tranzistor. Khi chon nguén dién ap méot chiéu
dit trén cac cuc c6 gia tri thich hop, va gia tri cia nguén tin hiéu dua téi

tranzistor bién thién trong pham vi hep, thi cac gia tri ctia cac phan ti r;, C;
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c6 thé xem 13 cac gia tri hing s6. Con khi thay d8i gia tri dién 4p mét chidu
trén cic cuc cuia tranzistor, hodc gia tri clia ngudn tin hiéu thay d6i trong
pham vi xrdng, thi cac gia tri cia cac phan ti r;, C; phu thudc vao gia tri clia
nguén tin hiéu, nghia 13 tuy thudc vao diém lam viéc cla tranzistor va gia
tri bién thién ca nguén tin hidu, ma mach chia tranzistor, IC, dén dién ti

c6 thé 13 mach tuyén tinh, hodc phi tuyén.

a)

Hinh 10-1

a) Tranzistor; b) So do thay thé tuong duong ctia né.

Trong chuong nay chi giéi han phéin tich mach dién ti trong ché do
tuyén tinh.

§10-2. PHAN TICH MACH DIEN cO CHUA NGUON PHU THUOC

Khi phéan tich mach dién cé chia nguén phu thugc, thuan tién hon ca
13 dung phuong phap dién th& diém nidt. Khi d6, néu trong mach cé chia
ngudn ap phu thude, ta phai thay thé tuong duong bing ngudén dong phu
thudc. |

Hé phuong trinh dién th& diém nit clia mach khong chita ngudn phu
thuée, cb thé vidt dudi dang:

N
1, =3 YU, (10-1)
s=1
Hé phuong trinh (10-1), phit hgp véi ma tran tong dan [Y], c6 két cau:
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Yll Y12 ...... Yln Ylu ...... YlN
Y21 Y22 ...... Y2n Yz_g ...... Y2N
Yi=| Yo | Yo | ... Yo | Yo | ... Yo (10-2)
Yo | Yoo | oo Yoo | Y | oo Y,n
Yai | Yag | oo Yo | Yag | oo Yin

Trong ma tran téng dan (10-2), cac phan ti ndm trén duong chéo chinh
Yy« 12 tong din cac nhanh néi véi nit k, Yy luén mang dau duong (+). Con
cac phan ti ndm ngoai dudng chéo chinh Yy; (# k) 1a t6ng din nhanh chung
noi gitta nit k va nut 1, Yy luén mang ddu Am (-). Néu giita nit A va nit r
khéng c6 nhanh chung thi Yy, = 0. D81 véi mach dién chi chita cac phan ti
tuong hé (thuan nghich), ma tran tong dan [Y] 13 ma tran d6i xtng qua
duong chéo chinh.

Néu trong mach dién c6 chita ngudén phu thudc, gia st chi chia mét
ngudn phu thudc; ngudn phu thudc duge mic giita mit 1 va nit m, va né
duge diéu khién béi dién ap giita nat p va nat q véi tham s diéu khién a (xem
hinh 10-2), thi trong hé phuong trinh dién th& diém nut (10-1) chi cé cac
phuong trinh d8i v6i nit 1 va nit m, bén vé trai sé duge b6 sung thém
thanh phan ngudn dong phu thudc, con cic phudng trinh d8i véi cac nit
khac cia mach 13 khéng thay d6i. Vi d6i véi nit 1 ngudn dong phu thudc co
chiéu huéng t6i nit, con d6i véi niit m ngudén dong phu thudc cé chiéu roi
khoi nit, nén trong phuong trinh d6i véi nit 1 thanh phin nguon dong phu
thudc duge viét véi dau duong (+), con trong phuong trinh d6i véi nit m,
thanh phan ngudn dong phu thudc duge viét véi dau (-). Do d6 phuong trinh

doi véi nut 1 va mit m sé c6 dang:

N .
J,+a(U, -U)=>Y,U, (10-3)
s=1
N
J,=a(U,-U)=>Y,U, (10-4)
s=1
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= a(U_-U,
U,=U,-U, Up-Ug)

Hinh 10-2
Trién khai hé phuong trinh (10-1), két hop véi didu kién (10-3), (10-4)
ta nhan dugc:
I8 =Y,U, +Y,U, +..+Y,U, +Y, U +..+Y, Uy,

, =Y, U, +Y,U, +.+Y, U, +Y, U, +..+Y, Uy,

J,+a(U,-U,) =Y, U, +Y,,U, +...+Y, U, +Y, U +.. . +Y, Uy,

J.—a(U,-U)=Y, U +Y,U)+. .+Y U +Y, U +. . +Y,U,,

Iy =YU, + Y, U, +.+ Y, U +Y U +. .+ Y, Uy

Py » P ~ 7z /‘ 2 ~ 4 . N z P N
Chuyén tit ca cac sb hang cé chiia an sé sang v€ phai va nhém cac thua

s6 chung, ta nhan dugc:

-

T, =Y, U +Y,U, +.+Y, U +Y, U +..+Y, Uy,
I, =Y, U +Y,U, +..+Y,, U +Y, U +..+Y,, Uy,

3, =Y, U, +Y,U, +..+(Y, -a)U, +(Y, +a)U_+..+Y, Uy, (10-5)
Jo =Y, U +Y, U, + 4+ (Y, +9)U, + (Y, —a)U_ +..+ Y, Uy,

Un =YaU, + YU+ 4 Y, U, + Y, U 4+ Yo Uy

Hé phuong trinh dién thé& diém nit (10-5), phit hgp véi ma tran téng

dan [Y], c6 két caw:

95




1 2 | p o T RSO N
T Yll Y12 ------------ Ylp qu ------------ YlN
Yz]_ Y22 ............ sz Y2q ............ Y2N
1| Yy Yo | o, Yp-al| Ye+a | .. Y (10-6)
m le sz ........... Ymp+a qu-a ........... YmN
N| Yoy | Yo | Yoo | Yag | oo Yin

So sanh ma tran tong din (10-6) véi ma tran tdng din (10-2) ta thay: ndu
trong mach chi ¢c6 1 ngudn dong phu thude mic gitia nut 1 va niat m, duge
diéu khién bdi dién ap giia 2 nit p, q véi tham s6 di€u khién a, thi trong
ma tran téng din clia mach chi cé cac phan ti nim trong cic 6 cit nhau cia
dong 1, dong m va cét p, c6t q dugc b6 sung thém tham 8 diéu khién a cia
ngudn phu thudc, con cic phan ti ndm trén cac 6 khac 1a khong thay d6i.
Néu d6i véi niit 1 (m), nguén dong phu thudc c6 chibu hudng téi nit( roi khoi
nut), va d6i véi nit p(q), dién ap diéu khién ciing ¢6 chiéu huéng t6i nit (xdi
khéi nit), thi trén o cit nhau tuong tng, tham s6 diéu khién a dudc bd
xung v6i ddu duong (+). Con né&u d6i véi nat 1 (m) ngudn dong phu thude cé
chiéu hudng t6i nit (roi khéi nit), va ddi véi nit p(q), dién ap diéu khién c6
chifu rdi khdi nit (hudng t6i nit), thi trén 6 cit nhau tuong tng, tham so
diéu khién a dugc bé sung véi ddu 4m (-). D& dang thay rang cac két luan
trén ciing hoan toan ddng cho mach cé chia nhiéu nguén dong phu thudc.
T day, c6 thé rit ra quy tic thanh lap ma tran téng dan [Y] clia mach c6

chita nguon dong phu thudc:

- Thanh lap ma tran tong dan [Y] cia mach chi chita cic phan td tuong
hé (khéong tinh dén cac nguén dong phu thudc);

- B8 sung cac tham s& diéu khién ctia cic ngudn phu thuédc vio ma trin
t6ng dan [Y] clia mach vita dugc thanh lap theo két luan da néu & trén.

Duséi day, ta xét 1 s6 vi du:
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Vi du 1: Thanh lap ma tran tdng din [Y] cia mach khuéch dai dung
tranzistor, c6 so do tuong duong déi véi thanh phan tin hidu vé é hinh 10-3.

2 C g 1 -y 9
1 —— i L. i Al
T I I
| gUm)l
| AR ’
R# Ra R'.y‘ Rl[] I be Yce Cv | R2 Rﬁ‘
| I
— — - d — 4
0 o _0_ o
Hinh 10-3 Hinh 10-4

Thay thé tranzistor bing so d8 vat 1y tuong dudng véi gia thist dién trd

1, ciia tranzistor nhd (r, ~ 0), ta s& nhan dugc so d6 hinh 10-4.

Danh s6 thd tu cac nidt nhu hinh vé, chon niit 0 1am nit géc, cho dién
thé& nit goc bing khong, ta thanh lap duge ma tran téng dan [Y] cia mach
(khi khéng tinh dén nguon phu thudc).

1 2 3
1] g+t Yt+Ye -Yic
2 ~Yic Yot Yo tgotjoC - joC
3 -joC gat JoC

Mach dién d4 cho (hinh 10-4) chita mét nguén dong phu thudc mic giita
nit 2 va nit 0, nguén phu thudc duge didu khién bdi dién ap giita nit 1 va
niit 0 véi tham s& diéu khién g. B8 xung tham s6 didu khién g ctia ngudn
phu thudc vao 6 cit nhau cta dong 2, ¢ot 1, ta nhan dude ma tran tdng dan
[Y] cia mach. Tham s& diéu khién g clia ngudn phu thudc dudc viét
trong ma tran (10-7) véi d&u duong (+) vi ring d6i véi nit 2 nguén dong
phu thudc cé chidu roi khéi nit, va déi véi nit 1 dién ap didu khién ciing c6
chiéu rai khé niit.

AT




1 2 3

1] g1+Y +Yie -Yyc
Y] =2 g-Yico Yot Yo +gotjoC - joC (10-7)
3 -j(DC g3+ ](DC

Vi du 2: Thanh l4p ma tran tong dan [Y] ctia mach khuéch dai 2 ting
ding tranzistor cé so d6 tuong duong ddi véi thanh phan tin hiéu vé trén
hinh 10-5. '

Thay thé cac tranzistor T, T' bang cac so do vat ly tuong duong, ta sé
nhan dugc so d6 hinh 10-6.

‘Mach dién hinh 10-6 chéta hai ngudén dong phu thuéc. Danh s thi tu
cac nit nhu hinh v&, chon nit khéng lam nit goc, cho dién thé niit goc bang
khong, ta thanh lap dudc ma tran téng dan [Y] cia mach khi chua tinh dén
ngudn phu thudc.

Ura
Hinh 10-5
. 1 1 '2 H C ‘?" 1
ch Y;bc

SIS 1 [ O R o

Hinh 10-6

98




1 2 3 4
1 | gt Ype Y ~Yie
2 -Yy. Yy +Y  tgstjoC - joC
3 g3t Y'het Yot JoC Y.
4 ‘ “Y'he YhetYeetgy .

Ngudn phu thudc thit nh4t méc gida nit 2 va nit 0, duge didu khién béi
dién ap giita nit 1 va nit 0 véi tham s diéu khién g. Ngudn phu thudc thi
hai méc giita nit 4 va nit 0, duge didu khién béi dién ap gita niit 3 va nit 4
v6i tham s8 didu khién g'. B6 xung cac tham s§ diéu khién cta cac ngudn
phu thudc vio ma tran vita thanh lap, ta nhin dugc ma tran tong din [Y]

day d cua mach.

g1t Ype + Yo ~Ype
[Yl= -Y, tg Y, +Y. g +oC - joC
gt Y Y+ joC -Yh. (10-8)
“Y'pe-g' Tyt Ytgitg'

Trong ma tran téng din [Y] cia mach 10-8, tham s6 diéu khién g cla
ngudn diéu khién thi nhat dugc viét trong 6 cit nhau cta dong 2 cot 1 véi
dau duong (+), vi d6i véi nit 2 ngudn phu thudc cé chiu roi khéi niit, dbi véi
niit 1 dién 4p diéu khién ciing cé chiéu roi khéi niit. Con tham s6 diéu khién
¢' ctia ngudn phu thudc thit hai dugc viét trong 6 ct nhau clia dong 4 cbt 3
véi ddu am (-), trong 6 cit nhau clia dong 4 cot 4 véi ddu duong (+), vi déi
véi nit 4 ngudn phu thudc ¢6 chiéu hudng téi nit, ¢6i véi nit 3 dién ap diéu
khién cb chiéu rdi khéi niit; véi nit 4 ca ngudn phu thudc va dién ap diéu
khién déu c6 chiéu huéng t6i nut.
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PHAN TiCH MACH DIEN TU
TREN MO HINH MANG NHIEU CUC

§10-3. KHAI NIEM MANG NHIEU CUC, CAC THAM SO RIENG
CUA MANG NHIEU CUC (MnC)

Nhu di chi ra § trén, tranzistor, IC, dén dién tit... 1a cic phan tit nhiéu
cuc, hay cac mang nhiéu cuc. Mot cach téng quat, c6 thé coi phan mach dién
c6 k6t cau ba't ky gébm n cuc dé néi véi cac diém khac nbau clia mach 13 mét
mang nhiéu C‘l_IC. Khi n=2 ta c6 mang 2 cuc; n=3 - mang 3 cuyc; n=4 - mang 4

cuc...
Vi du, tranzistor, dén dién ti, bién ap hinh 10-7 14 cac mang 3 cuc.

M6t cach tong quat, mang n cuc dude k§ hidu nhu trén hinh 10-8 cac

cuc cia mang nhhiéu cuc duge danh s6 thit tu tit 1 dén n.

Dong dién trén cac cuc cia mang nhiéu cuc duge quy uéc cé chiéu huéng
vao phia trong mang nhiéu cyc. Con dién ap trén cac cyc cia mang nhiéu
cuc dude quy wéc hodc 1a dién ap giita cyc clia mang nhiéu cuc véi mét diém
chung nio dé ctia mach nhu trén hinh 10-8 ( diém chung ciing c6 thé 13 mét
cuc bat ky ctia mang nhiéu cyc), hodc 1a dién 4p gilta hai cyc lién tiép cha

mang nhiéu cuc nhu trén hinh 10-9.

C

s

oq

Hinh 10-7
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Hinh 10-8 Hinh 10-9

Dong dién trén cuc k cia mang nhiéu. cuc khong chi phu thudc vao dién
ap cuc k ma con phu thudc vao dién ap trén cac cuc con lai cia mang nhidu
cuc. Trong trudng hop tong quat c6 thé viét:

i = f(uy, ug ... ug,...u,) - (10-9)

Néu mang nhiéu cyc 12 tuy&n tinh va bén trong né khéng chita nguén
doc lap, va  néu chi quan tAm dén gia s6 cua dong dién va dién ap trén
cac cuc cia mang nhidu cuc, thi tit bidu thic (10-9), s& thanh lap dugc hé
phuong trinh thi&t 1ap moi lién hé giita gia s6 cua dong dién va dién ap trén
cAc cyc cia mang nhiéu cuc:

I, =y,U,+y,U,+.. . +y,.U,
L =y,U,+y,,U,+. .. +y, U, (10-10)

Trong hé phuong trinh (10-10), cac dai lugng Uy, I, 14 cac gia sb cha
dién ap va dong dién trén cac cuc ciia mang nhiéu cuc. N6 c¢6 thé 1a cac gia
tri bién do phitc ( hidu dung phitc), hay cac anh toan tit.

Hé phuong trinh (10-10) c6 thé viét gon duéi dang ma tran:

1] =ly,] [U] (10-11)

T6
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trong d6:

1] = [1112....In]T ; [Ul = [U1U2....Um]T l1a cac ma tran cdt cia cac dong dién |
va dién ap trén cac cuc cia mang nhiéu cuc; ky hiéu chit T biéu thj ma trin
chuyén vi.

YiuYiz- - Y

[YO] _ Yu¥2: - - Yo (10-12)

Yn1Yn2 o Ynn

13 ma tran téng din toan phan ctia mang nhiéu cyc.

Mang nhiéu cyc tuyén tinh hoan toan dudc dic trung bdi cac phan tit y,,
clia ma tran téng din toan phan [y,] clia né. Cac phan tl yy, 14 cic tham s§
riéng cia mang nhiéu cuc, né cé thit nguyén la tng din va dude xac dinh
béi biéu thiic:

Ik
Y T U U (G2 9=0 (10-13)

Gia tri bang s6 cia y,, ding bang gia tri clia dong dién trén cuc k cia
mang nhiéu cuc, khi dit vao cuc s mot dién ap c6 gia tri bing 1 Vol, con dién
ap trén cac cuc con lai cia mang nhiéu cuc biang khéng ( cac cuc con lai néi
vé6i diém chung).

Cac phan tit y,, cia mang nhiéu cuc c6 thé dudc xac dinh bing tinh
toan, hoidc bing thuc nghiém.
Vi tong cac dong dién trén cac cuc ciia mang nhiéu cuc bing khéng, nén
khi thuc hién coéng ca hai vé ctia hé phuong trinh (10-10), ta s& nhin dudc:
0:U1ZY51+U22Y52 +. ..+U,IZ:ySn (10-14)
s=1

s=1 s=1

Biéu thiic (10-14) nghiém dung véi cac gia tri bat ky caa Uy (k=1,2, ...n),
va cac U, khong thé dong thai bing khéng. Nén tit (10-14), suy ra:

S Y4 =0 (10-15)
s=1

Nghia la téng cac phdn ti trong mdt cot clla ma tran t6ng din toan phin

[yo] cla mang nhiéu cuc bing khéng. Mit khac, cac hé s6 yj, trong hé
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phuong trinh (10-10) (Cac phan t& cia ma tran téng din toan phin
[yo] -(10-12) hoan toan khéng phu thudc va gia tri dién ap trén cac cuc cia
mang nhiéu cuyc, hay néi mét cach khac, hé phuong trinh (10-10) nghiém
ding véi gia trj Uy bdt ky, trong trusng hop riéng :

U1:U2 =..=0 (10-16)
Diéu kién (10-16) tuong duong véi viéc néi cac cuc cia mang nhidu cuc
véi mét cuc chung ndo d6. Song khi cac cuc cia mang nhiéu cuc dude néi
vao mét cuc chung, theo dinh luat Kiéc khép 1, tong dai s6 cac dong dién tai
mét nit (cuc chung) biang khong va phuong trinh d6i véi cuc chung khi nay
sé la:
0=UYy,=0 (10-17)
s=1
Phuong trinh (10-17) nghiém ding véi gia tri bt ky cua dién ap U. Tu
day suy ra:

2 ¥ =0 (10-18)
s=1

Nghia 14, tong cac phan ti trong mot hang ciia ma tran téng din toan
phan [y,] ciia mang nhiéu cuc bing khong.

Céac biéu thic (10-15) va (10-18) ching t6 ring ma tran tdng din toan
phan [y,] cha mang nhiéu cuc 12 ma tran suy bién ( Dinh thic chia ma tran
[yo] bing khéng).

Néu trong ma tran todn phan [yo], ta trit b6 di mdt hang va mot cot
tuong tng, ta sé nhan dugc ma tran vudng cip (n-1)- ky hiéu 1a ma tran [y],
dugc goi 12 ma tran téng din rit gon hay ma tran tdng din chia mang nhiéu
cuc. Viéc trit bo di mot hang va mét cét tuong {ing cla ma tran tong dan
toan phan, tuong ing véi viéc chon mét cuc cia mang nhiéu cyc lam nit
chung, hay nit gdc khi phan tich mach bing phuong phap dién thé& diém
nit. Biét ma tran tong din rit gon cia mang nhiéu cuc, d& dang suy ra ma
tran tong din toan phin cta né. Phan ti thudc hang m, c6t k clia ma tran
téng dan toan phan [y,] cia mang nhiéu cuc dugc x4c dinh theo cong thic:

n-1
Vo =~ 2 Ve (10-19)
. s=1
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Con phan ti thudc hang k ¢4t m ctia ma tran tdng dan toan phan [y,] §
cia mang nhiéu cuc dudgc xac dinh theo cong thiic:

n-l .
Vip == 2 Vi (10-20)
' s=1

Hay néi mot cach khac, ma trian tong dan toan phan [y,] cia mang
nhiéu cuc nhan dugc tit ma tran téng dan rit gon bing cach b8 sung thém
vao ma tran téng dan rit gon mét hang va mot cdt tuong ing sao cho tong
cac phan ti trong mot hang va trong mét cot ( sau khi duge bé sung) bing
khéng. ‘

Tuong ty, néu quy dinh chiéu dién ap va chiéu cac dong dién mach vong
khép vong qua cac cyc cua mang nhiéu cyc nhu trén hinh vé 10-9, ta sé
thiét 1ap dugc hé phuong trinh biéu thi méi lién quan giita dién ap trén cac |
cyc cua mang nhiéu cuc va cac dong dién mach vong khép vong qua cac cuc
cua né.

U =20, +Z,1, +... +Z,1

In*n >

Uy, =2y + 2,1, + . +Z,1,, (10-21)

U =21, +Z 1 +.. . +Z_1
hay viét gon duéi dang ma trin:

(U]l = [Z,] (1] ; (10-22)
trong d6: [U] =[U,U,. .Un]" ; (1] = [I; L...I,)" 1a cac ma tran cdt clia céc
dién ap giita cac cuc va cac dong dién mach vong khép vong qua cac cuc cua
mang nhiéu cuc;

le Z12 L Zln
2,7, .. Z

[ZO] — 21 ~22 2n (10_23)
Z,.2.,.. Z,

12 ma tran tong trd toan phan cia mang nhiéu cuc.

Cac phan ti Z;, clia ma tran tong tré toan phan hoan toan dic trung
cho mang nhiéu cuc, va 13 cac tham s6 riéng cia mang nhiéu cyc. Cac phan

tit Zy, c6 thi nguyén 1a téng trd va duoc xac dinh bdi biéu thic:
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Z ¢ T — (10-24
L e =0 )

Giéng nhu ma tran tong din toan phén, téng cac phan t& trong mot
hang va trong mét cot clia ma tran téng tré toan phan clia mang nhidu cuc
bing khong:

>Z, =0, (10-25)
s=1
>Z,=0, (10-26)
s=1

nghia 12 ma tran téng tré toan phan [z,] cia mang nhidu cuc ciing 1a ma
tran suy bién. Va néu trong ma tran tng trd toan phan [Z], ta trit bd di mst
hang va mot co6t tuong ing ta sé nhan dudc ma tran tdng trd rat gon {Z] cta
mang nhiéu cyc. D& dang thay ring viéc trit bd di mot hang va mét cot trong
ma tran tong trd toan phan phu hgp véi viéc cho dong dién mach vong khép
vong qua cuc tuong ng clia mang nhiéu cuc bang khong.

Can luu ¥ ring, khi thay d6i s8 thd tu clia cyc ( cac mach vong) cia
mang nhiéu cuc, két cdu clia ma tran t6ng dan ( téng trd) cha mang nhidu
cuc ciing. thay d6i. Con khi thay ddi chiéu dién ap trén cic cyc cia mang
nhidu cuc va chiéu cac dong dién mach vong khép vong qua cac cuc cia
mang nhidu cuc sé din dén viéc thay d6i ddu clia cac phan tit tuong dng

trong ma tran tdng trd cia mang nhiéu cuc.

310-4. MOI LIEN HE GIUA CAC PHAN TU CUA MA TRAN TONG
DAN [y] VA MA TRAN TONG TRO [Z] CUA MANG NHIEU CUC

Hai phuong phap biéu dién tham s8 cia mang nhiéu cyc - ma tran téng
dan [y] vd ma tran tong trd [Z] - tuong tng véi hai phuong phéap co ban
phan tich mach dién : Phuong phap dién thé& diém nit va phuong phap dong
dién mach vong. Biét mét trong hai ma trian tham s6, hodc ma tran tham s6
[y], hodc ma tran tham s6 [Z], d& dang suy ra ma tran tham s6 kia.

Xét mang 3 cuc ( hinh 10-10)
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1 b L2
D)
wy Us
3
a) b) c)-
Hinh 10-10
- Gi4 st ma tran t6ng din toan phan [y,] cia mang 3 cuc da biét:
1 2 3
1 Yu Yi2 Yia
[yl =2 yo1 Yoo Yos (10-27)
3 Ya1 Ya2 Yas

Néu chon cyc thit 3 clia mang 3 cyc la niit géc (xem hinh 10-10a), khi
d6 ma tran tong din rit gon [y] ctia mang 3 cuc s& cé két cau:

1 2

lyl=1 1 Vi1 Yio

2 Ya1 Yoo

D& xac dinh ma tran tdng trd rit gon cta mang 3 cyc (khi mach vong 2 hé
mach i's = 0 ( xem hinh 10-10b), trong hé phuong trinh dién thé diém nait,

néuthay: u, =u, wuw,=-u} ; i,=1i ,; i, = —i},ta sé nhan dugc:
—

1} = YyuUp = YU,

bV B ’ ’

T3 = Yl T YU

Giai hé phuong trinh trén véi cac bién 14 u! va u}, ta nhan dugc:
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u; - Y22 1; + YI2 1;3 ,
¥ nYa2 YiYa Yu¥a = ¥uu¥a
u; — YZl il + YIl i' )

Yu¥z2 —Yi2¥a ' YuYz = YYa

Tu day, ta xac dinh dugc ma tran tong trd rit gon [Z] clia mang 3 cuc:

1 3
1 Yo Yi
CYuYan T YieYa YuYaz ~Yi¥a
[Z1=
3 Ya ‘ Yu
Yu¥z ~Yi¥Ya YuYaz —Yi¥au

D& nhan dugc ma tran tong tré toan phan [Z,] cha mang 3 cuc hinh 10-10c,
chi cAn thém vao ma tran téng trd rit gon hang thi 2 va cot thi 2. Cac phan

td ndm trong cac 6 ciia hang va cot b6 xung, dudc xac dinh tit diéu kién tong

chia mang 3 cuc bing khong. Nghia 13 ma tran téng trd toan phan clia mang

|
|
& cac phan td trong mot hang (trong mét cot) clia ma tran tong trd toan phan
| 3 cuc c6 két cau:

1 2 3
|
1 Yoo -(¥12+Y22) Y2
[Z 0] - 1 2 ~(Yo1tY20) Y1rtYootyiatyar -(Y11+Y12)
YuYaz = Yi¥a
| 3 Ya1 -(Y11+¥21) Yi1

Két hop v6i  (10-19), (10-20) va (10-27), ta nhan dugc:
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Néu chi quan tdm dén gia s6 clia dién ap va dong dién trén cic cuc cia

tranzistor, va gia thiét ring tranzistor lJam viéc & ch& dé tuyén tinh, khi dé
hé phuong trinh (10-31) c6 thé dua vé dang:

u, =11, + 1,1,

; (10-32)
uc =r21ie + r22ic>
trong d6 :
. _Ou, . _du, .
S TR T
(10-33)
Ju Ju,

Dé xac dinh ma tran tdng trd ciia mang 3 cyc -tranzistor (hinh 10-11b).
Trong cac biéu thic (10-32) ta thay : U ~Uyp;  US-Ug; U= ~(u+ug); 1,504~ 5 1,

= 15-15, va sau khi bién d6i ta s& nhan dudgc:

u, =1i, (=)l — iy,

Wy =0 — Iy (0 — 6y Ty + 1) H (0, — )i,

Uy =—h iy () — )i, 1,1,

Ti day, ta nhan dugc ma tran tong trd toan phan clia mang 3 cyc -

tranzistor:
1 2 3
1 T11 Ti9-Iyy -T2
Zol= 2] -rpptry T11-T12-To1tTos T12-Tog (10-34)
3 ~Toy Yg1~Yo Yoo
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Cac phan tlii ryy , ryg, Yoy, Tog 12 cic tham s6 riéng cha tranzistor. Ching
c6 thé dudc xac dinh bing thuc nghiém (do dac), hogc tinh toan theo cac ho
ddc tuyén cta tranzistor hoic xac dinh trén sd dd vat Iy tuong duong cia
tranzistor.

Vi du, st dung so d6 vat 1y tuong duong cla tranzistor hinh 10-1lc, ta
xac dinh dugc:

Y11= YTy Tip= 0Ty Yo =T+ Ty Toe =T+ I, (10-35)

Luc nay, ma tran téng trd toan phan clia mang 3 cuc tranzistor (10-34),
c6 k&t cau:

1 2 3
11 rotnm -¥, -Ty
[Z,= 2 T, T Y Y -Tp -T, (10-36)
3| ~(rytry) Yy-T. r,tre

Stt dung méi lién hé gitia ma tran tng trd va ma tran téng din cha
mang 3 cuc (10-29), ta xac dinh dugc ma tran tng din toan phan clia mang

3 cuc -tranzistor:

1 2 3
1 I 1 -1y, -,
[y ]s— 2| -t rtm reh T, Int, | (10-37)
1 d
3 e N -T, e O

dr =X, (rc+rb) + 1 (rc'rm) .
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Néu st dung so d6 vat 1y tuong duong cla tranzistor hinh 10-11d, trong
d6 @ = -=, thi hé phuong trinh (10-32) c6 thé dua vé dang:

<

u,=h,1, +h,u,,
e 1nle 12U } (10-38)

‘1, =h,1, +hyu, .

Cac dai lugng hy;, hys. hyy, hyy trong hé phuong trinh (10-38) goi 1a céac
tham s6 h cla tranzistor.

Cac tham s6 h ctia tranzistor ciing c6 thé xic dinh duge bing thuc
nghiém hodc bing tinh toan. Tuy nhién, viéc xac dinh cac tham s§ h cia
tranzistor bang thuc nghiém la don gian va c6 d6 chinh xac cao honso véi

viéc xac dinh cac tham s6 ryy, 1y, Tgy, ro» bing thuc nghiém.

So db thay thé tuong dudng clia tranzistor hinh 10-11c,d thudng dude st
dung trong dai tan s6 thap, va Iic nay cac tham s& r, h 1a cac s6 thyc. Mdi
lién hé gifta cac tham s6 r va tham s§ b, ciing nhu m6i lién hé giiia cac phan
t cia ma tran tong dan (t6ng trd) cha tranzistor va cac tham sd r, h dudc

dua ra trong bang 10-1.

Trong dai tan s6 cao, cAc tham s6 clia tranzistor phu thuéc vao tan s6 va
1a s8 phic. Trong truong hop nay, dé xac dinh ma tran tong ddn (t6ng trd) cia
mang 3 cuc -tranzistor, thudng st dung sd d6 cuc phat chung (xem hinh 10-12).

g

i 2

1

L+————{i u lo————( 3
c

- D

48
b)

Hinh 10-12
a) So 46 phat chung ;

b) Céc cuc cia mang 3 cuc-tranzistor va cac mach vong khép vong qua cac cuc.
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D61 véi so do6 hinh 10-12a, ta cé:
Ip = Y11y, + Y2 U,
Io = YorUy + Yoo Ue.

T d4y, néu coi tranzistor nhu moét mang 3 cuc (xem hinh 10-12b), ta

xac dinh dugc ma tran téng din toan phéin ctia mang 3 cuc -tranzistor:

1 2 3
1 Yu Yi2 ~-(y11+y12)
[y° ]: 2 Ya1 Yoo ~(Ya1+ye2) (10-39)

3| ~(ityeD | -(Yiztyeo) | YirtYietyertyes

St dung méi lién hé gila cac phan ti cia ma tran tong tréd va ma tran
tong din cia mang 3 cyc (10-28), ta xac dinh dudc ma tran tdng trd cla

mang 3 cuc -tranzistor:

1 2 3
1 Yoo ~(Y12+Y22) Yie
[Z . ] = 1 2| ~(Yortye) | YutYietyertyze | ~(Yuty) | (10-40)
YuYz2 ~Yi2¥a
3 Yo1 -(Y11+yz2r) Yuu
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Bang 10-1: Mbi lién hé gitta cac tham sb cha tranzistor

Tham Ty, Ti25T215T22 Ty Yoy Loy Ty hy;, hyg,hgq,hye
sO
11 I retTy, h — hj,hy
11
h22
Iy - Fyg Ip h,
hy,
Ta To1 Iyt _h,,
h22
T Too I, +r, 1
h22
Iy, 5] Ty h,,
h22
I. To9-T19 T, 1-h,,
h22
T, r1-Tig Te h.. — h,,(I+h,,)
11
h22
I'nm Yg1-Tig Iy _hy, +hy,
h22
hy; I + r(r, —1,) hq;
n, - r,
I, I, +1,
h12 r_lz__ L, h12
I,, I, +r1,
hgy I RN hy;
I, I, +1,
1 1
h22 _ ——— h22
I, r, +r,
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2.Dén dién tit 3 cuc

Dén dién ti 3 cuc (xem hinh 10-13a), trong trudng hop 1y tudng, lam

viéc trong ch& d6 khéng c6 dong dién ludi va trong dai tan sd thip, do dé:
i, =0,
1, = SUg + G;Ua,

trong d6 : S- hd din ; G; - dién din trong cia dén , G, = Ri

i

a 12
ig
ig _lj
g€ ———- Ug 1~~~
lug W v
K 3
a) b)

Hinh 10-13: Dén dién ti 3 cuc

a) Dong dién va dién ap gitta cac cuc; b) Mang 3 cuc - dén dién tu.

Tut day, ta nhan dudc ma tran tdng din toan phan ctia mang 3 cyc - dén
dién tit hinh 10-13b.

1 2 3
1 0 0 0

lyol= 2 S G, -(S+G) (10-41)
3 -S -G, S+G;

Trong dai tin s6 cao, cAc tham s6 ctia dén dién ti 3 cyc phu thudc vao

.
oy

tan s6 va la s6 phiic.
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Phuong trinh dién thé& diém nit déi véi dén dién ti 3 cyc hinh 10-14a
trong dai tan s& cao c6 thé viét dusi dang:

L, =y U, +y4,,

(10-42)
i, = Yau, ty,u,
' t 2
——-—{_— ™1
la » -~ Yga ‘Q '
1g e 817, T

-—-}——-:—- Ug l:] g<¥ 1 o———é-} 9
j' Ug Yg ¥a ua l)
Ug

K 2

a) o) c)

Hinh 10-14: Dén dién td 3 cuc lam viéc trong giai tin sé cao
a) Dong dién va dién ap trén cac cuyc
b) So d6 thay thé tuong duong

c) Mang 3 cuc - dén dién ti

Thay thé dén dién ti 3 cuc bing so d6 vat Iy tuong duong hinh 10-14b,

ta co:

i =(y +y a)u —y aua’
g g g g g } (10_43)

ia :(S_ yga )ug +(ya +Yga)ua‘
trong d6:

Yo Year Ya 12 tong dén déu vao, tong din truc thong va téng din ra

cta dén dién ta 3 cuc; S- hé dan cua dén.

Tu phuong trinh (10-43), ta xac dinh dudc ma tran t(')’ng din rat gon va
ma tran tong dan toan phan clia mang 3 cuc- dén dién ti (xem hinh 10-14c).
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[y]: 1 yg+ yga "yga (10'44)
2 S‘Yga YA+Yga
1 2 3
1l Yt Yea ~Yea -Ye
[y0]= 2 S_Yga yg+yga _(S+ya) (10_45)
3 '(S+yg) =Y. S+yg+ya

Stt dung méi lién hé gida cac phan tl clta ma tran tong dan va ma tran
téng trd cttia mang 3 cuc (10-28), ta xac dinh dudc ma tran téng tré toan
phan ctia mang 3 cuc- dén dién ti (hinh 10-14c).

1 2 3
1 |yatyea -Ya ~YeA
[Z,] _1 2 |-(Styn) | Sty tya ~Ye (10-46)
dy
3 S'yzA "(S+ye) ye+ygA)

trong d6 dy =y, (Vat¥ea)-

3. Bién ap

D61 véi bién ap hinh 10-15a, ta cé:
U,=joLl +joMl,,
U,=joMl, +jo inz}
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Dé nhan duge ma trin tong trd nit gon ca mang 3 cuc - bién 4p (xem hinh 10-15b)
trong phuong trinh trén, néu thay: U =U,;U,=-U};1, =1/ ;1, = -1}, ta s
nhéan dugc:

U, =joL,l-joMI;
-U,=joM 1| -joL, i}

Hinh 10-15

Tut day, ta xac dinh ma tran tong trd rat gon [Z] clia mang 3 cuc- bién

ap (khi dong mach vong I's=0):

1 3
1 Zy ~Zg
[Z)= (10-47)
3 -Zq Zs

6 day : Z, = joL; ; Zg = joLs ; Zqe = JoM.

Pé nhan dugc ma tran tong trd toan phan clia mang 3 cuc bién ap chi
cAn b8 xung vao ma tran téng trd rit gon (10-47) dong thi 2 va cot thi 2.
Cac phan ti ndm trong cac 6 ciia dong va c@f dudgc bo xung duge xac dinh ti
diéu kién tong cac phéin.tfi trong mdt hang va trong mdt coét cia ma tran

tong trd toan phan cia mang nhiéu cuc bang khong.
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[Zo] 2| -Z;+Zy,

1 2 3
1 Zy -2ty ~Zyg
Zy+Zy-27,5 ~ZigtZq
3 -Zyy ~Ligt7yy Zy

(10-48)

St dung mdi lién hé giiia cac phan ti cia ma trin téng din va ma tran

téng tré clia mang 3 cuc (10-29), ta xac dinh dudc ma tran téng din toan

phan cia mang 3 cuc - bién ap (hinh 10-15b).

1 2 3
1 Zy ~Zyy -ZotZyy
[YO] :al-z— 2 AP Zy ~Zy+Zs
3 —Z2+Z12 -Z1+Z12 Z1+Z2-2Z12

& day dZ=2.Z,- Z5,.

(10-49)

Tuong tu, ta xac dinh dugc ma tran téng trd (téng din) clia cic mang

nhiéu cuc loai khac (xem bang 10-2).
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3.10-6. PHUGNG PHAP DIEN THE DIEM NUT
1. Ma tran tdng dan ctia mach c6 chita mang nhiéu cuc

Hé phuong trinh dién th& diém nit clia mach dién dang ma tran c6 thé
viét gon:

N
1,=YY, Us (10-50)

s=1

Trong hé phuong trinh (10-50), Jk,lé téng dai s6 cac ngudn dong ding
tri ndm trong cac nhanh néi véi nit k clia mach. U, 14 dién th€ nit s cha
mach (so véi dién th& nit géc bang khong), Vi (s =1, 2, ..., ) 1a cac phan ti

niam trong hang k cia ma tran t6ng dan [Y] cla mach.

D61 v6i mach dién chi chita cac phan ti 2 cuc tuong hd (thuin nghich),
ciing nhu mach cé chita nguén phu thudc, viéc xac dinh ma tran tong din
[Y] kh4a don gian, (ma ta da xét trong cac chuong trudc). Duéi diy sé xem xét
viéc xac dinh ma tran tong dan [Y] cia mach dién c6 chita caic mang nhiéu

cuc.

Gia st trong mach dién, ngoai cac phan tit 2 cuc thuin nghich, chi chita

mdt mang nhidu cuc (mang 3 cyc), véi ma tran tong dan toan phan [y,] caa

mang 3 cuc :
1 2 3
1 Yu Y Yis
fyd 2 Y21 Ya2 Y23
3 Ya1 Yae Ya3

hay néi mdt cach khac, biét hé phuong trinh truyén cia mang 3 cuc :

1, =y,5u; +Y,U, +Y55U,
1, =¥U; +Y U, +Y55Us, (10-51)

1, =y5Uy +YpU, +Yu;.
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Gia thiét ring cuc thi nhat cia mang 3 cuc (1) ndi véi niit p, cuc thuhai
(2) ndl véi mit q, cyc thit ba (8) ndi vl niit ¥ ciia mach (xem hinh 10-16).

Hinh 10-16

Trong truong hop da néu, trong hé phuong trinh dién thé diém nit (10-50),
chi c6 cac phuong trinh d6i véi cac nit p, q, r bén v& trai dugdc bd xung
thém cac dong dién iy, iy, 15 tuong Ung clia mang 3 cuc , con cac phuong trinh
d61 v6i cac nit khac ctia mach khéng thay d6i. Hon nita, cic dong dién iy, iy,
i cia mang 3 cuc dudc bd xung vao cac phuong trinh tuong tng véi dau trix
() (Vi cac dong i, ig, i3 d€u cé chiéu roi khéi niit). Do d6 cac phuong trinh
d6i véi niit p, q, r sé c6 dang:

-~

J ——ll—z ps u,,
J —12 Z qs si$
J —.13—2 sUs>

Sau khi chuyén cac s§ hang i,, i, i; sang vé& phai, va thay cac s6 hang i,
ig, i3 tit cac bidu thitc (10-51) ta nhén dugc:

\
J "Z psUs T Y1 Uy T¥50, +Y5U,

J —'Z aUs T Y218y TYUs +Y3Us,¢ (10-62)

J :ZYrsus TY5U YU, TY3,U;.

s=]

s

Khai trién hé phuong trinh dién thé diém nit (10 50), luu ¥ t61 cac
phuong trinh (10-52) va thuc hién diéu kién U=, U=l us=u,, ta nhan duge:
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Gia thiét rang cuc thit nhat cha mang 3 cyc (1) ndi véi nit p, cue thit hai
(2) n6i véi nit q, cuc thi ba (3) n6i véi mit r ctia mach (xem hinh 10-16).

ig
1 i o\
P
ig
alr
Hinh 10-16

Trong trudng hop da néu, trong hé phuong trinh dién thé diém nit (10-50),

chi cé6 cac phuong trinh d6i véi cac nit p, q, r bén vé& trai dudc bd xung

thém cac dong dién iy, ig, i3 tuong dng cia mang 3 cuc , con cac phuong trinh
461 véi cac nit khac ca mach khong thay d6i. Hon nita, cac dong dién iy, is,
i; ciia mang 3 cuc dudc bd xung vao cac phuong trinh tuong ting véi ddu trix
(-) ( vi cac dong iy, iy, i3 déu c6 chiéu roi khdi niit). Do d6 cac phuong trinh
d61 v6i nit p, q, r 6 c6 dang:

N
J, -1, :ZYpsus,
s=1

~

N
I -1, =Zquus,
=1

N
Jr - 13 :ZYrsus’
s=1

J

Sau khi chuyén céc s6 hang iy, iy, i3 sang vé& phai, va thay cac s6 hang i,
iy, ig tlt cAc biéu thic (10-51) ta nhan duge:

M=

J =

p Ypsus +yuu; YU, +y5U;

1]
—_

s

O
=]

i
M=

quus TYuU YU, TY5Us, ¢ (10-52)

]
I
—

J =

I

Y U, +Y5U; +Y5U; +Y3U;.

M=

It
—_

s
J

Khai trién hé phuong trinh dién thé& diém nit (10-50), luu ¥ t6i cac
phudng trinh (10-52) va thyc hién diéu kién u=u,, uy=u,, us=u,, ta nhan dugc:
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(J,=Y,u+Y,u, +..+Y, u +Y, u +Y,u, +

pU, Y u Y u ,
J,=Yu +Yu, +. + Y, u +Y, u + Y, u +o,

JJP =Y, u +Y,u,+. . F Y, Y, + (Y, +y)u, + (Y, +y)u, +..., (10-53)
Jo=You +Yu, + 0 (Y, +y)u, + (Y, +yp)u, + (Y, +y5)u, +. ..

I, =Yu, +Yu,+. .+ (Y, +ysu, +(Y, +ypu, + (Y, +ys)u, +...

Ju =Yau +Yu, + o Ygu +Yu +Yu, +. ..

Hé phuong trinh diéh th& diém nut (10-53) phi hgp véi ma trén tong
dan [Y) cua mach: '

1

p-1 p q r
1 Y, Yig-1) Yy, Yy, Y,
p-1] Yoy Yoo | Your | Youa | Your (10-54)
p Yo Yon Yoot¥i1 | YpatYiz | YprtYis
q Yo Yoo qu+Yé1 Yootyoe | Yortyes
X Y. Y1) Yoptyar | Yegtyss | Yortyas

Tit két qua nhan duge, d& dang thiy rdng: néu trong s¢ d6 mach dién c6
chia mang J cuc, cdc cyc cia mang 3 cyc duge ndi véi nit p, q, r tuwong Gng
trong so do, thi trong ma tran t6ng din clia mach, chi c6 cac phin ti ndm
trong cac 6 cit nhau cia cac dong p, q, ¥ véi cac cot p, q, r dudc b6 xung thém
cac phén ti tuong {ng cia ma tran téng dan toan phan clia mang 3 cuc, con
cac phan ti trong cac 6 khac khong thay ddi.

K6t luan trén cling hoan toan ding néu trong so dé6 mach chda mang
nhiéu cyc bat ky, hodc chita nhiéu mang nhiéu cyc. Trong trudng hgp nay,
cac tham s6 clia ma tran téng dan toan phan cla ting mang nhiéu cuc lan
lugt duge b xung vao cac 6 tuong Gng cua ma tran tong din clia mach,
tuong tu nhu d61 véi truong hgp mang 3 cuc da xét.
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Né&u mégt trong cac cyc cia mang nhiéu cyc dude ndi véi nit chung cha
so d6, thi nhu da chi ra ¢ trén, hang va cdt cia ma tran toan phin cla
mang nhiéu cyc cé s6 thi tu dng véi cyc ndi véi nit chung clia so d6 sé bi
loai bd. Didu nay c6 nghia 13, cac phan ti trong hang va cbt ciia ma tran
tong dan toan phan cia mang nhiéu cuc cé s6 thit tu tng véi nit chung cta
so d6, trong truong hop nay khéng dugdec bé xung vao ma tran téng din clia
mach.

Duéi day, ta xét mot s6 vi du:

Vi du 1: Thanh lap ma tran tong din cha mach dién c6 so d6 tuong
duong d6i véi thanh phan dién ap tin hiéu dua ra trén hinh 10-17. Ma tran

tong din toan phan ctia mang 3 cuc-tranzistor cho trong bang 10-2.

So d6 mach hinh 10-17 chita mét mang 3 cuc -tranzistor. Cuc 1, cuc 2
ciia mang 3 cuc ndi véi nit 1, nat 2 tuong iing cia so do, cuc 3 cia mang 3

cuc ndi véi niit 0 clia so o (niit chung cta so d9).

Hinh 10-17

Ma tran téng dan cia mach, khi chua tinh dén mang 3 cuc-tranzistor cé

két cau:

1 2 3
1 gy
2 goHjoC -joC & day G, 2_1_
. R,
3 -JjoC g5t joC

127



BS xung cAc phén tlt clia ma tran tdng dan [y,] cia mang 3 cuc -tranzistor
vao cac 6 tuong (ng clia ma trdn via thanh lap, ta s& nhin dugc ma tran

téng dan cia so db hinh 10-17.

1 2 3
{ g1tyn Y2 ] ]
[Yr 2 Yai g2Hj0C+yg - ]'COC‘ (10;55)
3 -joC gst+ joC

Vi du 2 : Thanh lap ma tran tong dan cia mach c6 so d6 tuong duong
d6i v6i thanh phan dién ap tin hiéu dua ra trén hinh (10-18). Ma tran tong

din toan phan chia mang 3 cuc -tranzistor cho trong bang 10-2.

Hinh 10-18.

So d6 mach hinh 10-18 chita hai mang 3 cuc -tranzistor T va T'. Mang 3
cuc - tranzistor T c6 cuc 2, con mang 3 cuc - tranzistor T' ¢6 cuc 3 néi véi mit

chung clia so d6 (ntt 0).

Ma tran téng dan ctia so d6 khi chua tinh dén cic mang 3 cuc -

tranzistor c6 két cau:

128




1 g1 -1
201 -& g1tgst -gs - joCy
joC,
3 -82
4 gatgst ~g4 - JoCy
+)oC;
5 -gx -84 g4tgst
+joCqy
6 -joCy -JjoC,y gt joCyt+
+joC,y

B6 xung cac phan tif ciia cic ma tran tong dan clia cac mang 3 cuc -tranzistor
vio cac 6 tuong Ging clia ma tran vita thanh lap, ta nhan dudc ma tran tong

dan ctia s6 d6 hinh 10-18.

1 2 3 4 5 6
g -£1
2 -g1 g1tgst “Y11-Yi2 -85 - joCy
joCqtyyy
3 -Y11-Ya1 -gotyut ¥'i2
Yigtyart
Yoot ¥'y
4 ¥'o1 gstg ~84 - joCy
+JoCrHy'y
5 -85 -84 g4tgst
+JjoCy
6 - joCy - joCy get
joCy+
+ joCy
(10-56)
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2.Xac dinh cdc tham s6 cOng tac cha mach

Dé tim dong dién va dién ap trén céc phdn ti cia mach, cdn giai hé
phuong trinh dién thé& diém nit (10-50). Song trong thyc t&, ngudi ta thudng
khong quan tdm dén gia tri tuyét doi cia dién ap va dong dién qua cac phan
t&, ma chl quan t4m d&n mdl tuong quan giilia gia sO cia dién ap va dong
dién trén phu tai va gia s6 clia dién ap, dong dién ctia nguén tin hiéu, ciing
nhu anh hudng ciia mach dién trong hé théng. Pai lugng dic trung cho tinh
chit trén clia mach thudng 13 : hé s6 truyén dién ap, dong dién; tong tré dau

vao, dau ra..., Ta sé goi ching 1 tham s6 cong tac cia mach.

'Da s8 cic mach dién tit st dung trong thuc t&€ chi gom mét ngudn tin
hiéu va mdt phu tai. Liic nay, d€ thuén tién cho viéc xac dinh cac tham s&
cong tac clia mach ta mé td mach dién bang mé hinh téng quat-mang 4 cuc
(xem hinh 10-19). Nguén tin hiéu tic dong mic trén dau vao mang 4 cuc,

con phu tai mic trén dau ra mang 4 cuc.

zn l:'['l 2 1-2
1 2
Hinh 10-19

Trong truong hop giita dau ra va dau vao mang 4 cuc hinh 10-19 c6
diém chung, ta gia thiét ring, ngudn tin hiéu tic dong mic giita nit a va
nit chung, con phu tai mic gitta niit b va nit chung (nit chung gitta dau ra
va dau vao ctia mang 4 cuc la nit géc cta so d6). Liic nay so do hinh 10-19
dugc bién ddi vé& dang hinh 10-20.

Quan hé giita dién 4p va dong dién trén dau vao va diu ra clia mang 4
cuc v8i dién ap va dong dién trong mach dudc x4c dinh bdi bidu thiic:
U,=U,;U,=0, ;i,=7J, ;1,=-7,.

a 2
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Zn Ja a | Io.b Jo
E an lUb Zt
_________ 2
Hinh 10-20

Nghiém ctia phuong trinh dién thé diém nuat (10-50) c6 thé viét dudi dang:

. 1 N . _
UK :K ZASkJS' (10-57)
s=1

trong d6 A 1a dinb thitc cha ma tran t6ng din [Y] cia mach; A, 1a phan phu
dai s6 cia dinh thic A,

Vi bén trong mang 4 cuc hinh 10-21 khdng chiia nguén ddc l1ap, nén tit
ca cac phan ti cia ma tran cot cic nguon dong cho truéc déu bing khong,
trit hai thanh phan J_=1, va j,=-1,. Do d6, déi véi truong hgp xét, cong
thiic (10-57) sé c6 dang don gian: |

) 1 . 1 . . . A
Uy :X(Aak‘]a + Akab)=-A‘(Aak11 - Ayly)= Zk

i —A—Zk—iz . (10-57a)

Ti day, ta x4c dinh duge dién ap nita (U,) vanitb (U, ) cia mach:

0,221, -2,
. A AL
Vo= byt
0, =5, - S
hay A | (10-58)
U, =20 Anj
2 A 1 A 2

Cac biéu thic (10-58) chinh 14 hé phuong trinb truyén dang tham s6 z
clla mang 4 cuc hinh 10-20.

. y .U
Trong hé phuong trinh truyén (10-58), néu thay I, =—Z~2—, ta nhan dudc:

t
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A A

U, = —Aaii1 - Xzb—aUz (10-59)
W Ay Ay
U2 = —XP-II - —i—bi‘Uz (10-60)

Tu phuong trinh (10-60), ta tim dudc:
ZtAab

U, =8 §
ZA+A,

(10-61)
Thay gi4 tri U, tit bidu thic (10-61) vio bidu thic (10-59) va sau khi
bién d6i, ta nhan duge:

_I___ Aaalxbb’—Aab Aba+ZtA'Aaa
A ZA+A,,

U, =

vi A Ay, —ALA,=AA, ,, nén biéu thiic trén duge dua vé dang don gian:

_ ZtAaa +Aaa,bb I

U, = fm Tt §o -
'T Uz A+A, (10-62)

trong d6 A, 12 phan phu dai s8 kép cta dinh thiic A. N6 1a djnh théc nhan
dugc tit dinh thic A sau khi tru bo di dong a cot a, dong b c6t b. (Chi y :dinh
thic c6 s6 hang va s6 ¢t bang khéng c6 gia tri bang 1).
Tu day ta tim dugc:
U1 3 ZA,, + A,

U _ 10-63
I, ZA+A, ( )
Biéu thitc (10-63) chinh la téng trd ddu vao clia mang 4 cuc.
U, ZA, +A,
Z, =t =t abh (10-64)
I ZA+A,,
Khi dau ra mang 4 cuc hd mach (Z;=x ), ta cé:
U A
Z., =—- == 10-64
vh Il .Zt =00 A \ | ( a)
Con khi dau ra mang 4 cuc ngdn mach ( Z,=0), ta cé:
U A
Z.. = = 10-64b
e I, | Z,=0 A, ( )
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Hé s6 truyén dién ap cia mach dugdc xac dinh bing ti s6 gifta dién ap

d4u ra U, va dién 4p trén d4u vao U,. Chia ca hai v& clia biéu thic (10-61)
cho bidu thitc (10-62), ta nhan dugc:

K, :.I_J_Z = __Z_t._A_L_ (10-65)
Ul Zt Aaa +Aaa,bb

Khi ddu ra mang 4 cuc hd mach (Z, = «), ta cé:

Ku,, = —U—2 - Aw . (10-65a)
U, Z,=x A

aa

Né&u trong biéu thiic (10-61), thay U, =1,Z, ,va sau khi bién d6i, ta nhan

duge hé s6 truyén dat theo dong dién:

A
Ko=2o_fe (10-66)
I, ZA+A,

Khi dau ra mang 4 cuc ngin mach (Z,=0), ta cé:

K, = <> = b (10-66a)

Tong trd truyén dat giita ddu ra va ddu vao cfia mang 4 cuc duge xac
dinh bang ti s& giita dién ap ddu ra U, va dong dién ddu vao I,. Tit bidu
thitc (10-61), ta tim dugc:

U ZA
Z, = %= —1"&® 10-67
20, ZA+A, ( )

Tuong tu, tong dan truyén dat gifta ddu vao va ddu ra clia mang 4 cuc
dugc xac dinh bing ti s6 giita dong dién dau ra I, va dién 4p ddu vao U,.
Trong biéu thic (10-65), néu thay U, =1,Z, va sau khi bién d6i, ta nhan dugc:

i2 Aab

Y, =k = 10-68
” Ul ZtAaa+Aaa,bb ( ) o




Téng trd ddu ra cia mang 4 cuc la ti s6 gifta dién ap va dong dién trén
d4du ra, khi dién ap ctia ngudn tac dong bing khong. Trong hé phudng trinh
) - U e 1 '
(10-58), néu thay I, = —El—, ta s& nhan dugc:

n

. A . A .
Ul — aa U1 = ba 12 ,
Zu A (10-69)
U - _ Aab U. - Abb i )
Pz AT AT

n

Tit phuong trinh thi nhit cha hé phuong trinh (10-69), ta tim dugc:

. A A .
U 1 aa - _ baI
(g b
' : ZA, .
U, =—-——32"3 1. 10-70
hay 1 ZnA+Aaa 2 ( 7)

Thay gia tri cda U, ti bidu thic (10-70) vao phuong trinh thi hai cia

hé phuong trinh (10-69) va sau khi bién ddi, ta sé nh4n dugc:

Z, = ~%~ = E‘H. (10-71).
Khi phén tich cac mach dién ti phtic tap, dé qua trinh tinh toan don
gian, ngudi ta thuong ap dung dinh 1y Thevenin va Norton ( dinh 1y may
phat dién ding tri) dé dua mach di cho v& mach tuong dudng gém ngudn
dién ap c6 sic dién dong bing dién ap dau ra clia mach ( mang 2 cuc) khi hé
mach E; ngvuén dién ap &y mAc néi tiép véi tdng trd ddu vio clia mang 2
cuc khi cho cac ngudn tac dong bing khong. D& dang nhan thiy ring, tong
trd vao clia mang 2 cuc chinh 1a téng tré dau ra cia mang 4 cuc (10-71), con
dién ap ddu ra clia mang 2 cyc khi hd mach E, duge xac dinh tit diéu kién
kbi dau ra hd mach (Z,=«), dong dién dau ra ctia mang 4 cuc I, =0. Do &,
néu trong hé phudng trinh (10-58), khi I,=0 va thay U, =E-1,Z_, ta sé

nhan dugc:
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E-1Z AA“ I,
Uzha = = I,
T diy, ta tim dugc:
E,=U AuE (10-72)

Tit cac két qua nhan dudc, ta thiy cac tham s8 cdng tac ctia mach hoan
toan dugc xac dinh théng qua dinh thiic va phan phu dai s6 clia ma tran

tong din ctia mach.

Trong bang 10-3 dua ra cac cong thic xac dinh tham s6 céng tac cua
mach dién ti trong trudng hop mach chi c6 mot ngudn tin hiéu tac dong va
gitta ddu vao va d4u ra clia mach ¢6 diém chung. Cac coéng thic trén duge
tinh theo dinh thiic cha ma tran téng din ctia mach va cac phan phu dai sé
clia né.

Déi véi truong hgp giita dau vao va dau ra cua mang 4 cyc hinh 10-19
khéng cé diém chung, ta gia thiét ngudn tin hiéu dudc mic giita niit a va mit

goc ctia so do, con phu tai - gitta mit b va mit ¢ ctia so do. (xem hinh 10-21).

| Hinh 10-21
Theo sd d6 hinh 10-21, ta cé:
U,=U, U, =0, -0,
ot A (10-73)
J.=L, ; 1, =-L,;J).=1,
Vi bén trong mang 4 cyc khong chita nguén déc lap, nén theo cong thitc
(10-57), ta xac dinh dugc:
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Ua :—i_(Aaaja +Abajb +Acajc) = _i‘(Aaail - AbaiZ +Acai’2);

1

U, :—A_(AabJa +ART +ALT) = X(Aabll = AL +ALL);

Uc :%(Aacja +Abajb +Accjc) = %(Aacil - Abci?. +Acci’2 )

va do dé:

U] :Ua :%(Aaail ~Aba i2 +AcaiZ);

Uz :Ub - Uc :X[(Aabll - AbeZ +Acb12)“(AacI1 - AbcIZ +Ach'Z )]
hay:
. 1 . .
Ul :X[Aaall - (Aba —Aca)IZI)
{ : (10-74)
U2 = X[(Aab —Aac )Il _—‘(Abb - Acb - Abc +Acc)12]
Vi

Aba —Aca = A(b+c),a)
Aab —_Aac = Aa(b+c)

Ay =By — Ay +A, =4y, - Abc)_(Acb - Acc):Ab(b+c) - Ac(b+c) = A(h+c)(b+c)

nén cac bidu thitc (10-74) dudc dua vé dang:

A . Ay s
U, = Aaall— <bA) L,
(10-75)
U _ Aa(b+c)i _ A(b+c)(b+c) I
2 1 2
A A

Cac biéu thitc (10-75) vé hinh thiic hoan toan giéng cac biéu thic (10-58),
chi khac trong cac phan phu dai s6 chi s6 b dudc thay bing chi s8 (b+c). Do
d6, cac biéu thiic xac dinh tham s6 cong tac cia mach trong truong hgp nay
dudc suy truc tiép tit cac biu thic tuong tng d6i véi trudng hop ddu vao va
d4u ra c6 diém chung, chi khac tat ca cac chi s6 b trong biéu thiic dudc thay
bing chi s6 (b+c).
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A’ s A ~ N A A P o A pa
D61 v6i mach dau vao va dau ra khong cé diém chung ta cé::
Hé s6 truyén dién ap:

ﬁz ZtAa(b+c)

Ky=—2= (10-76)
U Ul ZtA +Aaa,(b+c)(b+c)
Hé s6 truyén dong dién:
I A
K, == 2oe) | (10-77)
Il ZtA +A(b+c)(b+c)
Téng tréd ddu vao:
_ Ul _ ZtAaa,(b+c)(b+c) (10—78)

I1 ZtA+A(b+c)(b+c)
) 'qI‘rong cac biéu thﬁcﬂtrén, Agorey; ’A(bﬂ)@ﬂ) ; Aga broyi+e 1 cac phan phu dai ;
s0 tong cua dinh thic cia ma tran tong dan [Y] cia mach.
Ayp+o 12 dinh thic nhén duge tit dinh thic A sau khi trit b6 di dong a,
cot b cong vao cot ¢ (bd cdt b) va nhan véi thita sé (-1)*™;

’

Ag+ep+e 12 dinh thic nhan duge tit dinh thic A sau khi cdng dong b vao
dong ¢, ¢ot b vao cot c;

Aga +e) by 12 dinh thic nhén duge tit dinh thiic A sau khi trit bo di dong
a, ¢t a; dong b cong vao dong c, cot b cong vao cot c.
Duéi day ta xét mot s6 vi du:
Vi du 1: Xac dinh hé s6 khuéch dai dién ap, h& s6 khuéch dai dong
dién, téng trd dau vao cia mach khuéch dai tranzistor c6 so d6 tuong duong
d6i véi thanh phan tin hiéu vé trén hinh 10-22. Ma tran tham s6 Y cta

tranzistor cho trong bang 10-2.

Yy I
4
1 Yo )
o—C—+ Y e
] ]
Uy e} Ura
* 0
Hinh 10-22
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Danh s6 thit tu cac niat nhu hinh vé, chon nit 0 1am nut gdc chia sd d6, ta xac
dinh dugc ma tran téng dan [Y] ctia mach:

1 2 3 4
1 Yo -Y,
2 -Y, Yot Yotys Yi2 -Y,
[YI= 3 Y1 Yi+yoorty'n | Y'ie
4 -Y, Y'a1 Yoty'so

Trong so 6 hinh 10-22 giita dau vao va dau ra c6 diém chung, va a=1, b=4.

Theo bang 10-3 ta xac dinh dugc:

Téng trd dau vao:

:ZlAll +A11,44 — A11*_Y1.A11,44
Y ZA+A, A+Y,A,,
Heé s8 khuéch dai dién ap:
KU ZtA14 A14

ZtAll +A11,44 All +YIA11,44 .
Heé s6 khuéch dai dong dién:

K, = Ay, _ YA,
ZA +A, A+YA,
Trong dé:
Y, +Y, +yy, Y2 ~Y,
Ay ¥ Y +Y, +Yn Vi |5
-Y, Ya1 Y, +y%
-Y, Y, +Y, +yy, Y12
Ay=-1 0 Y Y +Y» +Yn )
0 -Y, Yo
Y, -Y, 0
Ay = - Y, Y, +Y, +yy Y12
0 Yau Y, +Y» =Y
Y, +Y, +yy Y12
Ajas= Ya Y, +Y,, Y0
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Vi du 2: Chitng minh rdng mach dién hinh 10-23a c6 thé tao ra doan dién trd
aAm. Cho 2 den dién ti c6 tham sd gidng hét nhau, va ma tran tham s8 [Y] ca né c6

trong bang (10-2).

-1

A

Hinh 10-23
So d6 tuong duong ctia mach hinh 10-23a ( d6i véi thanh phan dién ap

tin hiéu) dua ra trén hinh 10-23b.

Déanh s6 thit tu cac niit nhu hinh vé, chon niit 0 lam nit goc, ta xac dinh

duge ma tran tong dan [Y] cia mach:

1 2
Y= 1 G; S
2 S G+G;

Stt dung biéu thitc tinh Z, cho trong bang 10-3 ting véi truong hop dau

ra dau vao cé diém chung, Z=», a=1 ta tim dugc:

7 =R Ay G+G, N R,
YU A G(G+G))-S? u
1- 4
Ri
1+ —-
R

2
trong d6 p = SR, - hé s6 khudch dai tinh clia dén. Ré rang, khi "R )1,

1+ —
R

dién tré dau vao cé gia tri Am.
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Vi du 3: Xac dinh dong dién qua Y, cia mach dién hinh (10-22) cho
trong thi du 1.

Coi Y, 13 phu tai, ta xac dinh dudc ma tran téng din [Y] cha mach:

1 2 3 4
1 Y, -Y,
2 -Y, Yotyn Yie
(Y] 3 ¥o1 Yi+yerty'n ¥'i2
4 Y'a1 Yit+y'es

Déi véi truong hop xét, gitta dau vao va ddu ra khong c6 diém chung, va
a=1l,b =4, c =2. '

Tu bang 10-3 suy ra:

Y _ Iz _ Aa(b+&:) A1(4+2) Y2A1(4+2)

21 T - - :
U, ZA,+ Aaa,(b+c)(b+c) ZtAn + A11,(4+2)(4+2) Ay + Y2A11,(4+2)(4+2)

Y2A1(4+2)

I, = Y21U1 = U,
AL+ YA oy
trong d6:
-Y, Y, +vq, Yi2
A1(4+2) =—10 Yu + Y1 Y, +Yn TY0|
0 Y, +y5, ¥a
Yo+ 9y, Y12 0
Ay, = Yau Y, 4V, +yn Y12 )
0 Y Yty
A :Yo +y,+Y, +y), Via V%
) Ya+Yi2 Y, +yn
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§10-7. PHUONG PHAP DONG DIEN MACH VONG

1. Ma tran tdng trd ciia mach dién c6 chita mang nhiéu cue

Khi phén tich mach dién biang phuong phap dong dién mach vong, trudc
hét cAn xac dinh ma tran cot ctia cac ngudn dién ap tac dong va ma tran
tong trd ctia mach. D61 véi mach c6 chta mang nhidu cuc ma bén trong
mang nhiéu cuc khéng chiia nguon doc 1ap, ma tran cot ctia cac ngudn dién
ap tac dong hoan toan gidng nhu trusng hgp mach chi chia cac phan tit 2
cuc. D& xac dinh ma tran tong trd cia mach, ta gia thiét ring cac niach vong
dudc chon sao cho mbi dong dién khép vong qua cac cuc cha mang nhiéu Cl_ic
trung v6i dong dién mach vong cua mot mgch vong tuong dng. Khi d6, dé
dang thay s mach vong trong so do, ciing nhu vi tri clia né sé khéng thay
d6i khi mdi mang nhiéu cuc dugc bién thanh mot diém ( cac cuc cla mbi
mang nhiéu cuc dugc néi chung vé mot cuc). Néi cach khac mach dién bién
thanh mach chi chia cac phan ti hai cuc, va hé phuong trinh dong dién

mach tuong ting c6 thé viét duéi dang:

M
By =Y Zyls (10-79)

s=1

Hé phuong trinh (10-79) phit hop véi ma tran téng trd cia mach c6 k&t

Z,Z2,... Zy

7= Zy Zoy. . Loy (10-50)

ZMl ZM2 o ZM]VI

Gia st trong sd d6 mach chi chita mdét mang nhiéu cuc, vi du mang 3
cyc, véi ma tran tong trd toan phén [Z,), thict l4p mdi lién hé giita dong dién
khép vong qua cAc cuc va dién ap trén cic cuc cia mang nhiéu cuc.

T8
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1 Zyy Zy9 Z13
[Z()] 2 Zo1 2722 Zog
3 Z3y 239 Z33

Uy =zl +2y515 +2450;5,
U2 =Z21i1 +222j:2 +Z23j:3, (10-81) .

U3 :ZZ]Il +22212 +223I3.

Ta lai gia thiét rdng, mang 3 cuc dudc mic trong so db theo thit tu cac
dong dién khép vong qua cac cuc cia mang 3 cyc (cac vong ngoai cia mang
3cuc) I,,I,,I, 1an lugt trung véi cac dong dién mach vong thit p, q, r clia so
d6 (xem hinh 10-24).

Hinh 10-24

Trong trudng hop nay, trong hé phuong trinh dong dién mach vong (10-79),
chi ¢6 cac phuong trinh thii p, thit q, thit r ( phuong trinh ng véi mach vong
p,q, ¥) bén v& phai dugc b6 xung thém cac dién ap tuong ang U, ,U,,U, véi
d&u duong (+), con cac phuong trinh khac ctia 1a hé khéng thay d6i ( coi cac
dién ap trén cac cuc cia mang 3 cuc nhu cac dién ap roi va cac dién ap roi
nay trung chiéu véi chiéu dong dién mach vong). Vi vay phuong trinh déi

v4l mach vong p, q, r tuong ing ¢6 dang:
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M
E, :ZIZPSIS+U1,

M=

Eq

z,1,+U,,

v
1}
—

E =

Z1+U0,

Mz

s

Thay cac gia tri U, ,U,,U, ti cac phuong trinh (10-81) vio cic phuong
trinh trén, lvu y 1, =1 ; 1,=1_; I, =1, ta nhan dugc:

M
E, :ZZPSIS +z L +z 0 +z,0

s=1

M
Eq :ZquIs +ZZIIp +2221q +ZZ3Ir7

s=1

M
E,=>Z ]I +z,0 +z,I +z,1.
s=1
Khi dé, hé phuong trinh dong dién mach vong clia so d6 mach cé chia
mang 3 cuc nhu d3 néu 6 trén c6 thé viét dudi dang:

M
E, =>Zi 1, (10-82)

s=1

Hé phuong trinh (10-82) khac hé phuong trinh (10-79) chi bdi cac hé s6

cua cac bié’n ip ,I,,1, trong cac phuong trinh {ng v6i cac mach vong thi

p, @, r. Céac hé s6 nay sé 1 tong cta cac hé s6 img véi hé phuong trinh (10-79) va
cac tham s tuong ting cia ma tran tong trd cia mang 3 cuc . Diéu nay cb
nghia 13, trong ma tran tong trd [Z] ciia mach, trén cac 6 cit nhau cta hang
p, hang q, hang r véi cot p, cot q, cot r s& duge cong b6 xung cac tham sé
tuong tng clia ma tran téng tré cia mang 3 cuc , con che phin td nim trong

cac 6 khac sé khong thay d4i, do dé:
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p-1 p q r r+l1
p-1. Zovon | Zove | Zove | Zowx | Bosen
p.. Lowr | Loytzu | ZpgtZip | LptZig | Zgesy
[Z}= q... Zyw-1 Loptzo | ZggtZog | Zgptzss Zigs1)
r. /R Loytzgy | Zegtzag | Zptiss /R,
r+1.. Zier1)p-1) Zig+1yp Zr1)g L+ Zigyes1)

N&u thay d8i s6 thi tu cic mach vong phia ngoai mang 3 cuc cho tring véi s§
thii ty cac mach vong tudng tng trong sd do, thi trong trudng hdp nay, ma tran
tong trd toan phan ciia mang 3 cuc hinh 10-25 ¢ dang:

p q r
p Z1, Zyg 213
[Zo]= q Zn Zg2 Zg3
Y Z31 Z39 233

Viéc thay d6i s6 thit tu cac mach vong ngoai clia mang 3 cuc nhu da
néu, sé chi ra mot cach rd rang trén cac 6 nao clia ma tran tong trd clia mach
dudc b8 xung cac tham s6 (phan ti) tuong tng clla ma tran téng tré cia

mang 3 cuc .

Néu trong so d6 mach c¢6 chia mang nhiéu cuc bat ky, hoic nhiéu
mang nhiéu cuc, bing cich xét riéng ting mang nhiéu cuc, ta 1an lugt bé
xung dugc tit ca cac phin ti cha ma tran tong tré clia mdi mang nhiéu cuc
VA0 cac d tudng dng cla ma tran tong tré cia mach. Hay néi mot cach khac,
thanh l4p ma tran tong trd clia mach c6 chita mang nhiéu cuc bat ky, hoic
nhiéu mang nhiéu cuc, tuong tu nhu thanh lap ma tran tong trd cia mach

chi chta mot mang 3 cuc da xét g trén.
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Néu mang nhiéu cuc ndo d6 trong so dé c6 mach vong phia ngodi nhm ™
bén ngoai so d6 mach dién can xét, thi cac phan tl trong cic hang va chc cdt
clia ma tran tong trd cia mang nhiéu cuc cé s6 thi tu tuong ng véi mach
vong ngoai sé khong duge bé xung vao ma tran téng tré ctia mach. Diu nay
tuong ing véi s6 thit tu cia mach vong ngoai cia mang nhiéu cuc ndm phia
ngoai so d6 c6 s thit tu 0. Cac k&t luan trén duge minh hoa qua vi du sau
day.

Vi du: Thanh lap ma tran téng tré cia mach khuéch dai tranzistor gom

2 tang khuéch dai va cé so d6 tuong duong ddi véi thanh phin tin hiéu dua
ra trén hinh 10-25.

Mach dién hinh 10-25 chita hai mang 3 cuc: tranzistor T va T". Ch()n

cac mach vong va chiéu cac dong dién mach vong cua so d6 nhu trén hinh

v&, ta xac dinh dugc ma tran téng trd clia mach khi chuwa tinh d&n cac mang

3 cuc :
1 2 3
1 R+R, -Ro
2 (10-83)
-Ry Ro+R4

Hinh 10-25

Néu danh s6 tht tu cac mach vong phia ngoai cua cac mang 3 cuc
tranzistor T va T' trung véi s8 thit tu cic mach vong tuong tng trén so do,

theo bang 10-2 ta c6 cac ma tran tong tré clia cac mang 3 cyc tranzistor: Véi
mang 3 cyc tranzistor T :
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Néu mang nhiéu cyc nao dé trong so d6 c6 mach vong phia ngoai nim
bén ngoai so 40 mach dién can xét, thi cic phin tlt trong cac hang va cac cot
cia ma tran tng tré cia mang nhiéu cuc c6 s thit tu tuong {ing véi mach
vong ngoai s& khéng duge bd xung vao ma tran tong trd ca mach. Didu nay
tuong tng véi so thil tu cia mach vong ngoai cia mang nhiéu cuc nim phia
ngodi so do c6 s6 thit tu 0. Cac két luan trén dugec minh hoa qua vi du sau
day.

Vi du: Thanh lap ma tran tong trd cia mach khuéch dai tranzistor gom
2 tang khuéch dai va cé so d6 tuong duong d6i véi thanh phan tin hiéu dua
ra trén hinh 10-25.

Mach dién hinh 10-25 chita hai mang 3 cuc: tranzistor T va T Chon
cac mach vong va chiéu cac dong dién mach vong ctia so d6 nhu trén hinh

v8, ta xac dinh dugc ma tran téng trd cia mach khi chua tinh dén cic mang

3 cuc :

1 2 3
1 Ri+R, -Ry
2 (10-83)
-R, R,+R;

Hinh 10-25

Néu danh s6 thi tu cic mach vong phia ngoai cliia cdc mang 3 cuc
tranzistor T va T' tring véi s6 thit tu cdc mach vong tuong tng trén so do,
theo bang 10-2 ta cé cac ma tran tong trd cla cAc mang 3 cyc tranzistor: Véi
mang 3 cuc tranzistor T :
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1 2 0

1 Y.ty -Y, -1y,
[Zl= 2 Ty Y | o -1,
0 '(rb +rm) i S 8 rc+rb

Vé6i mang 3 cyc tranzistor T

2 3 0
2 Tty -r', -X'y
[Z'] 3 r',-r, r'.tr'.-r'y, -r',
0 -(r'ytr'y) B S o r'.tr',

B6 xung cac phan tit cha cac ma tran [Z], [Z'] cia cdc mang 3 cuc
tranzistor T, T' va cac 6 tudng ng clia ma tran (10-83), ta nhian dugc ma
tran tong trd [Z] cia mach khuéch dai (10-25).

1 2 3
1| R{+Rgtr.+ry -T, -Ro
[Z)= 2 ) R O ) e e S e 5 -r',
3 -R, YT RotRatr' +r'-r'y,

'2.X4c dinh tham s& céng tac ciia mach dién ti theo ma tran tdng

trd ciia mach

Céc tham s6 cong tac ciia mach dién t& ciing c6 thé dude xac dinh théng
qua ma tran tong tré ciia mach.

Gia st trong mach chi c6 mdt ngudn dién ap tac déng, khi dé ta co thé
thay th& mach da cho bing mang 4 cyc (xem hinh 10-26).

trong d6, ngudn tac dong ndi véi ddu vao mang 4 cuc, con phu tai mac véi

diu ra ciia mang 4 cuc.
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Hinh 10-26

Khi phén tich bing phuong phap dong dién mach vong, ta ludn cé thé chon
cAc mach vong trén so d6 sao cho nguén tac ddng ndm trong nhanh doc lap
ctia mot mach vong ( gia st mach vong thi a), va phu tai ndm trong nhanh
déc 1ap cia mot mach vong (gia sit mach vong thit b). Véi cach chon nhu thé
va gia thiét trong mang 4 cyc hinh 10-26 khéng chiia cac ngudn doc lap, tat
ca cac phan ti clia ma tran c6t cAc ngudn dién ap tac dong déu bing khong,
triz 2 phan td E_ va E,. Mit khac E_ = U,;E, = -U,, con dong dién

mach vong 1, =1, ;1,=1,.
Nghiém cta phuong trinh dong dién mach vong:

. 1 M .
Iy = X ZAskEss-
s=1

Dai1 véi truong hgp xét, ta cé:

. 1 . . A - Ay .
Iy = T (BacBa +Ay By, )= Aak Up - Xk U, (10-84)

Tt diy xac dinh dudc cic dong dién trén ddu vao 1, va trén ddu ra

I,cla mang 4 cuc:

jolug Buy
A A
A, A,
L=y U
hay
U=, - Sy,
A A (10-85)
U,=tep Bey
A A
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Céc biéu thitc (10-85) tuong tu cac bidu thic (10-59), (10-60), n6 thiét
Iap méi quan hé gitia dién ap va dong dién trén ddu vao va dau ra clla mang
4 cuc.

Néu trong cac biéu thitc (10-85), thay U, =1,Z,, ta sé nhan dugc:

T Aaa 3 Z A a T
I1 :TU“ - -—L&LI2 5 (10—86)
. A, . ZA, .
I, =200, - e (10-87)

Tit phuong trinh (10-87), ta tim dudgc:

Aab

[[=——2_Yy 10-88
P OA+ZA, ! ( )

Thay gia tn 12 tit bidu thic (10-88) vao phuong trinh (10-86), va sau
khi bién d6i ta nhan dugc:

— & Zt(AaaAbb —AabAba)+AAaa
A ZA, +A

I

Vi ApApy - AgpApa = AA.yy » nén cudi cling ta nhan duge:
i :ZtAaa,bb +Aaa :

\TUZA, +A (10-89)
t=" bb

Tit &4y, ta xac dinh dudc tdng tré vao cia mach:
U, ZA,, +A

Z, =l St To (10-90)
I1 ZtAaa,bb + Aaa

Khi ddu ra mang 4 cuc hd mach (Z;=x), ta cé :

e L = Bu (10-90a)
h L |Z,=0 A,
Con khi dau ra mang 4 cuc ngin mach (Z,=x ), ta c6 :
U, A
= — =—, 10-90b
vilg Il Zt — O Aaa ( )

Chia ci 2 v& cla biéu thiic (10-88) cho 2 v& clia biéu thic (10-89), ta s&
nhan dugc hé s6 truyén dat dong dién:
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I A
K ="*=——2 -
I I1 ZtAaa,bb +Aaa (10 91)

Khi diu ra mang 4 cuc ngin mach (Z, = 0), ta cé:
K = L == (10-91b)
e ,iZ,=0 A,

B>

aa

Néu trong biéu thic (10-88), thay I, =%2—, ta sé xac dinh dugc hé s6
t
truyén dat dién ap:
U ZA :
K =—2=_"t 10-92
YU, ZA, +A ( )

Khi dau ra mang 4 cuc hé mach ( Z, = ), ta cé:

U Ay
K y = 2" = ’ -
vhd Ul Z1 -0 Abb | (10 93)

Ciing tit biéu thic (10-88), ta xac dinh dugdc tSng din tuong hé gitta dau
vao va dau ra:
i Aab

= 10-94
U, ZA,+A ( )

Téng trd tuong hé gita ddu ra va dau vao dude xac dinh truc tiép ti bidu
_ . .U .
thic (10-91) bang cach thay I, :—Z—z, khi d6 ta co:

t
Uz _ ZtAab
I, ZA,, +A,,

t™ aabdb

(10-95)

Dé xac dinh téng trd ddu ra ctia mach, trong hé phuong trinh (10-85),
thay U,=-Z I,, sau dé gidi hé phuong trinh, ta sé nhan dugc:
' Z A, +
Z, =~ Ez— =~——'l—“——é— (10-96)
IZ ZnAaa,bb +Abb
Téng tré diu ra cia mach 10-96, ciing chinh 1a téng trd trong clia nguén
dién 4p ddng tri tinh theo dinh Iy Thevenin norton. Con stic dién dong cua
ngudn dién ap ding tri (dién ap dau ra khi hé mach) dugc xac dinh tit hé
phuong trinh (10-85), khi thay U,=E -1,Z_ va 1,=0, hé phuong trinh
(10-85) ¢6 dang :
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. A L. )

I = ‘f(E—Ilzn)— A[;a Uz >

A A (10-97)
f)'= —A_b (E—Ilzn)**f‘ U,

Tu day, ta tim dugc:

o EA,,
2p6 ~ ZnAaa,bb +Abb

(10-98)

Trong bang (10-4) dua ra cac biéu thic xac dinh tham s8 céng tac ctia
mach théng qua dinh thiic cia ma tran téng trd clia mach va cac phan phu
dai s6 ctia né.

Dudi day ta xét mét thi du:

Xac dinh tham s6 céng tac cia mach khuéch dai c6 phan héi trén
tranzistor luéng cuc, c6 so d6 tuong duong d6i véi thanh phan tin hiéu vé trén
hinh (10-27).

—
Bo gy
‘ 2
Rn *j C m[]
1
E
Hinh 10-27

Chon cac mach vong doc lap va chiéu cac dong dién mach vong nhu trén
hinh vé, ta xac dinh dugc ma tran téng trd ciia mach.

1 2 3
1 Y, tr, Y, -,
[Z] = 2 Ip~Ye ) e R T,
3 -(r ) o rytr.tRg

Theo bang 10-4, véi a=1, b=2, ta co:
Hé s6 khuéch dai dong dién:
A12

K=xa A
t 11,22 + 11

2

Hé s& khuéch dai dién ap:
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_ RA, .
RA,+A’

U
Dién trd dau vao:
_ RA,L+A
v = >
RtA11,22 +A11

Dién trd dau ra :

_ RA+A
"R A, +A, ]
n=—11,22 22
trong dé:
r, -1, -,
12: - = _(rmﬂrc)(rb+R0)+rc(re+rb);
~(r, +1,) 1, +1, +R,
r, +1, -1,

= ~(r,+r,)(r, +Ry)-1, (1, -1.);

—(r, +1,) 1, +r1, +R,

r, +r, -1, - I

Ay= = (re+rc—rm)(rb+R0)+re‘re;

r, +r, r,+r, + R,
App =1, +1, +R,

Thay cac gia tri clia cac phan phu dai s6 vao cac bidu thic tinh tham s,
ta nhan dugc:

B —Rt[(rm -, )r, +R,)—r (r, + rb)] .
TR A5 ) R -1 (1, 1 )]+ A

K — (rm—re)(rb ~-I{O)-‘—rc(re-‘_rb)
! R,(r, +r, + R )+ (r, +1, -1 )(r, +R ) +r,1, ’

R = Rt[(re +rb )(rc + RO)— Ly (rm - re)]
VUOR (4, + R, 4+, -1 ) (1, + Ry )+ T,

_ Rn[(re +r1, —r, )1, +R0)+rerc]+ A
“URL(n, 1 AR ) (r + R -r (1, - 1)

Trong cac biéu thiic trén, Ala dinh thitc cha ma tran tong trd [Z] cia mach.
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Bang 10-3: Cac biéu thiic x4dc dinh tham s8 céng tac cia mach
théng qua dinh thic cia ma tran t6ng din ctia mach va cac phén

phu dao s6 ctia n6

Tham s6 cdng tac Ky hiéu Cong thiic tinh
Hé s6 truyén dién ap K, = & ZA,
Ul ZtAaa + Aaa,l:ub
Heé s6 truyén dién ap K. = & Ay
U Ul Zt =© Aad
khi ddu ra hé mach
Hé s6 truyén dong dién K, = I Ay
1 ZtA + Abb
Hé s6 truyén dong dién K. = I_z Ay
. i g iz, =0 A,,
khi dau ra ngan mach '
Téng trd dau vao 7 = i ZA,+A,
. ZA¥A,,
Téng trd ddu vao khi z U e
N ) vhé I] Zt — A
dau ra ho mach
Téng trd dau vao khi 7 = U, Ao
. . vgan {17 =0 A,
dau ra ngan mach P
Téng tré dau ra 7 = & Z, Ay + A
" IZ ZnA + Aaa
Stc dién dong cla E, =0, ALE
' a 2 . Z =00
nguon dang tri t Z,0 +A,
Téng trd truyén dat Z, = U, ZA,
I, ZA +A,
Tong dan truyén dat Y, = I, A
Ul ZtAa& + Aaa,bb
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Bang 10-4: Cac biéu thiic xac dinh tham s8 céng tac cha gl

théng qua dinh th@c cia ma tran tdng tré cia mach va cac phip |

phu dai 56 cia n6

Tham s6 cOng tac Ky hiéu Biéu thiic tinh
Hé s6 truyén dién ap K. = & ZA,
U, ZA,, +A
Hé s6 truyén dién ap khi P__z_ Ay
R ” uh& . -
dau ra hd mach U, |2, = Ay
Hé s6 truyén dong dién K = I_z A,
I Il ZtAaa,bb +Aaa
Hé s6 truyén dong dién K = _I_z_ Ay
R , Ing : _
khi dau ra ngan mach L1Z2,=0 A
Téng trd dau vao 7 - HI_ ZA, +A
Y Il ZtAba,bb + Aaa
Téng trd dau vao khi 7 = U, Ay,
a ; vho I Z = Aaa bb
dau ra hd mach i :
Téng trd dau vao khi 7 - i‘ A
. . Lng = _
dau ra ngan mach I |2,=0 A,
Téng trd dau ra 7 U Z,A, +A
- IZ ZnAaa,bb + Abb
Stic dién dong cua B, =U, E A,
A 2 : Z" =@ ZnAaa,bb + Abb
nguon dang tr
2 2, x s~ . ! Z A
Tong trd tuong ho giita Z, = _IIJ_Z 3 Aab X
aa, + aa
diu ra va dau vao ’ s
2 = X e I Aab
Tong dan tuong ho gita Y, = %2.. N
+
diu vao va dau ra 1 e




CHUONG 11
TIN HIEU VA PHO CUA NO
§11.1. PHAN LOAI TIN HIEU

Tin hiéu - hiéu theo mdt nghia khai quat - @6 1a mét qua trinh vat ly
c6 chita dung tin tlc, hay mot qua trinh vat Iy mang tin tic. Tin tic, cé thé
13 mo6t ban nhac, mdt ban thong bao, mét ménh lénh... Trong k§ thuit vién
thong, hay trong hé thong tu dong di€u khién, tin hiéu thudng 1a cic dao
dong dién: dong dién, dién ap... Qua trinh truyén va thu nhan tin tic, trén
kénh théng tin ngoai tin hiéu cé ich, con c¢6 can nhidu. Can nhiéu bao gom
moi qua trinh vat 1y khac nhau cé tac dung lam x4u, hay lam gidm chat
lugng cia qua trinh truyén va thu nhén tin ttc. Khi cong suit truyén tin
khéng d6i, can nhidu cang 16n, chit lugng truyén va thu tin ttc cang giam.
Tin hiéu thuong dugc phin chia thanh hai loai: Tin hiéu tién dinh (xac
dinh) va tin hidu ngiu nhién. Tin hiéu tién dinh 14 cac tin hiéu ma ta c6 thé
biét trudc dugce cac tham s6 hodc quy luat bién thién cla cac tham s clia né.
Con tin hiéu ngiu nhién 1 cac tin hidu ma ta khong thé bist trudc duge cac
tham s6 hodc quy luat bién thién clia cac tham s§ clia né, ma chi c¢6 thé danh
gia n6é bang 1y thuyét xac suit. Tin hidu 14 mot ham s6 ciia thoi gian va
nhiéu tham s6 khac.

Tin hiéu tién dinh c6 thé 1a tin hiéu tudn hoan, hodc khéng tuan
hoan. Xét trong mién thoi gian t tin hiéu s(t) dudc goi la tuan hoan, néu né
thoa man diéu kién:

s(t) = s(t+ nT) (11-1)
trong d6 T c6 gia tri hitu han va dugdc goi 13 chu ky cia tin hiéu tuan hoan

s(t), n 1a s6 nguyén bat ky, -ee<t <co.

Tin hiéu hinh sin 1a tin hiéu tuan hoan don gian nhat.

s(t)=Acos(2?ﬂt+¢)=Acos(a)t+¢)) (11-2)

trong @6 A, T, ®, ¢ 1a cac hang s, va 1a bién d6, chu ky, tan s6 goc va géc

pha dau tuong ting.
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Tin hidu (11-2) cén goi la tin hidu don Am. Khai niém don 4m § iy
dudc hiéu 1a né chi c6 mét tdn s6 ® va phé ctia noé chi c6 mot vach. Khai nibth
phd & dudc xét ky dudi day. Trong thuc t& khong tn tai cac tin hidu tudh
hoan, song c4c tin hiéu c6 chu ky lip lai va ton tai trong khodng thdi gian
kha 16n c6 thé dugec xem nhu tin hiéu tuan hoan. Tin hiéu s(t) khéng thod
man diéu kién (11-1) dugc goi I1a tin hidu khéng tuan hoan, hay tin hiéu phi
chu ky. Vay tin hiéu phi chu ky chi ton tai trong khoang thoi gian xac dinh.

Tin hiéu tién dinh s(t) c6 thé 12 tin hidu lién tuc hodc tin hidu xung.
Tin hiéu s(t) dugdc goi 12 tin hiéu lién tuc néu né 1a 1 ham s6 lién tuc theo
bién thoi gian t. Con tin hidu s(t) chi c6 gia tri khac khong trong cac khoang
thoi gian kha bé trén truc thoi gian, con ngoai cac khoang thoi gian dé
s(t)=0, thi né dugc goi 1a tin hiéu xung. Vi du, trén hinh 11-1 biéu dién tin
hiéu xung vuéng véi cac gia tri bién do khac nhau ti U, dén U, ,,.

sty

ol

t

Hinh 11-1.

Néu tin hiéu xung (hinh 11-1) c6 cac gia tri bién d6 dugce lugng tit hoa
theo cac miic lugng tlt thi né dudc goi la tin hidu s6. Thuit ngit tin hiéu s6
lién quan dén ky thuat théng tin s, hay diéu khién s6 ma chiing ta sé
nghién ciu k¥ trong giao trinh, tai lidu x 1y tin hiéu s6 hay céc gido trinh,
tai liéu khac.

Tin hiéu s(t) dudc goi 13 tin hiéu ngiu nhién, néu ta khéng thé biét
trude gia tri cing nhu quy luat bién thién cac tham s6 clia né. Thi du dién
4p tuong dng v4i tiéng néi clia mbi ngusi 1a mét tin hidu ngéu nhién. D8} v
tin hidu ngiu nhién ngudi ta phai danh gia né théng qua cic tham sé caa ly
thuyét x4c suit nhu: Quy luat phin bd xac sudt, su phan bd phd clia cong

¢ 2. A A g M z A = ‘A ~ z A1 z
suat tin hiéu... Can nhan manh rang, tin hiéu ngau nhién cling c6 theé la tin
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hiéu hitu ich hodc can nhiéu. Vi dy, tin hidu do cac dai rada phat di, khi gip
muc tiéu can phat hién phan xa trd lai ma may thu rada thu dudgc 1a ti
hiéu ngau nhién hitu ich, con tin hiéu ma may thu rada thu dugc khong
phai tit muc tiéu can phat hién trd lai, ma ti cAc ngudn khac 13 tin hiéu
ngiu nhién ctia can nhiéu. ,

§11-2. PHAN TfCH TN HIEU BAT KY THEO Hf HAM CHO TRUGC

Tin hidu 13 mét ham s& ctia nhiéu bién s6. Viéc phan tich tin hiéu di
cho theo hé ham cho trudc cé6 ¥ nghia quan trong khi giai bai toan truyén tin
hiéu qua mach dién ciing nhu khi giai bai toan gia cong, xt 1y tin hiéu.

Xét hé ham bién s6 thuc:
P1(X) , P2(X), P3(X), ... ,@u(X),... (11-3)

Hé ham (11-3) dugc goi 14 truc giao trén doan [a,b], néu né thoa man

diéu kién:

b
[ 20 ()@ (x)dx=0 khi n#m (11-4)
b

va ' jqp& (x)dx # 0 ' (11-5)

Diéu kién (11-5) chiing té rang bat ky ham ¢, (x) nao trong hé (11-3)
khong dong nh4t bang khéng.
b
Dailugng: o, | = .| of (x)dx (11-6)

a

dudc goi 13 miic cia ham ¢, (x).

Ham ¢, (x) thod man diéu kién:

b
loa|” = [o2(x)dx =1 (11-7)

dudgc goi 14 ham chuén hoa.

Con hé ham ¢,(X), ¢(X),..., ma trong d6 moét cip ham bat ky trong hé

truc giao nhau, thi né dugc goi 1a hé truc giao chudn hoa.
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Trong toan hoc ngudi ta da ching minh dugc ring, ham £y batdapl
thoa man diéu kién: R 10

JIFfdx < oo (11-8)
d6u c6 thé biéu dién duéi dang:
f(x) = Copo(x) +C101(x) +..+ Cron(x) +... (11-9)

Tich phan (11-8) dudc tinh trong mién xac dinh (trong cac khoang xac
dinh) cua ham f(x).

Can nhin manh ring tit ca cac phan tng va tac déng trong mach
dién thuc déu 1a cac ham clia bién s6 thdi gian va déu thoa min diéu kién
(11-8).

Né&u cac hé s6 C, clia chubi (11-9) dugc x4c dinh bdi biéu thic:

b
[f()p, (x)dx )

C, =2 j f(x)p, (x)dx (11-10).
j qofl (x)dx ”{011“

thi chudi (11-9) dugc goi 1a chudi Fourier tng quat ctia ham f(x). V6i hé ham
¢,(x) cho trudc va s6 s6 hang dinh trudc, chudi Fourier téng quat dam bao tiém

can dén ham f(x) véi sai s6 trung binh binh phuong 14 nhé nhét, nghia la:
2
M= | [f(x) > a0, (x):l dx
n=0

& dat gia tri nhé nhat khi a, = C,. Day 1a mot dic tinh quan trong cla
chudi Fourier.

C6 thé chiing minh dugc ring:

b 2
=j[f(x) ZCngon(x)] dx_j £2 (x)dx— ZCZH%U (11-11)

a n=0

b
[£2 0 dx=f]’




12 binh phuong mic cia ham f(x), va M > 0, nén biéu thic (11-11) c¢6 thé
viét lai duéi dang:

Zoci A (11-12).

Bat déng thic (11-12) 1a bat déng thic Bec-xen. N6 nghiém ding véi
hé ham truc giao bat ky.

Khi ting s6 thanh phan cta chudi, sai s6 trung binh binh phuong
M,;, c6 thé nho tuy ¥, va khi nay hé truc giao dudc goi 1a day da.

Diéu kién diy da cha hé truc giao c6 thé vidt duéi dang:
2o -} a1
n=0

D61 véi hé ham ¢, (x) cb gia tri phiic, diéu kién truc giao cia hé dudc
xac dinh bdi biéu thic:

b
j 9, ()@, (x)dx =0  Khinzm (11-14)

con binh phuong miic cia ham ¢, (x).

b b
leal* = [ 2 (O (x)dx= [ |, (0% dx (11-15)

va hé s Fourier:

(x) dx (11-16)
II% ||

Trong céc bidu thiic trén, ham ¢, (x) Ja ham lién hgp phiic cia ham ¢, (x).
Khi thuc hién khai trién tin hiéu s(t) thanh chudi ham truc giao,

bidu thitc (11-9) sé c6 dang:

s(t)= i C, 0, (1) (11-17)
n=0

Trong trudéng hop nay biéu thic (11-13) cé ¥ nghia 14 ning ludng cia
tin hiéu. That vay, khi thay f(x) bing s(t), ta c6:
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t
b =[s*wac=E @

Y

Néu s(t) 1a cac dao dong dién (dong dién, dién ap), thi E chinh 1a ning
lugng cua tin hiéu tiéu hao trén dién trd R = 1Q trong khoang thai gian ti t;
dén t,. |

Do d6, biéu thic (11-13) xac dinh ning lugng toan phan cta tin hiéu.
E=3YC;lo (11-19)
n=0

Néu hé ham tryc giao ¢,(t) 12 hé ham tryc giao chuén ho4, thi ning
lugng toan phan cta tin higu:

E=> C; (11-19a)
n=0

Chon hé ham truc giao phu thudc vao muc dich cia viéc phén tich tin
hiéu thanh chudi. Véi muc dich thuan tién cho viéc giai bai toan 1y thuyét
mach, cing nhu bai toan truyén tin hiéu qua mach va xit Iy ching, ta sé
chon hé ham truc giao don gian nhat. Con véi muc dich tiém can hoa ham
tin hiéu, hay mét qua trinh, mét dédc trung nao d6, ta sé chon hé ham truc
giao sao cho s6 thanh phan cta chubi Ia it nhat, nhung van dam bao yéu cau
cla sai sb tiém can cho trudc.

Véi muc dich thi nhat, nguoi ta thudéng chon hé ham truc giao 1a cac
ham lugng giac: sin, cosin. So véi cac hé ham truc giao khac, cac ham lugng
glac sin, cosin 13 cdc ham don gian nhat xac dinh véi moi gia tri cua thoi
gian t. Mit khac cac ham lugng giac 1a cac ham thoi gian duy nhat khong bi
thay d6i dang khi truyén né qua hé théng tuyén tinh bit ky (véi tham so
hing s6) ma chi thay d6i bién d6 va pha. Hon thé nita, phan tich tin hiéu
phic tap thanh ciac ham hinh sin cho phép st dung s6 phic d€ phén tich
mach, ciing nhu phén tich qué trinh truyén tin hiéu qua mach tuyén tinh.
Day 12 phuong phap kha don gian va tién ich. Con véi muc dich giai bai
toan tiém cdn hod ngudi ta thuong chon hé ham truc giao 1a da thic Tre-bu-
sép, da thic Hec-mit, da thiic La-gring...

Véi nodi dung ciia cudn sach, duéi diy chi di sdu phén tich tin hiéu
thanh chudi ham lugng giac.
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§11-3. PHAN TiCH TIN HIEU TUAN HOAN THANH CHUOI
FOURIER. KHAI NIEM VE PHO TAN CUA TiN HIEU

Dé phan tich tin hiéu tuidn hoan phic tap thanh chudi Fourier ta
chon hé ham truc giao la cac ham lugng giac.

1, cosm;t, sinwt, cos2a;t, sin 20,t,... cosno;t, sinnwt,... (11-20)
hosc ..oeTet gTiot 1 el eReit (11-21)

Khi chon hé ham truc giao (1-20) chudi Fourier ctia tin hiéu tudn
hoan s(t) ¢6 dang:

s(t):Ao+Z(ak cosko,t+b, sink(ot):Ao+ZAk cos(ko,t+¢,) (11-22)
k=1 k=1
Trong dé:
1 T/2
Ao=— | s(t) dt,
s

T/2
T/2

2
a, =— | s(t) coskn t dt,
<=7 Js(0 cosko,
T/2

| bk:% st sinko, t dt, (11-22)

-T/2

_ |2 2
A, =43 +bk >

b, 2n
¢, = —arctg—, 0, = —
a, T

T 14 chu ky ctia tin hiéu tuan hoan s(t).

Khi chon hé ham tryc giao (11-21), chudi Fourier cia him tuian hoan
s(t) sé c6 dang:

s(t) = > C,e™ (11-23)
k=—0
) ‘ 1 T/2 o
trong d6 C, = T js(t) e " dt. (11-24)
-T/2

Chubi (11-22) 1a chudi Fourier dang thuc (dang ludng giac), con chudi
(11-23) 1a chubdi Fourier dang phiic cia ham tuan hoan s(t). Chudi Fourier
dang thuc cé thé nhan dudc tit chudi Fourier dang phiic. That vay, néu
trong biéu thiic (11-24), thuc hién thay thita s6:
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e et = coskat ~ jsinkw;t

ta s€ nhan dugc :

_ ] 2 . TR
C, =¥ I s(t)coskcoltdt—% Is(t)sinkmltdt,

~T/2 -T/2

hay C,=C, —jC,,,

trong dé

1 T/2
Cir== Is(t)coskmltdt

T-T/Z

T/2

C,. :% js(t) sinko tdt

-T2
S6 phiic C, c6 thé viét lai dudi dang:
C, =C,e'®
trong d6:

C, :'\/ka +C§k s

C
@, = — arctg—*-.
1k

D& dang thay ring, phin thuc C;; va mé dun C, la ham chin d6i véi
bién k, con phan do Cy, va ac-gu-men ¢ 1a ham 1é d6i véi bién k.

Trong biéu thic (11-23), thyc hién thay C, =C,e'* ta s& nhan dugc:

s(t)= ). C,e® ™ = 3 C el (11-25)

k=—c0 k=-w

Néu trong biéu thic (11-25), thuc hién tach ra mot cip s6 hang tng
v6i chi s8 k=n, thi ta sé nhan dugc tong clia ching:

lC—nléj(_nwlt+(p—k)+‘Cnlej(nwlt+¢k)'

'~ ~ ~ : ~ ~ ~ d A 'A” Ll A e 2
Vi C, 13 ham ch&n, con ¢, 1a ham lé cia bién k, nén biéu thic trén cé thé
viét:

Cne—j(nmlt+(pn) +Cnej(na)1t+¢n) = 2C cos (nwlt+¢n)
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Tt ddy c6 thé suy ra ring, khi chuyén chudi Fourier cia ham tuin

hoan s(t) dang phic vé chudi Fourier dang thuc, n6 sé c6 dang:
s(t) = Go+ Y 2C, cos(k,t+¢,) (11-22a)
k=1

Tt cac bidu thiic (11-22), c6 thé coi tin hiéu tuin hoan s(t) 1a tong vo
s6 clia cac ham hinh sin véi tan s6 ko, (k = 0,1,2,3...) véi bién d6 A (Cy) géc
pha diu ¢, dugc xac dinh béi cac bidu thic (11-22°), hodc (11-24). Thanh
phan hing s6 (Ao) 1a thanh phin mét chiéu hay gia trji trung binh ctia ham
tuan hoan s(t); cac thanh phan tan s6 ko, 13 cac thanh phan hai, thanh
phan hai dng véi k =1 goi 14 thanh phan hai co ban, con cac thanh phan

khac dugc goi 14 cac thanh phan hai bic cao.

Néu trén truc tan s6 o, dng v6i mdi thanh phan cla chudi (11-22), ta
& bidu thi bing mdt vach c6 d6 16n 11 18 v6i bién dd ctia nd, va mdt vach cb
do 16n ti 18 véi géc pha dau ¢, clia dao dong, ta sé nhan duge do thi goi 1a do

thi pho cia dao dong tuin hoan s(t) (xem hinh 11-2).

A, A
[ [y
@ 20, 30 nw, "o
a) . D8 thi ph bién &
(073
i
@ 20, 30, 1w, ®
b) D8 thi phé pha
Hinh 11-2.
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Vi nang lugng cia dao dong hinh sin ti 18 v8i binh phuong bién d6 cua
né6, do dé, phé bién d6 cta tin hiéu cho biét hinh dnh phan b8 ning luong
ciia tin hiéu theo tin s6, con phé pha - phin bd pha ban diu cla tin hidu
theo tin s6. Phé ctia tin hiéu tuan hoan 13 rdi rac (phd vach), khoang cach
cia cac vach phé lién tiép nhau trén thang tdn sd ding bing tan s6 clia hai
cd ban o, . Giai tan s6 ma ning lugng cla tin hidu phan bd trong d6 dude goi
13 bé rong phd cla tin hiéu. V& 1y thuyét bé réng phd cta tin hiéu 1én vé
cung, song tit Iy thuyét cia phép bién d6i Fourier, cac hé s& A, sé giadm
nhanh khi k ting, nén bé rong phé cha tin hidu la giéi ndi. Trong thuc té,
ngudi ta dinh nghia bé rong phd cla tin hiéu 1 gidl tdn s6 ma khoang 90%
niang luong cua tin hiéu tap trung trong giai dé.

§11-4. PHO CUA MOT SO TIN HIEU TUAN HOAN DON GIAN
1-Phé cha day xung vudng tudn hoan ciing cuc tinh (hinh 11-3)

PRILA
B

A 1

L 4

o 0 ) i
| '

Hinh 11-3.

khi t<-1,/2
khi -1, /2<t<~7, /2
T, /25t <T-71,/2

m oo

() =11

)

Vi tin hidu s(t) 12 ham chin theo bién thdi gian t, nén theo tinh chit cia
phép bign d6i Fourier cac hé s81,=0. Ap dung cong thiic (11-22), ta tim dudc:

T/2 T
x/2 E
Ao:—l—fs(t)dt:—!— IEdtz *x
T ~T/2 T “Tx2 T
Tx/2 2E . Tz 2E .
A, =2 I Ecosko,t dt = sinkot | = Zsinknx
T ty Tkﬂ) 1 “Tx/2 k‘[t
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Vay chudi Fourier clia tin hiéu tuan hoan s(t):

s(t):E(-T:r’L+—2~Z »-llgsin kn;x coskmlt) (11-26)

k=1

%

. T N A 9 ~ A N N e, . .,
Goi N =— la 46 thua cua day xung tuan hoan, thi khi gia tri N 16n,
T

s6 vach phd ctia tin hiéu cang 16n, khoang cach giita cac vach phé cang nh,
va gia tri cua 2 vach phd ké lién nhau x4p xi bing nhau. Trén hinh 11-4 vé

d6 thi phd cta tin hiéu s(t) Gng véi N = 6.
Ay

Ve
Ao /

| T%;[’THTTETHF\ ..

Tx Tx

Hinh 11-4.

2-Phd ctia diy xung vudng tudn hoan hai cuc tinh (hinh 11-5)

T s(t})

+
4
4
L 2

Hinh 11-5.
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Tin hiéu s(t) 1a ham 18 theo bién thoi gian t, trong khai trién Fourier
cac hé s6 a, = 0.
2 T/72
:— J' -Esinkeo tdt +— J' Esinko tdt
T

-T/2
T/2 T/2

4E
=— J'Esmkco tdt—;ﬁ(——-—( coskm t)|

0 khi k=
o ¢ i k=0,24,6,..

=— l—coskn =
kn( ) E khi k=1357,...
kn

Vay chudi Fourier ciia tin hiéu tuan hoan s(t):
t 2k+ Dot 11-
s(t)= Z (2k 1) sin ( Yo, (11-27)

D6 thi phé (bién d6) ciia ham tuan hoan s(t) (11-5) vé trén hinh 11-6.

4B
T
T 4E
3m =4 4E
5T T 4H
T I 197
0 @ 20 30, 40, 5© 7o, 0N @
Hinh 11-6

3- Phé ciia tin hiéu hinh rang cua (hinh 11-7)

Tin hiéu hinh rang cua (hinh 11-7) dugc st dung rdong rai trong k¥
thuat do luong, diéu khién tu dong...

 8(t)

T 0 T AN
Hinh 11-7.




Tin hiéu s(t) 14 ham khéng chin, khong 18, 4p dung biéu thiic (11-24),

ta c6:
= f Ate ket gt
bDit u= At du= A dt.
dv = e % dt V= L g e
’ jko,

ta sé nhan dugc:

T
Ck = l At e'jkmlt J.e‘.lkmlt dt
T kal 0 J (Dl 0
p 1 At " AT £
Vi ring J'e"jkm" dt=0, nén €, =———e¢¥ | =Z—¢"
o T -jko, o 2km
Vay chubi Fourier dang phl’ic clia tin hidu tuan hoan s(t) s& c6 dang:
(t) Z _](kmlt-Ht/Z) (11-28)
k=-w
con chudi Fourier dang thl_IC sé la:
s(t) = AT + ﬂcos(kco t+m/2)=AT l+—1—Zlcos(kmlt +7m/2)| (11-28a)
pelll 2 kn&ik

Phé bién d6 ctia chudi Fourier dang phic va dang thuc clia ham s(t)
vé trén hinh 11-8 tuong tng.

AT
2
AT AT
AT 27 o7
AT 4T 4m AT AT AT
BRI | g
1 i
'4'(;01 '30;'1 ‘2®1 '@1 O @1 2031 3(91 4‘@1 @
0&1‘
2 AT
n
AT
o AT
I 3n AT
41
[ 1 .

0 @ 20y 3, 4w,

Hinh 11-8
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§11-5. PHAN TICH PHO CUA TIN HIEU KHONG TUAN HOAN

>han tich phéd cla tin hiéu khong tuin hoan c6 thé dua trén co sd clia
viéc pién tich phd ctia tin hiéu tuan hoan.

Xét tin hidu khéng tuin hoan, ton tai trong khodng thdi gian ti t,
dé& t; (xem bhinh 11-9).

s(t) A

Hinh 11-9,

Trong khodng thdi gian T c6 chita doan tit t; d8n t,, tin hiéu s(t) c6 thé
dugc bifu dién duéi dang chubi Fourier:

s(t) = 2, C,e", 0<t<T C (11-29)
k=~
trong d6:
1%
- . —jkoyt
Cy = tj s(t)e ot d (11-30)

Trong bidu thic (11-29), thay thita 8 C, tit bidu thitc (11-30), ta sé
nhan dudgc:
© ty .
s(t)= . U s(t)e“jk“’“dtj gkt .22)—1, O0<t<T (11-31)
k=-<0 t T

_2n

gday T .
@,

Bén ngoai khoang 0, T, chudi (11-29) xac dinh ham s(t) = s(t2kT) (k 1a
cac s6 nguyén), nghia 12 ham tuin hoan nhan dudc bing cach lip-lai tin

hiéu s(t) vé ca hai phia bén phai va bén trai véi chu ky T. P& ngoai khoang
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{0, T] him s(t) bing khong can ting khodng T 1én v6 cung ( T — «).Song khi
gia tri T cang 16n hé s6 Fourier C_ cang nho, va khi T — o, bién dé cia cac

thanh hai trong chudi sé c6 gia tri v6 cing nho, con s thanh phan hai trong

Re o~ ~ 124 A A AL N L 27'[3 4o A ,
chuoi cling s€ 16n vo cung, tan s6 hai co ban o, =?—> 0. Hay néi mét cach
khac, khoang cach giiia cac vach phd - bang tdn s6 hai cd ban- sé v cung
nho va phd cta tin hidu khong tuin hoan sé 1a phd dic.

Trong truong hgp xét (T — «), trong biéu thic (11-31) can thay thira
s6 @; bing da , ke, bing tin s6 chay o, va toan ti tong ( T ) phai thay bing
toan tl tich phan, nghia la:

s(t)= ‘Zl-n T gj““ ﬁ s(t)e ™ dt} do (11-32)

t

Tich ph4n bén trong 14 m6t ham cua bién o

S()= j s(t) e dt (11-33)

4
dugc goi 13 mat d6 phd hay dic trung phd caa hﬁm khong tuan hoan s(t).

Trong truong hop chung, gidi han t,, t, c6 thé chua biét, nén ham mat
d8 phd s(®) c6 thé dudc vidt dudi dang téng quat: '

S) = j s(t)e ™ dt (11-34)
Trong bidu thic (11-32), thay tich phin bén trong biang S(o) (11-33),
ta sé nhan dugc:
st)=== [ $@)e™ do (11-35)
27 <,
2 . j v . A 2 . ”
Cap biéu thitc (11-34) va (11-35) dudgc goi la cap bién doi Fourier cua

tin hidu khéng tuan hoan. Tich phan (11-34) 14 bién d6i thuin Fourier con
tich phan (11-35) 14 bién d6i ngugc Fourier.

2 n Pa oA s, N ~ 1 7 ’
Biéu thic (11-34) chi khac biéu thic (11-24) thita so T Do d6, tinh
ch&t va ¥ nghia clia mat dd phd S(©) hoan toan giéng nhu hé s6 C, cia

chudi Fourier dang phtc cta tin hiéu tuan hoan s(t).
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Ham mat d6 phé S(o) c6 thé vidt duéi dang:
$(0)= A(0) + jB(0) = S(@) . (11-36)
A(@)= _[ s(t) cosotdt,

trong d6: . (11-37)
B(0)= [s(t)sinotdt

S@) = {A*(@)+B* (@) (11-38)
¢(@) = — arctg iiﬁ;; (11-39)

Ham S(o) c6 thé xem nhu dic tinh bién d6 tan s8, cdn o(w) - dic tinh
pha tan s6 cla dic trung phd cla tin hiéu khéng tuin hoan s(t). D& dang
thay ring S(®) 1a ham chin con ¢(®) 12 ham 18 ctia bién tan s6 .

Biéu thitc (11-35) két hop ciing (11-36), c6 thé viét lai duéi dang:

s(t) = El;t_ I S(®) e’ ™ do
L [S(@)cos(ot +¢)do +L [S(@)sin (@t +¢)dw
2 7 21

Vi S(e) 13 ham chin theo bién o, con ¢(®) 13 ham 18 theo bién o, nén
ham duéi dau tich phin cta tich phin thi nhat ciing 12 ham chin theo bién
®, con ham duéi dau tich phan cua tich phan thit hai 1a ham 1é theo bién o,
nén tich phéan thit hai bing khéng. Do dé:

s(t) L IS(co)cos(cot +0)do = lj S(o) cos(ot + ¢)do (11-40)
2T = Ty
So sanh cac bidu thic (11-35) va (11-23) ta thay, c6 thé xem dai
Iugng %S(co )do =$(0)df nhu la hé s8 C, ctia chudi Fourier duéi dang phitc
T
dng véi tan s6 o = 2xf.

Tuong tu, so sanh cac bidu thic (11-40) va (11-22a) c¢6 thé xem dai
lugng —S()do =2S(®)df nhu 1a bién d6 cha thanh phin hai véi tin
T

s0 o = 2nf.
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T ddy, d& dang suy ra ¥ nghia vat 1y cia ham mat d6 phé cla tin
hiéu khong tuan hoan s(t). 2S(0 ) 1a bién dd cha tin hiéu phan bd trong mot
don vi tan s6 (Hz) trong giai t4n s6 v cung hep cb chiia tin s6 o.

Ciing tit cac két qua nhan dudc, cho phép thiét 1ap méi lién hé giita
phd clia xung don va phé cha diy xung tuin hoan. Gia st $,(0) 1a mat db
phd clia xung don s;(t). Nhu da chi ra & trén, m4at d6 phd $,(e) chi khéc hé

P a i s . 2 e A i Y 42 NS 2,3 < ~ 1
s0C, cua chuoi Fourier cua day xung tuan hoan véi chu ky T bdi thua s T

[xem biéu thiic (11-34) va (11-24)]. Do d6 khi lip lai xung don s,(t) dé nhan
dugc diy xung tuan hoan véi chu ky T, hé s8 €, cla chudi Fourier cia day

xung tuan hoan sé 1a:

¢, =) (11-41)
T
v6i bién o trong ham mat phd $,(0) duge thay bing ko, ctia thanh phan hai .
tuong Ung.
Do dé: A, =2C, = ?'—Sl-(TISE =218 (ko) (11-42)
T

Tu biéu thic (11-42), d& dang suy ra ring: mé dun cta mat do phd
cla tin hiéu xung don va dudng bao ctia cac vach phé ctia day xung tuin
hoan nhan dudc bang cach lip lai xung don d& cho véi chu ky T c6 dang
hoan toan giong nhau chi khac nhau vé ti 18 xich ma théi.

§11-6. MOT SO TINH CHAT cUA PHO TIN HIEU
~ Gitta tin higu s(t) va ph8 $(@) ctia n6é dudc lién hé véi nhau béi cip
tich phan Fourier. Dua vao tinh chat cta phép tinh tich phin, dé dang suy
ra céac tinh chat sau day ciia phé tin hiéu.
1- Téng cac tin hig¢u
Gia st tin hiédu :
s(t) = s1(t) +s2(t) +...+s4(1),
khi d6 phd ctia tin hidu s(t):
S((D)=Sl(a))+S2(0))+...+Sn(a)) (11-43).

trong d6 S, (0) 12 phd chia tin higu sy(t).
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2- Tang hodc gidm d6 16n cha tin hiéu

Gia st tin hiéu s(t) c6 phd 1a S(), khi d6 tin hiéu as(t) (a 12 hing s8)
sécophdlaaS().

Tinh chat thi nhit va tinh chat th@ hai con dugc goi l1a tinh chat
tuyén tinh ctia phd tin hiéu.

3- Gii¥ cham tin hiéu

Gia st tin hiéu s;(t) tén tai trong khoang thoi gian tit t; dén t, va ¢
phd 13 S(o), thi khi gitt cham tin hiéu s,(t) mot khoang thoi gian t (khéng
thay d8i dang cia tin hiéu) ta sé nhan dudc tin hiéu méi:

so(t) = s4(t-1).

ton tai trong khoang thoi gian tit t,+ T dén t, + T (Xem hinh 11-10). Tin hiéu
so(t) s& c6 phd 1a :

$,(@)=e"§, (o) (11-44)
S(t) A
> 1
Hinh 11-10

Theo biéu thic (11-34), ta cb:

o0 ty+T
$,@)=[s,(t)e™dt = [s(t-7)e ™ dt

t+T
Trong tich phén trén thuc hién ddi bién
Diatx =t -1, ta sé nhan dugc:
ty

S,(@)=e""" J. 5,(x) €7 dx

ty




Vi tich phéan xic dinh khéng phu thuéc vao bién 1ay tich phin, nén cé
thé viét:
ty
§,()=¢ [5, (e ™ dt =e §,(0) (11-45)
4
Tu k&t qua nhan duge ta thiy khi giit cham tin hidu mot khoang thoi
gian 1, chi lam thay ddi phé pha cta tin hidu mot ludng -ot, con phé bién d6
khong thay d8i. Ngugc lai c6 thé suy ra riing n&u t4t ci cac thanh phan phd
cia tin hiéu déu thuc hién thay ddi pha mot lugng tuyén tinh bing -ot, thi
tin hiéu ciing s& bi giit cham mot lugng 1 theo thoi gian.
4- Nén hoic dan tin hiéu theo thoi gian
'Gia st tin hiéu s,(t) bi nén theo thoi gian thanh tin higu s,(t) (xem
hinh 11-11).

so(t) = si(nt).

Hinh 11-11

Do rong cla tin hiéu sy(t) nho hon do réng cia tin hiéu sl(t)‘ n lan va
bang T/n (n>1).

Phé cta tin hidu sot).
T/n T/n

S, (@) = _[ s, (t)e* dt = _[ s,(nt)e ™ dt
0 [

Trong tich phén trén, thuc hién d4i bién.

Dit x = nt, ta sé nhan dugc:

. 1 ~i2x 1p o i
Sz(co):;_[sl(x)e L ;J'sl(t)e "t
] Q
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Tich phin phan phai chinh 13 ham phé ctia tin hidu sl(t), nhung véi
tan s6 bang 2 nghiala S (—)
n

Do d6:
$,@)=—8, () | (11-46)
n n

Vay khi nén tin hiéu lai n 14n theo thoi gian thi phd ctia né sé dugc
' md rong (ddn) n lan theo truc tan s6 va bién d6 phé sé gidm di n 14n.

Tuong tu c6 thé suy ra ring khi din tin hiéu n 14n theo truc thdi gian
thi phé cia né sé bi nén lai n 14n theo truc tAn s6 va bién do phd sé ting 1én n 1an.

5- Vi phén va tich phéan tin hiéu
Vi phan tin hiéu c6 thé dugc thuc hién bing cich vi phan tit ca cic

 thanh phin hai chita trong ph§ cta né. Mit khac, tit biéu thic (11-35),
“thanh phan hai ting vdi tdn s6 o clia tin hiéu c6 thé viét dudi dang:

t | [i S, (0)do } et

Biéu thic trong ddu ngodc vuéng c¢6 thé dudc xem nhu bién d6 cia
dao dong trong giai tan do.

Thyc hién vi phan biéu thic trén ta sé nhan dugc:
. 1 i
_]CD[— S, (o )dm:] e
2n
Tt ddy c6 thé suy ra ham phé clia vi phén tin hiéu s,(t)= ——= S( )
$,@)=j08, ) (11-47)

Tuong tu, ¢6 thé ching minh dudc ring ham phd caa tich phan tin
hiéu:

S, (@)

j®

S, (@)= (11-48)

Tit cac bidu thitc (11-47) va (11-48) ta thay khi vi phén tin hiéu theo
thoi gian sé 1am ting phd & ving tan s8 cao, con khi thuc hién tich phén tin

hiéu theo thdi gian s& lam ting phd & ving tin s8 thap.
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6- Phé ctia tich 2 tin hidu
Gia st tin hiéu s(t) 1a tich cia 2 tin hidu g(t) va f(t):
s(t) =g(1).f(t)
Theo cong thitc (11-34) ta xac dinh duge phé cia tin hidu s(t):

S(@)= [ s(tye ™ dt=[g)f(H)e ™ dt (11-49)
Goi G(o) la phd cha tin hiéu g(t)

F(o) 1a phd ctia tin hiéu f(t).

Theo cong thitc bién d6i ngugc Fourier, ta c6:
1 % 4
t)=— | G,(0) e do,
gH)=>- j (@)
1 %. .
f(t)=— | F, (0) e*'do
()=> j ;@)

Néu trong tich phan (11-49), thuc hién thay hodc g(t), hoic f(t) tit cac
tich phan trén, vi du thay g(t) ta sé nhan dugc:

S(0) = iif(t)e'j‘“dt c’fc}(x) et dt

1 Iy T -j@~x
ZZE_L G(X)\:_‘L f(t)e ™ )tdtde

Biéu thiic trong ddu ngoic vudng cla tich phin chinh la mat do phd

cta ham f(t) ing véi tan so o-x, nghia 13 :

[fye @™ dt=F(w - x)

-0

Do do,
8(0) = - [G(x) F(w - x)dx (11-50)
2z -,

Vay, pho cta tich hai tin hiéu bing tich chap phd cta ching nhan véi

|
thua s6 —.
27
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Tit cac biéu thic (11-49), (11-50) d& dang nhan th&y ring, trong
truong hgp riéng, khi 0=0.

0 1 © )
[ g(t)dt=— [ Gx)F(-x)dx
S 27 2

hay thay bién x = o, ta nhan dudgc:

Tf(t)g(t)dt=—l— TG(&)F(—m)dm -1 TG(@)F'(m)dm (11-51)
o 2n s, 27 5,

trong 46 F~ (w)=F(-®) 12 ham ph3 lién hop phic cia ham phé F(w).

Tuong tu, c6 thé ching minh duge ring, ham phd cla tin hiéu s(t) 1a
tich chéap cia hai tin hiéu f(t) va g(t).

s(t)= () *g(t)= [ g(DF(t - D)dr

bing tich ctia cac ham phé tuong Ging, nghia la:

Tg(r)f(t ~-1)dt =-l-TF(CD ¥G(@)e!*do  (11-52)

Biéu thitc (11-52) dugc st dung rong rai khi giai bai toan truyén tin
hiéu qua mach tuyén tinh. Trong trudng hgp nay cac ham f(t) va g(t) 1a tin
hiéu dau vao va dic tinh xung ciia mach, con cic him F(®) va G(w) 13 mat

d6 phd (ham phé ) cla tin hidu va ham truyén dat phitc ciia mach.
7-M&i lién hé giiia ham thoi gian t va ham tan s6 @ caa tin hiéu
Cho ham tin hiéu s(t), khi d6 phé ctia né dugc xac dinh theo cong thiic
(11-34).

G(w)= Ts(t) e_"j“xdt
Zo
Ap dung cdng thic O -le
e ' = cosot - jsinot,
biéu thiic trén c6 thé viét duéi dang:

G(o)= I s(t)coscotdt—jIs(t)sincotdt

-0 —00
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Néu s(t) 1a mot ham s6 chin theo bién 6 thdigian t, thi tich phan thi
hai bén v& phai s& bang khéng, vi tich s(t).sin ot s& 4 ham s6 18 theo bién s6
thoi gian t va gidi han 14y tich phan 1 d6i xiing.

Bdi vay, néu s(t) 1a mot ham s6 chén, thi hamphd cta né:

G(w)= .[ s(t)coswt dt

—00
DAy 1a mot ham s6 thuc va ciing 12 ham s6 chin thes bién tin s6 .

Neéu tin hiéu s(t) 14 mdt ham s6'18, thi tich ph#én thi nhat bén vé& phai
sé€ bing khong, va ham phé cia né:

Gl@)=-]j .fs(t) sin ot dt

—0
D4ay 1a mot ham s8 ao va ciing 14 ham 18 theo bién tan s6 o.

Néu s(t) 12 m6t ham s8 khéng chin va ciing khong 18, thi ta cé thé
phan tich ham s(t) thanh téng cla hai ham s,(t) + sy(t), trong dé s;(t) 12 mot
ham s6 chin, con sy(t) 14 mot ham s6'18. Trong trudng hgp nay ham phd G()
cta tin hiéu s(t) s& 1a mét ham bién s6 phic, va phan thuc clia né sé 1a mot
ham s6 chin theo bién tan s6 @, con phan a0 ctia né sé 12 mdt ham s6'18 theo
bién tan s6 .

Tt cac k&t qua clia viéc phan tich trén, d& dang suy ra rang: khi tin
higu s(t) 12 mot ham chiin, thi trong tich phan ngugc Fourier (cong thiic 11-33),
ta c6 thé chon d4u tuy ¥ trudc bién thoi gian t, nghia 1a:

1 % : 1 % :
s(t) =— | G®)e™do=— | G(n)e™ do
<>2nj<> 27‘_'[0()

—00

Néu trong tich phan trén ta thuc hién thay bién 14y tich phan bang t,
va tham s6 t bing o, thi bén v€& trai clia biéu thic bién thoi gian t ciing sé
dugc thay bing bién .

S(co):—zl; :[o G(t) e dt (11-53)

Tich phan (11-53) ¢6 thé xem nhu mat d6 phd cia ham méi G(t) nhan
dugc khi thay o biang t trong ham phé cua tin hiéu s(t).
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Né&u biéu thi mat d6 phd cia ham méi 13 Y(), khi d6 ta sé c6: -
Y() =27 s(o) (11-54)

Vay bién o va bién t trong tich phin Fourier lién quan tuong h3 véi
nhau: néu tin hiéu chin s(t) c6 phd 1a G(o), thi tin hiéu G(t) s& c6 phd 1a
271.s(w).

§11-7. NANG LUQONG CUA TIN HIEU PHI CHU KY
- Trong biéu thic (11-51) néu £(t) = g(t) = s(t) thi tich phan bén v& trai
sé dudc dua vé dang:

[f(t).g(t) dt = [s*(t)at (11-55)

Con tich phan bén vé& phai sé c6 dang:

1 %. - 1% )
ELG(‘D)F (Co)dm=5;_jw|8(co)| do (11-56)

Tich phan bén v& phai cta biéu thic (11-55) chinh 1a ning lugng toan
phan clia tin higu s(t) (tod ra trén dién trd R=10Q).Do d6, tit (11-55) va (11-56),

suy ra:
— ° 2 = ——1 T : 2 =
E.._jws (t)dt - _{JS(@)[ do (11-57)

Nhu vay ning lugng cla tin hidu c6 thé dugc tinh theo ham thdi gian
s(t), hosc ham phd S(w).

Déing thiic (11-57) duge goi 1a ding thiic Pa-xé-van. Ning lugng ciia
tin hiéu phi chu ky (ton tai trong khoang théi gian tit t; dén ty) 14 hitu han.
Trong khi d6 ning ludng ctia tin hidu tudn hoan 1a 1én vé ciing (xem biéu
thitc 11-19). V& ¥ nghia vat 1y difu nay dudc giai thich: do tin hiéu tuin
hoan ton tai trong khoang thdi gian tit -« dén +w, nén né phai c6 ning
‘lu<_5ng vo cung ldn.

Ciing tit bidu thic (11-57) dé dang suy ra ring, dai ludng IS(co)l2 la

ning lugng cta tin hiéu phan bd trong mét dai tan s6 kha hep va né cé thé

duge xem nhu mat d6 phé ning lugng caa tin hiéu.

177



§11.8. HAM PHO CUA MOT SO TN HIffU PHI CHU KY THUONG GAP
1. Tin hiéu xung vuéng don (hinh 11-12)

Js(t) e
0  khi t<—-x
B st)={E  khi —%StSIX/Z
0 khi t>1,/2

W

"CLQ 0 ’Exﬂ
Hinh 11-12
Theo cong thitc (11-33), ta tim dugce:

T, /2
. X . E ) E . .
S(CD) — jE e~_]mtdt — : e—_]u)t. - ' (e—me/z _e_](m:x/z)

an -jo -1, /2 -jo

. sin® Y (11-68)
==Zsing = = Er, 2
[0}] tx
m —

“S(Q)

NN

-bn -4 -2 0 2 4 en
Tx Tx Ty Tx Tx Tx

Hinh 11-13.

Tich clia bién d6 xung E va dé rong xung 1, (Et) chinh la dién tich
cta xung ddn, n6 xac dinh gia tri cla mat d¢ phd caa tin hidéu xung don tai
tan 58 ©=0, nghia 13 S(0) = Et,. Khi d6 rong clia xung cang 16n, khoang cach
gitta cac khong diém cta @6 thi phd bién dé cang thu hep lai. Ngugc lai, khi
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d6 rong xung tx cang hep, khoang cach giita cac khéng diém ctia d6 thi phé
bién d6 cang dan ra. Khi d6 réng xung 1, — 0 (bién dd xung E khéng d6i),

P ~ <R 2 Al . ARy . 2n ~ st AN
cac khong diém dau tién ing vdi gia tri o, =+— dugc dan ra téi vo cung,
T

con ham mat d6 phé S(e) s& c6 gia tri vo ciing nhé trong gii tn s6 tit —co dén +oo.
2. Tin hiéu dang xung chudéng (xung Gauss) (Hinh 11-14a)
Xung chudng vé mit hinh dang trung véi d6 thi clia quy luat phan bd
xac xuit Gauss, nén né dudc goi 12 xung Gauss. Hing s a c6 gia tri bing
mét nita d6 rong clia xung dudec xic dinh e ™% =0,606 bién d5 clia xung, va

do d6 d6 rong cia xung Gauss 1, = 2a.

As(t)

e
o

- >
a)
Hinh 11-14
Theo cong thiic (11-33), ta co:
-] tz .
S(@)=A j e 22’ ¢ (11-59)

D8 tinh tich phan trén, ta thuc hién bién d6i nhu sau:
—(i+jmt):— [i+ jmt+d2)—d2 - - (L +d2) g
2a? 2a’ J2a

trong d6 d dudc xac dinh tit biéu thic:
t

d hay d =
Jza

i joa
ot=2 sl
! 2
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Do d6, tich phan (11-59) dugc bién d6i vé dang:

‘ +d)?

a7 4t

. 2 T
S(@) = Aet ge

—~oC

¢ o s A A ~ s
Néu dat x= + d, sau bién d6i ta s€ co:

t
J2a
S(0) = Ae¥ V2a Se"‘2 dx

Vi: Ie"xzdx =7, nén ta nhan dugc:

-0

(02

1 »
§(0) = AV2 Aae

2

a? :B 6_2?

trong dé: b=—1- , B=+2m Aa.

a

D6 thi ctia ham (11-60) vé trén hinh 11-14b.

(11-60)

Két qua nhan dudc c¢6 ¥ nghia quan trong trong 1y thuyét tin hiéu,

nghia 14 tin hiéu dang xung Gauss va ham méat phé clia né cung duge biéu

di&n bdi mét ham s6 va c6 tinh d6i xtng. PE nhan dwge ham phd tit ham s(t)

(hodc ngudc lai) chi ciAn thay bién t bing bién o (hodc ngudc lai). Trong

trudng hop nay dai phd dugc xac dinh & mitc e so véi gia tri cuc dai sé

1 2

. 4 .
bang 2b=2.-=2—=—,con hé s6 B=+27m aA.

a X ™

Tuong ty, ham phé c6 dang xung Gauss.

(02

S(w)=B e 2

s€ ing vaéi tin hiéu " Gauss".

. A ,\‘ 1 N A A
véi do rong ‘CX=2—b- vabién d0 A=—
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1 b2t?

= Bb =

s(t)=Ae ¥ =— ¢ ?,
) T
Bb

e

R6 rang rang, d6 rong xung 1, cang hep, giai phé 2b cang rong.



Do d6, tich phéan (11-59) dugc bién ddi vé dang:

L)

. 2 T
S(@) = Ae’ J'e BT g

Néu dit x= +d, sau bién d6i ta sé co:

t
V2a
S@) = Ae¥ V22 J'e"‘z dx

Vi: J'e"‘z dx = +/n, nén ta nhan dugc:

COZ
0)2

: = RTo
S(0) = AV2w Aae * =Be %

trong d6: b:l , B=42m Aa.
a

D6 thi cia ham (11-60) vé& trén hinh 11-14b.

(11-60)

Két qua nhan dugc c6 ¥ nghia quan trong trong ly thuyét tin hiéu,

nghia 13 tin hiéu dang xung Gauss va ham mat phd clia né cing dugc bidu

din béi mot ham s va c6 tinh d6i xtng. D& nhan duge ham phd tit ham s(t)

(hoic ngugc lai) chi can thay bién t bing bién o (hoic ngugc lai). Trong

truong hgp nay dai phd duge xac dinh & mic e

/2
1 2

> 4 ~ A ~
bang 2b=2.—=2—=—,con hé s6 B=+2m aA.
a

X X

Tuong tu, ham phd c6 dang xung Gauss.

wl

$(w)=Be 2’

s€ ing v6i tin hiéu " Gauss".

 aa AL | A
véi d6 rong rx:2g vabiéndfd A=—f4—
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s(t)=Ae ¥ =— e 2,
(t) o

Bb

s

so vOi gia tri cuc dai sé

R3 rang ring, d6 rong xung 1, cang hep, giai phé 2b cang rong.



3. Phd cuia tin hiéu xung dang BsinC(x) (hinh 11-15)

in2
Cho tin hiéu xung s(t)=B§}% (11-61)

trong d6 2nW cé thi nguyén la tan s§ géc, con d6 réng xung bing —\;V— (dugc

tinh bing d6 rong cia bip chinh)

48 M (o)
_ 4 L
e 2W 2W 5 >

e N t -2xW 0 2iW o

a) D6 thi xung b) Db thi phé ctia xung

S(t)=B sin 2xr Wt

2 Wt
Hinh 11-15

DPé tim phé clia xung d4 cho (hinh 11-15a) cb thé sit dung cong thiic

. téng quat (11-33). Song dé ddn gian tinh toan, ta st dung quan hé tuong hé

 giita bién thdi gian t va bién tin s6 o ctia phép bién d6i Fourier va két qua
d3 nhan dugc trong phin didu clia muc nay.

Né&u trén hinh 11-12 ta thay bién thoi gian t bing bién tin s6 o va

%" bing o, sau d6 nhin véi hé s6 ti 1& 2n ta s& nhan dugc d6 thi ham mat
~ d6 pha:
2ns(0) = 27A, —cbm <@ <o,
T10
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cua ham thoi gian:
sino _t

o_t

m

G(t) =2A0

Biéu thitc trén nhan dugc tit biéu thiic (11-58) khi thay o=t va t,=20,,
Néu thay cac hing s6 2Ae = B, va o, 2nW, ta tim dugc ham phé cia
tin hiéu xung (11-61):

Y(0)=21A =21 2B _rB_B B Khi -27W <o <ZnW.
[0)]

D6 thi cia ham phd Y(o) vé trén hinh 11-15b.

;

4. Phé clia chum n xung vudng cé bién dé A, d6 rong 1, nhu 1
nhau va cach déu nhau mot doan T (Hinh 11-16) |

4 S(t)
1 2 3 4
| i I i
P Ty ! I T
Ice:—-e-! el
I'&——‘—E——%I

Hinh 11-16.

Néu goi mat d6 phéd clia xung thit nhat 1a G,(o) thi mat d§ phd clia
xung thit hai 1 G y@)=e™" G(0), cha xung thitba Ia G 4©) = ™" G(0)... va
xung tht n G (o) = e?®°T G (@) theo tinh chit cong phd, ta tim dugc mat
d6 phd ctia chiim n xung.

G(0) =G,(@)+G,(@)+...+ G,.(0)
= G, (@) +¢ ™ G, (@) + ...+ e "7 G (o)

("yl(co)[1+e“j‘DT +e 2T 4+ e‘““‘”‘”]

. N ~ 2k N P A N R N A
Tai cac tan s60 o = T_n (k 1a cac s6 nguyén) moi thanh phan trong
o
dau ngodc vudng déu bing 1 do dé:

G(o) = c{%} - 16, [%’E) (11-61)
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~ . P A ~ 2ch A A ~ A~ .
Vay tai cac tan s6 o = K md dun mat d6 phd ctia chim n xung

vudng 16n gdp n 1an mé dun ctia mat 6 phd clia xung vudng don. V& § nghia

7 P A ~ P P (i Z . e ~ ~ 2 P
vat 1y, diéu nay c6 thé giai thich nhu sau: tai cac tan s6 o = % , cac thanh

phan phé clia mdi xung trong chum n xung déng pha véi nhau (sai khac
nhau goc 2kn).

O chc tin s6 o = znle va cac tin s6 ma tai d6 khi d6 tdng cac véc to
e*" bing khéng thi mat d6 phé ctia chiim n xung vudng bing khéng. Con
tai cac tan s6 khac, mé dun ctia mat d6 phd | G(e)| duge xac dinh bing tong

hinh hoc (t8ng véc to) cia mat 6 phd clia cac xung thanh phén.

K&t qua trén cing c6 thé nhan dudc theo phuong phap khac, néu
thay téng cic s& hang trong ddu ngoic vudng cia biéu thiic phd bing tdng
clia cAp s6 nhan cong bdi q = e™".

Ap dung céng thic tinh téng clia cAp s6 nhan céng bdi q:

g Ui@-D
S

ta s& tim dugc ham phd G (@) cia chilm n xung vuéng:

. . e—anOT _1
G(CO):G1(03)-';:J-CTT“_—1“
T T T
e—jna); (e jn@; _ ejnm—z—J
- G1 (@) T T T
e—Jco—z- (e~Jm; _ eJm-z—j
- 1
sin® —
: T
. 2kmo e L SRR g
Tai cac tan s0 @ =T biéu thic 0 dang s Ap dung quy
sin —

tic Lo-pi-tan ta tim dugc:
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. T T T
sinn 5 nri COSE
e I et R
Prlsineo—| °?71 ] = Cosm—
2 2
. C s e 2km L, : Sjtelel
Vay tai cac tan sdo :T, mat do pho G(o)=nG,(0) e 2 va mo

dun | G@)| = n] G(@)].

Trén hinh 11-17a vé mé dun clia mat d6 phé ctia chum 3 xung vuéng
con trén hinh 11-17b v& mé dun cha mét d6 phé clia chium 4 xung vudng véi
khoang cach giita cac xung T=31x.

_.‘?*,(D

ol2rn 27
4T T T,
Hinh 11-17

Dudng dtit nét trén hinh 11-17 biéu thi mat d6 phé clia xung vudng
don. Khi s6 xung n ting 1én, md dun clia mat d6 phé bi tach nhd ra, va khi
s6 xung n — o, mat d6 phd sé gbm nhitng vach tuyén tinh d6 chinh 1a phd
ciua day xung vuéng tuan hoan.

5. Phé ctia ham xung don vi §(t)

Tin hiéu xung don vi 13 cac tin hiéu xung cé thoi gian ton tai (d6
réng) nho vo cung, d6 cao (bién d9) 16n vé cung va dién tich ctia xung véi
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truc thoi gian bing mot. Cé thé xem tin hiéu xung don vi 8(t) 1a giéi han

clia xung vudéng hinh 11-12 khi bién d6 clia xung E =L va do rong t,— 0.

TX
5(t) = o Khi t=0
10 Khi t#0

Tﬁ(t) dt =1

Néu tin hiéu xung don vi dugc dich chuyén theo truc thoi gian cua
doan t, d& thanh tin hiéu 8(t-to), khi d6 ta s& cé:

5(t— to):{ © o K=t (11-63)
0 khi t=t, :
TS(t—to).dt =1 ' (11-64)
T cac biéu thitc (11-63),(11-64) d& dang suy ra:
Ta(t 1) f() dt =f(t0)T6(t ~t).dt=f(t,)  (11-65)

That vay, theo dinh nghia, him 8(t-t;) s& bing khong trén tit ca truc
thoi gian t, trit diém t=t,, & ddy né c6 gia tri vo cing 16n, do d6 mién 14y tich
phéan trén d6 cé thé thu hep vé cing nhd chi cin né cé bao diém t,. Trong
~ khoang thoi gian hep v6 ciing, ham f(t) c6 gia tri hing s6 va bing f(t,) va do

d6 ¢6 thé dua ra ngoai d4u tich phan.

Vay tich phén cua tich ham f(t) bat ky v6i ham 5(t-ty) trong khodng tu
- oo d6n + oo bing gia tri clia ham f(t) tai thdi didm t=t, tinh chat nay trong

toan hoc dudc goi 1a tinh chit loc cia ham den ta (ham xung don vi).

Dé tim mat d6 phd ctia ham §(t), c6 thé sit dung céng thitc phd cia
. | SN  as .
xung vuéng don (11-12) khi thay A=— va 1, > 0, khidbé ta cé:
T

X

ot

X

= _ = 1
G; (@)=lim . T

X X

2

sin
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Vay mat d6 phé G;(e) ctia ham xung don vi 8(t) 1a mot s6 thuc va

bdng 1 trén toan bd dai tin s6. Trong 1y thuyét phd clia tin hidu, phé cha
ham 58(t) goi 14 phé tring.

Ciing c¢6 thé xac dinh mat d6 phd clia ham 8(t) theo cong thic tong
quat (11-33): '

Gy (@)= [3(t—t,)e ™ dt

Theo tinh chat loc cia ham den ta (cong thiic 11-65) ta cé:

Gy (@)= [8(t—t,)e ™™ dt=e ™ [3(t-t,)dt=e" (11-66)

Trong truong hgp t,=0 G (@) =1.

Ham 8(t-ty) c6 thé vist dudi dang bién déi nguge Fourier ciia ham phé
G 5((,0) .

0

_ 1 w. jot 3 __ 1 ja(t—ty)
6(t—to)—ﬂ'£G5(m)e’ d= [ et wdo

—oC

(11-67)

Ning lugng clia tin hiéu xung don vi 8(t) 16n vo cling. Diéu nay dugc
giai thich bing ding thic Pa-xé-ven (11-57) khi ham ph8 G s(@)=1, ning

lugng ctia tin hiéu sé 16n v cing, hodc ning lugng cua tin hiéu 8(t) ty 1é véi
l . “ 2 z ~ A i Z,

—, khi 1,—0, ning lugng cua noé sé vo cung 1én.

1

X

St dung moi lién hé tuong hé giita bién thoi gian t va bién tan s6 o
cia phép bién d6i Fourier, c6 thé xét dic tinh cha ham 3(w).
17 . 1T
S(w)=— |edt=— | e™dt 11-68a
@) 2n_jw - j ( )

D& dang thay rang, viéc thay ddi d&u trén s6 mi cia biéu thic trong
d&u tich phan khong lam thay d6i gia tri cta né.

Tuong tu ta co:

1 7. 1
o —w)=— |el@®itdt =
( ) 271:_[0 27 -

e et (11-68b)

o0
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§11-9. PHO CUA MOT SO HAM KHONG TON TAI TiCH PHAN FOURIER

Ta da biét, ham f(t) ¢6 bién d6i Fourier, néu né théa man didu kién:
fleldt <o (11-69)

Diéu nay cé nghia 13 tich phin trén phai hoi tu tuyét doi.

Trong thuc t€ ton tai mot s6 ham tin hidu khong thoa man diéu kién
(11-69). Nhung ton tai phd Fourier. Thi du cic ngudn tic dong bac thang,
hotc tai thoi diém t=0 déng mach ndi ngudn tac dong hinh sin (xem hinh 11-18).

P8 stt dung cong thic tdng quat (11-33) tim phd clia cac ham khong
théa man diéu kién (11-69), ngudi ta thusng dua vao 16p ham phu thoa man
didu kién hdi tu tuyét d6i clia tich phin ma trong todn hoc quen goi la
phuong phap " thita s6 hoi tu". S

 5(t)
A 8t)

| I LVANI
UV

a) Ngudn tac dong bac thang  b) Ngudn dao dong hinh sin tic dong
vao mach tai thoi diém t=0.

Hinh 11-18

Vi du, dé tim phé cia tac dong bac thang.

(t)= 0 khi t<0
elt) = E khi t>0

ta xét pho ctia ham:

khi t<0
e(t)= o . ..
Ee khi t>0,v61C>0
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Dé dang thdy rang ham e(t) théa min didu kién (11-69) va mat do
phé cia né:

T E e 2 E
G@)=E|e e ™dt - ——— e “ | = 11-70
©) ! u e LT (11-70)
hay
G(co)z——E——— e "™ —w<p<o (11-70"
VC* + o’
E

Véi m6 dun: G(o)=
C’+o’

va ac-gu-men : 6(o0)= arctg%

D6 thi mbé dun va ac-gu-men cta ham phé G () v& trén hinh 11-19
(duong dit nét).

Trong bidu thic (11-70), néu cho C— 0, ta s€ nhan dugc mat do phd
ctia ham bac thang:

GE(a))zlim E =£

>0 C+jo  jo

hay

Ee'j"/z;e(co):n/Z khi @ >0

. Q)

Ge (@)= = (11-71)
= ¢h ;e(m)z-g khi® <0

D& dang thay ring:

N o
(1:13% e(t) —(1:1_{1‘01 E e =E =e(t)

D6 thi cia mé dun Gg(e) va ac-gu-men 6(e) cha mat dé phé G g(w)

tinh theo cong thiic (11-71) vé& trén hinh 11-19 (dudng lién nét).

Can chid ¥ ring khi s dung phuong phéap thita s6 héi tu dé tinh phd
Fourier ciia cac ham khéng théa man diéu kién hoi tu tuyét déi cua tich
phén, viéc chuyén qua gidi han chi duge thuc hién d6i véi két qua cudi cung

cua tich phan.
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Stt dung déc tinh cia ham den-ta, cho phép mé rong khai niém mat
d6 phé cia cac dao dong diéu hoa, hay cac dao déng tuan hoan bat ky. Thi
du xac dinh mat d6 phd ctia dao déng diéu hoa s(t)=Aycos(wet+9y). Ham diéu
hoa s(t) khong thda man diéu kién hoi tu tuyét d6i via tich phan.

F.
— C —(
T C>O 8{@
) /
2 \\
 Losd e
o
7
Ve
e -T2
Hinh 11-19

Theo cong thic tdng quat (11-33), viét bidu thic clia mat o phd cha
dao dong diéu hoa:

G(o)= [s(t) e™™dt = A, [ cos(@ gt +@)e*dt

St dung cong théc O-le, tich phén trén c6 thé vist dudi dang:

. A‘.w_._ A_.°°_.+
G(m):_z_oel% Ie j(® w°)dt+706 J®o Ie o wo)tdt

theo cong thiic (11-68b) ta co:
Ie‘j(m+m°)tdt =2n8(0 —0,)

—o0

J‘e"j(“’*“"’)‘dt, =2n8(@ +o,)

=00

do do:
: A A ‘~
G(o)="2]2ne* 8(0 —0,)+2ne "8(0 +©
(@)==t[2me™ 5(0 ~0,) (@ +0,)] 1179
= Aon[ej“’° 5(0 +0,)+e "0 +coo)]
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Ham mat d6 phd G (0) (11-72) bang 0 tai tit ca cac tan s, trit tin sb
0=, VA © = -0y, tai ddy né cé gia tri vo cing 16n. Vay dao déng diéu hoa tan
s6 ©p bién d6 hitu han c6 mat d6 phd bang vo cliing tai cac tdn s6 o va -a,,

trong trudng hop riéng khi ®;=0, ta nhan dudc tin hiéu hing s6.
G (@) = A275() - (11-73)

Tuong tu, c6 thé biéu dién mat d6 phéd cia dao dong tuin hoan bat ky:

s(t)=A+Y A, cos(ka,t+¢,)

=
duéi dang téng clia cac ham den ta
G(0)=27A,8(0) +A,re™ 8(0 ~0,) +e 30 +0,)]
+ A,7fe™ 8(0 ~20,) +e5(0 +20,)]+
(11-74)

+A n[e”" 8o —no,)+e 5o +ncol)]+

§11-10. PHAN TfCH TIN HIEU THANH CHUOI KA-CHEN-NHL-KOV

Xét tin hiéu khéng tuan hoan:

1 T —jot
(=5~ _J;G(m)e’ dt

Trong d6 G (0) 1a mat d6 phé caa ham s(t). Gia sit ham phé G (0) la
gidi ndi, nghia 1a né sé bing khéng khi @>n, va khi o<-0y khi dé tich phan
trén sé bién thanh:

$(t) =—— [ G@)emdt (11-75)
n 3
Trong trudng hop nay cé thé coi ham G (o) 1a ham cta déi s6 o véi
chu ky bing 20, va c6 thé phan tich thanh chudi Fourier (11-23)
. 1 & kZe
G(co)—z— D Age ™ (11-76)

k=wm

Cac bién d6 phiic A, trong chudi (11-76) dugc xac dinh theo cong thic
tuong dng (11-24) nhung bién thoi gian t dude thay bing bién tan s6 o.
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27

A .k2m
Ak:%)-— J.G((D)C do

hay
) 1 . .
A, =— [G@)e™* do (11-77)
1
Trong 46 A, =— = — (11-78)
® 2f

Néu trong biéu thic (11-75), thuc hién thay ddi s6 t = kA, va so sanh
v6i bidu thiic (11-77), ta sé nhan dugc:

27ms(~kA,)=0 A,
hay:

. 2
A, = =5 s(-kA,) =24, 5(-kA,) (11-79)

c

Thay gia tri cia A, tU biéu thic (11-79) vao bidu thic (11-76) ta co:

G((o)— ZZA s(~kA, )™
2 i (11-80)
=A, Zs(kAt) e
k=-x
Néu trong biéu thic (11-75), thay ham G (@) bang biéu thic (11-80),
ta nhan dugc:

(11-81)
> At sino_ (t—kA))
n t—kA,
ol sina _(t—kA,)
k=-0 mc(t_kAt)

T biéu thic (11-81) ta thiy, néu tin hiéu s(t) c6 phé hitu han, thi né
¢6 thé phén tich thanh chudi (11-9) theo hé ham:
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sin x, _ sino (t-kA))
Xk O c (t - kAt)
Chubi (11-81) dudc goi 1a chudi Ka-chen-nhi-Kov ctia tin hiéu s(t).

Trén hinh 11-20 vé do thi thoi gian ciia cac ham o (t) (11-82). D&
dang thay rang, hé ham (11 82) 1a hé ham truc giao chuan héa. Tai cac thoi

¢ (1) = (11-82)

diém t:k— =2kA, :kf— ham @ (t)=0, va tai cac thoi diém t= kE ham
o

c < [

7 . , N o R 1 R 9 0 A . A N
fi(t)=1. Do &6, tai cac thdi diém t, = k—2—f7- chuoi (11-81) chi ton tai mot thanh
phan c6 gia tri bing gia tri tc thoi ctia ham s(t) tai thoi diém d6.

Nhu vay néu tin hiéu s(t) khong chita cac thanh phan tan s6 16n hon
tan so f,,,, thl né hoan toan dugc xac dinh bdi cac gia trj tic thoi roi rac cla
né tai cac thoi diém cidch nhau mdt khoang A, khéng 16n hon

2f1 (At s%—j . K&t luan trén dugc goi 1a dinh 1y Ka-chen-nhi-Kov, hay

dinh 1y vé su rdi rac héa tin hiéu.

Dinh 1y Ka-chen-nhi-Kov do nha Bac hoc vi dai Ka-chen-nhi-Kov
nguoci Nga - Vién si vién han 14m khoa hoc Lién x6 tim ra c¢6 mét ¥ nghia
rat 16n trong ky thuat théng tin hién dai. N6 md ra kha ning phat trién
thong tin s0, ciing nhu kha ning truyén trén mot déi ddy théng tin déong
thoi nhiéu 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 cia noé tai
moi thdi diém, ma chi cin truyén di cic gia tri rdi rac cia né tai cac thoi

(hinh 11-22). Khi dé phia sau thu

max

.2 p N ’ 1
diém cach nhau mot khoang A, 32

tin, tit cac gia tri roi rac nhan dugc, ta hoan toan c¢6 kha ning khéi phuc
dugc tin téc ban dau cdn chuyén di.

P (O

K=0 K=1
K=2

el WA N >t

(

Hinh 11-20
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L S(t)

N

Hinh 11-21

p

0 Ezai

Hinh 11-22
§11-11. PHAN TiCH TINH CHAT TUONG QUAN CUA TiN HIEU

D6i véi cac tin hiéu xac dinh, ngoai dic tinh tan sd (phé Fourier),
trong thuc t& con quan tAm dén dic tinh thoi gian cta né. Ham tuong quan
cta tin hidu déic trung cho toc d6 thay ddi theo thdi gian clia tin hiéu d6.

Ham tuong quan cta tin hiéu xac dinh s(t) do6 rong hitu han, ky hidu
14 y(1),dugc xac dinh bdi bidu thic:

y(1)= Fs(t).s(t—t)dt (11-82)

trong d6 t 1a khoang dich chuyén cta tin hiéu s(t) theo truc thai gian.
Biéu thitc (11-83) cho thiy ham tuong quan y(t) ddc trung cho méi

tuong quan (lién hé) cta tin hiéu s(t) khi bi dich chuyén di mét khoang t
theo truc thai gian véi chinh tin hiéu s(t) ban dau.

Ham tuong quan wy(t) dat gia tri cuc dai khi =0, vi tin hiéu bat ky
hoan toan tuong quan véi chinh né. Khi 1=0, ta c6:

y(w)= }o'sz (t) dt =W (11-84)
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Diéu nay nghia 1a gia tri cuc dai ciia ham tuong quan bing ning
lugng cua tin hiéu.

Khi khodng dich chuyén 7 ting lén, ham tuong quan (1) giam va
khi gia trj T tdng 16n hon d6 rong cta tin hiéu, ham tuong quan wy(t)=0.

Trén hinh 11-23 mé ta cich x4y dung ham tuong quan w(t) cua tin
hiéu xung vudng véi d6 rong ty-t;; trén hinh 11-23a v& d6 thi cua xung
vudng s(t); trén hinh 11-23b vé &b thi ctia xung sau khi da dich chuyén di
mot khoang t theo truc thoi gian; trén hinh 11-23c vé d6 thi tich cua tin
hiéu s(t). s(t-t); con trén hinh 11-23d d6 thi cia ham tuong quan y(t).

‘Tuong tu, trén hinh 11-24 mé ta cach xdy dung ham tuong quan
y(7) cta tin hiéu xung tam giac.

Viéc chuyén dich tin hiéu s(t) mét khoang 7 theo truc thoi gian c6 thé
thuc hién vé& phia bén phai, hodic bén trai ctia tin hiéu da cho. Do d6, biéu

thite (11-83) ciing c6 thé vist duéi dang:
w(t)= [ s(t) s(t+1) dt (11-85)

nghia 1a ham tuong quan y(t) 12 mdt ham chan ctia d6i s6 .

Trén hinh 11-25a v& do thi thdi gian clia tin hiéu s(t) 13 mdt chum 4

xung vudng dé réng t,, cic xung cach déu nhau mét doan T va trén hinh 11-25b vé

do thi ham tuong quan (1) ctia né.

Vi ning lugng cta tin hiéu tuan hoan 16n v6 cung, nén d6i véi tin
hiéu tudn hoan khéng thé xac dinh ham tusng quan theo cac biéu thic (11-83),
ho#c (11-85). Trong trudng hdp nay, ham tucng quan dude xac dinh theo

. biéu thiic:

T/2

vi@=lim [ssts -t

- (11-86)

1
=lm— |s(t)s(t+T)dt
e T !/2
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Ham tuong quan cua tin hiéu tudn hoan (1) cé thi nguyén la céng
suit, va y;(0) bing cong suit trung binh cla tin hiéu tuan hoan. Dé&i véi
tin hiéu tuan hoan, gii tri trung binh cua tich s(t) s(t-t) trong khoang thai
gian v6 cing 1én T, bang gia tri trung binh trong mdt chu ky Ty, do d6 bidu
thitc (11-86) cb thé viét:

To/2 1 Ty/2

\VT(T):“l— Is(t)s(t —7)dt=— Is(t) s(t+1)dt (11-87)
TO ~To/2 TO ~To/2
Biéu thic tich phin (11-87) chinh la ham tuong quan cia tin hiéu

trong khoang T,.

Vo, (1)= ]’s(t) s(t—1) dt = ]’s(t) s(t+1) dt
do do:
V(D)= Y—?r—@ (11-88)

Tit biu thitc (11-88) dé dang thiy ring, ham tusng quan cta tin hiéu
tuan hoan ciing 1a mot ham tuan hoan véi chu ky biang chu ky cia tin hiéu.
Thi du, d6i v6i tin hidu tuan hoan:

s(t) = ACos (wgt-0).

ta ¢6 ham tuong quan

2 To/2
\uT(t).—T— ICos(mot—@)cos[wo(t—t)—q)]dt
0 -2 (11-89)
YN COS® T ; coo:~2£
2 T,

. A2 ~ a7 ~ 2 / A -~ A
Khi t=0,y.(0) =—2— - cong suat trung binh cua tin hiéu. Ciing can
nhin manh ring ham tuong quan vy, (t) khéng phu thugc vao géc pha dau
cua tin hiéu s(t).
Tuong tu, dé danh gia méi lién hé cia hai tin hiéu khac nhau s;(t) va
so(t), ngudi ta st dung ham tuong quan chéo. Him tusng quan chéo cta hai
tin hidu s;(t) va sy(t), ky hiéu la vy, (1), dudc xac dinh bai biéu thiic:

a0

Wy, (1) ]:sl (t)s,(t—1)dt= I s, (t+1)s,(t)dt (11-90)

-0
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Ham tuong quan w(t) la truong hop riéng cia ham tuong quan chéo
khi s,(t) va so(t) la nhu nhau.

Trén hinh 11-26 mé ta cach xdy dung ham tuong quan chéo cia tin
hidu so(t) 1a mot xung vudng véi tin hiéu s (t) 1a mdt xung tam giac, trong dé
hinh 11-26a ting véi vi tri ban dau (r=0); hinh 11-26b ting véi truong hgp
tin hidu s,(t) bi dich chuyén mét khoang vé& phia bén phai thanh tin hiéu
S5(t-7) hinh 11-26¢ 14 d6 thi cia ham tuong quan chéo y,,(t). Dién tich giéi
han bdi duong cong tich cla hai tin hiéu s; va s, vl truc thoi gian ti 1é véi
phan gach chéo. Pinh clia dudng cong v, (1) ting véi gia tri t khi d6 dién
tich giéi han cla dudng cong tich cia hai tin hiéu s;s, véi truc thoi gian dat
gia tri cuc dai.

sz(t)

a) /4

: U

[ ! o

| |
b) [ 2 s, ()

QT 1!

| o

- A Tl
c) |

. >T

0

Hinh 11-26

Can Iuu ¥ ring, ham tuong quan chéo v, (t) khong nh4t thiét dat gia
tri cuc dai tai 1=0, va ciing khéng nhat thiét 14 him chin hodc ham 1é theo
doi so 1.

Xét ham tuorg quan chéo cta hai tin hiéu diéu hoa ciing tan s6 va géc
pha dau khac nhau:

sit) = A cos (ot-0y)
so(t = A, cos (ot-9,)
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Sau khi thay cac ham s;(t) va sy(t) vao biu thic (11-90) va lay tich
phén, ta nhan dudc:
AA,

Wy, (1) = cos [(Dr - (o, “@2)] (11-91)

R rang ham tuong quan chéo chia hai tin hiéu diéu hoéa cang tan s6
phu thudc vao hiéu hai géc pha dau ciia chiing. Trong trudng hgp tdn s

cia mét tin hidu, thi du sy(t) 12 bdi s8 clia tin s6 clia tin hiéu s,(t),

2 S s .. Al Ta . < s
o, _2m ; 0, =00, il (n=12,3...) thi hai tin hiéu la truc giao nhau va tich
Tl Tl ’

phan (11-90) bang 0 nghia 13 ham tuong quan chéo v, (1)=0.

§11-12. MOI LIEN HE GIUA HAM TUONG QUAN VA DAC TRUNG
PHO CUA TIN HIEU

Trong bidu thiic (11-51) néu thay f(t)=s(t), gt)=s(t-), ta & nhan dugc:

o0

Tsl (s, (dt = [s(t) s (t-T)dt

Tich phan bén vé phai chinh 13 him tuong quan cla tin hidu s(t) do dé:
w(1)= [ s(t) s(t-7) dt=—— [6(@)F! (@)do (11-92)
b 2n 7
trong d6 G (o) 12 ham phd cla tin hidu s(t). F.(0)1a ham phé cia tin hiéu

f(t) sau khi bi gilt chdm mét khoang théi gian t: (G, (0)=G(@)e ™ ; G (o)
12 ham lién hgp phiic cia haim (G_(0);(G.0)= G (0)e’).

Néu trong biéu thiic (11-92), thay G’ (0)=G"(@)e*™ va luu ¥ rang:

G(m)G'(m):{G(m )‘2 , ta s& nhan dugc:
w(1) _ L _HG((D ) e do (11-93)
2n 2
Theo tinh chat ctia phép bién ddi Fourier, suy ra:
G@) = [w(r) e *"d (11-94)
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Vay binh phuong mé-dun ham phé clia tin hiéu bing bién d6i thuan
Fourier ham tudng quan cua né; ham tucng quan cua tin hiéu bing bién déi
ngudc Fourier cia binh phudng mé-dun ham phé cia né.

Tit cac k&t qua nhan duge, dé dang suy ra ring bé rong phé cia tin
hiéu cang 16n, thoi gian tuong quaii cia tin hiéu cang nhé.

§11-13. KHAI NIEM VE DAO PONG CAO TAN BI DIEU CHE

Mot trong nhiing nhiém vu co ban cta k§ thuat vé tuyvén dién la
truyén tin tic di xa gua khong gian ty do. Nhu ta da biét, cac tin téc can
truyén di thuong c6 phé nim trong dai tin s6 thap nén khong thé truyén
truc ti€p di xa dudc do cé dd suy giam 1dn trén duong truyén va do nhiéu
nguyén nhan k¥ thuat khac. Vi du d6i véi tiéng néi, 4m nhac thudng cé phé
tan nim trong dai tan f,;, = (30 +50)Hz dén f,,, = (3000 +10000)Hz.

Do d6, dé truyén tin titc di xa, ngudi ta phai cho ham tin téc tic déng
(xAm nhap) vio cac dao dong diéu hoa tan s6 cao, lam cho mdt hodc mét s
tham s6 cia dao déng didu hoa (bién d6, tan s@, géc pha) bién thién theo quy
luat ciia ham tin tuc.

Qua trinh tac déng clia ham tin tic vao dao dong tan s6 cao lam cho
mot hodc moét s6 tham s§ cia né bién thién theo quy luat ham tin titc duge
goi 1a qua trinh diéu ché. Dao déng tan s6 cao c6 tham s& bién thién theo
quy luat ham tin ttc goi 1a dao ddng bi diéu ché hay tin hiéu diéu ché. Dao
dong tan s cao c6 tham s6 khong d6i goi 13 dao d6ng tai tin, hay dao déng
tan s6 mang. Tan s6 mang oy dudc chon tiy thudc vao cu ly truyén tin, diéu
kién truyén lan séng dién ti, va nhiéu yéu t6 khac nita. Song trong moi
truong hgp, tdn s6 mang o, can chon 1én hon rat nhiéu lan tin s6 cao nhat
ctia phd tin tic. Diéu nay sé dam bao cho viéc truyén tin hiéu qua cac mach
vb tuyén dién khong bi méo dang. Mt khac, dé loai trit kha ning giy méo
dang tin hiéu trong qua trinh truyén lan cia séng dién tit, cAn chon tan s6
mang @, sao cho bé réong phé ciia tin tiic nhé hon tin s6 mang.

Trong trudng hop chung, dao dong cao tan bi diéu ché (tin hidu diéu
ché) c6 thé viét dudi dang:

u=U(t) cos [agt + ¢(t)] = U(t) cos O(t) (11-95)

trong d6 bién dd U(t) hodc goc pha ¢(t) bién thién theo quy luat ham diéu

ché& (ham tin tic).
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Néu bién @6 U(t) = U va géc o(t)= ¢ 1a hing s6, thi dao dong (11-95)
13 dao dong diéu hoa don gian (dao déng tan s6 mang).

Néu bién dd U(t) bién thién theo quy luat ham diéu ché&- géc pha o(t)
12 hing s6, thi dao dong (11-95) dugc goi 1a dao dong bi diéu bién hay tin
hiéu diéu bién (déi khi ciing goi 1a dao dong diéu bién).

Né&u goi pha ¢(t)bién thién theo quy luat ham diéu ché, bién d6 U(t)
132 hing s6, thi dao dong (11-95) dudc goi la dao dong difu ché goc, hay tin
hiéu diéu ché& géc. Dao dong di€u ché géc lai dugc phan thanh dao dong diéu
tan va dao dong diéu pha. Hai dang dao dong diéu tian va diéu pha lién
quan chit ché véi nhau. Sy khac nhau gitia ching chi bdi quy luat thay d6i
ctia goc pha ¢ (t) khi ham diéu ch&la nhu nhau.

| §11-14. DAO DPONG DIEU BIEN

Gia st ham diéu ché 1a s(t), dao dong tan s6 mang u=Uj, cos (0gt+ @),

khi d6 dao déng diéu bién s& c6 dang:

gy (6= [U + a.5(t) ] cos (aot+0o) (11-96)
6 day a 1a hé so ty 18;
U, +a.s(t) la 4quy luat bién thién ctia duong bao clia tin hiéu diéu bién.

Trén hinh 11-27c v& d6 thi thdi gian ctia dao d6ng diéu bién tGng véi
ham diéu ché& s(t) v& trén hinh 11-27a va dao dong tan s6 mang vé trén hinh
11-27b.

Xét truong hop ham diéu ché s(t) 14 moét ham diéu hoa

s(t) = u(t) = Ug cos (Q2t+0).
trong truong hdp nay, dao déng diéu bién sé c6 dang:
Uy (0)=[U, + U, cos(Qt +6)]cos( ,t+0,)
=[U, + AUcos(Qt +6)[cos(@ ,t+¢,) (11-97)
=U, [1+mcos(Qt+6)]cos(w ,t+,),

P A A~ ? A U N A . . 2 . )
trong do hé so ty 1é a dugc chon 1; m = — 14 s6 gia cuc dai ctia bién d6 caa
0

dao dong diéu bién va dugc goi 1a 6 sdu diéu bién hay chi s6 diéu bién.
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Néu bién d6 U(t) = U va géc o(t)= ¢ 1a hing s6, thi dao dong (11-95)
14 dao déng diéu hoa don gian (dao dong tan s mang).

Néu bién d6 U(t) bién thién theo quy luat ham diéu ché- goéc pha o(t)
14 hing s6, thi dao ddéng (11-95) dudc goi 1a dao dong bi diéu bién hay tin
hiéu diéu bién (d6i khi ciing goi 1a dao dong diéu bién).

Néu goi pha ¢(t)bién thién theo quy luat ham diéu ché, bién do U(t)
14 hang so, thi dao déng (11-95) dugc goi 1a dao dong didu ché géc, hay tin
hiéu diéu ché& géc. Dao dong diéu ché géc lai duge phan thanh dao dong diéu
tdn va dao dong diéu pha. Hai dang dao dong diéu tan va diéu pha lién
quan chét ché v6i nhau. Sy khéac nhau giita ching chi béi quy luat thay déi
ctia géc pha ¢ (t) khi ham diéu ché&1a nhu nhau.

| §11-14. DAO DONG DIEU BIEN

Gia st ham diéu ché&'1a s(t), dao dong tan s6 mang u=U, cos (agt+ @),
khi d6 dao dong diéu bién sé& c6 dang:

ugp, () = [Up + a.s(t) ] cos (0ot+9y) (11-96)
6 day a 1a hé s6 ty 18,
U, + a.s(t) 12 quy luat bién thién ctia dudng bao cta tin hiéu diéu bién.

Trén hinh 11-27c v& d6 thi thoi gian clia dao déng diéu bién tng véi
ham diéu ch& s(t) vé trén hinh 11-27a va dao déng tan s6 mang vé trén hinh
11-27b.

Xét truong hop ham diéu ché s(t) 1a mot ham diéu hoa

s(t) = u(t) = Ugcos (Qt+0).

trong truong hgp nay, dao dong diéu bién sé c6 dang:
Ug (1)=[U, +Ug cos(Qt +8)]cos(@ ,t+¢,)
=[U, + AUcos(Qt +8)]cos (@ ot+¢,) (11-97)
=U, [1+mcos(Qt +6)]cos(w ,t+¢,),
trong d6 hé s6 ty 18 a dugc chon 1; m = Ya 14 s6 gia cuc dai ciia bién d6 cua
0

dao dong diéu bién va dugc goi 1a dd sdu difu bién hay chi s6 diéu bién.
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D6 sdu diéu bién m dic trung cho mic d6 thdm nhip cta ham didu
ché& vao bién d6 cua dao dong tan s6 mang. Vi bién dd ctia dao dong khong
am, nén d6 sadu diéu bién ndm trong gidi han : 0 < m <1.

s(t)

U4 {t)

Ugy(t) A

Hinh 11-27

Vé y nghia vat Iy khi 0 < m <1 tin hiéu diéu bién khéng bi méo(bién
dd cua dao dong diéu bién bién thién theo quy luat ham diéu ché), con khi
m>1, tin hiéu diéu bién bi méo dang (bién d6 ciia dao dong diéu bién bién
thién khong theo quy luat ham diéu ché).

Trén hinh 11-28b va 11-28c v& do thi thoi gian ctia dao dong didu bién
Gng véi cac do sdu diéu ché m <1 va m >1 khi ham diéu ché€ ugy = Uq
cos (Q t+6) (hinh 11-28a).

T hinh 11-28b ta thay:

AU=U,_, -U,=U,-U__
U, +U_ |
2

Do d6 chi s6 diéu ché

U,=

— max A 18 — l )
— AU - Umax UO — 2 — max Umm (11-98)
UO UO _Umax +g_f9ﬁ Umax + Umin

m
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¢) Chi s6 diéu ch& m>1

Hinh 11-28
Trudng hop tong quat, ham diéu ché& s(t) 1a mdt ham da 4m

s(t)=u=Y_ U, cos (Q,t+6,)
k=1



dao dong diéu bién sé c¢6 dang:

U, (t):{UO +az U, cos(th+6k)jIcos(co0t+(po)

k=1

=U, [1+ m, cos(€, t+6,)+m, cos(,t +0,)+...+m_ cos(t +6n)]cos(coot +0,)

=U, {Ika cos(Q t+0,) j]cos(coot +Q,)

k=1

alU,

trong d6 m, = goi 1a chi s6 diéu bién bd phan thi k.

0 .
Khi d6 chi s6 diéu bién toan phén, hay d¢ siu diéu ché toan phan
dudgc xac dinh theo biéu thic:

a\/+U12 +U2+ +U2 '
m = (11-99)
UO
hay
m:\/mf+m§+ ................ ++m: (11-100)

Dé dao d6ng diéu bién khéng bi méo dang, d6 sdu diéu ché toan bd m

cling can thoa man diéu kién: ’
0<m<1.
311.15. PHO CUA TIN HIEU DIEU BIEN

Khi ham diéu ché&1a don am, bidu thitc giai tich cha tin hiéu diéu bién

sé c¢6 dang (11-97).
Ug(H) = Uy [1+m cos (Qt+0)] cos (ogt+ @p).
Stt dung c6ng thiic bién déi luong giac:

+ —_
@ +p COSO(,2 b

coso +cosff=2cos

biéu thic trén dugc bién ddi vé dang:

mU,

u,(t)=U cos(ow t+@,)+ cos[(co0+Q)t+9+(p0]

(11-101)

+m;j° cos[(0, ~Q)t+ ¢, + 6]

Thanh phéan thi nhit bén v& phai ctia biéu thic (11-101) 14 dao déng

khéng diéu ché véi tdn s6 o, dugce goi 1a thanh phan dao déng tan s6 mang.
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Cac thanh phan thit hai va thi ba 14 cic dao dong tan s6 méi (0+Q) va (©,-Q),
xudt hién trong qua trinh diéu bién, dugc goi 1a cac thanh phan tin s6 bién
(thanh phan tan s6 bién trén ©y,+Q va thanh phan tin s6 bién dudi ©y-Q).

Bién d6 ctiia cac thanh phan tan s6 bién bing nhau va bing nta tich cla chi
‘mU, )

s6 didu bién m véi bién d6 U, dao déng tdn s6 mang U, chia cho 2 (-

Vay khi ham diéu ch&1a don 4m, phd ctia tin hiéu diéu bién bao gém
ba thanh phan, thanh phin tan s6 mang g, bién d6 U, va hai thanh phin

A ~ “ A N 2 A A mU A . ~ * A A~ 2 ”, .
tan so bign oy+Q va ©y-Q, bién do 5 % . D6 thi pho bién dd cua tin hiéu

diéu bién trong truong hop nay vé trén hinh 11-29. D6 réng phd bing hai
1an tn s6 cia ham diéu ché:

Ao = 2Q (11-102)

mUp/2 mUy/2

L

g -Q Dg ®0+Q

Hinh 11-29
D4 thi phd bién dd cha tin hiéu didu bién

khi ham diéu ch&€14 don 4m

Tuong tu, khi ham diéu ché& 13 da 4m, ta bién ddi biéu thic (11-99),
va nhan dugc:

» m, U, [cosf(@, +Q)te, +6, ]
k=1 2

Uo(t)zUocos(coot+(p0)+z +cos[(a) CO)t+ (o, -0 ]} (11-103)

T biéu thitc (11-103), ta thdy khi ham diéu ché 14 da 4m, phé cua
dao dong diéu bién sé gom thanh phan tan s6 mang o, va hai giai thanh
phan tan s6 bién. D6 thi pho bién d6 ctia dao dong diu bién trong trudng
hop nay vé trén hinh 11-30. D rong phé bing hai 14n tin s6 cuc dai cia
phd ham diéu ché:
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Ao =20 (11-104)
Tu d6 thi phé hinh 1-29 v hinh 11-30 ta th4y, phd bién do cla tin
hiéu diéu bién déi xing nhau qua thanh phin tin s6 mang va dé hai dai vo
tuyén diéu bién dit gan nhau khong bj nhiéu loan 14n nhau, thi tin s6
mang cua hai dai f, va f;z phai chon théa man diéu kién:
1 foa - fo! 2 Famax + Fimax (11-105)
8 44y Fapax VA Fpnay 12 tan s8 cao nhat ctia phd ham diéu ché& cia dai A va
da1 B tuong Gng.
| |m|’m., :
®

L
=
Wy~ Q tnax 0 ®g +§)rnal

Hinh 11-30
D6 thi phd cua tin hiéu diéu bién khi ham diéu ch&'1a da Am.

Trén hinh 11-31 vé do thi véc to ctia dao dong didu bién khi ham diéu
ché& 1a don am.

Trén d6 thi véc to, dé don gian, ta coi véc td bidu dién dao dong tan s6
mang o, déng yén, va cho truc toa dé chuyén déng quay véi van téc géc bing
op theo chiéu quay ctia kim dong hé. Khi d6, véc to biéu dién thanh phin
dao déng tan sd bién trén (0,+Q) sé chuyén déng quay quanh gdc cta né véi
van téc goc bang Q theo nguge chiéu quay ciia kim déng hd; véc to bidu dién
thanh phan dao dong tan s6 bién dudi (0-€2) sé& chuyén dong quay quanh
gbc ciia né véi van t8c goc bang Q theo chifu quay cia kim dong hd. Vi hai
véc to bidu dién cac thanh phan dao dong tin s6 bién c6 do dai nhu nhau,
quay ciung moét van téc géc Q nhung theo cac chiéu ngugec nhau va cé géc
pha ddu doi nhau so véi véc to thanh phan tan s6 mang, nén phuong cuia véc
to tong luén khéng d6i, con do dai cia né thay ddi ma théi (dau mit cia véc
to tong chuyén déng trén dudng thdng chia véc to biéu dién dao dong tin s6
mang). Diéu d6 cé nghia 13, dao dong diéu bién cé bién d6 thay déi, con tin
s6 va pha khong thay déi.
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Khi truyén tin hiéu diéu bién qua mach cong hudng, bién d6 clia cac
thanh phéin tin s6 bién § ddu ra sé khac nhau, nén dau mit ctia véc to tong
sé& chuyén dong bén ngoai dudng thing chita véc td tdn s6 mang, nghia la
huéng cia véc to tong sé& thay d6i. Didu d6 sé din téi viéc diéu pha ky sinh
khi diéu bién. "

4 | —

% mU,

TR

s 0

Hinh 11-31
Cubi cung ta xét su phin bd cong 3uit clia dao dong diéu bién. Cong
suat ciia dao déng diéu hoa ty 1& véi binh phuong bién d6 cia né, do dé khi
ham didu ché li don 4m, céng sudt cla thanh phdn tan s6 mang c6
dang: P, ~U;.

Con céng sudt cha thanh phan tan s8 bién trén va bién dudi:

2 2772
Pt - (mUo) _ m Uo

2 4
p (mUo)2 B m*Ug
d 2 4

Cong sudt ciia dao dong diéu bién

m*UZ  mU; [, m?
P, =P, +P +P, ~ U; +———2{—°—+a—4——-=U0 1+_i—

Khi do sau diéu ché m=100%, ta sé:
1
~Us (1+—)
Pav 0 ’
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Vay khi d6 sdu di€u bién m=100% cong suit cla mbi bién tdn chi bing 1

4

cong suit ciia thanh phén tin s6 mang va bing % cong suit tdng cta dao
dong diéu bién.

Trong k¥ thuat dién béo, tin téc (ham diéu ché) dugc ma héa duéi

dang cac nhém xung (xem hinh 11-32a), dao déng diéu bién khi d6 s& c6

dang nhu v& trén hinh 11-32b. Dao dong di€u bién trong trudng hgp nay
dudc goi 1a dao dong diéu bién ma nip.

“s(t)

u(t) N

» I

———

—
= _ - — — _
'w'r'.

e
— s
| i
- -
=
Ee——
- - =
I "
—_—

Hinh 11-32

§11-16. DAO DONG PIEU CHE GOC,PHA VA TAN SO TUC THOI
| CUA DAO DONG
Gia sl c¢6 dao dong hinh sin
u = U, cos (ogt+y) = Uy, cos ¢ (1)
trong d6  (£) = 0o+ 9o 12 pha tic thdi ciia dao déng.
Xét pha clia dao dong tai cac thoi difm t; va ty:
Tai thoi diém t,:
b (t) = ooty + o, '
Tai thoi diém ty:
¢ (to) = otz + g -
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Véc to biéu didn dao dong tai cac thoi diém t, va t, v& trén hinh 11-33')
(gia thiét rang t.>t)).

Bién thién pha ctia dao déng trong khoang thoi gian tif t; dén ts. !
Ad):d)(tz)_d)(t]):(m__otz +o ) —(@,t, +9)=0,(t, -t,)= 0 ,At | (11-106)
0 day At = tg-t;.

B

4]
ﬁ¢=¢(t2)' ¢(t1)
‘?(t:):fDot‘giﬂl_)7 ${ty )=mpt1+Hpg x
Hinh 11-33

T bidu thic (11-106) ta thiy, trong trudng hop xét, tan sb clia dao dong:

moz% (11-107)

Néu tan s6 cia dao dong bién thién theo thdi gian, thi trong biéu thic
(11-107), ta phai thay ky hidu gia s6 A bang ky hidu vi phan nghia 14 tdn s§ -
titc thoi cua dao dong.

a(t) = 9-%(:—) (11-108)

T biéu thitc (11-108) suy ra:

o) =[o (Hdt (11-109)

Vay tan s6 ctia dao dong bing dao ham theo thdi gian pha clia né, con
pha ctia dao ddng bang tich phan tan s clia né.

Béi vay, néu ham diéu ché€ 1a s(t), khi thuc hién diéu ché goc bibu
thitc giai tich cia dao ddng diéu ché tuong ing véi 2 dang diéu ché sau:

Diéu pha:
wyr (8) = U, cos [ @p t + bs(t) + 9. (11-110)

Diéu tan:
uy ()=U, cos[coot+bjs(t)dt+cp0] (11-111)

trong d6 b 1a hé s6 ty 18.
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Tan s0 tic thoi cia dao déng khi diéu pha:
ds(t)

co(t)——[co t+bs(D+¢,] =0, +b—= m (11-112)
Tan s8 tiic thoi cia dao dong khi diéu tan:
d
w(t):a[m0t+bfs(t)dt+(po] =, +bs(t) (11-113)

T cac biéu thic (11-110) - (11-113) ta th&y, khi didu pha, pha cta
dao dong bién thién theo quy luat ham diéu ché, con tan s6 clia dao dong
bién thién theo dao ham ham diéu ché, khi diéu tdn tdn s6 cia dao dong
bién thién theo quy luat ham diéu ch&,con pha ctia dao dong bién thién theo
tich phadn ham diéu ché&. Hay néi mét cach khac, néu pha cta dao dong bién
thién theo quy luat ham diéu ché& thi tan s6 clla dao dong s& bién thién theo
dao ham ham diéu ché; con néu pha ctta dao déng bién thién theo tich phan
ham diéu ché, thi tan s6 8 bién thién theo quy luat ham diéu ché.

Khi diéu tidn hoidc diéu pha, thi ca tdn s§ va pha ctua dao dong déu
thay ddi, nén diéu tan va diéu pha dudc goi chung la diéu ché géc.

Trén hinh 11-34b va 11-34c vé d6 thi thoi gian cia cac dao dong diéu
tan va diéu pha Gng véi ham diéu ché vé trén hinh 11-34a.

ST/:\ S0
|
{

- W\ e

WHHMM
il UW:\JUH

Hinh 11-34
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Xét truong hop khi ham diéu ché€la don am:
s(t) = u(t) = Ug cos Ot
Khi diéu pha
ug(t) = Ug(cos[at+bUQcos Qt + og) = Uycos(apt+mecos Qt+ ¢p) (11-114).

Khi diéu tan ‘
u, (H=U, cos(m0t+bjUQcoth dt +¢,)
bU .
= U, cos(coot+—£—2—stt dt +o, (11-115)
= U cos(w,t+m, sin Ot +¢,)
2 3a bU, .. . o N oy Cys a0
o day: m; = 9 la gia s0 pha cuc dai khi diéu ché géc, dudc goi 1a chi s6

diéu ché géc. -
Khi diéu pha, chi s diéu ché& géc ty 1& véi bién d6 ham diéu ché, con
khi diéu tan chi s6 diéu ché& goc ti 1& thuan véi bién d6 ham diéu ché, ty 1&
nghich véi tin s6 ham diéu ché.
Xét tan so tic thoi khi diéu ché géc.
Khi diéu pha
o(t)=n,-bU,QsinQ, =o ,+Ao , sin), (11-116)
Khi diéu tan
o(t)=0,+bU,QcosQ, =a,+An , cosQ), (11-117)
6 day: Aoy, = -bUa Q, Aay,, = bUg.
Aoy, Aoy, 12 d6 1éch tan s6 cuc dai khi diéu ché géc, goi 1a d6 dich tan.
Khi diéu pha, d6 dich tan ty 1é véi ca bién do va tan s6 ham diéu ché,
con khi diéu tan do dich tan chi ty 1& véi bién d6 ham diéu ché.
Tuong tu nhu trudng hgp difu bién, khi ham diéu ché 1a da 4m ta
ciing c6 chi s6 diéu ché géc va do dich tan bd phan.

§11-17. PHO CUA DAO PONG DIEU CHE GOC

Trong truong hop tong quat, khi ham diéu ché& la don am, dao dong
diéu ché géc sé c6 dang:

Uy, () = Uy cos (wpt + m sin Qt) (11-118)
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O diy m la chi s& didu ché& géc, va dé don gidn tinh toan ta gia thiét
géc pha dau cta dao dong tan s6 mang va géc pha ddu ctia ham diéu ché
(p0=90=0.

St dung cong thitc bién d6i luong giac.
cos (a+b) =cosacosb - sin a sin b.

dé bién d6i biéu thic (11-118) vé dang :

ug, (t) = Uj cos agt cos(m sin Q) - sin oyt sin (m sin Qt)  (11-119).

Trong 1y thuyét cia ham Béc-xel, ta da biét

sin (m sin Qt)= 2J,(m) sin Qt= 2J3 (m) sin 3 Qt + 2J5(m) sin5 Qt +...,

cos(m sin Qt)=Jy(m) +2J5(m) cosy Qt+ 2J,(m) cos Qt + ...,

sin (m cosQt)= 2J,(m) cos Qt- 2J; (m) cos 3 Ot + 2J5(m) cos 5 Qt +...,
cos(m cos Qt)=Jo(m) -2d5(m) cosy Qtt 2J4(m) .cos 4Qt - cosd Qt-2J¢(m) cos6 Ot + ...
6 day J,(m) 12 ham Becsel loai mét bac n cia d6i s6 m.

Do d6, bidu thitc (11-116) c6 thé viét dusi dang:
U, ()= U, cosa 0t[Jo(m)+ 2J,(m)cos2Qt 2J, (m)cos4Q, +..... ]
- U, sino 0t[2]1 (m)sinQ+2J,(m)sin3Qt +........ ]
U,J o (m)cosa ot +U,J, (m)[cos(w , +Q)t - cos(w, - Q)t]
+U,J,(m)[cos (@, +2Q)t+cos(0, — 2Q)t]
+ U,J;(m) [cos(co o +3t+cos(o, - 3Q)t]

(11-120)

Tit biéu thitc (11-120) ta thay, khi difu ché& géc, mic dit ham diéu ché
]a don Am, song phé clia né van bao gébm thanh phdn tan s6 mang o, va v6
s6 cac thanh phan tidn s6 bién o, + n Q(0=1,2,3...). Cac thanh phan tan s&
bién ting cip mot d6i xting véi nhau qua thanh phan tan s6 mang. Bién d6
cia cac thanh phan phé dudc xac dinh bang tich ctia bién dé dao déng tan s6
mang va d6 16n ham Bec-sel tuong tng, nghia 1a phu thuéc vio bién dé cua
dao dong tan s6 mang va gia tri cia ham Bec-sel. Cac gia tri cia ham Bec-sel
thuong dugc cho theo bang hodc d6 thi nhu trén hinh 11-35.

Thuc t€, khi n>m+1, gia tri clia cic ham Bec-sel J (m) —0, do dé6
trong thuc t& phé cia dao dong diéu ché géc ciing chi bao gdm mét s6 hitu
han [2(m+1)+1] thanh phan, va bé réng phd:

Ao =2m+l) Q (11-121).
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! T(m)

Jo(m)

J1(m)
5 ()

/{ “m

2

Hinh 11-35

Khi m>>1, ¢6 thé coi bé rong phé A @ = 2m Q.
Ngugc lai khi m<<1, thi bé réng phd ctia dao dong diéu ché Ae = 2Q,

giong bé rong phé clia dao dong didu bién.

m=0,4
L] L | owe
T

i

@J ‘]" [Iimzz >0

Hinh 11-36
K&t luan trén véi diéu kién m<<1 ciing c¢6 thé suy truc tiép tit biéu

thic sau:
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sin (m sin Qt ) ~ m sin Ot,
cos(msin Qt) ~ 1
do dé:
u,, (1) =U, cosa jtcos(m sinQt) U, sinw  tsin (msint)
~ U, cosm,t mU, sin@,tsin Ot (11-122)

mU, mU,

= U, cosm ,t + cos(m, +t- 5

.Cos(w, + Ot

Trén hinh 11-36 vé d6 thi phd bién d6 ctia dao dong diéu ché goc tng
v6i cac chi s6 diéu ché m khac nhau.

D6 thi véc to cia dao dong diéu ché& géc khi ham diéu ché 1a don Am,
véi chi s8 diéu ché& m<<1 c6 thé suy ra tryc tiép tit &5 thi véc to ctia dao dong
didu bisn. So sanh bidu thitc (11-122) véi bidu thitc (11-101) khi ¢g=6,0, ta
thay hai véc t6 biéu dién dao dong tin s6 thénh‘phﬁn bién duéi khi diéu géc va khi

Q) diéu bién nguge ddu nhau.

D4 thi véc t6 ctia dao dong diéu ché géc khi ham diéu ché 1a don am,
véi chi s6 diéu ch& m<<1 vé trén hinh 11-37.

Hinh 11-37

T hinh vé ta thay :
eu a, =0, =0,

Nén suy ra B, =B,
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do d6, ddu mit cha véc to téng cia ba véc to sé chuyén déng trén duong
thing vuéng géc véi dudng thing chita véc to ditng yénU,. Diéu d6 c6 nghia
13 phuong ctia véc to téng thay d6i theo thdi gian, dé chinh 1 hiéu éng cia

R
* A P d P . ~ s A ~ A Nt P 7 m U
diéu ch& goc. Khi chi s6 di€u ché m<<1 d¢ dai cla cac véc t(j-—z—1 nho hon
A A PNd 7, -
nhiéu do6 dai véc to U,

5
mUo

- Uo
2

«

nén c6 thé coi nhu d6 dai ctia véc to tdng khong thay ddi va bing d6 dai ciia
véc to 1_30, c6 nghia la bién d6 cua dao ddong difu ché& géc khong thay d6i.
Trong thuc t& véc td tong cua dao ddng diéu ché& géc thay d6i ca vé phuong
ciing nhu vé d§ dai, diéu dé cé nghia 1a trong dao ddng didu ché& géc ludn ton
tai hién tugng diéu bién ky sinh.

Tuong tu nhu dao d@hg didu bién ma nip, khi cin truyén tin hiéu
dién bao di xa, ngudi ta ciing ap dung diéu ché géc ma nip.

Trén hinh 11-38b vé d6 thi thoi gian clia dao dong diéu tan ma-nip,
con trén hinh 11-38c vé d6 thi thdi gian cia dao dong diéu pha ma-nip, véi
ham diéu ché&1a nhém xung dién bao vé trén hinh 11-38a.

Khi diéu tan ma-nip, bién dd va pha ban ddu khong thay d6i chi c6
tan s6 thay d6i (vi du trong thdi gian tén tai xung, dao dong véi tan sb 0y, va
trong thoi gian khong c6 xung dao dong va tan s8 wgg). Con khi diéu pha
ma-nip tan s§ va bién do clia dao dong khong doi con pha thay déi theo ham
diéu ché.

§11-18. KHAI NI&EM VE PIEU CHE XUNG VA PHO
CUA DAY XUNG BI DIEU CHE

Trong k¥ thuat thong tin hién dai (théng tin s ) ngoai tai tin chinh la
cac dao déng cao tan, véi ting dung dinh 1y Ka-chen-nhi-Kov nguoi ta con
ding tai tin phu 13 ddy xung tuan hoan. Ban dau, dua tin tic s(t) can
truyén di tac dong vao ddy xung, lam cho mét hoic s§ tham s ctia diy xung
bién thién theo quy luat ham diéu ché& Qua trinh nay goi la qua trinh diéu
ch& so cdp, hay qua trinh diéu ch& xung. Diy xung sau khi bi diéu ché&
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thudng c6 phd ndm trong dai tdn s6 thap khong thé bic xa va truyén di xa
dudc, do d6 ngudi ta lai cho day xung bi diéu ché - déng vai tro ham diéu ché
- diéu ché& cac dao dong cao tan roi méi bic xa va truyén di. Qua trinh tac
dong ciia diy xung bi diéu ché vio cac tham s6 clia dao dong tan sé cao goi
14 qua trinh diéu ché& thi cdp, hay diéu ché cao tan.

s(t)

a)

b)

Hinh 11-38

D& xét tin hiéu xung bi diéu ché, truéc hét ta xét diy xung vuéng
tuan hoan (hinh 1-39).

Ta(t)

|
| vl
Hinh 11-39
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Day xung tuan hoan hinh 11-39 hoan toan dugc didc trung bdi cac
tham sé sau:

- Bién d6 xung E

- D6 rong xung 7,

- Chu ky lip lai chia xung T (hay tin s& xung f)

- Pha cla xung (12 d6 dich chuyén clia xung trén thang thoi gian so
véi diém géc xac dinh trudc).

Néu cho ham tin tic tic dong vao diay xung, lam cho moét trong bon
tham s6 clia day xung bién thién theo quy luat ham tin tiic, ta s& nhan dudc
cac dang diéu ché& xung tuong Gng:

- Diéu bién xung

- Diéu d6 rong xung

- Diéu tan xung

- Diéu pha xung

Ciing can chia § ring, didu ché d6 rong xung, c6 thé duge thuc hién
béng cach md rong d6 rong xung vé phia sudn trudc, hodc sudn sau, hodc vé
ca hai phia cia xung.

Trén hinh 11-40b vé d6 thi thoi gian cia day xung bi diéu bién tng
v6i ham diéu ché s(t) vé trén hinh 11-40a.

1 s(t)
a)

v
-

S

| Hnﬂﬂﬂﬂb)ﬂ

Hinh 11-40




Duéi day, ta sé xét phé ctia diy xung vudng tuan hoan bi diéu ché&
bién do.
Phé ctia day xung vudng tuin hoan, bién d6 E, d6 réng xung 1, véi

chu ky T ta da nhan dugc trong muc §11-4.

s(t):E(%’j—+% kz:] %sinkn%‘_coskcoltj | (11-123)

Néu cho ham diéu ché& u(t)=Ugcos Qt diéu ché& bién d6 ctia xung khi
d6 bién d6 cha day xung bi didu ché sé bién thién theo quy luat:
e = E(t) = E(1+m cos Qt) _ (11-124)
Trong biéu thic (11-123), thay gia tri bién 46 E=E(1+ m cos Q) tit
biéu thic (11-124), ta sé nhan dugc:

s(t)= E(l+mcoth)£T += ZEsmkn?cosk(o t)

T =1

=E(1+ mcoth)(—:lf—A——ZilP—l%?—g"—z coska t)

TC k=1
T,
E » sinko, =
% (1+mcost) l+22————~——2-« cosko t
T =
1
2
4] M k
_Er l+22w’~2—coskmlt
T ke X
0, =
2
ko
E « sinka
2 frmz . 2 cosko Ot
ko,
2
smkco 1/2
2
o gk (11-125)
szsm 91 T cos(ka, +t
T ia kmlt—
2
mEtx Z sinko, T, cos(ke, — )t
T & ko,
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Tt biéu thitc (11-125) ta thay, phd clia diy xung diéu bién, khi ham
diéu ché 1a don 4m ngodi cac thanh phan nhu d6i véi diy xung khong bi
diéu ché, con cac thanh phin @ng véi tan s6 ham diéu ch& Q, va cac thanh
phén ting véi cac t6 hop tan s6 ko;+ Q va ko;- Q, nghia 13, bén canh cac
vach phé ing véi tin s6 ko, con cé hai vach phd d6i xting nhau tng véi
cac tin s8 ko;+ Q va ko~ Q véi d6 16n bang do 16n ciia vach phé tng véi

tan s6 ko, nhan véi %
D56 thi phé bién d6 ctia day xung bi didu bién trong trudng hop xét vé
trén hinh 11-41.

|
Ag
L
~ "
\
Y
A
] | i 1 Nt fl[l I |]: l]l\‘-\ ”
Q ®204 27 @
Ty
Hinh 11-41
f
Ag
\
h
\
@
Hinh 11-42

Tuong tu, trong trudng hop ham diéu ché& 1 da 4m, phd ciia day xung
vubng tuin hoan bi diéu bién, bén canh cac vach phd ving véi cac tan s6 ko,
con hai gidi phd ddi xting nhau @ng vdi cac thanh phan tan s ket &
(=1,2,3,...).

D4 thi phd bidn d6 ctia diy xung vuéng bi diu bién trong trudng hop
nay vé trén hinh 11-42
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Cac diy xung thi tan bi diéu ch& ¢6 phS nim trong ving tan sb thip,
khong thé truc tiép truyén di xa dudc, dé truyén di xa, ngudi ta phai thuc
hién diu ch& cao tan 14n thit hai (diéu ché thit cAp). Didu ché thit cap c6 thé
thuc hién bing diéu bién, diéu tan, hosc didu pha ma-nip. Do d6 trong
thong tin xung, ta c6 cac dang diéu ché sau: diéu bién - diéu bién; diéu bién
- diéu tan; diéu bién - diéu pha. Diéu tan - diéu bién; difu tin - didu tan;
diéu tan- diéu pha; diéu pha - diéu bién; didu pha - diéu tan; diéu pha -
diéu pha; diéu d6 rong xung - diéu bién; didu d6 rong xung - didu tan; didu
- d6 rong xung - diéu pha.

Hinh thiic diéu ché& thit nhat 1a diéu ch& so cdp, con hinh thic diéu
ché& thi hai 1a diéu ché thit cap (diéu ch& ma nip).

311-19. PHUONG PHAP TAN SO PHAN TICH MACH DIEN

Xét mach dién tuyén tinh c6 ham truyén dat phic T(o). Gia st G, (o)
12 ham phd cta tin hiéu u,(t) tac dong trén dau vao cua mach khi d6 theo
bién d3i ngudc Fourier ta co:

u, () = ﬁ [G (@)™ do

Xét mdt lugng vo cling nhd cia tac dong trén dau vao
1 . "
d[ul(t)]:-z-;G1 ( @)e™do
va dat
du, =—1—G-1 (@)do , (11-126)
2n s

dU, goi 12 bién d¢ phitc ciia tac dong vd cung nhé dlu,(t)]. Biéu thic
(11-126) dugc bién ddi vé dang: |
d [u,(t) 1=dUe™ (11-127)

Bidu thic (11-127) biéu didn mot dao dong diéu hoa c6 bién do phlIC
dU, va tin s6 cua dao dong o.
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Bién d6 phiic cia phan tng trén diu ra cia mach Gng v6i thanh phan
tac dong vo cung nhé d [u;(t)] bang tich clia ham truyén dat phic T( o) cia
mach véi bién d6 phic clia thanh phan tac dong vé cing nhé trén dau vao.

dU, =dU,.T(jo) (11-128)

Thanh phan dao déng diéu hoa cia phan ting trén dau ra tng véi tac
dong didu hoa d[u,(t) ] trén dau vao:

d[u, (V)]= dU, & =dU, T(jo) e ©(11-129)

Thay gia tri dU, tit bidu thic (11-126) vao biéu thic (11-129), ta
nhan dugc:

d[U, (1] :EIET(j(D )G, (0)e™ do

Phan tng trén diu ra clia mach sé bang tdng dai s6 cia phan dng
thanh phan do ting tac dong riéng 1é vb cing nho giy ra, do d6 ta tim dugc
phan tng trén dau ra.

u, (t):2—1n— TT(jco)Gl(m)ejm‘dm (11-130)

Mit khac, theo bién ddi nguge Fourier, ta co:

u, (t):i [6,(@)e™do (11-131)

& day G,(@) 1a ham phé ctia phan dng trén dau ra uy(t).
So sanh bidu thic (11-130) véi biéu thiic (11—131), ta nhan dudgc:
G, @)=G, (@) T(jo) (11-132)
Vay ham phé cta phan Gng dau ra cia mach dién tuyén tinh bing
tich cia ham phd ciia tac dong dau vao véi ham truyén dat phiic cia né.

Cong thitc (11-130) cho phép tinh phan tng trén dau ra ctia mach
theo ham pho clia tac déng va ham truyén dat phic da biét clia n6. Con cong
thic (11-132) cho phép tinh ham phd ctia phan tng theo ham phé cla tac
dong va ham truyén dat phiic da biét cia né.

Phuong phap tim phan dng ciia mach dién tuyén tinh theo ham phdg
clia tac dong va ham truyén dat phic cla mach, con dudc goi 13 phucng
phép tan s6 phan tich mach dién.
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§11-20. MOI LIEN HE GITUA DAC TINH THOI GIAN VA DAC TINH
TAN SO CUA MACH

Xét mach dién tuyén tinh, gia st déc tinh xung cta mach 13 g(t). Theo
bién d6i ngudc Fourier, ta cé:

1 7. .
80)=>— [ G, (@)™ do (11-133)

O day G,(®) 1a ham phd cla dic tinh xung chia mach.

Tt chuong 6 (tap 1) ta da biét, dic tinh g(t) cia mach chinh 14 phan
{ing trén dau ra clia mach duéi tic déng cua ham xung don vi 8(t), khi diéu
kién ban diu bing khong, do dé theo cong thic (11-132), ta c6 thé viét:

G,(0) =T(jo)G; (o) (11-134)
0 day G,(0)1a mat do phé cha ham xung don vi 8(t), va G, (o) =1, nén:
G, (@)=T(o) (11-135)

Thay gia tri cia ham phé Gg (@) tit biéu thic (11-132) vao biéu thic
(11-133), ta nhan dudc:

g(t):—z-l—— [T(G0)e™da (11-136)
n —

Biéu thiic (11-136) chinh 1a bién ddi nguge Fourier ciia ham g(t), do d6.

T(jo)= Tg(t)e'jm‘dt (11-137)

Céac biéu thiic (11-136) va (11-137) xac dinh mdi lién hé giita dic tinh
xung g(t) va ham truyén dat phiic T(jo) cia mach dién tuyén tinh, hay moéi
lién hé gitta dic tinh thoi gian va dic tinh tan s6 cia mach.

Vay gitta ham truyén dat phiic T(jo) va dic tinh xung g(t) cia mach
dién tuyén tinh dudc lién hé véi nhau bdi cdp tich phdn Fourier (11-136) va
(11-137).

Dé tim méi lién hé gitta ham truyén dat phic T(jo) va dic tinh qua d6
h(t) cia mach dién tuyén tinh, c6 thé si dung méi lién hé da biét gitta dic
tinh xung g(t) va dic tinh qua d6 h(t) cia mach:
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§11-20. MOI LIEN HE GITUA BAC TINH THOI GIAN VA DAC TINH
TAN 8O CUA MACH

Xét mach dién tuyén tinh, gia st dic tinh xung ctia mach 1a g(t). Theo
bién ddi ngudc Fourier, ta cé:

1 %. . .
8(H)=2— [G, (@)™ do (11-133)

O day G, (o) la ham phé ctia dic tinh xung ctia mach.

Tit chuong 6 (tap 1) ta da biét, dic tinh g(t) cia mach chinh 13 phan
ing trén diu ra cia mach dudi tac dong ciia ham xung don vi 8(t), khi diéu
kién ban dau biang khong, do d6 theo cong thiic (11-132), ta c6 thé viét:

G, (@) =T(jo)G; (o) (11-134)
O day G,(0)]la mat d6 phd cia ham xung don vi 8(t), va G, (@) =1, nén:
G, (@)=T(jo) (11-135)

Thay gia tri cia ham phé G, (@) tit biéu thitc (11-132) vio biéu thitc
(11-133), ta nhan dudc:

g(t):—z-l—— [1(j0)e™do (11-136)
[ —®

Biéu thiic (11-136) chinh 14 bién d6i ngugdc Fourier cia ham g(t), do dé.

T(jo)= f g(t)e " dt (11-137)

Céac biéu thiic (11-136) va (11-137) xéc dinh méi lién hé giiia dic tinh
xung g(t) va ham truyén dat phitc T(jo) cia mach dién tuyén tinh, hay méi
lién hé giita dic tinh thoi gian va dic tinh tan s6 ciia mach.

Vay gitta ham truyén dat phic T(jb)) va dic tinh xung g(t) cia mach
dién tuyén tinh dugc lién hé véi nhau boi cip tich phan Fourier (11-136) va
(11-137).

D& tim moi lién hé gitta ham truyén dat phitc T(jo) va ddc tinh qua d6
h(t) cia mach dién tuyén tinh, c6 thé st dung mdi lién hé da biét giita dac
tinh xung g(t) va dic tinh qua d6 h(t) cia mach:
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g(t) = h(t).

Tuy nhién, viéc tim méi lién hé giita dic tinh qua d6 h(t) va ham
truyén dat phitc T(jo) cia mach dién théng qua dic tinh xung sé rat phiic
tap, nén trong thuc t& thudng xic dinh m6i lién hé gita ching qua ham
truyén dat toan ti ciia mach.

Ham truyén dat toan ti cia mach dién tuyén tinh 1a ti s6 gitia anh
toan ti ciia phan {ng va anh toan tit cua tac déng khi diéu kién ban diu

ctia mach bing 0.

T(P) = %%;— (11-138)

O day Fy(P) va F,(P) 1a 4nh clia phan tng va tic dong ctia mach.

A Dic tinh qua d6 h(t) cia mach dién tuyén tinh 1a phan ting cia mach
dudi tac dong cta nguon bac thang don vi 1(t) khi diéu kién ban diu cua

mach bing 0, do d6 n&u trong biéu thic (11-138), ta thuyc hién thay F, (P):l
p

(anh toan tit cia tac dong bac thang don vi I(t)) va Fy(p) =H(p) (dnh toan ti cta
dic tinh qua d6 h(t) cia mach) thi ta s& nhan dugc :

T(P)= E%P—) - PH(P)
P
hay H(P)zlr(—:l (11-139)

Vay anh hudng cta dic tinh qua d6 cia mach dién tuyén tinh bing
ham truyén dat toan tli cia mach chia cho toan ti P.

| Ciing can luu § ring ham truyén dat toan tit T(P) cia mach dién
nhan dugc tit ham truyén dat phic khi thay ky hiéu jo bing ky hiéu P.
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