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TS. Nguyén Pham Anh Diing

MO PAU
Céc ky su vo tuyén, ra dar , truyén thong déu phai cé kién thic vé ki thuat anten. Trong
cac hé thong truyén thong vo tuyén, anten dong vai tro vo cing quan trong. Thiéu n6
khdng hé thdng vo tuyén nao hoat dong. Cong nghé anten cho cac hé thdng thong tin di
dong khong ngung phét trién: tir cAc mang anten véi vai ludng cuc 18n cdc_mang anten
l6n c6 dén hang tram ludng cuc, tir cAc mang anten két ndi dén cac dau VO tuyén bang
cap dong truc, dén cac mang anten duoc tich hop véi cac dau thu phéat v . T lieu
nay s& cung cap cho cac k¥ su vo tuyén cac van dé cin ban nhat @ | S
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1.1. HE TOA PO VA CAC TOAN

1.1.1. Céc hé toa do sir dung chonphan t
Hinh 1.1 biéu thi cac hé toa%
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Z A
ah
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ay
0 s z
a, i/
a, ] ;‘y
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a, a,vaa,

Quan h¢ gitra cac hé toa do'Res

DeScartese
L Y
(1.1)
sing O || a,
sing cos¢p O a, (1.2a)
0 0 1 a,
3. Chuyén toa d6 tru vao toa do Descartese:
a | |cos¢ -sing 0] 3,
a, |=|sing cosp 0] a, (1.2b)
a, 0 0 1 a,
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Quan hé giira c4c toa do Descartese va cau:

1. Hinh chiéu cua r I&n céc truc caa hé toa do Descartese:
a.a, =sinOcos¢p [x =rsinOcosd
a,.a, =sinBsing = <y =rsin6sing (1.3)

a,.a, =cos0 z=1c0s0
2. Chuyén toa Descartese vao toa do cau ‘.) %%
a, sinOcosd sinOsing cosO || a,

ay |=| cosbcos¢ cosbsing —sinb | a, %%
a, | —sing cosd 0 | a,

3. Chuyén toa cau vao toa do Descartese %
(4| [sin Ocosd cosBcosdp —sind | %

étX
a, |=|sinBsing cosbsing cosd (1.5)
a cos0 —sin0 0

VA -

Céac géc‘c“a.

dai r bang ban kinlf’ tao

ang tron. Hinh 1.2a minh hoa diéu nay. Chu vi dudng tron la

m 1a 2x. Bay gio ta di xét goc khbi. Mot mat cau ban kinh r
n goc khoi don vi tai tim mat cau (hinh 1.2b). Pon vi cho gdc
¢ khéi dQ steradian xac dinh dién tich mat cau dS= r2dQ. Hay noi
3n tich mit cau dS tao nén mot goc khdi dQ=dS/r? tai thm qua cau.
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Dién tich
mét r?

steradian
dan vi

Hinh 1.2. a) Pinh nghia radian. teradian

ed cAc goc O va ¢ trong hé toa do cAu.



TS. Nguyén Pham Anh Diing

a7
AN N2

=1

L dS = r’dQ = r? sin 0dOd¢

1

(1.6)

(1.7)

vi steradian dugc xac dinh nhu sau:
27
Sin0d0do j dd=4n (1.8)
0

Va dfé 2t cau bang:
(1.9)



TS. Nguyén Pham Anh Diing

1.1.3. C4c toan tir Lamplace: del V

1.1.3.1. Cac toan tir trong hé toa Descartese

ity =T =z, g L5 OO (1.10)
ox Yoy ‘oz
L oA
divA=V.A = OA, +—L+ oA,
ox Oy 0z

rotA(x,y,z) = curlA(x,y, Z)= VxA(x,y,z) =det

1.1.3.2. Cact |

Y

do cau nhu sau:

Toéan tu gradieNe tc
ou ou ou

gradu(£0,0) % Vuk-a, +a,

+ﬁ¢
ol oly ol
(1.13)
10 _ 1 ou
=a, —+ag——+aq,——
or r 00 rsin@ O0¢

Trong d6 d6 dai fe=rd0~rd0 va ¢y=r sinbd6 la cac dich vi vo cung nhé theo phuong a,

vaa, trén mat cau ban kinh r (hinh 1.3).

10
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15(r2Ar)+ 1 8(sin9Ae)+ 1 0A,
> or rsin® 90 rsin® Od

divA(r,p,0)=V.A = (1.14)

a, 1d, §¢rsin97
o0 0 0

rotA(r,0,¢) = curl A(r,0,¢) = VXA = — det

r°sin0 or 00 8_(1)

A, 1Ay rAysing %
1 (0GinbAy) 6A,). 1 1 0A, OCAp)) ¢
- a +-— —= ag

~ rsin® o0 o r\ sin® or
+l O(rAg) OA, A,
r\ o 00

divgradu=V.Vu=V2u = iz
r

SIERSH

&) Q‘
r* — |+ —5—
or ) r”sin@00
2
L du (1.16)

2 sin’ 0 @’

1.1.3.4 Mt s6 cong thic hiru ich

VxVxFV(V.F)VZ% ~ (1.17)
V'VXFZQQ (1.18)

Vx(VE)=0* (1.19)
rad (V), div (V.) va curl (V) 1én cac ham sin dan dén

+

Téc dong &

(1.20)
(1.21)
in(E.f) =l§><Acos(lE.f) (1.22)

Trong d6 T(x,y,z) la vecto vi tri con k va A 1a vecto khong doi.

Dinh Iy Gauss d6i v&i moi vecto trudng A (D hodc B) (xem hinh 1.4):

11
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j V.AdV = j AdS (1.23)
Vv S
Dinh 1y Stoke ddi véi moi vecto truong A (E hodc H) (xem hinh 2):

[VxAdv = Adl (1.24)
S r

1.2. CAC PHUONG TRiNH MAXWELL %%

Phén tich cac qué trinh dién tir chi c6 thé dua trén bon tri
phan va tich phan duoc cho trong bang 1.1.

Bang 1.1. Phwong trinh Maxwell

well vi

Thir tw | Phwong trinh Phwong trinh tich doi tir phwong
vi phéan phéan j phan vao tich

1 u dung dinh ly Stoke,
phuong trinh (24)

2 Str dung dinh ly Stoke,
phuong trinh (24)

3 Str dung dinh ly Gauss,
phuong trinh (23)

4 Str dung dinh ly Gauss,
phuong trinh (23)

Tron

dién dich (C/m?)
ecto cuong do dién truong (V/m)
BYa vecto cam tng tir (V.s/m?)
H 1a vecto cuong do tir truong (A/m)
Q ladiéntich (C)
p la mat do dién tich khéi (C/m?3)
J 1a vecto mat do dong dién (A/m?)

12
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aa—lt) la vecto mat do dong dién dich (A/m?)

Cac tich phéan trong cac phuong trinh Maxwell dugc thuc hién theo dién tich S
Kin, ho va khung T' nhu trén hinh 1.4.

a) Mat S kin bao quanh thé tich V b) Khung T" bao quanh mét S ho

S

Hinh
1.4. Cac tich phan trong cac phwong trinh M 1'dwoCthuc hién theo dién tich S
kin, hé va khung

Trong truong hop mdi trirong dang Meéng tifth (chan khong) cac vecto trén lién hé
V61 nhau nhu sau:

(1.25)

DZSQE, BZM()H
; 0i, hing sb tir va dién dan.

, T2
Trong d6 €o, Hoy c‘Ja a ;

Tai vung cach 6, cadphuong trinh Maxwell ¢6 dang don gian hon:

(1.26)

D=0
V.B=0

Y nghia cua cac phuong trinh Maxwell nhu sau.
Phuong trinh Maxwell thir nhat phéat biéu rang cac nguoén vecto cua tir trudng H

c6 thé 1a cac dong dién dan J hoic cac dong dién dién dich %—]t) hay dong day du bao

gom ca hai. N6i mot cach khéc cac dong noi trén sé tao ra cac vong xoan duong Suc tir tir
truong H. Quan hé gitra cic vecto ngudn va cac vong xody tir truong tuan theo quy tac

13
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ban tay phai (hinh 1.5a). Tai viing xa nguén dién (J=0) vecto dién truong bién thién dién

truong E (%D = s%—lf) s& tao nén cac vong xody tir truong H theo quy tic ban tay phai.

a) E)u’c‘yn‘g strc cla tru«‘)’n’g ttr bao quanh b) Buwdng stre clia trwdong djén xoay bao quanh
dong day du theo quy tac ban tay phai OB (vecto tir) theo quy tic ban tay traii
_ ot B
T+8—D e (
ot ot

Hinh 51.. a) T+%—lt) la ngudn tao ra vong xody dwon a ca to tir trwong; b)

6E by A 7 by z °A by
= la nguén tao ra cac vong xody dién trudn

to ngudn cua dién truong 1a

ién @ua tr truong H B _ ua—H S8
ot ot

sinh ra cac vong xoay duong suc uan hé gitta cac vecto nguon H va

cac vong xoay dién truong tua c b‘n tay trai (hinh 1.5b).

Phuong trinh Maxwell thir hai phat

bién thién cua tir truong %B. N6i mot ¢

A

a phat biel ring duong sac dién truong dién truong E
ich, tich duong (p>0) va két thic tai dién tich am (p<0).

phat biéu rang dudng stc cua tir truong H (B=pH) khong

cubi, hay ndi mot cach khac duong sic cua tir truong 1a mot vong

0 sO cac phuong trinh Maxwell ta c¢6 thé rat ra cac két luan sau lién quan dé
cac tinh chat cua dién tir truong. Pién truong va tir truong lien quan mat thiét véi nhau.
Moi sy thay doi cua mot trudng dan dén thay doi cua truong con lai. Trong trirong hop
tinh dién, dién truong c6 thé ton tai ma khong cd tir truong. Ngudn dién tir truong 1a
dong dién va dién tich. Tir truong ludn 1a xoan, con dién truong c6 thé 1a xoan hoac la
thé. Pién truong chi 1a thé thuan tly trong truong hop tinh dién. Puong stc cua dién
truong o thé ¢ diém xuat phat va diém két thuc. Pudng stc caa tir truong ludn lién tuc.

14
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Tir phuong trinh Maxwell thir nhat ta thdy, dudng sic caa tir trudng bao quang dong day
da (gom dong dién dan va dong dich) theo quy tic ban tay phai. Tuong tu tir phuong
trinh tha hai ta thiy, duong sic cua tir trudng xody bao quanh duong sic cua cia vecto

%B (hay duong stc cua vecto H) theo quy tic ban tay trai.

1.3. CAC PIEU KIEN BIEN

Cac diéu kién bién cho thiy quan hé giita cac vecto dicp tu i cac moi

truong khac nhau trén mat phan chia cac moi truong.

cao Ah c6 day ASy, AS; trong moi trueong 1va 2, ¢
mét bién tai thiét dién AS. Ciing trén mit bién n

8t khung T c6 chiéu cao Ah,
cit mat bién mot doan 13 AZ.

5 voi dién tich AS1, AS2 va n la céac

.\.-.\.---
’
’
e,

c €1, M4

Méi trudng 1 G Al & [1pon
MGéi trudng 2 \i‘ nis
e, My Aly

Mat bién

15



TS. Nguyén Pham Anh Diing

Hinh 1.6. Ta xét mdt mit bién phan chia hai mdi trwéong véi hinh tru va khung dé
xét didu kién bién.

Pé tim diéu kién bién cho D, ta st dung phuong trinh Maxwell tich phan tha ba
trong bang 1.1 voi tich phan dugc lay theo dién tich S va thé tich AV caa hinh tru trén
mat bién:

[DdS= [ D1.dSi+ [ DdS+ [ D2.dS: = [ pdV=4Q (1.27)
S AS1 Sb AS2 AV
C T - o AQ . e . )
tI'OIlg do AS; =mAS;,dS; = AS;, AV=~AS. Ah, p= E, AQ la di€fr't AV.
Cho Ah, AS;, AS; tién t6i khong ta duoc:

AS1,AS2,AV = AS,

D,dS; = Dy.fi;dS; — Dy.idS %
Dzdgz =D, .1»dS, — —D,.AdS
AQ dQ

=== _5p, = lim —, AQ — psdS
P=av P T Do ds Q=

Khi nay diéu kién bién cho D nhu s

(1.28)

Ién tai diém xét, ps 1a mat do dién tich bé

_& (1.29)

Tuong ty dé tim diéu kién bién cho B ta sir dung phuong trinh Maxwell thir tu
trong bang 1 véi tich phan duoc lay theo dién tich S va thé tich V cua hinh tru trén mat
bién:

16
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j B.dS= j B.dS + j B.dS+ j B,.dS, =0 (1.30)
S AS| | ASp AS:
trong d6 AS; =mAS},dS; =1AS; .

Cho Ah, ASi, AS; tién t6i khong ta duoc diéu kién bién cho B nhu sau:

(Bi—B;),ii =0=>Biy =Bay (1.31)

trong d6 Bin VA Ban 13 cac thanh phan phap tuyén cia cac vecto cam @n
truong 1 va hai tai diém xét. Nhu vay phép tuyén cua vecto B khong doi
giGi gitra hai moi truong. Tuy nhién phép tuyén cua vecto H Ia'ei 1
phu thudc vao ty sé do tham tir ciia hai méi truong:

trong moi
n bién

Hin =&
Hon W

Dé tim diéu kién bién cho E ta sir dung well thr hai trong bang
1 véi tich phan duoc lay theo khung T va dién tic at bién:

(1.33)

trong 46 d(; =td(;,dl, =7d(,, 88 =

Cho Ah, A/1, A/, tién o
tién tai khdng \gr %
— d/

S . Y ST X n
ta@uoc tich phan vé phai cua phuong trinh trén

(55 Eytdl
la vecto don vi cua Al1, Al> va A/l

diéu kién bién cho E vai moi tiép tuyén © nhu sau:

(E]—Ez).?ZOZ>E1T ZEZTDﬁX(El—Ez)ZO (134)

trong d6 Ei. va Ex. 14 cac thanh phan tiép tuyén cua vecto E tai bién gitra hai moi truong.
Nhu vay tiép tuyén cua vecto E khong doi khi chuyén qua bién hai moi truong. Tuy
nhién doi vai vecto D ta co:

17
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e 5 (1.35)

Dy &
Nhu vay tiép tuyén vecto D bi gian doan mét luong bang ty sé hang sé dién moi
khi chuyén qua bién hai méi trudng.
Pé tim diéu kién bién cho H ta st dung phuong trinh Maxwell thir nhat trong
bang 1 véi tich phan duoc lay theo khung trén mat bién:

¢HdC= [ Hidi+ [ Hdl+ [ Aodi=[TdS=Al  (1.36)

r Al Al Al sS e

trong d6 d(; =7d(;,d(> =7d(l,, dS=iisdS ~fisACAh, T:Toi—;, 7=

vecto don vi chi chiéu dong dién, AI 1a dong dién di qua AS.
Cho Ah, A?1, Al tién toi khong ta dugc:
AL, Al ,AS— AL,
Hd/, =Htd(; - Hjzd(
H,dl, = H,%pdl, — Hotd(

T=T0 2L 55 =7 tim 2L 748
AS A—0 AL

, = = . Al |
trong d6 Js =Jop lim — & vecto magdc
Al—0 AL

Khi nay diéu kién bi

(Fi - H, %

2. Wa cac thanh phan tiép tuyén cua vecto H tai moi truong 1 va 2,
h chiéu cua vecto J 1én fis. Nhu vay khi chuyén qua bién gitra hai
ng dién mat, cac thanh phan tiép tuyén cia vecto H bi gian doan mot

(1.36)

vudng goe vaoi mat khung.
Dbi véi vecto cam tng tir B ta co:
Blr _ BZT
TP R D)
Du6i ddy ta tong két lai diéu kién bién da xét ¢ trén nhu sau:

— Isn (1.38)

18
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Din —Dzn =ps,(Di =Dz )i =py (1.39)
Bin —B2n =0,(Bi —B2).i=0 (1.40)
Ei: —E2:=0,fix(Ei —E2)=0 (1.41)
Hy, —Ha = T, xi,fix(H —Ha ) =T, (1.42)

Nhan hai vecto vé cua cac phuong trinh (41) va (42) v6i fita co thé viét cac diéu
kién bién nay ¢ dang vecto nhu sau (xem hinh 7):
ﬁx(El xﬁ)—ﬁx(Ez xﬁ) =0

ﬁx(Hlxﬁ)—ﬁx(Hlxﬁ):JSxﬁ

€1

&2 &2
A 4

Hinh 1.7. Phuwong cua cac t .

Truong hop m@m&w a ki ai dan dién 1y teéng (o=c0) khdng c6 thanh phan
trrong trong moi n ta cd cac diéu kién bién sau:

(1.45a)

(1.45b)
(1.46)
(1.47)
(1.48)

1.4. PHU THUQC TRUONG VAO THOT GIAN PIEU HOA (cos mt)

19
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Céc phuong trinh Maxwell dugc don gian déng ké khi xét & dang thoi gian diéu
hoa. Théng qua bién d6i Fourier nguoc, ta cé thé biéu dién cac loi giai tong quét cua
phuongtrinh Maxwell 1a két hop tuyén tinh ctia cua céc 1i giai don tan:

E(r,t) = I E(r, m)e! (21—03 (1.49)

T

2

Trong d6 E(r,t) la vecto phic tirc thoi, E(r,w)1a vecto bién 6 phic va taloi rang tat

ca cac truong phu thudc thoi gian theo ham el®! & gia tri phirc, hayyo gié
coswt nhu sau:

E(r,t) = E(r)e’" hay gi4 tri thuc Re(E(r,t)) = Re(]::(r)ej

Trong d6 E(r,t), H(r,t) 1a cic vecto dién truong va hut tuac thoi va E(r), H(r)

. ) ® :
la cac vecto bién do phac. Khi nay vi = n ¢ viet lai cac phuong trinh

Maxwell vi phéan trong bang 1.1 nhu sa

VxH=J+ joD (1.52)
VxE=—job . (1.53)
v.D=p Q (1.54)

(1.55)

Luu y: béd Iéu, X trong cdc cdac phwong trinh Maxwell trong bang
1.1 ky hiémchongdc Yecto thong thwong, con X sir dung trong cdc chwong dwdi diy
ky hiéu\cho bién dp phirc ciia vec to tirc thoi X .
1.5. G PIEN TU PHAT XA TU ANTEN

1.5.1. Dang s6ng lién két tai viing gan anten

Anten |a thiét bi bién d6i song dién tir lién két trong phi do thanh séng khong gian
Va tap trung nang luong song nay dén ddi tac thong tin. Trong ving gan anten song co
dang song lién két nhu duoc mo ta trén hinh 1.8 cho dang anten ludng cuc duoc kich hoat
bang dong dién diéu hoa ham sin.

20
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a) bién ap (V) b) Trwéng dién (E) c) Dong dién (1) d) Trwéng twr (H)

Hinh 1.8. Dang song lién két tai ving gan anten

Tir hinh 1.8a ta thay dién ap trén ludng cuc cd phan
dau ludng cuc va cuc tiéu tai tim cta no. Dién ap nay 1a

: kia cua n6 (hinh
1.8b). Dong dién trén ludng cuc ¢ phan bd voi gia tricieddaiNai tim cua ludng cuc va

trrong co dang duong tron bao quanh ludn
Co ché truyén song theo cac ph well thi nhat va tha hai dan dén

truong thay d6
dién truong thay
no theo quy tac b
anten.

ian dan dén tr truong thay doi theo thoi gian bao quanh
ué trinh nay tiép dién dan dén truyén song dién tir ra xa

J
I \ IR m X /_\\ X b //\\ X ..
E H E ® E H E H

Hinh 1.9. Qua trinh truyén lan séng dién tir theo phwong trinh Maxwell
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1.5. 2. Dang song dién tir tai vung xa anten

Song dién tir tai viing xa anten 1a séng khéng gian c6 dang séng phiang dang TEM
(Transverse Electromagnetic). Song TEM 1a song trong d6 vecto cuong do dién truong E
va cuong do tir truong H vudng goc voi nhau va nam trong cling mot mat phang. Mat
phang nay duoc goi la mat séng. D6i v6i song TEM mit phang chaa vecto E va H
vubng goc voi phuong truyén séng va phuong nay dugc thé hién bing fecto phuong
truyén song hay vecto Poynting 1 (hinh 1.10). Cac vecto E, H va J] ban
tay phai tuan theo quy tic vin nut chai theo d6 néu nhin theo ph@n % ) va

quay vecto E theo chiéu kim ddng hd thi sé téi vecto H

Mat séng

o

@\

AT PRAT XA VA CUONG PQ PHAT XA
O

¢ sir dung dé truyén tai thong tin qua moi trudng voO tuyén tir
diém_nay déa di¢ ac. Pai luong duoc sir dung dé md ta cong suat lien két vai song
cong suat duoc biéu thi bang vecto Poynting tic thoi gia tri phuc va
duoc\di nhu sau:

[T=ExA (1.56)
Trong d6 [1 14 vecto Poynting tuc thoi gia tri phic [W/m?], E 14 vecto cuong do dién

truong tac thoi gia tri phuc [V/m] va H 1a vecto cuong do tur truong tire thoi gia tri phuc
[A/m].
Cong suit tic thoi dP di qua mot phan ti: mat phing dS bang:
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dP=[1.dS=I1.a,dS (1.57)
trong d6 1a P tdng cong suét tirc thoi [W], a, 1a vecto don vi vudng géc véi mat song va

dS la dién tich mat nho voé cung [m?]
Tong cdng suat phét xa tuc thoi duge xac dinh nhu sau:

P, =qpIla,ds (1.58)
Déi vai truong didu hoa, vecto trudng tic thoi gid tri phﬁs)u, b o dang
phtc nhu sau:
(1.60)

Trong d6 E va H 1a cac vecto trudng bié i phic.
, A Ajot Ir jo j LA A . , u:
Luuy Re[Ae ] — E[Ae , ¥a c0 thé viét vecto Poynting tic thoi

nhu sau:

B(r,t) = B(x,y,zt) = Re[E(x,y,z)ejmt

H(r,t) =H(x,y,zt) = Re[I:I(X,y,z) J

~ ~

[I=ExH=

L4y trung b‘mhﬁw

Poyngting) trung

81 — - i

. J2mt

h 2Re[E x He ] (161)

iéu'thuc (61) ta dwoc mat do cong suat phat xa (vecto

(1.62)

Tur biéufthte (4,62 )\ta duoc cong suat phat xa trung binh nhu sau:

=P, :?ﬁ.ﬁnds :%?Re[ﬁxﬁ*}dg (1.63)

Bo phat xa dang hudng duoc dinh nghia 1a “mot anten gia dinh khéng ton hao c6 phat xa
déu theo moi phuong”. Tinh hudng ctia mot anten thuc té thudng duoc so séanh véi bo
phét xa dang huéng. Vecto Poynting ctia bo phat xa dang huong I1, (I ky hiéu cho
Isotropic: dang huéng) khdng phu thudc vao cac toa do goc 6 va ¢ vi thé cong suat phat
Xa cua no6 duoc xac dinh nhu sau:
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2T T

P-P :ggml dS= ! ![ar 1,0} [, sin 0d6ds | w64

=4 [T,
Trong d6 chi s6 | ky hiéu cho Isotropic (dang hudng)
Hay mat do cong suat phat xa dang hudng:

B = = Pr 2
t=a 1L =ar[4m2] S ‘.%%%

1.6.2. Cwong d¢ phat xa

Cuong do phat xa trong mot phuong cho trud nghid 13 “cong suit phat
Xa tir mot anten trén mot don vi goc khéi”. Vi

dugc bang cach nhan mat do phét xa voi bink phu g cach:

=— (1.66)
0 phat xa [W/1 steradian], IT la mat d6 phat

U=—
dQ
Trong d6 P 1a cong suét phat 2 0
xa[mﬂmﬂ,dfist/rz
A A r A LA ’ A \ A V4 Y A
Tong cong s@at p han dugc tir lay tich phan cuong d6 phat xa cho toan bo
goc khoi:

2T T

—fpudQ = j j Usin 6d0d¢ (1.67)
Q 00
0dods.
i VOi phan tir phéat xa dang hudng 1y tudng c6 cudong do phét xa khdng phu
thudc vao céc goc 6 va ¢, ta co:

Tro

2n T
Iﬂ={?Uﬁﬁ2:Ui££ﬁn&ﬂm¢=4nUI (1.68)
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Vay cuong do phéat xa cia mot ngudn phéat xa dang hudng bang cuong do phat xa
lay trung binh cho tat ca cac phuong:

U =-t (1.69)

1.7. 1. Tinh hudéng

1.7. TINH HUONG VA HE SO KHUECH DAl %%

Tinh huéng cia mot anten duoc dinh nghia 13 ty s§ gitr phat xa tir mot
anten tai mot phuong cho trudc vai cuong do phat xa tru nh cho tit ca cac
phuong (cudng d6 phat xa anten dang huéng):

U 4nU 4
D(O,§) = — = —— (1.70)
U, P dQ
Phat xa cuc dai s& xay ra tai phu ax, Vi thé c6 thé biéu dién tinh hudng
cuc dai nhu sau: %
U LY
D, =-—ma a (1.72)
P
Tinh hudng cuc & ¢ tifh theo dB:
0lgDmax [dB] (1.72)
oi volNanteh c6 cac thanh phan truong truc giao, tinh huéng cuc dai téng la tong
tinh g t phan, Trong hé toa d6 ciu, tinh huéng cuc dai Dmax d6i Véi cac
tha h ciia mot anten dugc Viét nhu sau:
Dmax = Do + Dy (1.73)

Trong d6 cac tinh hudng thanh phan duoc xac dinh nhu sau:

D, — 47U,

_ 1.74
" p,+ P, (L.74)
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4nU,
"By +P,

(1.75)

Trong do
Uo 12 cudng d6 phat xa theo phuong cho trudc trong thanh phan trudng 6,
Uy 12 cudng d6 phat xa theo phuong cho truéc cua thanh phan trudng ¢,

Pe la cOng suat phat xa theo tat ca cac phuong trong thanh phan 0,
P, 1a cdng suat phat xa theo tat ca cac phuong trong thanh phan ¢. %
Duéi dy ta s& dua ra biéu thirc tong quat chira mau phat Xa phwt 40 cac goc
0 va ¢ cia hé toa do cau. Ta biéu dién cimg d6 phat xa vao da
1
U:BOF(G,d))=f[E%(G,¢)+E%(9,¢)] 7
w

Trong d6 Bo 12 hang 6, Eo va E, 1a cac thanh phan t
Cuong do phat xa cuc dai theo (1.76) nhu sau:

Ung Xa cua anten.

Umax = BoFmax (9, ¢) (177)

Tir (1.68) va (1.76) , tong cong suat p ac dinh nhu sau:

2T T
P, =<ﬁ>UdQ=J j Usinddodg2 BN, [F(6,)sin6d6dp (1.78)
Q @ 00
Tir (1.70, (1.760A(INIB) ta%ac dinh dwoc biéu thirc tinh huéng téng quat va tinh hudng

Cuc dai nhy sa

DY 5 =4 F(6.0) (1.79)
; [ [F(6.0)sin6dod¢
00
D

U, Fun(0)

max 27

-

C6 thé viét lai (1.80) nhu sau:

(1.80)
F(6,¢)sin6d0d¢

S =3
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47 47

Dy = 55— = (@8
{ | J.F(G,d))sinededd)} / Foax (6:0)
00

\S)

Trong d6 Qa la goc khéi bup song duge xac dinh nhu sau:

AQ:ﬁn F(e,q))sineded(l)}/Fmax(O,d)) © %%
0 (1.82)

i F, (6,¢)sin6d6d¢

zin

Trong do %
83)

[\®)

St—3d o— 3

250

1a cudng d6 phat xa dugc chuan hoa.

1.7.2. Géc khdi bap
, ‘ y
Goc khoibup AQ, duc h'hghia 1a goc khoi trong do tap trung toan bo cong
suat phét xa (PS“ d6 phat xa khong doi va bang gia tri cuc dai cua U
dbi vai tat ca cac Q (hinh 1.11). Khai niém nay rat hiru ich cho cac anten
c6 tinh huong

7.

Toan bd cong suét phat
xa tap trung trong goc
khoi bup

» Phuong phat
xa cuwc dai

1

Anten c6
tinh hwéng

Goc khéi bup
Hinh 1.11. G6c khoi bup va @ réng blp ciia mot anten c6 tinh hwéng cao.
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Tur (1.80) va (1.81) ta cé:
D - 4rU_ _ 47 o AQ 47
PI' max

Do Dmax=Umax/Ui, str dung cac phuong trinh (1.67) va (1.69), ta duoc:

n2m n2m
AQ = ;“UI = Ul [ [uE.paa=| [ 0.4 < %
max max () ( 00 '
l!al hoa.

Trong d6 g(0,¢0)=U(0,0)/ U_,, 1a tinh huéng hay hé s6 khuéti

Déi véi cac anten c6 mau phat xa vai bup s
(hinh 1.12), c6 thé tinh goc khdi blp theocong thiic
blp nira cdng suit trong cac mat phing vudng g6

hepya cac bup bén phu nho
ang tich cua cac do rong

o 4n _ 4 (1.85)
AQ ®1r®2r
Goc khéi bup dugc xap xi hoa 19
.
(1.86)

AQz@lr@r

r

Trong do

ac do rong bup duoc do bang d6 ta ¢ thé viét tinh huéng nhu sau:

_ 4m(180/m)* _ 41.253
014024 ©1d®24

(1.87)

Trong d6

O1r 1 d6 rong blp ntra cong suat trong mot mat phang chinh (d6)

®2r 14 d6 rong bup nira cong suat trong mat phang chinh con lai vudng goc véi mat
phang chinh néi trén (d9).
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Thuong thi tinh hudng dugc thé hiéu theo dB nhu sau:

D=10log(D) (1.88)
Dmax=1010g(Dmax) (1.89)

7N

Hinh 1.12. Miu

gua).
Thi du. ong d6 phat xa cua anten c6 dang sau:
Bo cos6
Tro 6Bo= Unmax 12 cudng do phét xa cucdai cau anten. Cudng d6 phat xa chi ton tai
trong nutg khong gian trén (0<0<n/2, 0<p<2m) nhu trén hinh 1.13.
Tim:

a. Goc khéi bup: theo cong thuc chinh xac va cong thirc gan dung
b. Tinh hudng cuc dai: theo cong thirc chinh xac va cong thirc gan dang.
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~ee
-
S
e
-~
~.e
-~

.
.~ [
Sel
~

¢

X

Hinh 1.13. Mau phat xai U=Un, ow khong gian trén.
Q% .

Gidi e

r

Cac d¢ rong bup \% ong mit phang dtng va ngang nhu sau:
, U 1 2n

t nhat cosd = = — =0, =60%hay ==
- Unax 1 3

vudng goc thir hai, vi khdng phu thudc vao ¢ nén 0,

a. Tinh gdc khdi bap
= Theo cong thuc chinh xac (1.82)

2nm/2
Q, = I j cos0sin0dOd¢ =  sterad
00
= Theo cong thuc gan dung (1.85)
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Qa~O1,02= (21/3)%= 4,836 sterad

b. Tinh tinh huéng cuc dai:
= Theo cong thuc chinh xac (1.81)

0,0, 4,386
BUp chinh cang hep va céc bup bén cang nho thi s
cdng thtc chinh x&c cang nho . Ching han né

D, =0 _3T_ 4 602dB <
Q, =
= Theo cong thuc gan dung (1.84) %
Dinx = —F— =4 _ 5 865=54,57dB %

an tinh huong theo
hat xa U=By c0s%0, thi

tinh huéng theo phuong trinh (1.82) bang oYhuong trinh (1.85) bang
14,13.
Déi véi anten c6 tinh hudng cao, néINSeILr & SO khuéch dai chuan hoa khong doi

trong pham vi géc khdi bup:

(0.0)= ne > (1.90)
80,0 Ae/ . D<o<n '

thi:

sin0d0d¢ = 27{1 —COS ATGBJ (1.92)

AQ = E(ABB ) (1.92)

va

Sl



TS. Nguyén Pham Anh Diing

__16 (1.93)

max _A—O%

1.7.3. Hé s6 khuéch dai hay ting ich anten

Mot thdng s quan trong khac cua anten 1a hé sé khuéch dai hay tang/ich (d6i khin

nhung thong sd nay xét dén ca hiéu suat cua anten lan kha
Hé sb khuéch dai dugc dinh nghia 13 "ty s6 gitra cuong do

cho truéc véi cuong d6 phat xa cia mot anten déng hudng 0
cong suit dau vao cua anten” (hinh 1.14):

4nU 4 dP _ )

G(0,0)=——=——L(hé s6 khuéch dai cbn %4

e . g&% )
) o

in in
Trong d6 Pin 12 cOng suat dau vao anten la cong suét phat xa dang

huéng khong ton hao truyén dan) duoc

Pin= Pr-Lo (1.95)
Trong d6 Pt 1a cong suat may E% duong truyén dan (hay phido).
Y
r
% Anten

1 Pudnyg truyén dan (Phido)
" L

Pin —>

O O

Hinh 1.14.C6ng suat phat, tén hao dwong truyén dan, cong suit dau vao anten (Pin)
va cong suit phat xa (Pr)
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Do xay ra céc dang ton hao khac nhau, nén cong suat phat xa co thé khéc véi cong
suit dau vao anten. Su khac nhau nay duoc dénh gia bang hiéu suit anten duoc dinh
nghia nhu sau (xem muc ):

P
€q=— =>P =¢e P, (1.96)

in
Quan hé gitra khuéch dai va tinh hudng duoc xac dinh nhu sau:

G(0,$) = e ,D(0,0) @ & %
Hé sb khuéch dai cuc dai thuong dugc tinh theo dB tinh theo dBi:

Gmax[dBl]: 10|g Gmax [dBl] (1

i 1a viét tat tiéng Anh
3u s gitra cudng do phat

Hé s6 khuéch dai hay ting ich cua anten
Isotropic c6 nghia tiéng Viét 1a dang hudng)
xa (hay mat d6 cong sut phét xa) [dB] the ;
d6 phét xa (hay mat o cong suat phat cua'not anten gia dinh khdng tén hao co
mau phét xa dang hudng. Hinh 1.15 giakthich, di¢
dugc xét c6 thé tao ra cong suat
anten gia dinh khong tén hao &

Fedai tai mot diém thu cho trude 16n hon
nhiéu dB hay noi mot cach khac duong
éoh dai’cong suat tai diém thu 1én G[dBi] so
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Bup chinh

) P
isotrop real, max

55
otetete
S5
&
555

SIS

el

ot tetelety!

ajelels

SLatele
et
SIS

LA
L

G [dBi] = Preal, max I:’isotrop

o S

I
o

S5

5
o

55

&

L

¢
e
S50
&
£
£33
ol
S5
ote
£33

Cac bup bén phia tsén va
dudi bup h

£
£
(7
Atere
ol

< 4
LKL

: otetel
e

[3350%

i

K

Pisotrop : Cong suét phat xa tai diém thu ctia anten khéng té

: Cong suét phat xa theo hudng cuc dai tai diém th
real, max

G[dBi] : Hé s khuéch dai anten

@ : M3u phat xa anten gia dinh khéng t8n hao dang Mid
€ :Mau phatxa anten thyc t&

Hinh 1.15. Giai thich dinh nghia hé s6 khuéch

4

Can luu ¥ rang cac mau phat xahgcNapyduot tao ra tir nhiéu bup séng, ngoai

bup chinh con cé cac bap bén canh h ac bap phu (hinh 1.15).
Tuong tu nhu tinh hudng, treng pa 8o cau, hé sb khuéch dai cuc dai Gmax doi
NN

vé6i cac thanh phan 0 va ¢ ci Giét nhu sau:

(1.99)
han dugc x4ac dinh nhu sau:

(1.100)

(1.101)

Uo 12 cudng d6 phat xa theo phuong cho truéc trong thanh phan truong 6,
Uy 12 cudng d6 phat xa theo phuong cho truéc cua thanh phan truong ¢,
Pin 1a cOng suat dau vao.
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Tai phuong phat xa cuc dai, Pin.Gmax dugc goi la EIRP (Equivalent Isotropic Radiated
Power: cong suat phét xa dang huéng twong duong). Pai luong nay xac dinh mat do phat
xa cuc dai ma mot anten c6 thé dat duoc:

I — (C:ll;f j = —Pi‘f (1.102)

Trong d6 Peirp= Pin.Gmax

Tur hinh (1.13) ta c6 thé viét: e‘%%%
(13

P,
Perp = L—tGmax = Pgrp[dBm]/[dBW]

C

= P[dBm]/[dBW HGmax [dBi] -4
Trong d6 P[dBm]/[dBW]= 10logio[P(MW)/1mW]/ /TW]
1.8. MAU PHAT XA VA PO RONG BURSON

1.8.1. Miu phat xa

Theo dinh 1y dao lan
truyén dan vo tuyén hiéu

_ 6 thé vira Ia anten phat vira 1a anten thu. Dé
itadavphat va diu thu, anten phat/thu c6 nhiém vu
inftir d6i tac tap trung trong mot bap séng hep. Mau
ning luong séng dién tir ndy. Mau phat xa cua mot
m téan hoc hay mét trinh bay d6 hoa cac thugc tinh cua
a0 cac toa do khong gian. Thong thuong cac mau phat xa

phat xa thé hién
anten duoc dinh

h huéng, pha va phan cyc. Thudc tinh phat xa quan trong nhat Ia
ian ba chiéu cua nang luong phat xa phu thuoc vao vi tri quan trac trén
y mot mat c6 ban kinh khong doi (hinh 1.15). Vét trudng (dién hoic tir) thu
tai mot ban kinh khong d6i duoc goi 1a miu bién do trudng. PO thi thay doi trong khdng
gian cia mat do cong suat doc theo mot ban kinh khong doi duoc goi 1a mau bién do
cong suat. Thuong thi mau trudng va mau cong suat dugc chuan hoda so véi gia tri cuc
dai, khi nay ta dugc mau truong va mau cong suat chuan héa. Goai ra cac mau cong suat
cling thuong duoc thé hién trong thang loga hoic theo dB. Thang loga cho phép ta nhan
biét r& hon cac gia tri nhé cia mau.
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Mau phét truong (trong thang tuyén tinh) thé hién hinh vé phu thudc bién do dién

truong hoac tir truong phu thudc vao khong gian géc. Mau phét xa cong suét (trong thanh
tuyén tinh) thé hién hinh vé phu thudc binh phuong bién d6 dién truong hoic tir truong

vao khong gian géc. Mau phat xa cong suat theo dB thé hién hinh vé& phu thudc binh

phuong dién truong hoac tir treong trong dB vao khdng gian goc.

\ dS=r’dQ=r’sinodod¢

Mat phang ding

Bip I
chinh ',", \\
VAN o,

Céac bup phu ‘V/\‘\V
A
e \“‘
NI
A
M3 ang ngang

phat xa, cac thanh phan trwong ving xa va phan tir dién tich dwoc

Hinh
xét é%ea do cau khi phan tich anten.
Mau phét xa thuong duoc thé hién ¢ dang hé sé khuéch dai (hay con goi tang ich)
chuan hoa g(0,¢) dugc dinh nghia 13 ty s6 giita cuong do phéat xa & phuong dugc xét trén

cuong do phat xa ¢ phuong phat xa cuc dai:
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U©.4) _D(0.9) _ G(0.9)
U D G

max max max

2(6,0) =

(1.104)
Tong quat mau phat xa 1a mot hinh khéi ba chiéu dugc thé hién trong hé toa do cau.

Cac phan khéac hau cua mau phat xa dugc goi 1a cac bup, gom : 1) bap chinh, 2) cac bap
bén hay cac bup phu va bdp sau. Hinh 1.16 thé hién hé sé khuéch dai chuan héa phu

thudc vao goc 0 va ¢.
Cudng d6 phat xa (') %
BUp chinh

dd)dé biéu dién, mau phat xa thuong dugc thé hién & dang mat cat cua
ay: (1) mau phét xa trong mat phang ngang (TA: Azzimuth) dugc cat ra
song song voi mat dat va (2) mau phat xa trong mat phang dang (TA:

xa dugc thé hién trong toa do doc cuc.
Mau phét xa ciing c6 thé duoc thé hién trong toa do Descartese nhu trong hinh
1.17.
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Cudng do
A phatxa

Cac bup phu

T /2 0 /2

Hinh 1.17. Miu phat xa trong toa d$ Descartese (t

Ngoai ra cac mau phat xa ciing co thé fihd Yo tAc g mit cat di qua mit
phang vecto E hodc mat phing vecto H.

1.8.2 B rong bup song

1.8.2.1. Bo rong bup khong thgnh

L
at BW: First Null Beamwidth) la goc hop baoi hai

Do rong bup khohg tha

phuong ma tai d¥by up thir nhat) bang khéng (hinh 1.15)
1.8.2.2. Pd Up\1/2, B0ng suat (HPBW) va d¢ réng bup giira cac cong suat
khong dAwni )

/2 cong suat (HPBW: Half Power Beamwidth) Ia goc hop bai hai
5 cudng do phat xa cua anten bang 1/2 cudng do phat xa cuc dai cuau
anten ay noi mot cacch khac HPBW 14 goc hop boi hai phwong ma & d6 hé s6
khuéch d chuan héa giam 3dB so véi hé s6 khuéch dai tai phuong cuc dai (hinh 1.18a).
Do rong blp giira cac cong suat khdng thir nhat (FNPB: First Nulls Power Beamwidth) 1a
d6 rong cua bap chinh duoc gidi han gitta hai phuong phat xa bang khéng (hinh 1.18Db),

ph
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a) Mau khuéch dai chuén héa b) M&u khuéch dai chuén hoa
trong thang tuyén tinh trong thang dB
z Bup chinh 2
A A
Do réng bup 1/2 céng 1 / D06 rong bup khong thu 0
sust (HPBW) nhat (FNBW)

Cac bup bén
(cac bup phu)

Bup sau (Back
Beam)

FNBW: First Null Beamwidth: D6 réng bup khéng th
HPBW: Half Power Beamwidth: D6 rong bup 1/2@éng sUéi

Hinh 1.%(:
theo hé sb khuéch (i

phat xa trong
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a) Chan td 12 b) mau phat xa khdng gian ba chigu

X AZ
— g

/f

v || f
X
o o .y oos d) MAu phat xa trong mat phéne
c) Mau phat xa trong mat phang diing = s
(mét phing vectd E), g(q) ngang (mat phang vectd H), g(f)
q 4—+—>q

)2

D 150°
180°
HPBW=78°
Hinh 1.19. MAu phat x m% 2

)
Thong thy

c6 HPBW cang nho thi G[dBi] cang I6n. Bang 1.2 cho
H y hiéu cho mit ngang) va hé sé khuéch dai cua mot sd
i thong tin di dong.

gita HPBWy va G[dBi] ciia mét sé anten trong hé thong thong

65° 90° 105° 120°
15,5dBi 14,0dBi 13,5dBi 13,0dBi

1.9. PO DAI HIEU DUNG VA DIEN TICH HIEU DUNG

Khi mét anten hoat dong nhu mat anten thu, n6 ldy ra mot luong cong suat tir
song toi. Tai ving xa, song dién tir ¢ thé duoc coi 1a dong nhat (hinh 1.20).
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H Truwdng

a) Anten lvdng cwc trong ché do thu y song toi
[1

Phwong
song toi
‘ @
Tr

§0Nng toi

Phwong
song toi

Ma&t phang vecto
trwong E

Hi ~Wigp'tich higu dung cia mot anten

Pien trudng s6ng tdi tao nén dong dién trén anten. Co thé coi dong dién nay nhu
la mot ngudn twong dwong Thevin tao ra dong dién trén mot tré khang bat ky Zr. Céc
dong dién cam mg nay cling phat xa lai dién truong (duoc goi la truong tan xa) va
truong tan xa nay giao thoa voi trudng téi tao nén ving tdi phia sau anten (hinh 1.20).

1.9.1. B¢ dai hi¢u dung
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D6 dai hiéu dung anten (con duoc goi la chiéu cao hiéu dung) 1a mot dai luong rat
hitu ich dé xac dinh dién ap cam Gng 1én cac dau cudi hd mach anten. Vecto d6 dai hiéu
dung anten la mét dai lugng phirc dugc trinh bay nhu sau:

£,(8,0) =0 (6,0)+a,(,(6,0) (1.105)
Tai ving xa, quan hé gitta d6 dai hiéu dung va vecto dién truong, dong di€n dau vao lin

nhu sau: e %
E=-jZ, klﬂzee_ﬂ“ %

47r

Dién 4p hd mach cam @ng vao mot anten tuyén t1:%i hiéu dung /e va

dién truong s6ng téi Eincia tai cac dau cudi dugc xac di

V=E __...0 (1.107)

incid*~e

1.9.2. Dién tich hi¢u dung

Dién tich hiéu dung %‘I@ tich trong duong anten) dugc dinh nghia
t

la ty s giira cong suat tao ra atshu (hai diém két cudi anten) véi mat do cong suat
song toi:

(1.108)

dién tich hiéu dung, Pt la céng suét tao ra trén tai, Ry 1a dién tro tai va
[T, 1a%at d6 cong suat song tsi.

C6 thé biéu dién mat do cong suat song dén theo dién truong séng téi nhu sau:

B2
M, =— (1.109)
2Zy,

Péi voi anten khong phéi khang, cong suat duoc dwa dén tai khdng phai la cong

suat cuc dai. Trai lai d6i v6i anten dugc phdi khang cong suét thu dugc trén tai 1a cuc dai
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va dién tich hiéu dung ciing 1a dién tich cuc dai (Aem). Hé s6 hiéu suat duoc sir dung dé
danh gia mot phan cong suat thu bi méat do khéng phdi khang va:

Ae=€Aemax (1.110)

Dién tich hiéu dung phu thudc vao gac téi w(0,6). Co thé chi ra rangg#én tich hiéu

dung Ae(0,0) quan hé gai G(0,4) va budc song nhu sau:
4rA (6, e
G(6,) = x—gq)) 1.1®

Vi G(0,0)=nD(6,4), nén:

D(O,(I)) — 4TcAemazx (9, ¢) 1 2)
Hay
D) = —4ni§m‘”‘ (1.113)

Trong thyc té thudng duoc si

Gmax, Nén:

e“

G {%% (1.114)
1.10. P ‘N%\

9

ua~ ot anten la gi& tri twong ing phuong cua

song dién tir

n cuc song dién tir dugc dinh nghia la “thudc tinh cua song dién tor mo ta
phuong va bién d6 twong ddi cua vecto dién trudng thay doi theo thoi gian, phan cuc
duoc xac dinh bai duong do dau mut vecto E V& 1én theo thoi gian thé hién phuong dao
dong cua vecto cuong do dién truong”.

Mt phang phan cuc dugc dinh nghia 1a mat phang chia vecto E va vecto phuong
truyén song [1 (hinh 1.21).
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»
E Vectd cudng do dién trudng E

—>
H  Vecto cudng db tli trudng H
M&t phéng
phén cuc

g
y o %
Hinh 1.21. Mit phiang phan cuc %
Tong quat cac vecto cudng do dién trudng tac thol & séng TEM truyén
lan doc truc z bao gdm hai thanh phan duoc biéu diémgh :

oot _ (5 = jot
E=Ee™ = (aXEX + ayEy)e

I_Db Vectd phudng truyén song P

(1.115)

- joy L j(ot—kz) Joy §(ot—kz)
=a E, e""re e

ien truong, E 1a vecto bién do gia tri

Trong do E 1a vecto tic thoi gia tri
i cac thanh phan cia E phu thudc quing

(1.116)

(1.117)
(1.118)

cuayecto cuong do dién truong dugce xac dinh nhu sau:

£ =a.ct +ac
e (1.119)
=a,E, cos(ot —kz+o,)+a E, cos(ot —kz+ @)
Trong do:
&, =E, cos(ot —kz+@, ) (1.120)

& =E cos(ot—kz+ o)
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Dé xét phan cuc song,, ta xét sy phu thudc vao thoi gian cua cac thanh phan dién
truong tai mot diém quan sat cho truée, chang han z=0:

E (t)=E, cos(ot+o,) (1.121)
Ey(t) =E ,cos(ot+0,) (1.122)

Trién khai cac phuong trinh trén ta dugc: e %
E(M=E,, [coscotcoscpX - sin(otsin(px] %
&y =E,, [coscotcoscpy - sin(otsin(py] %

Giai cac phuong trinh trén cho coswt va sinot ta dugc %

. t) . X .
coswtsina = 5y( ) Sm@x — &M SIn Qy
Eym Exm
. . t X
sInmtsimo = 8y( )Coscpx = - (
Eym

Trong d6 a=¢ x-dy
L)
Binh phuong h%'bvé Cua edc ph tAgh trén rdi cong véi nhau ta dugc:

g

(s

i) sin @y Oy $ + <

Eym

Sau khl% dude phuong trinh elipse phan cuc:

2
" & 5y 5
2

& (O

Xm

cosq)y} =sin’a

y(t) O —
Eym
+ —— —2cosa.——— =sin" o (1.123)
E E . E

m ym Xm-—ym
Phu thudc vao ty s6 (Eym/Exm) Va léch pha o, phan cuc séng c6 thé Ia elipse, tron
hoac tuyén tinh. Pién truong twong mg trong cc truong hop nay duoc goi 1a phan cuc
elipse, phan cuc tron va phan cuc tuyén tinh. Phan cuc tuyén tinh va phan cuc tron la
trrong hop dac biét cua phan cuc elipse:
1. Phan cyc tuyén l1a phan cuc trong d6 dau mat cia vecto dién truong tai diém quan
trac trong khong gian vé 1én mdt duong thang theo thoi gian.
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2. Phan cuc tron 1a phan cuc trong d6 dau mat cua vecto cudng do dién truong tai
mot diém quan trac trong khéng gian vé 1én mot duong tron.

A. Phan cuc tuyén tinh. Phan cuc tuyén tinh nhan dugc khi géc léch pha a=0 hoic &
tuwong ung voi ox= @y= 0 hoac ¢x=0, py=-m. Khi nay phuongtrinh (1.123) c6 dang:

82
—
E;, El, EyE

Xm~—'ym

2
& 1 55 =0:>£5X . 6

Eym _QJZ (1 %%

E
=& ==
Exm

thé hién duong thang duoc trinh bay trén hinh 1.22a.

B. Phan cuc tron. Phéan cuc tron nhan dugc khi go =Pn/21 twong Gng voi: 1)
ox= 0, py=-1/2 hoac px=n/2, ¢py=0. Khi nay phu r1 ) ¢6 dang:
g &
2+ =1 (1.125)
Exm Eym

thé hién duong tron dugc t

Theo dirﬁ? i phan cuc tron quay theo chiéu kim dong hd khi nhin
doc theo phuong inh 1.22¢) dugc goi la phan cyc tron tay phai (RHCP:
Right Hand ion), con phan cuc tron quay ngugc chiéu kim dong hé khi
nhin doc thgo phuongtruyen song duoc goi la phén cyc tron tay trai (LHCP: Left Hand

CirculagPolarigati inh 1.22c). Céc phan cyc LHCP va RHCP truc giao véi nhau.
C.% se
P

ha&n cuc elipse nhan dugc khi goéc léch pha a=+n/21 nhung Exm#Eym. Khi nay
phuong trinh (1.123) c6 dang:

2
g & e o :

TX + Ty =1, Exm#Eymthé hién elipse c6 truc chinh va truc phu nam doc theo x
Exm Eym

va y nhu trén hinh 1.22d.
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Néu Exm#Eym nhung o bt ky, thi truc chinh va truc phu cua elipse s& quay léch véi cac
truc x va y nhu trén hinh 1.22d. Khi nay phuong trinh (1.123) c6 dang sau:

i%) 8‘2
Eg; +E+=1 (1.126)
Xm ym

Trong do

£ =E.cosO+ &, sin6
& =&;cos0 - & sinb

2ExmE
tang26 = ————""—cosa.
xm — Leym

_ _ (2 2 S\/ 2 2 2 2
A—OC—\/E(Exm+Eym)+5 [ 1 482, E2ncos ol
(1.130)

PN b 2 2 20 )2 2 22 2
B=0OD= E(Exm+Eym wNESY ) +4EZ B mcos’a

(1.131)

T

Trong d6 s =sig =
Quy tie N c N
phan cuc t%

an cyc elipse tay trai hay tay phai ciing gidng nhu d6i voi
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a) Phan cuc tuyén tinh

b6 déc
e (t)v Eym/Exen \‘I_E
: E F\ &© & (1)

20

& (1) . Do dée
' 'Eym/Exm

¢) Phan cuc tron tay trai va tay phai

Quan sat theo phuong
truy€n song

Nguoc chidu kim ddng hd
Phén cyc tron tay trai (LHCP)

d) Phan cyec elips

Exm = Eym, =/2, a=+m/2
Truc chinh va truc phu na (S Eym

doc truc x va truc'y Exm = Eym, =/2, o bat ky
Truc chinh va truc phu quay

er 1€ch tryc x va truc y

Hinh 1.22. Cac P r&khac nhau phu thugc vao Exm, Eymva goc a

1.23 g do diu mit vecto dién truong E V& 1én theo quing duong (phu
thi1é hi quan tric tai thoi diém t cho trudc (6 hinh 1.23: ot=2kz véi k 1a s6
nguye eo thoi gian (phu thuéc vao ot) khi quan tric tai toa d6 z (¢ hinh 13: -

kz=2kn vdi k 1a s6 nguyén) khi Exn=Eym va léch pha o= m/2.
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,
v &
doa . 2
{Y l‘ 0'
’ ’ .

.
T
\
\
.-O‘!
TN
w25 .-
celeaeem
i.
5 \

5 S
et
;

- .
.

B LT

[}
[}
(RN A S,

L

.

Hinh 1.23. Quy dao do da t%di@n trueong theo quang dwong (-kz) va
theo thoi gian St) khi lgch =

Pbi voi truong h
cuc la tron q

3 ta c6 chiéu quay theo chiéu kim dong ho, vi thé phan

g két cac truong hop phan cuc khac nhau phu thudc vao ty sb
(Ey éch pha a.
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Eym/Exm Séng chuyén dong vé phia ngudi xem (tU trong gidy ra) J
Phan cuc dting ‘ <

Ngudc chiéu kim déng ho

K —»

CHsiNe Vol

Phan cuc ngan

-p -3p/4  -p/2 -p/4 0 p p

—> O
Hinh 1.24. Tong két cac trwong hop phaw cucikhac nhau phu thugc vao ty sé
(Eym/Exm) Vél IéCh pha (')

Phan cuc anten duogc di a¥ h%n cuc song phat di tir anten”. Trong trudng
hop phuong séng khong duc apythi phan cuc duoc xét theo phuwong khuéch dai cuc

dai”. ér
1.10.2. Phéan cuc &

uc aptemirong mot phuong cho trude duge dinh nghia 1a “phan cuc cua
song dugc p a i anten”. Luu y: néu phuong khong duoc dé cap, thi phan cuc dugc

ong phuong khuéch dai cuc dai. Trong thyc té, phan cuc cia niang luong
: A'Aay d6i theo phuong tir tim anten, vi thé cac phan khéac nhau ciia mau phat
xa c6 thé,cotac phan cuc khac nhau.

Du6i day ta xét mot sé dang phan cuc anten ludng cuc pho bién.

1.10.2.1. Phé&n cwe anten lwdng cuc

Ddi vai ludng cuc, phan cuc hay mit phang phan cuc phu thudc vao vi tri caa no
so v&i mat dat (hinh 1.25):
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v Néu phan cuc duoc dit song song vaéi mat dat, thi anten ¢ phan cuc ngang (hinh

1.253a)

V' Néu ludng cuc duoc dat vudng goc véi mat dat thi anten ¢ phan cuc dang (hinh
1.25b)

V' Néu ludng cuc duge dat nghiéng 45° véi mat dét thi anten ¢ phan cuc chéo (hinh
1.25¢)

a) Phan cwc ngang > e %
: . : LI b) Phan cye ding ) Pha%zl
Hinh 1.25. Cac dang phan cuc khac nhau ciaa an w

Trong thong tin vo tuyén, c4c anten phét v i c6 cung phan cuc thi maéi co

thé thong tin dwoc vai nhau.

1.10.2.2. Anten phéan cuc chéo, Xyol

Anten phan cuc ché % P%larization) duoc tao ra tur cac ludng cuc
duogc dat nghiéa +45°0 § V&d' nhu trén hinh 1.26a. Hinh 1.26b cho thiy phan
cuc nghiéng i45r' harPtich vao cac thanh phan phan cyc ngang (H) va phan
cuc dung (V) co i 5 D&pg Mhau. Hai ludng cuc phan cuc chéo +45° tao nén trudng
phan cuc try 3 tin hiéu phat xa (hay thu) cia ching sé khong tuong quan
(doc lap) Vi . D, tinh chat doc 1ap cua hé thong ludng cuc Xpol, anten phan cuc

chéo du 1 Bungho phan tap thu hoac phan tap phat véi hai duong thu phat tin hiéu
5 mot duong tr cac ludng cuc nghiéng +45° va mot dudng tir cac ludng
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a) Anten Xpol b) Phan cwc trwc giao

//

B6 phan xa
| —— 0
He théng — | 2% 0 s v
chan tw | +45 Vv \% -4
I
I
H -H

Pwong tiép —| |
séng I

Hinh 1.26. Anten phan cuc chéo (Xpol) véi cac hé thén%:,
giao %

an cuc truc

1.10.3. Phéan cuc chéo

Tong quat cac dic tinh phan cuc caa mot oC®rinh by bang mot mau phat
xa phan cuc. Mau phan cuc dugc dinh n khéng gian caa cac phan cuc
vecto truong dugc bic xa baoi anten tré : phat xa caa nod. Khi trinh bay cac phan
cuc trén qua cau phét xa (hoic mot Aka 3
cac goc ngiéng cua cac elipse
duong chuan duoc chon 1a ¢4 tuyén tai moi diém trén qua cau véi cac dudng

A - 3 A A )\ ) z - X+ 3R 5 5 A z
toa d6 6 hoac ¢ cua hé toa cua cau phat xa. Tai moi diém cua qua cau phat xa,

(co-polarization) V mCehéo (cross-polarization). Dé vay, ddng phan cuc phai dugc
dic ta. Pong phd '

s6 gitta hé s6 khéch dai tuong ddi dong phan cuc (geo-pol) VGi hé s6
ong d6i phan cuc chéo (eross-pol) va dugc xéac dinh theo dB nhur sau:

CPR [dB] = 10Iggco-pol'lolggcross-pol (1132)
Hinh 1.27 cho thay cach xac dinh CPR cho anten phan cuc chéo véi HPBWp= 65°

va G= 17dBi va hinh 1.28 cho thay két qua do CPR cua anten nay.
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Poan 6120° | === Dbng phan cyc (co-pol)

g < > e e @ e Phan cwc chéo (cross-pol)
-5 V.
5
-10
P CPR
o -15
2 -20
)
é -25 o”l® e et XS =
& 307 3
& 35 v ’
-40 —
-180 -120 -60 0 60 120 18
Goc phwong vi, do
Hinh 1.27. Mau phat xa mit ngang cia anten véi HP G Bi va céch
xac dinh CPR
‘ Poan 6 120°
30
25
L~ N
20 / \Pv\
M

10 ‘

CPR, dB

0 T
-90 -60 -30 0 30 60 90
Goc phwong vi, Bo

PR ciia anten véi HPBWH=65° va G=17dBi

anghién ciu anten Xpol cho thdy nho phan cuc tryc giao anten nay
an cuc chéo cao vi thé cho phép dat duoc hiéu ning phan tap rat cao.

1.10.4. Hé s6 ton hao phan cuc va hiéu suat phan cuc

NG6i chung phan cuc anten thu khong giéng phan cuc séng téi. Truong hop nay
thuong duoc goi 1a khdng phdi hop phan cuc. Do ton that phan cuc nén lugng cong suat
anten thu lay ra tir song t6i s& khong cuc dai. Gia thét twong dién cua séng toi dugc biéu
dién nhu sau:
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Ei =awE; (1.133)
Trong d6 a; la vecto don vi ctia song va phan cuc cua dién truong cua anten thu dugc
biéu dién nhu sau:

E. =d,E; (1.134)

Trong d6 @, 1a vecto don vi (vecto phan cuc). Hé s6 ton hao phan cuc oC\jua ra
dé xét dén ton hao phan cyc nhu sau:

PLF = |ﬁw.ﬁa|2 = |COS\|/p|2

~

Trong d6 y la goc gitra hai vecto don vi. Twong quan giira
anten dugc thé hién trén hinh 1.29. Néu anten du
bang 1 va anten thu sé& Iy ra cong suat cuc dai t,.s0

ng téi va phan cuc
an cuc, PLF cua né sé

—_

Aw
A

Hinh 1.29. Twong quan gitra phan cuc song téi va phan cuc anten
Mot thong sé nita duoc st dung dé md ta dac tinh phan cuc cua song va anten 13
hiéu suat phan cuc (mat phéi khang phan cuc hay ton hao phan cyc). Hiéu suat phan cuc

dugc dinh nghia 1a ty sd giita cong suat thu duock bai anten tir mot séng phang c6 phan
cuc bat ky vai cong suat sé thu duoc bai chinh anten nay tir mot séng phang c6 ciing mat
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d6 thong lugng cdng suat va phuong  truyén séng tuy nhién phan cuc dugc diéu chinh dé
thu dugc cong suat cuc dai. Thong sé nay duoc biéu dién nhu sau:

. 7
Ee.Ei
Pe=""5—""
Le

E;
Trong d6 (. 1a vecto dd dai vecto hiéu dung cua anten, E; 1a dién truong s@ng toi.

Tro khang vao cua anten dugc dinh nghi

hai diém dau cudi hay ty sb gitta cac thanh thanh ong va tir truong tai mot diém.
Trén hinh 1.30, cac diém dau cudi 1a a-b. 5 g
nay khi khong c6 tai dugc dinh nghia la

(1.136)

1.11. TRO KHANG VAO CUA ANTEN

1.11.1. Anten trong ché dd phat

Za= Ra +jXa (1.137)
Trong d6 '
Za la tro khang angen tz &t cudi a-b (Om)
Ra 1a dién g i iém két cudi a-b (Om)

Xa la dién
Tong quéat tha

i cac diém két cudi a-b (Om)
g trong phuong trinh (1.137) dugc xéac dinh nhu sau:

R (1.138)
a digndro phat xa cua anten
a dieh tro ton hao cua anten.

Tro
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a) Anten trong ché do phat DTE) Ce ) VTS

/ | ’ i
Anten Vi
/Tg\

a
| . |
I,?’Q tao Séng R
song (Zy) phat xa 9 -
| b e I r

\ Xg
b
| B
c) twong dwong Norton %
a

IIgT Gy By G GL Ba %

b

Py
@

Hinh 1.30. Anten phéat va cAc mach twong duweng C

Néu ta coi rang anten duogc dau t o0 song (may phat) co dién khang noi:

ot
Zs= Ry + Xq &\ (1.139)
Trong d6 )
Rq 1a dieﬁ‘ : A\tao sérg (Om)

Xq 12 dién 0 song (Om)
va anten tron c6 thé biéu dién anten va bo tao séng bang mot mach dién
1.30b). Pé tim luong cong suat dugc chuyén dén Ry cho phat

Ve _ Ve 1.140
Za+Zy (Re+RL+Rg)+(Xa+X,) £

Bién d6 dong dién:

[ Vel

Ty |= — ((1.141)

[(Re+RU+Rg) +(Xa + X |
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Trong d6 Vg la gia tri dinh cua dién 4p cta bo tao séng. Cong suat cap cho anten dé phat
Xa:

_ Vel R;
2 | (Ri+Rp +R, )" +(Xa +X,)
Cong suat ton hao nhiét:

1 . |Vg|2 RL r %
P =—|l,| RL = [W
2 R e R s (Ra e ) %

Cong suat ton hao nhiét tai dién tré ndi bd tao song Ry:

P= %|Ig|2 R (W] (1142)

2

_ Vel Re
2 | (Ry+Rp +R, )" +(X 3

Cong sut cuc dai cip cho anten xay Yakhi c

1
P, = E|Ig|2 R, ((1.144)

hang lién hiép phuc:

(1.145)

(1.146)

[W] (1.147)

(1.148)
2 2 2

_ Vg| Rg = |= |Vg| I: 1 j|:|Vg| [W] (1.149)
8 (Rr+RL) 8 | R +RpL S8R,

Tir cac phuong trinh (1.147) (1.148) va (1.149) ta thay cOng suat ton hao trén dién tro noi
bang téng cong suat cho phat xa cua anten va cong suat ton hao trén dién tro ngoai:
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|Vg|2 R, _ |Vg|2 R +Rp

P,—P +P =
: (Re+RL)* | 8 | (R +RL)

[W] (1.150)

Cong suat do bo tao séng tao ra khi c6 phdi khang lién hiép phuc:

1o« V| Vi A
P,=—V,I,=—2 g =L W] (1.151
2 &F 2{2(Rr+RL)} 4 {(quLRL)}[ I (15D)

0 song, mot nura cong suat
a1 duoC Cép cho pohat xa cua

anten. Khi nay Trong toan bo cng suit duoc ta
bi tén hao trén dién trd ndi ca bo tao soa
anten. Trén hinh 1.30, ta gia thiét ran
nhién néu c6 dudng truyén dan giw
duong cua bd tao song dugc chuyé
trinh chuyén doi tré khang. Hirh1
hop anten trong ché do phat!

>

4

1.11.2. Anten tr e d§
Su ng&o ché do thu duoc trinh bay trén hinh 1.31a. Séng toi dap 1an
va'cam &g

anten no mot dién ap Vr twong ty nhu Vg trong ché do phat. So do twong
duon ¢ cho trén hinh 1.31b va so do tuong duong Norton dugc cho trén
hi
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a) Anten trong ché do thu T el e

* R, |
Anten /
4—

| a

Vet Séng toi

| : = i

Xt
\ | b
¢) twong dwong Norton %
a

Gr Br G, G. Ba TIT %

b
Hinh 1.31. Anten thu va cac so dd twong du

Trén so d6 twong duwong 1.31b@a.co
ao nhiét gay ra boi dan dién va dién moi

khang sau: 1) Vt1a dién ap thu, 2) RRNE i
phét xa lai hay tan xa va R la diéhtr 0
va Xa la dién khang cua ante
:
g:it r
Pr

Trong ché do thu con a ten tai thu R, duoc tinh nhu sau::

W] (1.152)

. [
(Xa +Xr1)’

i tan xa(Pr) va cong suat ton hao nhiéu P nhu sau:

2 2
Rt — |- [V { ! } _ [Vl [W] (1.153)
(Rr + RL) 8 R; +R. 8RT
wf[ r|f[w

[W]  (1.154)
2 | 4R, +R.) 8 |(Ri+Rp)’
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_ Vi | Re
8 |(Ri+Rp)’

Cong suat cam wng vao anten (Collected Power: cdng suét thu cua anten) dugc xac dinh
nhu sau:

153

[W] (1.155)

* 2
P, = Lvilh = VT{ Vr }: [Va| [ 1 } (1.156)
2 2 | 2(Rr+Ry) 4 | Re+RL

Tir phuong trinh (1.153) ta thiy mot ntra cong suat cam tng Vas)an Foudira dén tai
trong truong hop phdl khang.

oC phurc tap cua cac anten,

phuong phap kich thic né va cac vat thé gan no.
i ich. Di véi cac anten con lai,

nén chi mot sé it anten thuc té duoc nghién
tré khang vao duoc xac dinh bing thuc

Tu phuong trinh ( (1.152)
hiéu dung cua anten nhu sau:

t'do cong suat toi
%p phodi khang lién hiép phuc (Rr+RL=Rt, Xa=X7) (1.157) tro thanh dien
URg cuc dai:
2 2
. |Vr| Rt |vrl [ 1
em — -

8l_[inc (Rr +Rp )2 8H1 R: +RL

Tur hinh 1.31 ta thay khong phai tat ca cong suat thu dugc tai anten déu dugc dua
dén tai. Trong truong hop phdi khang lién hiép phic chi c6 mot nira cong suat nay la
dugc dua dén tai va nira cong suat con lai tiéu tan trén tan xa va 1am nong. Dé xét dén céac

Tro
tich hi¢

} (1.158)
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thanh phan cdng suat con lai nay ta dua ra cac dién tich twong duong sau: dién tich tan
xa, dién tich ton hao (nhiét) va dién tich thu.

Dién tich tan xa duoc dinh nghia 1a dién tich twrong duong ma khi nhan né véi mat
d6 cong suat toi ta duoc cong suat tan xa (hay cong suat phat lai). Trong truong hop phdi
khang lién hiép, sir dung (1.154) ta c6 thé viét dién tich tan xa nhu sau:

2
P |Vr R:
Hinc 8Hinc (Rr +Rp )2
Dién tich ton hao dugc dinh nghira 14 dién tich twong dwong ma hi

cong suat téi ta duoc cong suat ton hao. St dung phuong trin
tich ton hao nhu sau:

S

(1.159)

2
L= PL _ |VT| RL
Hinc 8I_Iinc (Rr +Rp )2
Dién tich thu dugc dinh nghia la dié

cong suat téi ta duoc cdng suét thu.
phuong trinh (1.156), ta c6 thé viét d

0)

ong ma khi nhan n6 véi mat do
ang Nop phdi khang lién hiép, st dung

tic htr sau:

(1.161)

ratrén cac dién tich twong duong & trén, ta 6 thé dinh nghia hiéu suat hiéu suat
miéng md& ctia mot anten 1a ty s6 gitra dién tich hiéu dung va dién tich vat ly cua anten:

A Diéntich hiéud ucdai
ey = em _ ién 1c‘ 16;:u ung?,c ai (1.162)
Ap Diéntichvatly
Cé4c anten miéng mo (s& xét trong chuong 5) nhu 6ng dan song, loa hay cac bo
phan xa déu c6 dién tich hiéu dung cuc dai khdng 16n hon dién tich vat 1y (Aem<Ap) Vi thé

61



TS. Nguyén Pham Anh Diing

eap<1. D4i v6i anten khong tén hao (R.=0), dién tich tan xa cuc dai cling chi bang mot
dién tich vat ly. Vi thé mic du hiéu suat miéng mé 16n hon 50%, ddi véi anten khéng tén
hao khi ¢ phdi khang ciing chi c6 mot nira cong suat thu 1a dugc dua dén tai con mot
nira cOng sut bj tan xa.

1.12. HIEU SUAT ANTEN

Hiéu suat anten xét dén cac ton hao phan xa, dan dién ,
tong két cac ton hao nay. Cac ton hao nay din dén can dinh nghia mé
suat anten. Hé s6 téng hiéu suat caa anten eo duoc str dung dé xé ca
vao dau vao trong mét cau trdc anten:

trong do
eo la tong hiéu suat

TP Bu g oo of A - z 2
er |2 hiéu xuat xét dén ton hao ph at phéi khang (1—|pr| )
ec 1a t6n hao dan dién
eq 12 ton hao dién moi

3

pr 12 hé sb phan xa i dab vao anten, 1a mot sé phic thé hién bién do va
pha ciia phan xgliugc xaddinh My sau

U
pr =" (164)
trong do: Us 3A\& thang, Ur 1a dién ap song phan xa, Zaw=trd khang vao cua
anten, Zegé ¢ tinh cua dudng truyén dan
\V sosong dung dugc xac dinh nhu sau:
U Ue|+|U;| 1+
vowr Umsl_[U+0d_1elpd

[Umin| - [Ur]=[Us] 1=[p]

Hé sb phan xa cong suat dugc xac dinh nhu sau:
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2

(166)

=P Zae — Ze[* :‘VSWR—I

Pr |Zant +Zc|2 VSWR -1

a) Cacdiém tham chuén anten @

Pau vao Paura
(tham chuén khuéch dai) ham chuén tinh hudng)

S

Saudich (dién moi)
an xa

Hinh 1.32. Cac diém tham chuan anten va cac toén hao.

Rat kho tinh toan ton hao dan dién va dién moi caa anten vi thé phan 16n ching
dugc do bang thuc nghiém. Khi do rat kh phan tach hai loai ton hao nay vi thé ching
duoc thé hién chung biang mot hiéu suat dugc ky hiéu 12 ecq va dién tro R duoc st dung
dé thé hién chung cho ca tén hao dan dién va dién méi.
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Hiéu suit dan dién-diém mdi ecs duoc dinh nghia 13 ty s6 gitta cong xuat cap cho
phat xa va tong cong suat cap cho phat xa va cong suat tén hao:

ed = P | R (1.167)
P+PL [ R:+RL
1.13. HIEU SUAT BUP @

1a'¢hadt luong cua
naten phat va anten thu. Ddi Vi cac anten c6 biap chinh hugng the (6=0) nhu trén
hinh 1.16, hiéu suat blp (ky hiéu BE) dugc dinh nghi

BE — congsuat phat (thu)trong géc 0; cia h

(1.168)

congsuat phat (thu)

Trong @6 01 la ntra géc ctia hinh ndngtron®,dé
Ta c6 thé viét lai phuong trinh (1.1805) 3
2710y Y

oo

han tram cong suat can tim.

(1.169)

suat trong bup chinh so véid tong cong suat. Cac anten sir dung cho
an ra da va mot s6 tng dung thuong co hiéu suat bap cao.
1.14. BANG THONG

Bing thong anten dugc dinh nghia 1a dai tin s6 ma trong dai nay hiéu suat anten
tuan tha mot sé dic tinh dugc quy dinh theo tiéu chuan. Ciing c6 thé coi bang thong

anten 12 1a dai tan ma tai hai bién ctia n6 so vai tan sb trung tdm (tan s6 nay thuong la tan
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s cong huong dbi voi cac ludng cuc) cac dac tinh cia anten (nhu: tré khang vao, mau
phat xa, do rong bup, phan cuc, mac bdp bén, hé sé khuéch, dai phuong cua blp, hiéu
suit phat xa) c6 gia tri chap thuan duoc so véi cac gid tri tai tan s6 trung tim. Di vai cac
anten bing rong, bang thong thuong duoc biéu dan & dang ty sb gitra tan sé bién trén va
bién dudi ma tai d6 hoat dong cua anten chap nhan duoc. Chang han bang thong 10:1
biéu thi tan sé bién trén Ion hon tan s6 bién dudi 10 lan. B4Si véi cac anten biang hep,
bang thong duoc biéu dién ¢ dang phan tram cta hiéu tan sé (bién trén trir bign dudi) chia
cho tan s6 trung tdm cua bang thong. Chang han bang thong 5% cho thah hiéu tan sé
bién ma & d6 khai thac chip nhan dugc bang 5% tan sé trung tam gua

Do cac dic tinh (tré khang vao, mau phat xa, hé s khué
anten khong nhat thiét phai thay doi giéng nhau hay tham chighi

truong hop dé dap tng nhu cau cua thung ung dung cy thé, Tho ong ton tai phan
biét gitta mAu phét xa va cac thay ddi caa tré khang é bang thong mau phat xa
va bang thong tré khang vao thuong dugc st dung anh diéu nay. Di cing voi

bing thong mau phat xa 1a hé s6 khuéch dai, ca
phuong bap. Chang han, mau phat xa caa

n, bang thong, phan cuc va
uyén tinh c6 tong do dai nho
hon mét nira budc song (/<A/2) it nhayees 5. Nhan t han ché ddi vé6i anten nay 1a

huéng, thuong gan bing 1

biéu theo bing thong may pha
mau phat xa. Dopuai g

thay doi cua mau

ai trung gian bang thong co6 thé bi gii han ca bai cac
y khang phu thudc vao cac eng dung cu thé. Di véi cac

Moi vat thé ¢ nhiét d6 vat Iy Ién hom khong tuyét doi (0 K= -273°C) déu khat xa
ning lugng. Luong ning luong duoc phat xa thudng dugc trinh bay bang nhiét d tuong
duong Ts (con duoc goi la nhiét do choi) va duge dinh nghia nhu sau:

To(6.6) =0, )Tn = (1= |p:* | T (1.170)
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Trong do
Tg la nhiét d6 choi (nhiét d6 twong duong; K)
ela do buc xa
Tm la nhiét do vat ly hay nhiét @6 phan ta (K)
pr 1a hé s phan xa bé mat d6i véi phan cuc song.

Vi do buc xa 0<e<1, gid tri cyc dai cua nhiét do twong dwong bang
Thong thuong do phét xa phu thudc vao tan sé, phan cuc cua ning luon
cau trdc phan tir cua vat thé. Tai dai song vi va, cac vat thé phé
thé phat xa dén 300K, bau troi khi nhin 1én dinh dau va 100-150 theo

Ddi vé6i anten thu, cac vat thé bic xa nhiét do choi sé
nay nhiét do anten dugc xac dinh nhu sau:

2T T
f f Tis(0,6)G(0,$)sin 6d6dd
Ty =2 Ozﬂ - (1.171)
j j G(0,¢)sin06d0dd
00
Trong do
Ta la nhiét @6 anten (nhiét dg §udung cua dien tro phéat xa anten; K)

G(0,0) 1a hé sé khuéch dai an

ao gitra anten va may thu, cdng suit tap am chuyén dén

(1.172)

Tro

ong)suat tap am anten

ang s6 Boltzman (1,38.102 W/Hz 1K)
la nhiét do tap am anten (K)

Af 1a bang thong

Néu anten va duong truyén dan duoc duy tri tai cac nhiét do vat Iy va duong

truyén di gitra anten va may thu c6 ton hao, thi can thay doi (1.172) dé bao ham ca céc
dong gop khac va cta ton hao dudng truyén. Néu anten dugc duy tri tai nhiét do vat ly T,
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va duong truyén da vai chiéu dai ¢ duoc duy tri tai nhiét do vat Iy khong ddi To trén toan

tuyén, ngoai ra bo suy giam o (Np/don vi do dai) duoc st dung dé két ndi anten voi may
thu (xem hinh 1.33), nhiét d6 anten hiéu dung dugc xac dinh nhu sau:

T, = Tae 2% + Tape 2% + Ty (1 _ e—M) (1.173)

Trong do

Tap = (é — 1)Tp (1.174) t‘%%%

T 1 nhiét d6 anten tai cac két cudi may thu (K)
Ta 12 nhiét d6 tap &m anten tai két cudi anten do bu®xa
bén ngoai (1.171) (K)
Tar 12 nhiét do anten tai cac két cudi anten d
T, (1.174) (K)

Tp la nhiét do vat ly anten (K)

a 12 hé sb suy hao duong truyén
Ea hiéu suat nhiét anten

vy anten

¢ d6 dai duong truyén dan

To la nhiét do vat Iy

Nguén birc

May thu Puong truyén dan Anten

Hinh 1.33. So dd tinh toan cong suat tap Am hé théng bao gom: anten, dwong truyén
dan va may thu.

Ta can viét lai phuong trinh (1.173) cho cong suat tap 4m anten nhu sau:
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P=KTaAf (1.175)
Trong d6 Ta 1a nhiét do tap &m anten tai diu vao may thu xac dinh theo (1.173).

Néu ban than may thu ciig c6 nhiét d6 tap am T (do tap am nhiét caa cac thanh
phan may thu), thi cong suat tap am tai cac két cudi may thu dwoc xqcs iinh nhu sau:

Ps=K(Ta+ T))Af= P=KT:Af (1.176)
Trong do

Ps 14 cOng suat tap &m hé thdng (tai cac két cudi may thu)

T 12 nhiét 6 tapam anten (tai cac két cudi may thu) ‘.)

T: la fnhiét do tap &m may thu (tai cac két cudi may thu)
Ts= Ta + T; la nhiét 6 tap am hé thdng hiéu dung (tai c3
Suy hao theo Np (Neper) dugc tinh nhu sau:

1, P P
a(Np) =—In— = =L = 2¢(»
2 P P>
Trong d6 P1 1a cdng suat dau vao cnf P, 1a cng a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>