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GIOI THIEU MON HOC
" Tén hoc phan:
 Truyén séng va anten

(Radiowave Propagation and Antenna)

" Tong lwong kién thirc:
. 60 tiét
+ Ly thuyét: 50 tiét; Thuc hanh: 6 tiét; Bai tap: 4 tiét
" Muc tiéu hoc phan:
« Gidi thiéu cac khai niém, cac bi€u thirc clia qua trinh truyén lan séng vo
tuyén. Nghién cltu su truyén lan clia séng cuc ngan trong mdi trudng thuc

- Gidi thiéu ly thuyét chung vé anten, cac anten nguyén t6. Nghién cttu hoat
dong cla chan tir doi xirng, céac loai anten trong thdong tin vo tuyén
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GIOI THIEU MON HOC
" N6i dung hoc phan:

Bl Chuong 1: Cac van dé chung vé truyén séng
+ Tinh chéat cla song dién tir; Cac phuong phap truyén lan séng; Qua trinh
truyén lan séng trong khéng gian tu do
Bl. Chuong 2: Truyén lan séng cuc ngan
+ Truyén lan trong diéu kién ly twdng; Truyén lan trong diéu kién thuc; Phadinh
va bién phap chdng
Bl. Chuaong 3: Truyén lan séng trong thoéng tin di dong
+ Péc tinh kénh truyén séng di ddng; Cac mo hinh kénh vo tuyén di dong; Banh
gia dac tinh kénh
Bl. Chuong 4: Ly thuyét chung vé anten

+ Céac tham s6 cla anten; Cac nguon birc xa nguyén td; Nguyén ly clia anten
thu
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GIOI THIEU MON HOC
" N6i dung hoc phan:

Bl- Chuong 5: Anten chan t&r
+ BUic xa cla chan t&r d6i xirng, anten chan tlr don, cac loai anten s dung
nhiéu chan tor
Bl. Chuong 6: Anten géc mé

* Nguyén ly blfc xa mat, anten loa, anten guong parabol, anten khe , anten vi
dai

M. Chuong 7: Ky thuat anten
+ Téng hop d6 thi phuong hudng anten, md rong dai tan lam viéc, cap dién va
phdi hop trd khang anten
Bl. Chuong 8: Anten trong thong tin vé tuyén tién tién
+ Anten thong minh, ky thuat da anten, anten cho hé thong v6 tuyén béng siéu
réng.
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GIOI THIEU MON HOC
" Tai liéu tham khao:
o [1] Nguyén Viét Minh, Truyén séng va Anten, Bai gidng, Hoc vién cdng
nghé BCVT, 6/2010
« [2] Phan Anh, Truong dién e va truyén song, NXB Dai hoc Quéc gia, 2002
- [3] Phan Anh, Ly thuyét va ky thudt anfen, NXB KHKT, 2004
« [4] Robert E.Collin, Anfennas and Radio wave propagation, McGraw Hill
« [5] N. Blaunstein, Radio propagation in cellular network, Artech House

« [6] Frank Gross, Smart antenna for wireless communication, McGraw Hill
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GIOI THIEU MON HOC

" Panh gia hoc phan
 Chuyén can: 10%  (nghi 2 tiét trir 1 di€ém)
(Nghi tr 16 tiét trd 1én khong dugc du thi hét moén)
o Kiém tra: 15% (2 bai, vang nhan diém “0”)
« Thuc hanh: 15% (1 bai, vang nhan diém “0”)
(Vang thuc hanh khdng duoc du thi hét mén)
« Thi két thac hoc phan: 60%
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CAC VAN DE CHUNG
VE TRUYEN SONG
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NOI DUNG
" N6i dung chuong 1: (6)
. 1.1 Gi6i thiéu

1.2 Tinh chéat co ban ctia song dién tir

1.3 Phan loai sdng dién tw

1.4 Phuong thirc truyén lan séng dién tur

1.5 Biéu thirc truyén lan séng trong khéng gian tu do

1.6 Hé sO suy giam

1.7 Cau hdi va bai tap
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1.1 Gidi thidu
" Hé th&ng vién thdong

+ Convert from human readable
form (Speech, music, image,
video, text, data) 2> To
electronic form

+ Transmit over a distance
(between points A and B) via
some channel (electronic
pathway)

+ Convert back to human
readable form

* Wire (twisted pair) * Fiber optics
« Coaxial cable * Free space (wireless)
Hinh 1.1. Mé hinh hé thdng vién thdng

GIANG VIEN: NGUYEN VIET MINH
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1.1 Gidi thiéu
" Truyén dan vé tuyén (Radio Transmission)
« M&i trudng truyén dan
+ Khong gian (bau khi quyén)
« Phuong tién truyén dan
+ 86ng dién twr

Hinh 1.2. M&i trudng truyén dan v tuyél
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1.2 Tinh chat co ban ciia SPT
" Khai niém
« S6ng dién tir Ia qua trinh bién d6i nang Iwgng tudn hoan gitra dién trudng
va tr trudng lam cho nang lugng dién tir lan truyén trong khong gian.
" Pac diém
« Song dién tir c6 hai thanh phan:
+ Pién trudng : E (V/m)
+ TU trudng : H (A/m)

Pay la hai dai lwgng vectd (c6 phuong, chiéu, do 16n), cé quan hé mat thiét vdi
nhau trong qua trinh séng truyén lan trong khéng gian

« Cac nguodn birc xa song dién tir thudng cé dang séng cau hoéc séng tru,
khi nghién ctu ta chuyén vé dang séng phang
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1.2 Tinh chat co ban ctia SDT
" Biéu thirc quan hé gilra cac thanh phan

« Nghién citu véi séng dién tir phang, truyén lan trong méi trudng dién méi
ddng nhat va dang hudng

. Biéu dién song dién tir bang hé phuong trinh Maxoel dang vi phan:

€ OE, =— oH, g: Hé s6 dién moi
J o 0z (1.1) u: Hé sé tiv thim
OE, oH, ' z: Cw ly truyén séng
o7 -7H ot t: Théi gian
+ Giai hé
z Z F, G: Cac ham song
E,=R|t—— |+ K| t+— o N . )
Y, \V; (1.2) v: Van toc truyén lan cua séng (m/s)
H :Gl(t—ij"'Gz(t'l'E] V:gz 1
y
\Y \' ot /au
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1.2 Tinh chat co ban ctia SDT
" Biéu thirc quan hé gilra cac thanh phan

« Trd khang séng, Z: Biéu thi anh hudng clia mdi trwdng t6i qua trinh truyén
séng

E
- | =
2=V = @) (L:3)
*+ V@i khdng gian tu do

ho = 41207 (H/m); 8 =10/ (F/m)

=3.10" (m/s)=c

v €oMo (1.4)
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1.2 Tinh chat co ban cta SPT
" Biéu thirc quan hé gilra cac thanh phan
« Bién d8i Fourier biéu dién séng dién tir dudi dang tin hiéu diéu hoa

E,=E, cosa)(t —%) = En, cos(ot—kz)
(1.5)

H, = E?“cosw(t —%) = E—chos(a)t —kz)

2nf  2nf  2n
C f.A A

K= _
v

k: Hé sb séng, dic treng cho sw thay déi pha cta séng

+ Nhan xét: Khi séng truyén lan, tai méi diém thanh phan ti trudng va dién
trudng c6 pha nhu nhau va bién do lién hé qua cbng thurc (1.5)
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1.2 Tinh chat co ban ctia SDT
" Biéu thirc quan hé gilra cac thanh phan
« Théng lvong nang luvgng cuaa séng dién tir, S

S—[ExH] (1.6)

+ Thoéng lvong nang lugng trung binh

Savg =%R8(Exﬁ) = Em'sz _ ZEi (W/mZ) (1.7)

« Song dién tir ngang, TEM

Hinh 1.3. S6ng TEM
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1.2 Tinh chat co ban cta SPT
" Mat s6ng
+ 86ng dién tir lan tda trong khéng gian, tai mbi diém séng dién tir dudc dac
trng bdi pha va cudng do
« Mat séng: La quy tich nhitng di€m trong khéng gian tai d6 séng dién tir c6
pha nhu nhau va cudng dd bang nhau

« Hai dang mat séng dac biét: Mat séng phang, mat séng cau

 Qua trinh truyén lan séng dién tir: Tinh chat séng
+ 8éng dién tir birc xa ra khéng gian dudi dang vo s6 cac mét séng lién ti€p
+ Ngudn burc xa s6ng dién tir chi dong vai trd la nguon birc xa so cap
+ Qua trinh séng truyén lan, cac mat séng dugc tao ra dong vai tro 1a nguén
birc xa th(t cap tao ra cac mat séng ti€p sau n6
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1.2 Tinh chat co ban ctia SDT
" Phan cuc séng

« KN: Trwdng phan cuc la truong dién tir vai cac vecto E va H c6 thé xac
dinh dudc hudng tai thoi diém bat ky (bién d6i cé tinh quy luét)

Ngudc lai 14 trudng khdng phan cuc (bi€n d6i ngau nhién trong khéng gian)

« Mat phang phan cuc: La mat phang chira vec to E va phuong truyén lan
séng (vecto Z)

« Phéan loai

+ Phan cuc dudng thang: Mat phang phan cuc ¢6 dinh khi séng truyén lan
- Phan cuc ditng: Vecto E vudng géc véi mat phang ndm ngang
- Phan cuc ngang: Vecto E song song vdi mét phang ndm ngang

+ Phan cuc quay: Mat phang phan cuc quay xung quanh truc clia phuong

truyén lan

- Phan vuc tron: Khi vecto E quay, bién dé khéng thay déi (vé 1én dudng tron)
- Phan cuc elip: Khi vecto E quay, bién dd thay déi lién tuc vé Ién dudng elip
Quay phai: Quay thuan chiéu kim déng h6

uay trai: Quay ngudc chiéu kim déng ho
GIANG VIEN: NGUYEN VIET MINH
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1.2 Tinh chat co ban ctia SPT

~ , Linear Elliptical Circular
" Phan Cl:I’C song polarization polarization polarization
y y Y
E, E, E,
3 E
Hinh 1.4. Cac dang E
phan cuc séng z

E
circular polarization Linear polarization
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" Phan chia song dién tw
+ Dua vao tinh chat vat ly, dac diém truyén lan: Chia thanh cac bang séng

Frequency

1.3 Phan loai song dién tu

(Hertz) 102 10* 10* 10° 10% 10”7 108 10 10" 10" 10" 10" 10™ 10'
[ELF[VF[VLF[LF [MF[HF[VHF[UHF[SHF[EHF|
<—|—I—:|< 1 ' >|e— < ><—>
Power and telephon Radio Microwave Infrared Visible
Rotating generators Radios and televisions Radar Lasers light
. o Musical instruments Electronic tubes Microwave antennas Guided missiles
H|nh 15 CéC bang Voice microphones Integrated circuits Magnetrons Rangefinders
Cellular Telephony
séng
Twisted Pai P Ii——b
I Optical
) Fiber
t Coaxial Cable >
+—1 > < Pt >
AM Radio FM Radio| Terrestrial
and TV | and Satellite
Transmission
N 1 Y
Wavelength 405 105  10* 10> 102 10' 10° 10" 102 10° 10* 10° 10°®
in space
(meters)

ELF = Extremely low frequency MF =Medium frequency  UHF = Ultrahigh frequency

VF = Voice frequency HF =High frequency SHF = Superhigh frequency
VLF = Very low frequency VHF = Very high frequency EHF = Extremely high frequency
LF = Low frequency
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1.3 Phan loai song dién tu

" Phan chia song dién tw
+ Dua vao tinh chat vat ly, dac diém truyén lan: Chia thanh cac bang séng

Tén bing tan (Bing s6ng) Ky hiéu Pham vi tin s6
Tan s6 vO cling thap ULF 30 - 300 Hz
Bang 1.1. Cac bang T:?m so o tl}ép ELF 300 - 3000 Hz
song Tan so rat thap VLF 3-30kHz
Tan sb thap (song dai) LF 30 - 300 kHz
Tan s6 trung binh (séng trung) MF 300 - 3000 kHz
Tan s6 cao (song ngan) HF 3-30 MHz
Tan s rat cao (song mét) VHF 30 - 300 MHz
Tan s6 cuc cao (song decimet) UHF 300 - 3000 MHz
Tan sd siéu cao (séng centimet) SHF 3-30GHz
Tan s6 vO cling (s6ng milimet) EHF 30 - 300 GHz
Dudi milimet 300 - 3000 GHz
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1.3 Phan loai song dién tu
" Phan chia song dién tw

« Tinh chat quang hoc
+ 86ng anh sang ciing la séng dién tir, & bang tan thi gidAc cam nhan dudc, khi
nghién cttu séng dién tir thudng s dung séng anh sang cho truc quan
+ Céc tinh chat quang clia séng anh sang ciing ding cho séng dién ti
- Truyén thang
- Phan xa, khuc xa

« Ung dung cac bang séng
+ LF, MF: Phéat thanh diéu bién ndi dia, thong tin hang hai
+ HF: Phat thanh diéu bién cu ly xa
+ VHF, UHF: Phat thanh diéu tan (66 — 108 MHz), truyén hinh, viba s6 bang
hep, hé thong thdng tin di dong mat dat
+ SHF: Viba s bang rong, thong tin vé tinh
+ EHF: Thong tin vii tru
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ON: VO TUYEN - KHOA VIE ©



1.4 Phuong thire truyén lan séng dién tur
" Bau khi quyen

Truyen song ’

-Theo phwong thitc truyen song:

Hinh 1.6. Phan tang T ™
bau khi quyén —

Ionosphere
(80 - 720 km)

. Mesosphere
(50 - 80 km)

Stratosphere

Space wave
(12 - 50 km)

Ground wave .
. Troposphere
(0 - 12 km)

:
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1.4 Phuong thire truyén lan séng dién tur
" S6ng dat
« Nguyén ly
+ B& mat trai dat 1a moéi trudng dan khép kin dudng sirc dién trudng

+ Ngubn bifc xa ndm thang d&ng trén mat dat, séng dién tir truyén lan doc theo
mat dat dén diém thu

Hinh 1.7: Qua trinh truyén lan séng dat (séng bé mat)

» Dac diém
+ Nang lugng séng bi hap thu it d6i véi tan s6 thap, dac biét véi méat dat am,
mat bién (46 dan I6n)
+ Kha nang nhiéu xa manh, cho phép truyén lan qua céc vat chan
dung cho bang séng dai va trung véi phan cuc dirng

GIANG VIEN: NGUYEN VIET MINH
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1.4 Phuong thire truyén lan séng dién tur
" S6ng khong gian

« Nguyén ly
+ Anten déat cao trén mat dat it nhat vai budc séng
+ 8éng dién tir dén di€m thu theo 2 cach
- 86ng truc tiép: Di thang tir diém phat dén diém thu
- 86ng phan xa: Dén diém thu sau khi phan xa trén mat dat (théa man DL PX)

Transmitter Receiver

Dlrect wave
Hinh 1.8: Truyén lan
séng khéng gian c(‘ted way®

« Dac diém
+ Chiu &nh hudng nhiéu cla diéu kién moi trudng
+ Phu hdp cho bang séng cuc ngan, la phuong thic truyén séng chinh trong
thong tin vo tuyén

GIANG VIEN: NGUYEN VIET MINH
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1.4 Phuong thire truyén lan séng dién tur
" Séng tang dién ly (séng trdi)

« Nguyén ly
+ Loi dung d&c tinh phan xa séng cua tang dién ly véi cac bang séng ngan
+ 8éng dién tir phan xa sé quay trd veé trai dat

Hinh 1.9: Truyén lan
song tang dién ly

transmit €X
anteana

« Dac diém
+ Khdng 6n dinh do su thay d6i diéu kién phan xa clia tang dién ly
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1.4 Phuong thire truyén lan séng dién tur
" Séng tuv do (séng thang)

« Nguyén ly
+ M@i trudng truyén séng ly twdng (d6ng tinh, dang hudng, khéng hap thu)
+ 86ng truyén lan truc ti€p dén diém thu theo moét dudng thang

Muc tiéu trong v tru

—Q

Tram trén mat dat

Hinh 1.10: Truyén lan séng tu do

« Dac diém
+ M0i trwdng chi ton tai trong vii tru, s& dung cho thong tin vii tru
+ Bau khi quyén trai dat trong mot so diéu kién nhat dinh duwdc coi la khéng gian
tu do
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1.4 Phuong thire truyén lan séng dién tur
" Tong két:

Song tu do

Khoéng gian tu do

Tang dién ly

-

Tang binh luu . n .
Soéng khdéng gian Soéng troi

Tang doi luu

Hinh 1.11: Cac phuong thirc truyén lan song vo tuyén
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1.5 Biéu thirc truyén lan séng trong khong gian tu do
" Mat do cong suat, cudng do dién trudng
« Bai toan
+ Khong gian tu do
+ Nguén birc xa vd hudng, céng suét birc xa P, (W), dat tai diém T
+ Xét trwdng tai di€ém R cach T mot khoang r (m)
 Gidi quyét
+ Nguon blrc xa sé birc xa vo s6 mét séng cau lién ti€p co tdamtai T

+ Xét mét cau di qua R c¢6 ban kinh la r. Théng lugng nang lvgng (méat d6 cong
suat) tai mat cau:

S, = i (W/mz) (1.8)

Amr’
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1.5 Biéu thirc truyén lan séng trong khong gian tu do

" Mat do cong suat, cudng do dién trudng
Theo ly thuyét trwong

82 = Eh-Hh; Hh = Eh = Eh (19)
Z, 120m
2
S, = E, E,, H,: Cwéng dd dién trwdng, tir trieérng hiéu dung
1207 Z,: Tré khang song cua khong gian tw do

+ Cudng d6 dién trudng tai diém thu

30P.
Eh:'/ r21 (V/m) (1.10)

E= Eh.\/zCOS((Dt—kI')= VOO.R .cos(ot—kr) (V/m)

r
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1.5 Biéu thirc truyén lan séng trong khong gian tu do

" Mat do cong suat, cudng do dién trudng
+ S dung anten c6 hudng

-

bl’c xa vo hudng

Hinh1.13: Ngudn birc xa c6 hudng g

- Tap chung nang Ivong gilp tang cong suat tai diém thu
- Déc trung bdi hé s6 tinh hudng D4

o

D, = Fl (P, =constant); D, =% (P, = constant)
1 2
B o E- /005D, cos(wt—kr) (1.11)

S, = NP
> 4rx? r
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1.5 Biéu thirc truyén lan séng trong khong gian tu do
" Cong suét blc xa dang hudng tuong duong
(Equivalent Isotropic Radiated Power - EIRP)
o La cong suat birc xa twong duwong clia mot anten vd hudng dé co thé dat
dudc cudng dd trudng tai di€m thu bang vai khi dung anten cé huéng

EIRP = P.D, (1.12)
EIRP = Pl(dB) + Dl(dB) (dB)
G
D, =—, P =mP,
Ui
< EIRP=P,G =R.G; (1.13)

G,: Hé sé tang ich anten phat (G,)

n,: Hiéu suat anten phat (n;)

P,: Cong suat birc xa anten phat (Py)
P.,: Céng suat dwa vao anten phat (P;)
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1.5 Biéu thirc truyén lan séng trong khong gian tu do

" Cong suat nhan dudgc trén anten thu, P,

+ La tich gilra mat d6 cong suat tai diém thu, S, va dién tich lam viéc cla anten
thu, A
P,=S,.A (1.14)

+ Trudng hop stf dung anten guong parabol tron xoay véi hé sé tinh huéng D,

7.d? 7.d )’ D. 42 d: BPwong kinh miéng anten
A= 4 ) Dzz( j = A=— A: Bwérc séng cong tac

o P _DZ.AZ P.D, _( A
? Arx  Adar? Ad.7.x

Ad.7

J P.D.D, (W) (1.15)

+ Cong suat thuc t€ dau ra anten thu
P, =S, A A =m,. A (1.16)

A, : Dién tich hiéu dung cua anten thu
n,: Hiéu suét anten thu
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1.5 Biéu thirc truyén lan séng trong khong gian tu do

" Ton hao truyén séng, L
+ Xac dinh bang ti s6 gilta cong suét blrc xa clla may phat véi cdng suét anten
thu nhan dugc
_P (1.17)

+ Tén hao truyén séng trong khéng gian tu do gay ra bdi su khuéch tan tat yéu
clia s6ng theo moi phuong, cdng suét thu dudc chi 1a mét phan nhé. Tén hao
nay goi la Tén hao khéng gian tuw do, L

2
L[d:(47r.rj | 1 (1.18)
A D,.D,
+ Truwdng hop st dung anten vé huéng, goi la tén hao co ban trong khdng gian
tu do, Lo 2
([ Arr
L, = (—/1 ) (1.19)

L, =201g f ., +20lgr,  +92,45 (dB)

L, =201g f,, +20lgr,, +92,45-101g D, -10Ig D,
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1.6 Hé s suy giam
" Hé s6 suy gidm, F

« Méi trwdng thuc té€ cé nhiéu yéu t6 anh hudng t6i qua trinh truyén séng,
anh hudng téi cong suéat thu

« Cac anh hudng ctia méi trwong thuc l1én qua trinh truyén séng dudc biéu
dién qua hé s6 suy giam: F

« Trong mdi trudng thuc

J30P, _RhD 1.22
Ey == F (V/im) @2 S, = F (1.22)
L _[47”)2 1
*“\2F ) DD, (1.23)

Ly =201g f g, +201gr,, +92,45-10lg D, ~10lg D, ~20Ig F  (dB) (1.24)

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



1.7 Cau héi va bai tap
" Bai tap chuong 1

6. Mit troi cd cong suat birc xa theo moi huéng khoang 3,85.102° W, khoang cach nhé nhat tir qua
dat dén mat troi 12 147.098.090 km (vao thang giéng) va Ion nhat la 152.097.650 km. Tinh:

- Mat do cong suét birc xa cuc tiéu va cuc dai cia mat troi 18n bé mat qua dat?

- Mat do cong suat birc xa mat troi ¢ khoang céch trung binh va ty 18 phan tram sai s6 cua
birc xa cuc dai va cyc tiéu so vai gid tri trung binh?
7. Mot may phét c6 cong suat 3 W, anten phét cd hé s6 khuéch dai 1a 30 dBi. O cu ly 40 km dit
mét anten thu c6 dién tich hiéu dung 1a 3,5 m?, hiéu suat Iam viéc 100%. Tinh cong suat song
mang nhan dugc ¢ anten thu.
(a) 0,164.10°W; (b) 0,164.10*W; (c) 0,154.10° W ; (d) 0,154.10*W
8. Xac dinh cong suat may phat can thiét dé thuc hién tuyén thong tin c6 cac diéu kién: cu ly
thong tin 50 km, tan sé cong tac 2GHz, hé sé khuyéch dai cua anten thu va anten phat la 30 dBi,
cdng suat anten thu nhan duoc 1a 10°W.
(a) 1,63W; (b) 2,63W; (c) 3,63W; (d) 4,63W
9. Mot may phat c6 cong suat 50 W. Biéu dién cong suit may phat sang don vi dBm va dBW?
(2) 15 dBW va 45 dBm: (b) 16 dBW va 46 dBm:; (c) 17 dBW va 47 dBm; (d) 18dBW va 48 dBm
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1.7 Cau héi va bai tap

" Bai tap chuong 1

10. Cong suat ¢ bai 9 dugc cap cho anten vo hudng lam viéc véi séng mang co tan sé6 900 MHz,
tim c6ng suat thu (tinh theo dBm) tai diém cach anten phat mot khoang 10 km. Gia sir anten thu c6
hé sb khuéch dai 12 2 va song truyén trong khdng gian ty do.

(a) - 45,5dBm; (b) - 51,5 dBm; (c) - 55,5 dBm; (d) - 61,5 dBm

11. S6 liéu nhu bai 9 va 10, tinh bién d6 cudng d6 dién truong hiéu dung tai diém dat anten thu.
(@) 2,9 mV/m; (b) 3,9 mVV/m; (c) 4,9 mV/m; (d) 5,9 mV/m

12. Tinh ton hao khi truyén séng trong khong gian tu do (theo don vi dB) biét cu ly truyén séng 50
km, tan so6 cong tac 2 GHz, véi anten vo hudng.

(2) 132,5 dB: (b) 135,5 dB: (c) 142,5 dB: (d) 145,5 dB

13. S6 lidu nhu bai 12, néu ca hai anten cé hé s6 khuyéch dai 1a 30 dBi thi ton hao 1a bao nhiéu?
() 72,5 dB; (b) 75,5 dB: (c) 82,5 dB; (d) 85,5 dB
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1.7 Cau héi va bai tap
" Bai tap chuong 1

14. Mot ngudn vo huéng o cdng suat bic xa 100W. Méi truong truyén song 1a khdng gian tu do.
Hay xac dinh:

a, Mat do cdng suat tai diém cach xa ngudén 1000 m.

(2) 6,96 uW: (b) 6,96 MW: (c) 7,96 uW: (d) 7,96 mW

b, Mat d6 cong suét tai diém cach xa nguon 20 km.

(2) 19,9 pW; (b) 19,9 uW : (c) 20,9 pW: (d) 20,9 W
15. Xac dinh cuong do dién truong hiéu dung tai diém thu véi cac gia thiét cho trong bai 14.
(@) 44,7 mV/m va 1,74 mV/m; (b) 44,7 mV/m va 2,74 mV/m; (c) 54,7 mV/m va 1,74 mV/m; (d)
54,7 mV/mva 2,74 mV/m
16. Xac dinh mat do cong suit tai diém cach anten 30 km cua mot anten cé cong suat buc xa 5 W
va hé sb khuéch dai cua anten 13 40 dBi.

(@) 4,42 pW; (b) 4,42 uWi; (c) 5,42 pWi; (d) 5,42 uW
17. Mot anten phét c6 hé sé khuyéch dai 30 dBi, hiéu suat lam viéc 60%. Bé co cuong do dién
treong hiéu dung tai diém thu céch anten phat 100 km bang 3,46 mV/m thi can phai dwa vao anten
cong suat la bao nhiéu? Vai diéu kién song truyén trong khdng gian tu do.
(2) 3W; (b) 3.5W; (c) 4 W; (d) 5 W
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TRUYEN LAN SONG CUC NGAN
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NOI DUNG
" N6i dung chuong 2: (5)
« 2.1 TGng Quat
« 2.2 Truyén lan trong gi&i han nhin thay truc tiép véi diéu kién ly twdng
« 2.3 Anh hudng clia dd cong trai dat
« 2.4 Anh hudng ctia dia hinh
« 2.5 Anh hudng clia tang ddi luu
« 2.6 Cau hdi va bai tap
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2.1 Téng quat
" P3c diém truyén lan séng cuc ngan

« Buéc song tr 1mm dén 10m (30MHz - 300GHz): La séng siéu cao tan
(RF — Radio Frequency)

- Phuong phéap truyén
+ Tan sd cao nén khong thé phan xa trong tang dién ly (di xuyén qua)
+ Buwdc séng ngan nén kha nang nhiéu xa kém, bi hap thu manh bdi mat d4t
+ Phuwong phap truyén séng khéng gian: La phu hgp nhat
- Tan xa tang ddi luvu
- Siéu khuac xa tang doi luu
- Truyén lan trong gidi han nhin thay truc tiép
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2.1 Téng quat
" P4c diém truyén lan séng cuc ngan
 Tan xa tang déi luu
+ Ton tai cac vung khdng gian khéng dong nhat trong tang dai luu
+ 8éng di vao trong viing khdng déng nhat sé khuyéch tan theo moi huéng
= Loi dung dé truyén séng dén diém thu
+ P&c diém: Khdng 6n dinh do viing khéng d6ng nhat luén thay dai

Tropospheric Scatter

Scattering Region .

Hinh 2.1: Tan xa tang d6i luu

N
™

Transmitting ., Receiving
Antenna it * Antenna

Transparency 224 (Figure 17.27) @ 1997 West Publishing Company
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2.1 Téng quat
" P3c diém truyén lan séng cuc ngan

o Siéu khuc xa tang doi luu
+ Chi s0 chiét suat N giam theo dd cao.
+ Khi téc d6 giam dat dN/dh < -0,157 (m'1) - Tia s6ng c¢6 ban kinh cong 16n
hon d6 cong trai dat nén quay trd lai mat dat : Siéu khic xa
= Ldi dung dé truyén séng dén diém thu sau khi phan xa nhiéu Ian trén mat dat
+ Pé&c diém: Khdng 6n dinh do mién siéu khic xa ludn thay déi

Hinh 2.2: Siéu khic xa tang déi luu
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2.1 Téng quat
" P3c diém truyén lan séng cuc ngan

- Truyén lan trong gidi han nhin thay truc ti€p
+ Hai anten thu va phéat phai dugc dit cao trén méat dat dé€ tranh bi che chan béi
cac vat can trén dudng truyén hay do cong clia trai dat
+ 86ng truyén tr phat dén thu trong mién khoéng gian nhin thay truc tiép gitra
hai anten
+ Pac diém: [t phu thudc vao didu kién thién nhién, s& dung phd bién

Hinh 2.3 Truyén lan trong gi&i han nhin thay truc ti€p
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng

" So d6 tuyén thong tin

« Khdo sat qua trinh truyén lan séng vdi diéu kién ly tudng
+ M4t d4t Ia bang phang, khéng c6 vat can trén dudng truyén
+ Khi quyé&n dong nhat, ddng huéng va khdng hap thu
+ Anten dat cao trén méat dat it nhat vai budc séng cong tac (1)

« SO d6 truyén lan séng
Tial

Séng dén diém thu theo hai duwdng:
+ Song truc ti€p: Di tryc tiép ti phat
dén thu
+ S6ng phan xa: Dé&n thu sau khi phan /
xa tir mat dat (chi cé mot tia théa mén
dinh luat phan xa)

C
SSSSS S SSSSSSSSSSSSSSS SSSSSSSSSSSSSSS

| r |
[ |

Hinh 2.4 M6 hinh truyén séng vdi diéu kién ly tudng
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng
" Cuong do dién truwong tai diém thu
« TONg hap cudng dd trudng hai séng thanh phan (giao thoa)

Er=E,+E, (2.1)
+ Cudng d6 trudng do tia truc ti€p
245, [Prow G
E, = (PrianCre (mv/m) 2.2)
I1(km)

+ Cudng do trudng do tia phan xa

E2 _ ﬁ 245\/PT(kW)GT2 ej((Dt—kAl‘)

(mV/m) (2:3)
[2(km)

r, : doan duong di cua tia toi truc tiép; r, : doan duong di cua tia phan xa
Ar: hiéu sé duong di cua hai tia Ar = ri-r,; Kk : hé s6 séng (= 21t/))

R : hé s6 phan xa phuc tir mat dat: R=re ™, R: mo dun, 8 goc sai pha

Gty va Gy hé s6 khuéch dai cua anten phat theo hudng tia truc tiép va tia phan xa
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng
" Cuong do dién truwong tai diém thu

« Do chiéu cao anten hr, hg <<r 2 Grq = G2 = Gt; rq = r2 = r, nhung khi tinh
sai pha thi khéngbé quaviAr=r,—ri = A
+ Cuwdng do dién trudng do tia truc ti€p
245. [P G+ .
I
(km)

+ Cudng do dién trudng do tia phan xa

/ . 21
E2 _ R 245 PT(kW)GT ej[u)t—e—Arx) (mV/m) (25)

(km)

+ Cudng do dién trudng téng

245. [P G i o+ar?® .
E=E,+E, = \ Priaw) O [1+R.e J(e ’ J]ﬁ’mt (mv/m)  (2.6)

F(km)
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng

" Cuong do dién truwong tai diém thu
+ P&t B = 0 + k.Ar: Goc sai pha toan phan. Chuyén dang ham mii sang ham
lugng giac

1+Re ¥ =1+R.cos f— jR.sin S =1+ R.cos f+R?.e ¥ 2.7)
_Rssing
Qo = %+ R.cos 3

+ Cudng dd dién trudng téng te
245 Priew)Gr- 1+2RcosB+R i(ot-0)

173,/P G
i T\/1+2RCOSB+R (mV/m) (2.9)

(mVv/m) (2.8)

+ Hé s6 suy gidm trong trudng hop mét dat phang
F =1+ 2Rcosp+R’* = F(B) (1-R<F<1+R) (2.10)
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng
" Cuong do dién truwong tai diém thu

o Vi tuyén xac dinh: hy, hg, A, 0, cé thé xac dinh cu ly théng tin r d€ c6 hé
sO suy gidm dat cuc tri
+ Cuc daitai (0 + k.Ar) =2n.n véin=1,2,...
+ Cuctiutai (0 +k.Ar)=(2n+1).n  véin=1,2,...
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng

" Cuong do dién truwong tai diém thu
+ Hiéu sd duong di gitra hai tia

i =AB" =(h, —ht)2 i’

r :(AB')2 =(h +h, )’ +r’

2 2 N
r22 —r12 =(I’2 —rl)(r2 +I‘1) — AI‘ = (r:‘ ;E') \\\\\
2 1 N
\\B’ )
Ar = 2hih, (m) (2.11)

r

Hinh 2.5 Xac dinh hiéu s6 dudng di gitra hai tia
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng
" Cuong do dién truwong tai diém thu
. Do r >> hy, hg = géc t6i tia phan xa rat16n (= 90) > R~ 1; 0~ 180

F =1+ 2Rcosp+ R’

F- \/1+ IR cos(9+4“'hT'h%K)+ R?

F= \/2 - 2cos(4“'hT'hF%}L) = 2.‘sin (Zn'hT'h%k)‘ (2.12)

+ Cong thire hop ly héa
sin (0’36hT(m)hR(m)

F=2. (2.13)

() M) j‘
+ Cong thifc giao thoa don gian

346. PT(kW)'GT . (0;36hT(m)hR(m)
E, = 1SN

mV/m (2.14)
lan) i M(m)j ( )
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng
" Cuong do dién truwong tai diém thu

« Xac dinh diém giao thoa dat cuc tri
+ Cuc dai

‘sin (Zn'hT'h%X)‘ =1 < sin (zn'hT'h%X) =

2T”‘Th/ (2n+1).2  n=012,..

)5
o = éfi’i’)} (m) (2.15)
+ Cuec tiéu
sin(z’f-hT-h%k):o & Zhihs/ —(n+)n n=o012..
I _min =(2ni;1r)l; (m) (2.16)
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2.2 Truyén lan trong gidi han nhin thay truc ti€p vdi diéu kién ly tudng
" Cuong do dién truwong tai diém thu

« Cbng thirc Vovedensky
+ Vi sin(or) ~ aaq) khi a < 20°, nén

P F:4Tch-|-h%r

2.18. [Proeun Gt D N
E, = \/T(kw) T TR (mV/m) (2.18)

2

(am) A (m)

+ Coéng thirc Vovedensky xac dinh cudng dod dién trudng tai cu’ ly

" >18.hT.h% (2.19)
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2.3 Anh hudng clia d6 cong trai dat
" Sa do6 tuyén thong tin khi k& dén dd cong trai dat
« Anh hudng ctia d6 cong trai dat
+ Hiéu s6 duong di gitta song truc ti€p va séng phan xa thay doi
+ Diém phan xa [6i nén c6 tinh tan xa 2 Hé s8 phan xa nhé
+ Han ché& tam nhin truc tiép gitra anten thu va phéat

Hinh 2.7 M6 hinh truyén
song trén mat dat cau

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



2.3 Anh hudng clia d6 cong trai dat
" Cv ly nhin thay truc tiép, cudng doé dién truong tai di€m thu

« Cu ly nhin thay truc ti€p ro
+ La cu ly I6n nhat c6 thé nhin thdy dudc véi anten c6 dd cao h;, h,

r, = AC+CB .
AC=\J(a+h,) -a® =\2ah,+h? ~ J2ah,  (h,<<a)a — c :
CBz\/(a+hr)2—a2z\/ﬁ (h, <<a pd r
B (m (2.20)
+ Coéng thrc thuc nghiém
(ro =r, cu' ly doc theo mat dat)
(2.21)

0 =357 M + ) (km)

Hinh 2.8 Cu ly nhin thay truc tiép
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2.3 Anh hudng clia d6 cong trai dat
" Cv ly nhin thay truc tiép, cudng doé dién truong tai di€m thu

« Cudng do dién trudng
+ Qua trinh truyén séng @ cu ly nhé hon cu’ ly nhin thay truc ti€p
- Tuong tu nhv mat dat phang, chiéu cao anten xac dinh bang chiéu cao gia
dinh : h’y, h’;
- Gia tri chiéu cao anten gia dinh xac dinh bang hé s6 bu m (tra theo bang hoéc
dd thi - phu thudc hé dia Iy)

h.h, =mh.h, (2.22)

Ar = Z'm':]t'hr (m) (2.23)

= _ 4nmh.h, (2.24)
AT

. _ 2,17\/PT(kV2v)GT.m.ht(m).hr(m) (mvim) @29

™ (km) M im)
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2.4 Anh hudng ctia dia hinh |
" D6 gb ghé cua trai dat (tia phan xa) N NS
« Anh hudng do6 ghé cua trai dat \ NS

*+ Hién tuong tan xa 7oy 7
*+ Tiéu chudn Rayleigh /VWADM
A

h< 8sin 6 (m) (2.26) Hinh 2.9 Mat ¢4t ngang dia hinh thuc

Tia A
h: B6 cao clia mat d4t phang gia dinh ~ Mitsongl

so vGi mat dat thuc

TiaB

Mat song 2
A c
0: Goc tdi tai diém phan xa A
J/ \/\,C{J
//
Khi tiéu chudn Rayleigh théaman FAVAES
su phan xa séng khong cé tinh tan xa ’ &/ | h
- Mat d4t coi la phang 4 SR 797

Hinh 2.10 Mé hinh tiéu chudn Rayleigh
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2.4 Anh hudng ctia dia hinh
" Nguyén ly Huyghen, mién Fresnel (tia truc ti€p)

« Nguyén ly Huyghen
+ Nhan xét
- Ban chat dién tr clia song anh sang
- Tinh chat séng clia séng dién tr khi truyén lan
+ Nguyeén ly: Méj diém ndm trén mét mét séng do mét ngudn birc xa séng dién
iy so cap gay ra sé trd thanh nguon birc xa the cdp mdi. Nguon bire xa the
cdp moi nay lai tao ra cdc mat song thiy cdp mdi khdc. Nhw vay truong dién tor
tai mot diém trong khdéng gian do mét nguén birc xa so cdp sinh ra sé do toan
bo vung khéng gian bao quanh ngudn burc xa so cdp géy ra.

M
S r

Hinh 2.11: Xac dinh trudng theo nguyén ly Huyghen
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2.4 Anh hudng ctia dia hinh
" Nguyén ly Huyghen, mién Fresnel (tia truc ti€p)

« Nguyén ly Huyghen

Hinh 2.12. Biéu dién nguyén ly Huyghen
trong khéng gian ty do

T

+ Y nghia

=

- Qua trinh truyén séng dién tir tir diém phat dén diém thu khéng phai chi theo
mot tia ma cudng do truwdng tai di€ém thu 1a do toan bd mién khdng gian bao

quanh diém phat gay ra

- C6 thé xac dinh cudng dé truwdng tai mot di€ém bat ky trong khdng gian khi biét

mat d6 trudng ctia mat séng tao ra né.
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2.4 Anh hudng ctia dia hinh
" Nguyén ly Huyghen, mién Fresnel (tia truc ti€p)

 Mién Fresnel
+ Xay dung mién Fresnel

+ Nguon phat A, diémthuB, AB=r

+ Duwng mét séng di qua diém N,

+ Dung mat nén tron xoay truc BN,,
duong sinh 1a: (BN, + n.A/2), cat mat
séngdN,(n=1,2,3..))

+ Khai niém
+ Mién Fresnel thit n (F,) la vung khéng gian dudc
giéi han bdi quy tich cac diém ma hiéu sé gilra tong
khoang cach tir diém nay dén di€ém phat va diém thu
vdi khoang céach giira hai diém thu phat 1a héng sd ¢
gia tri bang n lan nira budc séng cdng tac.

AN, +NnB—AB=n.(%) (2.27)

+ Mién Fresnel c6 dang elip tron xoay nhan hai diém thu Hinh 2.13: Nguyén ly c&u tao mién
va phat Iam tiéu diém, c6 ban Kinh 1a b, Fresnel trén mat song cau
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2.4 Anh hudng ctia dia hinh
" Nguyén ly Huyghen, mién Fresnel (tia truc ti€p)

o Mién Fresnel
+ Tinh ban kinh mién Fresnel n, b,
AN + BN, =1 +1, +n&

= JrZ+b2 =r,. /1+ ~r+— (b, <<r) A
Jr +b% =r,. /1+ ~T, +— (b, <<1,) Hinh 2.14: Xac dinh ban kinh mién Fresnel

r+r+n—
2r1 2r2 2
2.28
bn= r.r, LTI (m) ( ) A —
L+,

+ Cong thire hop ly héa

T () fa (2.29)  Hinh 2.15: Ving tham gia vao qua trinh
(km) T (6rt) truyén lan séng
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2.4 Anh hudng ctia dia hinh
" Nguyén ly Huyghen, mién Fresnel (tia truc ti€p)

 Mién Fresnel
+ Chitng minh dudc rang: Cudng dd trudng tai diém thu cha yéu dudc gay ra
bdi ving khéng gian ndm trong khodng mot nira mién Fresnel thr nhét
(0,6b4). Téng cudng dd trudng do cac dim nam ngoai mién nay gay ra tai
diém thu sé bu trir cho nhau va triét tiéu do pha ctia chiing ngudc nhau. Day
la gidi han cla vung truyén séng trong pham vi nhin thay truc tiép.
+ Y nghia
- Qua trinh truyén séng vo tuyén gilra hai anten thu va phat khéng phai chi theo
mot tia, cling khong phai do toan bd mién khdng gian ma chi la viing khéng
gian c6 dang elip tron xoay nam trong khoang mét nira mién Fresnel thi nhat
- Qua trinh truyén séng vo tuyén co ban ton tai khi ving khéng gian giéi han bdi
0,6 b4 khéng bi cén trd suét doc dudng truyén.
- DE€ qua trinh phat va thu séng vo tuyén dat hiéu qua cao, ta dung cac bién
phéap ky thuat dé séng dién tir birc xa ra chi tdp chung trong mién Fresnel thi
nhat 2 s dung anten c6 hudng (anten parabol).
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2.5 Anh hudng clia tang dai luu
" Chiét suat (n), chi so chiét suat (N)
n= % e 14272

2 (2.30)
N =10".(n-1)

+ Chiét suét, n, cta tang d&i luu x3p xi bang 1, trong tinh toan dé dam bao dd
chinh xac cao ta s dung chi s6 chiét suat N
+ Tang d6i luu khéng dong nhat, cac théng s6 thay ddi theo khéng gian va thoi
gian = chiét suat thay d6i
+ Téc dd thay déi chi s6 chiét suat theo dd cao anh huwdng tdi qua trinh séng
truyén lan: Quy dao séng bi cong do hién tuogng khic xa = Hién tuong khic
xa khi quyén
- T8c d6 thay d8i: R
dN
T (1/m)

Hinh 2.16 Quy dao cla tia song truc ti€p va tia B .
phan xa tir m&t d4t trong tang khi quyén thuc y 7 S

B

7
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2.5 Anh hudng clia tang dai luu

Quy dao song
" Ban kinh cong cuia séng b
* Nguyén tac o de gn N+dn=const
+ Chia tang doi lvu thanh cac I6p a
moéng vdi do day dh, chiét suat thay | c - ot
ddi mdt luong dn i neons
+ Cung AB nam trén dudng tron ban | S
kinh R, géc chan tam de
+ Ban kinh cong de
ab Hinh 2.17 tinh ban kinh
R = % cong tia séng
ab = dh ~ dh (d(p <<) — R :L
cos(p+dp) cose cosgp.dg
n.sing =(n+dn).sin(p+dep) < cosq).d(pz—w
n 106 0.
<:>R—Sm an = R= __diN (ht,hr<<r<:>(p—90,n—1)
" dn dh (2.31)

~

> R<0; dN/dh<0->R>0;
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2.5 Anh hudng clia tang dai luu
" Phuong phap tinh cudng d6 dién trudng

« Ban kinh twong duong cua trai dat, ay
+ Mat dat thuc ban kinh a = 6.378 km, tia séng bi khiic xa véi ban kinh cong R
+ M&t d4t c6 ban kinh ay, tia séng di thang (R = «)
Ban kinh ay phai thda man diéu kién: P6 cong tuong ddi gilra mat dat va tia
song khéng doi

Hinh 2.18 Cac quy dao clia séng v6 tuyén
a) Quy dao thuc vdi trai dat ban kinh thuc
b) Quy dao dudng thang véi trai dat c6 ban

Ban kinh
cong quy

kinh twong duong Ban kinh dao
trai dat '
1 1 1 1 o 2 a a (2.32)
—_——=— td = - :
a R ag 18 1, 0N 158
dh
dN

N _ 4107 (m‘l) & ay =8.500km
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2.5 Anh hudng clia tang dai luu
" Phuong phap tinh cudng d6 dién trudng

« Hé s6 cong tia séng, k

K=t _ dlil (2.33)
& 1+a-.10"°
dh
+ Cu ly nhin thay truc tiép
. (2.34)
ro :\/Zk.a(\/ht +\/hr) (m)
+ DO Ioi trai dat
YO ¢

12,74 K
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o M ~ rd > S A .
dN <1V J0Ng Cue g .| Quy dao séng twong
Loai khtc xa — R (m a.q; (M uy dao song thuc té ’
4 4 dh (1/m) (m) wa (M) Quy da g thy dwong
Khic xa am >0 <0 < 6,378.106 /%"\ ﬁ;»%
a | ag<a
Khong khic xa 0 % 6,378. 106 %
a
Khuc xa thuong -0,04 2,5. 107 8,5. 106
" a ay < 4a/3
—>
Khuc xa t61 han - 0,157 6,378. 106 o0 % 1SS
’ a ’ a’(d =
Siéu khic xa <-0,157 |<6,378.108 <0 %4% .
a ay <0
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2.5 Anh hudng clia tang dai luu

" Hap thu séng trong tang ddi luwu
+ Nang lugng séng bi hdp thu do cac phan t& khi, mua, swong mu
+ H4&p thu phu thudc vao tan sé, thay déi theo khdng gian, thdi gian

« Hap thu phan t
+ Chu yéu do phan t& nudc va 6xy _
+ Phu thudc thiéu vao tan s6

d3c biét ting nhanh véi tan s6 trén 10GHz

Suy
hao 10"
dB/

100

Hinh 2.19. Su phu thudc cla hé s6 hap thu séng 101 |
cta O, va H,O vao tan s6

102

103

3 6 15 30 60 150 300

Tan s& GHz
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2.5 Anh hudng clia tang dai luu
" Hap thu séng trong tang ddi luwu

« Hap thu trong muwa va suwong mu
+ Hap thu trong mua phu thudc vao cudng dé6 mua tinh theo mm/h, va theo tan

s8, tang nhanh vdi tan so tir 6GHz trd Ién ‘;8
+ H&p thu do suong mu phu thuéc t“f" vd
AN ~n )y S A ? u
theo tan s6 va tam nhin xa cua anten dBlkm

+ Gay thay d6i phan cuc séng

H&p thu dB/km 10

A /
8 /
101+ 30 m 6 //
1 T 4 /
o1+ 150 m 3
0’01 T T I I > ?
1 .
3 10 30 100 Tans6 GHz 8 10 20 30 40 50 60 100
Tan s6 GHz
Hinh 2.20. Su phu thudc clia hé s8 hap thu trong Hinh 2.21. Su phu thudc clia hé s6 hap thu trong

eo tAm nhin xa va tan s6 mua vdi cuding d6 mua 1
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2.6 Cau hai va bai tap

" Bai tap chuong 2

9. Cho dudng truyén cé cac thong sb sau: COng suit bic xa 15 W, budc séng cong tac 35 cm, hé
s6 khuéch dai cua anten phat 1a 100, ¢ cao cua anten phéat va anten thu lan luot 12 80 m va 20 m,
cu ly duong truyén 12 10 km. Véi R = 0,91 va 6 = 180° khi séng phan cuc ngang va R = 0,68; 0 =
180° khi s6ng phan cuc ding. Xac dinh hé sb suy giam?

(@) 0,42 va 0,44; (b) 0,52 va 0,54; (c) 0,62 va 0,64; (d) 0,72 va 0,74

10. S6 liéu nhu bai 9, xac dinh cudng d6 dién trueong hiéu dung tai diém thu?

(@ 10 mV/m va 11,5 mV/m; (b) 11 mV/m va 10,5 mV/m; (c) 11 mV/m va 11,5 mV/m; (d) 10,5
mV/mva 11,5 mV/m

11. S4 liéu nhu bai 9, xac dinh tdn hao truyén séng biét hé s khuéch dai cua anten thu Ia 100.

() 76,78 dB va 76,45 dB; (b) dB: (c) 76,78 dB va 80,45 dB; (d) 80,78 dB va 80,45 dB

12. Xéc dinh hé sé suy giam khi duong truyén c6 céc tham sé: céng suat phat 50 W, budc s6ng
cong tac 10 cm, hé s khuéch dai anten phat 60, d6 cao anten phat 25 m, anten thu 10 m, cy ly
truyén séng 10 km, hé sé phanxa R =1 va 6 = 180°.

() 1,62 : (b) 1,72; (c) 1,82; (d) 1,92

13. S6 lidu nhu bai 12, xac dinh cudng do dién truong tai diém thu?

(@) 115,34 pV/m; (b) 125,34 uV/m; (c) 115,34 mV/m; (d) 125,34 mV/m
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2.6 Cau hai va bai tap

tap chuong 2
14. S liéu nhu bai 12 nhung budc song cong tac 1a 1m. Hay xac dinh cudng do dién truong tai
diém thu?
(@) 15 mV/m; (b) 16 mV/m; (c) 17 mV/m; (d) 18 mV/m
15. M6t anten phat dugc dat & do cao 49m va anten thu dugc dit & do cao 25m. Khoang cach tam
nhin thang cua hai anten nay 12 gia tri nao duéi day?
(a) 35,8 km; (b) 42,8 km; (c) 45,8 km; (d) 50,8 km
16. Mot anten phat dugc dat & do cao 30m va anten thu dugc dit & do cao 15m. Khoang cach tam
nhin thang cua hai anten nay 1a gia tri nao duéi day?
(@) 27,4 km; (b) 30,4 km; (c) 33,4 km; (d) 35,4 km

17. Anten phét vo tuyén truyén hinh dit ¢ d6 cao 64m. Tinh d6 cao cua anten thu tai mot diém dit
cach xa dai phat d6 mot khoang 50 km dé cd thé thu duoc tin hiéu.

@2m;(b)25m;(c)3m;(d)35m
18. Xac dinh ban kinh cong cua tia song khi di trong tang ddi luu d6i luu tiéu chuan?
() 2.10° m; (b) 2,5.10° m; (c) 2.10" m; (d) 2,5.10’ m
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TRUYEN LAN SONG
TRONG THONG TIN DI BPONG
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NQI DUNG

" N6i dung chuong 3: (6)

. 3.1 Gidi thiéu

« 3.2 Dac tinh kénh trong cac mién

« 3.3 Pha dinh pham vi hep

- 3.4 Phan b6 Rayleigh va Rice

« 3.5 Cac moé hinh kénh

« 3.6 Phan tap

« 3.7 Cau hdi va bai tap

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



3.1 Gidi thiéu
" Pac tinh kénh vo tuyén di dong anh hudng truc tiép dén chat lugng
truyén dan va dung luvgng.

« Tinh ca biét

» Tinh ngau nhién
&
—/h =

Hinh 3.0: Truyén séng vé tuyén
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3.1 Gidi thiéu
" Cac yéu td han ché tir moi trudng vo tuyén
 Suy hao: Tang theo khoang cach, gia tri tr 50 dén 150dB
« Che t6i: Cac vat can trén dudng truyén lam suy gidm tin hiéu

« Phadinh da dudng: Tin hiéu truc tiép, phan xa, nhiéu xa, tan xa giao thoa
véi nhau gay méo tin hiéu (thay d6i cuwdng dd tin hiéu; Nhiéu giao thoa
gilta cac ky hiéu ISI, InterSymbol Interferrence, do phan tan thai gian)

« Nhiéu: Trung tan s (CCl - CoChannel Interference), kénh lan can (ACI -
Adjacent Channel Interference)

" Kénh v tuyén

« Khéng gian truyén dan gitta anten phat va anten thu
+ Pau vao cua kénh: Anten phat
+ Pau ra cla kénh: Anten thu
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3.1 Gi6i thiéu

" Phan loai kénh v6 tuyén

« Theo pham vi khéong gian
*+ Phadinh pham vi rdng
- Khoang cach danh gia kénh Ién (vai km), phadinh xay ra trong thdi gian dai
*+ Phadinh pham vi hep
- Khodng cach danh gia kénh nhdé, phadinh xay ra trong théi gian ngan
(phadinh nhanh, do hién tugng da dudng)

« Theo dac tinh kénh
+ Phén tap khong gian: DPac tinh kénh thay déi theo khdng gian (phadinh chon
loc khéng gian)
+ Phan tap tan s6: Déc tinh kénh thay d6i theo tan sd (phadinh chon loc tan sd)
+ Phan tap thoi gian: Dac tinh kénh thay déi theo thdi gian (phadinh chon loc
thdi gian)
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3.1 Gidi thiéu
" Minh hoa dac tinh cua kénh

Tinh chon loc khéng gian cla kénh Tinh chon loc tan s6 cla kénh Tinh chon loc thai gian cla kénh
Bién d6 ‘ Bién do Bién dé

Mién khéng gian Mién tan s& Mién thai gian

Hinh 3.1 Hinh 3.2 Hinh 3.3

Hinh 3.1; 3.2; 3.3: Tinh chat kénh trong mién khdng gian, mién tan s8, mién thdi gian
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3.2 Bac tinh kénh trong cac mién
" Mién khong gian

« T6n hao dudng truyén: PL (Path Loss) hay L,
+ La ham phu thudc khoang cach
PL~ d"
n = 2: Khéng gian tv do; n = 3 + 5: Méi trudng di dong
d: Khoang céch truyén dan
+ Cong suat thu trung binh gidm so vdi khodng cach theo ham logarit

* M hinh t8n hao dudng truyén bao goém nhigu tham s6, tai mét khodng céch d
xac dinh thi PL 1& mét qua trinh ngau nhién cé phan bd log chuédn quanh gia
tri trung binh

(3.1)

— d
PL(d)[dB] = PL(d) + X. =PL(d,)+ 10nlg (—j + X, (aB) B2)
0
PL(d) : T8n hao dudng truyén trung binh tai khodng cach d
Xs: Bi€n ngau nhién phan b Gausse, trung binh “0” vdi Iéch chuén o
do: Khoang cach tham chuén thu phéat
n: M{ tén hao dudng truyén
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3.2 Bac tinh kénh trong cac mién s
" Mién tan so
« Diéu bién tan s6
+ Gay ra do hiéu &rng Doppler: Dich tan s6 doppler, f ///
\% \% /
=—cosa = —f.cosa = fq cosa (3.3) Yo
A C A B >
/@
fo, =f. £ f =0
v TO? d(f)’méy di dong (MS) Hinh 3.4 Hiéu &ng Doppler
A: Budc séng

a: GAc gilra phwong chuyén déng ctia MS va séng téi
fq: Tan s6 doppler cuc dai
+ Tin hiéu da dudng tir cac phuong khac nhau lam tédng d6é rong bang tan tin
hiéu, goi la trai phd doppler

« Chon loc tan s6

+ MOt s6 doan phé cua tin hiéu qua kénh chon loc tan s6 bi anh hudng nhiéu
hon (thay d6i theo tan so)

+ Phadinh chon loc tan s6 lam méo tin hiéu
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3.2 Bac tinh kénh trong cac mién
" Mién thoi gian
+ Céc kénh vo tuyén thay d6i theo thdi gian (phadinh chon loc thdi gian)
+ Biéu dién tin hiéu thu

y(t) = I x(z)h(t,z)dz = x(t) * h(t,7) (3.4)

—00

X(t): Tin hiéu phat : Tré da dudng
h(t,7): Pap (ng xung kim kénh v tuyén vdi tré t
+ Anh hudng da dudng kénh vd tuyén Ia trai tré (phan tan thdi gian), nghiém
trong vdi cac hé théng toc do cao

Hinh 3.5 Anh hudng ciia trai tré
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3.2 Bac tinh kénh trong cac mién
" Mién thoi gian
« Trai tré trung binh quan phuong, RDS (Root mean square Delay Spread)

O; = 12—;2 (3-5)

B D P(r¢)7 — ZP(Tk)TIf

=k (3.6) o =K (3.7)
> P(zy) > P(zy)
K K

P(ty): Cdng suét trung binh da dudng vdi tré T,
+ RDS biéu thi tré so vdi dudng d&n sdm nhat (LOS - Line Of Sight)
+ RDS danh gia anh hudng cua ISI (InterSymbol Interference)
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3.2 Bac tinh kénh trong cac mién
" Mién thoi gian
o Tré tréi cuc dai
+ Tré troi cuc dai tai, X dB, 1a tré théi gian ma & d6 nang luong da dudng giam
X dB so véi nang lugng cuc dai.
« Thdi gian nhat quan, T,
+ La thdi gian d d6 kénh twang quan rat manh vdéi tin hiéu thu

+ T, xac dinh tinh tinh cla kénh, cac ky hiéu truyén qua kénh chiu anh hudng
cua phadinh nhu nhau (khéng phu thudc thdi gian; kénh phadinh cham)
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3.2 Bac tinh kénh trong cac mién
" Quan hé cac thong s6 trong cac mién khac nhau

« Bang thédng nhat quan va trai tré trung binh quan phuong
+ Bang théng nhat quan, B, la dai tdn ma kénh c6 déc tinh tinh theo tan so, tac
déng clia kénh 1én céc thanh phan phd trong dai tan déu nhu nhau
+ V@i twong quan tan s6 12 0,5

B. = 1 (3.8)
50
 Thdi gian nhat quan va trai doppler
! (3.9)

TC ~
f,
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3.2 Bac tinh kénh trong cac mién
" Tong két dac tinh kénh

Bang 3.1 Cac déc tinh kénh clia ba mién

bang tin hiéu phat

Mién khong gian Mién tan s6 Mién thdi gian
Thong s6 d; fy; G,
Thang giang ngau nhién 1 1
B. ~ Tor—
500G, fa
Nhuoc diém | Chon loc khoéng gian Chon loc tan s6 | Chon loc thai gian
Giai phap MIMO OFDM Thich ng
Muc dich Loi dung da dudng Phadinh phang Phadinh cham
(T2c.) (Bs>>fy)
Chu thich d: khoang cach thu phat; MIMO: Multile Input Multiple Output; f:

trai Doppler; B: d6 rong bang nhat quan clia kénh xét cho trudng
hop twong quan 16n hon 90%; T: chu ky ky hiéu; o_: tri tré trung
binh quan phuong; Tc: thdi gian nhat quan cua kénh; Bg: d6 rong

e N e
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3.3 Phadinh pham vi hep
" Phan loai phadinh pham vi hep

o Trai tré da dudng
+ La théng s8 mién thdi gian, lam méo tin hiéu do tré va phadinh chon loc tan
s0 (&nh hudng lén dac tinh kénh mién tan so)
- Phadinh phang
- Phadinh chon loc tan s6

« Trai doppler
+ L4 théng s8 mién tan s6, dan dén tan tan va phadinh chon loc thdi gian (&nh
hudng I1én ddc tinh kénh mién thdi gian)
- Phadinh cham
- Phadinh nhanh

« Y nghia
+ Piéu kién phadinh ngoai phu thudc thong sd kénh la trai tré da dudng va bang
thong nhat quan, con phu thudc ddc diém cua tin hiéu bao gém chu ky ky hiéu
va d6 rong bang tan
+ Lua chon tin hiéu phu hdp sé cai thién dudc hiéu nang truyén dan
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3.3 Phadinh pham vi hep

" Phan loai phadinh pham vi hep
Bang 3.2. Cac loai phadinh pham vi hep

Co so phan loai

Loai Phadinh

Diéu kién

Trai tré da duong

Phadinh phang

B<<B,; T>10c,

Phadinh chon loc tan sb

B>B,; T<10o,

Trai Doppler

Phadinh nhanh

T>T.; B<f,

Phadinh cham

T<<T¢; B>>f,

B: D6 rong bang tan tin hiéu
B.: Bang théng nhat quan
fq: Trai doppler cuc dai

T: Chu ky ky hiéu

o.: Trai tré trung binh quan phuong
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3.4 Cac phan b6 Rayleigh va Rice
« Puoc st dung d€ mo ta tinh chat thong ké thay déi theo thdi gian cua tin
hiéu phadinh phang

" Phan b6 phadinh Rayleigh
« La phan bd dudng bao cuia tong hai tin hiéu cé phan bé Gauss vudng goc

« Ham méat do xac suat, PDF

ros (3.10)
s(r)=p(r) >
0, Fr<o0

B: Bi&én ngdu nhién cda dién 4p dudng bao tin hiéu thu, r: gia tri ctia p
o: Gia tri trung binh quan phuong cla tin hiéu thu cia tirng thanh phan Gauss
o Cong suét trung binh theo thdi gian cua tin hiéu thu
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3.4 Cac phan b6 Rayleigh va Rice
" Phan b6 phadinh Rayleigh

« Gia tri trung binh clia phan bd rayleigh

Be, =E[B] = TI‘P(I‘)dI‘ = G\/f =1,253c (3.11)

« Phuong sai ctia phan bo rayleigh (thanh phan céng suat xoay chiéu)

2

o =E[p’]-E'[B] = Trzp(r)dr L (2 - f) =0,42926"  (312)
1 2 2

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



3.4 Cac phan b6 Rayleigh va Rice
" Phan bd phadinh Rice

« La phan bé dudng bao phadinh pham vi hep, nhan duoc khi tin hiéu thu cé
thanh phan 6n dinh vugt trdi, (LoS — Line of Sight)

« Thanh phan da dudng xép chong Ién tin hiéu vuot troi

« Ham mét d6 xac xuat

( _(r2+A2)

r = Ar
(e} @)
0, r<o0

1 7 ycost
I =— | e dt
o(V) = j

A: Bién d6 dinh cta tin hiéu vuot trbi
lo(.): Ham Bessel cai tién loai mot bac khong
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3.4 Cac phan b6 Rayleigh va Rice
" Phan bd phadinh Rice
 Phan b8 Rice thudng dudc mé ta bang thira sd K

K - Cong suat trong duong vuot troi B A (3.14)

Cong sudt trong cdc dudng tinxa 25"

K = 0: Suy thoai thanh kénh Rayleigh
K = o: Kénh chi c6 dudng truc tiép
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3.5 M6 hinh kénh
" M6 hinh kénh trong mién thdi gian

« Nguyén tac:
+ Kénh phadinh da dudng: Dac trung toan hoc bang bd loc tuyén tinh thay ddi
theo théi gian (duéng tré)
+ Kénh d&c trung bang dap ing xung kim kénh

o (t)

L—1
htt)= D B (t)e " "8(t—1,(t)), ¢=01,..,L-1 (3.15)
£=0

Trong do

B, (1), ©,(t), T,(t) biéu thi cho bién dd, pha va tré d6i voi xung thu thir # (dudng truyén J;
© bicu thi cho tré, t biéu thi cho s thay doi theo thoi gian ciia chinh cau trac xung kim
0(.) biéu thi cho ham Delta Dirac, L biéu thi cho s6 duong truyén

+ Tin hiéu dau ra bang tich chap tin hiéu dau vao kénh véi dap rng xung kim
kénh "

y(t) = j X(z)h(t,7)dz = x(t) * h(t, )
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3.5 M6 hinh kénh
" M6 hinh kénh trong mién thdi gian

X(t) ——> AT ——————————-—- AT R At
T, =0 T, =AT T
0 1 ‘1 ,=L-2Azl T =(L-1A
BO —>® Bl_><>§ BL_2—><>§ BL—l

@0 @1 @L 2 @L—l

Hinh 3.6 M6 hinh kénh vé tuyén di ddng bang dudng tré da nhanh
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3.5 MO hinh kénh
" M6 hinh kénh trong mién tan s6

« Nguyén tac:
+ Su thay d&i thoi gian tré T dan dén thay d&i tan s8 f, nghia 1a tan thoi cla
kénh khién kénh mang tinh chon loc tan s6
+ Thuc hién bién d6i Fourier dap (*ng xung kim kénh trong mién thdi gian

0 L L-1 : :
h(ft) = [ h(r,t)e P “de=3 h(r,te 2" *O (@16
—0 £=0
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3.6 Phan tap

" Phan tap

« Thong tin duoc truyén dong thdi trén nhiéu dudng doc lap dé dat dugc do
tin cay truyén dan cao (cac dudng truyén khdng tuong quan nhau)
+ Phan tap thdi gian: Cac ky hiéu dudc truyén phan tan trong cac khoang thdi
gian khac nhau dam bao tinh déc lap (ma hda va dan xen)
+ Phan tap tan s6: Cac ky hiéu dugc phat & hai tan s6 doc 1ap (cach nhau mot
khoang bang do réng bang tan nhat quan)
+ Phan tap phan cuc: Cac ky hiéu dugc phat & hai phan cuc chéo nhau dam
bao tinh doc lap
+ Phén tap khong gian: Cac ky hiéu dén diém thu theo dudng di déc lap nhau
(st dung nhiéu anten phat hoac thu dat & khoang cach dl xa)
SIMO: Single Input Multiple Output
MISO: Multiple Input Single Output
MIMO: Multiple Input Multiple Output

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



3.6 Phan tap

« Phéan tap khéng gian

+ Su dung hai anten trd Ién cho thu hodc phat
- B8 tri cach nhau > 5 theo phuong thang dirng
- Khoang cach dam bao tin hiéu di trén hai kénh khéng tvong quan nhau

+ Pong thdi cuing truyén mot tin hiéu trén hai kénh
- Do hai ké&nh ddc Iap nén khéng bi phadinh dong thdi 2 Két hop tin hiéu ti cac

anten d€ nhan duoc tin hiéu tot
La phuong phap s dung phé bién, chéng dugdc ca phadinh phang va phadinh
Ira chon, thudng sir dung phan tap khéng gian thu

f
) ) | Soliéura
S6 ligu K&t
vao hdp
T R
N \ >7 X

f

Hinh 3.7 Phan tap khéng gian
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3.6 Phan tap

 Phéan tap tan so

+ S dung hai cép may thu/phéat Iam viéc d hai tan s6 khac nhau
- Cac tan so phai c6 khoang cach dam bao khéng tuwang quan phadinh véi nhau
- Tao nén hai kénh vo tuyén doc lap

+ Pong thdi cuing truyén mot tin hiéu trén hai kénh
- Do hai ké&nh ddc Iap nén khéng bi phadinh dong thdi 2 Két hop tin hiéu ti cac

may thu dé nhan dudc tin hiéu tét
La phuong phap st dung khéng hiéu qua tan s8, phirc tap trong céu hinh, hiéu
qua trong chdng phadinh Iwa chon tan s6

Rx1 SW

x1

S6 liéu vao (: C

| Sé liéura

—

Hinh 3.8 Phan tap tan s6
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3.6 Phan tap

« Phén tap thai gian
- Phadinh sau xay ra trong thdi gian ngan gay 16i cum
+ Phan tan thdi gian tin hiéu phat d&€ khic phuc 16i cum
- Phan tan céc 16i trong khoang thdi gian rong hon
= Duy tri chét lwgng tuyén dan trung binh & gia tri ddm bao yéu cau
+ Thuc hién bang ki thuét dan xen tin hiéu trudc khi phat
La phuwong phap hiéu qua trong viéc chdng 16i khdi, dudc st dung phé bién

original | 1.3 1b 1o 14 2a il ] 2 2d EF:] b 3c 3.d a3 4n 4o 44

P

Irtedeaed | 1.3 23 ia 43 1k Zb b 4b 1o 2c 3c 4z i.d 2d 3d 44
—————————— e e e e e e i TIECHLTY = v e e e e e e e e
recxled | 1.a 23 3a L3 1b b b 40 1o 2c ac 4z 1.d 24d 3.d 44
. ~ A b -
Hinh 3.9 Phan tap thdi gian
de-interleaved | 1.3 1 1z 1d 23 b 2c 2d ia b 3c 3d 4da 4B 4z 44
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3.7 Cau hdi va bai tap
" Bai tap chuong 3

15. Xét mot may phat phat xa s6ng mang c6 tan sé 1850 MHz. May di dong duoc
dit trén xe 6 td chay van toc 80 km gid. Tinh tan s6 song mang tai may thu khi
may di dong tién thing dén may phat?
(@) 1850,000010 MHz; (b) 1850, 000120 MHz; (c) 1850,000137MHz

16. (Tiép). Tinh tan s6 song mang tai may thu khi may di dong rdi xa may phat
(@) 1850,000118MHz; (b) 1850,000220MHz; (c)1849,999863MHz

17. (Tiép). Tinh tan s song mang tai may thu khi may di dong chuyén dong vudng
gdc voiphuong séng toi.
(@) 1850,000118MHz; (b) 1850,000220MHz; (c)1849,999863MHz; (d) 1850 MHz

18. Gia thiét dap tng xung kim kénh dwoc st dung dé 1ap mo hinh cho cac kénh vo
tuyén v6i tré troi 16n nhat 14100ps. Néu s6 nhanh tré duoc c¢d dinh 1a 64. Tim At
cua mo6 hinh duong tré da nhanh.
(@) 1,3us; (b)1,56us; (c)1,5625us; (d)1,625us
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LY THUYET CHUNG VE ANTEN
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NQI DUNG
" N6i dung chuong 4: (5)
. 4.1 Giéi thiéu
« 4.2 Cac tham sd cd ban clia anten
4.3 Cac nguon blrc xa nguyén to
« 4.4 Nguyén ly anten thu
« 4.5 Cau hdi va bai tap
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4.1 Gidi thiéu
" Vai tro ctia anten

. La thiét bi birc xa séng dién ti* ra khong gian va thu nhan séng dién tur tir
khéng gian bén ngoai
+ Anten phat: Bién d6i tin hiéu dién cao tan tr may phat thanh song dién tir tw
do lan truyén trong khdng gian
*+ Anten thu: Tap trung nang lugng séng dién tir trong khong gian thanh tin hiéu
dién cao tan duwa dén may thu.

[ Blah bian |
\ senblah }




4.1 Gi

i th

Q
-
c

« Cac loai anten

Y

plate
reflector

J%L
:

i

{a) Thin dipole (b Biconical dipole ¢y Loop id) Helix (¢) Log-periodic

Phase shifters

Radiating strip Coaxial leed  nelectrc

substrate —g—<
f i Feed
il —gg—<
_ | | CGiround metal
plange g?‘ff i
(1 Parabolic dish {z) Horn (h) Microstrip R,

reflector

Hinh 4.2. M6t s6 loai anten
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4.1 Gidi thiéu
" Qua trinh vat ly birc xa séng dién tur

 Dién trudng xoay
+ La dién trudng cé cac dudng strc khéng bi rang budc véi cac dién tich tao ra
né ma tv ban than chang khép kin.

. Diéu kién tao séng dién twr
+ Quy luat clia dién tr truong bién thién, dién trudng xody bién thién sé sinh ra
tlr trwdng bién d6i. Ban than tir truong bién ddi lai sinh ra mét dién trudng
xoay mdi. Qua trinh 13p lai va séng dién tir dugc hinh thanh

o
Hinh 4.3. Qua trinh truyén lan .
song dién tu

magnetic field magnetic field

electrical field electrical field electrical field

Wave propagation P—
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4.1 Gidi thiéu
" Qua trinh vat ly birc xa séng dién tur

« Khao sat qua trinh birc xa
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4.2 Cac tham sé co ban
" Ham tinh huéng

« Khai niém: La ham s8 biéu thi su phu thudéc ctia cuwdng dd trwdng birc xa
bdi anten theo hudng khao sét khi cu’ ly khao séat 1a khong doi

T(6,0)=1,(0,9)i,+ f, (H,go).g (4.1)

0, @: Goc blrc xa clia anten (géc phuwong vi va géc ngang)

« Ham tinh hudng bién do: Biéu thi quan hé cta bién do trudng birc xa theo
huwdng khao sat vdi cu ly khdo sat khong doi

T(0.0) =\l (.0 +]1,(0.0)

‘2

(4.2)
« Ham bién d6 tuwong doi (chuén hoa)
f(0.0)
F(6.0)= | ; Fa =1 (4.3)
‘ f (0’ (D)max‘
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4.2 Cac tham s0 cd ban
" P6 thi tinh huéng
+ La d6 thi khéng gian biéu thi su bién d6i twong déi cta bién dé trwdng blc xa
theo hudng khao sat khi cu’ ly khao sat 1a khdong doi
+ Pudc vé tir F(6,9) trén toa d6 Pé cac hodc toa do cuc

- Mat phang chon vé db thi 1a hai mat phang vuéng géc di qua hudng birc xa
cuc dai clia anten (0,9)

- V@i toa dd cuc, truc chuén ban dau chon trung véi truc ddi xirng clia d6 thi, bat
dau d hudng cuc dai

- Thang biéu dién c6 thé theo thang thap phan hay thang logarit

1,0 N
0,75 / g e
Hinh 4.5. Db thi 0,50 / \ xj'
tinh hudng Y
0,25
AN T NAAAL
-90 -60 -30 0 30 60 90
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4.2 Cac tham s0 cd ban
" P6 rong do6 thi tinh hudng
o La géc gilra hai hudng ma theo huéng d6 cong suét birc xa gidm
+ Goéc birc xa khéng (26,): Cong suét birc xa huwdng cuc dai giam dén “0”
+ Goéc blrc xa nlra cong sudat (201, hay 0345): Cong suét birc xa giam mot nira
so v3@i hudng cuc dai
« Thé hién tinh tap chung nang ludng blrc xa theo huéng lam viéc

0
90 0

Hinh 4.6. D6 rong clia d6
thi tinh hudng

—90°
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4.2 Cac tham sé co ban

" Cong suat birc xa, dién trd blrc xa, hiéu suat
+ Co6ng suat bic xa (Ps): La phan cong suét birc xa thanh nang lugng dién tr
+ Cdng sudt t6n hao (Py): Céng suét bi tiéu tan do nhiét béi vat dan, trong cac
I6p dién mbi ...
+ Cong suat dua vao anten: P, =Py + Py,

. Hiéu suat anten
P. 1

M =45 = (4.4)
P 1P

. Dién trd bic xa: La gia tri dién trd twong duwong tiéu hao cdng suét bang
cdng suat blrc xa khi c6 dong dién cao tan vdi bién d6 nhu trén anten chay

ua
a P, =% 12.R, (4.5)

+ Pién trd birc xa dac trung cho kha nang birc xa cta anten
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4.2 Cac tham sé co ban
" Hé s6 tinh hudng, hé s6 tang ich

 Hé sd tinh huéng
+ La ti s gilra mat do cong suét clia anten tai mét hudng xac dinh véi mat do
cong suét ctia mét anten chuén khi hai anten dét cung vi tri va céng suét birc
xa nhu nhau. Anten chuén thudng chon anten vé hudng

D(WDF@; D(H,(o):EZ(—?(D); (4.6)
[E(0,0) =|Ewl|F(6.0)] = D(6,¢)=D,,.F*(0,9) (4.7)

« Hé s6 khuyéch dai anten (tang ich)
+ Pinh nghia nhu hé s6 tinh hudng nhung hai anten cé cong suat dua vao
anten nhu nhau va anten chuén cé hiéu suét bang 1

6(0.9) =, 2100)

0

=7,.D(0,0) (4.8)

- Hé s tang ich vira bi€u hién tinh hudng, vira bi€u thi tén hao trén anten
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4.2 Cac tham sé co ban
" Tré khang vao

« Anten la tai cla may phat, tri s6 tai déc trung bdi tréd khang vao clia anten
+ Thuén trd R dac trung cho thanh phan nang lvong birc xa thanh séng dién ti
+ Pién khang X la do phan trwdng gan, bi rang budc véi anten (v6 cong)
Trd khang vao anh hudng téi ché dé lam viéc cla cac thiét bi ndi téi anten

o . Y
Zo="t=R,+ X, @9

va
a Rs Xs I,

IES

Va

] %

Hinh 4.7. Mach tr& khang tuwong duong clia anten
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4.3 Nguon blrc xa nguyén to
" Chan tir dién (dipol dién)

+ La phan tir dan dién thang, rat manh, c6 dd dai ! rat nhé hon budc séng. Dong
dién phan bd déu ca vé bién do va pha
Z

EG A k
le (\\ ,.v/\ M )
H(p |_|(p
6/ g,
l @,é)—\é? Eo le o) >y
®f/® ® \\\ 0%
OF ® |
H ¢
® \\\® //l ?
R
® X
Hinh 4.8. Phan bd dong dién trong chan tlr Hinh 4.9. Blrc xa clia chan tr dién trong khong gian tv do
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4.3 Nguon blrc xa nguyén to
" Chan tir dién (dipol dién)

« Khao sat truwdng tai di€ém M
+ Tén tai vecto dién trudng trong mét phang dién trudng (6)
+ Ton tai vecto tir truding trong mat phang tir trudng ()

P —ikr
£ - e5ing® 7 v /m)
A r
E_«)ZO (4.10)
H,=0
— ik .oeTk
H =—1°lsing |
Y Ar r 7

Trong d6: k = 27/) 1a hé sb séng
Z: 1a tré khang séng cua méi trudng truyén lan. Trong khdng gian tw do Z =120 1 (QQ)
I° : 1a dong dién trong dipol dién
r: 1a khoang cach tir tam O dén diém khao sat M
| : chiéu dai cua dipol
0,¢: 1a cac goc cua hé toa do cau
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4.3 Nguon blrc xa nguyén to
" Chan tir dién (dipol dién)

« Khao sat truwdng tai di€ém M
+ Nhan xét
- Trudng blc xa ctia dipol dién 1a trudng phan cuc dudng thang, dién trudng chi
c6 thanh phan Eg va tir trwdng chi ¢6 thanh phan H,
- M&t phang E trung véi mat phang kinh tuyén chira truc chan tir, mat phang H
trung véi mat phang vi tuyén vuéng vdi truc chan tlr
- Tai mbi diém vecto E va H co6 pha ging nhau nén nang lugng birc xa la nang

lugng thye
+ Ham tinh hudng
f(6,0)=-Z.1°Lsing., (4.11)
f(0.9)=2.1°1fsing
F(6)|=sin6] (¢ =const) (4.12)
F ()| =const (6 =const)

- Trudng blc xa c6 huéng trong mét phang E, vé huéng tron
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4.3 Nguon blrc xa nguyén to
" Chan tir dién (dipol dién)
« Khao sat truwdng tai di€ém M

+ D‘é thl tl’nh hu,dng a) Trong khdng gian b) Toa do cuc e

Z -

F(8); ¢ = const

Y
X
Hinh 4.10. D thi tinh hwéng (o) = 1:6 = const.
cua dipol dién ’
c) Toa dd vudng goéc
FO) Flo) 4
1,0 1,0
0,8 08T
0,6 0,6 1
0,4 04 T
0,2 02T 0
1 » Q0 } * » ¢
00 1800 3600 0° 1800 3600
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4.3 Nguon blrc xa nguyén to
" Chan tir dién (dipol dién)

« Khao sat truwdng tai di€ém M
+ Cong suat blc xa

2
1 1% % |E |2 _ 7Z 1% 1~ _
Pe. == [(ExHYs==[d ?L \r?sin6dd =———|sin*0do
= 2f(Exy Zm(z o]
o 7z RS
=y (Ej (4.13)
+ Dién tré brc xa
. 27zz(|j2 (4.14)
RS, =2 | —
3 \4
+ Hé sd tinh hudng
EX(0,p).4n.r° :
D(ﬁ,(ﬂ):l- 1 (0.9)47 _3sinco
2 Z.P, 2 (4.15)

D, =3/2
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4.3 Nguon blrc xa nguyén to
" Chan tr ti (dipol tir)

+ La phan t¥ dan tir thang, rat manh, cé dé dai ! rat nhé hon buéc séng. Dong
tlr phan b6 déu ca vé bién d6 va pha

H Z 5
a) // S— \\
/ ~1 \
/ |m \
/ \
|
|
|
|m | /I
\ / Eo
\ - //
\\_// ~__"

® @
&
®e @ \®
©Im
R\ ® ® A E,
R X
&
Hinh 4.11. Phan bd dong tir trong chan tir Hinh 4.12. Blrc xa clia chan tir tir trong khdng gian tv do
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4.3 Nguon blrc xa nguyén to
" Chan tr ti (dipol tir)

« Khao sat truwdng tai di€ém M
+ Tén tai vecto dién trudng trong mét phang dién trudng ()
+ Tén tai vecto tir trudng trong mét phang ti trudng (6)

_ ik ek _
E =——1"Isin@ I (V/m

4 A r q,(\/ )
5y =0 (4.16)
H,=0

k _ —ikr__

H =——1"Ising |

° Ar. r°

Trong d6: k = 27t/) 1a hé sb séng
Z: la tro khang song caa mai truong truyén lan. Trong khong gian ty do Z =120 ()
I™ : la dong tur trong dipol tir
r: 1a khoang cach tir tam O dén diém khao sat M
| : chiéu dai cua dipol
0,¢: 1a cac goc cua hé toa do cau
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4.3 Nguon blrc xa nguyén to
" Chan tr ti (dipol tir)

« Khao sat truwdng tai di€ém M
+ Nhan xét
- Trudng bic xa ctia dipol t¥ la trudng phan cuc dudng thang, dién trudng chi
c6 thanh phan E, va ti trudng chi cé thanh phan He
- Mat phang H trung véi méat phang kinh tuyén chi¥a truc chan t&, méat phang E
trung véi mat phang vi tuyén vuéng vdi truc chan tlr
+ Ham tinh hudng
f(0,90)=1"1lsind.,

(4.17)
F(6.0)=1m1]sing|

F(6)|=|sin6] (¢=const)

F(¢)|=const (6&=const) (4.18)

- Trudng blc xa c6 huéng trong mét phang H, vé hudng trong mat phang E
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4.3 Nguon blrc xa nguyén to
" Chan tr ti (dipol tir)

« Khao sat truwdng tai di€ém M

+ D0 thi tinh hudng ) Trong khong gian b) Toa d6 cuc
0

F(0); ¢ = const

J
A g X

Hinh 4.13. D6 thi tinh hudng o

cua dipol ti (¢) = 1:0 = cons
c¢) Toa d6 vudng goc
"o Flo) 5
1,0 1,0
0,8 08 T
0,6 0.6 1
0,4 04T :
0.2 027 ! .

. > 00 : > ¢
0° 180° 3600 00 1800 3600
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4.3 Nguon blrc xa nguyén to
" Chan tr ti (dipol tir)
« Khao sat truwdng tai di€ém M
+ Cong suat blc xa
™ =Z1° (4.19)
7Z'||m|2

. 1Y
P = 37 (ﬂ) (4.20)

+ Pién dan birc xa

G;nzz_”(ljz Q) (4.21)
3z \

+ Hé sd tinh hudng
1 EX(6,p)4nr® 3

D(6,0)==. —Zsing (4.22)
(0:0)=5 ZP 2

D, =3/2
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4.3 Nguon blrc xa nguyén to
" Nguyén t8 birc xa hén hop

« Cau tao: Phan tl birc xa gébm mdt dipol dién dat vudng géc véi mot dipol
tor
*+ Dipol dién dat theo ox, dong 1% ; Dipol tr dat theo oy, dong Imy
+ P dai bang nhau: /;
+ Quan hé dong dién va dong tu:

Z A

= 3

=alz (4.23)

<X o

Hinh 4.14. Nguyén t8 blc xa hén hop
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4.3 Nguon blrc xa nguyén to
" Nguyén t8 birc xa hén hop
« Khao sat truwdng tai di€ém M

+ Truwdng blrc xa gém du 4 thanh phan Ee, E,, He, H,.
+ Truwdng tai vung xa:

Eo = —i:—i Ijlcow(cos%a)?@
E, =i:—§ I;1sing(1+ acosH)?E (4.24)
Hp = —% Iflcosw(cosma)?fg
H, = % I$1sing(1+ acos&’)?@
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4.3 Nguon blrc xa nguyén to
" Nguyén t8 birc xa hén hop
« Khao sat truwdng tai di€ém M
+ Ham tinh hudng
f,(0,9)=Zllcosp(coso+a)],
f (0,0)=-ZI{Isinp(1+acosd)i,

+ Ham tinh hudng bién d6 chuén héa

(4.25)

cosg(cosf+a)
1+a

sin ¢ (1+acoso)
1+a

‘FH (6, 40)‘ =
(4.26)

F,(0.0) =

Max:0=0; Min:0==x
+ Hé s tinh hudng (a = 1)
3(cos6+1)"

D(G,(p)z 2 ; D, . =3
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4.3 Nguon blrc xa nguyén to
" Nguyén t8 birc xa hén hop

« Khao sat truwdng tai di€ém M
+ P06 thi tinh hudng

z
A

Hinh 4.15. D6 thi phwong hwéng ctiia nguyén t6 birc xa hon hop

- D6 thi hinh cardioit tron xoay,
- Nang lvong blrc xa cuc dai vé mot hudng, Ia hudng cla tich véc to (Iexlm)
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4.4 Nguyén ly anten thu
" Khao sat
« Hai anten d&t cach nhau trong méi trwéng dang huéng

o Trd khang téng la Z, va Z,

z2
Zl = Ztl + Zv1
N 2
Zz = th + sz . ® ;
zZ
 Nguyén ly twong hd %@ A
y
>

! 7

2thu 1thu

Hinh 4.12. Mé ta twong hé hai anten
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4.4 Nguyén ly anten thu
" Xac dinh SPD trén anten thu

 Trudng blrc xa va dong dau vao

e—ikR

ik _
E, = EZLh1|01F1(01’¢1)?

3 E,..47R
—ikZL,,| 01E1 (‘911 2] ) e '

01

o Sdd trén anten

B E, .47R.Z,
—ikZL, F, (6, ¢,)e™

B E,.47R.Z,
—ikZL,,F, (6,,9,)e ™
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4.4 Nguyén ly anten thu
" Xac dinh dong trong tai anten
« TONg quat:

Ew (Z_tl +Zv1) — Ehu (Z_tz +Zv2)
E12Lh1F1(91’¢1) E21Lh2|:2(92,(p2)

- Do cac anten la bat ky nén dong trong tai anten la

_ E_oLhE(e’ CD)
thu (Zt +ZV)

« Sdd nhan dugc trén anten thu

e, =CE,L,F (6,9)
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4.5 Cau hai va bai tap

" Bai tap chuong 4
10. Xac dinh hé s6 huéng tinh (theo dBi) cua mot anten c6 tinh huéng tao nén mat do cong suat tai diém xem xét la
3mW/m? khi ma anten vé huéng tao nén mat d6 cong suit ciing tai diém do 1a 0,5pW/m?.

() 30,8 dBi: (b) 33,8 dBi: (c) 35,8 dBi: (d) 37,8 dBi
11. Xac dinh hé s khuéch dai (theo dBi) cua anten c6 hé s6 hudng tinh 1a 40 va hiéu suét 1am viéc 60%.

(2) 13,8 dBi: (b) 15,8 dBi: (c) 17,8 dBi: (d) 20,8 dBi
12. Xac dinh c6ng suit buc xa dang huéng twong dwong (theo dBW va dBm) ciia mot anten ¢6 hé sé hudng tinh 43 dBi,
hiéu suat 70% va cong suat d¢au vao anten la 5 W.
(a) 45,44 dBW va 75,44 dBm: (b) 48,44 dBW va 78,44 dBm: () 45,44 dBW va 78,44 dBm:; (d) 48,44 dBW va 75,44 dBm
13. Mét anten c6 dién tré bic xa 200, dién tré tén hao 0,5Q va hé sé huéng tinh 1a 200.

a, Xac dinh hiéu suit cua anten: (a) 87,56 %; (b) 90,56 %; (c) 95,56 %; (d) 97,56 %

b, Xac dinh hé sé khuéch dai: (a) 22,4 dBi; (b) 22,6 dBi; (c) 22,8 dBi; (d) 22,9 dBi
14. Mot anten c6 cong suat birc xa 65W, cong suat ton hao 5W va hé s6 hudng tinh 12 500.

a, Xac dinh hiéu suit cua anten: (a) 90,86 %:; (b) 92,86 %; (c) 95,86 %; (d) 97,86 %

b, Xac dinh hé sé khuéch dai: (a) 26,6 dBi; (b) 26,7 dBi; (c) 26,8 dBi; (d) 26,9 dBi
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NQI DUNG
" N6i dung chuong 5: (5)
. 5.1 Giéi thiéu
5.2 Anten chan tlr d6i xirng
5.3 Anten chan tir don
« 5.4 Anten nhiéu chan t&

« 5.5 Cau héi va bai tap

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



5.1 Gidi thiéu
" Khai quat
« Anten chan tr con dudc goi la anten dipol, sir dung chan tlf lam phan t
blrc xa trudc tiép song dién tir

« Anten chén tir c6 két cdu don gian, dac tinh tuong tu duwdng day dan mét
dau hd mach
« Cac loai anten chan t&r dién hinh
+ Anten chan tir d6i xirng
+ Anten chan t&r don
+ Anten nhiéu chan t&r
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5.2 Anten chan tir d6i xirng
" Khai niém
o L& mét c4u tric gédm hai vat dan hinh dang tay y
+ Kich thudc giéng nhau, d4t thang hang trong khéng gian
+ @ gitra ndi véi ngudn dién cao fan
« S dung nhu anten hoan chinh, hay cau tao nén anten phtrc tap
" Phan bd dong dién
« Tuwong quan chan t&r doi xirng va dudng day song hanh

o ———

Hinh 5.1 Su twong quan gilra chan tir d6i xirng va dudng day song hanh
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5.2 Anten chan t&r doi xng
" Phan bd dong dién
. Tuwong quan chan t&r déi xirng va dudng day song hanh
+ Khéac biét: Chan tir d6i xirng c6
- Théng s6 phan bd L, C thay déi doc theo chan tlr
- Nang lugng blc xa ra khéng gian dudi dang song dién tur

+ V@i chan t&* manh (d << 0,01 1), diém khéo sat & xa (r >> A): Coi la tuong
quan. Phan bé dong dién trén chan t&r doi xirng c6 dang séng dirng

1, (2)=1,sin{k(1-|z])! (5.1)
I, 1a bién d6 dong dién & diém bung .

I: 1a d6 dai mot nhanh chan tlr

+ Phéan b dién tich

e

kI,
o E.cos{k.(l—z)}, 7>0
:E'COS{ ( +z)}, 7 <
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5.2 Anten chan tir d6i xirng
" Phan bd dong dién

c)1=0,675A

Hinh 5.2 Phén bé dong dién va dién tich trén chan t&r d6i xirng
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5.2 Anten chan tir d6i xing
" Blrc xa clia chan t&r doi xtrng trong khdng gian tu do
» Baitoan
+ Chan t&r doi xirng chiéu dai 2 dat trong khéng gian tu do
+ Khao sat trwdng tai M cach chan tir ro >> A, 1ap vdi truc chan tr goc 6

« Xac dinh cudng do truong
+ Chia chan t&r thanh céc phan tl rat nhé dz >> A. Méi phan t& twong duong Vi

mét chan t dién T
- Chiéu dai dz dz | T M

- Khoang cachr
- Mat do dong khong dai I, ,

Hinh 5.3 M6 ta cac thdng s tinh tr’dng birc xa cla
chan t&r d6i xirng trong khong gian tu do dz 1

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©




5.2 Anten chan tir d6i xirng
" Blrc xa clia chan t&r doi xtrng trong khdng gian tu do

« Xac dinh cudng do truong
+ Truwdng do phan t&r dz nhanh 1 va 2 gay ra tai M

6071 d &9
dE, =i 2% sin ge a7, do r>>2
hA I, =r, —2c0s8
dE, =i 001,02 ge i, I, =1, +2C080
LA
+ Téng hdp cudng do trudng do hai phan tir
dE = dE, +dE,; 1, =1,sin{k.(1-[z])} (5.4)
— . 60x.1..dz . . - - - —
dE =i b= sin@.sin{k (1 —z)}.e™™0 (ghwost | gikaeost )
ro./1 { ( )} ( ) 0
—_ d..dz . : - -
dE =i 607: ; 9 sin .sin {k(1-2)}.e™®.2cos(kz.cos6)j, (5.5)
.
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5.2 Anten chan tir d6i xirng
" Blrc xa clia chan t&r doi xtrng trong khdng gian tu do
« Xac dinh cudng do truong
+ Pién trwdng do toan bd chan tlr gay ra tai M

I
E=|[dE

0
£_;50L .cos(klco.se) —coskl e T

I sin@

— .60l
E=i—L2e"™.f(0,

= (6.0) (5.6)
-2t (0.0) o =7

o
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5.2 Anten chan tir d6i xirng
" Tham s6 clia chan t&r doi xirng
Ham tinh hudng va do thi tinh huéng
« Ham tinh huéng bién d6

cos(klcos@)—cos(kl) (5.8)

f(0,0)=|T(0) = '

1(0.0)|=1(9) ind

Trong mé&t phang H vudng géc vdi truc chan t&r c6 0 1a hang s8, ham tinh hudng
chi phu thudc vao “k.I”, (hay chigu dai twdng d6i I/A)

+ Chén tir ngan: | < A/4

2
cosx~1-X/ (x<) |f(9)|:@|smg| (5.9)

F(0)=|sing| (5.10)

- Tuong tu chan t&r dién: C6 huéng 8 mét phang E chi¥a truc chén tr, vé huéng
& mét phang H vudng géc véi truc chan tir, cuc dai & huéng vuéng vdi truc
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5.2 Anten chan tir d6i xirng
" Tham s6 clia chan t&r doi xirng
Ham tinh hudng va do thi tinh huéng

« Ham tinh huéng bién d6
+ Chan tlr niraséng : /=A/4

k.Iz%

T T T
cos( CoS 0) —C0S— cos( .COS 9)

(o) -— 2.4 (5.11)
sing sing

+ Chan tlr ca séng: /= A2
kl=r

2c0s?|  .cos@
_ cos(7z.cosf)+1 2 (5.12)

1(0) -

sing sing

- D6 thi hep hon
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5.2 Anten chan tir d6i xirng
" Tham s6 clia chan t&r doi xirng
Ham tinh hudng va do thi tinh huéng

« Ham tinh huéng bién d6
+ Chan tlr dai: /> A2
Trén mdi nhanh xuét hién dong dién ngudc pha, do d6
- Tai hudng vuéng goc, khdng co sai pha vé dudng di nhung dong dién ngudc
pha nén cudng dd trudng tdng giam (bap chinh thu hep lai)
- Tai hudng c6 sai pha vé dudng di thi sai pha duwgc bu trlr nhd sai pha vé dong
dién nén xuat hién cac bup phu (blp phu Ién dan). Khi /= A, bén bip phu tr&
thanh bén buap chinh.

= Tinh hudng ctia chan t& d6i xirng phu thudc vao chiéu dai dién: %1
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5.2 Anten chan tir d6i xirng
" Tham s6 cla chan tir doi x(*ng
« D06 thi tinh hudng clia chan tir d8i x&rng trong mat phang E

90° 90° 90°
A 9
180 /Q Qe 180 0°
a)l1<0,1A b)1<0,25A c)1<0,5Mn
' S 90° 90°
Hinh 5.4 D6 thi phvong hudng
clia chan tir doi xi*ng trong mat
phéng E
0 0
180°. 0° 180° Qe

d)1<0,752 e)l <A
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5.2 Anten chan tir d6i xirng
" Tham s6 cla chan tir doi x(*ng
Tré khang séng, trd khang vao

« Trd khang séng
+ Trd khang séng day song hanh

Z, =276.1g (?) (5.13)
D: Khoadng cach tdm hai day dan
r: Ban kinh day dan
+ Chan tir d6i x(rng thong sd dién dung phan tan thay déi
- VGil<A
Z, =120 |n(2_')_1} @) (5.14)

r

- V@il > A (cdng thirc Kesenich)

Z, =120:In(i)—E} (@)

.r

. . (5.15)
E: Hang so Ole (= 0,577)
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5.2 Anten chan tir d6i xirng
" Tham s6 cla chan tir doi x(*ng
Tré khang séng, trd khang vao
« Trd khang vao
+ V@i dudng day song hanh hd mach dau cudi c6 trd khang vao
X4 =—iZ cotg(kl) (5.16)

+ Chan tlr d6i xi*ng nang ludgng birc xa ra khdng gian nén c6 thanh phan dién
trd blrc xa dau vao dong vai tro thuan trd

RZb
Rin = sin’ (KI) (5.17)

+ Trd khang vao clia chan tir

Z,=R,+JX,= R _ iZ ,.cotg(kl) (5.18)

sin” (1k)
(VGil < 0,751)
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5.2 Anten chan tir d6i xirng
" Tham s6 clia chan t&r doi xirng
« Trd khang vao

800“ Rva(€2) 400“ Xya(€2)
,\I/r=60
700 300
600 [1\ yt=a0 200 A
500 /f \\K 100 / ’Q
400 A\ 0 // \ /r=60
300 N -100 \ I/r=40
200 4 >\\\\ 200 4 Zi
S 4 N2 0 NG R /A B =l
// -300 7 // \\ 4
0 - 400 y
> /A

100 =y >
0 02 04 06 07 10 12 74 0O 02 04 06 08 1,0 1,2

Hinh 5.5. Su phu thuéc ctia Z , vao %

Nhan xét:

- Chén t&r ngan (I < A/4): cotg la (+) nén Zy,1a (-) > Trd khang vao mang tinh dung

- Chan t& nira séng (I = A/4): cotg = 0 nén Z,, = Ry, = 73,1 Q = Mach cdng hudng ndi tiép
- Chan tir c6 (M4 <1 < M/2): cotg la (-) nén Z,,la (+) & Trd khang vao mang tinh cam

- Chan ti toan séng (I = A/2): cotg = 0, sin = 0, nén Z,,, = o> Mach cdéng hudng song song
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5.2 Anten chan tir d6i xirng
" Tham s6 cla chan tir doi x(*ng
Cong suat burc xa, dién tré blc xa, hé s6 tinh huéng

« Cong suat blrc xa

+ Cong suat burc xa qua dién tich ds 24
ds = r’sin6dbdeo
E2
dP, =S, .ds=E, .H,.ds = E.ds (5.19)
+ Cong suét birc xa cua chan t& r ;

Z|2 2r _ 2
p - 2 J~j{cos(klcosé?) cos(kl)} 2sinodadp

2,2 ;
87T oo sin@ y

[ cos(Klcosg) —cos(KI) | _ )
P, =301 j _ 40 (¢¢) Hinh 5.6. Xac dinh cong suét bc xa
0 sing cla chan tir d6i xirng
(5.20)
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5.2 Anten chan tir d6i xirng
" Tham s6 clia chan t&r doi xirng

 Dién tréd blic xa s RLQ)
+ Xac dinh tai di€ém bung 250 /
L 200 a
Pz = E Ibz'sz / \ /
2 150
7| cos(klcos@)—cos(KI
Ry, = 60_[[ ( : ) ( )] de / \
0 Sln6’ 100 /
(5.21) L
0 / . /i

0,25 0,5 0,75 1,0

Hinh 5.7. Quan hé giira dién trd burc

Nhan xét Xava do dai tuong d6i

- Khi I/A nhd, giéng dipol dién, ting | lam cho ddng déng pha tang 2 Tang Ry

- Khi | > A/2, xuét hién ddng dién nguoc pha 2 Gidm Ry

- Dién trd birc xa dao ddng cuc dai & dd dai la bdi s chan [an A4, cuc tiéu & dd
dai 1a boi so 1é lan A/4
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5.2 Anten chan tir d6i xirng
" Tham s6 clia chan t&r doi xirng
 Hé sd tinh huéng

E(6.9) 271"

Z
D, = D(%) =R (1-cos(kl))
Nhan xét:

- Khi I/A < 0,675: Blrc xa anten cuc dai 8 hudng 6 = +n/2, tdng | = D tang
- Khil/A > 0,675: Tang | > D gidm do cu'c dai chinh giam
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5.2 Anten chan tir d6i xirng
" Tham s6 clia chan t&r doi xirng
« Chiéu dai hiéu dung

+ KN: La chiéu dai twong duong cia mé6t chan t&r cé6 dong dién phan b6 déng
déu va bang dong dién dau vao clia chén tir that vdi dién tich phan b8 dong

dién tvong duong.
A k.l R
l, =—19| — (5.23) T

Vs 2

_A=r2) o B= _
< Im > m
Hinh 5.8. Chiéu dai thuc va chiéu dai hiéu dung cua
o chan tlr doi xi*ng
Nhan xet:

- Chén tir ngan, coi: tgx = X > 4= | (chiéu dai mdt nhanh chén tr that)
- Chan ti ntra séng: tg(kl/2) =1 > |,y = A/n

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©




5.2 Anten chan tlr d6i xirng
* Anh huéng clia mét d4t 1én birc xa ctia chan t&r ddi xtng

« Phuong phap anh guong
+ Chan t& trong méi trudng thuc, cac vat dan 8 gan anh hudng tdi su birc xa
- Trudng blc xa ctia anten lam phat sinh dong thr cdp = ngudn buc xa th cap
- Cudng d6 trudng tai hiém thu la giao thoa gitra trwdng so cap va th cap
+ Coi &nh hudng clia nguon th(r cap la do chan tir anh

—5 ® Chantlr that

h

Mat dat

h

NG Chan t&r anh

Chan tir that va chan tir znh
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5.2 Anten chan tlr d6i xirng
* Anh huéng clia mét d4t 1én birc xa ctia chan t&r ddi xtng

« Phuong phap anh guong
+ Anh hudng clia mat d4t duoc xac dinh bang phuong phap anh guong
- Tac dung cta dong th& cap xac dinh twong dwong véi mot chan t& do la &nh
ctia chan tir that qua mat phan cach gitra hai méi truéng = chén tir anh
» Dong dién trong chan tir anh c6 bién do bang bién dé dong dién trong
chan tir that, pha tuy thuéc phwong cua chan tir that trén mat dat: Song
song 2 ngwoc pha, vuébng géc - dong pha
» Birc xa sé twrong dwong véi hé hai chan tir c6 khoang cdch 2h dit trong
khéng gian tw do
» Theo Ilg thuyét phan xa séng phang, quan hé dong: |

Hinh 5.9. Nguyén ly
anh guong

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©




5.2 Anten chan tir d6i xirng
* Anh huéng clia mét d4t 1én birc xa ctia chan t&r ddi xtng
« Blc xa cla chan t&r d6i xirng dat nam ngang

- Coi la hai chan tir doi x(rng c6 dong dién ngudc pha
- Xac dinh cudng do trwong tai M cach xa chan ti

E, = E,.F,(A) h
_ cos(kl.sinA)—cos(kl)
Ro(a)= (1-cos(kl)).cos A

. i(ppx—2k.hsina) h
E,=ER,e"”

(5.24)

E=E+E,=E,F, (A)[1+ Rpxei(‘”"x_ZK'h'Si”A)} (5.25)

El=E. E(A).1+R2 +2R_ cos _2khsinA) (5.26 Hinh 5.10. Chan tlr doi xing dat
Bl =Eo R )\/ PX PX (¢px ) (5.26) nam ngang trén mat dat

E,: cudng dd trudng cla chan tir & hudng birc xa cuc dai

Fo(A): ham tinh hudng chudn héa clia chan t&r trong mat phéng khao sét
E,: bién d0 cudng do trudng cla chan tir d6i xirng trong khong gian tu do
A: hudng khao sat
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5.2 Anten chan tir d6i xirng
* Anh huéng clia mét d4t 1én birc xa ctia chan t&r ddi xtng

« Blc xa cla chan t&r d6i xirng dat nam ngang

+ Chan tr d4t ndm ngang nén & mat phang vuéng goéc Véi truc va di qua tam
chéan tlr c6 Fo(A) = 1
+ V&i mét 4t dan diénly tudngcdR=1vao==

[E| = Ey\2[ 1+ cos(z-2k.h.sinA) | = 2E,.F (A) (5.27)
F(A)=sin(khsinA) (5.28)

F(A) thé hién anh hgtg§ng clia mat dat thong qua c?oé’n tlr &nh

180° > A=0° 180° QO A =0°
A - :h=0'257\‘ > pé > s ” - hEOIS}\’ ~ (%3 Y
.11. D6 thi tinh hu'dng cta chan tir d6i xirng dat nam ngang trén m
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5.2 Anten chan tir d6i xirng
* Anh huéng clia mét d4t 1én birc xa ctia chan t&r ddi xtng

« Blrc xa clia chan t&r d8i xirng dat thang ddng
+ Hai chan tir c6 dong dién déng pha
+ Ham tinh hudng bién d6 giéng ctia chan t& doi xing (A va 6 la géc phu nhau)

. cos( klIsinA) —coskl (5.29)
F(A)=F,(A)cos(khsinA) R (A)= (g—coskl))cosA

E(A)=2E,.F(A) (5.30)
90° 90°
180° A=0° 180° A=0°
I=0,25L ; h=0,75A =0,25A; h=2A

Hinh 5.12. Db thi tinh huéng clia chan tir d8i xirng dat thang ding trén mat dat (mp H)
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5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau

« Blrc xa clia hé hai chan tir dat gan nhau
+ PE& tao anten c6 tinh hudng khac nhau phai sif dung hé chan tlr d6i xirng dat
gan nhau
+ Quan hé dong trong hai chan t

|_2 _ gel: a, - la ty so bién do dong dién cua chan tir 2 va chan tir 1
l, 2 (5.31) W2 - géc sai pha ciia dong dién trong chan tir 2 so v6i dong trong chan tur 1
2| /4 / > Z
d
; a) Mét-phéng E b) M&t phang H

Hinh 5.13. Hé hai chan tlr doi xirng d&t song song gan nhau
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5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau

« Blrc xa clia hé hai chan tir dat gan nhau
+ Cuwdng d6 trudng tai di€ém khao sat

_—

Ey = E + E 532
E= —K.e_ikr f (9).(1+a e‘V’Ze"‘d“"s‘g) .
A r ?
+ Ham tinh hudng téng hop
f (6)=1+a,e"2e"*’ (5.33)

Ham nay phu thuéc cac gia tri khac nhau cta d/A va az.e'iwz
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5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau

« Blrc xa clia hé hai chan tir dat gan nhau
+ Trudng hop dong trong hai chan t&r déng bién, déng pha: a; =1, y, =0

_ ikd cos@ ikd cos@ ikd cos@
f (0)=1+e">"=¢e 2 |e 2 +e 2

ikd cos@

f (0)=2cos| (kd/2).cos6|e 2
£, (6)| = 2cos| (kd/2).cosd | (5.35)
arg{f, (6)} = (kd/2).cos@

(5.34)

- Hudng blrc xa cuc dai

cos(%.cosé’jzﬂ < kd.cos@,. =2nz n=0,12,..

C0S 0, .,

:Znﬂ:n.igl - n<9 (5.36)
kd d A
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5.2 Anten chan tir d6i xirng

" Hé hai chan t&r doi x(rng dat gan nhau
+ Trudng hdp dong trong hai chan t&r déng bién, ngudc pha: a; =1, y, = 180°

- Ham tinh huéng dooct
f, (0) =1+ gl f (6)=-2sin[ (kd/2)cos@ |e 2

| £ (6)| = 2[sin[ (kd/2)cosd |
- Hudng blrc xa cuc dai

sin(%.cos@jzﬂ < kd.cosé,, =(2n+1)z  n=012,..

(2n+1)7 :(2n+1).i 1 = (2n+1)
kd 2d 2
- Huéng birc xa cuc tiéu

cosf,., = sg
A
. ( kd
sin 7.00349 =0 <« kd.cosé, . =2nrx n=012,..

cosé. . = 2nz _nA <1 < n sg
kd A
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5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau

« Blrc xa clia hé hai chan tir dat gan nhau
+ Trudng hdp dong trong hai chén t&r déng bién, vuéng pha: a; =1, v, = 90’
- Ham tinh huéng

ikdcos 9+£j

fk(é?):1+e( 2

ikdcos@ 7
i| ———+

f (0)= ZCOS{%COSH+%}J 2 Z}

| fim (9)| =2

(kd 7[)
COS| —C0SO + —
2 4

- Khid =24
Cuec tiu bang 0 khi 6 = 0, cuc dai bang 2 khi 6 = 180°
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5.2 Anten chan tir d6i xirng

" Hé hai chan t&r doi x(rng dat gan nhau
a)y=0° b) v = 180°
90°

c) v =90°

d/A=1/4
180° {} Q°

an

Hinh 5.14. D0 thi phuong
hudngcla hai chan tir dat song
song véi nhau

-4
L

d/A=1

S W
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ON: VO TUYEN - KHOA VIE ©

(D)




5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau
Trd khang vao, dién trd blrc xa clia hé hai chan tir

« Trd khang vao
+ S0 d6 tuong duong hé hai chan tir

el aev.Z,, D D(l/a).e"‘i’.z12 ),

Hinh 5.15. So do twong duwong hé hai chan t&r

+ Trd khang vao ctia mbi chan tir gdm thanh phan trd khang riéng va tré khang
twong hé clia chan ti¥ 1an can
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5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau

« Trd khang vao
+ Trd khang twong hd anh hudng tdi sdd thuc t& dat Ién hai chan ti

e =17 . +1.7 e4, €,: SPD dau vai hai chan t khi xét dén tuwang hd
1 al=11 a2=12 . a s LA e
Z,,, Z,,: Trd khang riéng hai chan tir
€, =12+ 1,42, Z, Z,;: Tré khang tuang h hai chén tir
e (5.38) |I_2 _ e
Zvl - |_1 - le T aeiy/zm o
al
e 1 (5.39)
L, = |_2 =Ly, +—¢€ IWzlz
a2 a
2y, =Ry +iXy 2y, =Ry, +1X 5, Z, =R, +1X,,

Z, =Ry, +a(R,cosy — X, siny) +i| X, +a(Ry,siny + X ,cosy) |

1 _ _ 1 _ (5.40)
Z,, =Ry, +=(R,c08y + X, siny) +i| X, +=(R,siny — X,,cosy)

a a
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5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau

« Dién trd blrc xa

1°.R
P =2 5.41
x ™9 (5.41)
|1 _
P,.= a12a1 [Rﬂ + a(R12COSl,V — X, 8In t//)]
|1 1 (5.42)
Pz = a22 = {Rzz +—(Ry, cosy + X123in9”)}
a
Py =Rt R = |a12| = |:R11 +a’ R,, +2aR, cos l//] (5.43)
R. =R, +a’R,, +2aR,, cosy (5.44)

- Dbién tr&sb(rc xa cta hé khéng phu thudc vao dién khang riéng va dién khang
twong ho clia hai chan tl
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5.2 Anten chan tir d6i xirng
" Hé hai chan t&r doi x(rng dat gan nhau

« Chan tlr chl ddng, chan tr thu dong
+ Chan t& chl dong: Pudc ndi truc ti€p véi ngudn va tu birc xa séng dién tr
+ Ché&n tir thu ddng: Khdng duodc cdp ngudn, hoat ddng dua trén nguyén tic
cam &ng dién tir 2 Ngubn birc xa th cdp

| .
e=ae’ (5.45)
al
a) b) Z, Z,,
A Ial Ia2 |
al
€1 G’) ae'v.Z,, H H (1/m).elv.z,,
Xch 2dc

—d

Hinh 5.16. a) Chan t&r ghép; b) So d6 twong duong
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5.2 Anten chan tir d6i xirng

" Chan tlr chi dong, chan t&r thu déng

+ Dong trong chan tir thu dong

5.46
€= Ialzll + IaZZIZ ( )

0= |az(Z22 +iX2dC)+ .,Z,, < laz =— Zl_z _ F\’_12 +1.X,,
Ial Z22 + IXch R22 "H(Xzz +X2dc)

q = R122 + X122
o 2
R222 + ( Xy + X2dc) (547)

X X, + X
w = 7 +arctg —% — arctg —2——2%
R12 22

+ Trd khang vao va dién trd blrc xa

22
vl 11 222 i iXch v2 ( 2 )
R. =R, +a’R,—-2aR,.cosy (5.49)
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5.3 Aten chan tir don

" Cau tao

« GOM modt nhanh chan tlr dat trén mat dat thuong c6 dé dai % budc séng

« Cac thanh chéo tao nén mét co sd rong dam bao do thi birc xa tot

" D3c diém T
« Dién trd birc xa: 36,5602 A4

« Do dai thanh chéo khoang 1/3 budc séng ‘ / )
Lép céach ly
« Ung dung phé bién cho di déng s

e

e’

|~ Cap ddng truc

/ Cot anten

SN—

Hinh 5.19. Anten chan t&r don
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5.4 Anten nhiéu chan tlr
" Dan chan t&r dong pha
. Cau tao
+ Cé&c chan tlr d6i x(rng toan séng: | = A/2
+ Xap xé&p trén mot mat phang theo hang va cot
+ Khodéng céach gilta cac chan tir [a A/2
- Tiép dién: Tiép dién déng pha
+ Kiéu ddu chéo
+ Kiéu song song
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5.4 Anten nhiéu chan t

" Dan chan t&r dong pha (2)

A2
> > » » > > > >
+ | | + - - -
M2 % %
> — > > > > >
X X
g > — > > > > >
X X
+ +
¢ vy
1 v
a) b)
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5.4 Anten nhiéu chan tlr
" Dan chan t&r dong pha (3)
 D3c diém lam viéc
+ P0 thi tinh hudng giéng chéan tlr doi xirng nhung cé tinh huéng cao hon.

+ Huéng birc xacuc daitaiA=0van
+ P& blrc xa don hudng: Két hop vdi mat phan xa, khoang cach d = (0,2+0,25)A
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5.4 Anten nhiéu chan t
" Anten Yagi

. Cau tao
+ M6t chéan tlr chi déng: Vong det nira séng séng: | = /4 (Z,=30012)
+ C&c chén tir thu ddng: Phan xa va dan xa
+ P&t song song v4i nhau trén mét méat phang

- Tiép dién cho chan tl* cht dong

Chén tor
P dan xa
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5.4 Anten nhiéu chan tir
" Anten Yagi (2)
« Nguyén ly hoat déng

RPN
Il

a:\/(Ru"'Xzz)

2 2
R22 + x22

X X
w = 7 +arctg —% —arctg —%
2 22

+ 21> M2: X< 0, tinh cdm, | s6m pha hon 2 Chan t{ phan xa
d = (0,15+0,25)A

+ 21 < M2: Xp2> 0, tinh dung, | cham pha hon = Chéan tir hudng xa
d = (0,1+0,35)A
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5.4 Anten nhiéu chan t
" Anten Logarit chu ky

. Cau tao
+ Nhiéu chan t& c6 d6 dai khac nhau, dat 8 khoang cach khac nhau
+ Kich thudc va khoang cach anten thay d6i theo mét ti 1& goi 1a chu ky anten
dl d2 dn—l I I In—l

T=—=—= = —

e _1
d, d, d I

_2 Nl
, |
+ D&t song song v4i nhau trén mot mét phang

- Ti€p dién cho tat ca cac chan tl
+ Tiép dién dong pha
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5.4 Anten nhiéu chan tir
" Anten Logarit chu ky (2)

Tmax = 0,95
0
- d
- mmmmmm - EAR »
| d2 ! ' ,,*’/_f
S » e !
ALP700A i - TF i
! dy o T | '
R I e ! !
, -7 I 1
Phidocdp | .-~ L] |2 ls {la :'5 :I6
dien & S>>0 o
S~ 1 1
: :
1 1
1 1
1 1
1 1
v 1
~< 1
1
\TL
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5.4 Anten nhiéu chan t&¢
" Anten Logarit chu ky (3)

« Nguyén ly hoat déng

+ Tan s6 kich thich l1a fy: Chan tl |y = A¢/2 déng vai trd chan t& chi dong (trd
khang vao thuan trd = 73,1Q)

+ Céac chan tlr khac cé thanh phan dién khang, gia tri phu thudc do dai so vdi
chan tir cong huéng

+ Tiép dién so le, cac chan t& phia trudc (I < lp) thod mén diéu kién cla chan tir
hudng xa, cac chan t& phia sau (I > ly) thod man diéu kién chan tl* phan xa.

+ Mién bilrc xa clia anten chl yéu tao bdi chan t&r cong hudng va mot vai chan
tl Ian can.

« Cong thirc xac dinh tan s6 lam viéc
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5.7 Cau hdéi va bai tap

" Bai tap chuong 5
13. Mot chan tir d6i xang c6 chiéu dai toan bo 50 cm, cong tac o tan sé6 300 MHz.
Xac dinh chiéu dai hiéu dung cua né?
(@) 32 cm; (b) 35 cm; (c) 40 cm; (d) 45 cm;
14. S4 liéu nhu bai 13, xac dinh dién tré bic xa cua chan ti?
(2) 70,1 Q: (b) 73,1 () 80,1C; (d) 83,10
15. Sé liéu nhu bai 13, x4c dinh tré khang vao caa chan ta?
(@) 65,1 Q; (b) 70,10 (c) 73,1Q2; (d) 80,1C;
16. Bién tro buc xa cta chan tir vong det o gia tri bang bao nhiéu?
() 210 Q: (b) 250 Q; (c) 292 Q; (d) 310 Q:
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NOI DUNG

" N6i dung chuong 6:

6.1 Gidi thiéu

« 6.2 Nguyén ly birc xa mat

« 6.3 Anten loa

« 6.4 Anten guong

« 6.5 Anten khe

« 6.6 Anten vi dai

« 6.7 Cau hdi va bai tap
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6.1 Gidi thiéu
" Pac diém anten géc m&
V@i anten géc md séng dién tir dugc birc xa ra tir géc mé clia anten
« Hoat ddng clia anten géc md dua trén nguyén ly blrc xa méat
« D& cb hé s6 khuéch dai cao chiéu dai géc md va dé rong phai bang vai lan
budc séng
« Phu hop vdi bang séng siéu cao tan
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6.2 Nguyén ly bic xa mat
" Nguyén ly chung
« Cac bé méat dudc kich thich bdi trudng dién tir blirc xa tir moét ngudn so cap

« Trén b& mat hinh thanh cac thanh phan dién tir trudng vudng géc nhau 2
bé maét trd thanh nguon blrc xa thir cap

« Véi birc xa séng phang thi mat phang d6 dudc goi 1a mat md cla anten
(khdu do)
" Pac diém
o S dung phé bién & dai séng cuc ngan
« Tao anten c6 tinh hudng hep

« Cac anten dién hinh: Anten loa, anten guong
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6.2 Nguyén ly bic xa mat
" Blrc xa bé mat dudc kich thich bdi trudng dién tir
« Bai toan
+ Miéng anten c6 dién tich S, trén dé cac thanh phan trudng phan bé theo quy
luat

+ Pét anten trong hé toa dd vdi truc z trung véi phuang vecto phap tuyén ngoai
cla mat

M(R,0,0)
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6.2 Nguyén ly bic xa mat
" Blrc xa bé mat dudc kich thich bdi trudng dién tir

« Khao sat qua trinh birc xa
+ Trudng kich thich trén miéng anten |a ham s6 theo toa do ctia mat

H=THo f (X ) =T H, fy, (x,y)e"™”

X

Trong do:
- H, 1a bién d6 phtc cua vecto cudng do tir trudng trén bé mit buc xa.

- H, 1a bién d¢ phirc ctia vecto cuong do tur truong tai gbc toa do.
- f(x,y) 12 ham phan bd phuc cua truong, trong d6 f,,(x,y) 1a ham phan bd bién
dd con y(x,y) la ham phan bo pha.

+ Trd khang bé méat

E

Zs(x,y):H—y

X
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6.2 Nguyén ly bic xa mat
" Blrc xa bé mat dudc kich thich bdi trudng dién tir

« Khao sat qua trinh birc xa
+ Ap dung nguyén ly dong mét twong duong dé phan tich birc xa bé mét
- Mat do dong dién mat

30 =(MH,)=3y=iH,
- Mat dé dong t mat
J"=—(NE,)=J]=1E,

+ Mé&t blrc xa ly twdng 1a phang, cac thanh phan tiép tuyén cla trudng dong
bién va dong pha

f.(xy)=1
v (xy)=0
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6.2 Nguyén ly bic xa mat
" Blrc xa bé mat dudc kich thich bdi trudng dién tir

« Khao sat qua trinh birc xa
+ Chon z trung vdi phuong truyén tdi cia séng kich thich, vdi hai thanh phan

E=E, =iF, H=H,=-iH,
ZA
+ Trudng hop nay ta cé .
A
H,=-H,
E E ﬁ‘ﬁ
-5 & i)

sH_x H, > EE y

L7
|
X T T Séng phang

kich thich
Hinh 6.15
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6.3 Anten loa

" Cau tao

« Thudc loai anten birc xa mat
+ L& doan 6ng dan s6ng c6 mot dau hé.
+ Miéng 6ng dan séng dudc md thon dan dé trd khang séng bién déi déu.

a b)
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6.3 Anten loa
" Nguyén ly hoat dong

« MO ta loa hinh nén

/
\ R
X.

@] ‘1: > 2R0
Co

249

0 loa ,\

\

Miéng loa
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6.3 Anten loa

« Nguyén ly
+ Nang lwgng cao tan dén cd loa 8 dang s6ng phang.
+ 8Sb6ng phéan ky theo than loa t6i miéng loa.
+ Tai miéng loa nang lwgng séng birc xa ra khong gian vdi dang séng cau.
+ Chon géc ma@ thich hop

(2R,)°

R > —-0,154

+ DB thi tinh hudng
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6.4 Anten guong

" Nguyén ly

« Dua trén nguyén ly lam viéc ciia guong quang hoc
+ B bilic xa so cap: Blrc xa ra song dién tir véi méat séng va hudng truyén lan
xac dinh.
+ Méat phan xa: Bién déi thanh séng th(t cdp véi mat séng va hudng truyén lan
theo yéu cau nhd két cau clla mat phan xa lam viéc theo nguyén ly guong
quang hoc.

« Anten guong thudng cé tinh hudng cao
+ 86ng thi cdp la séng phang, tap chung ndng luvong trong mét khéng gian
hep.
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6.4 Anten guong
" Anten Parabol

. Cau tao
+ B blrc xa sd cap: St dung anten chan t& d6i xirng hoédc anten loa. Vi tri dat
tai tiéu diém parabol.
+ Mat phan xa: Hinh parabol tron xoay vdi hé sé phan xa cao.

b)

-----
2

Tiéu diém

onne®??’
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6.4 Anten guong
" Anten Parabol (2)

« Nguyén ly hoat déng
+ Tinh chat quan hoc guong parabol
FO+ OO’ =FA+ AB=f+ h = Const.
+ Cac tia sau khi phan xa di dén miéng guong vdi quang dudng nhu nhau, do
dé tai miéng guong mat séng 1a mat phang.

A |
A B
d | F
| " »Z
Olh | o
|
|
\ / |
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6.4 Anten guong
" Anten Parabol (3)

o Cac tham sé
+ P06 thi tinh hudng

- 1800
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C ueesoncvAmwen

6.4 Anten guong
" Anten Parabol (4)

« Cac tham s6
+ Hé s tinh hudng, hé s khuyéch dai

2
o 47;:»77 :(7;0') D(dBi)=201gd_ +201g f.,, +20,4
47Sy (zd Y B _
G= e = — n G(dBl)_ZOIgd(m)+20Ig f(GHZ)+1OIg77+20,4
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6.4 Anten guong
" M6t s6 loai anten guong
« Anten Cassegrain (anten hai guong)

Guong phan xa

chinh
/ (Parabol tron xoay)
>

|
»

Guong phan xa phu
(Hybperbol tron xoay)
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" M6t s6 loai anten guong

« Anten Gregorial

6.4 Anten guong

Phan xa chinh
Puong kinh 5,5 m

Anten dyoc thé hién
tai goc ngang 30°
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6.5 Anten khe
" Anten khe nlra séng

. Cau tao:
+ Khe hep trén thanh 8ng dan séng hodc héc cong hudng
+ Chiéu dai bang nira budc séng cdng tac

« Hoat déng
+ Quan hé dong — ap

Iy =—2bE. (2)=—2U,, (2) 4

day

n A
Ly = —2U e SIN (E - |z|)
*+ Trudng blc xa
ki ki
U cos Ecos@ —cosE
H bkhe —ikr

Eq) =1 - e
zr singd

iEEEEEE

N

5]
CoSs| —cosf |—Ccos—
H0=_iUbkhe 2 2 g ikr

Zrr siné
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6.5 Anten khe
" Anten khe nlra séng
. D6 thi birc xa

X A
b)
LA—
z 0
<1l = . y

Hinh 6.16. Do thj phwrong hwéng cia khe niva
song a) mat phang H; b) mat phang E
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6.6 Anten vi dai
* Anten vi dai di€én hinh
Miéng ddng
Bé mit dign / chif nh3t

Mt nbi dat

—1| [=
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6.6 Anten vi dai
" Anten vi dai chit nhat

. Cau tao

microstri ;
. ._p Microstrip

transmission —> oA
line . Antenn

microstrip
transmigsion Patch
line Antenna

h
_——» .g I
substrate —

Ground Plane 7

Hinh 6.23. Cau tao anten vi dai chir nhat
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6.6 Anten vi dai
" Anten vi dai chit nhat
« Hoat déng
+ Tan s6 lam viéc
f__¢c 1
° 2L\/; 2L E.Eo My

*+ Trudng blc xa
sin(kz singsin (p)

By = kZ sin@sin @

2
Sin(stmHsmgp
E - 2
¢ KZsin@sing
2

+ Ham tinh hudng

f(6,0)=[E2 +E
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6.6 Anten vi dai

" Anten vi dai chit nhat

« Hoat déng
+ P0 thi birc xa

q0°

) ¢=30°
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6.7 Cau hdi va bai tap

- Bal tap chuong 6

M6t anten parabol duong kinh 5m c6 hiéu suét lam viéc 0,65 1am viéc tai tin sé6 6GHz. Tim dién tich mat mé hiéu
dung cua anten

(a) 12,76 m% (b) 13,76m?; (c) 14,76m?; (d) 15,75m?
7. S6 liéu nhu bai 6, tim hé s khuéch dai cua anten.
a) 45,1dBi; (b) 46,1dBi: (c) 47,1dBi; (d) 48,1dBi
8. S6 liéu nhu bai 6, xac dinh d6 rong bap soéng chinh.
a)0,5% (b)0,7% (c) 1,5% (d) 1,7°
9. Mot anten parabol dudng kinh 3m cé hiéu suat 1am viéc 0,55 1am viéc tai tan s 2GHz. Tim dién tich mat ma hiéu
dung cuaa anten.
a) 2,9 m?% (b) 3,5 m% (c) 3,9 m? (d) 4,5 m?
10. S6 lidu nhur bai 9, tim hé s6 khuéch daicua anten.
a) 33,4dBi: (b) 35,4dBi: (c) 37,4dBi: (d) 39,4dBi
11.S6 liéu nhu bai 9, xac dinh d6 réng blp séng chinh.
a)2,5% (b) 3,0% (c) 3,5% (d) 3,7°
12. Mét anten guong parabol c6 hé sé khuéch dai 12 50 dBi, hiéu suat 1am viéc 60%. Tinh goc ntra cong suat.
a) 0,44% (b) 0,54% (c) 0,64% (d) 0,74°
13. Mot anten c6 géc nira cong sudt bang 2°. Xac dinh hé sé khuéch dai khi biét hiéu suit Iam viéc cua anten 1a 55%.
a) 30,2dBi; (b) 35,2dBi: (c) 38,2dBi; (d) 40,2dBi
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6.5 Cau hdi va bai tap

" Bai tap chuong 6
14. Mot anten phét c6 hé s6 khuéch daila 40 dBi, anten c6 cong suét phat 14 bao nhiéu dé anten thu guong parabol co
duong kinh miéng guong 0,9 m; hiéu suit 1am viéc 0,55 dat cach anten phéat 50 km nhan duoc cong suat — 70 dBW.
Gia thiét s6ng truyén trong khdng gian ty do.
a) 0,5 mW: (b) 0,5 W: (c) 0,9 mW: (d) 0,0W
15. Anten guong parabol c6 hé s6 khuéch daila 40 dBi, hiéu suat 1am viéc 60%, 1am viéc tai tan s6 4GHz.Tinh dudng
kinh miéng guong.
a) 3,08 m; (b) 3,28 m; (c) 3,58 m; (d) 3,78 m
16.S6 kiéu nhu bai 15, tinh d6 rong bap s6ng 0;s.
a) 1,5% (b) 1,7°% (c) 2,5% (d) 2,7°
17.Mbt anten phat c6 hé sé khuéch daila 30 dBi, cong suit phét cua anten 1a 5W. O cu ly 50 km dit mot anten thu
guong parabol c6 duong kinh miéng guong 1,5m. Tinh cong suét anten thu nhan duoc.
a) 1,13 pW; (b) 1,13uW; (c) 1,13 mW ; (d) 1,13 W
18.S6 liéu nhu bai 17, tinh t6n hao truyén séng trong khdng gian tu do khi truyén tir anten phat dén anten thu.
a) 60,450B: (b) 63,45dB; (c) 65,45dB; (d) 66,4508
19. M6t anten guong parabol c6 hé sé khuéch dai 1a 30 dBi, hiéu suat lam viéc 60%. Tinh gdc nira cong suat.
a) 4,38% (b) 5,38% (c) 6,38°%; (d) 7,38°
20. Mot anten c6 géc nira cong suat bang 1,2°. Xac dinh hé sé khuéch dai khi biét hiéu suat 1am viéc caa anten 1a 55%.
a) 35,7dBi: (b) 40,7dBi; (c) 42,7dBi: (d) 45,7dBi
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KY THUAT ANTEN
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NOI DUNG

" N6i dung chuong 7:

7.1 Gidi thiéu

o 7.2 Tng hop d6 thi phuong huéng

7.3 M& rong dai tan

7.4 Giam nh¢ kich thudc

. 7.5 Cap dién va phoi khang

« 7.6 Tap am anten

« 7.7 Cau hdi va bai tap
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7.2 Tong hop do thi phuong hudng
" Phuong phap tan s6
« SO do hé théng

Phan t& blre xa

L LIIIH

-« Tai hap thu

Hé dan séng
« Hudng blc xa cu'c dai

Fo (0)=1= a=2nz

+ Né&u song burc xa va trong phido cuing tan s6
2 A
_— —k. Do —=
As : A :
|

A v
O, ==| N+ |+&—
cosb,, d( +27r)+§d
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7.2 Tong hop do thi phuong hudng
" Phuong phap pha
« SO do hé théng

Tian

Tia 2
Tial eMn

Hé théng blrc xa

Hé théng phan phéi dinh pha

RN

Pau vao

Hinh 7.2. Hé théng phan phéi — dinh pha loai 1
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7.3 M& rong dai tan
" Phuong phap co ban md rong dai tan
« Gidm nhé trd khang séng clia chan tir
- Bién d&i tir tir thiét dién cha chan tor

« Hiéu chinh trd khang vao trong dai tan 0

a) vao

Hinh 7.4. Anten hiéu chinh tré khang

b) a b
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7.3 M& rong dai tan
" Thiét 1ap anten dai rong
« Nguyén ly két cau tv bu

Hinh 7.5. Vi du cau trac anten tw bu

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



Co moeesowcvAmven

7.4 Giam nho kich thudc anten
" Dung tai thuan khang

0 | p>
il

< L/2 :l

a)

Co tai
Khong tai L
S ———

1 ___

i

}i

b)

Hinh 7.6. Dung tai thuan khang & cudi chan tuo

GIANG VIEN: NGUYEN VIET MINH
ON: VO TUYEN - KHOA VIE ©



7.5 Cap dién cho chan tlr doi xing
« Tin hiéu tUr may phat tdi anten thong qua dudng day phido, goi la dudng
tiép dién

« Chan tir duoc sir dung phd bién la chan tir nira séng

" Cép dién bang day song hanh
« Dac diém
+ Trd khang khdng phdi hop: 73,1Q va 300 hodc 600 Q
+ Can tao cac dudng day song hanh tré khang thap
D 1a khoang cach giita hai day dan tinh tir tim

7 _ 276 | 2D d 14 dudgen kinh cta day dan
o~ F T g, 1a hé s6 dién moi twong doi cua mo1 trudng bao
r quanh day dan
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7.5 Cap dién cho chan tlr doi xing
" Cép dién bang day song hanh

« Chan tlr ki€u Y (tiép dién ki€u song song)
+ Chén t dugc ndi ngan mach & giira

+ D&y song hanh dudc mac vao diém A-A trén hai nhanh chan t& sao cho phdi
hop trd khang _2

R oz2 SN (k)

Rv AA AA 73,1

21, ~ 0,124

D ~0,151

+ Véi phido 6002, c6 gia tri

- 21=1/2

J
A I, h A|"‘/2 "l )
N/ 7

Hinh 5.19. Tiép dién kiéu song song va mach twong dwong
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7.5 Cap dién cho chan tlr doi xing
" Cép dién bang day song hanh

« Chan tir ki€u T (ti€p dién ki€u song song)
+ Poan chuyén ti€p OA song song vdi chan tir 2 Khac biét trd khang véi phido
chinh; hiéu &ng birc xa
+ Trd khang vao ctia chan ti tinh tai AA, bién ddi qua doan chuyén ti€p OA
+ Trd khang vao tai OO dat cuc dai khil; = A/8, gidm khi |, tang
+ V@i phido 600 Q: 1, =(0,09+0,1)4
D =(0,01+0,02)4

d1 = dz
I‘ 2/=/1/7 =I ‘
I, I, | I,
e e N

| A 'C A D JTl\dz C//
5 :l‘:\li[(_dj %_._ v

C

Hinh 5.20. Tiép dién kiéu song song kiéu T va mach twong dwong
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7.5 Cap dién cho chan tlr doi xing
" Cép dién bang day song hanh

« Chan tir vong det
+ La chan ti ki€u T vdi diém AA 6 dau mat chan t
+ GOm hai chan t¥ nira séng véi dau mat dudc ndi véi nhau, mot chan t duwoc
cap dién va mdt chén t&r bi ngdn mach
+ BUrc xa twong tu vdi hai chan t& nira song
+ Trd khang la thudntrd R, =4R, =2920
+ C&p dién truc ti€p bang day song hanh trd khang %OOQ

Hinh 5.21. Chan tir vong det va mach twong dwong
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7.5 Cap dién cho chan tlr doi xing

" C&p dién bang cap dong truc
+ S dung cho bang séng cuc ngan
+ Dong trong day dan trong va dong trong day dan ngoai
+ Khong thé cap dién ddi x&ng cho chan tor

« Cap dién phdi hop hinh '
+ Pam bao tinh déi xirng twong doi
+ Diém O ndi véi day dan ngoai
+ DAy dan trong ndi v4i diém c6 trd khang phu hop véi trd khang ctia cap

//' N —_— N \\O
Sl 1 i
1 { ! / a S~ a —1
” f ! I2 // :
Hy
. 2 o
= () (b)

Hinh 5.23T—Cép dién trwc tiép Hinh 5.24. Cap dién c6 bo phéi hop
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7.5 Cap dién cho chan tlr doi xing
" C3p dién bang cap dong truc

p di€ .

« Thiét bi bi€én d6i déi xirng vdi doan cap chir U
+ Phidd cép dién ndi vao diém c, vdi khodng cach t6i hai dau chdn tr |, -1,=4/
* Trd khang tai dau cudiab: Rr_=R_- Re%
+ Dong cap vao hai nhanh chan tir ddm bao tinh ddi xi*ng
+ Dong trong day dan ngoai bi triét tiéu

+ Trd khang so6ng: Néu phido cap dién c6 trd khang séng la 70 Q thi phdi hop
trd khang hoan toan

|
(a) —== =

aJ¥ A b ) C D)

4

L=1+4/2

Hinh 5.25. Bd bién déi doi xirng chir U
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7.6 Tap am anten
" T6ng quan

Vat thé hap
thu

Chén tor

Mat phan
Xa

Hinh 7.14. Dién tré R néi tai dau vao anten

" Cong suat tap am

L 1-rf
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" Bai tap chuong 7

7.7 Cau hdi va bai tap

1. Trinh bay phuong phap tan s6 diéu khién do thi phuong hudng

2. Trinh bay phuong phap pha diéu khién do thi phuong huéng

3. Trinh bay viéc thiét lap anten dai rong theo nguyén Iy ty bl

4. Trinh bay viéc thiét 1ap anten dai rong theo nguyén Iy tuong tu

5. Trinh bay phwong phéap diéu chinh phan b dong dién dé giam nho kich thudc anten
6. Trinh bay nguyén tic phuong phap 1am cham song dé giam kich thudc anten

8. Trinh bay bién phép cap dién cho chan tir d6i xing bang day song hanh.

9.Trinh bay bién phép cip dién cho chan tr ddi xtng bang thiét bi bién dbi dbi xang
dung doan cép chir U.
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ANTEN TRONG THONG TIN
VO TUYEN TIEN TIEN
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NOI DUNG
" N6i dung chuong 8:
« 8.1 Gidi thiéu
« 8.2 Anten thong minh
« 8.3 Ky thuat da anten
- 8.4 Anten cho hé thong bang siéu rong

« 8.5 Cau hdi va bai tap
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8.1 Gidi thiéu
" Pac diém truyén lan séng
« Budc séng cuc ngan : 1mm + 10m (30MHz + 300GHz)

- Truyén lan trong gidi han nhin thay truc ti€p
+ Su giao thoa gif tia truc tiép va tia phan xa
+ Anh hudng bdi cac diéu kién truyén séng: Pia hinh, khi quyén ...
*+ Hién tuong phading

« Phat/thu c6 hudng
*+ Huwdéng théng tin xac dinh
+ Tén hao truyén séng rat 16n
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8.1 Gidi thiéu
" Yéu cau vdi anten

 Hé sd tinh huéng cao
+ Nang cao hiéu suét truyén dan
+ Giam nhiéu ti¥ cac tram vé tuyén lan can

« BUp séng phu nhé

« Hé sG bdo vé I6n

« Dai tan cong tac rong: Truyén dudc tin hiéu phé rong
 Phéi hop trd khang tot: Tranh hién twong phan xa

o K&t cdu chac chan, dd bén cao
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Huwéng dan
" Chuong nay sinh vién tu doc ndi dung trong bai giang




" Bai tap chuong 8

8.5 Cau hdi va bai tap

. Trinh bay cac khai niém twong quan va khong twong quan trong c4c cau hinh da anten
. Trinh bay céc lgi ich cua sir dung cac k¥ thuat da anten

. Trinh bay cac ky thuat da an ten thu

. Trinh bay nguyén ly phén tap anten phat

1

2

3

4

5. Trinh bay nguyén |y phan tap tré va phan tap tré vong

6. Trinh bay nguyén ly phéan tap theo ma khong gian thoi gian
7. Trinh bay nguyén ly phan tap theo ma khdng gian tan sb

8. Trinh bay nguyén 1y co s¢ cua ghép kénh khdng gian

9. Trinh bay nguyén ly ghép kénh khdng gian dua trén bo tién ma hoa
10. Trinh bay nguyén ly xt ly thu khong tuyén tinh

11. Trinh bay dic diém, cac thong sé co ban caa anten UWB
12. Trinh bay nguyén ly DBF dua trén cyc dai SIR
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KET LUAN
" NGi dung co ban
1. Chuong 1: Cac van dé chung vé truyén séng

Tinh chat clia séng dién tir; Cac phuong phap truyén lan séng;
Qua trinh truyén lan séng trong khdng gian tw do

2. Chuong 2: Truyén lan s6ng cuc ngan

Truyén lan trong diéu kién ly twdng; Truyén lan trong diéu kién thuc
3. Chuong 3: Kénh truyén séng vo tuyén

Dac tinh kénh truyén séng; Phadinh; Cac m6 hinh kénh

4. Chuong 4: Ly thuyét chung vé anten

Cac tham so clia anten; Cac nguon bilrc xa nguyén to6

5. Chuong 5: Anten chan tir
Trudng blrc xa clia chan tlr d6i xi*ng;
Anten chan t& don, anten nhiéu chan tir

6. Chuong 6: Anten géc m&
Nguyén ly btrc xa mat; Anten loa, anten guang, anten khe
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KET LUAN
" NGi dung co ban

7. Chuong 7: Ky thuat anten
Tong hgp do thi phuong hudng
M rong dai tan, thiét lap anten dai rong
Giam nhé kich thudc anten
Cac tham s8, phuong phap cap dién cho chan tir d6i xirng

8. Chuong 8: Anten trong thong tin vo tuyén tién tién
Anten thong minh
Ky thuat da anten
Anten cho UWB
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TLTK
" Tai liéu tham khao:
« Gido trinh: Ly thuyét va ky thuat anten
GS. TS. Phan Anh, 1997

. Bai gidng: Truyén séng va anten
Nguyén Pinh Luong, 1999

« Antennas and Radio wave propagation
Robert E.Collin, 1991
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KET THUC HOC PHAN

TRUYEN SONG VA ANTEN I!




