PHAN ANH

va KY THUAT

Anten

.

NHA XUAT BAN KHOA HOC VA KY THUAT ]



GS. TSKH. PHAN ANH

L HOYET VA A AVEE

]/

NHA XUAT BAN KHOA HOC VA KY THUAT
HA NOI 2007



L5 néi ﬁu

Nhdn dip tdi bdn lan thit 5

Cuon “Ly thuyét va Ky thudt Anten” di duge tii ban lan thtt 4 vao nam 2002 trén
co sO cudn sdch tdi ban lan thit nhat vao nam 1996 vdi mot s6 sira chita va bé sung nhat
dinh ¢ méi lan 141 ban.

Trong nhitng ndm vita qua, ca hai linh vuc Ly thuyét va K¥ thudt Anten déu phat
trién rit manh va di dat duge nhiéu thanh tuu quan trong.

Ve 1y thuyét, phai ké dén viéc phat trién cdc phuong phép tinh todn mdi cho phép
phan tich cdc anten rdt hiéu qua, véi sur trg gitp clia mdy tinh s8, trong d6 khong thé
khong ndéi dén la “Phuong phap moment™.,

Vé k¥ thuat, viéc phét trién tng dung cdc phuong thiic xir 1y tin hicu cang véi cdc
thanh tyu dd dat duge trong linh vyc cong nghé vi dién tir va dién r siéu cao tan cho
phép thi€t 1ap cdc hé anten c6 x{r 1y tin hiéu v6i nhiéu tinh nang méi, linh hoat, khién
cho anten khong chi con 1a mot hé dién dong hoc thu dong ma con chi dong tham gia
vao cdc khau nhdm nang cao hi¢u qua cta hé thong théng tin. D6 1A céc hé¢ anten thich
nghi, anten théng minh.

Viéc phit trién phrong thic théng tin vo tuyén trong nhitmg nam gan day voi su md
rong pho tén s6 dén cde dai GHz dd nay sinh nhiéu loai anten méi phir hop va hiéu qua.

De dép ing nhu cdu nam bét cdc kién thitc méi trong linh vie Ly thuyét va K¥ thuat
Anten cta cac doi tugng doc gia, (rong 1an téi ban nay ching 16i da dua thém nhimg
chuong méi, dong thoi bé sung thém nhiéu kién thitc trong moét s& chuong.

Theo yéu cau cla tdc gid, TS. Tran Minh Tuén dd tham gia bién soan chuong
“Phuong phap moment va img dung trong cdc bii toan phan tich anten™(Chuong 5).

TS Hoang Dinh Thuyé¢n da tham gia bién soan lai va bé sung thém cho chuong “Ly
thuyét Tong hop anten™ (Chuong 9).

TS Tran Xuan Viét dd tham gia bién soan lai va ba sung thém cho chuong “Phuong
phdp diéu khién dé thi phuong hudng anten” (Chuong 13).

Chuong “Phuong phdp xir 1y tin hiéu trong hé anten” ciia cdc lan tdi ban trude da
duoc bién soan lai va bé sung thém nhiéu noi dung, duge déi thanh “Heé anten cd xu 1y
tin éu. Anten théng minh” (Chuong 12).

“Anten mach dai” cling dd dugc bién soan thinh mot chuong riéng (chuong 24),



Trong lan tdi ban nay ching t6i da luge bét mot s6 noi dung trong phan phu luc cii
dé dira thém vio cdc néi dung mdi, dic bict 1a & chuong 5. Do khuon khé in 4n ¢ han
nén cic phu luc nay da dugc sap x€p trong mot dia CD dé phét hanh ciing véi cudn sich.

Chiing 16i hy vong cudn sdch tdi ban lan ny s€ ddp tng duoc phin nav viec bd sung
cde kién thirc méi cho cdc déi tugng doc gia la sinh vién, hoc vién cao hoc va nghién
cltu sinh. '

Tac gia chan thanh cam on sy cong tdc cua cdc dong nghiep da déng gép cho viec
b6 sung va hoan thién cusn sdch tai ban 1dn nay.

TAC GIA
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§0.1. VI TRi CUA ANTEN TRONG KY THUAT vO TUYEN DIEN

Viéc truyén nang luong dién tir trong khong gian ¢6 thé duoc thue hién theo hai céch:

— Dung cidc hé truyén dan, nghia 12 cic hé din séng dién tir nhr dudng day song
hanh, dudng truyén dong truc, 6ng din séng kim loai hoiic dién moi v.v. Séng dién ur
truyén lan trong cdc hé théng nay thuoc loai song dién tlr raing budc.

— Bitc xa sdng ra khong gian. Song sé dugc truyén di dudi dang song dién tir tu do.

Thiét bi ding dé bitc xa séng dién tir hoac thu nhan séng tir khong gian bén ngodi
duge goi la anien.

Anten 14 bd phan quan trong khong thé thi€u duge cia bat ky hé thong vo tuyén
dién nao, boi vi da 1a hé théng vo tuyén nghia 12 hé thong trong dé ¢d st dung séng dién
(r, thi khong thé khong ding dén thiét bi dé biic xa hoac thu séng dién tir (thict bi
anten).

Vi du, mot hé thong lién lac vo tuyén don gidn bao gom mdy phdt, mdy thu, anten
phat va anten thu, Thong thudng gilta may phat va anten phét cling nhu mdy thu va anten
thu khong néi true ti€p véi nhau ma duge ghép véi nhau qua dudng truyén nang luong
di¢n tu, goi 12 fide. Trong hé thong nay, mdy phat ¢d nhiém vu tao ra dao déng dién cao
tan. Dao dong dién s& duge truyén di theo fide 16i anten phit dudi dang séng dién tir
ring budc. Anten phédt ¢6 nhiém vu bi¢n déi séng dién tir ring buoc trong fide thanh
song dién tir tr do hiic xa ra khong gian. Ciu tao cla anten s& quyét dinh dac tinh hién
doi nang luong dién tir néi & trén.,

An ten thu cé nhiém vu nguge véi anten phat, nghia 13 ti€p nhin séng dién 1ir tw do
tir khong gian ngoai va bién déi chiing thanh séng dién tlr raing budc. Séng nay sé duoc
truyén theo fide t&i mdy thu. Nhung cdn lvu ¥ ring nang lugng dién tir ma anten thu tiép
nhan tir khong gian ngoai s€ chi cé mat phan duge truyén t6i mdy thu, con mot phan 58
buec xa trgs lal vao khong gian (bitc xa thit cap).

Yéu cdu cha thiét bi anten — fide 12 phai thuc hién viéc truyén va bién doi ning
lugng vat hiéu suit cao nhat va khong gay ra méo dang tin hiéu.



Anten duge (ng dung trong cic he théng thong tin v6 tuyén, vo tuyén truyén thanh,
truyén hinh, v6 tuyén dao hing, vo tuyén thién vin, vo tuyén diéu khién tir xa v.v,..

Ngoai ra, d€ kich thich song dién tlr trong cdc hé thong dinh hwéng nhu ong dan
soéag, héc cong hudng vov... ngudi ta cling dung cde két cdu tuong (v nhu anten.

Anten dugc sir dung v6i cdc muce dich khdc nhau cong ¢6 nhitng yéu cdu khidc nhau.
Vi cdc dai phdt thanh vi vo tuyén truyén hinh thi anten céan bic xa dong déu trong mat
phing ngang (mat dat), dé cho céc mdy thu dit & cic hudng bat ky déu c6 thé thu dugc
Lin hiéu cta dai phat. Song, anten lai cin bitc Xa dinh hudng trong mat phang diing, véi
hudng, cuc dai song song mat dat dé céc dai thu trén mat dét c6 thé nhan duge tin higu
I6n nhét va dé gidm nhé nang lugng bite xa theo cdc huéng khong cin (hiét.

Trong théng tin mat dat hodc vii tru, thong tin truyén tiép, rada, vo tuyém diéu
khi¢n v.v... thi yéu cdu anten bitc Xa v6i hudng tinh cao, nghia 12 séng bic Xa chi tap
trung vao mot géc ral hep trong khong gian.

Nhu viy nhiém vu ca anten khong phai chi don gian la bién d6i nang luong dién tir
cao tan thanh séng dién tir tr do, ma phai bifc xa séng &y theo nhiing hudng nhét dinh,
VOl cdc yéu cau k¥ thuat cho trirde.

Ngay nay, su phit trién cla k§ thudt trong céc linh vyc thong tin, rada diéu khién
v.v... cling doi hoi anten khong chi don thuan 1am nhi¢m vy biic xa hay thu séng dién tir
ma con tham gia vao qué trinh gia cong tin hiéu. Trong trudng hop téng quat, anten cin
dugc hiéu 13 mot 16 hop bao gom nhicu heé thong, trong dé chil yéu nhat 13 hé thdng biic
x4, hoac cam thy séng bao gém cdc phén tir anten {diing dé thu hoic phat), he thong
cung ¢dp tin hi¢u ddm bao viéc phan phei nang lugng cho cdc phdn tir biic xa véi cac
yéu cdu khdc nhau (trudng hop anten phét}, hodc hé théng gia cong tin hiéu (truong hop
anten thu). So dé cua hé thong vo tuyén dién cung véi thiét bi anten duce v& & hinh 0.1

N/

Hé théng He théng
» Cung cip gia cong -

tin hiéu tin hiéu
A An tent phat An ten thu Y

Miy Thiét bi Thiét bi .
phit diéu cheé xitly %] My thu
a. Hé thoéng phat b. Hé théng thu
Hinh 8.1



§0.2. HE PHUGNG TRINH MAXWELL VA NGHIEM

Toan bo 1y thuyét anten duge xay dung rén co s& nhimg phuong trinh co ban cta
di¢n dong luc hoc: cdc phwong trinh Maxwell. Ra doi hon 100 nam trude day (nam
1873) nhitng phuong trinh Maxwell d3 md ra kha nang ¢6 thé tao duge séng dién tir
trong khong gian. Dén nam 1887 kha nang d6 da duge Hertz xdc nhan bing thuc
nghi¢m, v&i phan r bitc xa do 6ng tao ra. Phin tir ndy sau dugc mang tén ong, goi la
dipol Hertz.

Trong cdc phan trinh bay sau nay ta sé coi cic qua trinh dién tir la cdc qua trinh bién
déi diéu hoa theo thoi gian, nghia 1A theo quy luat sinwt, cosaor, hodc viét dudi dang
phic s6 €. Néu biéu thi dudi dang phifc 56 thi vecto e thai clia cudng do dién truong sé
la phan thue hoac phan do clia vecto tie thdi phite 6 ciia truong:

E= Re(;{L &0y = f cosw? , hoac £ = Im(f ey = Esmmr

trong do E 1 bién do6 phitc cita trudng.

B¢ don gién, vé sau ta s& bd ddu chdm & phia trén khi ky hi¢u céc dai lugng phifc.
béi véi cdc dao dong dién tr phide tap, ta cé thé coi né 1a téng cha vo s6 cdc dao dong
di¢u hoa, nghia 12 ¢6 thé dp dung phép phan tich Fourier dé bidu thi.

Trong quyén sdch nay chiing ta s& sir dung h¢ don vi hop 1y héa thye dung: mét,
kilogam, giay. culong, va coi moi trudng khao sdt 13 déng nhat v ding hudng.

Vi cic qui dinh trén, cdc phuong trinh Maxwell & dang vi phén s€ duoge viét dudi
dang:

rotH = 0e,, E+J (O
totE = —iouH (1)
e 0.1)
dive = P~ am
A
divH =0 {1v)

\
trong do, E - bién do phic ctia vécto cuong do dién trudng, —— Yon (—wj;
mét

— : . . N am A
H — bién do phiic cla vecto cuong do tir trudng, pe q);
mét \m

.G P 2 . . i N
£, = E[l - 1—) — h¢ 50 di¢n tham phic clia moi trudng;
e

o . f F
€ — he $6 dien tham tuyét d6i cua moéi trudmg, -an [—] :
mét



10° F

Do1 v6i moi truong chan khong e = g, = ;
36n m

. . e henri { H
p — hé s6 tir tham cia moi wruong, — ! — i
met m
H
DG v6i chan khong p = p, = 41,107 7

. 4
m

s e simen | Si
o — di¢n dan sudt cua méi truong, [—J
mét

—e L, e a1 » am A
J - bién d¢ phifc cia vécto mat do dong dién, -;pc; — |3
met vuong m?

p’ — mat do khéi clia dién tich, _Culdng [gj .

métkhoi | m?

Biét rang nguon tao ra trudng dién tir la dong dién va dién tich, Nhung trong mot sé
trudng hop, dé dé dang giai mot s6 bai todn cha dién dong luc hoc, ngudi ta dua thém
vao h¢ phuong trinh Maxwell céc dai luong dong tir va tir tich. Khai niém dong tir va tir
tich chi cé tinh chat tugng trung vi chiung khong tén tai trong thién nhién.

Hé¢ phuong trinh Maxwell khi khong c6 dong dién va dién tich ngoai nhung ¢6 dong tix
tich ngoai s€ duge viét dudi dang :

rotH = imapE (D
rotE = ——imuﬁ —F (I (0.2)
divE =0 (111
divef =2 (IV)
M

: Lo A 2A T . von vV
J" - bien do phirc clia mat d¢ ddng tlt, ————| — |
metvidng m?

p™ - mat do khéi cua tir tich, vebe . (E]
métkhoi\ m’
So sdnh hai h¢ phuong trinh (0.1) va (0.2) ta thiy ching cé dang giéng nhau va thuc chat
chi 12 khdc nhau vé vi tri cua cdc véc to Eva H.R® rang 12 tir he (0.1) ta ¢6 thé nhan
dugc hé (0.2) hoac nguge lai, néu ta thue hién phép bién déi 14n sau.(*)
E~>H; H>-E

Js I I (0.3)

€ LI N L €
p = p"; p" > —p



Do tinh chat twong ty cha he (0.1) va (0.2) ¢6 thé thay ring, néu di biét duoe 1oi giai clia
hé (0.1) , nghia 1a biét dugc trudng £, H tao bdi ngudn dién , thi 6 thé dé dang tim ra
10t giai cua hé (0.2}, nghia la tim trudng tao bai ngudn tir, bang cach thuc hién phép doi
1an (0.3) { v6i diéu kién phan bd cta nguén dién va ngudn tir trong khong gian giong
nhau). Diéu d6 cho phép ta c6 thé don gian héa viéc gidi nhiéu bai toan thuc € cla dién
dong luc hoc khi da bigt Lo giai cua hé thong dién tir tuong e véi ching. '

Clng v6i khdi niém vé vat dan dién 1y wang, & day ta ciing c6 thé dua vao khai
niém vé vat dan tir Iy twong. Néu trudng trén bé mat vat dan dién 1y tudng phai thoa man

diéu kién bo:

E,=0.H,=0, J{ ={nxH,

(0.4)
Tron g d6 : E, — thanh phin tiép tuyén cua cuong dé dién trrdong tron bé mat vit dén;
H, - thanh phan phdp tuyén clia cudng do tir truong tron bé mat vat din ;
J_" - Véc to mat do dong dién mat ( A/m ) ;
n - Véc 1o phdp tuyén ngoai clia b& mat vat dan.
Thi theo nguyén 1y doi 1an (0.3) ta thay trudng trén bé mat cla vat dén tir 1¥ nrdng phai
thda min cdc diéu kién b sau:

H.=0,B, =0, E:-lﬁx}il (0.5)

Trong d6é J." - véc tg mat do dong tir mat (V/m).

Vé tri 50, mat do dong tr mat cé gid tri bang thimh phéin ti€p wyén coa dién
trrong trén bé mat vat dan tir

" =E

T

Bi¢t ring ngudn tao ra trudng c6 thé 12 ngudn dién (dong dién, dién tich), hoac
ngudn tir (dong tiy, tlr tich), hodc ¢6 thé bao gébm ca nguén dién va tir. Vi vay phuong
trinh Maxwell trong trudng hop t6ng quat dugc viét dudi dang:

rotﬁ = imspE -+ }e
tot £ = imuﬁ -J"
. " L 06
divE =2 ©.)
£
o m
divH = £
u




Truong hop nguén trusng 1a nguén dicn (J =0 - p™ = 0) thi (0.6) s& wd thanh

(0.1), hodc néu chi bao gém nguén wr (J° = 0 ; p* = 0) thi (0.6) s tr& thanh (0.2). Losi
giai cia (0.6) c6 thé nhan duoce bang cich x&p chéng cic 1o giai coa (0.1) va (0.2).

Vi cdc phuong trinh 111 va 1V cla he phuong trinh Maxwell ¢é thé suy dugc tir cdc
phwrong trinh I, Il nén & day khi gidi cdc hé (0.1) va (0.2) chiing ta chi can tim 11 gidi
thoa man hai phwong trinh dau.

Dé gidi (0.1). ta dua ra mot vécto trung gian 12 vécto the dién A°. Theo (IV) trong
hé (0.1) ta cé thé viét

-

H=rotA" (0.7)
Lai gidi ciia (0.1) ¢6 thé ducc biéu thi qua véeto the dien A dui dang:

- . e 1 . e .
E = —rmp/—‘;( + ———graddiv A (0.8)
O

D¢ giat (0.2), ta dura ra vécto thé tir A" Theo (I1T) clia hé (0.2) ta c6:

£ = —rotA (0.9)

P . " o . - o M .
Tuong tu, 16d gidi ctia (0.2) dugce biéu thi qua veéctothe tr A dudi dang:

H = —ie)s_:pzm + grad diva” (0.10)

gt

Trudmg hop ngudn truding bao gém ca ngudn dién va ngudn tir, s& nhan dugc:

E= —imuz(, + - graddivz{) —rot A” (0.11)
m)Ep
H = —Emapgm + —_-l—graddivzm + rotA (0.12)
IOp

Thay cdc Ioi gidi £, H nhan duge & trén vio hai phuong trinh dau cira (0.6) ta 58
nhan duge phuong trinh séng cla cdc vécta the dién va dr

MRS+ KA T
{0.13)

AZHI + kzg”f — _}Hf

o day, AA = graddiv A — rotrot A

w N > . o N
k= w £, = — (v la van t6¢ pha clia séng trong moi trudng).

v
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Céc hicu thitc (0.13) 1a céc phuong trinh séng khong déng nhat. Loi gidi clia chiing
co dang thé Ch‘@l['ll(*)

A =

47 v

—e l J‘}{’JH t’.’_jkr Cﬂ/! (0 14)

r

N . e . . — L
r = khodng cich tir diém xdc dinh A" hoac A" dén didm nguon, nghia 1a

dén diém c6 dong dién hoac dong tir trong thé tich V;
e s hang biéu thi su chdm pha cia vécto the 4° va A" & khoang cdch
r déi véi ngudn. Trong dé kr la g6c¢ cham pha, k goi [4 hé $6 pha. Poi

vO1 chan khong

=3, l()g-mlgiay la van t6c dnh sdng trong chan khong;

%, la bude séng trong chan khéng.
Néu dong dién hoac dong tir phén bé trén mit S thi céc the cham s& dugc tinh theo
cong thuc:

—ikr
—ean | eHi@

(0.14a)

Neéu dong dién hode dong tir phan bé theo duong / thi:

*

Beéc gia can luu y: Trong mét s6 sach 'Ly rhuyet truong”, cdc phuong trinh divergens cua h¢ phuong

trinh Maxwell khong viét véi cdc vécio !" H ma vigl véi D B. Khi dy cdc véctd the dién va tir s&
nhan dugc tr cic he thifc:

—= 1 ] —m
H=-=rotd va E= 1ot A"
I"L %‘p
Lo gidi tong quit cliu hé phuong trinh Maxwell trong trudng hop niy s& dwoc viet dudi dang:

M

- 1

E=-ind + grad divd — —rot A
HOE 1L £

— —u L= 1 —

H=-wjnd +- graddiv4d + —rot A
ALY n

Khi ay. ioi gidi clia cac vécto the cham dién va tir cling kKhdc nhau béi cdc he 56 pLva e

thr —tk

— - —Hr o &r
A=_”_Pc dV;A:f_PJ‘H(, v
4n V r 4n ; v

11



ik
—e.n 1 em e

A =—1{J
4?1!, r

dl (0.14b)

Sau khi thuc hién céc tich phan (0.14) sé xdc dinh duoc cdc vécto thé Al Thay cdc
k&t qua ay vao (0.11), (0.12) s¢ xdc dinh duge cdc vécta E, I caa trudng.

§0.3. QUA TRINH VAT LY CUA SU BUC XA SONG DIEN TU

Vé nguyén Iy, bdt ky hé thong dién tlr ndo ¢6 kha nang tao ra dién trutsng hodc tir
trudng bién thién déu ¢o biic xa séng dién tir, wy nhién trong thuc 1€, sy bifc xa chi xay
ra trong nhitng diéu kién nhat dinh.

Dé vi du ta xét mot mach dao dong théng sd tap trung, ¢é kich thude rit nho so vdi
budc séng (hinh 0.2a). N&u dat vao mach mét stic dién dong bién déi thi trong khong
gian cla tu dién s& phét sinh dién truong bién thién, con trong khong gian cia cudn cam
s& phat sinh tiv trudng bi€n thién. Nhung dién tlir trudng nay hau ahu khong bic xa ra
ngoai ma bi rang budc voi cde phén (i cda mach. Dong dién dich chuyén qua tu dién
theo dudng ngin nhal trong khoang khong gian gitta hai md tu dién nén nang lugng dién
trudng bi gidi han trong khoang khong gian y. Con nang lugng tlr trudng tip trung chu
yéu trong mot thé tich nhd trong long cudn cam. Nang lugng clia ca h¢ théng sé duge
bao toan néu khong cé 16n hao nhiét trong cdc diy dan va dién moi cta mach.

Néu mé rong kich thude cla tu dién (hinh 0.2b) tht dong dién dich (duge biéu thi
trén hinh v& triing véi cic dudng siic dién truding) s& khong chi dich chuyén trong
khoang khéng gian gifta hai ma tu dién ma maét bo phin s€ lan toa ra méi truong ngodi
va ¢6 thé truyén 161 nhimg diém nim cdch xa nguén (ngudn dién trudng la cde dién tich
bién d6i trén hai md tu dién).

Néu mé rong hon nita kich thude cta tu dién (vi du, hinh 0.2¢) thi dong dich sé lan
tod ra cang nhiéu vi tao ra dién trudng bi€n thién véi bien d6 1dn hon trong khoang
khong gian bén ngoai. Dién trudng bi€n thién duge truyén lan vdi van toc dnh sing. Khi
dat téi mot khoang cdch khd xa nguén, ching s& thodt khoi sy rang bugc véi ngudn,
nghia 1a khong con lién hé véi cdc dién tich trén hai ma tu dién nita. That vy, néu ta
quan sit cic dudng sic dien trudng & gan tu dién thi thdy ring chiing khong ty khép kin
ma c¢é diém bdt ngudn 1a cdc dién tich trén hai ma tu dién. Do dé gid tri cla dién trudng
& nhing diém nam trén cdc dudng sic dy s€ bién thién déng thoi véi sy bién thién cla
dién tich trén tu dién. Nhung néu xét mot diém M cédch xa ngudn thi ¢6 thé thay rang tai
thoi diém nao d6, dién trudng tai M c6 thé dat t6i mot gid tri nhat dinh trong lic dién
tich trén hai md tu dién lai bién dai qua gia tri khong. Khi &y cac dudng stc dién s
khong cdn rang budc vdi cac dién tich nita ma chiing phai tf khép kin trong khong gian,
nghia 12 da hinh thank mot dién trudng xody ¢hinh 0.2¢). Theo qui luat coa dién trutng,
bién thién (duoc biéu thi béi cdc phuong trinh Maxwell) thi dién trudng xody s€ tao ra
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mot W trudng bién doi tir trudng bign déi lai tiép tuc tao ra dién trudng xody, nghia 14 da
hinh thanh qud trinh séng dién wr.

<)

Hint 0.2 )

Phan ning lugng dien tir thodt ra khdi nguén va truyén di trong khong gian tu do
dugc goi 1a ndng hiong bite xa hay nang heong hine COng.

Phdn nang lugng dién tir rang bude véi ngudn s& dao dong & gin nguodn, khong tham
gla vao viéc tao thanh séng dién tir, duoc goi 1a nang litong vo cong.

Dé dang nhan thdy ring h¢ théng bic xa dién tir cé hicu qua sé 13 hé théng ma trong
do6 dién truong hoac tir trudng bién thién ¢6 khi ning tham n'hap duoc nhiéu vao khong
gian ngoai. Tir 46 thay rang hé théng dién tr biéu thi trén hinh (0.2¢) s& bic xa ¢6 hiéu
qua hon heé thong trén hinh (0.2b). D€ tang cudng kha nidng bic xa cita cdc hé théng, cin
mgd rong hon nita khong gian bao tram clia céc dudng ste dién trudng. Dip6l Hertz (hinh
0.2d) 1a mét trong cic cdu trac bic xa ¢6 hiéu qua. N6 duge hinh thanh tir cée hé thong
dién 1 n6i trén véi sy bién dang hai tdm kim loai cla tu dién thanh hai doan day dan
manh va hai qua cdu kim loai & hai ddu. Dipol Hertz 12 mot trong cdc ngudn biic xa don
gian nhat, va 12 phan tir dé cau tric nhirng anten day phic tap.

§0.4. NGUYEN LY HUYGENS. DONG DIEN MAT
VA DONG TU MAT TUOGNG DUONG
Mot trong nhimg bai todn co bin ciia 1y thuyét anten 13 xdc dinh cdc vécto F va H
cua trudmg dién tir bic xa bdi anten & mot diém nao dé, trong khong gian bao quanh

anten.
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Dé gidi chinh xdc bai toin ndy can xéc dinh chinh xdc phan bo clia dong dién hoic
dign tich trén anten, nghia 12 can xac dinh dugc phan bo thuc cla ngudn trudng trong
khong gian. Day [a nhiing van dé todn hoc rét phic tap. Chi trong mot sé trudng hop that
don gian ta méi c6 khd nang xdc dinh dugc phan bé thuc clia ngudn trrong, va do dé
méi ¢6 thé tim dugce 16 gidi chinh xdc cla bii todn bite xa. Trong nhiéu truong hop thuc
1€, bai todn biic xa clia anten chi duge gidi mot cach gan diing. Khi d6, ¢6 thé dua vao
mot s& co sd vat Iy da bi¢t dé suy ra quy luat phan bé bien do va pha cla cdc dong trén
anten, sau d6 ti€n hanh giai bai todn bic xa véi qui luat gia dinh ay. Ciing cé thé gidi bai
todn trén theo cach khic, nghia 13 khong cin dua vae phin bé clia nguén thuc trong
khong gian ma chi cin can cif vao phan bo bién do va pha cta cdc thanh phdn tiép tuyén
cua di¢n va tir trudng trén mot mét kin S ndo d6 bao quanh ngudn trudng (hinh 0.3).

o n
______________ - H "
! Ht
j_; =[nx Hj
J¢=[Exn]
a) b)
Hinh 0.3

Phuong phdp nay duge xay dung trén co s& clia nguyén 1y Huygens. Theo nguyén Ly
trén, ta ¢6 thé coi méi mat séng bat ky 1a tap hgp clia vo s6 céc nguén nguyén 16 thi cip
(nguyén 16 Huygens). Cac nguyén t8 nay s€ bic xa vi hinh thanh nhitng mit séng mdi.
Khi ay, trudng tao ra bdi ngudn thye & mot diem ndo dé trong khong gian ¢6 thé duge
col la trudng giao thoa, tgo bdi cdc nguédn thi ¢ap phan bd trén mot mat kin S bao quanh
ngudn thuc.

Nguyén 1y Huygens duge dé ra khoang 300 ndm trudc day. Nguyén Iy nay duoc
Huygens dp dung dau tién dé giai thich hi¢n tuong dnh sing uén qua chudng ngai vat
trén dudng truyén lan. Khi 4p dunp cho trudng dién tir, nguyén 1y Huygens duoc dién ta
dudi mot hinh thie khéc, goi 1a nguyen 1Y twong duong clia dién dong hoc, hoic nguyén
1y dong dién — dong tir tuong duong.

Sau day s¢ khao sdt noi dung t6m tat clha nguyén Iy nay.

Gia st mot ngudn blc xa (anten) duge dat trong khong gian vo han. Cuong do
trudng bite xa dugc bidu thi bdi cic vecto £ va J1 . Ta ldy mot mat kin S tuy ¥ bao
quanh anten (hinh 0.3). Cac vécto E va H trén mat S ¢ thé duge phan tich lam hai
thanh phan: thanh phan ti€p tuyén va thinh phan phdp tuyén doi véi S

E=E+E,
E = Ef + E;;
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Do tinh chat tuyén tinh cta cdc phuong trinh Maxwell, ta ¢6 thé khio sat riéng
biét hai trudng hop (ng véi hai cap vécto trén mat S, sau dé xép chong cic kél qua
nhan duoc.

Trudong hop I: Mat S, trén d6 ¢6 céc thinh phén truding H: va E, . Céc thanh phéan
con lai bang khong (E; =0, H, =0).

Truomg hop 2: Mat S, trén d6 ¢6 céc thanh phén trudng E: va H, . Cic thanh phan
con lai bang khong (H; =0, E, =0).

Trong trudng hop thit nhat, mit S duge xem 1a mat dan dién 1¥ tudng vi trén do chi
c6 thanh phan tiép tuyén cta tir truéng va thanh phan phdp tuyén cua dién trudng. Khi
dy, ¢6 thé coi trén mat S c6 dong di¢n mat v6i mat do J5 (xéc dinh theo 0.4). Trong
truong hop thit hai, mat S 6 thé duge xem 1a mit dan tir 1y twong vi trén d6 chi ¢6 thanh
phan ti€p tuyén cla dién trudng va thanh phan phap tuyén cia tr trudng. Tuong tu nhu
trén, ¢6 thé coi trén mat S cé dong tir mat v4i mat do Iy (xdc dinh theo 0.5). Cdc dong
dién mat va tr mat ndi trén 1a cdc ddng mat tuong duong. Khi da biét cdc dong mat
tuong duong ta ¢6 thé xdc dinh truong bic xa theo phuong phap vécto the (cong thitc
0.11 va 0.12). Nhu vay, viéc xdc dinh truomg tao bdi céc dong trén ngudn thuc duge thay
thé bai viéc xdc dinh trudng tao bdi cic dong mat tuong duong trén mat S.

ap dung nguyén 1y nay, trong nhiéu trudng hop c6 thé gidi quyét bai todn biic xa clla
anten mot cach don gian, nghia 12 ¢4 thé cdc dinh trudng bitc xa cGa anten ma khong can
biét phan b thuc cla dong dien hodc dién tich trén anten.
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Chuong 1

BUC XA CUA DONG DIEN VA DONG TU TRONG
KHONG GIAN TU DO CAC DAC TRUNG
CO BAN CUA TRUGNG BUC XA

§1.1. TRUOGNG BUC XA CUA DONG DIEN VA
DONG TU TRONG KHONG GIAN TU DO

Gia thiét c6 khong gian dong nhit rong vo han, trong khoang khéng gian dy ¢6 céac
dong (dién hoac 1lr) phan ba trong mot thé tich hitu han nao d6. Vi du ¢dc dong phan ba
s - o - - e - - e - - -+ - . ~ F}
trong thé tich V (hinh 1.1), v&i mat dé khoi J hoac J . Trudng cua cdc dong nay c6

thé duge xde dinh qua vécto thé A™" (biéu thic 0.14)

. | — &M t’_:h-
iz A =— j‘f

dv, (1.1)
T 'r M 4m

vV d

N F V — thé tich, trong d6 ¢6 cic dong phan
o bo;

r — khoang cdch tinh tir diém tich phén
(phin it thé tich*dV) dén diém khdo sdt

s . e . LoTeam
(diem can xac dinh véctothé A ).

Hinh 1.1

Néu phan bd cla cdc dong trong thé tich V 1a tuy v thi & day ta ciing chua ¢6 thé rit
ra duoc két ludn gi vé cau triic tnrong cla chiing ngoii dieu di biét 1a truong do sé thoa
man cdc phuong trinh Maxwell. Tuy nhi¢n trong mot s6 trudng hop dac biét, vi du khi
cdc dong phan ba trong mat thé tich ¢d kich thudce rat nhd so vai bude song (trudng hap
ngudn diém, dipol Hertz v.v...) khign cé thé bo qua su sai pha clia trudng tso bdi cdc
phin t trong thé tich dy, hoac khi diém khao sat & khd xa thé tich V khi&n ¢é the coi cic
véctor ban kinh 7 tir cdc diém trong thé tich 4y dén diém khdo sdt déu song song vii
nhau, chiing ta ciing ¢6 thé rdt ra mgt vai két luan tdng quét vé dac tinh cla véetd truong.

Dé khido sat dic tinh trudng cta dong, thudng ta chia khong gian khao sdt 1am hai
khu vue chinh: dhee gan va khu xa.

16



— Khu gdn 1a mién khong gian bao quanh hé théng dong, ¢6 bdn kinh » kha nhd
(r << 1). Thira s6 pha cia truong trong khu vue nay duge bi€u thi béi

e =

Khi dé c6 thé bd qua sy cham pha cla truong & diém khdo sdt. Truong & khu vic
ndy mang tinh chat cba truong cam tng. Vi vay khu gén con duge goi 1a khu cdm g,

— Khu xa 13 mién khong gian bao quanh hé thong dong, ¢é ban kinh r kha 1én (r <<
%). Khi 8y ta khong thé bo qua sy cham pha cta trudng & diém khao sdt. Trudng & khu
vire nay co dac tinh séng lan truyén va vi vay khu xa con duge goi 14 khu séng. hay he
bire xa.

Trong phan sau ta s& khao sat bai todn xdc dinh trudng cla hé thong dong phan bo
trong mot thé tich ¢6 kich thuée so sinh duge véi bude séng, khi khong thé bd qua su
khdc nhau v& pha clia trudng tao boi cde phdn 1 dong phin b trong thé tich ay.

Chon diém O trong thé tich V lam gdc cla hé toa do vudng péc vi hé toa do cau
(hinh 1.1).

Diém O s& duge chon thé nao dé khoing cich cyc dai tir diém ay dén mat bao ciia
the tich V s& khong vugt qua mot nira dudng kinh D cla thé tich (D 1a khoang céch cuc
dai giita hai diém nam trén mat bao cta thé tich).

Ky hiéu B v [_) I vécto ban kinh cha diém khdo sit M vi cua diém tich phan,

ta co:

- P

~
il
=l

r = \/RZ + p2 — 2Rpcosux (1.2)
o — goc gita véclg R v ;7 :

D¢ xac dinh trdmg cla dong & khu gan can dp dung cong thitc chinh xdc cia bin
kinh 7 (cong thic 1.2) khi tinh vécto thé A clia trudng.

Khi xdc dinh truong cua hé théng dong & khu xa, vdi diéu kién p < R (v6i moi gia
tri cia p), ta ¢ the khai trién biéu thite clia » thanh chudi iy thira d6i véi p/R (theo cong
thitc chudi Teilor).

2

r=~Rj1 *Ec'osa+p—zsin2a+... . (1.3

2R

Khi diém khdo sdt & khu xa, R khd 16n, khién cé thé bd qua cic s6 hang bac cao
treng biéu thic trén, va khi thay th¢ r trong thita s6 pha cua trudng (cong thic 1.1) ¢6
thé dp dung (1.3) v6i hai s6 hang khai trién ddu, nghia li:

r= R~ pcoso (1.3a)
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Dicu nay phit hop véi gia thiét [a khi diém khao sat & rét xa nguon thi cé the coi cic
vécto ban kinh s tir cdc diém tich phan ciia thé tich ay dén di€m khao sat déu song song
vGi nhau. '

Gid ri - ¢6 quan h¢ déun bien do trudng trong bidu thitc dudi diu tich phan {1.1).

,
Khi tinh todn ¢6 thé thay thé:

11
F R
That vay:
_1,_1‘_\*‘?""\{ P
F R r.R R

Hién nhién 1a khi p < R, thi hiéu s& trén s& rdt nho v c6 thé bod gua vdi moi gia tr
cla p.

Viée bo qua cdc sd hang bac cao trong biéu thite khai trién 7 & khong gay ra sai so
dédng ké v¢ bién do clia trudmg nhung tat nhién s& gay sai s6 nhét dinh vé pha. Néu sai so
pha nhé hon n/8 thi viéc tinh todn gdn diing theo (1.3a) c6 thé chip nhan duge. Tir day
c6 thé nit ra diéu kién dé xdc dinh gi6i han 4p dung cong thitc (1.3a) khi tinh todn
truang ¢ khu xa:

2 .

kP _gin2g < T (1.4)
2R 8

” " o ax . . - . D N v 1
Vi sy chon goc toa d6 dd néu, s& ¢6 cuc dai clia p bang S Dong that, khi thay
gid tri cyc dai cda sing. = 1 s& nhan dugc:

R>22"
A

(1.5)
Khi khao sdt cdc bai todn biic xa thi trudng ma ching ta cin quan tam dén 12 trudng
& khu xa. Vi vay sau day sé chi luu § tim 15i gidi cdia truomg & khu vuc ndy.
Ap dung cong thitc (1.1) véi gia thiét (1.3a), ta cé:

e 1 é’_”{R .M tkpooso
Ao J-J e dv (1.6)
4n R v

Néu dé y ring o 12 géc hop bai vécto ban kinh R va p thi
coso = ip i,
(ips % la cdc vécto don vi trén truong R va p)

Biéu thic (1.6) ¢6 thé viét lai dudi dang:
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—em 1 e_ikR Je,m ;‘kpgeadv 1.6:
—E R J_ € (1.6a)

Biéu thic tich phan trong (1.6) c6 quan hé dén phan bs dong trong thé tich V va
hudng ctia diém khao sdt d6i v6i nguén. Ta goi tich phan niy 13 ham bic xa hay vécto

bic xa va ky hicu bdi G (0, ¢).

EN”(O, ) = J-}e.n.leikhmsu{ﬂ; (1.’h
"!

hoac GO0,y = [ gy
v

Trudmg hop nguon trudmg phan b trén mat S;

G600 - [T a1
S
Trudng hop nguon trudng phan bs theo dudng /:
G0, gy = [T W a (1.7b)
!

Trong cdc cong thitc tién, tich pig.i, duge xdc dinh nhu sau:
Pig-iy = P-ig
Néu goi toa do cla diém ngudn 1a (x, y, z) (hoac bicu thi theo hé toa do cdu bdi p,
0', "), con toa do ci diém khao sdt 14 (R, 8, ¢), ta ¢o:
p=ix+ B,y + Lz = p(i,sin® cosg' + i,8in0'sing’ + fcos0)
iy = i sin0cose + i, sin0sing + fcosd

Nhan v6 hudng p va zTR ta duoc:

p.lg = xsin@cos@ + ysinOsing + zcosd
hoac h _ _ (1.8)
p.lp = p[sinBsind’cos{o — ©') +cosbcosd’
Néu dura them kf hieu:
—ikR
e
yW{R) = ,
! R
cong thic (1.6) s& duge biéu thi dudi dang:
—e, 1 —e.
A(’Hf :aw(R)Ge”;(e, (p) (1‘9)

Bang cdch 4p dung (0.11) va (0.12), ta ¢6 thé xdc dinh cdc vécto truong EH trong
truimg hop tégn quat, khi ngudn trudng 13 hé thong dong dién, dong tir, hodc hén hop
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dong di¢n va dong tir. V& gid thiét méi truong 1a dién moi Iy tuang (e, = €), cdc cong
thitc (0.11) va (0.12) s& cé dang:

E = —Emuz(’ + ;-grad(dixﬁﬁtj) —rotA”" (1.10)
ime

H=—iweA” + —1 grad(divzm) +rot A (1.1)
o

D¢ xde dinh £. 7/ cdn tinh cdc ham vécto grad(div A ) va rot 4 ™

Véi A xdc dinh theo (1.9) ta ¢6:

diva = L(gradlp'é + \pdiva), : (1.12)
4
()—H\'R l _
rady = erad -~ =ik + — |wi (1.13
grady = g P [ R]w,q )
P a . 8(;(;)
divG = — —(8sin0Gy) + — (1.14)
RsinB| o8 50

Thay (1.13) (1.14) vao (1.12) vd hwu ¥ ring, vi diém khao sat & khu xa nén ¢6 thé bo

. I . e e . 1
qua nhing $6 hang giam nhanh hon rs nghia 1 nhitng s6 hang ¢6 chia —

RZ,E;” fa
6t divA = —jﬁwéﬂa
4n
—~ Kook
rad(divA) = ——wy{Gip)ip = —y G 1.15)
8 4nw( R)ir an VOR (
bé tinh rot_/-i,cﬁng chi ¥ dén (1.9) sé cé
rotA = Lrol(mG] = —L(gradw x G + \yf rota) (1.16)
4r 4n
g day, gradtpxé:—[ik+%]\p?}{xa (1.17)
rotG = 1 i(sinE)Gq,)—g—Gm[l :TR +
Rsinf| o6 oo
vl L Orjp 1[0k |y (1.18)
Risin0® Jo R\ o

) Cdc cong thife giai tich vécto diing & doan nay c6 thé tham khéao & phin phu tuc,
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Thay (1.17), (1.18) vao (1.16) va cling b qua cdc s6 hang giam nhanh hon % khi

khao sit (ruong & kKhu xa, ta ¢é:

— 1 S
OlA = - yin x G (1.19)
4n

dday G| 1 thanh phin cia vécto G trén hudng vudng gdc v6i véeto ban kinh R

nén
rotA = ~—wyip x G, (1.21)
4n

Bay gid ching ta c6 the dp dung cdc cong thic (1.15) va (1.21) d¢€ tinh truding & khu
xa theo cdc cong thie (1.10) va (1.11). Khi thay thé cic biéu thic trong (1.10} va (1.11)
can luu ¥ 14 cdc chi 86 (e, m) viét kem theo vécto thé ( A ) €0 quan hé twong tng v&i cdc
chi & cita ham bic xa (G ) trong cdc bicu thifc cha ching, nghia la:

2
e

L e k-
grad(divA )=-—wyGgr
%14

(1.22)
e —k - -
rot A = Lq}fR x G
4n
Néu chi ¥ dén quan hé

op = kW

k (1.23)
g = —

W

o day, W = \/E va dp dung (1.22), (1.23) cho (1.10) s& nhin duogc biéu thic d6i véi
g

dién trnromg bace xa:

. —ikR
E=;—i‘-"—k—[W(G“ —G;;)+(Gfx;}]] (1.24)
Néu dé y rang
G-Gr=G, (1.25)
ta 6 thé viét lai (1.24) dudi dang:
Fohe™ [WGZ + (ET X iR H (1.26)
4 R
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Twong wr nhu trén, dp dung (1.21), (1.22), (1.24) cho (1.11) s& nhan dugce biéu thic

cla tr trudng birc xa
_ t!& é-d(R I —=m —¢
H= Gy +|G 1.27
an R {W . [ LWH 20

Phan tich (1.26) va (1.27) ta thay biéu thic déi véi dien trudng va tir truing bitc xa
cia h¢ théng dong tir ¢6 dang doi xiing nhau qua phép déi ldn (0.3). Néu ap dung phép
doi lan cho (1.26) thi s& nhan duoc (1.27) va nguoc lai.

Tur (1.26) va (1.27) ta cling rit ra duge quan hé giita cic vécto E, H cla truong
bic xa:

H=—(i,xE 1.28
W(ER X ) { )
nghia la E, H c6 hudng vuodng gée véi nhau va vudng déc vai ?,;e-
Néu biéu thi
—¢ e 5 nt 4
GL=Go+G
oo T e (1.29)

. . m

GJ_—(I{} + Gy

sau d6 thay (1.29) vo (1.26), (1.27) va thuc hién mot vai phép tinh vécto s& nhan duoc:

™ _ _Ik € TR -g myT e am YT

E=— [(W@U + GV +(WG5 - 6 )fq,] (1.30)

— ik e R ! -

H = A —cr - ae — 6"+ G 1.31
“4n R [(W 0 ]i" (W ¥ U}“’} (30

Tur (1.30) va (1.31) ta thdy dién tir truong bitc xa trong trudng hop téng qudt ¢6 cdc
thanh phan theo 6 va theo ¢:

béi véi dien trudmg:

_ L —ikR _
— ___'Fie (WG€ + Gm‘)ie
dn R 6 @
R (1.32)
- ik ek e _ om
Eo =~ " (wae - )ap
bPéi vai tir truong:
_Oz_ierkRi m_Ge
4n R \w 9 @
(1.33)

So sanh (1.32) va (1.33) ta cé:
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(1.34)
— b
]_[(p = ?(.’R w EG)
nghia la ty s6 cta cac thanh phan dién trudng va tir trudng vuodng gée véi nhau ludn la
hing s& va dugce xdc dinh boi xcdc thong s6 cua moi trudng (W = B duge goi la trag
£
khidng séng cua moi trudng).
Biét cac vécto truong E, H s& xac dinh duge gia tri trung binh cua mat dé cong

suat bic xa dién tir;

Su = %RC[E « }}*} - %[EOH; - E(DH:};{ O (1.35)
ap dung (1.34) ta ¢
- | 2 S
S;b ‘——2—W(‘ Eo} +\E‘p‘ JIR _W.’R (135d)
Néu biéu thi theo ham biic xa thi:
= k> . 12
Sip = ——— U wes + ol | woe - GY| ] (1.36)
2W(4m‘i’]

Cong thic (1.26), (1.27) {hoac (1.32), (1.33)] la cdc cong thic téng quat cho phép
xde dinh trudng bic xa cha hé thdng ngudn hon hgp (bao gém cdc dong dién, dong tir
phan bo trong khong gian hitu han thy ¥). Truong hop ngudn trudng chi bao gdm dong
dién hodc dong tir thi trong cdc cong thite trén s& chi gift tai G hoac G” thy theo diéu
kién cu thé cla bai todn.

Cong thic (1.35a) hoac (1.36) 1a cdc cong thic tong quat dé xac dinh mat d6 cong

it

suat bic xa. Trudng hop ngudn trudng 1a nguon dién (G =0) thi (1.36) tr¢ thanh:

R Wi P2 Ak .
kSh‘J = [|(f{) (J(p ]?R = ‘GL 'ER (137)
2(4nRy* 2(47R)?
Truong h(jp ngudn treong 13 ngudn ti (G° = 0) thi
- kz t i - kz " 2 -
Srbzizu ”‘ ic” ]R=72‘Gﬂ e (1.38)
2W (4nR) 2W (47R)

Cic cong thite trinh bay & trén duoc biéu thi theo cdc thanh phan Gy va G ctlia ham
buc xa trong hé toa do cdu. Truong hop ham bitc xa duge xdc dinh theo cdc thanh phin
trong h¢ toa do vuong goc G,, G, G. thi dé (inh trudng theo cédc cong thitc da néu cin
phai chuyén cdc thanh phdn nay sang Gy va G, theo céc hé thic da biét:
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Go = (G,cos¢ + G sing)cosH - G, sinQ

. (1.39)
Gy = ~G,sing + G,coso

Cédc két qua tinh todn v phan tich & trén cho phép chiing ta ¢é thé rat ra cdc tinh
chat téng qudt nhat déi véi trudng & khu xa, trong khong gian tu do cla mét h¢ thong
nguon hon hop nhu saw:

I. Trudng bic xa ¢ dang séng chay (bidu thi bdi ham ¢ *%), lan truyén tlr ngudn ra
xa vo tan. Bi¢n do cudng do truong suy gidm ty 1€ nghich véi khoang cach.

2. Véctd mat do cong sudt ¢6 hudng phi hop vdi hudng bdn kinh clia hé toa do cdu
(hudng ip) va phan bs trong khong gian theo ham s6

WGE + Gmf + ‘WG(‘;, ~ayl’
Do d6, hudng truyén tan cha séng biic xa s& duge xdc dinh béi hudng vécto iy, .
3. Vécta dién trudng va it trudng ¢6 hudng vudng gée nhau va ci hai déu vuong
goc véi hudng truyén lan. Song bitc xa thudc loai séng dién tit ngang.
4. Su bi€n déi ciia cudng do dién trudng vi tir trudng trong Khong gian (khi R khong
doi) duge xdc dinh bdi 18 hgp cdc ham bic xa G* (8, @) va G™(©, ¢). Cic ham nay phu

thugc vao phan bo dong di¢n va dong tir trong khong gian cla hé thong bifc xa. Trong
trudng hop t6ng quat chiing 13 cdc ham vécta phite $6.

§1.2. DAC TiNH DINH HUONG CUA TRUONG BUC XA

1. D6 thi phuong hudng bién dé va pha

Nhu trén dé thdy, trutng bitc xa tao boi hé thdng dong dién va dong tir ¢6 cudmg do
phu thudc vao hudng khao sdt. Ta goi ham s6 dic trung cho sy phy thudc cha cutmg do
truong bic xa theo hudng khéo sdt, tng vdi khoang cach R khong déi 1a ham phuong
hudng cta hé théng biic xa va ky higu 1a f(8, ¢).

Trong trudng hop tong quét, ham phuong hudng 13 ham vécto phitc, bao gém céc
thanh phan theo © va theo o.

f®,0) = f,6, @) + £,(6, 0}, (1.40)

Dé nhan duge biéu thic cia ham phuong huéng, ta khio sdt (1.30) va chd ¥ ring
khi cho R khong doi thi su phy thude clia cudng do tnedng theo hudng khéo sat chi ¢
quan hé véi cic s6 hang trong d&u ngoac. Cic hé s6 khong déi khong can luua ¥ t6i.

Ta cé:

10, @) = (WG:, + G";’)Tzo + (WG; + G{)")Ep (1.41)
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Hién nhi¢n la:

Jo©, ¢) = WG + Gy

_ ’ (1.42)
Jo 8. 9y =WG, - GYf'

Bay gio (1.30) ¢é thé duge bi¢u thi qua ham phuong hudéng dudi dang:
;_i{ﬁﬁﬂﬁg()_ﬂ‘)_m({? + £0) (1.43)
Tan R TP T TR T el o

Cdc ham bic xa, trong trudng hgp tdng qudt la cac ham s8 phitc va c6 thé dugc vict

dudi dang:
G()(e’ ¢) = Gﬁmemrgqj

farp (s (1.44)
Gy (0. ¢) = G,,€ *

Cic chi s6 m ¢ day 1a ky hiéu bién d6 c¢ia ham bitc xa. Do dé, ham phuong hudng
trong trudng hgp téng quét ciing 1a ham phitc. Cac thinh phin cha né cé thé duoc bicu
thi dudi dang:

ﬁ)(e* (P) = ﬂ)memrgﬁ}

o (1.45)
F0(0,0) = f, ¢

trong do: fy,, v fo,, 12 bi€n do ctia cac ham phuong hudng phirc fy va f,.
Ta ¢ biéu thife tdng quat cita ham phuong huéng phitc:

©, )= f(8, @) =infy ™R 1 if oM (1.46)
Gmn PJqpm

Bién d¢ cua cic ham phuong hudng ¢6 quan hé véi phan bé bién do cua cdc thanh
phin trudng, con argumen ¢4 quan hé v8i phan bo pha cla trudng trén mot mat cau cé
ban kinh R, tam dat (ai goc toa do.

Trudng hgp hé thong bic xa chi bao gdm dong dién hodc dong tir (kht d6, hodc
G" = 0, hoac G° = 0) thi ham phuang hudng cé dang don gidn va c6 thé duge bicu thi
truc ti€p bdi ham bitc xa.

2. Ham phudng hudng bién do

Néu dinh nghia him phuong huéng bién do 1a ham s biéu thi quan hé tuong déi
cua bién do cudng do trudng bic xa theo cac hudng khio sdt khi R khong déi, thi nd
chinh Ia bién d6 clia ham phuong hudng phitc. Trong trudng hop tong qudt, bién do cha
ham phuong hudng cé the 1a cic ham c6é ddu bién doi khi 0, ¢ thay déi (vi du cdc ham
luong gidc). Do d6 ham phuong hudng bién do duge dinh nghia cu thé hon 1a modun cha
ham phuong hudng phic. Nhu vay, ham phuong huéng bién do ctia trudng t1ong s& '™

) Cén chd ¢ dé wranh nhim 1n: D6 véi cdc k¥ hieu chia ham phuong hudng, tir day rd di chiing ta s& qui
wde nhu sau:

25



If0, o)l = 1£,,(8, ¢,
Con doi véi cdc thanh phéan clia trudng theo i va f(p s€ c6 ham phuong hudng bién do
thanh phan

Ifo(O. @)l = Ife,,(8, @),

(0. @) = Ify, (60, @)l

: | 2 2
Vm(e, (P)| = E j{)m + jlpm

D6 thi khong gian biéu thi su bi¢n déi (wong déi ciia bien do cuemg do trudng duoc
got 1a do thi plitong hidng (hay gian do hdng tinh) khéng gian. C6 thé néi dé thi
phuong hudng khong gian 1a mot mat duge vé bai dau muit cla vécto ¢6 do dai bang pid
tri cua ham s6 (0, @)l tng véi cdc goc (8, ¢) khic nhau.

véi quan hé

D¢ bicu thi dac tinh phuong hudng khong gian ciia trudng bitc xa trén mat phang cé
th¢ dung ban dé huéng tinh. Ban dé hudng tinh duge thiét lap bing cich sau day: Lay
mot mit cdu bao boc ngudn bic xa. Tam cha mat cdu duge chon tring véi gdc cta hé
toa do cdu (hinh 1.2a). Khi dy, mdi diém trén mat cdu sé ing v6i mot cap gid tri nhat
dinh cta toa d9 géc 8, ¢. Tuy theo dang cua dé thi phuong hudng khéng gian ta cé thé
v& citc dudng cong ding tri cla cudng do truding trén mat cdu di cho. Cic dudmg cong
nay s¢ la cac duong khép kin. Cuc dai cua dé thi phuong huéng vi chia cdc mai phu duge
bi€u thi boi cde ddu chdm trén mat cdu. Khi dem chigu phin mit cdu c6 cic dudng déng
tri ni trén 1én mat phang ra s& nhan duge ban dé hudng tinh khong gian coa truong birc
xa. Hinh 1.2b bicu thi ban dé hudng tinh khong gian trong mat phing, theo toa do 0, ¢.

No6i chung dang clia cdc dé thi khong gian khd phic tap. Vi vay trong thuc 1€ ta
thudmg biéu thi dac tinh phuong hudng béi cdc dé thi mat phing, nghia 1a bdi thidt dién
cua do thi phuong huéng khong gian trong cdc mat cat ndo ddy. Cic mat cit nay s& duoe
chon suo cho né phan anh duge ddy di nhat dac tinh phuong hirdng cia he thang bitc xa.

Vi du khi do thi phuong hudng ¢6 dang mot vat tron xoay thi ¢6 thé chon mit cit la
mat phing di qua truc déi xiing ctia d6 thi. Khi dé thi phuong hudng ¢é dang phitc tap
hon thi mat cit thudng duge chon 13 hai mét phing vusng géc v6i nhau vi di qua hudng
cuc dai clia do thi phuong hudng. Néu trudng bifc xa clia anten cé phan cuc thing thi sé
chon mot trong hai mat phang rén tring véi vécto dién trudng (goi 1a mat phing E).
Con mat phang thit hai chon triing véi vécto tir trudng (goi 1 mat phing H). Hudng truc

Bién d¢ cia ham phuong hudng s ky hiéu [a £,40, ¢). Tuong ty, s€ ky hiéu bien do cta ham phuong
hudng chudn héa la £,(0, @b

Madun cta bién do ham phuong hudng s& ky hiéu 1a I£,(0, @)l (hay I, (8. ¢} — ddi v&i ham chuan héa)
— Ham phuong hudng bién do s& ky hiéu 1a IR0, @)l (hay IF(8, o)l doi véi ham chudn hoa).
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cta h¢ toa dé cau vé nguyén tic ¢é thé chon tily ¥ nhung thudng duge chon sao cho
thich hop vt dang cia do thi phuong hudng. Néu d6 thi phuong huéng cé truc dai ximg
thi tot nhat 1a tryc toa do s& chon tring vdi truc dy. Trong cdc truong hap khic sé chon
truc toa do irung voi hudng cuc dai cta d6 thi phuong hudng. Biéu thi d6 thi phuong
hudng trong mat cat cua dé thi khong gian nhu néi 3 trén tiic 11 biéu thi trong hé toa do cuc.

a)

T
40 o-en—L (43 0
. . " D .

L Cpdn—op
kL —
h A
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20 0.5 0.
(:O."Ié' ('((/1'
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Ngoai ra, ¢6 thé biéu thi d6 thi phuong hudng mat phing theo hé toa do vuong géc.
Khi &y cdc gid tri cla |yl va Ifol ¢4 thé dugc bi€u thi theo thang ty 1¢ thong thudng, hodc
theo thang logarit.

Trong thuc t€, d€ thuan tién cho viéc thi€t lap va phan tich céc dé6 thi phuong huéng
ta thudng dung d6 thi phwong huéng chudn héa. Khi ay, ham phuong hudng chudn héa
duge qui ude 1a ham phuong huéng (theo dinh nghia) chia cho gid tri cuc dai clia modun
12y vai gid tri tuyét doi. Néu ky hiéu ham nay 1a F(B, ©) thi:

F(®, @) = M
’ I f;!! (8’ (p) |m‘dx
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Tuwong ty, ta ¢é ham phuong hudng bién do
chuin héa déi v6i cac thanh phan duge qui uée nhu

sau: o
180
0=
. | fo,, (0. @)
|8, @)l =1 £y, (0, @)l = —Jomth @)
| j(lm(e’ (‘P) Ima.‘(
: (1.47)
0. 0) =1 F, (8, gyl = e D /
. EE A C R
‘ C‘dC\Vl du v& do thi phuong erdmn:g trong h¢ toa Py / \ / b)\ / \ A
dé cuc vi hé toa do vuong goc duge vE § hinh 1.3a, b. /

D¢ so sdnh dé thi phuong hudng cha cdc anten gt _g¢ 30" o' 30" 60" 90"

chac ¢ " ‘ 1 C X ai 18 Yo i > i . - N . >
khac nhau, ta dua ra khdi niém do rong cia do thi Hink 1,398 thi phuong hudng cia anten

phiong hiténg. Theo dinh nghia, d§ réng cha do thi a} frong toa 49 cuc;
phuong hudng 14 goéc gilra hai hudng, ma theo hai b} trong cac toa 4o vuong goc.

hudéng do cuong do truong hodc cong suat bic xa
giam di dén mdt gid tri nhat dinh. Thudgng do rong cua dé thi phuong hudng duge xdc
dinh ¢ hai muc: biic xa khong va bite xa nira cdng suat.

Do réng cua do thi phicong fueong theo mite khong 1a pde pilta hai hudéng ma theo dé
cudng do trudng bie xa bat ddu giam dén khong.

Dé rong cita do thi plutong Jurdng theo mite niia ¢ong sudt 1 gée gitta hai hudng ma
theo dé cong sudt bhce xa giam di mot na so véi hudng cuc dai (ing vdi cudng do
trudng giam di V2 lan).

Bay gitr ching ta khao sdt cdc ham s6 arg fy va arg £, la cic ham c6 lién quan dén
ddc tinh phitong hiedng pha clia anten. Can chd y rang arpfy va argfi, chi biéu thi pha cia
ham phutrong hudng, ¢on pha cta céc thanh phin vécto trudng tai diém khao sdt duge xdc
dinh boi:

Oy = argfy ~ kR

D,

(1.48)

arg {, — &R

Thong thudng, viéc chon vi tri cla géc toa do khao sat khong ¢d ¥ nghia quan trong
déi véi viee tinh todn dé thi phuong hudng bién do nhung lai ¢ quan hé rit 1on dén viée
nghién citu dac tinh pha cua anten.

Néu ta co the tim duge vi tri gdc toa do sao cho khi dy cdc ham 56 Dy, @, khong
phu thude vao cic géc 8 v ¢, hoac bién doi nhdy vot mot dai luong biang n khi géc
khao sat bién doi qua cdc hudng ma d6 thi phuong hudng bién do ¢é gia tri khong nghia
12 khi d6i hudng khdo sdt tir bip séng nay sang biip séng khdc, thi goc toa dod ay duce
20i la tdm pha ctia anten. Khi 3y trong pham vi gdc gidi han cua mdi bip séng, mit
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song ¢6 dang 1a mat cau va ¢6 thé xem anten nhu la nguén cia séng cdu. Néu khéng tim
dugc gbc toa do thoa man cdce véu cau trén, thi @), D, s€ la cdc ham s cha 6, @, Ta ndi
antcn khéng ¢d tam pha.

Biy gid ta tim dicu ki¢n d¢ xdc dinh mot hé¢ théng bite Xa ¢6 tam pha hay khong.
Gia thi¢t O' la tam pha cla hé théng biic xa (anten), 50 la vécto ban kinh cia O' trong
hé toa do6 ci (hinh 1.4).

Néu lay O' fam géc cho hé toa
d6 moi va ky hiéu K 13 vécto ban
kinh cla di€ém khao sdt trong hé Mi6.0)
toa do ay thi:

R=p,+R (149

Nhan v6 hudng ding thitc

(149 vii ;R (vécto don vi theo
hudng ban kinh R) va coi R song
song vél R (nhu truée day da gia
thiét khi di¢m khdo sdt ndm & khu xa) ta c6:

Hinh 1.4

R=p,ig+R' (1.50)

Mat khic, n€u x,,. y,, z, ta cic toa d cla O' trong hé toa do ci thi:

P, = X, P+ y();y + 2,1
vi E){JER = X, sinBcosp + y,sin0sin@ + z,cosd
Thay biéu thitc ctia 50& vao (1.50) va sau d6 thay R biéu thi béi (1.50) vao (1.48) -

ta s€ co:
Dy(0, @) = argfy - k(x,$inO cose + y,sind sing + 2, cos0) - kR {151

Diém O’ s¢ 14 tam pha clia anten khi v& phai ctia (1.51) khéng phu thude vio 6 va 0.
Muén vay, ham argfy phdi cé dang:

Arg fo = asin0 cos@ + Bsind sing + ycos0 + & (1.52)
trong do «, 3. v, 6 la nhitng hing s6.
Khi chon:
a, B, _¥
XO:I, yo‘—_z, ao—z (153)

thi (1.51) $& duge don gian con:
Do =5 - kK. (1.54)
nghia la anten ¢6 tam pha véi cdc toa do xdc dinh bdi (1.53). Néu diéu kién (1.52) khéng

thue hién duge thi anten khéng ¢6 tam pha.
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Hinh 1.5 12 mot vi du vé dé

thi phuong hudng pha (hay dac o)

tinh pha) cua anten c¢é tdm pha =

ma dé thi phuong hudng bién i

d6 cia nd duge vé ¢ hinh 1.2. G Qv
-0 60 -3t o' 3¢ 60" 9

Khi khao sdt blic xa cua Hinh 1.5
cdc anten, trr mot vai trudng

hop cén thiét, thudng ta chi chi y dén d6 thi phuong hudng bien do mi it quan tam dén
do thi phuong hudng pha.

Ngoai do thi phuong huéng theo rruong, ngudi ta con ding d6 thi phuong hudng
theo cdng sudr. Biét vécto mat do cong sudl clia trudng bife xa ta s& xdc dinh duge him
phwong huéng theo cong suat va tir d6 thi€y lap duge dé thi phuang hudng theo cong
suat.

Vécta mat do cong sudt cha trudng birc xa duge xdc dinh bdi (1.36).

ap dung cdc he thic (1.42), ta s&€ viét duge (1.36) dudi dang:
2

S = — S + fo ) iR (1.55)
"o (4nR)? i+ £
Nhu viy, lam phuong huéng theo cong sudt duge dic trung boi

fﬂzm t. ;;H = /_:;-: (8, ) (1.56)

nghia 14 bang binh phuong cua bién do ham phwong huéng phrc.
Ham phuong huéng theo cong suat ciing duge chudn héa bang céch chia cho gid tri
cuc dat cua né. Ta cé:
2 -2
me + jtpm

FZ (8‘ (p) = 5 5
{f{}m + f(pm}mux

m

(1.57)

§1.3. BAC TINH PHAN CUC. HAM PHUONG HUGNG CUC TiNH VA
HAM PHUONG HUGNG VECTO PHUC HOP

Trong phéan truée (§1.2) chiing ta da khao st dac tinh phuong hudng bién dé va pha
cta truong bitc xa. Trong phan nay s& khao sat dac tinh phan cuc, ham phuong hudng
cuc héa va ham phuong hudng vécto phic hgp cha trudng. Biét ring bién do phic cla
véctd dién trudng dirge xdc dinh béi (1.43)

. —ik o HkR
4n R

| foio + fyl |
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Gia thiét thco mot huéng nao diy ham s6 /;p = 0, nghia la theo hudng dé vécto dién
trucng chi ¢6 thanh phan duy nhat hudéng theo ip. Ta néi, theo hudng nay dién trudng

phan cuc thing. Néu theo mot hudng khic c6 fy = 0 thi dién trutng theo huéng dé cling
phan cuc thing nhu vécio di¢n truong hudng theo i .

Néu & hudng nao dé ma ca hai ham sé Jo va f, déu khéc khéng, con argumen ctla

ching bang nhau (argfy = argfy) th vécto E & ¢6 hai thanh phén theo hudng ip va i, .

Nhung vi hai thanh phin nay ddéng pha nhau nén hudng ciia E trong khéng gian sé
khong déi, ta ciing nhan duge tredng phan cuc thang.

Néu hi¢u argumen cla hai thanh phin bang n, nghia la cé thé coi mot trong hai
thanh phin hudng chng chidu véi vécto don vi, con thanh phan thit hai huéng nguoc
chiéu véi vécta don vi inhung hai thanh phan nay déng pha nhau. Ta cé huwéng cua vécto
E trong khong gian ciing khong bi€n déi va van nhan dugce trudng phan cuc lhang[ )

Khi ¢ tat ci cic hudng déu nhan duge truong phén cuc thang ta néi anten bite xa
s6ng phan cuc thang. Néu & huéng nio dé cé Jo va f, khic khong, déng thai argfe, va
argfy ¢6 gid tri khdc nhau tuy y thi trugng & huo‘ng dy s€ la trudng phan cuc elip. That

vay. néu goi cic vécto thanh phén trén hudng o va 1p la Ey, E3 va gia hiéu argumen

cua ching bang 5 nghia la argf, — argf, = 5, ta ¢ thé viél biéu thic gid tri tic thoi
phtic s6 cdc thanh phan trutng (v6i gia thiét trudng bien thién diéu hoa theo thi gian)
nhu sau:

—ik Sl0r—kR + argfy)
EI = EE] f@m o

4nR

- -k
E2 = E"(p = AR f{pme

(1.58)
ar—kR + argf‘p)

Né&u ki hiéu

Epy = —— fom»
(I 4anO’”

") Thite vay, gid sir 6 argfy = argf, + 1 ta nhan duoc
kR )
- f;f e’ ilargf, +m) rarpf,, 7
E= 47{ R [fﬁme i fy + (pme f tg

Néudé ¥ ¢" = 1 thi

- dfarghy ) s targf,
4r R [_J{Gme i + l;!me fy

Dicu nay chitng to thianh phdn theo 8 ¢6 hudng nguoc véi vécto don vi o nhimg hai thanh phin E va

f_('P cé pha giong nhau.
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ko
EZm = ZI-I;E f(pm
va bi€u thi cic gid tri titc thoi clia trudng theo ham lugng gidc, ddng thai chii ¥ dén quan

) : .o ,
hé argf, —argfo = > ta co

Ey = E|,cos{at — AR + 'dl'gf;p — )
=T Jr,-?Im cos(mt — AR ~ argfép)

(1.59)
by = Ezmcos{mt — kR + argf,, - g]

= —Ey,sin(wf — kR + argf,,)

Cac vécto ;| vil Ez vuong gdc nhau
trong khong gian. Néu tai diém khéo sat ta X
1dp be¢ toa dé vudng gdc sao cho truc ¥ trung !
vl .-‘_| . truc X tring vai I_g thi gia tri tic o =
thodi cua cic thanh phian trudong hudng theo £ 1E|
triic X va Y s€ la:

Ey = K|, cos(of — kR | arg}‘('P)

‘ L ¢ (1.60)
Ly =FE, sin(of — kR ~ argf{p)

Tir cdc biéu thic (1.60) c¢é thé nhan 0 y
duoc:

_;_._3. -+ - .:._____ = l (161)
(L™ (L) Hinh 1.6

Ta thidy (1.61) la dang chinh tic cla
phucng trinh ¢lip trong hé toa do vudng gdc, véi ban truc la £, va 2, (hinh 1.6).
Khi / bi¢n déi, vécta £ s& quay ciing hoac nguge chiéu kim déng hé véi chu ky T =

— . dau mat cua nd vach thanh dudng elip (phuong trinh 1.61). Chi¢u quay cua vécto
[¢)]

£ s& la chidu quay vé phia thanh phan trudng cham pha hon.

Khi £, = E,,, thi phan cuc elip bién thanh phan cyc tron.

Mt phang tao bai vécto dién trudng va hudng truyén séng dugc goi 1a mait phéng
phan cuc.

N . - P, L R . N 5 .
Trudng hop hic¢u $6 argumen cua fy va f, khéc 5 phin cuc cira truong van c6 dang

elip nhuntg truc 1én v nho cua elip s& khong trung véi cde vécto £ va [5> . That vay,
khi dy gid tri titc thot clia cdce thanh phan theo truc X va truc ¥ s€ la:
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Ly = I, cos(wt — kR + argf)
. : (1.62)
Ex = Ey,cos{wr — kR + argf,)
Gtai hé phuong trinh (1.62) ta nhan duge:
Sy Ey
EY sin(arg f[p) - :E—}—{ stn(arg f,)
cosmf = M. _om (1.63)
sit(arg f, — arg fy)
E . E
Y sin(arg Jo) — X cos(arg f;)
SIAOF = -~ | : : 2 :
sin(arg f,, — arg fy)
Binh phuong hai v& cha cdc phuong trinh (1.63) va 1ay tdng sé nhan duoc:
E? 2 ' E
2 5+ Ex - 2cosy ‘-" =X = in? s (1.64)
(E| ”,) (EZ;H E‘!m %2
trong do
' W = arg f, — arg fo (1.65)

Ta nhén thay (1.64) 1a phuong trinh cia elip
dudi dang khong chinh tic, nghia 12 cdc truc clia
elip khong trung véi cdc truc toa do.

D€ ¢6 thé dua (1.64) vé dang chinh tic, ta
the€t lap hé toa do mdi ma céc truc &, n cla né
nghiéng moét géc so véi cde truc X, ¥ clia hé toa !
do i (hinh 1.7). Hin 1.7

Ta ¢6 quan hé gifta cdc thanh phdn trudng
trong hé cii va mdéi la:

£, = E; cosy - E, siny}

.. . (1.66)

L, = E; siny — £ cosy

Thay (1.66) vao (1.64) s& nhan dugc:

2 a2 e -2 2 -
Ef _n_,os; ¥ N :»m2 Y co_s‘,q;sm 27} N Eﬁ{smz ¥ N co; ¥ N CosY s,nZyJ .
_ Eiun.' E2m b“” E2l'-‘-’ Eim E2m El!-’iﬁzm
+E En[smfy _ sm22y B CDﬁ‘P cos2y _ SIHZW (1.67)
EZm Elm B].'HEZm

Gdce nghiéng y can duge chon thé nao dé trong phuong trinh khong con cic s6 hang
chita tich E:E,,, nghia la cdn thyuc hién dugc diéu kién:
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. 1 I 2cos\y cos2y
sm2y[£2 —E2 J— E L =0
2 1m 2m

I m
Tir diéu kién trén ta xac dinh dugc
_ 1 A 2Elm E’lm
V= Edltlg {5272 COS\/ (1.68)

‘b T S2m

Vai goéc y xac dinh nhu trén, phuong trinh cla elip phan cuc bay gio s& ¢6 dang
chinh tic, nghia 1a truc 16n va truc nhd cla elip s& triing véi cac truc £ va 1. Céc truc ndy
nghiéng mot goc y so véi vécto £ va E»>.

1. Ham phuodng huéng vécto phirc hgp

Nhu vay, dé biéu thi truong birc xa & mdi diém trong khong gian, ngoai dac trung vé
bién d¢ va pha con ¢é dic trung phan cuc.

Khi thay déi diém khao sat, bién do, pha va dic tinh phan cuc cua trudng sé thay
doi. DE bi€u thi ddy di sy phan b6 khong gian cua cdc dac trung bién do, pha, vh phan
cuc cua truong ta dua ra khai niém ham phuong hudng vécto phitc hop.

Biét ham phuong hudng clia trudng téng ¢6 dang (1.40)

£10, @) = fol8. @)io + £,(0. )iy
O day fo(9, @) va f,(8, ¢) 1A cdc ham s6 phic
fo0. 9) = fi, 02 fo . f[p(e, ©) = j;pmemrgf:p

Ham phuong hudng cha trudng tdng c¢6 thé duge biéu thi qua mot trong hai thianh
phén cuc tinh ma ta chon lam thanh phén cuc tinh géc {fysc)- Viduy, néu chon thanh phan
cuc tinh goc 1a f,(6, ) va ky hiéu

Jom®©. @)
Fu(6, @)

trong défm(e' (P) = \’ fﬂzm + fq?m thi
fon®.® _ 3

S0, 0)
Bay gio ta c6 thé viét lai (1.40) duéi dang:

f®, 0) = £,,(8, ¢) e@(e"”)l:a(ﬂ, P)ig + 41 — o VO EOJ (1.69)

& day, ®(O, @) = arg f,, 12 argumen cua thanh phan cuc tinh goc.
w(O, ) =arg f, - arg fy

(8, ¢)
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Thita 86 thit nhat trong (1.69) biéu thi dac tinh phuong hudng bién d¢ cla truong
16ng thita s6 tha hai biu thi dic tinh phuong huéng pha ctta thanh phan cyc tinh géc.
Thira $6 cu6i ciing gém tong ciia hai thanh phan trong diu ngoac vuong la mot vécto cd
quan he dén déc tinh phan cyc cla trudmg, duoc goi 13 ham phitong hieong cue tinh ky
. hicu I3 p(o, q)

PO, ) = (8, QYip + /1 — a? MO0 {(1.70)
S6 hang thif nhat trong (1.70) 13 mot ham s6 thuc biéu thi quan h¢ cta bién do thanh
phan cyc tinh goc theo cdc toa do khong gian cta diém khio s4t, ky hi¢u [a p,(0, @).
pnp(os (D) = &(0, (P)
S6 hang thit hai trong (1.70) A mot ham s6 phic. Modun ctia né bidu thi quan hé
cua bi¢n do thanh phan cyc tinh thif hai theo cédc toa do khong gian cia diém khao sdt,
con argumen bi¢u thi géc léch pha giita hai thanh phan phan cuc tinh, ky hi¢u 1a

Po,(0, 0).
Po(8, ) = \J1 — a’(0, g) et

PO, 0) = po(6. Piy + py(6. 9)ig

Nhu vay:

Ta nhdn thiy médun cla ;(0, ¢) ludn ¢ gid tri bang 1, khong phu thuoc vao gée

(6. o).
2 2
‘pq)‘ + ‘p()‘ =1

Tuy nhién, médun va argumen cta cic thanh phin Py va pg lai 1a ham $6 theo (8,
¢). Tai moi diem khao sdt, quan hé modun va argumen ctia hai thanh phdn ndy s¢ xéc
dinh dac tinh phén cuc cla trudng,

Bicu thic (1.69) bay gi¥ c6 thé duoc viét lai dudi dang:

£8, @) = £,0, )% p(o, ¢). (1.71)

Ham phucng hudng bi¢u thi theo (1.71) duge goi 1a ham phutong huong vécto phiee
hop. Tt day ¢ thé suy ra ham phuong hiong vécto phite hop chudn héa.

F(0, 9) = F,, (6, 9™ p(0, ) (1.72)

2 2
0, 2,
g dﬁy F,,,(B, (p) _ fm( (-P) Om o

= (1.73)

rf;n (0" (p)‘max ‘\/—m

HIAx
2. Véctd phan cuc

Ap dung (1.71) cho (1.43) ta s& bi€u thi dugc bién do6 phifc clia vécta cuong do dién
truong qua ham phuong hudng bién do, ham phuong huéng pha, va ham phuong hudng
cuc tinh
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—  —ike ™ D6, @)
E= e @ @) p6, ) (1.74)
Doi v6i trudng bien thién di¢u hda, néu nhan (1.74) véi ¢ va sau d6 1dy phan thuc

hoac phan do cla ham phiic theo thdi gian ta s& nhin duge vécto tic thai cha cudng do
truong buc xd.

— ik ¢*R D0.0)—

E=——f£.0.0)¢"""p (8, 9) (1.75)

4n R

trong dé, ;I (6, p) = Rc{;—y(e, (p)c""m;}

Thay p(8, @) bsi (1.70) ta ¢6

F)(B, P) = acosmrf‘p +4f1 - o’ cos{wt — w)ie (1.76)
Phan tich (1.75) thdy sy bién déi clia vécto tifc thdi clia cudng do truong E hoan
todn tuong (g vdi sy bigh déi cla vécto ;_7!(0. ¢). Do dé EI(E}, @) con duge goi la
vécta phan cue tite thai.
Phan tich (1.76) s& dé dang thdy rang, trong trudng hop tdng quat, vécto ; cd
hudng bién doi theo thai gian, dau miit ctia né vach thanh duong elip, vi quay theo chu
{*)

kyT = dld . vO1 chiéu quay phu thudce vao dau cua géc 1éch pha .
n

Mot trong nhitng thong s& quan trong dic trung cho elip phan cue tai diém khao st
1a he¢ s6 elip K,. Theo dinh nghia, hé s6 elip 1a ty s6 cha hai ban truc elip. Tix (1.67) ta
nhan duge hé s elip bang:

el 2.2 -
K. =i\fws Y+ m”sin® gy — mcosy sin2y (1.77)

sinzy + mzcoszlp + mcos\y sin2y
¢ day m 1a ty $6 bién do cha hai thanh phan trudng vudng géc:
= {El I — ipeml
l E2 I l p(pm I
Khi K, = + | ta ¢6 phan cuc trdn. Khi K, = (0 hoiic + ) ta ¢ phan cuc thing. Cic
thong s6 cha clip cling ¢6 thé duge bifu thi theo a0 va y 13 céc dac frung cda him
phuong huéng cuc tinh.
Géc nghiéng cia truc 16n elip (cong thirc 1.68) ¢6 thé duoc biéu thi theo o va y
dudi dang sau:

' Phan tich (1.76) s& nhan thay chiéu quay ciia p 1a chiéu vé phia thanh phén ¢é goc pha cham hon. Néu
tai diém khéo sdt, ngudi quan sit nhin theo hudng song truyén di thi sé thay ; quay thuan chiéu kim
ddng hé khi v duong va thdy quay nguge chiéu kim d6ng hé khi yi am (vdi n <y < 1),
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2cosy.anfl ~ o?

20 — 1

Y = —arclg (1.78)
2
He s6 elip (cong thire 1.77) ¢6 thé duge biéu thi dudi dang:

3
K =+ COS™Y —0‘.2

L4

2 .
o’ - sin’ Y

§1.4. HE SO DINH HUOGNG VA HE SO TANG iCH

Dé bi€u thi hudng tinh cia mdi anten, ngodi théng 6 vé 56 rong cila dé thi phuong
hudng da trinh bay ¢ §1.2, ngudi ta cdn s dung mot vai thong s6 khic, cho phép dé
dang so sanh cdc loai anten voi nhau: hé s6 dinh huéng va hé s6 tang ich. Khi 4y, hudng
tinh cia moi anten duge ddnh gid bang cich so sanh anten 4y vSi mot anten chudn ma
tinh cta né di biét mot cich o rang.

1. Hé s& dinh hudng (HDH) ciia anten & mét hudng da cho la ty s clia mat do cong
Suat bie xa boi anten chuan ciing tai huéng va khodng cich nhu trén, khi cong suét bitc
Xa cla hai anten giéng nhau.

Anten chudn c6 thé 12 mot ngudn bic xa vo6 huéng gid dinh, hoic mét ngudn
nguyén té nao dé da bigt. Néu lay anten chudn 13 ngudn vo hudng thi HDH ¢6 the duce
dinh nghia nhu sau:

Hé s0 dinh hudng 12 mot hu s6 biéu thi mat do cong suit bie xa cda anten & hudng
va khodng cach di cho, 16n hon bao nhiéu 1an mat do cong suat bifc xa cling & khoang
cach nhu trén khi gia thi€t anten bac xa vo hudng, véi diéu kién cong sudt birc xa gidng
nhau trong hai trudong hop.

D®,. 9= M (1.79)
Sf)
trong d6, S(8,, @) 1a mat d6 cong sudt bitc xa cha anten d hudng (8,, @) di cho tai

khoang cich R;
S, 1a mat do cong sudt ciing tai huéng va khoang cdch nhu trén, véi gia thiét
anten biic xa déng déu theo cdc huéng.
Nhur vay, hé s6 dinh huéng duge tinh bing ty s6 vécto Poynting & huéng da cho va
gia tri trung binh cla vécto Poynting trén mat cdu bao boc anten.
S(8,, ©,) ¢ thé duogc xac dinh theo cong thic (1.35a):

E(Q,, (pl)\2

|
S8, = 1.79:
( | (Pl) W ( | a)
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S, ¢6 the dugc xdc dinh bing ty s6 cla cong suat bitc xa Py trén dién tich mat cdu
ban kinh R bao quanh anten

R
0= 23 (1.80)
4nR
Thay cdc gida tri cua S0, ¢,) va S, vao (1.79) ta cé:
2 2
E(©,, 2nR
D(B,cp)z‘ 1. 0, (1.81)

WP,

Bién d6 cuong dé truong bitc xa tai mot hudng bat ky £(6, ¢,) ¢6 quan hé véi ham
phuong hudng chuin héa va gid tri cudng do trudng & hudng bic xa cuc dai boi:

|EQ @) = | Eqyue||F (81, 9)) (1.82)
Do dé, theo (1.81) va (1.82) s& cd:
D(E}l,(pl)=DmaxE£(gl, o)) (1.83)

D .« — hé s0 dinh hudng & hudng biic xa cuc dai.

Mait khéc, cé thé nit ra cong thiic dé xdc dinh hé s& dinh huéng D néu trong biéu
thic (1.81) ta thay thé E(9,, ¢,) boi (1.82), thay cOng suit biic xa Py bing tich phan cha
mat do cong sudt bifc xa theo mit kin # bao boc anten. '

Py = [$(6, ¢)du
i
2
|E®, ¢)|
)

Néu # 1a mat cau thi:

trong dé. S(8, ) =

2 T

P =L [ae NEmax]” F2(0. 9) R? sin8.a6
2w

2
Do dé; D©,, ¢p) = — O ) (1.84)

m2n

[ [Fi@, ¢)sin0d0de
00

Vi ham phuong hudng chuan héa F, (0, @) c6 gia tri bing 1 & huéng cuc dai, nén tir
(1.84) ta xdc dinh dugc hé s6 dinh huéng & hudng cuc dai:

4
Do =3 T (1.85)

¥4
F2(0, @)sin0d0dg

)

T
0
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2. Hé s6 tang ich cla anten ciing dugc xdc dinh bang cich so sanh mat do cong
suat bire xa cuia anten thuc & hudng khao sat vid mat do cong sudl bitc xa ctia anten chuin
(thudng Ia anten vo hudng) & ciing huéng va khodng cach nhu trén, v6i gid thiét cong
sual dat vao hai anten bang nhau, cdn anten chudn ¢6 hiéu sudt bang 1.

Hiéu sudt cha anten ciing 1a mét trong cic thong s6 quan trong diic trumg cho mifc
do ton hao cong suit cha anten. N6 duge xdc dinh bdi ty s6 clia cong sudt biic xa trén
cong suat dat vao anten.

A
P

2]

Na (1.86)

D31 vdi anten cé t6n hao thi Py < P, = m, < 1, cOn anten 1y twdng (khong tén hao)
thin, = 1.

Truong hop hai anten ¢é cong sudt dat vao nhu nhau, bang P, thi anten thuc (hiéu
sudt n, < 1) s€ cé cong sudt biic xa n,P,,. Nhu vay so véi khi cong suat biic xa bang
nhau thi trong truong hop nay ty s6 mat do cong suat s€ giam di, véi hé s6 gidm bang 1 ,.

Ta ¢6 bi¢u thiic h¢ s6 tang ich cha anten:
_ N 430, ¢) _
==

7

£(0, 9) a8, ¢) (1.87)

He s6 tang ich clia anten 12 mot thong s3 biéu thi ddy du hon cho dic tinh bic xa
cha anten so vdi hé sd dinh hudng vi né khong chi biéu thi don thuidn dic tinh dinh
hudng clia anten ma cdn biéu thi su tén hao trén anten.

§1.5. LY THUYET NHAN B0 TH! PHUONG HUGNG

Trong k¥ thuat anten, muén tao ra céc d6 thi phuong hudng hep thudng khéng thé
ding mot phan tr don gian ma phdi sit dung hé théng phiic tap gédm nhiéu anten don
gidn (anten phan t).,

Céc anten don gidn 0 day c6 thé 12 cdc nguén biic xa c6 hudng hay vo hudng va
duge xé&p dat trong khong gian theo mat trat ty nhat dinh. Dé viéc phan tich hudng tinh
cua hé thong anten dwgc thuan tién ta khao sat 1y thuyét vé nhan d6 thi phuong huéng.
Biéu thic téng qudt, d6i vdi trudng biic xa (& khu xa) clia ngudn biic xa bat ky duge xdc
dinh bdi cong thitc tdng quat (1.43)

. ikR
= -tk e~
E=— 6, 9)
4n
o day 78, ©) 1aham phuong hudng vécto phife clia trudng téng, gi tri clia ham

vécto nay phu thudce vao phan bé clia dong nguon.
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Néu s6 anten phén tir 1a N thi trudng giao thoa tao bdi hé théng & diém khio sat s
dugce xdc dinh bdi:
R

] p—

(8. 9) (1.88)

N e N ik
- - ~ik e
Frrb LR

n=l =} H

R, — khoang cdch tlr tam pha cla phn tir thit # dén diém khao sit;
146, ©) — him phirong hudng cha phan i thi x.
Néu gié thiet di¢m khao sat & khu xa thi trong bi€u thic trén ¢6 thé thay (hé
1 |

R R’
va thay R, & 56 mii cla thira s6 pha bai
R,~R-r, cosb,, (1.89)
trong d6, R la khodng cdch tir diem khao sdt dén géc toa do ciia hé théng;
r,, 12 ban Kinh ctia tim pha phan t thi 1, 8, 12 gée giifa vécto ban kinh R va
'y (hinh 18)
_ _fk [J_'llkR Al fl‘(!;‘COSUn_ 0 I 90
- IT_E“ R Ze fn( . (P) ( - )

n=|

So sdnh (1.90) va (1.43) c6 thé nit ra ham phuong hudng cita hé théng Nphin .
Néu ky hi¢u ham nay boi (6, ¢) thi:

- y ikrocost, L
j'N(e, (p) _ Zeﬂ(hrt .G;Jf”(e, (p) (191)
n=|
Gia thiét cdc anten phidn ti
cua hé thong ‘déu’ giong nhau ve M(6,0)
kich thudc, két cau, va cd huéng R,
giong nhau trong khoéng gian.

Dong trong cic anten phan tir cé

=

thé khdc nhau vé bién do ciing nhu -
pha. Khi 4y ham phuong huéng y
cua cdc anten phdn tir s& ¢6 dang

giong nhau, nhung gia tri cha

chiing khdc nhau mot hé s& bang X
ty s6 cug dong trong cac anten ay. Hinh 1.8
Ta ¢6 thé viét:

£4(8,9) = a,f,(0, o) (1.92)
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«, 12 h¢ s6 bang 1y s6 ciia dong trong phén tir thir # v dong trong phan tu thir nhat.
Trong trubng hop 16ng quét a, 1a mét s6 phic vi dong trong cdc anten phén tir cé thé
khdc nhau vé pha:

oW

a, = ‘ {lnl !

Thay (1.92) vao (1.91) va dua ?I (0, ®) ra ngoai didu Z la co:

—_— — N * by S .
Fu® 0)=f,8,0)> ay et (1.93)

n=|
Trong cong thic trén, s6 hang thir nhat £,(6, ¢) 1a ham phuong huéng cta phin
f\.’
birc xa thir nhit. S6 hang Z dic trung cho trudng giao thoa cha cdc anten phan tir tai
[

diem khéo sdt. Trong d6 @ biéu thi quan he bién do v pha cita dong trong cdc phdn t,
con e®n 0 pidy thi géc sai pha cua trudng tao bdi dong trong cic phén ti, do khoing
cdch tr chiing dén di¢m khao sat khidc nhau. Néu cdc anten phén tir cia he Ia cic ngudn
birc xa vo hudng thi cdc ham phuong hudng cia ching s& ¢6 gid tri khong déi tng v
mol gid tri (0, @)
518, @) = const (véi moi 0, @)

Khi &y, ddc trung hudng tinh ciia hé thdng biic xa s& duge xdc dinh chi béi s6 hang
tong & trong (1.93). S6 hang nay cé thé duge coi 12 ham phuong hudng cfia he gom N
anten vé hudng va duge goi la ham biie xa 16 hap, k¥ hiéu 1a £,(6, ¢)

N . b con
5i®. @)= > ay e (1.94)

n=1
Nhu vay, ham f(8, ¢) dac trung cho hudng tinh ctia heé N phan tr giéng nhau, ¢6
cing hudng trong khong gian s& bing tich cha ham phuong hudng riéng )71(9, ©) (dac
trung cho hwdng tinh cta mét phan ) va ham phuong hudng 16 hop £.(8, @) (dac tring

cho hudng tinh ctia h¢ N phén tir v6 hudng, v6i phan bé dong giong nhur trong hé théng
thue duge khao sdt):

7O, 0) = £,8, 9). /i(6, ¢) (1.95)
tir (1.95) ta cling nhan duoc bicu thice déi véi ham phuong huéng chudn héa
F(0, 9) = (8, ¢). F(8, ¢) (1.96)

F1(0, ¢) — ham phuong hudng chuan héa ctia mot anten phan tr (con goi 1a ham phuong
hudng riéng chuan héa);
F(8, @) — ham phuong hudng 16 hop chudn héa.
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Cic cong thic (1.95) ciing nhu (1.96) 1a cdc cong thitc 1dng quét cha 1y thuyét nhan
d6 thi phuong hudng. '

Ly thuyét nay c6 thé dp dyng dé tinh todn hé anten phiic tap gém cdc anten don gian
duge sap xép theo khong gian mot chiéu (hé thong thing), hoic theo khéng gian hai
chiéu (hé¢ théng phiing), hoac theo khong gian ba chiéu (hé théng khéi).

No6i chung, cdc ham phuong hudng riéng va té hop déu 12 ciac ham s6 phic. Bién do
cua ching xdc dinh ddc tinh phuong hudng bién do cilia anten. Trong trudng hop tong
quat cdc biéu thirc ndy ¢6 dang cdc ham lugng gidc. Chiing khong chi biéu thi bién do
mia con ¢6 quan hé dén pha cua trudng. Dau cla cdc biéu thitc bién d6 cling v&i argumen
cua ham phuong huéng xédc dinh dic tinh phuong hudéng ctia anten.
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Chuong 11
CAC NGUON BUC XA NGUYEN TO

- ———————————————

§2.1. PIPOL BIEN

Bi¢t rang cdc anten phic tap c6 thé dugc xem la tap hop cha céc nguon don gian. Vi
vay khi nghién citu 1y thuy€l anten ta s& bat ddu tir viec khdo sdt cdc nguén nguyén 6,
nghia [a cdc nguon c6 kich thide hinh hoc rit nhé so véi bude séng. Mot trong nhimg
nguyén 16 bic xa don gidn v quen thuge nhat ta dipol Hertz. Pay ciing chinh 12 mot mé
hinh thuyc t€ cua dipol dién.

1. Trudng bifc xa va dic tinh phuong hudng clia dipdl dién

Gia thi€t c¢é khong gian déng nhat, rong vo han va gia sit trong thé tich V hiru han
clia khong gian dy c6 dong dién phan bé v6i mat do khéi J*. Lai gid thiét thé tich hitu
han ndi trén 1a mot doan thang dan dién, rat manh, cé do dai / (véi | << ), duoc dit tai
1am cua hé toa do vuong gée, doc
theo truc z (hinh 2.1). Gia sir dong z
dién chay theo phuong truc z, cé
bién d6 va pha dong déu trén doan
thang d6. Nguyén t6 bic xa ndi
trén duge goi la dipol dién.

Dipol Bién

Dipol dién la phdan ut din
dién thing, rdt mdnh, c6 do dai l
rdt nhd so véi budc séng, trén dé
c6 dong dién ma bién do va pha o

moi diém déu nhu nhau.

Pé tim trudng bic xa ciha
dipdl dién ¢6 thé dp dung cong thitc _ Hinh 2.1,
(1.32), (1.33) va luu ¥ ring trong
trudng hop ndy cédc thanh phan cia G™ déu bang khong. Ham biic xa G duoe x4c dinh
theo (1.7). Khi chon hé toa do nhu & hinh 2.1 ta cé:

lpzlz
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do @6

ipdR = cosQ

Ee(e, 0) = I}f’ {.J;'kp COSOdV
]r.r'

(2.1)

Vi dong dién chay theo truc z, nén trong truong hgp nay G°(0, @) s& chi cé mat
thanh phén theo z. Néu kich thude cha dipdl dién rit nhé so véi bude séng thi p << A va

¢6 1hé coi otFo?

dipol, ta ¢6 thé viét

Do dé

j’ Jdv = i1l
%

50(0, () = E( — i1

=~ |. Nhr dd gia thiét, dong dién ¢6 bién do va pha phin b6 déu theo

(2.2)

Ap dung (1.39) ta xdc dinh duge céc thanh phan ctia ham bic xa trong hé toa do cau:

Gg = -G sin®
G =0

(2.3)

Thay (1.3) vao (1.32) va (1.33) ta nhan duge cdc véctg dién trudng va (i trudng

buc xa ctia dipol dién:

trong d6, k — hé s6 séng, bing -

-ikR

Fo =W rerines 7,
4 R

E(p - O

E(} =0

o ~ikR _

H(p :ile!sine : i{p
4

27

W — tro khidng séng cia moi trudng. DSi véi khong gian tr do

W=w,= |5 =120 (om).
. 80

Néu thay & = 2—; ta c6 thé viét lai (2.4), (2.5):
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Eo = ”Zi 1’sineeﬁ io (a)
_ T SRR

Ho = Zx sin©* —lo ()
Eq) =0; Eg =0

(2.4)

(2.6)



Tu cde két qua trén ¢6 the rit ra cdc nhan xét sau:

— Truding biic xa clia dipol dién 14 trudmg phén cuc thing. Dién trudng bic xa cia
dipol chi ¢4 thanh phén £y, con tir trudng chi ¢6 thanh phan H,,.

Mat phing £ |3 cdc mat phing chia truc dipol, con mat phing A 12 cdc mat phing
vudng goc vai true dipol.

— Tai mdi diém khio sdt, cdc vécto Eg va Hy déu ¢6 géc pha gidng nhau nén
ning luong cua trutng bitc xa la nang luong thyuc (ndng lugng hitu cong). Vécto mat do
cong sudt trung binh duge xdc dinh bdi (1.35a);

Su =3 Re(Ex 1T )= &0, 27
2 2w

— Ham phueng hudng cta dipdl duge xdc dinh theo (1.41), bang:

710, 0) = f4(8, 9) = WGy = —WIIsin0ig (2.8)

Ta c¢6 ham phuong huéng bién dé:

Ifa(8, @)l = W [sin0] (2.9)

Ta thay ham phuong huéng cua dipol chi phu thuée géc © ma khong phy thuoe o,
nghia 12 dipol biic xa ¢é hudng tinh trong mat phang £, vi vo huéng trong mit phing H.
Tir (2.9) ta cling ¢6 thé viét ham phuong hudng bién d6 chudn hda:

IFo(0) = 1sinB} (v8i ¢ = const) 2.10)
IFo(p)l = 1 (véi 8 = const)

Pé thi phuong hudng bién do trong khong gian va trong mat phang (v& trong heé
toa do cuc va vudng goéc) duge bidu thi & hinh 2.2 vi hinh 2.3,

po=;

= const; fm(0) = sinb

= const; fm(p) =1

Hinh 2.2
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Dé xdc dinh ham phuong hudng pha cla truong buc xa, ta viét lai (2.8) dudi dang:
?(8, o) = WI°sin 0e™ 1o
Ta thay argumen cta ham phuong hudng 13 mot dai lugng khong ddi, khong phu
thudc vao 0, @. Nhu vdy ham phuong hudng pha trong mat phang A 1a mot hing s¢

M) = const (véi O = const)

F(8) F(p)
1.0 1 | Fin(0)| 1.0
08 08 1
0.6 ;Jf \\ I“‘zm(e);’ ‘\ 0.6 +
0.4 1/ NS \ 0.4 1
0.2 1/ \\ ;’ \\ ¢ 027 0

0 90 180 270 7360 0 90 180 270 360°
.-"/A\ f"lf
n O b)
\\\-‘_—'/Ir’
Hinh 2.3,

Pha ctia trudng trong mat phang E dugc xic dinh khong chi boi argumen ciia ham
phuong hudng ma con boi dau clia sinB. N6 bién doi nhay vot mot luong bing nt khi 6
bién doi qua géc 180°. DS thi phuong hudng pha irong mat phang £ duge vé & hinh 2.4,

$(0)

/2

0 180 360"

Hinh 2.4,

2. Cong suat bire xa va dién trd burc xa cla dipol dién

Cong sudt bic xa cua dipdl dién ¢ thé duge xédc dinh bing cich 1ay tich phan gi4
tri trung binh cta vécto mat do cong suat theo mot mat kin # (vi du mat cau) bao quanh
dipol, khi bdn kinh clia mat cau rat 16n (R >> L) va dipol duge dat & tam mat cau ay. Ta cé:

P —lRej[Exﬁ*)dwizfd ?]J—&E—quinede—
) 2 19y ‘

y 0 0
e 2 m 2 2
_ M[i} fsin* 600 = 222 e [iJ @11
4 A 3 *
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Truong hop dipel duge dat trong khong gian tu do thi

2

{i] . (2.12)
A’O

trong do A, ta bude séng trong khong gian tu do.

P = 407”|1¢

Theo ly thuyét mach, cong suat tieu hao trén mot dién trd R khi ¢6 dong dién bién
thién véi bién dé I chay qua s& la:

|
P=—|I"R 2.13
51 2.13)

Mot cdch hinh thitc, ta ¢6 the coi cong sudt biic xa dipol dién gidng nhu cong suat
tieu hao trén mdt dién tré tuong duong R nao dé, khi ¢é dong dién véi bieén do bing bién
do dong dién cta dipol chay qua, Khi 4y bi€u thiic cong sudt bic xa cha dipdl c6 thé
duge viét dudi dang:

1

T RS 2.14)
2 A.il (

I

Bai lugng Ry, trong cong thuc trén dugc goi 1a dién 1rd bite xa ciia dipol dién.

Can nhd rang, khai niém dién trd bitc xa chi ¢ tinh chat tugng trung va la mot
khdi nién dinh nghia thudn tiy. N6 c6 thé duge xem la dai lwong bidu thi quan hé gitta
cong sudt biic xa véi bien do dong dién trong dipol, va & mot miic nao dé, cé thé dung
dé ddnh gid kha nang bitc xa ca anten.

So sdnh (2.11) va (2.14) ta nhan duge biéu thic dién trd bic xa cta dipol dién:

2
. 2 /
Ry, =~ |— 2.15
Xd 3“ ()J ( )

Nhu vay, dién trd birc xa phu thude vio kich thude tuong d6i cha dipol (ty s6 ,;:)
va cic thong sO cua moi trudmg (W = \/;E ).
Dé xic dinh hé s6 dinh huéng ta ap dung (1.81), trong d6 thay Py bdi (2.1 l.). Ta é(’):
D, . .= %;D(G, ®) = —;- sin’0
§2.2. PIPOL TU
Twong ty dipél dién, ta dinh nghia dipol tir 12 mot phdn tir dan tir thing, rat manh,

¢ d6 dai 7 rat nho so véi budc séng, trén d6 ¢6 dong tir v6i bién do va pha dong déu &
tat ca moi diém (hinh 2.5).

Dé tim trudmg biic xa clia dipol tir, ta tinh ham biic xa G (8, ©).
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am ©. @) = J‘}H-’e;‘kpcosﬂdv
Z
v

Suy luan tuong tu nhu trudng Dipol Tir
hop dipdl dién, ta cé:

G0, 0y =Gr =" (2.16)

Ciéc thanh phan cua him bifc xa y
trong he toa do cau duoge xdc dinh bhai:
Gy' = —G."sin®
(2.17)
G(’; =0 !
Hinh 2.5,
Thay (2.17) vao (1.32) ta nhan
durgce:
E{) =0
_ Ek ~ikR -~ (2.18)
E(p = ——4—;]”1!’5“'18 . I.;p
— ik e kR
Ho = ——1"Isin® i
4nW R (2.19)

-
I 1
i ]
i [m !
| '
| |
I i
1 r
‘\ e E :‘
y 5-4 o
1 i Ly i
LY Ii by I
AY s by v’

Hinh 2.6
a) Truéng cla dipdl dign; b) Truting cda dipdl tir.
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Theo nguyen 1y d8i 14n cha cdc phuong trinh Maxwell, 16 giai ctia bai todn biic xa
déi voi ngudn tix ¢6 thé nhan duge (ir 101 giai bai todn d6i véi ngudn dién cé cau triic
tuong ty, bang cich dp dung phép déi lan. That vay, néu 4p dung (0.3) cho (2.4), (2.5)
thi s€ nhan dugc (2.18), (2.19) hodc ngugc lai. Diéu nay cac doc gia ¢b thé tu kiém tra .

Tuong tu nhur d6i véi dipdt dién, dipol tir cling bic xa séng cyc héa thang. P8 thi
phuong hudng cua dipdl tir cling gidng do thi phuong hudng cha dipsl dién, nghia 1a c6
biic xa cuc dai theo hudng vudng gdce véi truc, bide xa bang khong theo hudng truc.

Trong trudng hgp dipol dién mat phang chua truc dipol 1a mat phang £ con d6i véi
dipo! tir mat phang nay 1 mat phéng .

Nhu da ndi trude, thue t& khong ¢é dong tir ma chi ¢6 dong tir tuong duong, nghia
1 c6 phan tix trén d6 ton tai thanh phén tiép tuyén cla dién trudng.
Gia sir ¢6 phdn tir véi cdc kich thude bi€u thi trén hinh 2.7, trén bé mat clia né ¢é
thanh phén dién trudng ti€p tuyén E,. Theo (0.5) ta cé thé viét:
Eg=— J::”
& day S 1a mat do dong tir mat, nghia 1a dong tit chay trén mot don vi bé rong cla
phén tir bé mat. Ta c6 dong tir clia dipol tir tuong duong s& bing tich cha J)'
v chu vi thi€t dién ngang cua dipol.
Néu bd qua do day chia dipdl thi:

I"=J . 2b=-2bE, (2.20)
Trudng bic xa clia dipol tir tuong duong sé la: "
E oikR
E =i—""blsin® (2.21)
A z
So sdnh (2.4) va (2.18) ta thay, khi dién
truong bic xa cha dipdl dién c6 gia tri bang N
dién trudng bitc xa cta dipol tir thi dong tir ctia ) \H
dipol tir phai c¢6 gid tri gdp W 1an dong dién = L
ctia dipol dién LF{\ y
T 1= !
"=Wwr. 1 Eo
N6i cach khdc, dong dién bang 1 ampe :‘; Y
s&€ tao ra dién trudng birc xa twong duong véi N
dong tir bang W von.

Néu moémen dién va mémen tir cia hai
dipdl ¢6 gia tri bing nhau (/™ = Il) thi dién Hinh 2.7.
trudng tao ra bdi dipol tr s& nhé hon dién

€

trudng tao ra bdi dipol dién W lan {E‘g* = -—Hjl] , nghia 1a cong sudt birc xa clia dipdl tir

nho hon cong sudt xa cia dipdl dien W2 lin.
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Ta ¢6 thé suy ra biéu thite d6i véi bitc xa ciia dipol tir:

¢ 2
';H :ﬁ._ =__l_,)EW(j_] ‘lm
Toow?r o ow?r3 \x

2

P I, N
Néu dé ¥ rang [ZZW[?J ] la dién trd bite xa coa dipdl dién thi:

L

RS, 2 .
{n — Z.(L IJ'H (222)
2w
Vi dong tir ¢6 thi nguyén cia dién dp (von), nén cong sudt bic xa cha dipol tir,

I!H 2

mot cich hinh thitc, cd thé biéu thi qua tich s6 clia vii mot dai luong tuong trung

co thir nguyén — . Dai luong nay dugce got 1a dién ddn birc xq cla dipdl tir.
om

1 2
P = GE (2.23)
So sdanh (2.22) va (2.23) ta co:

e
Gy = R5q (2.24)

i W2

2
2mfid
h_. Gm = e | — 2.243.)
Y Ty [x] (

Cong thire (2.24) cho phép xdc dinh dién
dan buc xa cla dipol tir khi biét dién trd birc xa
cua dipdl dién ¢é cung kich thudc.

Khdi niém dipol tr tuy khoéng cé thue,
nhung sir dung khdi niém nay trong nhiéu
truong hop sé cho phép don gian viéc phan tich
mot s¢ ngudn bic xa nguyén 16 ma cau tric
trrdng ciia nd tuong tu nhu ciu tric trudng cla
dipdl tir. Vi du ¢ mot khe hep trén man dan
dién ly tudng rat mong va rong vo han, do dai
cta khe rat nho so véi bude séng. Gia s khe ©—=— o |+ GUG- ®
duoc kich thich boi nguén sic dién dong, sao
cho dién trudng o trong khe song song vdi b)
canh hep va phan bd deu theo canh dai. Khi Hinh 2.8
ay, khe c6 thé dugc coi tuong duong véi mot
dipdl tir, v&i dong tir tuong duong xdc dinh theo (2.20).
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D¢ thay 16 tinh chdt tuong duong trén, ta so sdnh ¢ tric trudng ciia dipol tir va cla
nguyén 16 khe. Hinh 2.8a v& c4u tric trudng cia dipol tir (1a mot thanh det, rong b. day
7). duge dat sao cho mat phang cila né tring v6i mat phing clia t4m kim loai dan dién 1y
tudng, 1ong vo6 han. C6 the nhan thay ring su ¢ mdt cha tam kim loai ndy khong anh
huéng gi dén ciu tric trudng cua dipol tir vi cic dudng stc dién cna dipol luon cit
vuong gée véi mat dan dién nén khong vi pham diéu Kién b clia vat dan ly twong. Hinh
2.8b la cdu trac trudng cua nguyén to khe. Sw khide nhau vé cdu tric cha trudng trong hai
truong hop nay la: trong truong hop dipdl tir, vécto dién trudng trong hai nira khong gian
(ngin cich boi mat kim loai) ¢é hudng ngude nhau, vécto it trudng cuing chiéu nhau:
con trong truong hop nguyén to khe thi vécto dién trudng trong hat nira khong gian cling
chiéu nhau. vécto tir truding nguoe chiéu nhau. Tuy vy, su khic ndy khong ¢é v nghia
ding ké. That vay, truding trong hai nira khong gian bi cach ly bdi mat phang dan dién
nén ¢ thé duge coi K doc lap nhau. Do dé néu xét riéng r& trong mdi nlra khong gian thi
cdu trdc tredng cua hai nguyén 10 bike xa 1a wong duong nhau.

boi véi nguyeén t6 khe, ta ¢ dong tir (twong duong) cia khe bang:
[I?ac = _bEkhc = _Ukhc (2.25)

Paoi vai dipol tlr, dong tir co quan hé vai thanh phan ti€p tuyén cua dién trudng trén
b¢ mat bot (2.20).

Iy —2E,b

Neéu gia thiét trudng cha khe va cta dipol tir ¢é gia tri bang nhau, nghia la £,
=L, thi (2.20) s€ duge viet tai dudi dang:

‘!:F - _2Ekhub
Ap dung (2.25) ta ¢o6:
Iy =21 = -2U, (2.26)

Cong thitc (2.26) ching to rang dong tir clta dip6l tir twong duong véi khe (khi
cling tao ra trudng birc xa bang nhau) s& phai ¢é gid tri 16n gap hai ldn dong tir ctia khe.

Cuong do bite xa cua khe ¢é thé duge xdc dinh theo cic cong thiic clia dipol tir,
trong d6 cn thay thé I = =20/, .. Ta ¢6:

L—ikR
Ekahc = IM‘:&H@L
A
- (2.27)
Uind e’
Hepp, = —i—51 ¢in @
(khe W

Cong sudt bitc xa cda khe duge xdc dinh theo cong thic (2.22). Khi thay thé
[} =21}, & nhan dugc
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2R3,

1t 2 _ ZR;d 2
Pryne = e Iipe| = W‘Ukhe‘ (2.28)
Néu biéu thi cong sudt bitc xa qua dién din cta khe
1 2
Prihe = E‘U kne| Gikhe
thi
ARY,
Gsyhe Iz (2.29)

§2.3. VONG DIEN NGUYEN TO (ANTEN KHUNG NHO)

Vong dién nguyén 16 1la mot vong day dan dién ¢6 kich thude rat nho so véi budc
séng, trén dé ¢6 dong dién ma bién do va pha & moi diém déu nhu nhau.

Gid su vong dién hinh tron
ban kinh a (¢ << &), dugc dit trong r4 M(8.0)
khong gian doéng nhat, rong vo han.
Ta chon hé toa d6 sao cho goc toa R
dé tring véi tm cia dudng tron, —
cOn truc z vudng gée véi mat phing _ 0
clia dudmg tron (hinh 2.9). Nhu vay, = Y
néu xét trong hé toa d6 cau thi ¢ P L

dong dién cha vong (ky hiéu 1a I7) di
s& chi ¢ thanh phan theo toa do ¢.
Ta ¢6 thé viét: X
ID =i + 15y Hinh 2.9
& day
15 =-1,sin¢
X (2.30)
1; = [{cost
v6i ¢ 13 toa do cta phén tir day dan trong mit phang xy.

Ta cé céc thanh phdn ciia ham bitc xa (tinh theo (1.7) khi thay th& tich phan theo
thé tich bdi tich phan theo vong tron /) dugc viét dudi dang:

Gr = —ixqI¢singeas
i

_ . (2.31)
Gy =iy JIicospe™okdl
!
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o day p= 3
;; = (zxcosd) + zy smq))

. - : >
iR = (ixcos@sing + iy sin@sin® + i;cos0) (2.32)

fp;R = sinB(cos¢ cos¢ + sin@ sind) = sinBcos(¢p — ¢) |
Ta cé:
"L *R dl = :'kasinﬂcos(dz—(p)adq)
- (2.33)
Gy = iyal! [ 9o Deospdg
0
Tich céc tich phan (2.33) trong trudng hgp tdng quat 12 bai todn rat phirc tap. Tuy
nhién, néu dé ¥ dén tinh doi ximg clia két cdu ta c6 thé di t6i nhan xét 1a trudmg bifc xa
cua vong day s& khong phu thudc vao toa do @; vi vay ¢6 thé chon mit phing khdo st 1a
mat phang bat k¥ chita truc z ma khong anh hudng tdi tinh tdng quét cha bii todn. Pé
don gidn, ta chon mét phang khao sat la mét xoz (mit phang ¢ = 0%). Khi 4y, thanh phan
G clia ham bifc xa & diém khdo sat s& bing khong, con thanh phén s& bing G

2n
Gy = Gy = igal] [**%cospdo (2.34)
4]
Ap dung cong thirc )
L 2n
Lt = = [ cosg do (2.35)
i
0

G day J,(x) 1a ham Bessel bac 1, argumen x, ta nhan dugc:
Go = il 2n ], (kasin©)i, (2.36)

Stt dung cic cong thiic (1.32), (1.33) va (2.36) ta tinh duge trudng bic xa cia
vong dién:

Ee =0
_ W € —{kR _
By = I ka PN - _
ke ey } (2.37)
Hy =
E(p - 0

 Theo cdc "SO tay todn hoc” (vi du, xem Bronstéin, Xemendiaep. S6 tay toin hoc gianh cho k§ si)
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Cong thic trén cho phép tinh cudng do trudng biic xa cua anten khung c6 bdn kinh
thy ¥ (véi dicu kién dong dién phan bé déu theo khung day). Trudng hop khung ¢6 bdn
kinh rat nhd so vdi budc séng (ka << 1) thi ¢ thé thay thé gan ding

Jy(ka sinB) = %ku sinB.

Eq]
Khi dy (2.37) sé cho ta: T T
AR e ®
. ”/[(’kz ()—J"kR _ ’ T .
Eo = v? gl $INQ——ig / 4 T T \ " H
4n R T e B § - Hy
. | (2.38) I
N _qe? , e—fkR _ \ Y \\\—--//;* .y
Ey =" ma sin0-———-iy : ® S
T R ' * \\._N___ ® ____,_// Vi
i _ , . \\\_ w T a
Cong thic (2.38) ¢6 thé duge su dung dé tinh trudng  bic e
. s i (R . N
Xa cua vong dién nguyén to . Ciu trdc truéng cua von
) g di gy & — g Hinh 2.10.

dién nguyén td véi cde thanh phan dién truong £y va ti
trudng o duge vé & hinh 2.10.
So sdnh hinh 2.10 va hinh 2.6b ta nhan thay cau triic trudng clia vong dién nguyén
10 va cla dipol tir ¢6 dang giong nhau. Do dé cé thé coi vong dién nguyén 18 tuong
duong vdi dipdl tir ma truc cha dipol vuéng géc v6i mit phing vong dién. Néu ban kinh
cua vong dién rat nhd va tién dén khong thi két luan trén la chinh xdc va khong phu
thudce vao hinh dang vong day.
Momen (i cla dipol tir tuong duong cé thé duge xdc dinh bang cdch so sdnh
(2.18) va (2.19) v6i (2.38). Ta nhan duoc:
—i 1"l = I°kW na”
Goima’ = s (dién tich vong dién), ta c6:
PI=iI5kWs (2.39)
D6 thi phuong hudng cla vong dién nguyén t6 trong hai mat phang £ va H duge
biéu thi trén hinh 2.11.
Dién trd biic xa cla vong dién ciing c6 thé dugc xdc dinh theo cong thitc gidng
nhu doi vai dipol dién. Trong trudng hop ndy: )

2P,
R, =%

(2.40)
!t’

) Ciing c¢6 thé nhan duoc (2.38) mot céch don gidn hon néu ngay tir ddu ta chd v dén didu kiénka < < |
clia vong dién nguyén 16. Khi gy, trong cdc tich phan (2.33) ta ¢é thé thay the gin diing e*d=d0 5
I+ ikasinBeos(®—p). va do dé viéc tinh cac tich phan nay s€ tr& nén don gidn. Cic bude tinh trung
gian d€ di 1di (2.38) cdc dac gia cé thé e thiee hign.
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Theo (2.39)

]!H!
T ks

L

o
11

Thay gid tri cta 7 vio (2.40) ta nhan dugc:
2P KW
i[ﬂl 2 32

RS, = (2.41)

7 X

N AN

a) b)

Hinh 2.11.

So hang dau clia (2.41) chinh la dién dan bic xa cha dipé! tif tuong duong (thco
cong thirc (2.23)), do dé:

: kKot
RS, = GY, T‘ (2.42)
Thay gid tri cua Gs,y vao (2.42) s€ cé:
2.2
Ry, = By ; (2.43)
3 A

Cong thic nay c6 thé diing dé tinh dién wd bifc xa cha anten khung. & day ta ¢6
nhin x¢t la doi véi dipol dién va tir thi dién trd bikc xa ty 1& nghich véi binh phuong
budc séng, con doi véi vong dién, dién trd bic xa ty 1é nghich véi liy thira bac 4 clia
budc song.

§2.4. VONG TU NGUYEN TO

Tuong ty nhu dinh nghfa clia vong dién nguyén tg, ta ¢6 vong (it nguyén to 1a mot
vong day dan it cé kich thude rat nho so véi bude séng, trén dé cé dong tir ma bién do
va pha & moi diém déu nhi nhau.

Dua theo nguyén 1y déi lan, ta ¢6 thé xdc dinh cau triic trudng va viét bidu thiic
trudng bilc xa cda vong tir nguyén t6 khi biét cau tric trudng va cdc biéu thic truong
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biic xa ctia vong dién nguyén t8, vi diéu kién hai nguyén 6 bitc xa cung c6 dang hinh
hoc nhur nhau. ip dung phép déi lan (0.3) cho céc biéu thife (2.37), (2.38) ta c6:

me —ikR
Hy =50 na? sin@
T
72 o TkR (2.44)
Hy =+ na’ sin®
4n

Nhu vay trutng bic xa cua vong tif nguyén to bao gom dién trudng véi thanh phin
Ly va tr truong véi thanh phdn H,.

Ta thay cdu trdc trudng cha vong tir nguyén to ciing gidng cdu tric trudng cha dipol
dién. Do d6 ¢6 thé xem vong tir nguyén 6 tuong duong véi dipol dién ma truc ciia dipo;
vudng gée v6i mat phang cGa vong tir.

Mémeﬁ dién chia dipol dién trong duonges thé duge xdc dinh biang cdch so sinh
(2.44) v6i (2.4), (2.5)

_oam ko
Fl= i1 W& (2.45)
Dién dan biic xa clia vong tit nguyén té, theo dinh nghia duge xac dinh
M Ei

G = =L (2.46)
1‘1)”
Ruit | 17| tir (2.45) va thay vio (2.46) ta duoc:
m 2P k%s? _ pe k252 (2.47)
Ve Pw M '
Thay biéu thic ctia G§, (2.15) vao (2.47) s& c6:
8 1 n’s?
m S 2.48
VR (2.48)

So sanh (2.48) v6i (2.43) s& nhan duge quan hé gilta dién dan biic xa cha vong tit
nguyén 16 va dién trd bie xa cua vong dién nguyén to cung kich thudc:

Rm
G5, =—5  @449)

Vong tr nguyén 16, cing véi dipdl tir, 1a nhimg khai niém khong c¢é thuc; nhung
trong thyc t€ ta cling c6 thé tim thay nhitng mo hinh tuong dvong véi ching.

Trudng hop mét khe hep, quay tron trén mot mét kim loai dan dién 1y tudng ciing ¢6
thé dugc xem 12 mot vong tix.
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§2.5. NGUYEN TO BUC XA HON HOP

Nguyén (6 bitc xa hon hop 1a phan tir biic xa bao gém mét dipol dién va mot dipol
tir dit vuong gée voi nhau. Hinh 2.12 vé nguyén t6 hén hop, trong dé dipol dién dat theo
truc x, dong dién /¢, con dipol tir dit theo truc v, véi dong tir /7. Gia sl do dai clia hai
dipdl gidng nhau (bing /) con quén hé bién do gitta chfmg duoc xdc dinh boi:

IJ',” ~ _
=aW, (2.50)

I
trong 6, « 12 hé $6, c6 thé 13 dai lugng thue hoac phitc, con W = £ |
£

Dé x4c dinh trudmg bifc xa clia nguyén 6 hén hop, can tinh cdc ham bic xa G va

—_m
-

G . Tuong ty nhu tredng hop dipol dién va tir di khao sit trude day, ta cé:
G =G =il
— :m *r ) (251) Z
G =Gy =i}-1$f
Ap dung (1.39) ta nhan dugc céc M(0,0)
thanh phin ctia ham bitc xa trong hé toa do
cau: 6 /R
G§ = G cospcost = [{lcospcos I;n
G =G, sing = —Iksing > y
(2.52) ®
Gy’ = G singcosd = I)'Isingpcosd %
Gy = Gycosg =1, icosp Hinh 2.12.

(2.53)

Ap dung (1.32), ddng thdi chi ¥ dén quan hé (2.50) ta nhan duge trudng bitc xa o
khu xa:

— ik e R -

Eq = —Z;T-WI?COS(p(COSg + G)Tie (2.54)
— ik e R

Ey = 4—RW1§isin(p(l + acos0) R ip (2.55)

D6i chidu (2.54), (2.55) voi (1.43) ta ¢6 thé riit ra biéu thic déi vdi cac thanh phin
cua ham phuong hudng
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?0(9, @) = Witlcosp(cosd + a)ip (2.56)

Fol0.9) = W IIsing(l +acos) i (2.57)

Dau wir () trong bi€u thitc (2.57) chimg to thagh phin ?(P cta ham phuong hudng

6 chiéu nguge véi vécto don vi ;'q;.. Phén tich (2.56), (2.57) (a thdy, néu a 12 56 thuc thi

argumen cua fy va f, s€ 1a hing $6, khong phu thudc vao hudng cta diém khio sit. Diéu

d6 ching 16 nguyén t6 hén hgp 1a phén tr bic xa ¢6 tam pha nhy di khao sat & §1.4,
trong truong hop nay trudng bite xa cling [a trudng phan cuc thing.

Vi modun cha f, va ip co cye dai bang W1/ (1 + a)nén ham phuong hudng bién

do chudn héa sé c6 dang:

= s0 +

!FU (0, (P)‘ = ﬁ%) (2.58)
i N isinq)(l + acose)‘

I Fo © q))‘ - | 1 +u ‘ 9

Vioia=1tacd

= cosp(l + cosB

| Fo 0, @] = |22 : )%

- sing@(l + cost

‘Fg (0, q))’ = Smtp(—zcgs‘_)‘ (2.59a)

Ham phuong hiong chudn héa theo cong suat duge xdc dinh theo (1.57) (véi a = 1):
2 2 2
fﬂm + f(pm _ (COSB + 1]
2 2
{- am T j(pm} 2

H¢ s6 dinh hudng & hudng cuc dai duge xédc dinh theo (1.85). Khi thay F”Z;(O. Q)
bai (2.60) s¢ ¢é:

F20, ¢) =

i

(2.60)

max

N l6m _
(1 + cos8)’ sin0do de

Ta c6 bi€u thitc clia hé s6 dinh huéng viét theo (1.83) bing

D 3 (2.61)

maX

D(@®, ) = -‘3-(1 + cos6)? (2.62)

D6 thi phuong hudng clia nguyén 16 hén hop trong mat phing ¢ = const (mit phing
di qua tryc z) c6 dang dudng cardioit véi cuc dai theo hudng 0 = 0, va bang khong theo
hudng 0 = = (hinh 1.13a). D6 thi phuong hudng khong gian clia nguyén 6 bitc xa la mot
hinh cardioit rdn xoay. Hinh ndy nhin dugc bang cdch quay dé thi mat phang quanh
truc déi xtmg = (hinh 2.13b).
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a) Ny e

Hinh 2.13. Hinh 2. 14.

Tir gian do huéng tinh v& & trén ta nhan thay nguyén 6 hdn hgp chi bic xa ning
luong cuc dai vé mot phia. Hudng buc xa cyc dai duge xdc dinh bdi hudng clia tich véeto
A x1" ). Nguyén t6 hén hop ndi trén cdn duge goi 14 nguyén 6 biic xa don huéng.

Mot trong cde mo hinh thyc 1€ coa nguyén 1§ hén hop 14 té hop cha mot dipal dién
va mot vong dién nguyén 1§ duge siap x€p nthu & hinh 2.14. That vay, nhu di chitng minh
¢ §2.3, vong dién nguyén 6 véi bén kinh rat nhod so véi bude séng cé thé duge coi tuong
duong vai mot dipdl tir ma truc dipd! vudng gée véi mit phang vong dién.

Mot mé hinh thuc t€ khiac cua nguyén t6 hén hop 1a nguyén t6 bite xa mat (cdn goi
la nguyén t6 Huygens). P4 1a phan ti dién tich ¢6 kich thude rat nhd so véi bude séng,
trén do6 cdc thanh phan 1iép tuyén clia dién trudng va tir trudng vueong géc nhau va phén
b vdi bien do va pha dong déu (hinh 2.15a). '

Theo nguyén ly tuong duong cha dong dién va dong tir mét (§0.4), ta ¢é the thay the
cic thanh phan ti€p tuyén cha dién va tir trudng trén nguyén t6 bdi cdc dong dién vi
dong tit mat (hinh 2.15b).

J" = (Bf E,_) ~ H,}‘_i } 061
J;” =—(nx E;)=E,iy
z zZ 7
n /ﬁl I _
V] TR ;

ya o - y
/”ME yl 7,777<j§ ’ e

Hinh 2.15.
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Khi d6, Nguyen 16 Huygens ¢6 thé duge thay thé bdi mot cap dipol dién va dipol tir
déat vuong goc nhau (hinh 2.15¢). Dipol dién ¢6 4o dai dy va dong dién

I = H dyix (2.64)
Dipol tir ¢6 do dai dx va dong tix:

ot

Iy = E d)(fy (2.65)

§2.6. CAP DIPOL VUONG GOC (NGUYEN TO TUANIKE)

Nguyén 6 Tuaniké 1a mot t6 hop cla hai dipél (dién hoac tir) dat vudng géc nhau
trong khong gian, va duge ti€p dién sao cho dong dién (hay d%)ng tir) chay trong cap
dipdl dy c6 bién do bang nhau, con géc pha léch nhau 90°. Vi du, cap dipol dién va hé
toa do duge chon nhu & hinh 2.16.

Quan hé¢ dong dién trong hai dipol Z
theo gia thiét a:

_;ZI_ B
IJe 2 =—ilf (2.26)

M(®
Ham bic xa trong trudng hop nay 5 ©,
s€ ¢6 hai thanh phdn theo £, va i,; Eq

Gy =Iliy -
T e 5 g y

Gy = Kli, @

Tir (2.67) ta xdc dinh duge cic
thanh phan cta ham bitc xa trong hé X
toa do cdu bang cich 4p dung cong Hinh 2.16
thic chuyén déi (1.39)

G§ = I{1(cos@ — ising)cosO = I{le' cosB
[ ) (2.68)
G =-I{l(sing + icosg) = Ifle \ 2

Ap dung (2.68) cho (1.32) ta xdc dinh dugc cédc thanh phan ciia dién trudmg bic xa:

_ —ikR
By = Z rercospe®é g (2.69)
4
i .
_ —il p+— | ,—ikR _
Eo = %" e, [ ZJ" i (2.70)

47
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boi chigu (2.69), (2.70) véi (1.43) ta rit ra dugc céc thanh phan cba ham phuong
hudng:

?9(9, Q) = Wff!cos@e_"“’z_'o (2.71)

— —i Lp+E _
fo®.9)=Wille ( 2Jf¢, (2.72)

Theo (2.71), (2.72) modun cta céc ham fj va f,, ¢6 cuc dai bang W /{'I. Do d6 ham
phuong huéng bién do chudn héa sé c6 cdc thanh phan bing:

|Fo (8, @) = cosB (2.73)
F, 0, 0) =1 (2.74)
Tir (2.71) ta rat ra duge
argfe = —0; (2.75)
va tir (2.72) ta ¢cé:
argf, = _[‘P”g'] (2.76)

Argumen cla cdc ham ?0 va f(p la cdc ham s6 theo géc phuong vi clia diém khio
sat. Do d6 pha cla trudng tai diém khdo sat (khi R khong ddi) sé bién déi theo géc
phuong vi. Nguy¢n t6 bic xa khao sat & trén la phén tr bic xa khong ¢é tim pha.

So sdanh (2.75) va (2.76) ta thay argumen ctia cdc thanh phan ham phuong hudng ¢6
gid tri khac nhau. Hiéu ctia hai argumen ¢6 gi4 tri bang:

W =argfy — argfe = —g .77

Nhu dd ching minh & §1.3, ¢ thé két luan ring trudng biic xa cta nguyén o
Tuaniké 1a truding cuc héa elip.

D€ khdo sdt dac tinh phuong hudng vé bién do, pha va cuc héa cha nguyén 16 birc
xa, ta thiét 1ap biéu thic clia ham phuong huéng vécto phifc chuin héa theo cac hé thikc
da biét & §1.3.

Néu chon f, 1a thanh phan phén cuc goc thi:

DO, ) = argf, = —[(p + g] (2.78)

Ta c6 cac thanh phan cta ham phuong hudng cuc tinh:
ftpm 11

F, =a(0, )= =
¥ \/fezm + f(pzm \/1 +cos® O

(2.79)
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. s@ il |
2=\l - a? oY = Lj)e 2 (2.80)
1+ cos™ 9

Ham phuong huéng cuc tinh duge xac dinh theo (1.71) c6 dang:

cosO ~iZy
P (8. ¢) =~ 2

1 N
— ¢ + iy
1+ cos’ 0 \(l+cosz{§l
Thay (2.73), (2.74) vao (1.73) ta tinh duge modun clia him phuong hudng chudn héa
|
1 + cos’ 8]2

(2.81)

(2.82)

F 0,¢)= [ 5

Thay (2.78), (2.81) va (2.82) vao (1.72) ta s& nhidn dugc ham phuong huéng vécto
phic hop chudn héa clia nguyén 16 Tuaniké:

I i =
082 21’ [‘P*zJ 3 —f'jnf'trr
1 + cos 8} cos0 (2.83)

Fio. o) - (-_ o0
2 \[l + cos® 0

Tir (2.83) ta nhan thdy ham phuong hudng bién do clia nguyén t6 bitc xa khong phu
thudc toa do ¢. D6 thi phuong hudng bién
do cha anten trong mat phing vi tuyén s&

0:00

1
la dudng tron (hinh 2.17a), cOn trong mat 12 i
phang kinh tuyén duoe xdc dinh bdi ham \
, i ¢ VINE INE i 12
2 |, t . ". R . — 0(}“
(71 _— BJ (hinh 2.17b). \ ‘j o \ /

Pé xic dinh dac tinh phan cha anten a) b) _4

ta khao sat twong quan bién 46 va pha cua Hinh 2.17

hai (thanh phan Pg va P,

T (2.79) va (2.80) ta thdy hai thanh phin ndy cé gdc léch pha ¢ dinh bang —. Do

oA

dé phan cyc cla trudng, trong trudng hop tong quat, sé 1a phan cuc elip. Céc truc cla
elip tring véi cdc truc toa do tai diém khéo sit.

Bi¢n dd clia hai thanh phan phéan cuc chi phu thude 0; dé thi cla ching duge vé &
hinh 2.18.

Hé s6 elip xdc dinh theo (1.77), khi 4p dung (2.79), (2.80) s& bing:

P
K, =0 = : (2.84)
B, cos0
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Trén hinh 2.18 ciing biéu dién phan bg clia hé s6 elip theo 8. Tir hinh v& ta thay, khi
0= {0°, 180"}, h¢ s6 elip c6 gid tri K, = {1, -1}, ching 16 theo hai hudng vudng géc véi
mét phang cua hai dipdl, phan cuc cha truong 1a phan cuc tron, véi chiéu quay nguoc

. b - - L - - r - 2 i) - .
nhau. Khi 6 = > ta c6 K, = *oo, chimg 16 theo cdc hudng ndm trong mat phing coa hai

dipol, phan cyc cta truong 1a phan cuc thang. Véi cac gid tri khac cta 0, ta cé trudmg
phan cuc elip, vdi he s6 elip duoe xdc dinh bai (2.84).

/2 \

Dang cuc hoa + 3n/2
Hinh 2.18, Hinh 2.19.

Tir (2.83) ta thay ham phuong huéng pha cia nguyén 16 bic xa khong phu thuse toa
do 6. Ham nay dugc xdc dinh boi argumen ca thanh phan phan cuc goc

DO, @) = argf,(0, @) = —[(p + g}

Do thi phuong hudng pha trong mat phing 6 = const cé dang dudmg xodn ¢
arsimet. Hinh 2.19 vé do thi phuong hudng pha trong mat phang xy [9 = gj .
Can luu ¥ rang, d6 thj phuong hudng pha biéu thi sy bién ddi twong d6i cita géc pha

theo cic hudng khao sat chif khong biéu thi géc pha cha trudng bic xa & cac hudng ay.
Pha ctia trudng bitc xa tai méi diém trong khéng gian duge xéc dinh béi gia tri cia ham

63



phuong huéng pha tai diém khao sat, bdi géc cham pha do khoang cach (kR), va boi géc
pha ban dau (phu thudc vao ddu cha biéu thitc modun ham phuong hudng bién do).

Ham phitong hitong chudn héa theo cong sudt cia nguyén 16 tuaniké duge xdc dinh
theo (1.57). Khi ap dung (2.73), (2.74) s&€ nhan dugc:

F2(0, ¢) = l(.;:c.s2 6+1) (2.85)
2

Ta thdy nguyén t6 Tuaniké khong c6 hudng bic xa khong. Bite xa cyc dai s€ nhén
dugc theo hudng 6 = 0° va 6 = 180°.

H¢ s6 dinh hudng & hudng cyc dai, theo (1.85), ¢6 gid tri bing:

3n
max I =1,5 (286)

f]’(cosze + l)sineded(p
00

D

Ta c¢6 bi¢u thitc hé s dinh hudng cha nguyén t6 bitc xa, theo (1.83), duge viét dudi
dang:

D= %(1 +c0s’0) (2.87)
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Chuong 111
CAC NGUON BUC XA THANG

§3.1. TRUGNG BUIC XA CUA DAY DAN THANG CO DONG DIEN

Nhu di bi€l, trudong bitc xa cha mot anten bit k¥ (trong d6 ¢6 anten day) ¢é thé xdc
dinh duoc khi biét phan bd dong dién trén anten. Nhung quy luat phan bd dong dién
trong cdc diéu kién thuc thudng khéng biét duge mot cdch chinh xdc ma ta chi bigt
nhitmg yéu t6 anh hudng tdi ching nhu hinh dang va kich thude hinh hoc cla anten,
phuong phép kich thich dé tao ra dong dién trén anten dy (phuong phdp tiép dién cho
anten) v.v... Vi vy, ¢6 hai bai todn cdn duge giai quyet doi vdi 1y thuyét anten la:

- Xdc dinh quy ludt phin bé dong dién trén anten.

— Xac dinh trudng birc xa cua dong dién trén anten theo qui ludt phan b da bist.

Vice xac dinh quy luat phan b6 dong dién trén anten, trong phan 16n cic trudmg la
nhitng bai todn rat phic tap. D61 véi anten day ching ta s€ dé cap t6i van dé nay trong
¢dc chuong sau. Tuy nhién, khi day dan anten ¢ dudng kinh rat nhd so véi bude séng,
ta ¢6 thé coi phan b& dong dién trén anten tuan theo phuong trinh Télégraf, nghia 1a coi
dong dién trén day dan anten la dong dién
song chay, hoac dong dién séng ditng dang z M®,9)
sin. Bi¢t phan bo dong dién trén diy dan r
s¢ xdc dinh duge trudng bic xa cha day z=12
dan ay.

||

Dé gidi bai todn trén, ta ding hé toa 0
do vudng géc (x, y, z), trong dé truc z duge K2)
chon tring v6i truc day din, géc toa d6 &
trung diém day dan, vA hé toa do ciau (R, 0,

@) ¢ chung gbc toa dd nhu vé & hinh 3.1.

Dé xac dinh truong bic xa cha day
dan theo cic cong thire (1.32), (1.33) cédn X z=-I2
tinh ham bitc xa clia day dén theo (1.7). O
day cin luu y 12 truc day dan tring véi truc
toa do z nén ;R.}p =cos@vap=z.

Hinh 3.1,
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Ta ¢é:

\6"(9, (P) _ I}"eikzcnsﬁdv
v

(3.1)

V' — thé tich chodn bdi day dan.
Vi dong dién chay doc theo day dan nén né chi c6 thanh phan theo /., ta ¢6 thé viét:

o . _ /2 .
G0, ¢) = G0, ¢) = 1, [ Jree®eo®azay,
=142

(3.2)
trong do. /- d6 dai dan anten;
s — thiét dién day dan.

Vi day dan c6 ban kinh rdt nho so v6i bude séng nén cé thé coi tich phan ‘[J"’a’s tai
5
thi€t di¢n tng v4i toa do z ndo d6 chinh bang gia tri dong dién I(z) tai thiét dién ay, ta cé:
_, 12 o
G2(8, ©) = i j ()™ 97
-1/2

(3.3)

Ap dung (1.39) ta xac dinh dugc cic thanh phén ciia ham bifc xa trong hé toa do cau.

B B i 1/2 -
Go(8, ) = —Grsin® = —igsind j I(z)e™c8 4, (3.4)
-1/2
Go(6, ¢) =0
Ta ¢6 céc thanh phan dién tir trudng biic xa cha day dén thing:
L g iR LW e kR 12 o
Eo = ke WG in = L ¢ sinBip J I(z)e’kz':o“o(lz
4t R 4n
-1/2
_'E-(p - 0
" " ' s (3.5)
_ __'k =t - . .——1 . - iz cos
o - e Gl _ ke sin iy J I(z)e™*c 8,
4n R in
-1{2
Hs =0

Nhur vay, trudng bic xa clia day din thing c¢6 céc thanh phan Eg, H,. Phan bs
trung trong khong gian phu thude vao gée ¢, nghia 1a c¢é tinh déi xtmg truc. Do thi
phudng hudng cé dang cua vat tron xoay ma tryc 1 truc day dan.

D¢ xdc dinh trudng bic xa clia day dan cin tinh cdc tich phan trong (3.5). Gi4 tri
cua tich phan nay phu thudc vao do dai day dan va ham phan bg dong dién theo day dan.
Sau day s€ khao sdt cac trudng hop cu thé khi dong dién trén day dan phan b6 theo qui
luat séng chay va qui luat séng ding.
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§3.2. TRUGNG BUC XA CUA DAY DAN CO DONG BIEN SONG CHAY

Gia thiét c6 day din thang, dai /, trén d6 ¢6 dong dién séng chay vdi van téc pha
bang v. Gia su day din duge dat theo tryuc z chia he toa do. Khi ay ham phan bs chia dong
di¢n theo day dan s& cd dang sau:

Izy=1,e" (3.6)
{, = bién d¢ dong dién tmg v6iz = 0

h=2 hé s6 pha clia séng chay truyén lan doc theo day dén.
1’?

Thay (3.6) vao (3.4} va lay tich phan sé nhan dugc ham bitc xa

sin M[{? - COSQJ
2k -
]

Go(8, @) = -1 Isin® 3.7)
ki h J
—| = — cos®
2Lk
Pién trudng birc xa s€ ¢6 thank phin £y
NEE
L su{g[; - cos{ﬂﬂ ik
Eo = 2% ¢ing € i (3.8)
4n ki ( h J R
5 — cosB

Ham phuong hudng trong truong hop ndy ciing chi ¢6 mét thanh phdn theo i,
bang:

[M(h ]]
B B sin Sl 0 ]
fo(8, 0) = WG = —WI_[sin® o (3.9)

-M(h —cosej
24k

Phan tich (3.9) ta thay s6 hang sinf chinh 13 ham phwong huéng cia dipal dién. Néu
coi day dan la tap hop cua cdc dipol dién thi theo 1y thuyé&t nhan d6 thi phuong huéng, s6
hang thi bai cda (3.9) chinh Ia ham phuong hudng 16 hop £(6). ham phuong hudng 16
hop trong trudng hgp nay c¢6 quan hé dén céc thong s6 cha dong dién séng chay (ty s6

i - . .
;’) va do dai day dan. N6 1a ham phuong hudng duge hinh thanh bdi tap hop cac phin
tr day din sap xép theo dudng thing vdi dong dién cé gdc pha bign déi.

Néu ki higéu %(—;—E— - cosGJ = u(0) ta vi€t duge ham t6 hgp dudi dang:

sin (0}

&)=
fi(©) w(0)

(3.10)

67



Khi thi€t 1ap d6 thi phuong hudng cia anten, cin xac dinh gidi han bién déi cta
u(8). B¢ don gidn, ta khio sdt trudng hop séng chay 6 van t6¢ pha bing van téc anh
sdng (v=c) khi dé A=k va

~

u(@) = —’g(l —cosB) (3.11)

Khi 8 bién déi tir (6 — 180°), w(0) sé& bién thién tir (0 — &), nghia Ia £idi han bién doi

, s A At o e 4E s B NE 1 TR
cua « phu thuge vao do dai / cua day dan. Hinh 3.2 v& d6 thi ctta ham s6 —--, két hop
7
e am i - . sinuy
v do thi cua ham $6 4(68). Ham

bang 0 tai cdc gia tri #t =, 27, 37,...
i :

Neéu & < n thi theo hinh 3.2, d6 thi t hop s& chi ¢6 mot mii séng chinh. Né&u &/
nam trong gidi han a < k! < 27 thi dé thi s& c6 mot muli chinh va hai muti phu. Mdi chinh
ludn ¢6 hudng cuc dai g véi 6 = 0°, nghia 12 theo hudng truc day dan. Cang tang do
dai day dan thi 6 mui phu cang tang nhung bién do ciia ching giam rat nhanh.

|sin u‘!
S
1
4 - U
O0n 2rx 3n ki
0 i - u( 9)
|
|
!
Th—=——-
2n
01
Hinh 3.2.

D6 thi phuong hudng clia anten s& 1a tich ctia dé thi phuong huéng riéng va dé thi té
hgp. Hinh 3.3 v& d6 thi chia ham phuong hudng rieng va ham phuong huéng t6 hop theo
6. Trong trudng hop nay ham phuong hudng riéng f,(6) chinh 14 him phuong huéng ctia
dipol dién:

f1(8) = sinB
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Nhur dé biét, ham phuong huéng riéng c6 cuc dai theo huéng 6 = $90° (hudng
vuong goc vdi tryc day dan) va bang khong theo hudng 6 = 0° va 180°. Trong khi do.
ham t6 hgp lai ¢6 cuc dai theo hudng 0° (hudng séng chay trén day dan). Do dé cuc dai
cla do thi phuong hudng cha day déan, cling khong theo huéng truc day, ciing khong
theo huéng vuodng goc, ma nghiéng mot gée so véi tryc day dan. Dé xdc dinh gdn diing
hudng bic xa cuc dai, cd thé cho réng gia tri clia ham s6 sind tai nhiing diém gan vi tri
cuc dai clia né rdl it bién ddi. Do d6 géc cuc dai clia ham phuong hudng s& nhan duge
Ung voi gée cua cuc dai phu thit nhét cia ham t6 hop, nghia 1a khi Isinul = 1. Ta ¢é:

ki b
—(l —cosy=— (3.12
2( cos () 2 ( )

I1,,(0)

T day rat ra duge:
A
cosQy =1 - = (3.13
M 57 .)
P& thi phuong hudng cia
day dan thang c6 dong dién

song chay, véi do dai khic
nhau duge vé & hinh 3.4,

C6 thé giai thich viéc hinh Hinh 3.3,
thanh cac dé thi trén nhu sau:
coi day din dong dién séng o0 o0
chay nhu tdp hop cia cic dipol -~
cé dong dién gidng nhau vé
bién d6 nhung khdac nhau vé
pha. Goc sai pha dong dién cha — L
hai dipol ké nhau 1a £Az. Bac 18 9=0" 180" 0=0"

Xa cua day dan sé la tdp hop

P
R

biic xa cla cdc dipdl va truong
& mot diém nao do trong khong 2700 270¢
gian s 1a tdng vécto trudng tao
hoi cdc dipol phan tir (trudng
giao thoa).

Hinh 3.4,

Bi¢t ring géc pha cta trudng tao bdi médi dipél tai diém khao sit duge xdc dinh boi
hai yeéu 16: gée pha ciia dong dién kich thich cho dipdl (goi tat 12 géc pha dong dién), va
goc chdm pha do séng truyén lan qua khoang cdch tir dipol dén diém khio sdt (goi tit 12
g6c pha khoang ciach). ,

Néu diém khao st & khu xa nam trén hudng vuong gée véi day dan (0 = £90°), thi
theo hudng nay trudng biic xa tao bdi cdc dipol phdn tir s€ ¢6 gée pha khodng cich
giong nhau (do khodng cdch tit cdc phan tr day din dén diém khéo sit bang nhau),
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nhung goc pha dong dién clia ching khdc nhau. Vi vay trudng téng, bang téng vécto
trudng bic xa cta cac phén i, s& nho hon gid tri cuc dai.

Neéu dich chuyéen di¢m khéo st khéi hudng 6 = £90° thi trudng cla cc dipol &
diém khdo sdt ngoai su khdc nhau vé goc pha dong lai thém sy khac nhau vé géc pha
khoang cdch. Sai pha khodng céch cha trudng tao bai 2 dipol ké nhau biing KAR, trong
d6 AR la sai s6 khoang cdch tir hai dipol dén diém khdo sit. Diém khio sat cang dich
chuyén ra xa hudng 0 = +90° thi sai pha khoang cach cang 16n. Gia sir ¢6 thé tim’duge
hudng, ma theo hudng dé sai pha khoang cach (kAR) b dugc cho sai pha dong di¢én
(kAz) thi trudng cda cdc dipol sé dong pha nhau. Khi 4y, néu khéng chii y dén hudng
tinh cua dipol (coi dipsl bitc xa vo hudng) thi trudng téng (bing téng dai s6 trudmg cha
cac dipol) s€ nhan duoc gid tri cuc dai.

Theo céch phan tich trén trudng hop day din thing cé dong dién séng chay vai v =
¢ s& c6 hudng biic xa cyc dai 1a huéng truc day dan, v& phia dich chuyén ciia ‘dong dién
séng chay. Dieu nay phu hgp véi ket qua khéo sit hiam phuong hudng 8 hop £,(0). Tuy
nhién, néu chd y dén hudng tinh cta dipol thi bifc xa cuc dai ciia day din sé khong theo
hudng truc ma nghiéng mét géc, theo hudng ma & dé tich cha ham phuong hudng riéng
vi ham t6 hop ¢6 gid tri 16n nhat.

§3.3. TRUONG BUC XA CUA DAY DAN CO DONG BIEN SONG PUNG

Day dén c6 dong dién séng dimmg duge tng
dung trong phéan 16n cdc trudng hop anten day,
né cd the st dung nhw mot anten doc lap, hoic
dugc dang lam phén tir cho céc anten phic tap. 2 + M(8,0)
Gia slr day dan c6 d¢ dai /, duge dat doc theo
truc z, trén day dan c6 dong dién séng dimg
phan b6 d6i xing véi diém giita ca day (hinh o
3.5). Néu chon diém giita day 1am géc toa do
thi ham phan bd dong dién theo day duac viét

dudi dang;: y y
1(2)z1hsink[é—lzll, (3.14) /

X

b

trong d6, /;, 1a bién do dong dién tai diém bung
song ditng. Néu goi /, 1a bien do dong dién tai
z=01thi/, val, quan h¢ véi nhau boi 12 S

[b - C
K .
sin 2— Hinf 3.5,
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Thay (3.14) vao (3.4) va lay tich phan, s& nhan dugc ham bic xa Go chia day dan cé
dong dién sdéng ding:

172

Go@®, 9) = ~ipsin® | fbsink[i - |z|]e”‘m“dz (3.15)
2
-1/2
DE tinh (3.15), ta tch tich phan dé thanh hai tich phan:
e N 2 / , 0 ] .
Go(0, @) = —iol, sin® Isink[—i - z)e’k”o”edz + I Sink[— + z]erkm”‘adz (3.15a)
0 -1i2

C6 the tinh dé dang cdc tich phan trong (3.15a) theo phwong phép tich phan
timg phan

cx

J.sin(ax + bYe“dx = [C sin{ax + #) —acos(ax + b)]

a+c¢
Ta nhan dugc:

ki ki
. : 21 cos 5 cosf | - cos--z— i
Go(0, ¢) = ——Lsinb i (3.16)
k sin’ @

Ap dung (3.5) ta xdc dinh dugc cudng do truong buc xa coa diy dan dong dién
song dimg

cos k-; cosB |~ cosg
= w2 2 e k-
Eo =1 - o
27 sin 9 R
Eo =0
¢ 3.17)
[ J ki
cos| cosO|-cos ! _,

tlb ‘2 ko

2n sin9 R "
ﬁo =0

Ham phuong hudng cta anten trong trudng hop nay bing
kl

B B YW1 cos(é—cos@} — cos 5 |-
fo(8, @) = WGo(8, ¢) = —=""Lsin0 - io
k sin” 0
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Cuc dai ctia ham phuong hudng s& dat duoc khi § = g
cuc dai nay bang:

@ o =2V [1 . cosg]

max k

Ham phuong hudng chudn héa sé bang:

B cos(2
Fyg(6, @) =sinB

2
sin? 9[1 - cos HJ
2

Tir day ta nit ra duge ham phuong huéng t8 hop chudn héa:

[k! ] ki
cos| —cosB | — cos 2

F (8, 0) = v
sin:2 9[1 - COs—- J
2
OU
270”////ﬂ_Hx\\\////#—ﬁE\\\ 90" jE;;;:EBZi:;;;%\
UU 2? 0 90{]
1807 0
a)/1=0.5,20,, = 80°
OU
180"
2700 N 90" A lUA=15
180°

b) l/A=1.0;20,, = 44°

270" 90"

OU 2?0[) E

71,
N

180"

180"
) VA =1.25;20,, =31 e)IA=2.0

Hinh 3.6.

™ Ta ¢6 tri tuyét déi cia

(3.18)

™) bigu nay diing khi 1/A nhé hon mét gisi han nhat dinh. Van dé niy s& cdn dé cap dén & phén sau.
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Ta thdy ham phuong hudng anten ciing chi phu thuéc vio géc 6, nghia 1a bic xa
ctia anten ¢6 hudng tinh trong mai phang E va vo huéng trong mat phang H.

D6 thi phuong hudng anten tng véi cdc trudng hop do dai day dan khdc nhau duge
vé ¢ hinh 3.6.

D¢ giai thich sy khac nhau ctia céc d6 thi phwrong hudng anten khi chiéu dai day dén
thay dét, ta chia day anten ra nhiéu phin nhd Az. Trén méi doan thing vi phan &y, bién
do dong dién ¢6 thé duge coi 1a déng déu — bang 1(z) v6i z 1a toa do cha trung diém doan
thang vi phan (hinh 3.7).

Khi d6, day dan dong dién séng ding ¢6 thé duge xem 14 tap hop clia cdc dipol dién
ma quan hé bién do va pha ctia ddng dién giita cic dipol phu hop v6i dang phan b6 clia
dong dién séng dung trén day. Bay gid ta khdo sat dic diém cua céc dé thi phuong
hudng vE& & hinh 3.6 va giai thich cdc dac di€m ay. C6 thé rit ra cac nhan xét sau 0 cdc
do thi trén:

— Day dan dong dién séng ding khong bifc xa theo hudng 6 = 0° va 180° vi day
duge coi la tap hop cha céc dipol dién, ma méi dipol déu khong bitc xa theo hudng truc.

— Khi day din ¢6 d¢ dai nho, d6 thi phuong huéng chuan héa cé dang gin gidng do
thi phuong huéng cta dipol dién. Tuy nhién, néu xét k¥ thi do rong clia dé thi hep hon
(hinh 3.6a). Biét rang trudmg bic xa cla day dan tai di€ém khao sit bing t6éng vécta clia
treong tao bdi cdc dipol thanh phian. Khi do dai cha day rdt nhod, dong dién & mot diém
trén day s& dong pha nhau. Déng thdi vi ¢6 thé coi khodng cich tix cdc dipdl dén dém
khao sdt dai bang nhau (R = R)) nén trudng
bifc xa cua cdc dipol riéng 1€ s€ déng pha
va dugc cong dai s6& v6i nhau. Bién do
~ cuong do trudng biic xa cha day dan & cdc
diém trong khong gian déu tang lén mét s6 1”2
lan giong nhau so v&i cudng do trudng bitc
xa cia mot dipol riéng ré. Vi vay, dang clia
d6 thi phuong hudng chudn héa clia day ’
dan, xét mét cidch gin diing, s& khong khéc
vGi d6 thi phuong huéng clia dipol, Néu xét
k¥ hon, ¢6 chi v dén sai pha khodng cich
ctia cc dipol thanh phan, thi dé thi phuong (2
huéng clia day din hep hon dé thi phuong ’
hudng cha dipol.

~ Khi tang dan d6 dai day dan (trong
gidi han van dam bao phan dong pha cla

dong dién trén day, nghia 1a khi % < 0,50)

Hinh 3.7.
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thi d6 thi phuong huéng s& hep dan lai. That vay, sit tang do dai day din trong gidi han
noi trén s€ twong duong véi viée ting sé dipol déng pha sip xép theo dudng thang
Cudng do trudng & khu xa, trén hudng vuong géc véi day dan sé bang tdng dai 56 cudng
do trudng cia cdc dipol riéng 1€ vi theo hudng nay khéng c6 sai pha khoang cédch. Bic
xa duge tang cudng theo hudng 8 = +90°. Khi dich chuyén diém khéo sit khoi hudng
8 = +90° s& xudt hién sai pha khodng cdch. Theo hinh 3.7, g6c sai pha khoang cach clia
trudng tao boi dipdl O toa d6 z va dipdl d géc toa do s 1a:

Ap = kAR = kzcos0 (3.19)
trong do, O 1 hudng clia di€ém khao sit so véi tryc z.

Cudmg do trudng tai diém khao sat trong trudng hop nay s& nhé hon truting & hudng
6 = +90°. Tong vécto s& gidm nhanh néu diém khao sat cang dich chuyén ra xa huéng
&= +90°, hoic khi d¢ dai day dén fang (z ting — A ting). Diéu nay cho phép giai thich
hién tugng ting hudng tinh anten khi ting chiéu dai day dén.

— Khi tang do dai day din qud giGi han mot bude séng (I > A), vi du khi % = 0,654,

s€ xudt hién khu vyc dong dién nguoc pha (hinh 3.8b). D6 thi phuong huéng c6 xu thé
hep lai, nhung dong thai sé xuat hién cdc cuc dai phu (hinh 3.6¢).

-
f
r
/

a)l/2=054
N N Yl ™
N =
cyitfi2=A b} 12=06254

Hinh 3.8.

Viéc thu hep d6 thi phuong hudng khi tang / ¢6 thé duge gii thich nhu da trinh bay
¢ trén, con viéc xudt hién cac cuc dai phu duge giai thich nhu sau. Bic xa theo hudng
vuong géc véi truc day dan ciia cic dipol thude khu vuc dong dién nguge pha (vi du khu
vic mang ddu am trén hinh v&) s€ bi triét tieu badi biic xa cla cdc dipol thude khu vie
dong dién mang dau duong, vi theo hudng nay khong ¢6 sai pha khoang cdch nhung sai
pha dong dién bang m. Néu dich chuyén diém khdo sdt khéi hudng 6 = £90° thi s& xuat
hién géc sai pha khoang céch cha trudng tao boi cdc dipol thudce hai khu vue néi trén. Ta
c6 thé tim dugc huéng 6 ma theo hudng dé sai pha khoang céch cha trudng tao bdi hai
khu wvic dong dién sé bang nt (A = 180%). Téng sai pha clia trudng trong trudng hop niy
(bang sai pha dong dién cong sai pha khoang cich) s& bing 27, nghia Ia trudng bitc xa
tao bdi cde dipd! thude hai khu vye dong dién nguge pha sé trd nén dong pha nhau, va
hudng do s€ xuat hién cuc dai phu.
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Ti€p tyc tang do dai day dan thi cudng do trudng theo hudng 0 = +90° s& giam (do
anh hudng bitc xa clia cic dipol ¢6 dong dién nguoc pha gay ra), dong thdi bién do cuc
dat phu s€ tang (hinh 3.6d).

Truong hop % = ) (phin bo dong dién duge v& & hinh 3.8¢) rd rang la truding biic

xa theo hudng 6 = +90° & hoan toan bi triét tiéu, con cic cuc dai phu s€ tré thanh cuc
dai chinh cua anten.

§3.4. BUC XA CUA KHE HEP TREN MAN DAN DIEN

Trong chuong 11 chiing ta dd khdo sdt bai todn bifc xa cla mot nguyen 6 khe (khe
hep trén man dan dién 1y twdng rong vo han, ¢6 chiéu dai rat nhd so véi bude séng).
Trong thyc t€ thudng dng dung cdc khe bic xa c6 do dai so sanh duge vdi bude song,
dugc kich thich boi nguén sie dien dong (SPP) dat & tam khe (hinh 3.9).

Duéi tdc dung cia SDP dat vao khe, trong khe
s€ xudt hién cdc dudng sic dién trudng huéng vuong
géc vi hai mép khe. Pién p giifa hai mép khe bing '
tich cua cudng d¢ dién trudng véi do rong cua khe W
(U = Eb). Ta ¢6 thé coi gin ding mdi nira cla <
khe giong nhu moét dosan day song hinh ma hai
nhdnh day 12 hai mép khe duoc néi tit ddu cusi (tai )
=+l

2

Khi ay phan b& dién ap doc theo khe s& tuan
theo quy luat sin, cé nit dién 4p & cudi khe, va bung
dién dp o diém cdch nit dién 4p mot phdn tr bude —
song. Vi dién dp gita hai mép khe ty 1& v6i dién
truong trong khe nén ¢6 thé thiy rang phan bé clia
dién trudng doc theo khe ciing tuan theo qui luat séng
dimg. Tuong ty nhu khi khdo sit khe nguyén 16, ta ¢6 thé coi khe tuong duong véi mét
day dan tir ma dong tir cha day dén c6 quan hé véi dién dp trong khe theo cong thuic (2.26).

14, (2) = ~2bE . (2) = —2U o (2) (3.20)

_'__
=
R

Hink 3.9,

trong do, Uy, (2} 1a dién dp séng ditng, phan b6 déi xing déi véi tam khe
U l2) = Ukhcsink[—; -1z |J (3.21)
Uphe = dién dp & di€m bung séng ditng.

Do d6 T4, (2) = = 2W e sink(é —1z 1] (3.22)
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Tuong wr nhu trudng hop ddy din ¢6 dong dién song ding, ta ciing ¢6 thé xem khe
nhu tap hop cua cdc dipol tir, ma dong tir tréen méi dipdl cé gid tri xdc dinh bdi (3.22),
trong dé = 12 toa do cta trung diém dipol.

Ht

Néu goi —2U ., = 1py;, la bién do dong tir & diém bung thi (3.22) s& c¢é dang
giong (3.14). :

Dé xdc dinh trudng bidc xa clia khe ¢6 thé dp dung nguyén 1y déi lan (0.3) khi bit
trudng bic xa cla day dan dong dién séng dimg (cong thitc 3.17).

1

Thay /;, bdi Tiday = —2U e ta s€ nhan duge cdc vécta dién tir trudng bic xa cua

—m i
khe Ho va Egp:

cos {- cosO | — cos -
1 . Ubkhc I ) 2 _fkR -
=1 N — I
Tl s1n 0 R
ki kl 523
COos [-—— cos BJ —COS | g
T Uphe 2 ‘ 2 e "
W sin0 R

Theo nguyén 1y déi lan cla trudng dién t, va cin cif vao cdc cong thic (3.23) ¢6
thé nhan thay rdng, trudng bic xa cla khe ¢ huéng tinh trong mat phdng H (mit phing
kinh tuyén) va vo hudng trong mit phang £ (mit phiang vi tuyén). Dd thi phuong hudng

cua khe trong mat phang kinh tuyén phu thudc vao 3 phu hop véi do thi phuong hudng

cua day dan dong dién séng ding cd kich thude gidng kich thudc ctia khe. So sdnh
(3.23) va (3.17) s& tim Juoc diéu kién dé day din séng ding va khe cé dién trudng birc
Xa bang nhau:
£
Upkne = Wi, (3.24)
2

bién dan birc xa cla khe ¢6 thé xdce dinh duge khi bict di¢n trd bire xa clia day din
dong dién s6ng ding twong tu véi nd (giong nhir khi tinh dién dan bic xa cha nguyén 6
khe, cong thic (2.29).

Trong thuc 1€, cdc khe bic xa thuong duge duc trén thinh 6ng dan séng hay hoc
cong hudng. Khi dy, khe chi bitc xa vdo nira khong gian phia ngoai cla 6ng dan séng
hay héc cong huong. Do d6 trudng blc xa s€ ¢d gid tri I6n gip hai lan cac gid tri xac
dinh bdi (3.23).
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§3.5. DO DAI HIEU DUNG CUA ANTEN

Mat trong nhimg thong s6 dac trung cho cic ngudn bic xa thang (vi du anten day)
Ja do dai hiéu dung cia anten.
Nhu di khdo sdt & trén, d6i vai day dan thang ¢6 dong dién, haim bifc xa duoc xéc
dinh trong hé toa dé cau bai:
!

_ ~ 2 I
Go(0, ©) = —ipsin® J;(z)eszcosodz
!

2
Phén tich biéu thec trén ta thay c6 thé biéu thi ham bitc xa cta day dan qua biéu thite
ham phuong hudng chudn hda va bién d¢ dong dién tai mot diém chon bét k¥ trén anten:
Ga(®, ¢) = — Lyl Fy(8. ¢)in - (3.25)
trong d6, Fy(6, ¢) — ham phuong hudéng chuan héa;
/, ~ bién do dong dién tai diém chudn bit kv trén anten;
L, ~ h¢ s6 ty L&, ¢6 thit nguyén chiéu dai. Ta goi hé s6 nay 1a dé dai hiéu
dung cla anten.
Vi ham phuong huéng chuén héa Fg(0, @) & huéng cuc dai ¢6 gid tri biang | nén tu
(323 tacd:
(Goto, @) —>=-L,, (3.26)
hpat: ke

Po dai hiéu dung cia anten duge xdc dinh theo (3.26) bang:
-{Go(6, @)} __
"= 7

[

(3.27)

. Nhur vay, tuy theo diém chudn duge chon trén anten s& ¢6 céc gid tri /. khédc nhau,
v do dé ¢6 qui ude do dai higu dung khic nhau, Thong thudng, diém chuan duge chon
1a diém cap dién cla anten.

Thay (3.25) vao (3.5) ta ¢6 biéu thifc cudng do trudng biic xa duge biéu thi qua do
dai hiéu dung dudi dang:
—ik e ik e

E=_" WG, ig = —
i4r R 0% " 4

boi véi cic anten khéc, bing cdch phan tich tuong w nhu trén chiing ta cling c6 the
dua biéu thic cudng do trudmg bl xa vé dang (3.28), nghia la biéu thi cuong do truong
qua ham phwong hudng chuin héa, qua dong dién tai mot diém chon tuy ¥ trén anten, va
mot he s6 ty 1€ ma ta goi 1a do dai hiéu dung:

WLy Fy (8. ¢)io (3.28)

_flkh’

R

€

E = ;iWLHJ(.}?(e, ©) (3.29)
P
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Nhu vay do6 dai hiéu dung L, c6 thé dugc xdc dinh bang cdch so sdnh (3.29) véi
bi€u thitc da biét clia cudng dé trrdng blc xa boi anten. DS v6i anten day, do dai hicu
dung cling c6 thé dugc xdc dinh bing cich tinh truc tiép theo (3.27).

Ta hdy khao sat mot vi du d6i véi trudng hop day dén thang 6 dong dién séng ding.

Biéu thitc (3.17) ¢6 thé dugc viét lai dudi dang sau: _

k!

cos A cosB | — cos
— kW I, kY L2 T2 |- e
Lop=i———“—11~cos— || — fo——— (3.17a)
dn n . ki 2 . ( !d] R
sin - sinB| 1 — cos -~
2 2
Néu chon di¢m cdp dién ctia anten tai 2= 0, tac6 [, = /. D& ¥ ring
(kr‘ ] ki
cOS 5 cos0 | - cos--- o
v i = I, ¢)
Sine[l - cos J
2
va doi chicu (3.17a) vai (3.29) ta rit ra duge;
ki
A I—cos—é
= 3.3
Ly T (3.30)
sin—
2

Ciing ¢6 thé nhan dugc biéu thite (3.30) khi tinh todn trie tiép theo (3.27). Nhu di

. I N R . - . L .
khao sat ¢ phan trén, bic xa cire dai cha anten dat duoc tai 6 = J_rE . Ta cé:

' 12
¢ ¢ T
{Ge(e' ‘P)} = {Ge (9 = (P]} = - _[ [(z)dz
maX 2
-112
Van chon di€ém cdp dién 1a diém z = 0 (/. = 1), theo (3.27) ta ¢6:
12
L, =L [RIGEE (3.31)
[ _!J'Ifz

Neéu thay /(z) bat (3.14) vao (3.31) thi:

1 szosink[é—zJ 0 Iosink[é_Jer
Ly =— ——=dz + j dz

o] g sin M 12 sin —
2 2

Sau khi tinh todn s€ nhéan duoc
1l — cos K
Ly=—"—=
Y
sin

2
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Két qua nay phu hop hodn (oan véi (3.30).
Nhu vay, d6 dai hi¢u dung ciia anten ¢ gid tri khdc do dai hinh hoc, va phu thuoc
vao budc séng. Dol vai day dan co dé dai /= > theo (3.30), do dai hieu dung ¢é gid tri

. A s
bang [, = —, nghia la chi bang 0,637 /.
T

Truong hop day dan cé do dai rat nhd so véi bude séng (vi du dipol) khi ay

— << b, tacd;
2

kI
A 1 — cos—j-
Ly= lim | ——=

H i2=0| . Kk

sin
2
Ap dung qui tic Lopital, ta tinh duoc
Ly — L =/ (3.32)
T 2 :

nghia 13 d§ dai hiéu dung ti€n téi gid tri bing do dai hinh hoc clia anten.

Tir cong thitc (3.31), (3.32) ta thay cling c6 thé dién ta khéi niem d6 dai hiéu dung
thco quan diém vat Iy nhu sau: biét ring tich phan xdc dinh trong (3.31) chinh 14 dién
tich gidi han bgi dudng cong phin bé cua dong dién trén diy dén va truc day dan. Goi
di¢n tich nay 1a S, ; theo (3.31) ta ¢cé:

Sy=1Ly (3.33)

Nhu vay, d6 dai hiéu dung c6 thé duge coi 1a chiéu dai ctia mét canh hinh chit nhat,
¢6 dién tich bang tich clia bién do dong dién tai diém cap dién va do dai ay. Tir day ta cé
thé phat biéu: do dai hiéu dung cha anten 13 d dai ctia mot anten day gia dinh ¢6 dong
dién phan bd dong déu véi bién do bang bién do dong dién tai diém cap dién cla anten
khao sat, khi thod min di€u kién bang nhau vé cudng do trudng & hudng bite xa cuc dai.

Quan hé ciia dj dai hiéu dung voi cde thong so khdc cua anten

D¢ khao st quan hé nay, chiing ta s& tinh cong sual biftc xa clia anten theo phuong
phap vécto Poyting va theo dién tro bifc xa ciia anten. Theo phuong phdp vécto
Poynting;:

k(s

j j EP R%sin0d6dg

Thay £ bdi (3.29) ta cé:
n 2n

|1[ [ ] E20. 0)sin0d0do (3.34)
8--0 -0

Py =

812
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Ap dung (1.85) ta ¢6 thé thay thé tich phan kép trong (3.34) bgi —"

. Céng thixc

max

2
wr {Ly ),
R =3p ( ;] ief o

max

(3.34) s€ duge don gian thanh

Mit khéc, cong sudt bic xa c6 thé tinh theo dién trd bitc xa va dong dién trén anten.
1, 2
Po= 5\1{.\ Ry, (3.36)

So sanh (3.35) va (3.36) ta nhan duoc:
[

Ly = x[iDmﬂfRﬁf ]2 (3.37)

Wn

Khi thay (3.37) vao (3.29) ta s& nhan duge biéu thitc lién hé gitta cudng do trudng
bdc xa cla mot anten bat ky véi cic thong s6 khac cua né dudi dang:

WR. D _ — o~ kK
E=il J-—Zmx pg ,
c 4x (6, 0) R

g day /.12 dong dién & diém chuan (duge chon tuy ¥ trén anten), con Ry, 12 dién tr¢
bitc xa tinh theo dong dién & diém ay.
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Chuong IV

LY THUYET VE CHAN TU pOI XUNG
e —

§4.1. PHAN BO DONG DIEN TREN CHAN TU BOI XUNG

Chan tr d6i xing la mot trong nhiing nguén bitc xa duge sit dung khd phd bién
trong k¥ thuat anten. N6 ¢6 thé duge xem ta mot anten doc lap, hoan chinh (anten chin
tir doi xing), dong thoi trong nhidu trudng hop né ciing 1a phan tir dé ket ¢8u nhimg
anten phirc tap.

Theo dinh nghia, chan tir d6i ximg 13 mot

cau trnic gobm hai doan vat din (hai doan nmy | pb— " — | m

- 2 - . ' - - - ' - 2a (J) ‘.\’S (7 l:l\
co th¢ ¢6 hinh dang tiy y: hinh tru, chép, T - :
elipsoit v.v... cé kich thudc giong nhau, dat — I,
thang hang trong khong gian, va & giita duoe @f——“’“}ﬁ T
noi véi nguon dao déng cao tan (hinh 4.1). e R

Trong mot s6 tai liéu k§ thuat | ngudi ta “‘R————f>m(‘*-——————-~‘)

cang diung thuat ngd anten dipole ( anten Hink 4.1

luéng cure) d€ chi cho chin tr dsi ximg, con
dipol di¢n dugc khao sdt & chuong 2 cta tai liéu nay thi chinh 1a mot trudng hop riéng
cua chin tlr d6i xitng .

Mot trong nhiing vin dé co ban khi khao sét cac anten i xdc dinh trudng bitc xa tao
ra trong khong gian, xdc dinh cdc théng s6 nhu tro khdng buc xa, trd khdng vao cha
anten. D€ tim trudng bic xa, nhu d3 biét, cin xdc dinh ham phan bg dong dién trén
anten,

Diy la mot bai todn phitc tap, dd c6 nhiéu cong trinh nghién citu va giai quyét.
Trong chuong nay s& (rinh bay phuong phdp gin ding dé xdc dinh phan bo dong dién
teén chan tu. Trén co s& d6 s& ¢6 101 gidi gan diing bai todn xdc dinh trudng biic xa va
cdc thong s6 cha anten chan tir. Chuong tiép theo s& trinh bay phuong phdp chinh xdc dé
xdc dinh phin bo dong dign trén anten, trong d6 ¢6 chén i, nhe tng dung phuong phap
moment la phuong phép c6 hicu qua dé giai cdc phuong trinh tich phan.

Gia str chéin tir ¢6 dang nhir v& & hinh 4. 1a, v6i ban kinh ¢ rat nho (chan tr lam bing
day dan dién hinh tru, rdt manh). Phuong phdp gin ding xéc dinh phan bé dong dién
trén chan 1o doi xtng dua trén suy luan vé su tuong ty gitta chan tir d6i xitng va dudng
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day song hanh h& mach diu cudi khong tdn hao, dugc goi 1a phuong phép 1y thuyét dudng
day.

That vay, tir dudng day song hanh (hinh 4.2a) c6 thé bi€n dang dé nhan duoc chan
tir d6i xing (hinh 4.2b) bang cdch md rong ddu cudi cha duding day dén khi géc md giita
hai nhanh bang 180°. Viéc md rong ndy s€ lam mat tinh d6i xing cla dudng day song
hanh va tao diéu kién dé hé théng cd thé bitc xa séng dién tir nhu khdo sdt & §0.3. .

Gia st khi bieén dang dudng day song hanh thanh chén wr doi xing thi qui luat phan
bo dong dién trén hai nhanh van khong thay déi, nghia 13 vin ¢6 dang séng dimg.

Iz(z)zlbsink[é~1zlJ (4.1)
I, — bién do dong dién o diém bung séng ding;
% — do dai mot nhanh chan to.

Tuy nhién, nhitng suy luan vé su
trong tu néu & trén chi ¢é tinh chat z
gan ding, vi tuy ca hai hé théng -
(duding day song hanh vi chdn tlr) déu z=ii2 T
1 cdc h¢ théng dao dong véi thong s6 >

phan bd nhung giita ching cé nhitng | n ! s

diém khdc nhau: | |z é N
- Cic thong s& phan bo cua dudng @ e S
day (L,, C,) khong bién déi doc theo a) S /
day, con thong s6 phan bd cia chén th S/
thi bi€n doi tmg voi cdc vi tri khac P
nhau trén chan tir (hinh 4.2b). z=-2p="" g
— Dudng day song hanh thyc € 1a
hé thong ding dé truyén dan ning
luong chit khong phai h¢ thong biic xa, con chan tu 1a hé thong bic xa.

Hinh 4.2

— Trong duding day song hanh hd mach diu cuéi, dong dién chi déi theo qui luat
song ding thuan tuy (dang sin, cong thic 4.1) khi duong day lam tir vat dan 1y tuong
khong 16n hao; ¢on d6i v6i chan i, ngay ca khi duge cdu tao tir vat dan ly tudng cling
ludén ludn ¢d su mat mat nang lugng do birc xa (mat mat hitu ich). Do dé, nd1 mot cach
chinh xac thi phan bo dong dién trén chin tir s& khong theo qui luat séng ding thuan tuy
hinh sin. Tuy nhién, dé1 v6i cdc chan td rat manh, (duong kinh 2a < 0,01), khi tinh
truong & khu xa dua theo gid thiet phan bé dong dién hinh sin cling nhan duge két qua
khd phir hop véi thuc nghieém. Vi vay, trong phdn [6n cdc tinh todn k§ thuat ¢é thé cho
phép dp dung gia thiét gdn ding ve phan b8 dong dién song ding hinh sin. Véi gid thiét
trén, t.rtrc‘ing bitc xa ctia chan ur s& duge xdc dinh theo cong thire (3.17).

Truomg hop chan i duge dat trong khong gian ty do, W = 120x, ta ¢é:
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cos[—’g cos 9] - Cos ki
_ 60 _:
EB _ I Ib 2 : e fk;f
R sinb
hoic
ki ki
. cosf - cosO | —cos -
i 1607, 2 2 _ik
Eo=— i et
Rsin 2 sin

1, — dong dién & dau vao chan tir (tai z = 0).
. ki
I, =1,sin B

Biét qui luat phan b6 cia dong dién trén chan tr s& xdce dinh dugc qui luat phan bg
gan diing cha dién tich bang cich dp dung phuong trinh bdo toan dién tich. C6 thé gia
thiét dong dién trén chan i chi ¢é thanh phan doc 1., dién tich nam trén bé mat day va
¢6 mat do dai Q.. Ta ¢6 phuong trinh bdo toin dién tich duge viét dudi dang:

/ (R
d, +inQ, =0 (4.2)
dz

I.=2naJ_ - bién d6 dong dién tai toa do z cla chan tir;
J. — mat do6 dong dién mat;
(. — dién tich mat trén mot don vi chiéu dai chan tir.

Giai phuong trinh (4.2) d6i v6i 0., trong d6 thay {.bai (4.1), ta ¢é:

(4.3)

Qui luat phan bs dien tich trén chén ti doi xing duge biéu dién bang cdc dudng nét
rdi trén hinh 4.3,

Tir hinh 4.3 ta thay

I __Q I _MQ o
ui luit phin bd dién /_>\ /—>\,\/ 7
qui luat p 1€ /@ \ / — 3 ~

tich doc theo chin tr doi

xiing cling c¢6 dang a)A=05 bylii=1.0
twong tu nhu qui luat
phian bd cha hiéu dién

I Q. B
the trén dudng day song m @///_’\

hanh hd mach dau cuéi, .

khong tén hao. c)lA=125
Hinh 4.3,
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Tuy nhién, trong ly thuyét anten can chi ¥ sir dung khai niém dién thé rat than trong
vi trudng cla anten thuc ra khong phai la trudng r#¢. That viy, trong trudng thé thi dién
dp gifta hai diém bat ky (hiéu thé) s& chi ¢6 mot gia tri duy nhat, khéng phu thude vao
dudng di tir di€m nay dén diém Kia; con déi v6i chan tir d6i xing, dién ap giita hai diém
trén chan tir s& phu thudc vao hinh dang va d6 dai clia doan day do mic gilfa hai diém do
va dung cu do, nghia & phu thuoc
vao dién tich duge khoanh boi day
do va phan chan tir nam gitta hai
diém do 4y (hinh 4.4).

Khéi niém di¢n dp cé thé duoc
dp dung gan ding cho 1y thuyét
anten chi khi ndo khoang cdch giita
hai di€ém rat nho so véi budc song.
Vi du khi do di¢n dp giira hai diém Hinh 4.4
dau vao chan ul,

Mat phang gac
cua dién thé

1

§4.2. TRO KHANG SONG CUA CHAN TU

Tuong ty nhir dudng day song hanh, d6i vi chén tlr ddi xing ciing c6 thé dua vao
khai niém tr& khang séng. Theo 1y thuyét dudng day thi trd khang song cla dudng day
song hanh khong ton hao bing:

Pa =~ (4.4)

L, — dién cdm phan b6 cta dudng day;
C, — dién dung phin bd ctia dudng day.
Mat khac ta cé:
1

1
JLC, e

Néu duong day duge dat trong khong gian ty do thi p = p,,, € = €,. Trd khdng séng -
clia dudmg day cd thé duge biéu thi qua thong s6 clia méi trudng vi mot trong hai thong
s0 phan bo L,, hoac C, cua dudng day:

= v la van téc séng truyén trén dudmg day.

|
ﬂ
o

jarl
©

4.5
C, (4.5)

Dai véi dudng day song hanh, C,| la dai lugng khong bién déi theo chiéu dai day va
duge xédc dinh béi kich thude clia dudng day. Khi biéu thi trd khdng séng qua cic kich
thudce hinh hoc clia dudng day, cong thite (4.5) sé ¢6 dang

84



pu= 276152 (46)
&

D — khodng cich giita hai day dan (tinh tir truc day);
« — bdn kinh day dan.

Dai vai chan ty déi xing hodc cdc loai anten day khdc, ¢6 thé 4p dung (4.5) dé tinh
tro khang séng cia anten nhung cin chd ¥ rdng dién dung phan b C, & day khong phai
la hang s6 ma thay déi doc theo chiéu dai cla chan ti. Vi vay, khi tinh C| cn 1ay gid tri
trung binh coa nd, nghia la 14y dién dung finh téng ¢ong cba anten chia cho chiéu dai f
cua chan ta.

Theo dinh nghia vat 1y, gid ui cua dién dung bang ty s6 cla dién tich chia cho
dién the

Co6 nhiéu phuong phdp dé xdc dinh dai lugng niy. Mot trong nhing phuong phap dé
dugc gi6i thiéu trong bai todn sau day"™.

Tinh trg khdng séng

cua mot diay dan hinh +

tru 6 chiu dai A bin 24 (|} - — — = - ;*
kinh « ¢hinh 4.5), v&i * B % ) )

gia thiét dién tich phan - M b —— (=M -

b6 déu theo day dan vdi

mat d6 dai 1. Khi dy Hinh 4.5,

dién tich trén mot doan

vi phén s€ 12 tdz. The cua dién tich &y tat diém O ndm trén truc day dan duge xdce dinh
boi:

du = S (4.7
drer
trong dé
= az + "

Vi trf clia diém O trén day dan duoc xdc dinh bdi khoang cdch tir diém d6 dén hai
dau day dan n/i va (I — n)A.

Thé tao bai cdce dién tich phan bo trén day dan tai diém O sé la:

) Anten - Nadiénhenco.
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. {nh dz {1 nif
U= .
4ne {3[ \I'h' Z (-)[ a + - -2 }

_ 22
+ 1 +ln{(l n)-;-i'-+ Umh-&]} (4.8)

a az

- I n = .z & - # By o - nt L - - - -
Vi LIS I nén d¢ tinh gan ddang c6 theé bo qua tri $¢ 1 nam trong c¢dc can s6 cha
o

cong thic trén, ta ¢d:

> -
I = ----T--—-{ln Int +1n 21 mh} =t {21:1& +Inn + ln(l—n)} (4.9)
4ne i a 4me d

Khao sdt d6 thi ctia ham s6 U(n) (biéu thitc (4.9)), ta nhan thdy & gin hai ddu day
dan (m =0 va 1 = 1), dién th& bién déi rdt 8 rét, cOn & khoang gitra tri s& cta né chi
bién doi it.

DE tim gid ui trung binh clia dién the day dén cdn tinh tri trung binh ciia U(n) trong
khoang n = (0 + 1). Vi ¢hi hai 56 hang cu6i trong (4.9) phu thudc vao n nén ciing chi
cin lay trung binh déi vo1 hai s6 hang nay. Véi khodng 1dy trung binh bing don vi, gid
tri trung binh s& chinh bang tich phan xdc dinh cla cdc ham s6 trong khoang (0 — 1).
Do do:

U, = —-

h =

- 21n—+ Inndn + |In(l d
o Jnnj(n)n]

Sau khi thuc hi¢n tich phan s€ cé:

2/
U, =— 2 —2} (4.10)
4ne | a
bién dung tinh cua doan day sé la:
:UQ:T_“:___TL (4.113
I
th th 2[111 Qh_ B l]
4]
bién dung phan b cta doan day dan sé ¢6 gid tri bing
dme
c - ?C, - dme 4.12)
!
z[m h_ 1]
£}
Thay (4.12) vao (4.5) ta ¢6 tro khdng séng cha doan day don:
24
b= (m—’ - 1] (4.13)
27 a
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Néu mor trudng la khong gian tir do thi Ho _ W, =120mn, ta cé:
80
21
p(,=-60(1n—’—1] (4.14)
o

Bé1 v6i chan t doi xang, dién dung tinh gifra hai nhénh chan tr duoc tinh bang ty
s0 di¢n tich cua mot trong hai nhdnh chia cho hiéu th€ giita hai nhdnh dy. Trong truomg
hgp nay, vi di¢n thé cua hai nhanh trdi ddu nhau nén hi¢u the s& 1én gip doi so véi dién
the cia mot nhanh (gap hai lan ri 36 xéc dinh theo (4.10). Do dé dién dung phan b clia
chan tur doi xing s€ giam di mot nira, va trd khdng séng s€ tang gdp doi so véi mot day
dan don.

Cha y rang, trong truong hop nay i = 2 (40 dai cua mot nhanh chin 1), ta et

Py= 120(111i - ]) (4.15)

a

Tra khiang séng cua chan tir tinh theo (4.15) sé dat duge d¢ chinh xdc cho phép khi
chan tir ¢6 chiéu dai tuong d6i ngin so v6i bude séng (khi I < A). Khi tang do dai chan
1L, sal sO € 1ang theo.

Cong thic chinh xdc hon dé tinh trd khdng séng clia chan tir khi do dai / > & 1a cong
thitc cla Kesenich:

Pa= 120[lni—[3)0m (4.16)

Tid

trong dé £ = 0,5772 1a hang s6 Oler.

§4.3. CONG SUAT VA DIEN TRO BUC XA CUA CHAN TU BOI XUNG

Cong sudt bikc xa cta chdn tir d6i xing c¢6 thé dugc xdc dinh theo phuong phap
vécto Poynting, giong nhu khi tinh todn dipol dién. Theo phuong phap nay, cédn tinh
thong lugng tong cong cla vécto Poynting qua mét mat cdu bao boc chin ur, khi mit
cau co ban kinh kha lén so véi budc séng.

Ta chon mat cau va hé toa do nhu & hinh 4.5, vdi tam chan tir dit tai goc toa do va
truc = ll'ﬂrlg vai truc chdn fr. Lay mot dién tich vi phan ds trén mat cdu, gia tri cta né
bing:

) Cong thirc (4.15) thue ra cfing chi T gan ding vi khi tinh todn d3 st dung gid iri gdn ding coa dien

. L s f 3
dung phan bo. B¢ tinh todn chinh xdc hon c6 the dp dung cong thic sau: p, = 120{111——0.69 1|

f )
{Korbanskr 1.N).
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ds = R*sin® dod®  (4.17)

Cong suadt buc xa coa chan te
truyén qua phén tr ds bang:

dPy =S, dy (4.18)

Thay §,, trong cong thic trén
bdi (1.37), déng thdi chi ¥ riing ham ]
bic xa trong trudng hgp nay chi ¢é (
thinh phdn Go, véi Go xdc dinh )4_.. _—
theo (3.16), ta nhan duoc: ' X

[kf ] ki
| COS 5 cos® | ~ cos-

]

9=00=0

Wfb
811 R?

: R%sin0d6de (4.19)
sin

Vi biéu thic trong dau tich phian khéng ¢6 quan hé véi ¢ nén tich phan theo ¢ (tr
0 -> 2m) s& nhan dugce két qua bing 2n. Ta ¢6 cong thite don gian cla (4.19):

{ [k! J HT
x| €os 5 cosO | - cos 5
P, =301 | d®

sin

(4.20)
0
Twong ty nhu truong hop dipol dién, & day ta ciing dinh nghia dién tr& biic xa cia
chin tir 1a dai lugng bidu thi quan hé giita cong sudt birc xa va binh phuong dong dién
1rén chan .
P = lIZRZ (4.21)
2
Tuy nhién, can huu y trong trudng hop nay dong dién c6 bién dé phan ba khong déu
doc theo chan tir. Vi vay, khi bicu thi céng sudt biic xa qua bign do dong dien tai vi tri
nao dé clia chan tr (vi du qua dong dién ¢ dau vao 7, hay qua dong dién & diém bung
song diing /,, v.v...) thi tuong tng & c6 gia tri dién tr& blic xa g vdi dong dién & diém
vao (Ryg) hay dién trd bike xa itng véi dong dién & diém bung (Ry,).
Theo (4.21), dién trd bic xa clia chan tir tinh theo dong dién & di€ém bung duoc xdc
dinh bdai:
25
2
[h

R\"b =

Thay Py tir (4.20) vao cong thitc trén $& nhan duge
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. {cos( K COS@]
2

Ry, = 60 |
0

ki T
— CDS E
0

Thuc hién tich phan (4.22) s&€ nhan duge két qua sau:

Rs), = 30{ sin kI Si(2kl) — 2Sikl] + cos ki x

x [m 1ng+6'f(2k1)—2cm] +2[E+1n k!—Cs‘k!]}

Trong dé

£ =0,5772 ~ hang s6 Oler

sin ¢
—dt

Si(x) =
i(x ('!I

Ci(x) = - j“’“ dt
0 i

— tich phén sin,

— tich phéan cosin.

Tich phan sin va cosin ¢6 thé duogce biéu thi theo chudi, ta c6:

.. ix® | x
Si(xvy =0 — —— + —
331 55!

Cix)=E +Inx — %m_ +

dong dién & diém bung chi ¢é quan hé véi
tich s6 kf (do dai dién cia chdn tr) ma khong
phu thuoc vao dudng kinh chin tir. Cong
thirc trén chi la gan ding boi vi khi tinh todn
dd dua vao gia thi€t phan bo dong dién hinh
stn trén chén wr: gid thiét nay chi 1 gan ding
khi chin twr ¢6 dudng kinh rat nho. Tuy
nhién, nhimg két qua nhan duge ciing kha
phut hop v6i thuc nghiém ngay cé khi chan tir
¢6 duong kinh tuong déi 16n. P96 1a do khi
tinh cong sudt va dién (rd bic xa ta da tinh
theo truong & khu xa, ma truong & khu e
nay lai it bi€n déi khi duong kinh chin
thay doi.

l x

4

4 4!
Gid tri clia cdc tich phan sin va cosin thudng duge cho sén trong cic bang tinh. Tir
cong thitc (4.23) c6 thé nhan thay ring dién tr& bc xa clia chan tir doi xtmg tinh theo

250

200

150

100

S0

(4.22)

(4.23)

Ry
/ /
—a—
/ i
0.5 1 1.5 2.0
Hinh 4.7
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D6 thi bién thién cla dién trd bie xa Ry, theo do dai chan tir /A duoc biéu dién trén
hinh 4.7.
Khao sdt dé thi hinh 4.7 ta thay ldc ddu, khi tang do dai chan tr, dién trd buc xa

tang. Tai y = 0.5 (chan ur na s6éng} c6 Ry, = 7.31€2 va dat t6i cuc dai & gén i =1 vai
Ry, = 210€2. Sau d6 Ry, dao ddng, cé cue dai ¢ gan cdc gid tri / bang boi s6 chin cla )—

B

L : e - - :, PR B b A,
cuc tiéu ¢ gan cic tri / bang bdi so e cua 5

Pac tinh bién déi ndi trén ¢6 thé duoe gidi thich tr méi quan hé giira cong sudt biic

xa (va dién tro bic xa) vdi quy luat phan bé dong dién trén chan tr. Khi -- nhd (chan wr
3

gdn giong dipol dién) thi tang { s& tang s phan tr dong dién dong pha, do d6 ting cong

suat va dién trg bic xa. Nhung khi / > A, trén chan tr s&€ xudt hién khu vue dong di¢én

nguoc pha lam giam cong sudt va dién trd bic xa cua chan nr.

He¢ 56 dinh hudng cua chdn tu déi xiing

Theo (1.81), hé s6 dinh hudng cua chin to & hudng 0 nao dé duge xdc dinh boi

. 2 2
Eq() 2nR
Do < | EalO 2nR
WP
trong do, FLy{0) duoc tinh theo (3.17), con 5.5 D /\
s dugc tinh theo (4.21). 3.0 / \
V&i cdc chin t c6 do dai i < 1.25, bic xa 2.5
: A
cuc dai clia anten van dugc duy tri & huéng 2.0 \
f=x_. 1.5 =]
Ta ¢o: 10
TRV 0.5
Diax = D(E} = ud [1 - COSE] .
. 2 TERZEJ 2 0 ki

0.5 1 1.5 2.0
(4.24)

D6 thi biéu dién su bién déi clia hé s6
dinh huéng véi do dai chiin t0 duge vé &
hinh 4.8.

Tit hinh v& ta thay khi do dai chin (r cdn nho thi ting do dai s€ dan dén tang hé so

Hinh 4.8,

dinh hudng. Vi % = 0,5 (chdn tir nura séng) ta ¢ D = 1,64. Khi i =1 (chan t toan

"

90



: { C g . L
song), D .. = 2.41; con khi tang X — 1.250. h¢ s6 dinh huéng tang dén 3.36. Néu tiép

tuc ting do dai chan ti [-; > 1250} » hé s6 dinh hudng s& giam di. Diéu nay duge gidi
A

thich do ¢6 sy bi€n d6i dang clia d6 thi phuong huéng (tang cuc dai phu, giam cuc dai

chinh) khy kéo dai chan tr.

§4.4. TINH TRO KHANG VAO THEO PHUGNG PHAP GAN BUNG

Khi mac chan tir vao mdy phdt cao tén, chan t& s& trd thanh tii cha may phat. Tri so
cha tai niay duge dic trung bdi mot dai luong goi 13 trd khdng vo cha chin tir. Trong
truong hop 10ng quat. trd khdng vao [d mot dai lugng phire. Cong sudt mdy phat cung
¢ap cho chan tir s¢ ¢6 mét phan duge chdn tir bic xa ra ngoai — goi 13 ¢ong sudt bic xa,
mot phan mdt trén chan tr (t6n hao nhi¢t trén day dan), mat mét trong cde vat lieu cich
dién va trong cdc vat ¢ gin chén tr — goi 1a cong suat ton hao.

Ngoai song dién tir bie Xa ra khu xa con
cO trudng dién to dao dong & gin anten, R,
giang budc véi anten. Phan cong sudt nay j
khong bifc xa ra ngodi ma khi thi chuyén '! |
thanh nang luong dién trudng, khi thi chuyén @ U, |
thanh néng lugng tr trudng thong qua viec
trao d6i nang lugng v6i ngudn. Cong sudt
ndy goi 1a cong sudt vo cong va cé theé duoc
bi€u thi qua mot dai lvgng goi 1a dién khing
cla anten. Nhu vay, anten s&€ dua vio mdy
phat mat tai phitc goi la tré khdng vao cha
anten (hinh 4.9a).

7

) U,

Hinh 489

Tro khdng vao 14 mot trong nhitng thong $6 quan trong, nd ¢é quan hé rat mat thiét
dén che do lam viéc ca thiét bi ndi voi anten.

Theo dinh nghia, tro khang vao cua chédn tir d6i xing bang ty s6 cla dién dp & diu
vio ciia chin tir U, va dong dién & ddu vao /, (hinh 4.9b).

U, .
. I ‘

D¢ xdc dinh chinh xdc tré khing vio cdn bist dién ap vi dong dién & dau vio, nghia
la can bi€t phan b6 dong dién doc theo chan t0. Sau day sé khao sdt phuong phép tinh
gin ding tr¢ khang vao cita chan . Trong tinh todn k¥ thuat, dé x4c dinh tg khing vao
¢6 thé dp dung gia thiét gan ding vé phan b6 dong dién hinh sin. Dién dp vao [/, s¢ biang
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hi¢u dién the tai dau vao hai nhanh chdn tir; & day mat phang goc dién thé 1a mit phing
di qua diém giita va vuong géc véi hai nhanh nhw vé & hinh 4.4.

U,=U, U, (4.26)
trong d6, U/, 1a dién the' & ddu vao nhdnh 1, ¢6 tri s6 biing dién tich O, tai z = 0 chia cho
2C 1a dién dung phan bo chia nhinh 1 so v6i mat phing goc dién the

ki
U, =-—2 cos(f‘f (4.27)
2ionC, 2
Tuong tu, ta ¢6 dién thé ¢ diu vao nhdnh 2:
y = ~Lb1 cos E (4.28)
2inC 2
Thay vao (4.26) ta cé:
U, = _Hb ccosE
tC| 2
AR ko Jue
Néu chd y ran . T NP
yrang oC, C, Pa
s€ nhan ducc:
. kl
U, =-iyps COSE (4.29)
Thay (4.29) vao (4.25) s& ¢6 trd khing vao cla chan ti
U

o
T cOng thifc trén ta thdy trd khang vao cla chan tir 1a dai lugng thuan khdng. D6 13
vi khi tinh todn di ap dung ly thuyét dudng day song hanh khong tén hao, nghia la
khong x¢t dén phdn cong suat birc xa clia chin ti.
Dai v6i chan tr d6i xing, dién trd t6n hao thuding cé gid tri nhod, phan cong sust
thuc dua vao anten hdu nhur duge chuyén thanh cong sudt bic xa:
P, = Ps 4.3
Né&u biéu thi cong suat bic xa theo dong dién & ddu vao I, thi ¢6 thé viét (4.31)
nhu sau:
1.2 1.5
—I Ry, =~ =I"Ry 4.32)
5 loRsy = 215 Ry s (

Ry, 12 dién trd bic xa tinh theo dong dién & ddu vio
2
Iy _ Ry

2
10 sin2 id
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Ta co

R

Rya=—1 (4.33)
2
sin”

Cong thic dé tinh trg khdng viio cta chan ti bay gidy sé ¢6 dang:

, Ry , ki

Zya= Lb“ —ip,cotg— (4.34)
inl 2
sin 3

Cong thic trén nhan duge khi tinh todn theo gia thiét phan b dong dién hinh sin
wén chan wr. C6 thé dé dang nhan thdy ring gia thiét nay s& han ché kha nang tinh trd
khdng vao cha chin tir trong mét s6 truong hop. Khi do dai clia chan tir bing nira budc
séng (I = 0.52) thi cong thic (4.34) cho céc két qua hop 1y, ¢6 thé chip nhan duoc.
Nhung khi chan tir ¢6 d6 dai 16n hon thi do chinh xdc cla cong thitc s gidm di. Dén khi
{ = % thi cong thifc trén khong con y nghia vi lic dy ca phén thue va phén 4o cla tré
khdng vao déu c6 gid tri 16n vo cing. Day la mot nhuge diém dé nhan thay clia phuong
phdp ly thuyét dudng day, vi theo 1§ thuyét ndy, khi / = X dong dién & dau vao chan tir cé
gia tri bang khong. Cong thiic (4.34) chi cho phép ting dung khi diém nit dong dién nam
cdch ddu vao chin t mét khoang cach 16n hon (0.1 = 0.15)\ (hinh 4.10), nghia li khi:

i < (035 04
hoic 2 ; (4.35)
(0.6 - 0.65)h < -2~ < (0.85 -+ 0.9A
m o N
: 0.35% ’0_15_ 0.35% |o.1
0154
Hinh 4.10.

Sau day ta khao sat mot phuong phép gan dang khac dé tinh tré khang vao khi chan
tr ¢4 do dai thy y. Theo phuong phdp nay, chan tit duge coi tuong duong véi mot dudng
ddy song hanh hd mach ddu cudi, ¢6 tén hao (phan cong suit bitc xa béi chan tir coi nhu
cong suat ticu hao trén duong day).

Phin bo dong di¢n va dién tich trén chan tl s& tuong W phan bd dong dién va dién
tich trén dudmg day hé mach ¢6 16n hao va duge tinh theo cong thec:
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/
I(z} = !,_,shy[g =1 zl]

0(z2) = \Juz, lbchy(% — | zl)

a day: y=a +  — hé s truyén lan phiic, trong dé
o — hé 8§ suy giam; B — hé s6 pha.

(4.36)

D6 thi phan bd dong dién trén chin tir tinh theo (4.36), dugc vé & hinh 4.11.

I, = T,shy(//2-1z))

I = Lsink(//2-1z])

Hinh 4.11.

He s6 pha 3 dugc xdc dinh bai van téc pha cha dong dién chdy doc theo day dan
chan tr

LD

p="="s=khy (4.37)
Thong thucng, van
toc pha cva séng trén day 1.3
dan ¢6 gia tri nho hon van #d =10
10c  (ruyén song trong
khong gian twr do (v < ¢) 1 " :207//}\\
va phu thudc vao kich 2 ~J
thudéc day din. Duong N
kinh day din cang 16n thi d=40 )
vin toc pha cang giam. \7[ /
P4 thi quan hé cha ty " =50 %
s6 < véi kich thuée chan
¥
tlr dugc v& g hinh 4.12. 10
Hé s6 suy giam o cta 0 02 04 06 08 1.0 1.2 1.4/4

duong day song hanh c¢é
16n hao dugc xdc dinh bdi
ty s6 cla dién tr§ 16n hao
phan bé trén dutmg day va trd khang séng clia duding day khong t6n hao

Hinh 4.12
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Ry
p

Néu coi chan ur twong duong véi dudng day song hanh ¢6 ton hao thi trong trudng
hop nay cong suft bic xa clia chan tlr duge coi twong duong véi cong suit tén hao trén
duong day: R, s€ la gid tri trung binh cua dién tré birc xa trén mot don vi do dai chan t;
P = p4 la r6 khdng séng clia chin tir khi coi chan tlr tuong duong vai dudng day khong
tén hao (xac dinh boi (4.15) hoac (4.16)). Dién tré biic xa phan bd R, dugc xdc dinh nhu
sau: gid s Ry ¢ gid tri dong déu doc theo chan tlr, cong suat bifc xa clta mai phan tir dz
€ bang:

o= (4.38)

dP; = %Iledz

4 day, 1. la bién d6 dong dién tai thiél dién khido sdt, dugce xac dinh bai (4.36).
Cong sudt birc xa bdi chan tf & bang:
1 e ! ¥ !
P =—I?R Jsh‘y[— - z]dz + shzy[—— + z)dz
2 o 2 i 2 .
Sau khi thue hién tich phan ta co:

2
P = 0By (ot — oy (4.39)
AN
R
gdayy=a+ip=— +ip.
Pa
Mat khdc, cong sudt bic xa c6 thé dugc biéu thi dudi dang:

P = ; Iy Ry (4.40)

Can bing (4.40) v6i phin thue cha (4.39) $& xdc dinh duge R,
Sau khi xdc dinh duoc a, B, tro khang vao clia chén ti tinh theo 1y thuyét dudng day
h& mach ¢6 t16n hao s& duge xac dinh theo cong thiic

!
Z, g =pycth (e +iB) (4.41)

trong d6, p’, la tré khdng séng clia chan tir khi coi chan tir tuong duong véi dudmg day
¢6 ton hao. Pai luong nay duogc xdc dinh nhu sau:

. hZ_RLJf-EmL, 3 EWEZRI
P O8N C, Ciw

trong d6, R, L;, | la dién tro, dién cam va dién dung phan bd clia chén tir.

Biet — = pi o) = L; R =ap,
P
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Ta cé:

. ’ 2a o

Thay (4.42) vac (4.41) va dp dung cong thic

x+iy shy—isiny

cth
2 chx —cosy
Ta co:
a . o :
sho/ — —-sin [} shat! + sin 3/
Zy 4= — i _ 4.43
v.a = Pa chal/ — cosf/ Pa chal — cos P/ (443

Hinh 4.13 vi 4.14 biéu thi quan hé ciia di¢n trd va dién khiang vao cia chan tir v6i
ty s0 //A (ng v&i cde gid tri khdc nhau cha ted khdng séng chan i (tinh theo céng
thire (4.43)).

Rv.a (Q) Xv.a (Q)
800 o
200 /4= 60 100
1 200 fja =160
500 = 300 o
500 /—\’)\' ' 400 A////-\ !'}'r'd F 40
AQC / \y}r 1‘?20 0 % \ Ma =20
_ . | 20
300 N ~100 / Il
200 / N 200 /] [\E“”“;7
100 /] 300\, /] \\Jnﬁ_
0 = —400 / "
~100 i i
0 02 04 9.6 08 1.0 1.2 0 0.2 04 0608 1.0 1.2
Hinh 4.13, Hinh 4,14,

Qua khdo sat cong thitc (4.43) va cdc dé thi hinh 4.13, 4.14 ¢6 thé nit ra cdc nhan
xCt sau:

1. Tré khang vio cta chan tir bién doi rd rét khi thay doi do dai i D¢ dai chan ,

e

ma tng vdi né dién khing vio ¢6 pid tri bang khong, duge goi la do dai ¢ong hudng

({.;). Khi y thay doi trong gidi han (0 + 1.2) nhu ¢ hinh v&, c6 thé quan sat thiy hai
I
khu viuc cong huong : Khu vuc thi nhdt — cong hdng noi tiép, tng vGi do dai chan o

gan bang nua budc séng (f(,lh 2 5 Khu vuc thit hai ~ ¢dng Invdng song song, ung véi

do dai chdn nr gén bang budc séng (/

. ~ X). Dac diém nay cang nhan thay 15 rét khi

96



chén tr ¢6 dudng kinh cang nho (@ — 0), nghia 14 khi chan i rat manh (hodc chan tir c6
trG khdng song rat 16n). That vay, khao st (4.43) trong trudng hop chan tir véi duong
kinh rat nho (khi d6 c6 the coi B = 4), ta nhan dugc dé dai cong hudng clia chén tif ¢6
cic gid tri bang

A
[, =n—
c.ht 2
vOi n—soénguyén; n=1,2 3.

A — budc séng trong khong gian tu do.

Khi tang duong kinh chan tir, van téc pha cha séng trén chén (& gidm di, budc séng
dong dién phan bo trén chéan tr giam (A’ < 1); do d6 chiéu dai cong hudng clia chan ti sé
gidm so véi cdc tri s6 xdc dinh theo (4.44). Dic biét 1a & khu vie cong hudng song song.
do dai cong huong giam rd rét khi ting dudng kinh chan tir.

2. Dai véi chan tlr ¢6 16 khéng s6ng nhd, dién trd va di¢n khang vao 6 dac tuyén
tan 6 bién déi tuong doi {t so v6i trudng hop chén tir ¢6 tré khing séng lén. Tir day 6
thé rit ra mot ket luan thuc tién: dé md rong dai tin cong tdc clia anten chan tr, c4n thiét
lap cdc chan tr cé trd khdng séng nhé. Diéu ny ¢6 thé thuc hién duoc khi ché tao chan
tir it day dan cé dudng kinh 16n, hoac tir cdc bing kim loai ¢6 ban rong.

§4.5. CUONG PO TRUONG G GAN GHAN TU/

Pé nghién citu chinh xédc cac tham
s6 cua chan i nhur trd khdng buc xa,

tré khdng vao, cdn khio sat trudng & ‘
khu gan. o
Gié sir chan tit ¢6 ban kinh rat nhd kY
va dong dién trén chan tir chi ¢ thanh - 6 e MK, Y. 7)
phin theo truc z, phan bé theo qui luat (z) L
hinh sin (4.1). _L_ ‘
D¢ xac dinh trudng, cédn tinh vécto 4 i ,y y
thé A clia chdn tif v6i gid thiét chan ti
duge dat trong khong gian tr do. Vi n/°p ;’;
chan tir minh nén cé thé bd qua tic A N
dung blic xa coa dong tir trong mién O,
kich thich (khoing khe ho gita hai [ 12
nhanh chin tr). Nhu vay trong trudng

hop ndy vécto the tir A bang khéng,

4 at A ”_-e * ~ ~ -~ J
con vécto thé dién A chi ¢6 thanh phén Hinh 4.15.
theo truc z:

97



12 —ikr

AL = 4i [ 1=—a: (4.44)

T r
e—t'kr
Néu ky hiéu y = ,tacd
¥

L2 '

A =— [ I@)vd: C(4.45).

47
112
& day, r Ia khoang cdch tir di€m c4n xdc dinh trudng M’ (x', ¥, z°) dén cdc di€m nim

trén truc day dan (hinh 4.15),
r=p* +(z - z"? (4.46)
véi p? = (¢ + y2) 1a khoéng cdch tir M dén truc chan ti.

Biét A; s& xdc dinh duge thanh phén ciia vécto cudmg dé dien truong theo truc z
(theo 0.8)

2 4
Ep, 2% = ——| k24¢ 4+ T4 (4.47)
‘ e z 62'2
Thay (4.45) vaoc (4.47) ta c6:
_i i12 5 aZ\P
Ep.z2)=—— | I)| k2y + = (4.48)
dnwe i oz

Néu luu ¥ ring:
N__ -
oz’ 0z d2'? &%
va ti€n hanh tich phan (4.48) theo phuong phép tich phan timg phén, s& nhan duogc:

i oyliiz I oy |, ]
F = e {l(z)_a? NN f [ + kTWl(z) | dz (4.49)

2 2
N LY _ Oy

i1 oz &z

Gid sit phan bd dong dién trén chan tir ¢6 dang sin, véi ham phan bs:
. {1
I(z)=1, sm[—i -1z E}

Khi dy, dong dién & ddu cudi chan tir fudn c6 gi4 tri bing khong:

[0

Do d6, s6 hang thit nhat trong (4.49) s& bing khong. Ta ¢6

g [ ol oy

dnoe il 0z oz

+ ky 1(2)} dz (4.50)
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Tich phan trén ¢ thé tinh duge theo phuong phdp tich phéan timg phan, déng théi
chia khoang tich phan tir z = 0 + é- vaz = —% <+ 0. Thyc hién tich phan theo phurong
phdp tich phén titng phdn d&i v6i s& hang thit nhat cfia (4.50) ta dugc

it 0 an [112] 7 I
) L

J Aoy, _ |
& oz 4z oz ' |-1}2 & 0

wdz  (4.51)

—i/2 -2 vz

Thay két qua trén vao (4.50) ta cé:
i 0 12 (8
g {01(2) ‘ e ‘ / }+ I[a I(zz)

dnwe | &z —1/2 Oz 0

+ sz(z)}udz (4.52)
0z

-2
Néu chi y rang dong dién trén chin tir thda méan phuong trinh telegraph
2
Eu{ + k% =0
oz*
thi tich phéan trong (4.52) hién nhién bing khong va con lai:
_; 0 i/2
i al(z) N af(Z)w /
dnowe | 02 —1/2 0z 0

D€ tinh trudng theo cong thifc (4.53) tai diém c6 toa do (p, z') nao d6 ta cén lvu ¥

E, = (4.53)

](z):lbsink[%—z] khiz>0
| > (4.54)
;F(z)—l,,sm}'c[2 zJ khiz <0
do d6
1/2 12
62(2) :) = ~ kI, cos k[% ] g =—kl, 1—cos—’],
z
0 0
) = ki, cosk[i + z) = ki, | cos— — l]
oz |-1/2 2 —1/2
Khi thay thé
e—I'kR 3 5
Wt-:o: R VG R=+p° +:
~iky 2
Lp‘ o S Véin = p2 + [z' +i] > (4.55)
=73 " 2
—tkry 2
l|!|’_f= Véin = p2+(z'—i}
) 2 2
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két qua s€ nhan duoc:
—ikn

E,(p, 2) = =i301, 5~
f 2

Neéu dua vao ky hiéu:

—ikn —ikry —tkR
RS T poa. i O(p, ', 1) (4.57)
5 Ty 2 R

thi (4.56) duoc viét duéi dang rit gon

E(p,2)=-i30L,d(p, 2, 1) (4.58)

Tu (4.56) ta thiy thinh phdn tiép

tuyén clia dién trudmg tai cdc diém cé toa

do (p, ') trén bé mat chin tr ¢6 gid tri
khac khéng va 1a dai lugng phitc.

Ez (p, Z)

Phén b6 cua phan thyc va phén 4o cua )
dién trudng ti€p tuyén trén bé mat day dan
duwoc vE & hinh 4.16. I

Dé xédc dinh cdc thanh phan con lai
cia truong, ta dp dung phuong trinh
Maxwell thit nhat trong hé toa do tru. Tu
day s&€ xdc dinh dugc thanh phan dién Hink 4.16
truong hudng tam E, v cudng do tir
truong H,,.

130 —ikr ity do;
E(p.z)= I—i{e il cosQ| + e iy cosLd, — ZCOSEE_”(R COSQ}(4.59)
p 2

) i —ikny —rkr ;d kR
H (p, zy= —b-le™™ L o7 _5.0s8 (4.60
(P 2) 4@{ ¢ )

§4.6. TINH CONG SUAT BUC XA PHUC VA TRG KHANG BUC XA CUA
CHAN TU BOI XUNG BANG PHUONG PHAP SUC PIEN DONG CAM UNG

Phuong phdp siic dién dong cdm iing

Trong §4.3 di khio st phuong phdp tinh truc tiép cong suat bic Xa cua chan tu
bang cdch xdc dinh thong lugng cla vécto Poynting trung binh truyén qua mat cau cé
ban kinh v6 cling 16n. Tuy nhién phuong phdp trén ciing ¢6 nhuge di€ém nhdt dinh, n6
chi cho phép xdc dinh phan thuc cla cong suat bic xa, va do dé chi xac dinh duge phan
thurc cla trd khdng bic xa.

100



Vi vy trong nhiéu trudng hop cin 4p dung mot phuong phép khac hiéu qua hon:
Phuong phdp sic dién dong cam tng.

Gia sir chan tir 13 mot day dan manh,

dugc kich thich bdi dién trudng ngoai T N S
dat vao khoang gita chan tir (hinh 4.17). 7 TN
Gia thiét moi trudng xung quanh chan tiy / R \\\
la dien moi 1y tudng. Triomg dién tr ¢é  / o A \
- - > - " - - ! | i
quan hé va&i chan (& s€ théa min cic ] 2| :' !
. |
phuong trinh Maxwell va do d6 théa | ot !
man dinh 1y v€ véctd Poynting phiic 6 '11 | j]f l‘ I:
— | | -
. . n
divS, = —i2e(w), + wh) (4.61) R I /
\\ | 1 f.l’
. = lr— — N )} \ o]t /
oday, Sp = E[E X H*} la  vécto . LE‘:),J !
~ -
. -
Poynting phiic 8, con wj, va wy, I gid T -

tri trung binh cua mat d6 nang lwgng i
trudmg va dién trudng. Hinh 4.17
Nhan (4.61) vdi vi phan thé tich dV
va ldy tich phan bi€u thitc trén theo thé tich V. Thé tich nay dugc gisi han bdi mat ciu 5|
¢6 bdn kinh R khd I6n vA mat tru 5, nim sat v6i bé mét chia chan tlr. Sau d6 dp dung cong
thitc Ostrogratski vio v& trdi clia phuong trinh trén, ta cé:
[Spds, + [Spas, =—i20 [owly +wh)av (4.62)
5 5 v
Bay gid ta bi€n déi tich phan mat theo s,. Vi mit tich phan nim st vé6i mat chan ti
nén ¢6 thé coi ds, = —nds (& day n 1a vécto phdp tuyén don vi clia bé mat day dan, ds 14
vi phin bé mit).

Ta bicn ddi tich v6 huéng S .ds2:

- - 1 — - _ 1 R —_ l —
Loeg S I 5 # = * . - -
rSpdsa 2(;; x H *) nds 2(H x 1) Eds /s Eds

gday.  E, H 1acic vécto dién tir trudng trén bé mat chan tlr, J, 1 vécto mat do

dong dién mat.
Bay gio tich phan mat theo 3, ¢6 thé viét lai nhu sau:
— l *__
Sp.ds, == |JsEds
Prau=s

o day, s — mat day dan.
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Tich phan theo mit s ¢6 thé duge phan idch thanh tich phan theo chu vi thiét dién va
tich phén theo do dai day dan. Néu bo qua dong dién chay ¢ thiét dién hai dau day dan
va coi day rat manh, khién ¢6 thé coi dién trudng phan bé déng déu theo chu vi, thi khi
1&y tich phan theo chu vi day c6 thé dua F ra ngoai. Ta cé:

[ Eds = [Ea:dTcar
5 f L

O day cj la tich phan 1dy theo chu vi thiét dién ciia day dan, ¢ gid tri bang /i,
L

(/. — dong dién chay trén day dan; i, — vécto don vi theo hudng tryuc z).

Vi vay:
.[EP .d52 = % J.]j:Ed: (4.63)
o /
Thay (4.63) vao (4.62) ta c6:
. [1;Edz = [S,.ds; + 2ios fowry +wiy)dv (4.64)
2 { ) Vv . .
ol

Trong cong thirc trén, tich phan thi nhat & v& phai chinh 1a théng lugng vécio
Poynting S, di ra khoi mat cau. N&u ban kinh clia miat cdu kha 16n (twong tmg véi diéu
ki¢n clia khu xa) thi cdc vécto dién tix trudng & day s& bién d6i déng pha, vi tich phan
niy s& biéu thi céng sudt biic xa clia chan tir:

IE'DESI = Pz
3
(R = =)

So hang thit hai & v€ phai ciia (4.64) ¢6 gid tri thudn 4o hoac bang khong. Tir day ta
¢6 the it ra két luan quan trong déi véi tich phan & vé trai clia (4.64). Phén thuc cla tich
phéan chinh 1a thanh phan hiru cong cia cong suat bitc xa cha chan ti.

A Re [lEdz =R, | (4.65)
2 {

Phan 4o cilia tich phan chinh 1a thanh phan cong suat vo cong giing budc véi trudng
& khu gan chén ta.

-% Im |1 Edz =20 [(w]}, +wf,)dv (4.66)
! v

Nhu vay, cong suat biic xa phitc cta chin tir duge x4c dinh bai tich phén:

g
Py == [Ed: (4.67)
{
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Néu chi y ring dz =i;dz thi tich vo huéng ciia E.dz chinh 1a thanh phan tiép
tuyén cua cudng do dién trudng trén bé mat chén tir, nghia 13
E.dz = E_.dz
Tich s6 £.,.dz chinh 12 sitc dién dong cam Gng dugc tao boi dién trudng £, trén do
dai vi phan dz cha chan tir. Chinh vi 1& d6 ma phuong phép trinh bay & trén duoc goi 13
phuong phdp sic dién dong cam tng.
Cong thitc (4.67) duge viet dudi dang:

[
=3 [E, az (4.67a)
{

o day, E_, 1a thanh phin ti€p tuyén clia dién trudng trén bé mit chén tlr, duoc xéc
dinh theo cong thitc (4.56). Néu phuong phdp xidc dinh truc tiép cong suat
biic xa ctia chan tir ddi héi phai tinh trudmg & khu xa, thi & day, theo phuong
phdp sdc dién dong cam ving, lai cin bi¢t trudng & trén bé mat chan .

Ciing c6 thé nhan dugc cong thitc (4.67a) theo cich suy luan sau:

Dudi tic dung cua dong dién kich thich chay trén chén tlt, trén mat phan tir day dan
dz s& xudt hién thanh phan dién truong ti€p tuyén £_,. Gia thiét chan tir 1am bang vat dén
dién 1y wdng. Khi d6, d¢ théa man didu kién bd clia vat dan, trén mat phan tr dz cdn
phii xuit hién thanh phidn dién trudng ti€p yén bang tri s6 vd ngudc ddu véi thanh
phédn dién truong £, & trén, nghia 1a can xudt hién sifc dién dong

de=-E., dz

Stc dién dong ndy do nguén ngoai cung cdp cho phin tlr dz. Cong sudt tong cong

ctia ngudn ngoai cung cap cho chan tlr bang:

P, = % !I:de = m;— [ E,dz

Trds khdng biic xa phiic clia chan u"I tinh theo dbng dién & diém bung sé bang

Zy,= —L = —— j (4.68)
‘ b‘ Ub\
Néu tinh trd khdng bic xa phic cia chan tir theo dong dién & diém vao sé nhan
duoc:

Zsy = j' (4.69)
\fol \f

o !

Biét cong sudt birc xa phic ¢6 theé tim duge trd khing bic xa ciia chan . P&i véi
chan tir nita song (7 = A/2) ta nhan duoc:

Zsy =Ry +iXg = (73,1 +442,5) Q
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§4.7. TINH TRG KHANG VAO THEO PHUGONG PHAP CHINH XAC

Trong phan nay chiing ta khdo sat phuong phdp tinh tré khang vio cla chin tir bing
cach dp dung phuong phép sic dign dong cam ung va nguyén Iy tuong hé d6i véi mang
hai cira tuyén tinh.

Goi ¢}, I, lan luot 12 sifc dién dong & cira 1 v dong dién & clta 2 ctia mang & trang
théi a: con e,, /, 1a sitc dién dong & ctra 2 va dong dién & cifa 1 cia mang & trang thdi b
(hinh 4.18).

Theo nguyén 1y tuong hé, ta ¢6 quan hé giita stic dién dong va dong dién & hai trang
thdi (trén ciing mot mang hai clra tuyén tinh) dwoc biéu thi boi:

e e

== 4,70
LT | (4.70)

Bay gio dp dung nguyén 1y trén cho chan tir d6i ximg (hinh 4.19) va gia thiét dong
dién trén chan tir phan b theo qui luat sin.

i
(5 de AL

@ IO = dCO

a) b) :
Hinh 4.18. Hinh 4.19.
Néu dat sitc dién dong de viio phan tir dz ctia chén tir thi & dau vao chan tir cé dong
1,; cdn khi dat & dau vao chan tir sic dién dong de, thi & phin tr dz s& c6 dong 1(z). Vi
chdn tir duge coi 1a hé tuyén tinh nén c6 thé coi ddu vao cla chan tir va diém dit stc dién
dong de trén chdn tir nhu cac dau cua mét mang hai cilta tuyén tinh.
Ap dung cong thiic (4.70) ta c6 thé viet:

de _ de,
I, 12
hay
de, = %(rﬂzlde (4.71)

[#]
Néu thay déi vi tri diém dit sic dién dong de (nghia la thay d8i vi tri cia tha 2 cha
mang) thi dong dién I, va I(z) cling thay ddi. Gia sit dong /(z) phan bé theo qui luat:
I(z)=1, () (4.72)
Lay tich phan (4.71) theo do dai chén tir s€ nhan duge cong thiic xdc dinh sitc dién
dong 6 dau vao chan tir khi biét sic dién dong phan bd trén cdc phén tr va ty s6 cla
dong dién trén cic phan tr 8y véi dong dién ¢ dau vao chan .
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Theo phuong phdp stic dién dong cam ting ta ¢6 de = —F., dz, do dé:

Iz
) == [L2 Bz = - [Bu ) (4.73)
{ e !
Trd khing vao ctia chan ti, theo dinh nghia, duge xdc dinh bdi:
€ _ 1 N T
va=7"= R jEz,f(z)aL (4.74)

£ ot
Trd khidng vao clia chan tif cling ¢6 thé dugc tinh toan theo cach suy luan khic khi
biét 16ng cong suat dat vao chén tlr va dong dién & dau vao chan tir, nghia 13 xdc dinh
theo cong thitc (4.69). Néu trong cong thitc (4.69) ta thay / = [ f(z) thi s& nhin dugc:

I _
Zy o =Zs, = ml-0—2 [E.f*(2ydz
ol 1
Vi |1 = 1°I; nen:
| 1
Zyp = Zso == |Eaf * ()l (4.75)
o ||' .

Hai cong thic (4.74) va (4.75) s€ cho két qua giong nhau néu ham phin bé dong
dien f{z) 1a ham thuc. Khi dy fiz) = f (2).

Céc ket luan trén s€ ding khi phan bo dong dién trén chan tlr ¢6 dang sin, v6i ham
phan bd (4.1). Néu diéu kién trén khong thda man thi cong thic (4.74) vin biéu thi tr&
khdng vao clia chdn tr nhung (4.75) s& chi 1a trd khdng biic xa ma khong biéu thi trd
khang vao.

D61 véi chan tir nita séng [t’ = %) ta nhan dugc:

Zs=Zy 4= (13,1 +1 42,5 Q

Nhu vay tré khang vao clia chin tir nlra séng sé 1a mét dai tugng phiic, phan dién
khdng clia n6 ¢é dac tinh cam khing. Diéu nay phi hop vdi két qua khao sit & §4.6.

D¢ diéu chudn cong hudng cdn rit ngin d6 dai méi nhanh chan tr mot doan Al Khi
ay dién khdng vao cla chin tr cd do dai I' = % — 2Al dugc coi gém hai phin: X5, bang
42,50 va X|, ¢6 gia tri bang dién khdang vao clia dudng day song hanh hd mach khong

tén hao dai v
2

_ ki’
X; = —pycotg 5

p, — tré khdng séng cua anten.
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D¢ dai cong hudng ciia chan tir duge xdc dinh tir phuong trinh:

Thay /' = 0,5k — 2Al ta cé:

Khi Al khd nhd (KAl < g)

thi ¢6 thé thay thé gin ding:
gk Al = kAL
Ta nhan duce:

A Xs,

Al= -~ ZZo

= 4.76
2T Py ( )

Do dai cong hudng cua
chan tlr s& bang:

/' = -&{1 -
2
(4.77)

Quan hé cha chiéu dai

Z&J
T Py

0.48

Q.46

.44

0.42

cotg — = cot
g 5 g

X5, —pAcotg%zﬁ

{g - km] = tgkAl

i
{1
/
/
/
/
if2a
30 50 BOIDG 200 400 8O0 1000 2000
Hinh 4.20

cong huong vai dudng kinh chin tr d6i v6i chén ti nita séng duge vé & hinh 4.20, con
doi véi chan tir toan séng duge vé ¢ hinh 4.21.

S

0,90

0,86

0,82

0,78

0,74

/

0,70

A2a

20
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Chuong V

PHUGNG PHAP MOMENT VA
UNG DUNG TRONG CAC BAI TOAN PHAN TiCH ANTEN

§5.1. DAT VAN DE

Pé nhan duge cdc dac tinh bidc xa clia anten, diéun quan trong la chiing ta phai xéc
dinh dugc phan ba dong dién trén anten. Phén bo dong dién trén anten c6 thé duge xac
dinh bang phuong phdp thuc nghiém hay 1y thuyét. Phuong phap thuc nghiém chi cé
hiéu qua néu ddu do khi dugc dua lai gdn anten, khong gdy 4nh hudng dang ké dén
trudng dién tir do anten bitc xa, chli y&u dude sit dung khi anten hoat déng & céc tan s6
thap (dai KHz). Trong khi dé, phuong phap ly thuyét khong bi giéi han vé tan s& va
ciing khong can dén cdc thiét bi do phifc tap nao. Phuong phap nay dua trén viéc thiét
lap cdc phuong trinh tich phan ma mat do dong dién cdn tim ndm dudi dau tich phan dé
tim 10 gidi cho bai todn anten ma thudng khong thé gidi quyét duge bang gidi tich do
tinh phiic tap clia cac phuong trinh. Hién nay c6 nhiéu phueng phép s6 dé giai quyét cdc
phuong trinh d6 1a céc phuong phdp phan tir hitu han (Finite element method), phirong
phip sat phan hitu han (Finite difference method) va phuong phdp moment (Moment
method).

Phuong phdp phén tr hitu han 12 mot phuong phdp nham rdi rac hod toan bo dién
tich hinh hoc hay mat bao boc khéi vat 1y thanh cdc phén tit nho trong d6 méi phin ti ¢
thé cé cdc thude tinh khdc so véi phdn tir bén canh. Phuong phdp phan tlr hita han rat
tién lgi trong gidi quyét bai todn dién tlr trudng trong moi trudng vat dan dién va dién
moi khong déng nhat. Tuy nhién phuong phép nay khong thuan loi trong viée giai quyét
cédc van dé buc xa dién tr truong trong moéi trudng khong gian tu do khong bi gidi han.

Phuong phép sai phan hitu han ciing 1a phuong phdp yéu ciu chia nho toan b dién
tich hoic mat bao boc sau d6 duge sir dung dé tinh todn gin diing céc phuong trinh tich
phan.

Tat cd ba phuong phdp nay déu la cdc phuong phédp sir dung Iy thuyét rdi rac, tuy
nhién chiing dugc phat trién mot cdch doc 1ap. Do vay chiing ta cén thiét phai phan dinh
rd rang ranh gidi giita phuong phip moment véi hai phuong phdp con lai trén co s¢
nhitng Gng dung hién tai. Viéc tinh todn trén mdy vi tinh sir dung phuong phdp moment
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ré rang dd lam giam nhe déng k& van dé vat Iy trong moi trudng v do duge biéu dién
qua cdc phuong trinh Maxwell va cic diéu kién by dé bién ddi thianh cac phuong trinh
tich phan (& day chiing ta muén néi dén ca cac phuong trinh tich phan va vi phan) cé
mi¢n dugc gidi han va du nho. Thuc vay, van dé vat ly d6 duge xem xét mot cach rdt cu
thé trong mot mién tuong déi nhd va trong mién dé chiing ta s& thuc hién su rdi rac hod
va khai trién cdc an s6 thanh day cdc ham co sd. & day can ghi nhd mot diém ring kich
thudc nho cua mién la v6 cing quan trong vi kich thude niy can phit hop véi thé tich bo
nhé cha mdy vi tinh ma luén luén khong phai 12 mot ngudn tai nguyén déi dio. Trong
khi d6 phuong phap phén tif hitu han va phuong phdp sai phan hitu han thudng xir 1y céc
phuong trinh tich phan mét cdch truc tiép trén toan bo mién clia tich phan dé.

Do1 v6i van dé dign tir truang duge bao boc bdi cac ¢o cdu ca hoc 1dp ghép nhu 6ng
dan séng, cdc 4n s6 duge gidi han trong mot khu vuc hitu han, do vay phuong phdp giai
quyét duge 1i€n hanh bing cach truc ti€p 101 rac hoi toan bd mién nghién citu trong kich
thude cho phép ciia bo nhé mdy vi tinh. Trong truting hop nay ching ta st dung phuong
phdp phén tir hitu han va phuong phdp sai phéan hitu han dé gidi quyét bai todn trén co s&
tuy thugc vao viée giai quyét phuong trinh tich phan trong bai todn dé bing phuong
phdp thuin loi hon.

§5.2. PHUONG PHAP MOMENT
1. Cac khai niém

Tir cudi nhitng nam 1950, cdc mdy vi tinh k¥ thuat s6 t6c do cao di trd thanh cong
cu ngay cang thict yéu d6i véi ciac k§ su va cdc nha khoa hoc. Vi vay, cdc k¥ thuat st
dung mdy vi tinh nham giai quyét cdc van dé vat 1y thay cho cdc phuong phép cii di rat
phét trien. Trong linh vuc nghién cttu dién tir trudng, st dung phuong phap moment trén
mady vi tinh nhdm gidi quyét bai todn dng hop, phan tich anten di déng mot vai trd vuot
tré1 hon so vai cdc phuong phap khic.

Cum wr "phuong phdp moment" dige éng R. F. Harrington dua vao sir dung trong
linh vyc dién tir trudng tir nam 1968 trong mot ¢4 gang nhidm thong nhat cdc phuong
phdp s6 tai thoi diém d6 cdn ngheo nan song lai phai giai quyét cdc bai todn ¢ yéu cdu
ngay cang phic tap. Tuy nhién tai thoi diém dé, phuong phap moment méi chi biéu dién
dugc mot phuong phip tiép can co sd dé€ bién déi phuong trinh todn tér thinh mot
phuong trinh ma tran hifu han, ma c6 thé giai dugc bing phuong phdp giai ma tran truc
ti€p hodc bang phuong phdp lap.

Ngay nay, sau hon ba thap ky sau ¢§ géng.thng nhit ctia Harrington, phuong phip
moment dd duge nhi€u nha nghién citu bé sung sira déi dé nang cao tinh wu viét clia né.
Do vay viéc xir 1y mot vin d¢ bang cic phuong trinh tich phan v6i mién cia né duge gidi
han va d0 nho 13 dau hiéu cha bude ddu tién trong gidi phdp st dung phuong phép
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moment. D6 chinh la uu diém cia phuong phap moment dan dén day 1a phuong phép
dugc ua chudng nhat trong gidi quyét ciac bai todn dién tir trudng do ban chét tu do.
khong bi gidi han clia séng dién tir nhu viéc biic xa séng viio trong khong gian md, cé
thé duge thu hep lai trong mot mién gidi han bdi cac phuong trinh tich phan.
Xét phuong trinh todn (i sau day:
- LiH=g - (5.1)
V61 L 1a mot todn tir tuyén tinh, g 1a ham ngudn (ham kich thich) da biét va f1a ham
dép Umg (ham thudmg) can tim. Trong bai todn trudng dién tir c6 rang budc didu kién by,
thi phuong trinh (5.1) luén ludn ton tai nghiém f duy nhat khi g da cho. Bii todn dugc
gol la phan tich khi dd cho L, ¢ va yéu cdu tim f. Bai todn dugc goi 12 téng hop khi da
chon fva todn tir L phai xdc dinh him ngudn g,
Gia str dd cho bai toan L{f) = g.
- Chiing ta ggi.}nié‘n clia todn tir L 1a tap hop cdc ham fma L tdc dong len duge. Cic
ham f nay cling chung mot mién xéc dinh va cing thod man céc diéu kién bé.
— Chiing ta goi ddi cua todn t& L 1a tap hop cdc ham g duge tao thanh do tac dong
cuaLlénf. -
— Chiing ta goi néi tich gita hai ham a, b bét ky 1a mét gia tri vo hu-éng duge ky
hiéu la <qg, b> va thoa man cdc tinh chat sau day.
<a, b>=<b, a>
<oa + Pb,c> = a<a,c> + B<b,o>
<g*,a>>0néua=0
=0néua=0
Véi a, f1a cdc dai lugng vo hudng va * 1a phép lay lién hop phiic.

— Ching ta goi todn ti ti€p hgp L va mién clia né qua dinh nghia sau day:

<L), g> = <L g)>

V6i moi ham f thuge mien cua todn ur L. Néu LY = L va'mién cta L tring véi mién
cha L thi L* duge goi 12 todn tir tu tiép hop.

— Chung ta goi toan tir L 1a thyc néu f thyc thi L(f) thuc.

— Ching ta goi todn tu L 1a xdc dinh duong (hay am) néu <f*, L()> > 0 (hay < 0)
vol moi f# 0 trong mién cia toan ti L.

Néu 1¢i gidi f cha phuong trinh L(f) = g t6n tai va duy nhat déi v6i moi g di cho thi f
dquc bi€u dién thong qua todn ti nghich dao L7\

f=1"9 (5.2)

X¢t phuong trinh L(f) = g, v6i L 1a mot todn wr tuyén tinh d4 biét, ¢ 12 ham ngudn va

f1a him ddp g can xdc dinh. Loi giai f xdc dinh tir phuong trinh (5.2) thuong khong
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phéi lic nao ciing 6 thé tim dugc dudi dang gidi tich. Dua vio tinh chét tuyén tinh cia
todn 1 L, chiing ta thuc hién phép khai trién gén diing f thanh t3 hop tuyén tinh cla cac

ham f1. 5. 5. ... fy
N
f= Zauf;: G

n=|
d day, cdc ham £, f5, f3, .- fy duge goi 1a céc ham so s& hay ham khai trién di chon
trude va thude vé mién (domain) clia todn tir L, con cac a,, o, o, ... ayla
céc 4n s6 (hé s6) cdn xdc dinh. Thay (5.3) vao (5.1) va sir dung tinh chat -
tuyén tinh cua todn t L, ching ta cé:

N
>o,Lif)=g (5.4)

n=|

Cac ham co 56 f|, 5, f3. ... fy dude chon sao cho chiing doc lap tuyén tinh v t3 hop
N

tuyén tinh Za” f, cang gén v6i nghiém chinh xdc f cang t6t. Hon nifa, L(f,) can duoc
n=1

tinh todn mot cich thuan tién. D€ nhan duge 181 giai chinh xdc, thi 6 s6 hang cha téng
(5.3) cin phai d&n vo han (N — o). Tuy nhién, dé c6 thé gii (5.1) mot céch gan ding
bang mdy tinh, N cdn phai hifu han. Do dé dang thitc (5.4) khong thé thod min hoan
toan trong toAn mién xdc dinh clia cac ham fi, £, fi, .. fy-

Do do, chiing ta dua ra dinh nghia phéan du R, nhu sau:

: N
RN = ZanL(fn)_g (55)

n=1

Ry duge "can" (weight) hay thir (test) bing 0 (zero) qua cdc ham trong lugng
(weighting functions) hay ham thir (testing function) w, w,, ... wy doc lap tuyén tinh.

<w,, Ry>=0v6im=1,2,... N (5.6)
Thay R,, trong (5.5) vao (5.6), chiing ta c6:

N
W D0, L) -g>=0v6im=1,2,.. N  (57)

n=l
Do tinh chdt tuyén tinh clia noi tich, chiing ta viét lai (5.7):
N
Wy 2,0 LAS) > =< w08 > (5.8)

n=}

hay

N
Do, <w, Lif,)>=<w,,g> v6im=1,2,...N (5.9

n=1
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Day la hé N phwong trinh N dn s6. Chiing ta viét biéu thic (5.9) duéi dang ma tran
nhu sau:

[ L] = [g,] (5.10)
[<W, L) >< W, L(fy) > ... |
<W,,L(f])>< W, L(f5) > ...
véi . (5.11)

ta mot ma tran vuong N x N, vi

o
&y
[a.]=]. (5.12)
_a3_
=
82
[gn]=[<wnm8>]=]. (5.13)
_83...

la cdc ma tran cot N x 1.

Néu ma trén vuong [/,,] cd dinh thic khdc khéng, thi t6n tai ma tran nghich dao
[/.]1", va ma trén 4n s6 [@,] duge xdc dinh bai;

(2] = [d '[g,] (5.14)
Tir dd, 16i gidi gan ding clia phuong trinh (5.1) 1a:
N
r=Y0.f, (5.15)
n=]
TR
f .
bat: [f,]=|. |thi phuong trinh (5.15) duoc viét nhy sau:
/3]
f=0Ne) = 1,0 8, (5.16)

111



2. Ham cd s& (ham khai trién)

Viéc quan trong dau tién cdn lam trong phuong phdp moment 1a chon cac ham co 30
£ oo fyr o [y Cic ham co s& nay phai ¢6 kha ning biéu dién chinh xdc ham fva giam
thiéu thasi gian chay mdy (inh.

Vé mat 1y thuyét, ¢ nhiéu tap ciac ham cd sd dé chon. Trong thue t€, chi mot s6
nhét dinh cdc tap duoe sit dung va duge phan chia thanh 2 loai téng quét nhu trinh bay
sau day.

Cdc ham co so mién con

Cdc ham c¢o s mién con 14 cdc ham Khac khéng trong mot mién con clia mién xdc
dinh ctia ham /. Ching ¢6 thé dugc si dung ma khong can biét trude dac tinh cla ham f
can tim.

Phuong phip mi€n con bat dau tir su phan chia mién xdc dinh cGa ham f thinh nhiéu

mién con. Vi cdc him co sG dugc xdc dinh trong pham vi mot hay nhiéu mién con nay.
Sau day la cdc ham co sd mién con thong dung:

VO X - SX €KX,
—Ham xung: fu)= {0 vOi x con lai .17)
(%)
Xo X Xz X3 XH X

Hinfr 5.1. Ham xung

Khi cdc hé s6 «, trong (5.3) d3 duge xdc dinh, ham f{x) s€ duge biéu dién dudi
dang bic thang nhu hinh 5.2.

M
o= D oufn
=l

L J

Ao Ay X2 X3 XN

Hinh 5.2, Bidu didn gin ding ham s& £x) khi ham ¢d s3 1a ham xung
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— Ham tam gide:

VO X SX <X,

_ Xy — X
_ ) ae ..
JalX) =9~ yéix <x<x

(5.18)
i
Yl =5, m
0 tai cac vi tri khic
f2(x)
Xg X Xz X3 X X

Hink 5.3 Ham tam giac

Khi cic he s6 @, trong (5.3) di duge xac dinh, ham flx) dugc biéu dién dusi dang
nhu hinh 5.4.

N
)= D onlu(x)
nd

o [i(x) o H(x) o ()

X x X2 X3 X

- ¥

Hinh 5.4. Bigu dién gan dang ham s& £ khi ham ¢d s I3 ham tam gidc

Tur hinh v&, ching ta thay ham f{x) duge biéu dién bing cdc him tam gidc "min"
hon so v6i ham xung, thod mén tinh lién tuc ciia f(x) trén mién xdc dinh (nhung d6 déc

thi lai khong dam bido lién tuc trén mién d6). Tuy vay lic bay gitr do phirc tap tinh todn
lai ting nhiéu.

— Hdm sim;

SInk(x —x,_;) .
— % v X, <Xx<X,
sink(x, —s,_))

£ = sink(x, | —x)

. vl X < x <X (5.193
S k(_r”+| Sy n=T S e
0 tai cac vi tri khdc
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fa(x)

N\

Xo X Xz LS AN

Hinh 5.5, Ham sin

=¥

Tir hinh v&, ching ta thay ham f(x) biéu dién bang cic ham sin "min" hon so véi
biéu dién bang ham tam gidc, thod min tinh lién tuc cta fix) trén mién xdc dinh (nhung
do doc thi van khong dam bao tinh lién tuc trén mién d6). Tuy nhién bay gir do phiic tap
tinh todn lai ting nhiéu hon do sir dung ham sin.

4 S
fx) = Y o fulx)
m
o3 f{x)
oy fi(x) x; Iy
Xn x| Xa X3 An X

Hinh 5.6. Biéu dién gén diing ham s& A1) khi ham cg s& 12 ham sin
Cdc ham co s6 toan mién

Ham co & toan mién la ham duge xac dinh vi khdc khong trong toan mién xdc dinh
cla ham cédn tim f.

— Ham cosin: [0 =cos{(Zn ~D)axfi vér -2 <x< 12 (5.20)
Eax)
1r2 12 =x
Hinh 5.7, Ham cosin

— Ham da thitc:

L= =2|x[/mvéi-12<x<i2 n=1,2.. (5.21)
Tr.m
‘K\Z;

Hinh 5.8. Ham da thife
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Ngodi ra, ching ta ¢6 thé chon lam ham co s& toan mién 12 céc ham Bessel, ham da
thic Chebychev T, (x), ham da thic Legendre P, (x) v.v.

3. Ham trong lugng (ham thi)

N61 chung, R,y tix (5.5) khong dong nhdt bang khong cho nén ham trong lugng w,
thong qua néi tich (5.6) s& khién R, "biang khong" theo nghia trung binh trén mién xéc
dinh coa flx).

No1 tich d6i vai bai todn phuong trinh tich phan cho hai ham a, b thudng dugc dinh
nghia la:

<ab>= ”a* bdS S 1a bé mat ciu tric anten (5.22)
5

Cac ham trong Iugng can dugc chon sao cho ding doc lap tuyén tinh va giam
thidu luong tinh todn (do d6 gidm ca thdi gian tinh todn) khi cin ddnh gid cac noi tich
(5.6), (5.9).

NEu ham co s& va ham trong lugng ducce chon bing nhau f,(x) = w,(x), thi chiing ta
goi d6 la phuong phip Galerkin.

Trong he phuong trinh (5.9), ¢6 N x N s6 hang cdn duwoc tinh todn <w, L(f, )>. Méi
$0 hang doi hoi it nhat hai ldn tinh tich phan: 14n déu la tich phan L(f,) (L 1 todn tit tich
phan) va sau do 1a noi tich <w,, L(f,)>. Do dd, khi N? s hang nay dugc tinh todn bing
phuong phap s6 trén mdy tinh, thi ddi hdi mot lugng thai gian tinh todn rdt 1ém. Trong
thuc hanb, ¢6 mot tap cic ham trong luong am giam nhe viéc tinh todn noi tich <w,,
L{f, > ka cdc ham trong lugng Delta Dirac.

W, =[8(s—s)), 6(s—=54), S(s5-53), ...] (5.23)
Vi 8, 85, §3,... 1a cac di€m chon trén mat § cda antena.

Noi tich bay gid trd thanh:

<w, L{f,)>=<8(s—5,), L(f,) >= Jﬁ(s ~ 8, )L{f,)ds = L(, )|S=m (5.24)
L
va <w,,.L(f,)> don gidn chi la gid tri cha L(f,) tai diém s,
Cong thiic (5.9) dugc viét 1ai nhur sau:
N
Za” <wp L{f,)>=<8(s-35,) 8> (5.25)
n=1
hay
N
Yo L) =gl véim=1,2... N (5.26)

=1
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Chiing ta nhan thdy rang viéc sit dung ham Delta Dirac lam ham trong lugng sé
giam nhe viéc thoa man diéu kién bd dé cho cac diéu kién by nay duge dp dung chi tai
céc diém rdi rac trén bé mat antena. Do d6, sir dung hdm trong lugng Delta Dirac con
duoc goi la phuong phap phoi hop diém (point matching method).

§5.3. AP DUNG PHUONG PHAP MOMENT
DE TINH TOAN ANTEN DAY MANH

5.3.1. Cac phuong trinh tich phan cho anten day manh

a) Anten ddy manh
Tai chuong 3 ching ta di khao sat bai todn bic xa cua anten day véi gia thiét dong
di¢n chay trén dé phan bd theo cdc quy luat di biél. Mot dang anten day dién hinh 1a
anten chin ur cling di duge khao sit & chuong 4, véi phan bé dong dién duge xidc dinh
theco phuong phdp gan ding (tudn theo phuong trinh
Telegraph, va coi chan tir duge bién dang tir dudng day

song hanh hd mach dau cudi). Chuong nay sé dé cap
dén bai todan chinh xdc dé xdc dinh phan bs dong dién \

trén anten day va tinh todn trudng bic xa cha né. DE
don gian, ta khdo st bai todn vé anten day manh.,

truc sdi diy

Mot cdch 16ng quat, anten day manh duge dinh
nghia 13 mot cdu tric day din thiét dién tron, ¢ bdn
kinh ¢ rat nho so vai bude song (u < A/100), va duge b Vo
tri theo mo1 hink dang nhat dinh trong khong gian.

. . . . - o Bé mit S
Anten diy minh ¢6 dang hinh hoc don gian nhat la

day manh thang. N6 did duge Pocklington thiét lap
phuong trinh vi tich phan vio nam 1897 va Hallen thiét
lap phuong trinh tich phin vao nam 1938 doi v6i dong
dién trén day. Ca hai phuong trinh nidy ¢6 thé giai bing
phuong phdp $6 dé nhan duge phan bé dong trén anten,
Pay 1 bai todn 3 chiéu kha don gian vi dong dién . Hinh53.

. . " . . . Cau tnic anten day manh
bat budc phai chay thco hudng truc cna anten. Trong 1y
thuy€t anten day manh, ching ta coi anten dugc lam
bing vat dan dién 1y tudng. Dya vao diéu kién bd cho dién trudng trén bé mat S cla
anten, ching ta cd:

5><(E"+E‘-“):0 (5.27)

Trong d6, £' 1a dién trudng ngodi va £* 1a dién trudng t cam, do dong dién trén
anten tao ra (vi ban than day dan lai duoge dat trong trudng tdn xa clia chinh no).
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Dien trudng ngoai £’ ¢6 thé 1a dién trudng ciia séng t6i tdc dong len day dan khi
501 day dong vai trd anten thu, hoac 1a dién trudng tao ra do nguén stic dién dong ngoai
Vo tdc dong len 2 cuc clia sgi day, hoidic cé thé do dién trudng cha ca 2 truong hop trén
cung tac dong.

Trén hinh 5.9, # 1a vector toa do clia mot di€m trén bé mat sgi day va 7' i veeto toa
do clia mot diém trén truc sot day.

Mot anten day dugc xem mét cich gin ding 1a anten diay manh khi thdéa min cac
diéu kién sau:

— Vector mat do dong dién /(#)chi chdy theo hudng song song véi truc day va
phan bé déu quanh chu vi.

— Dong dién mat dugc xem nhu la dong dién tap trung chiy doc theo truc soi day.

— bién tich mat dugc xem nhu fa dién tich sgi ndm trén truc day.

~ Diéu kién by §x(E' + E*)=0 duge ap dung tai bé mat anten chi vdi thanh phan
dién truimg doc theo truc day.,

Nhu vay, cdc tich phan mat ma chiing ta s&€ nghién citu dudi day s& ré thiinh céc
tich phan dudng doc theo chiéu dai truc day.

DE cho ti¢n, ching ta sé st dung cic ky hiéu sau day cho bai todn:

— Toa d6 clia mot diém trén bé mat anten goi 13 s.

—Toa d6 clia mot diém trén truc anten goi 13 s”.

— Goc s = 0 duge chon tai diém cap dién.

— 5,8 wong ung la céc vecto don vi ti€p tuy€n mail, song song véi truc anten tai
cictoa do s, v,

— Vy la dién dp kich thich tai hai cuc clia anten ma khodng céch d giita hai cuc cua
anten vo cing bé (d—0), do vay £ (s)= Vod{s} v6i 8(s) 1a ham Delta Dirac, con
E: (\) la thanh phan ti€p tuyén clia dién truong do V,, tao ra theo phuong §, tic la

F; (s)= £ (s)5.

b) Cdc phuong trinh vi tich phdn cho anten ddy mdnh

Cic phuong trinh tich phan 3 chiéu kinh dién dugc sit dung thuan tién nhat trong
viec tim phén b dong di¢n trén day dan dién 1a phuong trinh vi phan Pocklington v
phuong trinh tich phan Hallen. Phuong trinh Hallen gidi han trong viéc sit dung nguén
dien ap khe tai vi tri cdp dién cua anten day. Phuong trinh Pocklington thong dung hon
v ¢6 thé thich tng véi nhiéu loai nguén 6ng dan bao gém mot mang tir (do su thay déi
ctia ham kich thich hodc ma tran kich thich). Thém vao dé, phuong trinh Hallen doi hoi
ma tran nghich ddo bac N + 1 (trong dd, N la s6 doan cha day dén) trong khi phitong
trinh Pocklington doi hoi nghich ddo clia ma tran bac N.
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béi v6i day dan rat manh, phan bé dong dién ludn duge coi 1a dang hink sin. Trong
day dan dudng kinh hitu han (dudng kinh d > 0,054), phin bé dong dién ciing ¢6 thé
bi¢u dién dudi dang sin nhung khong that chinh xdc. Dé tim mot phan bo dong chinh
xdc hon, can thyuc hién viéc gidi phuong trinh tich phan.

Neéu bi€l dien dp tai cdc dau vao ong dén cua anten day va tim dugc phéan bé dong
dién, thi ¢6 thé tinh dugc tré khdng vab vi trudng tdn xa.

Mot cdch tong qudt, viéc thiét 1ap cdc phuong trinh tich phan cho anten day manh
déu dya trén diéu kien bd § x(E' + ES) =0 trén bé mat chia anten (phuong trinh 5.27).

Phuong trinh tich phdan Pocklington
Xét mot song di téi bé mat cia mot day dan dién. Téng dién trudng tiép tuyén £_ tai
bé mat ciaday danfa: E, (r=r,) = E,’I(r =)+ E(r=r,)=0 (5.2%)

hoic: El(r=r)= —E:'(r =r)

Séng tai

' a) b}
Hinh §.10, a) Anten ddy manh va séng tdi, b) Dong dién cam tugng duong

Tai diém quan sat bat k¥, trudng tan xa do dong dién cam tng trén bé mat day din
gy ra duoc biéu dién theo cong thic (0.8):

52

. . 23e,
E (r)= ~£mpﬁ{'(r)—é grad(divA®(r)) = _;‘;[k%'—’(r) +6—A~—(3} (5.29)
A

trong dé:
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A"(r%L H! (s')‘"_fkR ds’
4 oS R

~Z A€, .
grad(divA® (7)) = C AT (1)

2

A)

(5.30)
k =m\pe

Ching ta s€ nghién ciu d6i véi cdc anten day manh (Hinh 5.10), tai méi diém
ching ta s€ nghién cdu cdc the dién A va dong dién cdm tuong duong J theo huéng
vector ti€p tuyén don vi, song song vdi truc anten tai cac toa do s, v’. Cong thic (5.29)
duge viét lai nhu sau:

we as

. 2 4€, .
E&(r)=—~i—[k2Af(ry+§—é%gl}

(531
Theo (5.30) va bo qua cdc hiéu tng bién:

| kR | M2 o ikR
A= [f,em s = AL ) —adg' ds (5.32)
§ —{i2 0
Néu day déan rat manh, mat 46 dong J, khong phai 1a ham cla géc phuong vi ¢
dmal, =1,(s') = J, = ——1 (5" (5.33)
o 2nta
trong do, / (s*) 1a dong twong duong cua day dan.

Xét t6i (5.33), khi di€m quan sdt nam trén bé mat day din ta ¢6 (5.32) duge viét lai
nhu sau:

e[ kR
Af(sy=— — PR ado' ds’
(8 4 '[ 2na j () ?

(5.34)
-tf2 0 R
R= \/(x—.r')j" +(y—y')2 +(z—z‘)2 = \/pz +a’ —2paccus((p—(p')Jr(z*::')'2 (5.35)
trong d6, o la khoang cdch tir truc téi diém quan sl va a 12 ban kinh day din.

Do tinh d6i xitng cua trudng tdn xa, diém quan sat khong phai 1a ham c@a ¢. Dé don
gidn, ta cho ¢ = 0. Vi diém quan sdt & bé mit (p = a) thi (5.34) va (5.35) s¢ la:

+/2 I 2n e—{kR +/2
Allp=a)= [ (s — do' s = 1,(s"YG(s,5)ds'
f(p=a) 4L‘()2ngmm 0 [ 1,160 57

(5.36)
—1f2
1 2n e—:'kR
Gs,s)=— ' (5.36a)
2n 0 4nR
Rp=a) =\j4a2 sinz(%—)+(z—z')2 (5.36b)
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Do vay, véi cic di€ém quan sdt tai bé mit p = g, thanh phén tié€p tuyén cua dien
trudng tan xa cé thé duge biéu dién la:

i 7 N+/2
Efp=a)=——| 82+ j 1,(s)G(s,s")ds’ (5.37)
wE ds* ) i
ap dung (5.37) vao phuong trinh diéu kién b (5.28a) ta duge:
. 3 N+If2
i d , . ;
- K [ I (s)G(ss)ds = ~Ej(p =) (5.38)
MEe ds* )
hoac:
2 hZ+HIf2
e jf(\)G(\§yn = —ineE! (p = a) (5.39)
ds® i

Két hop tich phan véi phép vi phan, ta biéu dién dugc (5.39) nhir sau:

+/2 g
[ 156 [[k2+———}6053)}f = —iweE! (p = a) (5.40)

-2

Phuong trinh (5.40) la phuong trinh Pocklington, cho phép xdc dinh dong tuong
duong trén day dan khi biét ngudn ¢dp hodc trudng ngodi tde dung 1én bé mat day dan.

Phuong trinh tich phdn Hallen

Gia str chiéu dai day dan / 16n hon rét nhiéu so véi bdn kinh @ (! >> &), va ban kinh
a nhd hon rat nhiéu so vdi bude séng A (@ << A), khi d6 ¢6 thé b qua dnh hudng cha
cdc diau mut day dan. Pong thdi gia thiét ring nguén ngoai duge dit vao khoang khe hd
rit hep & gira day. Ta ¢6 cdc didu kién bién cho day dan 1a tong cdc vecto tiép tuyén cla
dién trudng F triét tiéu trén b¢ mat cua day dan va dong dién tai cdc ddu muit cua day
dan cling triét tiéu [/ (s")= £//2) = Ol.

Vi chi ¢6 méit d6 dong dién chay trén ddy din vi hudng doc theo true, voi gia thiét
ban kinh rat nhé nén né chila ham cla s” (J =J(s")). Dodé A=A (s").

ap dung (5.31) ta co:

: - : SPAS(s'
E}\(‘\‘):_E:(‘Y):—L[kZA.:,(S')+¢:l (541)
e Ox

Néu Iuu ¥ rang trudng ngoai chi duge dit vao khodng khe hd rat hep, va tdng cdc
vecto dién trudng ti€p tuyén E, triét tiéu trén bé mat day din, tir (5.41) ta nit ra

)
‘f§5+k%g:0 (5.42)

ds
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Do mat d§ dong trén day dan 1a deéi xitng [/ (s") = J(—")], th€ di¢n A, cling dai
xting [A,(s”) = A (—s")], ta ¢6 thé biéu thi nghiém clia (5.42) dudi dang sau:
Ay(s) = =iyJe[ B, cosths)+C, sin(k|s) (5.43)
trong dé, B, va C| la cdc hang s6.
Mat khéc, the dién A, c6 thé duge xdc dinh theo (5.36), phu thude viao dong /. trén
day. Néu luu ¥ dén tinh doi xing truc cua diy déan thi (5.36a) trd thanh:

] 2" ——rLR | o kR
G( == ¢'=— 5.44
sS0= J R T R (>:4%)
+{/2 —MR
K&t qua nhan dugc la: A = 1 ! 5.45
qua nhas J 167 —d (5.45)
-2
Thay bic¢u thitc trén vao (5.43) ta ¢6:
+112 oikR -
I.(s") ds'=—i [=| Bycosthks)+C sin(k|s]) | ©  (5.46)
_J'L . 4nR \/;[ ! sin( ")]

Néu cidp mot dién dp V, tai dau vao clia day dan, thi hang s6 C, =V /2. Hang s6 B,
duge xic dinh tir diéu kién bién, doi hoi dong triét tidu tai cac diém cudi cla day dan.

Phuong trinh 5.46 1a phuwong trinh tich phan Hallen doi véi day dan manh, dan dién
ly twdng.

5.3.2. Giai phuong trinh tich phan cho anten day manh bing phudng phap
moment

a) Nghién citu cdu trite

Tmng muc nay, chiing ta s& giai phuong trinh tich phan Pocklington cho anten day
manh bing phwong phap moment. Tuy nhién dé bai todn duge don gian, ching ta nghién
ctiu doi véi anten day thing manh. 4p dung phuong phip moment ching ta sir dung ham
0 $0' 14 ham mién con, bang céch chia anten AB thanh N doan con, méi doan con dai /,,.
Chiing ta ddnh 56 cdc doan con trén doan ABla 1,2, 3. N,

Ky hiéu vector don vi trén moi doan con thi k14 Z, (k=1, 2, 3.... N) vd ky hiéu 10a
do cdc diém chia trén dudng cong khe 12 z, (luong Gng géc 0), 2, 25, 25... 2y nhu duge
phic hoa lai trong hinh 5.11 dudi day:

1 #2 #3 #4 #5 #6 #N
(A) o . .

Zyz, 02, 7, 7, Z %

$
’
[ ]
=z

Zy Zy
Himh 511, Cac toa dé trén doan AB

Toa do dai cua diém z, B z, = nl; (trong d6: n 1a mot s6 nguyén)
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Hinh 5.12. Phin doan anten day thang manh va dong dién tudng dudng

Trén hinh 5.12 a, b, chiing ta ¢6 cdc hinh v& mé td viéc phan doan anten day thang
manh va dong dién tuong duong trén bé mat anten (hinh 5.12a) va doc theo truc cila
anten (hinh 5.12b). Chiing ta viét lai phuong trinh tich phan Pocklington cho anten day
théng manh (5.40) véi luu ¥ chuyén cic toa do tir truc ¥ clia day dén c6 hinh dang bat k¥
sang truc I cla day déan thang. Ching ta cé:

+Hf2 d2 .
I 1’2((2’)1‘[){'2 +2]G(z,z')}/z' = —t’msE; (5.47)
d—,

172
Gia sir day dan rdt manh (@ << 1), (5.36a) duge it gon nhu sau:
—ikR
4nR
Ching ta st dung (5.48) bién déi gidi tich (5.47) va khai trién du6i dang ham so
Thiele' dé ¢6 dang don gian va ti¢n loi hon [47):
+112 “ikR
{1, (z'): e [(1 +ikR)(2R? -3a2)+(kaﬁ)1 o' = —iweF! (5.49)
TR

-2

G(z,2'y=G(R) = (5.48)

'ca. Balanis. Advanced Engineering Electromagnetics, John Wiley, NY. 1989, trang 720, phuong trinh
12-123
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véi diém quan sit & doc theo truc clia day din (p = 0). Ly do chon diém quan sat doc
theo truc day dan nam khdc véi phan bs dong ngudn day dan soi tong duong L(z"
thudng duogce dit trén bé mat day din (Hinh 5.12a) hodc nguoc lai (Hinh 5.12b) nham dé
tranh sy chong ldn giita cic di€m ngudn va diém quan st xuat hién khi qué trinh wr trg
khdng tan nhau (self-impedance) trong trudng hop toa do ctia diém ngudn tring véi toa
do clia diém quan sit (z = 2°). Lic d6 theo (5.50) khoéng cdch R s& bang bdn kinh a cia
day dan.

R=\a*+(z~z2')* . (5.50)
Trong (5.47) va (5.49), /(") biéu dién dong nguén day din soi tuong duong trén bé
mal cua day dan, khi biét dién trudng tai bé mat day dén. /(z ") ¢6 thé duoc xac dinh béng
phuong phdp moment sit dung céc k¥ thuat phdi hop diém (point—matching), két hop céc
dicu kién bién tai cic dieém 10i rac trén bé mat day dan. Thong thuong, chiing ta chon
cdc diem phdi hop & doc theo truc clia day din, trong d6 /(") ndm trén bé mat day dan
(Hinh 5.12a). Hoac chiing ta c6 the déo lai, noi phan b dong nguén day dan soi tuong
duong /(z') duge dit doc theo truc clia day din va cic diém phéi hop duoc lay trén bé
mat day dan (Hinh 5.12b).

b) Chon ham co sd va thiét Igp phuong trinh ma trgn

Chon phuong 4n duge thé hién trén hinh 5.12b, phian bd dong nguén day din soi
twong duomg /(z") duge dat doc theo truc cia day din va cdc diém phoi hop duoc 1ay trén
bé mat day dan. Ching ta chon ham xung mién con 12m him co s& va khai trién dong
dién /(z ") theo toa do diém nguédn (triing véi goc toa do) va ham co sa nay doc theo truc
cua day dan nhy sau:

N
1(z)=>1,f,") (5.51)

=1

trong d6, ham f,(z")1a ham xung mién con duge xdc dinh nhu sau:

Ei .
I V0iz,< 2 <z,

f,(zh= { (5.52)

0 tai céc vi tri khdc

Hé s6 7, 1a dn s6. Cac h¢ s6 7, (n = 0, 1, 2,.... N — 1) duge xdc dinh bing phuong
phép moment trong d6 sir dung ham khai trién f£,(z ") vd ham trong lueng T, (2), m = 1,
2,... N. Phuong trinh (5.49) s&€ duoc bién d6i thanh phuong trinh ma tran ¢6 dang:

Z Knm w=Vin (5.53)
n=0
hay: Vi.)=[Z. 11, ] (5.54)

trong dé [V, ], [Z,,,] va [/,] twong ing 1a cdc ma trin hiéu dién th¢ (do ngudn di¢n tao
ra), trs khdng va dong dién. Cdc phdn tir ctia ma tran tr& khing Z
nhur sau:

i Xac dinh -
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2 12 N aLR(

)
Lipp = ITm(z)- j PN AE ) “)[(IH:'(R( ))(2R2(:f:,.z‘)—3u2)+(kaR(2.:'))2}iz‘

-2 ~if2n=l (
(5.55)
12 _
v V,(2)=—ios I T, (2)e E.(z}dz (5.56)
-2

Do ham f,(z") chi tén tai trén z,_, z,,  vi vy cdc can tich phan tr —//2 dén {/2 wong
Gng thay d6i thanh tr z,_, z,,,. Chon ham trong lugng T, 13 ham Delta Dirac, sir dung
phuong phdp phdi hgp diém (point-matching) cho ca hai v&€ ciia phuong trinh (5.55) tai
cdc diém quan sat z, 13 diém nam trén bé mat day dén va ndm giita doan con thit m
(m = 1.2, 3... N), ching ta bién déi (5.55) nhu sau:

~ikR(=py.2")

Z,. ;I”f”( )m_,;,é [(IHKR(“H],‘, ))(2R (eppo2) =3 )+ kaR(zy,.2 )ﬂ
(5.57)

trong dé: R(z:;,z') 12 khoang cédch trung binh gitta 7:, (1a diém quan sdt trén bé mat va
nam giita doan con thit m) va diém z' 1a diém nguén, cic vector 7, ,7' 1a cic

vector don vi tai cic diém tuong (ng zm,z' . Theo (5.50), ching ta cé:

R(~,,,,u (5.58)
e
Nghiem 7, ¢6 thé xdc dinh duge qua phép nghich dio ma tran:
{13 = {Z)” V) (5.59)

¢) Mo hinh nguon kich thich

Gia sir day dan duoc ti€p dién d6i xing bdi mot ngudn dién dp va né hoat dong nhu
mot anten chan ti (trong mét s tai liéu k¥ thuat ngudi ta cling goi né 1a anten Dipole).
D¢ sir dung phuong trinh Pocklington (5.40), ching ta can dién giai dugc Ei(p =da).

C6 hai phuong phdp thutmg duoc sit dung dé kich thich anten va tir d6 s& dua ra
dugc phan bo E;(p =a, 0 €@ <2n,-//2 <z < +1/2) tai 14t cd cic diém trén bé mat
cha anten : kich thich dién dp bing khe delta va kich thich dong tir vdng tuong duong
b&i bo phat mang tir.

o Khe delta

Hinh 5.13a thé hién mé hinh nguén khe delta don gian nhat va duge sir dung rong
rdi nhét, nhung {t chinh xdc hon ca, dac biét ddi véi trd khang. Mo hinh nay cang chinh
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xéc khi do rong khe cang nho. D€ sir dung khe delta, gia st dién 4p kich thich tai cic
diém c6 gid tri V; khong déi va bang 0 tai cdc vi tri khic. Do d6, dién trudng ti€p tuyén
E’ (p=a,0 £ ¢ <2x,-l/2 < z < +1/2) ciing 1a mot hang s6 (V;/A trong d6 A 1a do
rong khe) qua khe cdp va bang 0 tai cdc diém khdc, vi th€ c6 tén 1a khe delta. Trong mo
hinh khe delta, khe A dugc thay thé boi mét dai hep cdc cot/hang cia mat do dong tir
tuong duong:

] V. ,
M, =-nxE' =-a,xa,-t=a Vi 2 <2z = (5.60)
A A 2

<Y

tiert

a) b)
Hinh 5.13. Cac mé hinh nguén kich thich
a) Nguédn kich thich khe delta; b) Ngudn kich thich bang mang tur.

® Bo phat mang tir (Magnetic Frill Generator)

B0 phat mang tir (Hinh 5.13b) duogc dua ra dé tinh todn cdc trudng viing gin va viing
xa tr cac khe hg hay tir dau cudi hé clia 6ng déng truc (coaxial aperatures). Dé sir dung
mo hinh nay, khe nguén dugc thay thé bang mot mat do dong tir huéng theo dudng tron,
qua mot 6ng hinh khuyén c6 ban kinh trong @, dugc chon 1am bén kinh cha day dan, va
ban kinh ngoai b. Do anten dugc nudi béi cic dudng truyén, ban kinh ngoai b clia 6ng
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hinh khuyén tuong duong ctia bo phat mang tir ¢6 thé tinh duge nhd sir dung biéu thic
vé trd khdng déc tinh ciua dudng truyén.

Qua 6ng hinh khuyén cda b phdt mang tir, dién trudng duge kich thich béi phan bs
trudng mode TEM cua dutng truyén doéng truc:

.V, (5.61)
E"'_a" 2p'Inih )

Do vay, mét do dong tir twong duong M, clia bg phidt mang tir duge sit dung dé kich
thich day dan la:
v
M,=2axE,=2axaE =-a, ——— (5.62
1 ! %9ty 3 Inth/ a) )
Dién trudng do bo phat mang tir trong (5.62) kich thich trén bé mat day dan la:

Ep=a,0 < ¢ <2m —1/2<z2<1]2)=

K(hE — g2 )e— kR 22
ey | MO T ) L e (5.63)
8In(b /R, kR 2Ry
e | b+ a? : 2 1 Bt
i iy —ik—— -+ 3
Ry |\ ARy 2R; Ry kR 3R;
trong do: Ro- J:E_J,;? (5.64)

bién trudng kich thich trén bé mat cia day dan trong (5.63) duogc 1dy xap xi theo
dién truong doc theo truc (p=0):

2in(b/a)| R, R,

trong do: RI:J;?, R,= '|32+b2 (5.60)

Dé so sanh cac ket qua stt dung 2 loai ngudn (khe delta va bo phat mang tir), ta xét
vi du sauw:

. v kR, -ikRy -.
El(p=0, —1/2<z<][2)=——0H1 ﬂ" _£ (5.65)

Gia sir mot anten dipole tuyén tinh duge cip ngudn trung tam, ¢6 chiéu dai / = 0,54
va a = 0,005, |

~ Xdc dinh dién dp va phan b6 dong chudn héa qua chiéu dai anten , sir dung
N =21 doan dé chia chiéu dai.

— Xdc dinh tro khdng vao st dung s6 doan N =7, 11, 21, 29, 41, 51, 61, 71, 75.

Sir dung phuong trinh Pocklington (5.49) v6i ham co s& mién con la ham xung va
phuong phap phéi hop diém dé gidi quyét van dé, xay dung khe trén | doan clia anten,
v su dung ca hai mo hinh khe delta va bo phat mang tiy dé tao ra kich thich. Sit dung
cong thitc (5.65) cho bo phdt mang tir. Do dong tai cic di€ém ddu cudi cha diy dan bi
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tri¢t tiéu, vi vay néu ching ta sir dung cdc ham cd s& mién con 12 ham xung thi cé thé
phép tinh chua duge chinh xdc. Tuy nhién, do tinh chat don gidn, cic him ndy c6 thé
dugce sir dung d€ minh hoa cdc nguyén 1y hoat dong mic du céc két qua dat duge khong
hoan toan chinh xac.

Gid st tro khdng dac tinh clia 6ng hinh khuyén 13 50  va dién 4p kich thich V; Ia

1V, chiing ta cé:
Z, = EQ_M:_W -, 922’3
\I gy 2m a

Chiing 1a chia toan bo chiéu dai (/ = 0,47 1) cha anten thanh 21 doan d€ tao ra khe
va mdi doan ¢6 chicu dai bang:

A= 0.54 =0,0238%
21

Sir dung (5.56) dé tinh E., cdc dién dp cAm tuong tng thu duoc bing cich nhan gia
tri —Ei; tai moi doan vdi chi¢u dai clia doan va so sdnh v6i dién 4p cam tuong ng khi
kich thich bang khe delta. Ching ta sir dung N = 1 biéu dién doan ngoii ciing va N'=11
bicu dién doan trung tam. Do tinh d6i xing cha anten dipole duge cip nguén tai diém
giira, nén chiing ta chi can nghién cthu cic két qua dong dién ng vdi doan & trung tam
va cdc doan trén mot nira chiéu dai anten . Mac di hai phan bé dién 4p khong gidng
nhau trong hai treong hop nguén kich thich, chiing ta ¢6 thé thdy rang su phan ri céc
di¢n dp trong phin b6 mang tif ra khoéi doan trung tam nhanh hon nhiéu so véi trudng
hop kich thich bang khe delta va nhanh chéng dat 16i cdc gid tri gan nhu triét tieu khi
ti€n dén hai ddu mit cia anten .

5.3.2. Md phéng va cac két qua

a) Gidi thiéu

Chuong trinh dugc vi€t trén ngén ngt Fortran, chay trén phian mém Fortran
Powerstation (Phu luc IT). Chuong trinh sir dung phuong phdp moment gidi cdc phuong
trinh tich phan Pocklington va phuong trinh tich phan Hallen dé tinh todn:

(1) Phin b6 dong dién va v& d6 thi phuong hudng cua anten thang manh.

(ii) Trd khdng vio cha anten thing manh.

Chuong trinh sir dung ham co s¢ la ham xung dé biéu dién cdc sv bién déi ctia dong
dién tai bé mat cla cdc doan day din va sit dung cic ham trong lugng Delta Dirac
(phuong phip phéi hop di€ém) cho dong dién tai truc clia cdc doan day dan. M6 hinh
ngudn khe delta duge sit dung trong ca hat chuong trinh tinh todn véi céc phwong trinh
tich phan Pocklington va Hallen. Ngoai ra, mo6 hinh nguén nuéi mang tir duge tich hop
trong chuong trinh tinh todn véi tich phan Pocklington.
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b) Tinh todan

e Anten cé chién dai 0,5A:

Chiéu dai anten { = 0,54, bén kinh a = 0,0054, hoat dong tai tan 6 f = 2.5GHz. Can
tinth todn doi véi cac trudng hop sau:

a) Chia anten thanh: 21 doan (tic 13 méi nhdnh 10 doan, doan giita 14 nguén. Téng
cong: 2 x 10+ 1 =21 doan).

Tinh todn phan bo ddong trén anten va vé trén cling mot d6 thi phan bd dong (bing
phuong phap Pocklington va Hallen) déi véi nguon nudi khe delta=1V.

b) Vin anten / = 0,54, ban kinh ¢ = 0,0054 nhu vay, tang s6 khoang chia thanh 7,
11, 21, 29, 41, 51, 61 doan. Xac dinh trd khiang vao véi 2 trudng hop ngudn nuoi khe
delta = 1 V v ngudn nudi mang tir twong duong véi 1 V.

o Cac anten ¢6 cde chién dai khdae nhan:

Chiéu dai anten / = 0,014, 0,54, 0,754, 14, 1,254, 1,54 va 24

Ban kinh « = 0,0054, tan s6 f = 2,5GHz.

Can tinh todn va vé do thi phuong hudng ddi véi timg anten v&i trudng hop nguén
nudi khe delta= 1 V.
c) Két qua
Tinh phdan bd dong va trd khdng vao véi = 0.54; a = 0,005A:
N =21 doan, nguodn nuéi khe delta = 1V:
— Phuong trinh Pocklington:
Tro khdng vao: Z2=969+i351 ()
— Phuong trinh Hallen
Tré khang vao: Z =965+ 45,5 (Q)

Bdng 5.1. Phan bé dong doc theo nifa anten dipole theo phudng trinh Pocklington

N

VitriZ Bién do Phén thue Phan do Boan (N)
0,2381 0,002011 0,001635 ~0,001171 1
02143 0,003574 0,002931 ~0,002046 2
01905 T 0004950 | 0004087 | —0.002781 3
0,1667 0,006169 0,005152 —0,003394 4
0,1429 0,007227 0,006095 —-0,003884 5
0,190 0,008116 0,006917 —0,004245 6
0,0952 0,008823 0,007607 -0,004470 7
0,0714 0,009338 © 0,008155 -0,004550 8
00476 0,009651 0,008553 ~0,004472 g
0,0238 0,009748 0,008794 -0,004206 10
0,0000 0,009568 0,008875 ~0,003576 11
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Hinfr 5.74. Phan b dong dién doc theo dipole /=0,52; 2=

céc phuong trinh Pocklington va Hallen vdi

0,0054 trudng hop =21, s(r dung
ngudn nudi khe delta

Van anten / = 0,54, ban kinh @ = 0,0054 nhu vay, ting s6 khodng chia thanh 7, 11.
21,29, 41,51, 61 doan. Xdc dinh tré khéng vao Z (Q) véi 2 trudng hop ngudn nuéi khe

delta = 1 V va nguén nuoi mang tir tvong duong 1 V.

Béng 5.2. Tré khang vao cla anten sif dung cac ngudn nubi khac nhau va tinh toan
bang céc phitgng trinh Pocklington va Halen

56 doan chia Phong trinh Pocklington Phitong trinh Hallen

N Nquén nudi khe defta (£2) Mang tr (2 Ngudn nus khe delta (<2

7 1845 + 11669 33747343 92,6 +i35,8

11 121,0 +1952 38,6+730,5 94,0 + 43,0
Y 96,9+ 35.1 55,7 +122.8 96,5 +i455

29 93,6 +303 68,1+7228 98.1+7462

41 94,6 +i32,8 81,7 +130.1 100.4 + /465

51 971 +i377 85,0+ 1374 102,3 + 46,2

61 959 +i417 93,6 +1432 104,4 + 455 |

Ve d6 thi phuong hudng (DFH) ciia anten ¢6 cdc chiéu dai khdc nhau duge chia
thanh N = 21 doan '
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§5.4. AP DUNG PHUONG PHAP MOMENT
DE TINH TOAN ANTEN CO CAU TRUC MACH DAI

5.4.1. Gidgi thiéu cau tric mach dai

Cau tric mach dai dién hinh gém ¢6 cdc phan chinh 1a phién kim loai, 18p dé dién
mai, man chin kim loai va bo phan tiép dién (Hinh 5.23). Phién kim loai dugc gin trén
dé dién méi tao nén mot cdu tric tuong ty nhu mot mang clia mach in, do vay cau tnic
mach dai con ¢d t€n goi la cdu triic mach in.

Céc thong s6 cdu trilc co ban cla mot phan tr anten mach dai 1a: Chiéu dai /., chiéu
rong W, chieu day 7 va hing s6 dién moi #. Phan 1 anten mach dai c6 thé duoc tiép dién
bing dutng truyén mach dai dugc ché tao theo cong nghé mach in gan lién véi phién
kim loai, hoac dung cdp déng truc ¢ dau tham ndi véi phién kim loai ¢on vo cdp ndi véi
man chan,

Phién —
. . L t
kim loai < S _@_
W
Man chén
Dé dién
mgi ——1—

Hink 5.23. Phan tU anten mach dai véi phién kim loai gan 1én d& diégn moi
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Séng trong cdi tritc mach ddi: Phu thude vao timg cdu triic, ching ta phan biet 4
loai séng trong cdu tric mach dai phang d6 1a: séng khong gian, séng mat, séng rd
(leaky wave) va s6ng trong 6ng dan séng (guided wave). Néu cdu triic duge sir dung nhu
anten thi hdu hét nang lugng s& duge bién déi thanh séng khong gian. Déi véi cau tric
dan séng thi phdn 16n nang lueong duge gil trong 6ng din séng. Con hai toai séng con
lai: song mit va song rd vé co ban déu la cdce suy hao khong mong muén.

Phién kim loai

®

. am

va = =
Man chan
Hinh 5.24. Song trong ciu tric mach dai phang

Séng trong éng dan song (tia A trén hinh 5.24), dé 1a séng t6n tai trong 18p d€ dién
moi gitta man chan dan dién va phién kim loai mach dai.

Song khong gian (nhdém tia B trén hinh 5.24) duge phdt xa 1én phia trén bé mat
phién kim loai. Nhitng séng nay ¢6 thé bic xa di xa, bién dé trudng giam nhanh theo
khoang cich véi ty 1¢ 1/r. Dac tinh khic nhau cua mdi ciu tric s& din dén cdc tinh chat
khic nhau cua séng khong gian. Tuy nhién, d6i v6i dudng truyén mach dii thi séng
khong gian lai 1a séng khéng mong muén. Trong cdu tric mach déi, séng khong gian
chi ton tai & nira khong pian phia trén bdi vi méan chiin kim loai d3 ngan can viéc bic xa
xuong nia khong gian phia dudi.

Song ro (tia Ctrén hinh 5.24) phét sinh khi séng truyén trong 16p dién moi t6i man
chan theo géc 61 nhod hon gée 16i han 6, =arcsin(1/\/8T). Sau khi phan xa tir man

chan, mot bo phan cla séng s& khiic xa qua mit gidi han dién méi — khéng khi, khién
cho mét phan nang luong ro ra khoi 18p dién méi. Vi vay séng niy duge goi 13 séng 1o.
C6 mot s6 anten lai hoat dong dua trén co ché 1o dung séng ndy (anten sdng ro)

Song mdi (nhom tia D trén hinh 5.24) 1a cic séng ¢6 ndng lugng tap trung chu yéu
trén b¢ mat va bén trong 16p dién moi. Chiing dugc phan xa toan phan tai mat gidi han
dien moi ~ khong Kkhi, giéng nhu séng trong ong dan séng dién moi hay trong soi cap
quang. Séng nay c6 thé gay ra hién tuong xuyén nhiéu hoac lam méo dang do thi
phuong hudng do tdn xa va phan xa tai bd clia 16p dién moi, nhung ciing cé nhiing anten
lai duge thiét 14p dua trén co ché lgi dung séng mit {anten song mdt)

Cédc uu diém co ban ma anten mach dai dat duoe khi tat ci cde phén tor cda anten
bao gom ca mang ti€p dién déu gin nguyén khéi viio mét mat cda ban mach in ¢6 thé
duoc ké ra nhu sau:

— Qua trinh cay hang tram tham chi hing ngan cdc cdu tr vi séng duge dua vao
cung mét qua trinh dan dén anten ¢6 gid thanh thap.
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— Ban mach in thuong rit mong va nhe, ddng thdi cdc phan tir duoc thist k& dé khai
thac & mat trén, ding sau la man chan kim loai, do vay viéc gan chidng Ién than mdy bay
hodc tén Iua Ja rat tién loi. C6 the tao ra cic cdu tric mach dai khong chi don thuan 1a
cau triic phing ma ¢ 1hé ¢é hinh dang phi hop véi cdc vat thé mang né, vi du ciu tric
hinh tru, hinh nén...khién cho s 16n tai cta anten hdu nhu khéng cé anh hudng dén hinh
dang cta cdc vat mang. Ta goi d6 la cdc anten dong hink, hay anten cé dang phu hop.

— Do cdc phan tu cha anten mach dai nam & phia trén ctia man chan kim loai nén 6
th¢ dé dang két hop cdc phén tir anten véi cdc mach tich hop nhu cdc bo chia cong suit,
bo dich pha, bo khuéch dai, thu va trén tan v.v. hoac cdc mach xir 1¥ tin hiéu nam & phia
sau man chan d¢ tao ra hé anten tich circ hoac anten ¢6 xit IV tin hiéu, anten thong minh.

Tuy nhién anten ¢d cdu tric mach dai cing ¢é6 mét s6 nhuge diém ma cdc diém
chinh ¢6 thé ké dén nhy sau:

— Dai tan hep.

— Hiéu sudt chua cao: do ¢6 suy hao & 10p d€ dién moi.

Trong chuong nay. ching ta s& chi dé cip dén viée phan tich cdc anten mach dai ¢6
cdu tric phang.

5.4.2. Phan tich anten cé cau tric mach dai bing phugng phap moment

a) GGioi thiéu chung

D¢ tinh trudg bic xa cla anten ¢6 ciu tric mach dai, trude hét cdn xac dinh phan
bo cia dong di¢n trén bé mat dai kim loai (dong dién mat) & mat trén cia ciu tric. Cic
dong dién mat nay ¢é mat trong cac phuong trinh diéu ki¢n bd déi véi dién trudng (hoic
tr truong) tai b mat cta cdu tric. Piéu kién b thuding duge tng dung 1a diéu kién bang
khong doi véi thanh phan tiép tuyén cua dién trudng trén mat vat dan 1y tudng, That vay,
néu coi cdc dai kim loai c¢Ga cdu triic mach dai 1a dan di¢n 1y tudng thi tdng cha cdc
thinh phan di¢n trudng ti€p tuyén trién bé mat tao bdi chinh cic dong dién mat nay
(trudng (v cam) cling vdi cdc truong ngoai (do séng kich thich, hay do nguén nudi tao
ra) phai bang khong. Dudi dang vec to, ta viét duge nhu (5.27):

Ex(z??" +E*‘] =0 (5.67)

Trong 46, £' 1a cudng do dién trudmg ngodi, duge x4c dinh theo méi bii todn cu
thé ciia cdu triic mach dai khi cau triic duge cdp dién bdi nguén nuéi hay duge kich thich
boi séng phing hodc song cham, E° 12 cudmg do dién trudng tr cim, tao bdi céc dong
mat trén chinh bé mat cau tric. Dién trudng ndy duge xde dinh qua thé véc to A 6
cong thic tong qudt (1.6), trong dé tich phan cla mat do dong dien 1A tich phan dugc
thue hi¢n theo mét § ctia dai kim loai. Két qua [a ta s& nhan duge (5.67) ¢6 dang mot
phuong triinh tich phéan trong dé ¢6 chia mar d6 dong dién /¢ cén tim. Phuong phdp
moment s& hé trg cho viée gidi cdc phuong trinh ndi trén.
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Sau day s€ gidi thiéu bai todn téng quét cling véi cdc bude phan tich cdu tric mach
dai ¢6 hinh dang tuy y, dugc mo ta trén hinh (5.25)

Mi¢ng kim logi ¢
hinh dang bit kv

\l ludmyg cin

domg dien theo
cile trge W, v

a) Phién kim loai hinh dang bat ky trén mot I6p dé dién méi co kich thudc vo han

:i gl of

1rd / -

b) Mt cat ngang clia cau triic mach dai hinh dang bét ky c6 mat phang kim loai & dé
Hinh 5.25. Cau tric mach dai cé hinh dang bat ky

M phang cia
widng ki logi

X

b) Xdc dinh phuong trinh diéu kién bo va cdc thanh phdn ciia ham Green

Gia st 16p dién moi 6 hé s6 dién moi &, va do day d.

Vi gia thiét phi€n kim loai la vat dan ly tudng, ta c6 diéu kién bd trén phién kim
loai dugc xdc dinh theo (5.67), hoac viét dudi dang cu thé d6i véi céc thanh phan tiép
tuyén cua trudng ngoai va truong tu cam:

E'=-Ef (5.68)

Truong ngoai la trudng tai vi tri mach dai, dugc hiéu do nguén ngoai dat vao hay do
song kich thich tao ra. Trudng tu cam chinh la trudng khu gin, tao bdi dong phan b
trén bé mat phién kim loai. Trong trudng hop téng quat, trudng nay c6 thé duoc xdc dinh
theo cong thitc tich phan [45]:

ES(.‘GI(X, Yy, 2) = JIIG(X, Y, Zj xo,yo.zu)'J(XO,Y(],ZU)JXOCIYU‘IZO (569)

Trong d6 G 1a ham Green dyadic va J 1a do 16n ciia véc to mat do dong dién tai céc
Vi tri ¢6 toa do x,, Yy, z nhat dinh trén phién kim loai. Him Green dyadic ¢6 thé dugc
Vi€t nhu sau:
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G=10G,1, Gt +LG L -+ ¥i, (“w:‘ +s¥(;» +1)G},s +i C,‘,:t +1, O z +: (} i

(5.70)

Trong dé: Cﬂ,b (K K, ) 1a thanh phén cta ham Green mién phé va a, b ¢6 thé i x.

y hoac ., con i . 1a cdc véc to don vi theo cic truc toa d6 x,y,z :
o
—

K, K. la cdc doi 5o cha bién doi mién pho tuong ting theo hudng x va hudng y.

cu‘) -

\*-—-,8

. ) e‘IK.r( x—x ){)EK_\. (¥=¥q)

ab( 2]z dKdK,  (5.71)

¢ day cdc thanh phéan cta him Green (r pdugc xdc dinh trong mién phé va phai diroc
chuyén déi lai mién chia x, v, do vy ching ta cén phai tinh todn véi tich phan kép ¢é
cdn v6 han trong biéu thic (5.71).
Cac thanh phan cta ham Green dugc xdc dinh nhu sau (Phu tuc I):
~iZy KK KT, + KIK2T,

Go (K, K, d|d)= A L2 sin(Kyd) (5.72)

m

—izy KKy KQT, Kle’I;)

G (K. K, dd)= sin(K,d (5.73)
( : ¥ ‘ ) K{) B m ( ! )

Gy (Ko K,.dld)=G,, (K. K,.d|d) (5.74)
. K\K,K)T, + KK 2T,

G (K K,dld) = ] TR sin(K,d) (5.75)

Ky BT, T,
Trong dé: d_!a’ [a vi tri trén bé mét tdm dién moi sat véi phién kim loar. Pay 1a vi tri
ma song mat ¢ cudng dé manh nhat.
G _—iy K. K,

. —2Lin K\d (3.76
) KU " ( ) :
~ -iZy K,
G, =22 K& G ka) (5.77)
- KO Tm
trong do:
T,=¢.K, cos(Kd)+iK,| sin(K,d) (5.78)
T, = K, cos(K,d)+iK, sin(K;d) (5.79)

Hang s6 truyén song trong dién moéi theo hudng z:

K, =&, K5 -B* Im(K)<0: (5.80)

Hang s6 truyén séng trong khong gian tu do theo hudng z:
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Ky = K5 B Im(K,)<0 (5.81)

B=JKI+K; (5.82)

Hang $6 truyén séng trong khong gian ty do: K, = 21/ hq

Trés khing cta khong gian te do: Z, =377 Om

¢) Biéu thi phdn bé dong trén bé mdt cdu tric

Phan bo dong J ¢6 thé duge mo phong nhu téng cta cdc ham co $& mién con, trong
truong hop nay chang ta chon la ham tam gidc. Viéc chon him mién con tam gidc khac
véi sir dung ham sin hay cosin toan mién, bdi vi cdc ham sin hoic cosin rit phit hop véi
viéc phan tich cac miéng mach dai hinh chi nhat hay hinh tdn, nhung rat bat lgi khi
phén tich cac mi¢ng mach dai ¢ hinh dang khdc. Him tam gidc mién con 1a ham kha
phit hop d6t v&i viée khai trién bé mit phing cé hinh dang bat ky. Do vay chiing ta ¢6
cac thanh phan cba dong dién theo mién con duge xdc dinh nhur sau:

M J'V-r]

Sy =0 D I £, (OIT, () (5.83)
m=l n=1
M+l N

J (e =2 2 LM, (0 : (5.84)

m=I1 n=1

trong do: ham f, va Il twong g 1a ham tam gidc va ham xung:

4+ (x—-x .
LaaCintY) vOi (x, —A)Sx<x,
1-{x-x,) ..
Sy = V01X, S x<(x, + Ax) (5.85)
Ax
0 tai céc vi tri khic

| véi (y.u - Ay) ys Y

I1,(») = { (5.86)

0 tai cac vi tri khéc

va Ax =21 /(M + 1) va Ay = 2L /(N + 1) trong d6: L, va L, 1a cdc kich thude cta phi¢n
kim toai theo cdc hudng x vd y. M va N 1a s6 luong cdc doan chia phicn kim toai theo
cac hudng x va v.

Khi k&t hop cdc bi€u thirc (5.69) va (5.71), thi bac cta tich phan cé thé thay ddi va
cdc ham cd 53 biéu dién phan ba dong trén bé mat c6 thé dwoe bién ddi thanh chuédi trén
mién khai trién. Khi d6 cdc ham phéan bé dong trong mién phé duoc xdc dinh nhu sau:

. M N+l
J K K)=2 > IMFM™K LK) (5.87)

m=| n=1
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M+l N

T K GKy=2" D I (KK (5.88)
m=1 n=l
trong dé:
2
SInf K Ay /24 Y sin{ K AN/ 2) |7 (cikox ik v +iK. Ay
F‘:””(K‘.,K‘.):A/\'Ay ( ¥ ) 51 ( X ‘/ ) {)( A\ Hr K_\'.H+A_\A.\"’2](S.89)
: A K_\,Ay/2 K, Ax/2
in(K,Ay/2) :
sin| K Ay sin( K, Ax/2 —1K Ky, +iK A2
F KK = Axay| SUSAY 2] S0 (KGAYT2) | (i ik 8212 g0
y he K,Ay/2 K.Ax/2

d) Xdc dinh phuong trinh ma trdn va ma tran tro khang
Ching ta str dung phuong phap Galerkin dé chon ham trong lugng giéng nhu ham
co s0 nham muc dich thu duge mét hé phuong trinh ma tran ¢é the duge gidi bang céc
phuong phap phé thong. Ta biéu dién phuong phép tiép can nhu sau:
[J7 - Eavdy = = [[a77 - Ejtdxdy (5.91)
A hY
Can ghi nhan 6 day tich phan dugc thuc hién teén x va y thay vi trén x, va y,. Tich
phan tai v& phai phuong trinh (5.91) ¢6 thé duge khai trién déi v6i x va y. K&t qua 1a khai
tricn Fourier $& ¢é dang tuong ty nhy cde biéu thic (5.89) v (5.90). Nhiing phuong trinh
nay ¢6 thé duge biéu dién dudi dang ma tran:
|: V g}q :| 7 i):ﬂmi ngmn ]_a:m

= ' 5.92)
VP 7 v 7 paui JRL (
x ¥ Y ¥

trong dé cdc phan tir ciia ma tran tr khdng duge xdc dinh:

VA 4_1, Tj j G (Ko Kydld)EM (K K )FX (K —K, ) dK dK, (5.93)
n” o —or ’ i ’ )

zZpme = 4'12 wj ojC}_ry(K_{,Ky,d\d)F;””(KI,K},)Fj’q(—KI,—K),)dede (5.94)
n — o —a0

Zpd = 4_1,, O] T(?m_(KX.K‘,,d\d)P;”” (K, K ) EP (K, —K, )dK dK,  (5.95)
T[H A I - ) - )

2000 < LT 6 (K a7 (K, (KK K, 596

—

Cic tich phan tix (5.93) dén (5.96) s& duge tinh todn bang phuong phdp s6 nhung s&
duge don gian hoa véi sir ddi bién nhu sau:
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K. =Kcosa K,=Ksina (5.97)
Trong d6 K va ¢ la cdc bién s6 clia tich phan trong hé toa do tru.

Vi s déi bich d6, cdc tich phan trén ¢6 thé duge chuyén thanh dang:

v .
[ I Jak ax, = f [ 1kaKda (5.98)
—r - 0

Tich phan tir O dén 27 ¢6 thé ticp tuc duge gidm (i tich phan tir 0 dén 472 trén co s
cdc dac tinh chan va 1€ cta bi¢u thitc dudi dau tich phan. Méi ma tran con trong sO 4 ma
tran trd khdng déu ¢6 cic hang gidng nhau, vi vay chi can tinh hang dau tién cba ma tran
con bang tich phan s6, cdc phan tir con lai ¢6 thé duge ldp day véi cdc s6 hang cla hang
dau tién nay. Hon nffa. néu lwu § ring cic so hang cla ma tran (r& khing

Znm = Z2Pth thoi gian tinh todn cing duge giam di nia.

e) Xde dinh truiong bitc xq cita anten mach ddi

Sau khi xac dinh duge ma tran trd khdng va vector kich thich, ta ¢é thé tinh duoc
cdc dn $8 1a cdc hé s6 cla dong dién. Sau dé, s& tinh todn trudng bitc x4 bang cach lay
tong truong bic xa clia timg phdn tir trén phién mach dai. Néu phién mach dai ¢é hinh
chit nhat thi cong viée duoce tién hanh mét cach don gian. Con néu phién mach dai ¢é
hinh bat ky, cin ¢6 cac budc tiép theo dé€ mé phong hinh dang cila né mot cich phil hop.

Ching ta xem x¢t mét phién kim loai ¢6 hinh dang bt k¥ nhu trén hinh 5.25. Bé
xac dinh trudng buc xa tr phién Kim loai nay, dau tién ta lap dudng bao chu vi ciia né
bang mot hinh chit nhat. Ma tran tr& khdng va vector kich thich ¢6 thé dugc tinh todn doj
v01 phien kim loai hinh chit nhat. Ching ta chia nhd hinh chit nhat thanh nhiéu t& bao
nho hinh vuéng. Tung t¢ bao duge xdc dinh ¢6 gid tri 13 | néu diém gifa cba hinh vuong
d6 nam trong phién kim loai va bang 0 néu nim ngoai phién kim loat. Ta thiét 1ap mot
hé¢ phuong trinh ma chi cho phép tinh todn dong dién khi gid tri clia t€ bao 1a 1. Vi vay
bién cta phien kim loai s& c6 dang bac thang. S6 luong (&€ bao cing tang, dé chinh xdc
mo hinh phi€n kim loai cang chinh xdc. Tuy nhién khi 56 1€ bao cang 16n thi, thoi gian
tinh todn doi hoi cang 16n.

3.4.3. Cac két qua mé phdng

Chuong trinh mdy tinh de gidi phuong trinh (5.92) dugc viét trén ngon ngit Fortran.
Chuong trinh nay dugc miéu ti trong Phu luc IV, Chuong trinh thit nhat tinh todn céic
phin tlr clia ma tran trd khdng bang phuong phdp tich phan s6. Nhu di dé cap & tren,
chiing ta chi tinh todn hang déu tién clia mdi ma trén con ma thoi. Phdn con lai duge ldp
day bing cach sip x&p cdc s6 liéu thu duge tir hang thi nhat. Ngoai ra vi cdc ma tran con
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Z va Z,, c6 lién quan dén nhau nén chi can tinh cdc phan tir clia ma trén Z,,. Ma tran
tré khéng sau d6 duge luu trong mot t¢p dir licu. Chuong trinh thit hai doc ma tran trd
khing tir t¢p dit 1i¢u va tinh todn vector kich thich theo g6c séng 161 cho trude. He
phuong trinh duge gidi va sau dé trudng bitc xa dién tir duge tinh nguoc theo géc 16i do.
Néu yéu cau vé séng bic xa trong mot dai tan s6, chuong trinh thit ba duoc sir dung dé
xay dung ma tran tr¢ khang doi v6i mot vai tan s6 trong dai tan s6 d6. Tuy nhién cdc tn
50 can dugc chon cdch nhau khd xa bai vi d6i véi cdc tan s6 gan nhau, cic ma tran trg
khing sé khong khédc nhau nhiéu.

D€ ¢6 mot vi du cu thé, ta xét bai toan La truong hop tuong dai don gian khi cau tric
mach dai c6 dang la mot cau tric mach dai hep dugce trinh biy trong Phu juc V.
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Chuong VI

ANH HUGNG TUONG HO
CUA CAC PHAN TU TRONG HE ANTEN PHUC TAP

Cdc phan tir biic xa don nhu dipol, anten khung, chin tu v.v... duge dng dung trong
nhiing truomg hop khi khong doi hoi biic xa v6i mite dinh hudng cao, hoac khi yéu cau
bitc xa gin nhu vo hudng. P& nhian duge bic xa don hudng, hodc bie xa vadi do thi
phuong huéng hep can thyc hién anten tir mot vai, hodc nhi€u phan tir dat gan nhau. Khi
cdc phan ta dat gan nhau ching s& anh hudng lan nhau tuong tu nhu anh hudng nay s&
tdc dong lén phan tr kia, tao ra sic dién dong cam dng trén ching. Ste dién dong nay s¢
lim bién déi phan bo dong, bién déi cong suit blic xa, do dd bién doi trd khdng bitc xa
v ird khdng vao cia cdc phan o ay.

Trong trudng hop 1dng qudt, hé anten ¢6 thé bao gdm céc phén tir chdt dong {(¢é
ngudn) ciing nhu céc phin tir thy dong (khong nguon). Trong trudng hop ndy, dudi anh
hudng cha trdng bic xa tao boi cde phan o chd dong, trong cdc phan tir thu dong ciing
s& phit sinh dong cam ung va khi &y phan tr thu dong lai tuong téc véi cde phan tlr khac
ctia hé v tham gia vao bie xa cta hé tuong ty nhu cdc phan tu chu dong khdc.

Trudmg birc xa clia hé ¢ 1a giao thoa cla trudng tao bai cdc phan t riéng biét, voi
g6c pha duoc xac dinh bai sai pha coa dong trén cdc phan tir, va sai pha khoang cadch tir
chung dén diem khao sdt.

Nghién ctiu trudng bitc xa cla hé anten & khu xa khi biét trude quan hé cia dong
trén cde phdn ta s€ cho phép xdc dinh cdc tham s6 cua hé ¢6 lién quan dén dac trung
hudng tinh nhu ham phuong hudng, hé sé dinh huéng v.v.. Vin dé niy s& duge khio sit
k¥ & chuong 7.

Pé nghién citu cdc tham s6 clia hé nhur trd khing bic xa, tr¢ khdng vao, can khao
sat anh hudng twong hd cia cdc phin tr ma dic trung 13 tr§ khang tuong hé giita ching.
6 14 muc dich va ndi dung chinh cua chuong nay.

Bai todn vé anh hudng 1wong hd clia cdc phan (r trong hé anten 14 bai todn rit da
dang va phiic tap tuy thudc vao loai phin tu duge sit dung, vao cich sap xép ching.

Trong chuong ndy chdng ta s& chi xét truong hop cde phan tr blc xa la cdc loat
anten day, nghia 1a cdc day dan (hinh dang thy ¥) trén do c6 dong dién.

Pé xdc dinh trd khang tuong hd 6 the dp dung nhi¢u phuong phdp khic nhau, trong
d6. phd bi¢n hon ca la phuong phép stic dién dong cam g (SPHC).
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§6.1. TINH TRG KHANG TUONG HO CUA HE ANTEN
THEO PHUONG PHAP SUC DIEN BONG CAM UNG (SPBCU)

O chuong 1V, chiing ta da khio sdt phuong phap SPACU dé tinh trd khing bic xa
va tr¢ Khdng vao ctia chan tlr. Trong chuong ndy s& dp dung phuong phap SDDCU dé
tinh tr& khang tuong hd cia hé anten.

bé khio sdt noi dung chia phuong phdp, ta
hay x€t truong hop hé anten don gian gém hai 7
chan wr dan di¢n |y tuéng dat trong khéng gian tu
do, dugce tiép dién bdi cic ngubdn SPH riéng ré
(hinh 6.1). Gia thiét qui ludt phian bo cia dong dz
trén cdc chin tr dad biét.

Tai b¢ mat cua chan tir /, thanh phan tiép
tuyén cua cuong do dién trudng s& bac gém hai 0 &,
thanh phan:

T EHJ
+ Eon

E:] = E:II + E:I2
£\ — thanh phan ti€p tuyén cla dién trudng tao -
boi dong dién cha chan i /. T

£,y — thanh phan tiép tuyén cha dién trudng tao Hinh 6.1.
boi dong dién cha chiin ur 2.

Cling tuong tu nhu vay, ta ¢6 thanh phan ti€p tuyén cla dién trrdng trén bé mit
chan ur 2:

E.p=FE.py+ Eoy, (6.2)
¢ day, E..,— thanh phan ti€p tuyén cla dién truding tao bdi dong dién cha chan tir 2,
E. ) — thanh phén tiép tuyén ctia di¢n trudng tao bdi dong dicn cta chan i /.

Anh hudng clia chan i nay lén chan ur kia thong qua sy bién doi thanh phan tiép
tuyeén cia dién trudng trén bé mat chin W (so vdi trudng hop chin tr don doc) sé dan
dén bien doi che do lam vige cla chan tir, thé hién & su bién ddi phan b dong dién cling
nhur bién d6i trd khing bite xa va trd khdng vio cia chan tir.

Khao sdt bai todn anh hudng tirong hé clia hai chan tir theo quan diém phéan bo dong
dien sé rat phic tap. Vi viy, & day ta gia thiét dnh hudng clia hai chan tir chi dén dén sy
thay d6i tr& khéng vio cflia chiing ma khong tinh dén sv thay déi phan b dong di¢n.

Sttc dién dong & déu vao méi chén tir khi ¢6 xét dén dnh hudng cla trudng tao bdi
chén tir thit hai duoc xédc dinh theo (4.73), trong dé E_, duge thay bdi (6.1) va (6.2).

Ta ¢6 doi véi chan t 1:

|

&G =7 PI(Z)(EZH + Ez1p)dz
01
! (6.3)
i _ |
“a=-7 Jfl(z)(gzlldz T j]'(z) Eapdz
01 ] ol h
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Poi v6i chan tr 2:

¢y = =—— [LGEWEq 5 + E.op)dz
02 4,
(6.4)
5'2 = - Ilj( )(E zqu __""'-[3'(2( )E 2|d‘_.
{2 P
Néu ky hiéu:
| -
orfor |
Zis = [r@E, ya: (6.6)
101107
fi
l ' - 1
Tl f
2
I ) T
Zy = [ E, 5 dz (6.8)
Ig2/o,
h
ta 6 thé viét lai (6.3) va (6.4) dudi dang:
U R VATIR S VAP } 6.9)
e; = lypZyy + 1g 12y,

Hé phuong trinh (6.9) ¢ dang gidng hé phuong trinh Kirchhoff ciia hai mach ghép
thong s6 tap trung. Cic dai luong Z,,, Z,, duoc goi la tro khdng riéng ctia chan tr [ va 2
con cic dai lugng Z,,, Z~, duge goi 1a tré khdng tuong hd.

Néu trong cdc hé thuie (6.5) + (6.8) ta thay I(z) = I f(z); trong d6 () 1a ham phan bé
dong dién, thi s&€ nhan duge cdc cong thiic cla tré khdng riéng va trd khdng tuong hé
dudi dang khac:

1
2y == [HGVE a2 (6.5a)
o
Ziy = jfl( VE, ydz (6.62)
02
fi
]
Zp =1 [£(2)E,ppdz (6.7a)
02 b
Zy =7 _ffz( VE, ydz' (6.8a)
01 b
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Neu so sdnh (6.5a) va (6.7a) véi (4.74) thi ¢6 thé thdy ring (rd khing riéng Z,, va
Zy; chinh ta r6 khang vao cta chén tir don doc, nghia 1 tré khang vao ctia chan tir khi
vang mat chin tr lan can.

Ta s& ching minh rang tr& khang twong hé Z,, va Z,, luén bang nhau. That vay,
theo dinh 1y Lorens, néu ¢6 hai trudng dién tir doc 1ap nhav (£, Hy va Ko, H2) cung
bién déi theo qui luat ham s6 didu hoa thi ¢6 the viet:

_[(El b3 Eg - Ez ® E| )d.\‘ = J.(d_ﬁgz - :J‘;QE] )cﬂ/
§ v

C6 the nhan thay rang khi cho s — oo thi tich phan theo mat s s& bang khong, ta cé:
[(71E2 - 12E)av =0 (6.10)
v

Vi o mién ngoai chan tir, dong dién ¢6 gid tri bing khong nén thé tich V & day la the
tich chodn bai cac chan tr trong khong gian. Néu coi day dan chan tir ¢6 dudng kinh rat
nho thi (6.10) ¢6 thé vist dudi dang sau:

[ E iz = (1) E, de (6.11)
1 1 :

Néu chd y rang £., trong céng thitc trén la thinh phan tiép tuyén clia cudng do dién
truong tao boi chan tlr 2 trén b¢ mat chan tir / thi £.,. chinh 1a £.,,. Tuong wreé E. | =
E. 4.

Chia ca hai vé cha (6.11) cho [y, Iy, ta cé:

1

1 1 1 '
[ E, dz = (1,2 E. . dz (6.12)
Torlon i L h

Tt day ta nhén duge Z,, = Z,,. Nhu vay, khi tinh tr&s khdng twrong hé giita hai chin
tf ¢6 the sl dung thy ¥ mot trong hai cong thiic (6.6) hoac (6.8). Céc cong thiic niy c6
the duoc viét dudi dang tdng quat cho hai chan thr j va n bat k.

Zy =2y = jl (2)E,, dz (6.13)
]J " i;

hoic Z,=2, =__ I;"(z),'j,U dz (6.132)
J ” &

¢ day, £, la thanh phdn ti¢p tuyén cia dién truong trén bé mit chan tir J» do dong dién
clia chin tir # gay ra, con E,;Ja thanh phan ti€p tuyén cua dién truong trén bé mat chan
ur n do dong dién cla chan t § gay ra.

D¢ dang thay rang, tré khdng riéng chinh 1 gia i dac biét cha tré khéng tuong hé
khi hai chan ur song song nhau, ¢6 d¢ dai bang nhau, va khodng cich d — 0. That vay
khi d — 0, hién nhién la E,—E,val, -1, dodé Z,; = Z,,. Nhu viy, cong thic
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(6.13) ¢c6 thé duoc sir dung khong chi dé tinh tr& khang tuong hd ma cdn ¢6 thé dung dé
xdc dinh trd khdng riéng caa chan ti.
Truomg hop hé anten gom N chén tur, ciing tién hanh suy ludn tuong tu nhu trudng
hop dd khao sat ¢ trén s€ nhan duge hé phuong trinh Kirchhof:
SR AT S AR N (VAVE S FVARE
ey =1g Loy + logZyy +o + loZo +o + o, 2o+
é’j = ]mzﬂ + I()zzfz +..+ IOij_J" +... + IUNZJ".H +... (6]4)

€= !UIZJ'” + IOZZJQ oo+ IOjZn_j +oot ]()nzma +...

Varj= (1, N)
Trong d6, cac gid tri trd khdng tuong hd Z,; duge xdc dinh boi (6.13). Co thé viél
hé phuong trinh trén dudi dang ma trén sau:
€ Zyy iy (ol
) Ly - Zyn I

EN Zyy - Zyy ]\ o

Tir cdc phuong trinh clia hé (6.14) ta ¢6 thé xdc dinh trd khdng vao clia moi chan
trong hé anten theo cong thirc:

¢ 'l\! 1 .
Zy=7=22, {ﬂ] (6.15)
=1

]On I(ln

Trong trudng hop téng quat, tré khing vao ciia chin tir ta dai luong phuc:
Z\’H = R\'H + IE“X\"H

Biét phan thuc ciia tré khdng vo, s& xde dinh duge cong sudt biic xa clia chan ™,

I I
P, = O_HZO.!;, R, (6.16)

Sau day s¢ khao sdt cy thé ddi vdi trudng hop hé théng hai chan .

*) Nhur dii khao sdt & chuong 4. c6 1hé viét Ry, = R, khi ham phan s& dong dién trén chan ur la ham thue.
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§6.2. TRO KHANG VAO VA TRG KHANG BUC XA CUA HE HAI CHAN TUf

Pé xdce dinh trd khdng vio cia méi chan (i trong hé hai chan tir ¢6 thé dp dung céc
phuong trinh cha he (6.9). Chia phuong trinh thit nhat cla (6.9) cho /,;, phuong trinh thi
hai cho fy, va gia thiét rang /,,,, [, ¢& quan hé v&i nhau bdi hé thic:

! ”
;—)2 = ac¢'V (6.17)
0l
ta nhan duoce:

€

Z”:! =Z|I+af" le
01 (6.18)
e

Z") = __2"" - 1')2 + —€ ””Z]q

S oA T a

Theo (6.18), tr& khiang vio clia méi chén tir trong hé hai chan tir s& bang tr¢ khdng
riéng cua moi chdn tu cong véi 1rd khdng phdn dnh clia chan lt kia vao nd. Truong hop
dong di¢n clia hai chén tif cé bién dé va pha khdc nhau thi trd khang phan anh ciing khic
nhau. Tri s6 cua tro khing phan anh phu thudc vio ty s6 dong dién va cac kich thude
hinh hoc cua h¢ thong. Néu dong dién cta hai chin tir ¢6 bién do va pha gidng nhau
(ae'” = 1) thi tr& khdng phan 4nh bang tré khdng twong hé.

Theo (6.18) c6 thé thiét lap so dé tuong duong clia hé hai chan tir ghép nhu &
hinh 6.2.

7 Loy
 — 1
| S| L 1
1y, Iop Iy, I
S ©2 0 e ae"'zy; L%z, e
a

d

a) b)

Hinh 6.2,
DE tinh trd khing bdc xa cha h¢ hai chan tir cdn xdc dinh cong suit bic xa cia hé
théng. Néu biéu thi trd khdng riéng va trd khdng tuong hd dudi dang phie:
Zy = Ry + X,
Ziy = Ry +iX)y

thi sau khi thay (6.19) vao (6.18) va tdch riéng phan thuc phén 4o s& nhan duoc:
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Zo = Ry +a(Ry cosy — Xppsing) +i[ X + a(Rypsiny + X, cos )

1 ) _ 1 ) (6.20)
= Ry + —(Rypcosy + Xpssiny) +i| Xy — —{(R;siny — X\, cosy)
a a
NCu ¢ ddu vao cdc chin tr ¢6 méc dién khang lién ti€p dé diéu chinh thi trong céc
cong thic (6.20) cin thay dién khing riéng X, | bdi téng X, + X, va Xy, boi tong X,, +
X4 (rong d6, X, ;. va X, ;. 1a cac dién khdng diéu chinh méc vio chén tdr / va 2. céc dién
khdng nay khong tham gia vao qud trinh biic xa ctia chan tir).
Neéu coi hi¢u sudt bitc xa ciia cdc chan tir bing 1 thi cong sudt clia mdy phdt cung
cip cho chén tlr / va biie xa bdi chan tir duge xéc dinh theo (6.16) bang:

T o
- Joifol
Py =

[R” +a(Rycosy - X, simp)} (6.21)

Cong sudt cha mdy phidt cung c¢ap cho chén ty 2 vi bitc xa bdi chan 1 bang:

I*
Py = ]02202 {Rﬂ + ‘(I;(Rlz cosy + X, sin lp')} (6.22)

Cong sudt biic xa clia hé thong s& bang dng cic cong suat bic xa rieng ré, nghia la:

oy
Po= By + By = 1000 Ry + Ry, + 2aR,2cosq;] (6.23)

Can cif vao (6.23) o6 the cdc dinh dién trd biic xa ciia hé hai chén (&, tinh theo dong
dién & diém cap dién cua chén ti |
Ryo=R)| + @Ry, + ayR ,cosy (6.24)
Tur (6.24) 1a thdy dién trd bic xa cha hé hai chan ti khong phu thudc vio dién
khdng riéng va dién khdng tuong hd cia hai chan tir.

§6.3. CHAN TU THU BONG VA CHAN TU CHU DONG

Trong cdc hé anten phitc tap gém nhiéu chan tir, ¢6 thé ¢6 chin tir duge ndi véi
ngudn (mdy phét) v nhitng chan tir khong néi véi ngudn. Chan tir néi véi ngudn duge
goi 1a chan tir chil dong (hay chan tir nguén), con chin tir khong néi véi nguén duge goi
1a chan tr thy dong. Khi dy chan tir thu dong s& cam tng trudng clia chan tir ngudn, trén
do s€ phdt sinh dong dién cam dng; va chan tir thy dong lai tro thanh phan tir bitc xa
tuong ty nhu cdc phén tir chit dong khéc. DE xdc dinh trudng bifc xa thit cap ctia chan tir
thu dong, can bi€t bién do va pha cia dong cam dng trén do.

Ta hay khao sdt h¢ hai chan tw, trong d6 ¢6 mot chan tlt chi dong va mot chan tir
thu dong. Vi dong dién trén chan ti thy dong dugc tao thanh do cam ing trudng cla
chan tr chll dong nén bién do va pha clia dong nay phu thude vio khodng cach giita hai
chan tt, vao téng tr& khdng clia chan tir thy dong. Tré khéng nay ¢6 th¢ diéu chinh duoc
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bing cdch méic & ddu vao chan tir thy dong mot dien khang bién déi duge. So dd chan tir
va mach tuong duong cla ching duge v& & hinh 6.3.

Zy Zns
{ J S | | S|
Ly lnn Ty lip
e € aei""zq[ L.e%z,
/H/Xd.c " ] a ! Xde
J
—d—
a) b}

Hinh 6.3
a) chan tr ghép; b) so d6 tuong duang.
D¢ tinh dong dién trong chan tr thu dong, ta dp dung hé phuong trinh Kirchhoff
(6.9) va cha y trong trudng hop nay e, = 0.
¢ =152 +IpZ
LT ‘02 12 } (6.25)
0 =lop(Zyy +iXoy.) +10yZsy
X4, 12 dién khéang diéu chinh méc ¢ ddu vao chan i thu dong. Tir phuong trinh hai
clia (6.25) ta rdt ra dugc:
oo _ ST R (6.26)
Ioy Zyy + X
Cong thiic (6.26) biéu thi quan hé dong dién trong chin tit thu dong va chin tir
nguédn. So sanh véi (6.17) ta nhan duoc:

RL + x2
a= |2t (6.27)
Ry + (X + Xo40)

X X X5,
Y =T+ arctg =12 — arctg22—+-l‘£ (6.28)
12 Ry

Thay (6.26) vao (6.25) ta nhan dugc bicu thitc dé tinh téng trd khdng vao clia chén

1r nguédn.
2
Zis

Zvl =Z) - MZ X
2 T A,

{6.29)
Theo (6.25) thi téng trd khdng vio ctia chan ti thu dong ¢b gid tri bang khong vi

{’2 - 0.
Z,=0 (6.30)
Dién trd bite xa cua ca hé théng gém chdn tir chil dong va chan tir thu dong s& duoce

xdc dinh bai (6.24), trong d6 @ va y duge xdc dinh theo (6.27) va (6.28).
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Truong hop X, = 0 va khi d — 0 ta cé:
Zpa > Zydodbax1;y=n

nghia la dong di¢n trong hai chén tir bing nhau vé bi¢n do nhung nguoc pha, bc xa ciia
hé thong s€ triét tiéu.

§6.4. TRO KHANG TUONG HO CUA CHAN TUS THANG
VA ANTEN DAY CO HINH DANG TUY Y (CONG THUC TONG QUAT)

Ta khao sdt tr khdng twong hé cta hai anten, trong dé anten / 13 chén tir thiang c6
do dai /, vdi dong dién phan bé theo qui luat hinh sin; anten 2 134 anten day ¢é dang mat
dudng cong tuy y, iam phan bd dong dién la ham thyc da biét £(s):
11 (s)

!02

frls) = (6.31)

g day. /y, ta dong dién & diem chuin, thudng duge chon 1a diém cap dién.

Ta thi€t 1ap h¢ toa d6 xyz phi hgp véi anten /, v hé toa do phu x'y'z' dé biéu dién
anten 2 nhu 6 hinh 6.4, Hé toa d6 phu dugc chon sao cho céc truc O'x, 0y, O’z song
song tuong tng véi Ox, Oy, Oz; dong thdi O' ¢6 toa do (o, d, H), nghia 1a yO'z' 1éch véi
yOz mot khodng H theo truc z va mot khoang d theo true y. Trong hé toa do x'y'z', anten
2 ¢6 dang dudng cong dugc bidu dién bot ddu cudi clia mot ham vécto S(r) viet dudi
dang tham s&:

S(0) = X()ix + Yy + Z(1)i: (6.32)
z 7
]
L P 25
T2 I !
A
/_/./ /." Or: :
P 7 - N AN
obh—"_ " 7 S
/_/ - // d —TX i Y
X e
Hinh 6.4, Hinh 8.5,

Cong thic (6.13) dé xdc dinh trd khéng twong hé cha hai anten trong trudng hop nay
¢6 dang:
S

[E ) 1 s)ds (6.33)
101102 5,

Ly =

g day, £, (s) - thanh phin ti€p tuyén clia dién trudng do anten | tao ra trén doan ds cia
anten 2;
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I5(s) — dong dién trén anten 2;
I, — dong di¢n & diém cap dién.
N¢n ky hiéu E(s) ta cuong do dién truong do anten | tao ra tai phan tlr vi phan ds
cua anten 2 thi:
Ey (s) = F(s5).5(s) (6.34)
o day. é(.\-) 1a vécto ti€p tuy€n don vi tai phan tir ds.

Cic thanh phan cua vécto E(s) trong hé toa do vudng géc duge xdc dinh theo hinh

6.5 biing:
E, = E, sinA
E.\’ = EpcosA (6.35)
E_=F

¢day, K. vaE; lathanh phin doc va thanh phan huéng tam ciia dién trudng tao bii
chédn tir & khu gin. Cdc thanh phin nay duge xdc dinh theo cong thitc déi véi
trrdng G gan chdn 1 (chuong 4).
Theo (6.34) ¢6 thé viét:

EEI(S) = E.réx + E\E.\« + E:EJ: (636)
Thay (6.35) vao (6.36) ta nhan dugc:
Ey (s = Ep(E sinA + @_vcosA) +EE. (6.37)

Thay £_va E, boi (4.57) va (4.59) viro (6.37) ta cé:

£y (s) = 301, {cosggl—ﬁrq + cos Q2 - 2cochos-k2-{ x e‘”‘ﬂ x

1 ki e—ikR e—:’kq e—:’krz
x —1E sinA + £ cosA |+ 2cos— - — 6.38

Thay £, (s) bdi (6.38) va I,(s) boi (6.31) vio (6.33) ta nhan duge biéu thitc déi véi
tr& khdng tuong ho:

5, _ |
E,(s)=—-i30 J{cos Ql—'k” + COSQE”’"? - 2COSECOSQ€—!RR} y
S, 2
il - kR —iky ik ‘
x ﬁ[i_rsm/\ + é}. cos A] + |2 cosE € - e : ¢ : L fds (639
1 2

o day

149



_ d+ Y
P

sinA = &; Cos A
P

, 1

(Xn;’ +Y'2 +Z-2)U2
1

(X2 4+Y7?% 422
1

(X|2+Y?2 +Z-2)i.’2

> (6.40)

trong dé
_XW .y M, 820
ot ot or

(X2 +y?+ AR L s _ dao ham cba dudng cong s theo ¢,
dt £

X?

Cong thic (6.39) la cong thic tng quét dé tinh trd khing tuong hd cla anten day
thing va anten cong ¢6 dang hinh hoc tuy y.

Sau day sé€ khio sdt mot s6 bai toan riéng.

§6.5. TINH TRG KHANG TUONG HO )
CUA HAI ANTEN TRONG CAC TRUGNG HOP CU THE

1. Tré khang tuong hé cia hai chian tg

Gid st hai chan tlr c6 do dai /7, va /, wy ¥, duge dit trong khong gian tu do theo cic
hudng bat ky (hinh 6.6a).

Hinh 6.6,
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Gia thiét phan bé dong dién trén cdc chdn ti ¢6 dang sin:
l
1(2) = I, sink[gl ~ | z\}
| (6.41)
Lzy=1,, sink[% - ‘ s ‘J

LA O |

H¢ toa do xyz va x'y'z’ duge chon nhu 6 hinh 6.6a.
Haum vécto bidu dién chan tir 2 duge ky hiéu bdi S(s), ¢ gdc ', va hudng doc theo
chan tr (hinh 6.6b). Ta ¢c6:
S =Sciy + 8,0y + S,iz (6.42)
a day S, = S5sinb cosp
S, = 5sinf sing
S.=ScosH
trong d6, § 12 modun cha vécto S, ¢6 gid tri bang khodng céch tlr goc toa dé dén phan
T xét.
Theo hinh 6.6a ta ¢6 khoang cdch tir chan tt 1 d€n phéan tlr khao sdt trén chan tir 2:

p= [Sf + (d + S_.r.)zTg2

R = 1:92 + (H + Sz)z]”2

2772
o= p2 +| H+S + EL } (6.43)
l z 5

1£2
/ 2
Fé_{pzﬂ-(H'l‘Szzl'J}

va cac goc €, Q,, €, duge xdc dinh tir he thic sau:

cosQ) = S, +H
R
!]
S+ H+ =
cosQ = - 2 f (6.44)

N

S, + H — ['—

cost = 2
12
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Cic thanh phan cia vécto tiép tuyén don vi & duge xébc dinh theo (6.40): trong

truong hop nay $€ nhan duoc:

es l
g, =—— 75 = sinQcos @
T (ST s syl
) s, 1 D 0si
Cy T oo = sin®sin
T8 (82 4852 4522 v
0S,
E. Ps : - = cos60

T (52 45?4 gh)2

(6.45)

thay cdc he thic cén thiét vio (6.39) sé xdc dinh duge tr khing twong hd cha hai
chan tir tinh theo dong dién taj diém bung s6éng dimg. N&u tich riéng phan thue va phin

40 € nhin duoc:

hrz sin A
Ry =-30 | {‘—--'—[sz +

d

]_§1nkR2
R

~h /2

><(S.+H—!—t
: 2

H+.’_]]+smkr2 y
2 P

cos-’i’;—'(S2 + H)] X

[SX sinBcosq + (d + S‘__)sinesin(p]
X - +

P

. [2(:05& SinkR  sink;

N

- fmk'ﬂ‘} cos0 sink[i - ’S‘]d‘v.
y 2

cos ki
+ —_— =

2

(S, + H)] x

[Sx sinBeosp + (d + S},)sinesincpl
X p2 +

( ki) coskR  cos kry
+ | 2cos—- -
g

2

_ cosk@}cose} sink(%‘z - ‘S‘]a’s (6.46)

Mot s6 két qua tinh todn tr& khdng tuong hé clia hai chén tir theo cong thirc (6.46)
duoc v& 6 cdc hinh 6.7 dén 6.14. BE ddm bdo do chinh xac khi tinh bang may tinh, 6

, o . . !
budc khi 1ay tich phan tir —% + % can chon 16n hon 80%.
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R 5. Xpa(E2)

80
60 \\(1 - |
M o
'y -
L 1) 0=0% ¢ = 0° —12 Af2: H=0
2ol N 2)6=307 9= 0" 1_32 A/2: H=0
20 =i ; =
y 4 /:—: T~ —_\
'|\\| A - :'_'—_h‘“x.\\
0 -4 N\ A N TN
by 7 -
“\\ ;.-" S
20 b2 " [~z
' N i
40 | Vo D/A

0 0.2 04 0.6 0.8 1.0 1.2 14 L6

Hintr 6.7. Su phu thude cla trd khang trdng hé Ry,, Aj, clia hai chiin tif vai khodng cach O

R, X a2
0

Ry Ara(02) GBIy, ',—’_q\\.‘ K o _-___E.___
6 e . : S T ) : .
ol l I<| | | '}m- ] L 40 _*___.\ o l
- el | T 20 N P
26 e } -] . 5 |
0 ' 20 1 |
. L - S I '
B e B P s = BPTS % N S ot N 4
-0 8 EStl B - _:‘—]".‘"' a0l | ,

o [T - N SO M s B .80 - ™~ 15
0 30 60 90 120 150 180 0 04 08 12 16 20
Hinh 6.8. St phu thude cha trd khang twang hé Ry, X,  /¥7h 6.9. SU phu thude cia trd khng tirdng ho

clia hai chdn tlr vdi goc nghiéng &: Ry3, X3 vao chiéu dal cia chan tl thir hai (//A):
1¢=0/=h=05L;H=0,d=02k 8=0,¢=0,/2=0,251;d=0251; H=0.
2.9=0:4=hH=025 H=0,d=03xr
Ryp. Xp5(€0)
80 __'____-T“- --I . |
30|t L
) 1 i iy B D R Tt —.—
) e R e oo T T _:iﬁ_t___ ——
W o]
o
-10 e
20 ‘ IR
- H i 4
A0 k==t | il e et Rud I A N S N
’ T T P41 0
A0 ! Tt N P
0 30 60 90 120 150 180

Hinh €.10. Su phu thude cla Ry, Ay vao goc @
1.4 =’2:0.57»;0=30°‘.d=0,31;H=0
2. 1[1:0,4}.;1'2:0,61;{}‘:300;0‘:0’31;!{:0_
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Rip X,,(€2)

30
20 _
\ )
10 w2
! R X2 [Hﬁ‘
4 12
A K ,’—4"‘“7{"'—%‘1 e E b
N S~ A ~_h
1) M P
7}21
20, a ( i_
L 1
-30 h/a
4] 02 04 06 08 10 12 14 16 1.8 20
Hin# 6.71. Su phu thude cla trd khang tuang hé cia hai chan tir
nifa séng vdi khodng cach AX, khi @=0.
30 - .
20 \ - A3C
10 ll]. L _L
! R Xia_
0 \ < T S Y
\\ \‘_:‘H_H ,_‘_‘_____}-‘:._‘_____,_,f \._“_'____-
.10 Bl kel )\.."(2:
=20 l
-30 h/A

0 02 04 06 08 10 12 14 16 18 20

Hinh 6.12. Sy phu thude cda trd khing twang hé clia hai chin tr
c¢ dd dai khac nhau vdi khodng céch A, khi o= 0.
Riz X262
30

25

20

15

t
jh

r

A4
:
|

A2

e
R N — _—

5 1- L

h/2
0 02 04 06 08 10 12 14 16 18 20

Hinh 6.13. St phu thuge ¢da trd khang tuong hé clia hai chan td
¢6 do dai khac nhau vdi khoang cach A, khi =0,
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Ry Xi1(€2)

300 N
/
/
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i
,{f
100 ;
i
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! I
/s
Fd
200 - 1 u
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Hinh 6,14, Sy phu thude clia tré khang riéng &, X;, cua chan ti vao chidu dai /
(tinh theo cdng thire (5.48), khicho / = 4, & ~0).

z /T

L2 | O

Hinh 6.15,

Cong thic tdng quat dé tinh tr& khang twong hd cla hai chén tr thing bat ky, sép
x€p tuy ¥ trong khong gian duge gidi thiéu & phy luc 6.

Tai phu lyc 7 c6 gidi thi¢u chuong trinh MATLAB dé tinh trd khang tuong hé giita
hai chin tir théng dat song song va tré khdng tuong hé gita chén tir thing va anten
khung tron.

Cong thitc (6.46) cho phép tinh trd khdng tuong hé khoéng chi dai véi hai chan tir
thing ma con ¢ thé sir dung tinh tr& khing tuong hé giita chdn tir thing va chén tir hinh
V. Khi &y, c4n chd y tach tich phan theo chiéu dai anten 2 Iam hai tich phan, c6 can tir

0+ i vz‘itir—i 0.
2 2
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O tich phan thir nhat, gée 6 duge 13y bing 0. ¢On & tich phan thit hai gé¢ 6 = n -9,
(hinh &.13).

Mot s6 ké1 qua tinh tr¢ khdng wong hd cia chan tr thang va chin tir hinh V dugc vé
& cac hinh 6.16 va 6.17.

R,,(0)
2 - - R -
. |
0 !
o T X5
] . [P S . e
20 20 L
0 PESEAN 0 &l //l_—_":“ .
\ —T \ &\%ﬁ_ ___,// -
I5Ye T PR R S e 0 ==
A0 . ; | ‘ i dix 40 i '- dfa
01 02 04 06 08 10 12 1.4 0 02 04 06 08 1O 1.2 1.4
a) h)

Hink 6.6, Tré khang tuang hd &, X;, cla chan tlf thang va chan tlrhinh
dai véi cac khoang cach khac nhau:
1.6,30°,8,=-30°,0=0;/,=5L=05%,H=0.
2.0,=60°,0,=-60°,p=0,/,=6=051 H=0.

Ry X, o(€2)

100 ! e i‘

- L2
80
—
%)
60 | = 2&
40
20
/
0 - 7
) ‘Haii“i?i‘:: X2 2 _J:_\,;f/’ g {
20 SN =N L
s oL
] ! \‘\,_,__//&4 32/)'
-40

0.1 0.2 0.3 0.4 0.5

Hinh 6.17. S¢ bién ddi cda trd khang tudng hé R,, X,, cla chan tif thing va anten hinh ¥
khi chiéu dai cla anten hinh V thay déi: 0,=30°;6,=-30"; A=05h;d=02%; H=0

1) o=0°2)@=30°;3) @ =-30°;4) p = 90°

2. Trd khang tuong hd clia chan ti thing va anten khung tron

Cho anten / la chan tir thang, ¢4 do dai /,. anten 2 la khung day tron bdn kinh a.
Chon hé toa dd x'y'z' sao cho goc toa do tring v4i tAm vong 1dn, con mat phang cia

N - 2 “ ) s - ‘. . e 1
Khung la mat phang chia truc z' (¢ = const). Piém cip dién duoc chon tng v6i 0 = —.
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Trong trudng hop nay him vécto dé bicu dién anten 2 duge viét dudi dang:
E(I) = E(G) = asinBcoscpf_r + asim’:)sin(ps_'y + acos(};; (6.47)

Céc thanh phan cua vécto iép tuyén don vi E duge xac dinh theo (6.40), trong
truong hop nay ¢6 gid tri bang:

- _(??L ! = —cosfcos
‘T,\.’ E.}G (S‘E_ + Sl-?; + Siz )I,’2 ) (P
.8, L Osi (6.48)
£, = —= . . = —-cosBsing .
i a{) (Sl_?;, + ‘Sr: + SE)UZ
= as, I = sin0

Tu hinh (6.18) ta xdc dinh dugce cdc khodng cach va gdc:

172
p= [(D + asin@sin0)® + (asinecoscp)ﬂ
r ! 2 1/2
n = p2 + (H + hQIj + acos@)
- | 22
H = p:3 + [H ~ —2'— + acose]
T2 A2 172
K=|p° +(H + acosB)
cos{) = h%]ﬂ (6.49)
c0s (). = H + 1 + acos
.. 1 I‘]
cosQ, = H ~1 +acosh
2
GinA - asinBcos @
P
cos A = asin@sine + d
p

Phan bo dong dign trén anten 2 duoc gia thiét [a dong déu khi d¢ dai chia khung day

rat nho so véi bude séng [a << %J, va dugc gia thiét 1a séng dimg khi do dai khung
i
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day

¢6 thé so sanh v6i budc séng. Trudng hop do dai khung day vao khoang %

K “ - " . . 2 N
(2?&1 ~ 5] thi phén bo dong dién ¢ thé duge xem 1 ¢6 dang cosin.

Zr

Hinh 6.18.

1,0) = 1, co{kf{e + -;Eﬂ (6.50)

Ap dung cdc hé thic (6.48) + (6.50) vio (6.46) ta s& xdc dinh dugc trg khang tuong

hé cuia chan tir va anten Khung tron.
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2n b
R, =-30 I”sin kij cos €y + sinkr, cosQ, — 2cos~L cos2sin kR} x
5 2
 (zasin0cosd — dcosOsing) 1:2c05& sinkR _sinkr _ sinkn, }me} )
2 . .
p gl 2
n
X co{ka[@ + 5]] do

2
ki
X, =—-30 I{cosk;‘, COSQ] + coskr, cos€2, — 20057%.059(:05;&!(} X
0

y (—asinBcosH — dcosBsing) N {20()5& coskR  coskrp  coskr }me} y

o2

X co{ka[e + g]] d0.
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Mot s6 ket qua tinh todn trd khdng twong hé giita chan tir thang va anten khung tron

dugc vE ¢ hinh 6,19 dén 6.21.

R X0
d

T . . . . ; . e
R TE ‘ i
FILS Sl e )_.‘ ! T | -k
- 1
0 SRR I — . o
R - K - - . : o .
: X |
H . i H
T P .
.. div
[T C df
i 0.2 .4 116 [ n 1.2 1.4 [

Hinh 6.19. Trd khing tudng ho cla chén tir
va anten khung tron:

[y=05,;H=0,¢=0;a=008x

Ria X262

Rz Xi2(£2
150,

I I

1Oy > |

St L A

al. . - - el T

-50

BTN !
500 - e
200 | S I N A

ot

aso L. i Hy5
i 0.2 1.4 6 (.8 1.0}

Hinf 6.20. Trd khang twgng hé ciia chan ti
v anten khung tron:

iy=05h;d=021:9=0;a= 008

500
400 R
300
.~ X12‘/\\
200 <
||~ B R N
500 e | ¢ . _
0 L ,’/ 2 ," AN
— :‘M‘/ 2 \»_\’_,_,,_.__
100 [ , S
200 F— S
00 Riz| 1]
.3 \L\_/ a}r‘k
400
0 0.1 0.2 0.3

Hinh 6.21. Tr§ khang tuang hé giita chén tif va anten khung : Rip iy = 1)
1.;‘1 :OIS}L;d:OISl‘-(p:O;H=0:
2.4=05%;d=03%; =90 H=0.
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Chuong VII
HE THONG BUC XA

Trong chuong nay ching ta s& khéo sét vin dé thiét lap anten cé dé thi phuong
huéng hep, hodc anten ¢6 biic xa don hudng bing cach t6 hgp hé thénhg bic xa tir cc
nguon don gian sip x€p trong khong gian. Cac ngudn don gian nay c6 thé 1a chan
dién hoac dipol dién (anten day). chan tir tir hodc dipol tir (anten khe), cic ngudn nguyén
16 hodc ¢dc loai anten don gian Khic.

Khi 4y, trudng buc xa clia hé théng & méi diém bat ky trong khéng gian s¢ 13 ket
qua piao thoa cua trudng biic xa tao bai cdc phan tir riéng bi¢t véi gé¢ pha khic nhau.
Géc pha nay phu thude vao do dai dudmg di ciia cdc tia bitc xa v hudng khao sét, vio
gde pha cha dong dién va dac tinh phuong hudng pha cha cdc phén tir bitc xa. Bing cdch
x&p dat c¢dc phan tr trong khong gian va tiép dién cho ching mot ¢dch thich hop, chang
ta $& nhan duge do thi phuong hudng hep, nghia ta ¢ mot hudng nio dd trudng bike xa sé
dugc ting cudng gap boi do cdc tia bifc xa dong pha va duge cong dai s6 véi nhau, con ¢
cdc hudng khéc trudng cla céc tia khdc pha va téng vécto giam rat nhanh.

Dudi day, ching ta s& khao sdt hé théng biic xa bao gdm cic phan tir bitc xa li ¢dc
ngudn riéng biét, ¢é dong dién véi bién do va pha phan bd theo cdc qui luat xdc dinh.

Hé théng cdc phan tif blc xa c6 thé sap xép trong khong gian theo dudng thang,
theo mit phang hay theo khoi (hinh 7.1), twong ng ta ¢é €n goi clia cdc hé théng birc La
h¢ thong thang, hé théng phang, va hé thong khoi.

/

a) b) <)

Hinh 7.1,
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§7.1. HE THONG THANG

Hé théng thang 13 hé théng bic xa ma cic phan (I bic xa ¢6 tam pha nam trén mot
dutmg thing. Pudng thing nay duge goi la truc cta hé théng. DE khao sit. ta chon gé¢
toa do trang vai tam pha coa phan tir thd nhat (hinh 7.2).

M9, p)

Hinh 7.2,
Bicu thitc cutng do trudng biic xa chia hé théng ¢6 thé viet dudi dang:
ik
! - .
E=— —— [(0. 9 (7.1)
n R

Gia su he thong gom N phin tir ciing loai dat cach déu nhau véi khoang cdch . Cic
phén ur duoc kich thich béi cic dong ma quan hé clia nd v6i dong trong phin tir thir nhat
dugc xdc dinh bot:

! : .
tn =L =layle™n (7.2)
1

Ap dung cong thite (1.93) va cha y trong trudng hgpnay r, = (n— 1) d : 0, =0 1a

gdéc hop béi tryc cia hé thong va diém khdo sat: «, xéc dinh bdi (7.2), ta ¢ ham
phuong hudng cta h¢ thong N phan ti:

o & . Ao IS os )+ oy
F0, @)= f (6. 0)= f,(8, (p)Z;a” Rt cosD + iy, (7.3)
n=l
}_“[ (0. ¢) — haim phuong hudng cta mot phdn .
Néu dong kich thich cho cdc phan 1 ¢6 bién do bing nhau, cdn géc pha giita hai
phin tir lién 1iép léch nhau mot dai lugng khong déi bang y (cé thé am hay duong),
nghia la:

iy
1221'1(-”“
=1
K|

_ a—1ws
I,=1¢
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thi e b= 15y, =0 — 1)'1;; (7.4

Cong thiie (7.3) bay gits ¢d thé viet;

N
o v =1
-’N = f] Z"

n=l
trong do: ot = KdeosO + (7.5)
Ham phwong hudng 16 hop trong trudmg hop nay s& 1

N
)‘A'\ _ Z(J:(n--l]u (76)

=1

Khi ay. bieu thic (7.1) s& duge viét lai dudi dang:

ko
E=T0 0 e (7.7)
aw R 1R
ik e —

Néu chii ¥ rang sd hang a - % Ji 12 cudng do trudng bie xa cla phan (e tha

T
nhat ca hé thong thi:

L= Elf;\’;v (7.7a)
IET=1E1 1] f | (7.7b)

Ta thay (7.6) ¢6 dang mot cdp s6 nhan, 6 hang ddu ¢6 gid tri bing 1. cong boi bing
¢, C6 1hé tinh gid 1ri cta ham phuong hudng 16 hop f, bang cich dp dung cong thite
da bit doi véi tong cic s6 hang cua cap s6 nhan. Tuy nhién ciing ¢6 thé 1ay 8ng (7.6)
biing phuong phap hinh hoc vécto trong miat phang phie. Khi &y méi s6 hang cia (7.6)
¢6 the duge bicu thi béi mot vécto don vi. Vécta thi nhat (tng v&1 = 1) s¢ trling vai
truc thife, con cdce véeto ticp theo s€ quay so véi truc thye mot gée bang (1 — 1o Néu o
> 0 thi hudng quay thuan chi¢u kim déng hé (hinh 7.3). D€ xdc dinh modun cha vects
tong can tinh bdn kinh p cOa vdng tron ngoai Gép vdi da gide tao bdi cdc vécto. Ta cé:

]

p=—"r
2sin ¢

Bi¢t bdn kinh p sé tinh duge modun ctia vécto téng (modun cla ham phuong hudng
t6 hop) dura vao tam gide can ¢d ddy 1a véeto 1dng con gée & dinh bang No.

. . Nua
(few )y = 2psin— = —-—=_

Ham phuong hudng bién do 16 hap bang:

162



I
‘—l (7.8}

Argumen cua fi, duge xdc dinh
bang hinh hoc; theo hinh (7.3) né c6 gid
1r1 bang: '

. N~ 1
‘d]‘g _j{\"\r,' = ( ) ){—I‘ {7())
' 2
Thay o bai (7.5) ta cé: -
. N1
arg fin = - (hkd cosO + )
(7.10) Le—e W L ’-
Tir (7.10) ¢é the thay rang khi 0
thay doi. nghia la khi dich chuyén diém Hinh 7.3

khao sat quanh tiun pha cla chan 1r thi
nhat ma ta chon lam goc 10a do, thi pha cia [y ciing bién déi lien tyc. Didu dé chimg to
g6¢ toa do duge chon ban ddu khong phi (4 tam pha ca anten. Nhung néu khao sat
(7.10) va doi chifu né véi (1.52) ta s thay he thong bie Xa rén ¢o tam pha xic dinh
b

(N - )d
=

=

(7.11}

o

nghia la 1am pha nam & chinh giita h¢ théng anten.

Bay gits ta khao sdt chi tiél hon déi v6i ham phuong hudng 8 hgp fi... Néu cho o, N
cide gid tri nhit dinh thi haum 16 hop sé& chi phy thuée vio 0. Didu dé ching 10 do thi
phuong hudng coa him to hop trong khéng gian & 13 mot khéi tron X4y mMa true cua no
trung voi true cia hé thong.

Cyc dai chinh cua ham to hop (7.8) & ¢4 gid tri bang N khi « = 0, hoac khi o hing
mot s6 nguyén lan 2. Piéu ndy ciing nhan thay khi khdo sdt dé thi vécto & hinh 7.3.
Khi oo =0, 1at ca cic vécto don vi s& ndm trén ciing mot dudng thang va ¢6 hudng tritng
vGi hudng cua véeto don vi dau tién. Vi viy véclo tdng ¢6 modun biang N. Khi o = 0 dé
thi véete la mot dudng gay khic. Néu dudng giy khic khép kin vécto téng ¢6 gid i
bing khong. Goe 0 thoa min diéu kién trén sé xde dinh mot trong cdc hudng bic xa
khong cda do thi phuong hudng, '

Ham phuong hudng bién do 16 hop (7.8) ¢6 thé duge chudn héa bing cdch chia cho
N Ta gid tr1 cuc dal cia ng, ta ¢d:

Nao

$1n

N

|Fin| = - (7.12)
S0

2
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& day IF ! 1a ham 6 cta géc 0, duge bi€u thi qua bién s& trung gian a; con s6
phan tlt bide xa N duge coi 1A mot théng s6.
Vdi moi N ¢6 gid tri nhdt dinh, (7.12) s& 12 mot ham ¢6 chu k¥ biang 2n. That vay,
Khi thay o bang o + 27 thi 1/l Tai trd Lai gid tri ban ddu. Vidu khi N = 5. dang cua do
thi ham s6 1 g\l duge v& ¢ hinh 7.4. Trong khoang o = —27 dén & = 21 ham IF g pd €O ba
cuc dai chinh bang 1 va mot s6 cyc dai phu.

LAl 7
NN TN N N N i

. ; {1 Clmuax o C((O)
: //’ a(B) = (ke cosO+yn)
!

Hinh 7.4,

Bay gié ching ta can khio sit gidi han clia ham s6 F¢y khi o bién thién trong gidi
han thyc cua né. Do tinh d6i xtmg cla hé thdng biic xa, ta chi cdn khio sdt d8 thi
phuong hudng trong mot nira mat phing, nghia 13 trong gisi han cba 6 tir 0° dén 180°,
con trong nita mat phang kia (8 = 180° + 360%), d6 (hi phuong huéng s& nhin dugc bang
cich lay doi xiing qua truc. Khi O bién thién tir ¢ dén 180°, cosB s¢ thay déi trong giéi
han + 1. Vi vay gidi han bién déi cha o duge xdc dinh theo (7.5) nhur sau:

—kd+yLagkd+wy (7.13)

Dé vi du, ta khao sdt gi6i han cla o trong trudng hop N = 5 (d6 thi hinh 7.4). Gia sit

cho ';i =05 yw=02nthi (-kd + y) = —4—: va (kd + y) = %ﬂ Khi ay gidi han cua

ham phueng hudng dwoc bicu thi trong khoang gach chéo trén hinh vé.

Néu trén d6 thi cia ham bién do 6 hop 1Fgyl, didm « = 0 nium trong khoing gidi
han xéc dinh bai (7.13) thi khi théa man diéu kién y < kd, huéng cuc dai chinh coa dé
thi phuong huéng trong nira mat phang tha nhit duge x4c dinh tir phutong trinh:

kd cosOyy +y =0
W

Do dé cosBy = ﬂﬂ (7.1
¥
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Sau day ta s¢ khao sdt cdc trudng hop cu theé:
a) Truong hop = 0 (hé thong buc xa déng pha).
Ta ca: o = kd cost

Hudng cuc dai chinh duge xdce dinh theo (7.14) bang:

i -
Ham phuong huéng bien dé t6 hop (7.8) trong trudng hop nay ¢é dang:
lsin{ Nkd cos O]
JEN| = , !
sin['{d cos 0]’
27
Ham phuong huéng bién d6 16 hgp chuan héa duge xdce dinh theo (7.12) bing:
sin(-N;! COSO]
®n| = i | (7.16)
N sin( ‘ COSG]!
2
Ta c6 bicu thic bién do cudng do trudng bic xa cla he théng duge xde dinh theo
(7.70):
sin(-w-kd COSO]‘
] = [£1]5 (7.17)
L (m ]
isin{ - cos0
1 2
Theo hudng cye dai chinh, nghia la theo huéng 6 = +90° ta cé:
- |

Két qua trén duge giai thich nhu sau:

Khi di€m khao sdt nam trén cdc hudng 0 = + 90" vi & xa vo cling, thi ¢6 thé coi cdc
lia birc xq tir cde phin ur clia hé thong dén diem khdo sdt 12 song song va ¢6 do dai bing
nhau; do dé sai pha khodng cich bing khong. Theo gia thiét, hé théng duoc kich thich
boi cic dong dién dong pha nén sai pha dong dién ciing bang khong. Vi vy truding 1dng
theo hudng vuong gée s€ 1a tdng dai s6 bien do trudng biic xa clia cdc phan tir riéng ré
vit €6 gid tri cue dai bang N 1an truding biic xa cia mot phén to.

Hudng bitc xa khong cla d6 thi phuong huéng duge xdc dinh tir didu kién:
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14 co

Vidu:khiN =8, d= %

Céac hudng bic xa khong cua
dé thi phuong hudng trong mot
phin (v mat phang (ima v&i m = |,
2.3.4) 8¢ la;

0, = 75.5°. 60°. 414", (°

D6 thi ciia ham phuong huéng
bién do 16 hop chudn hoéa déi véi
vi du khao sat & trén duge vé ¢
hinh 7.5.

Trén hinh vé ta thay do thi
phuong hudng ¢d cuc dat chinh
theo hudng 6 = 907 vd mot loat
cuc dai phu. D6 rong cua mii
song chinh va 6 cuc dai phuy
thude vao 6 phan o bite xa N cla
h¢ thong va khoang cdch d. Vi N
va d cang lén. mui séng chinh
cang hep, dong thasi s6 cuc dai phu
thu¢c cliing cang nhiéu. D6 rong
coa mui séng chinh tinh theo

hudng bite xa khong trong vi du trén biing:
— QY
201, =29

— cosf

mh .
cosl), = i———} viim=1,2..

{(7.18)
{
L
4
|Fin
| /
i |
f : ¥ |
1 \m 4 | “®
V N ll./_\f\/\
3 '[—m :n E I[l kof 2z
= htd | 1*._.-_1I_JI V kd ()
I i(-"I"_L
| S
| " gty
| iy 1
!
1
1
R0
0
B=00"
~ 4 -
=g A IS T

Hinh 7.5

Trudng hop s6 phan tir N kha 16n va duoc phan bé trén mot khoang chiéu dai diy
16n, ta c6 thé xdc dinh do rong mdi séng chinh theo cong thitc gan ding, suy tir (7.18).

T
0[0] = 5 - Bm
sindjg, = cosOy, = —
’y
B0 = E

A
20/ = Zl—rad

trong dé L ~ Nd 1a chi€u dai cha hé thong.
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Tu d6 thay rang heé théng bitc xa déng pha c6 hudng tinh cang cao khi chiéu dai
twong do1 cua he thdng so vdi bude séng cang t6n.

Bay g ta xdac dinh cdce cuc dai phy cua do thi phuong hudng. Trude hét ¢6 the nhan
thdly ring méi cue dai phu tat nhién s¢ nim trong khoang gidi han gida hai hudng buic xa
khong cua do thi phuong huéng. Khi khoang cdch tuong d6i gita cdc phin tu [,] nho,
¢ thé bo qua sy bign doi cua miu s6 & cong thite (7.16) khi 6 thay déi trong pham vi
mot bip séng phu. Vi vay, hudng cuc dai cé thé duge xdce dinh gan ding tir diéu kién:

. Nkd
sin L————---- cosl,, |==*1
T dé rot ra:

2m+ 1 A
+

cos() =+ —— m=1.2 3. (7.20)
2 Nd
Thay (7.20) vao {7.16) s& nban duge gid tri cua cde cue dai phu
ozl
‘L(Uml )| = i (7.2

) [2!}: + 1 11:]
sin
N 2

Khi N Ién, gid tri coa cye dai phu thit nhat duge tinh mot cdch gan ding bing:

. : 2
£40,,); = N|E||-= (1.22)
O 3n

nghia 13 bang khoang 1/5 gid tri cyc dai chinh. Truong hop hé thong bie xa duge thiét
lap tr cdc chan wr doi ximg thi khi thay ham phuong hudng f, cta chan tr (3.15) vao
(7.7) ta & ¢6 cudng do trudng bic xa cua hé théng.
— Khi cde chan tir duge dit song song vdi nhau va mit phing khio sdt [3 mat phing
/I (mat phang xoz, hinh 7.6) thi:
':[;'l‘ = %{l - cos M)
R 2

sin[ Nkd COSU]‘
| 2
] sin [ k‘-f cosO]
| 2

— Khi céc chin tir duge diit thing hang vh mat phang khio sit 1a mat phing £ (mat
phing xOz, hinh 7.7; hodc mat phing bat k¥ chua truc x):

5 (7.23)

|F(H]‘ = %[l - cosﬂj
: [ R

[M ] ki
cos| - cosB | —cos -
2 2

601
| B ==t x -
R sin®

167



08 H‘ 10 os M |s‘in decqu
_-601&’ Cos 2@0.& ——(,0.52 ‘ 5 :

a2 . x ‘ 7.24)
| Ttong R sin () . , ( kd 3 (
| sin cosO |
! | 2 J
1= M M
| R ) R
9” -. 9""
y ! } S
: X ¥ R
Hinh 7.6, Hinh 7.7,
&) Truong hop vy = 180° (luan phién ddo pha)
Ta c¢é:
a = kd cos® + 180° {7.25)

Cong thic (7.7b) trong trudng hop niy & ¢6 dang:

sin g (kdcosO + lSO”)i
|

E|=|E| : ! (7.26)
sin 5 (kd cos© + 180")|
f
Tir cong thitc trén ta thay khi N ]

la mot 56 chan thi tai hudng 0 = +
90° hiic xa cla h¢ théng luén bing
khong. Biéu nay duogc giai thich nhu
sau;

Theo hudng 6 = 190 (hudng
vudng goc v6i truc cla hé théng),
truong bic xa cita cdc phan tr cé sai
pha khoang cdch bang khong nhung
sai pha dong dién bang 180", nén

nis i g = o {0}
| ;
/ (U= kel -r cnbye 1801
| 1
i .

truong cba cdc phan tr triét tiéu
nhau ting d6i mot.

- 7 # [ 4 -~ ] .
Néu khodng cich giita cdc phén 0= 180 9, IR
M2

tr % = 0,5, thi theo hudng truc clha

Hinh 7.8,
hé thong (hudng 0 = 0° vi 0 = 180,

s€ ¢6 biic xa cyc dai. D6 1a vi theo cdc huéng nay sai pha khodng cdch gifta hai phan tir
kd == s€ duoc bl bdi sai pha dong dién w = n. K&t qua 13 trudng bie xa cla cée phén tir
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s¢ duge cong dai 6 véi nhau va cue dai ¢6 gid tri bang NI ||, Him phuong hudng bién
36 10 hop chuin héa trong trudng hop nay ¢d dang:

i

sin{!; (kd cos® + 1807 }‘”

| Fen] =

sin ’V ; (kdcosO + 180" )}

i (-

Do thi bién do ctia ham 16 hop chuan héa dsi vai vi du trén duoe vE ¢ hinh 7.8.

¢} Truong hop y = —yd (goc pha dong dién cua cdc phan (& bién doi theo qui luit
song chay)

Ta hay xét truomg hop tdng quit khi géc pha dong dién trong cic phan ti bién ddi ty
1¢ vai khodng cdch gilia ching. Néu ta coi qui ludt bién doéi gée pha ay wong wr qui luat
bién doi goe pha el mot song chay doc theo truc hé thdng thi v s& bicu thi hé s6 pha
cua s6ng chay. He 88 pha v ¢d quan h¢ vai viin 16¢ pha clia séng chay bdi bi¢u thitc:

.

v=k—=4k

1

ey

v — vin 10¢ goe pha ctia s6ng chay gia dinh;
¢ — van to¢ song trong khong gian tu do.
Ta co:
W= —Ekd (7.27)
Do do: o = —kd(Z — cosB) (7.28)

Bién do cutsng do truamg bite xa cua hé thong sé la:

sin[ Nkd (§ — cos 0)}‘

sin{k; {§ — cos 0)”

E:‘ — bién d§ cuong do truong bitc X4 cia mot phan .

(7.29)

Truong hgp cdc phan tr duge dat kha gan nhau [% << l] thi mau s6 cua (7.29) cé
thé dugc thay th¢ gan ding bdi argumen clia nd. Ta cé:
sin { N;(d (& - cos@)]\

Azd (§ — cos0)

E

= !E, ‘ (7.292)

Ham phuong hudng bién do 18 hgp chudn héa cé dang:
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lsin{N’M (& - cox[})}‘
2
‘ (7.30)

o | =
Fiex kd
N HE - cos)
2 |
Néu 56 phan it N khd 16n thi ¢6 thé coi gdn ding Nd — £ 1a chiu dai clia hé théng
va {7.29a) ¢d dang:

Tir day ta nhan duge him phuong hudng bién do 16 hop chuan héa:
T

sing 5 (& - cose)}‘

|

(7.31)

- cos[])i

Tu thdy ham phuong hudng t6 hop cua hé thang trong trudng hop nay cé dang twong
tuw ham phuong hudng cta day dan ¢é dong dién séng chay di khao sat & §3.2.

D¢ ti¢n hanh khao sdt d6 thi phuong huéng trong truding hep tong quat, ta phan loai
3 ttuong h(;p khac nhau coa hé thong bite xa:

£ = — =1 (gdéc pha bi¢n doi theo qui fudt séng chay trong khong gian tir do, goi tit
[ fi¢ sing ('hc_:_v)‘

£ < 1 (gbe pha bién doi theo qui luat séng nhanh goi 13 i thong song nhanl).

£ > 1 (gbe pha bién doi theo qui luat séng cham, goi 14 hé thong song chams.

Ta lan lug khao sét cdc treong hop cu thé néu & trén.
1. Anten séng chay (& = 1)

Bi¢u thirc cudng do truding bitc xa clia hé théng ¢ dang:

!su{N;d (1 - cos 0)}‘
] = |4

kel
sin I —cos®)
2 ( ‘

Ta ¢6 bi€n 56 ¢ cta him phuong hudng 16 hop trong trudng hop niy:
o = kd(] — cos®)
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Khi 0 bi¢n doi trong gi6i han tir (0 + m), o s bién déi trong khodng tir (0 + 2kd).
Dang d6 thi ham bién do 16 hop chudn héa vi gidi han xdc dinh cta né duge vé &
hinh 7.9.

Trudng hop don gian nhat khi bitc Xa cda cic phdn t trong mat phang khao sdt 1a
vo hudng [/] (0) = const] do thi phuong hudng cta hé thong sé duge xdc dinh chi bai
him $6 16 hop. Hudng cla cue dai chinh phit hop v&i hudng 6 = 07 khong phu thudc vio
khoang cach . K&t qua nay pho hop véi (6.14). That vay, néu chi v rang —r = kd, va
trong trueng hop nay & = | thy:

cosby =1 (7.32)

do dé 6,,=0".

i |F st [

Ny

| 1)
{ I fl it
N » /

/ -
= O 2ol A=kl 1-E) G =kdf § 44}
T Mas == —
{) T T = (1(()) \;\\ 0 \| — (k)
! [ D ul)—hed(s, conl)
I
=== a} ! :
- M- ____

(= !XU‘J U:{]" = ."r&‘[‘f} S

Hinh 7.10
Hinh 7.8,

2. Anten song nhanh (§ < 1)

Can cit theo bicu thitc o = kd(%£ — cos) ta thdy, khi 0 bién thién trong gidi han
(0% + 7), o s& 6 gidi han dudi nho hon khong [, = —kd(1 - £) < 0}, va giGi han trén
O < o, < 2kd. Dang clta do thi ham t6 hop va gidi han xdc dinh ciia né duge vé &
hinh 7.10a.

Neu gia thiét nhu trude day, cic phin tir clia hé thong 13 cac nguén biee xa vo hudng
trong mat phing khio sat thi d6 thi phuong hudng clia anten phit hop véi dé thi cua ham
16 hop. Trong trudmg hop nay s& khong nhan duge bikc xa cuc dai theo hudng 0 = 0° ma
hudng cuc dai 1ech khoi truc ctia hé thong mot géc (hinh 7.10b). Hudng bitc xa cuc dai
duge xdc dinh theo (7.14), bang:
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Ekd
costly, = =— = (7.33)
' kd
C6 thé piai thich theo ¥ nghia vat |y dac tinh bitc xa clia anten néi trén twong tu nhu
ddoi véi trutmg hop & =

3. Anten song cham (§ > 1)

Trong truong hop niy vi £ > | nén khi 8 bién thién trong gidi han (0" + 7). « ludn
¢ gid tri 16n hon khong [0 =0 > o, =Ad(E - 1) > 0;0 =1 > o = kd (£ + 1) > 2kd]

Dang clia dé thi ham bién do t6 hop chuan héa va gidi han xdc dinh cua né trong
trudng hop nay duge vé ¢ hinh 7.1 1a.

Neu coi cdce phan tir ca hé thong [a cde ngudn vo hudng thi dang cua dé thi phuong
hudng phi hop véi dang clia dé thi him s 16 hop. Huéng bie xa cue dai nhan duoc
giong trudng hgp anten ¢6 & = 1(0,, = 0”) nhung bién d6 triing theo hudng nay nho hon
so vai truong hop & = 1. That vay vi £ > 1 nén o huéng £ = 0" sai pha dong dién clia céc
tia bitc xa ti hai phédn t&r ké nhau bang Ekd s& 1dn hon sai pha khoang cach bang kd. Do
dé trudng bire xa cta cde phan st $€ khong duge cong dong pha nhau. Diéu niy ciing
thay duoe 1r (7.14). Khi & > | thi cong thiie nay khong théa man, nghia la khong ¢6
huéng ma truting 16ng bang téng dai s& cha cac trdng bie xa thanh phén.

|“‘r K |

a u

v 7
(,t,mm.:i\'(')’(é-frj Chinax :kd(éi" 1”
0= RN w(8)
3 | A(B)=kd(E-cosD)
i |
b ______2
t
0
&> 1
i
0= /80 60"
! 2., N
b] — L L -~ 1
Hink 7. 11,
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Tinh todn theo cong thic (7.30) va (7.31) cho thdy ring viec gidm van téc pha song
chay (tang &) bat dau tir £ = 1 (v = ¢) s¢ din dén giam do rong miii séng chinh cha dé thi
phuong hudng (tang hudng tinh anten), nhung cudng dé bic xa theo mii song phu cling
tang theo. Khi £ tang. biic xa cta anten theo hudng chinh (4 = 0°) thoat dau tang. va dat
dén cyc dai véi tri s6 & nao dé (ily theo 1), sau d6 lai giam di va o vé khong tung véi
mot gid tri tdi han cua £.

IS
Nd

ih’r =1+ (?34]

Nhu trén ta thay vige giam do rong miii séng chinh s& lam tang hudng tinh anten
(tang h¢ so dinh hudng) chimg nao gid i cha cée bire xa phu cdn nhd. Viec tang hite xa
phu khi v giam s& dua dén hig¢u qua nguoe lai, 1am gidm hudng tinh (gidm hé s6 dinh
hudng) cta anten. Vi vay sau khi dat t6i mot gid tri cuc dai nao dé, néu tiép tuc tang &
thi h¢ s6 dinh hudng cta anten s€ giam di do bitc xa phu ldc 4y da qud 1on. Tir dé thiy
rang. s¢ ¢6 mot gid tri t6t nhat cia £ (véi £ di cho), khi dy hé s6 dinh hudng cla anten 12
cue dai. Truong hop cdc phan wr bitc xa cua h¢ thong 1a cdc ngudn vo hudng vai 6 phin
tir N khd 160, h¢ s dinh huéng cia anten [xdc dinh theo cong thic (1-84) & hudng cuc
dai. v6i IF(8) tinh theo (7.31) s& nhan duoc:

I TR o
LI U B A LS .
DR | ay oMo Siey) (7.35)
2 2
trong do:
oy =kLE - 1)
oy =kAL(E+ D)
I = Nd.
Doi vai anten s6ng chay ¢é v = ¢, cong thife trén sé& durge don giin thanh:

a2y
| l sin .(H,) (7.36)

— = — Si(24l.) -
D kL

- - . o~ P o - - = + sopat T e - [
Néu d¢ dai anten rdt 16n so v4i bude séng, gia st 1. — oo thi Si(2kL) — 5 Fa cé gia

tr} gidi han cla hé $6 dinh hudng ciia anten séng chay

o = f}n& (7.37)
A

D

Phan tich (7.35) cho thay rang cuc dai cGa hé s6 dinh hudng s& nhan duoe tng véi
ALAE - 1)= 180

Do thi bién thién cla h¢ s6 dinh hudng anten theo bién s6 kL(E — 1) duge ve &
hinh 7.12,
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|
|
|

\

T

. L L

200 -indr f2) N i /r) SN ot el Xk 2 M-t

Hinh 7.12,

Tur cac két qua rén suy ra hé 6 & tot nhal (dng véi do dai £, cho truede cta anten):

Hoac dd dai tot ahat cau anten (khi cho trude 2):

£, s
A o 2(E-\ - 1}

Viduy cho & = 1.125 thi chiéu dii 61 nhit L, = 4%.. D6 thi phuwrong hudng cua anten
= apf . p [ g

voi chieu dai 161 vu duge v& & hinh 7.13a. Khéo sit quan hé cha chiéu dai anten va dé thi
phuong hudng cho thay rang, khi tang do dai anten so véi tri s6 161 nhat {xde dinh bdi
(7.38)}. mui song chinh hep lai, dong thoi bite xa theo hudng phu ting (hinh 7.13b).

a)E = 1125
Lid =4

mE ? })-IEE 180 . &
A =0

425 js

Hinh 7.13
Khi giam chicu dai anten so véi tri 86 161 nhdt, mii séng chinh s¢ md rong con b
Xa phit s¢ grun (hinht 7.1 3¢).
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§7.2. BUC XA CUA HE HAI CHAN TU

Ta hay khio sat mot trudmg hop don gian cGa hé thong gém hai chan ur dat song
song voi khoiang cich d (hinh 7.14). Quan hé cla dong dién trong chin tir 2 so vai dong
trong chan wr / duge xde dinh theo (7.2), bing:

Lo

y |
oy = — = !(I')

]

s
[S

(7.38)

- “ ey . . . . - . . " ,
da| — ty s0 bicn dd dong dién trong chan tir 2 v chan wr /:
Wy — g6c sai pha cta dong dién trong chiin tir 2 so véi dong trong chan tir /.
Truong buic xa cta hé hai chan wr ¢é thé duoe xdc dinh theo cide cong thice da trinh
o + s ! g £
bav & §7.1. Ap dung (7.1) + (7.3) ta nhan due:
e kR o it o)
= __..R____ ll {{])([ 4 (}3 | (,HHE(,! of Com ) {?1‘0]

| 0} ia ham phuonge huodne CI:l‘d Ch‘c"l’n I{I trong mat hi-‘ino khflO sat.
KR P & = =) 5 &
M

Py b} mdéit pheng H

a) mdit phéng £
Hinh 7. 14

Néu mit phing khao sdt [ mat phang I (hinh 7.14a) ta ¢6:

W cos{ f ﬁin{-)EJ —~ COos };!
S0ty = Ay

cos0F

Néu mat phang khao sat 13 mat phang /7 (hinh 7.14b) ta c6:
2% ki
'(GH):——2IJ | — cos—
h kY ( 2 J

Ham phuong hudng 16 hgp cha hé thong duoe xde dinh tir (7.39) bing:
f‘{ (()) — | +‘{}3!(’:'u'13 c:'kc!cm'[) i (?40)

Do thi cia ham phuong hudng té hop s€ c6 dang bién doi, phu thue vao cde gid tri

. Lod .
khdc ahau ctia — vit |4, e

I
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Ta khdo sat d6 thi cua ham 16 hop (7.40) d6i véi mot s6 trudng hop riéng.
a) Tricomg hop |i,] = 15w, = 0 (hai chén tir duge kich thich béi cdc dong dien déng
bicn, déng pha)
Khi &y (7.40) cho 1a:
£u0) = 1 + kot (7.41)

C4 thé bien déi (7.41) dé nhan duoc dang:
) s cost) _ovosl) wikd Cl!!\'{}}
fild)y=¢ - e +e 2 {(7.42)
hoac

- R o)
f(6) = QCOS[:!:-{ cosf}jc 2

Tir (7.42) ta it ra biéu thic modun va argumen ciia him phuong hudng 16 hop:

Jin (O) = 2005('{;- cos@] (7.43)

arg f,(0) = gcosﬂ (7.44)

Ciing nhu khi khao sat hé thong thang, trong trudng hop nay tam pha ctia h¢ hai
chin tir duoe xdce dinh theo (7.44) ¢6 gid tri bang:

d
o 2

Ham phuong hudng bién do coa he hai chan ti ddng pha duge xde dinh 1lr (7.43) ¢o
dang:

. kel
“/k(O}‘ =2 cos[ -é--cose]‘ {7.45)
Py - - " a * - " -t L - - ) . d‘ -
P6 thi phuong hudng bién dé cua hé hai chan tr (ng véi cac khoang ciich — khic
A
nhau duge vé€ o hinh 7.15a.
Hudng bitc xa cuc dai duge xac dinh tir diéu kién:
kd cos . =+ 2nm
hoac
ik
cosO,, =%t (7.40)
' d
. .. d
ttongdé. n=0,1,2....:vain< .
3

176



Khi n =0 ta c6 0, =+ 90 khong phu thuéc vao khoang cich giita hai chan tir.
Dicu nay duge giai thich nhu sau: Theo céc hudng 8 = + 90°, trudng bic xa clia hai chan
tlr ¢ géc pha khoang cach bing nhau nén sai pha khoang cich bing khong. Ddng thoi
dong di¢n kich thich clia hai chan tir ddng pha nén sai pha dong di¢n ciing bang khéng.
Két qua la trudng biic xa cGa hai chan tir ddng pha va trudmg tng s& ¢é gid tri cuc dai,
16n gap hat lan trudng cua mot chdn ti.

Cide hiedng bite xq bdng khéng duge xéc dinh tr diéu kien:

kdcosO, =+ (2n+ D=

Tir d6 cos, = QHTH) 3 (747
gday.n=0,1,2,..;vdi MSC‘I -
A

Nhu vy khi % < % s€ khong cé hudng hitc xa bang khong,

Theo quan di¢m vat 1y 6 thé thay ring, khi khodng cach giita hai chdn tt nhd hon
nira budc séng, & hudng 6 = 07 va 180° 1a cdc hudng co sai pha khoang cdch 16n nhat thi
goc sai pha khoang cdch ciing nho hon mt, nghia 1a khong c6 hudng ma trudng bitc xa
cua hai chén tur triét ti¢u nhau.

=0 w=180° =90’
din=1/4 27 () OO 6__
1800

din=112 <> CO | %%}
/=1 = %

Hinh 7.15,

b) Truong hop |az| = 1, y, = 180° (hai chan tir duge kich thich béi cic dong dién

dong bién, ngugc pha nhau). Trong trudng hop nay (7.40) ¢6 dang:
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[(®) = 1+ o0 (7.48)
Tuong tur nhu trén, ta cé the bién doi (7.48) dé nhan duge dang:
ikd

S (@)= -—2:’sin[%{c038) e 2

cosl

Ham phuong huéng bién do s 1a

/(8 =2

sin(%jcose)‘ (7.49)

Dé thi phuong hudng bien do cilia hé trong trudng hop nay duge vE & hinh 7.15b. Ta
thdy biic xa cta h¢ hai chan tlr theo hudng 0 = £90° luén bang khong, khong phu thuoe
vao khoang cach gitta ching. $6 1a vi theo cdc hudng trén truding bitc x4 cta hai chan
tuy c6 goc pha khoang cdch giong nhau (sai pha khodng cach bang khong) nhimng lai ¢6
sai pha dong dién bang .

Huéng ma truong tong c6 gid tri cuc dai 16n gap 2 lan truong biie xa clia mot chan
1 duge xdc dinh tir diéu kién:

kdcosO , =t(2n+ 1)

hoic
cosf . =+ @n+l) (7.50)
2 d
Sday, n=0, 1,2, vei “ntD 4
2 A
1

. cd e s d < P S . o w

Tr (7.50) c6 thé thdy rang X < 3 s€ khong ¢6 hudng ndo ma trudng bifc xa lén gap
dol so vai truong biic xa cha chan ur dom.

Céc hudng bite xa bang khong duge xdc dinh tir diéu kién

kd cosB, = + 2nm.
oday,n=0,1,2,...vdin< %
Khi 7 =0ta cé 6, = £ 90° khong phu thuéc vao khoang céch giita hai chan tr. Céc
ket qua nay cé thé dugc giai thich theo quan diém vat 1 mot cich dé dang.
¢) Truomg hap |a,| = 15 y = 90°
Trong trudng hop nay cong thiic (7.40) c6 dang:

:'(kdcmﬂ+ “]
i@®=1+e 2

C6 thé bién déi (7.51) dé nhan dugc dang:

(7.51)
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. i -—cost + NI]
fr(®) = 2003[%0098 + %] e [ 2 4 (7.52)
Ta ¢c6 ham phuong hudng bién do:
i ,
| /(8] = 2‘005[%0050 + %J‘ (7.53)

O ddy. dang chd y 1a trudmg hgp khoang cich gilta hai chan tir bing phin tu buéce

ok . kd e s _ , ,

song, [d = ] Khi &y = Z va (7.53) s& ¢6 cue tiéu bang 0 khi 0 = 0°, ¢6 cuc dai
bang 2 khi 6 = 180°. Theo quan di¢m vat 1y k&t qua trén c6 thé duoge giai thich nhu sau:

Khi khoang cich gilta hai chin ot bang 2 {fruong buc xa cua chén t / theo hudng

8 = 0° cham pha (do khodng cdch) so véi trudmg cia chin tir 2 mot 20c 3 Trong khi
do, trudng bite xa cha chin tr / cling chdm pha (do dong dién) so vdi truomg ciia chin 1
2 mol goc > Keét qua la truong bic xa cia chan tr / cham pha so véi trudng cia chin

fr 2 mot gée 1 va trudng tong sé triét tiéu. Ciing phan tich nhu trén, theo hudng 0 = 180"
ta c6 trudng tong s€ dat cuc dai, 16n gdp hai lan trudng ctia mét chan tr. DS thi phuong
hudng cila hé hai chan tu trong trudng hop ndy ¢6 dang cardioit. Trong truong hop trén,
c6 the poi chin wr /, hoac goi chan tir 7 13 chan tir ddn xa cla 2.
Do thi phuong huéng bién do ctta hé hai chin ti ting véi cdc khoang céch khdc nhau
duge v ¢ hinh 7.15¢.
Hé $6 dinh hudng cla hai chan ti.
Néu goi D, 1a h¢ s6 dinh hurdng cta chén tir don thi theo dinh nghia (1.58) ta ¢é:
Dy(6,,9,} = M
So
Gia str & hudng birc xa cuce dai cla he thong, cudng do trudng tang lén p lan thi mat
do cong suat & hudng cuc dai tang p’ 14n, nghia la
S = P'S,

max
Mat khdc, mat d¢ cong suat trung binh cia h¢ théng ciing ting so véi (rusng hop
R
chan tir don, véi hé s6 ty 1€ bing R L, nghia la
11

R

Su= Z{]'Sm
R,
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G day, Ry, 1a dién tré bitc xa clia hé hai chan tir tinh theo dong dién & diém cdp

dién ctia chan ti1 1 (cong thiic 6.24);

R,, 1a dién trd birc xa cia chén tir 1 tinh theo dong dién & diém cdp dién khi

chan tir ditng don doc (dién trd riéng).

Ta c6 he s6 dinh hudng cta hé hai chdn tr & hudng bifc xa cuc dai bing:

D = ple :DIpERH
max s RZ“ RXU
03 R
11

(7.54)

Trong phén 16n cdc trudng hop khao sét, cudng do trudng tai huéng cuc dai tang (1+

la,)). do d6 p = (1+ [a]).

Ta co:

D,

D+, WR,

max

Ry,

§7.3. HE THONG PHANG

Nhu di khao sat & §7.1, h¢ thong thang gém céc phan tir déng pha cho ta dé thi
phuong hudng hep trong mat phéng di qua truc cha hé théng. Bé ¢ anten véi dé thi
phuong hudng hep trong ca hat mit phang, ¢6 thé diing hé théng biic xa phang, nghia 12
he thong gém cdc phan tir bic xa ¢6 tam pha sdp xép thanh hang, cot trong mat phang

(hinh 7.16).

Goi s8 phan tlr xép doc theo truc x 1a M,
khoang cidch gilta cdc phan tir 1a d,; con s6
phan tir xé€p doc theo truc ¥ 13 N véi khoang
cach d,. Gia st cdc phdn tir ciia hé thng duoc
kich thich bdi cac dong dién ¢6 bién do gidng
nhau, sai pha cia dong dién trong hai phan tit
canh nhau theo truc x la y,. sai pha cia dong
dién trong hai phdn tir canh nhau theo truc y
12 y,.. Khi &y mdi ddy phan tir nam trén mot
dudng théng song song véi truc X ¢6 thé coi 1a
mot hé thong biic xa gom M phén tir. Nhur vay
s€ c¢6 tat ca N he théng bic xa, Mbi hé théng
thing nay lai c6 thé dugc coi nhir mot phén tir
clia mot heé thong thang mdi, ¢6 truc tring véi

ra

Hinh 7.16.

P(0,p)

truc y. Theo céch phan tich trén ta dé dang tim dugc ham s6 va dé thi phuong huéng

clia hé théng buc xa phang.
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Ham phuong hudng bién do 16 hop ctia hé thong phang song song véi truc x dugc
biéu thi béi (7.8):
sin(Ma, /2)

| =
Jiw | sinfo, /2)

(7.56)

trong dé o, = kd,cos8, + y;
0, - gdc gilta hudng khao st va truc x.

Céc hé théng thing ndy c6 tam pha nidm trén truc y. Néu coi mdi hé théng trén 1a
mot ngudn don vi thi ham phuong hudng bién do 6 hop ciia hé thong mai (x&p theo
truc y) s€ ¢6 dang:
sin(No y /2)

| .’N =
% | sin(oc},/2)

(7.5

trong d6 o, = kd,cos0, + y;
0, — géc gitta hudng khdo sdt va truc y.
Ta ¢6 ham phuong hudng cla hé anten:
— —sin{Ma, /2) sin(Na, /2)

7.58
fun = Hxafen = fl_ ino, /2)  sin(ar, /2) oy

fl — ham phuong huéng riéng clia mét phan . Néu phdn tir bic xa 13 nguén vé
huéng thi f_, = const khong phu thudc vao hudng khao sat va huéng tinh clia anten dugc
xdc dinh béi tich cha hai ham 3 hop.
Cdc gbc B, 0, ¢6 quan h¢ véi toa do (8, ¢) cua diém khio sét trong h¢ toa do can.
Néu goi ; la vecto don vi hudng tlr goc toa do dén diém khao sat thi:
I =sinf cos (pa +sin0sin (pg +cos 01

Ta c6: cosb, = ipi, =sinOcose

cosB, = a; =smosing (7.59)
Cdc ham 506 fyy,, fin trong (7.58) ¢6 dang M la dang quen thuoc di khao sét
sin{ot /2)

trong §7.1, vi vay & day khéng cdn phén tich thém nita. Bay gid ta chi ¥ dén (7.59).
Néu trong cdc cong thikc trén ta thay 0 = (rt - 6) thi gid tri cua cic gée 0, 0, van dugc
bao toan, nghia 1a f,, fxn khong thay déi, do d6 gid tri cia ham f,, khong thay doi.
bi¢u nay ching t6 d6 thi phuong hudng ¢é tinh déi xing dét v6i mit phing cua hé
théng.

Bay gitr ta xdc dinh huéng bitc xa cuc dai ctia anten. Néu gdc sai pha dong dién
trong cdc day thoa mén di€u kién v, <kd,; v, <kd, vd méi ddy chi ¢6 mét cue dai chinh
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thi s& xdc dinh duge hudng bic xa cuc dai
ctia day theo truc x va ddy theo truc y (cong
thitc 7.14):

-~/

cosB ,, = X
"k 7.60
v, (7.60)

cOs G_»M = ?Jh

2

bBé thi phuwong huéng khéng gian cua
moi diy s€ la mot hinh nén ma tryc cha nén
la truc x va y. N&u hat hinh nén niy cich Hinh 7.17.
nhau thi giao cua ching s€ xdc dinh biip
song chinh cua ca he théng (hinh 7.17).

Truong hop hé théng phang 13 h¢ thong déng pha, nghia la:

(TRERTS

thi huéng cuc dai chinh cta cdc ham s6 f,y, fiy € 12

i
exM :eyM=i E

Do d6 hudng cuc dai chinh ca ca hé anten sé& 12 hudng 6 = + 90",

Gid tri cla fey, fiw & hudng cuc dai chinh (0 = + 90" [a M va N. Vi vay cudng do
truong nhén duge ¢ hudng nay s& bang M.N ldn cudng do trudng bic xa cla mot
phan tir

|Ese!l= MNIE,|

Do rong cha do thi phuong hudng trong mat phing xz va yz duoc xdc dinh béi
(7.19)

29&5) = -—%h rad,
(7.61)
20022 — md.

[o]

H¢ 56 dinh hudng ciia hé théng ¢6 thé durge xdce dinh theo cong thic (1.81), trong dé
thay E=E; vaW=W,=120n.

whog

2 52
téng RO
60 PE.

£

Trudng hgp h¢ thong dong pha, ta 6 cuimg do trudng & hudng bitc xa cuc dai:
| Byl = M.N|E, |
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Cong suat biic xa ctia h¢ thong bang tdng cong sudt biic xa clia cac phan tr;
Py, = Py yM.N
Px 12 cong sudt bitc xa trung binh clhia mot phan tf khi c¢é xét dén anh hudng tuong
ho pifta ching.
He 56 dinh hudng cua hé thong & budng birc xa cuc dai s& bing:

I 2 2
ST LY = ‘El‘ R[J M-N
T 60R;

- §2 2
Vi lf‘li_&

0. D 1a h¢ s0 dinh hudng ctia mot phdn ti trong hé théng ™. Nen
b
2

D= M.N.D, (7.62)
Nhur vay h¢ s6 dinh hudng cha hé thong bic xa déng pha s& bing tdng hé s dinh
hudng cua cdc phan tr bic xa don.

Trudng hop cdc phan tlr clia he thong 1a cdc chan tir nita séng thi hé s6 dinh huéng
duoc xdc dinh béi
_ 120
ks,
trong d6 Ry, ta dién trd bic xa cua chan tir nira séng tinh theo dong dién & diém bung
ciing chinh bang phén thuc cia tr& khidng vao.

D,

Ta ¢ he s6 dinh hudng clia hé thong chén i nira séng & hudng biic xa cuc dai

D= M.N (1.63)

P

*'D, 12 hé sd dinh hudng clia mot phén tir trong hé thong khi xér dén anh hudng trong hé clia cdc chan 1
khdc.

" Dol vdi chan tir nlra séng:

601,

1
B = |E|=—"F5 Py =—IRy

2

O day Ry, 1a dign trd bifc xa clia chan i nira séng khi c6 xét dén anh hudng tong hé vai céc chin i khdc
cuia he théng. Tir day xdc dinh duge hé 56 dinh hudng

120

D =—
Ry,
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Chuong VIIT
LY THUYET BUC XA MAT

§8.1. BUC XA CUA BE MAT BUQC KiCH THiCH BOI TRUGNG DIEN TU.
KHAI NIEM VE KHAU DO ANTEN

O dai séng cuc ngén, dé nhan duge bic xa c6 dé thi phuong hudng hep thudng st
dung anten biic xa mat. D4 1a cdc bé mat duge kich thich boi truong dién tir biic xa tl
mot ngudn so cap ndo d6 (thuong 1a cdc ngudn don gian). Truong kich thich s& tao ra &
trén bé mat y cédc thanh phan E, H, vuéng géc nhan. Khi 4y bé mat néi trén sé trd thanh
ngudn biic xa thu cap, ta goi d6 1a mat bitc xa cla anten. Trudng hgp mit bitc xa 1la mot
dién tich phing, ta goi dién tich ay la khdu do clia anten (miéng anten). Trong chuong
nay s& khdo sdt cdc bai todn déi véi trudng hop mit bifc xa phing ),

Gia sir miéng anten c6 dién tich s, trén d6 céc thanh phin thuong E, H c¢6 bién do va
pha phan bé theo mét quy Iuat xdc dinh. Ta chon hé toa do khao sat sao cho truc z vuong
gdc voi mat phing biic xa va phll hgp véi vecto phdp tuyén
ngoai cla mat, con cac vecto trudng song song véi cic truc
toa d6 trong mat phang iy (hinh 8.1).

Ta khdo sdt bai toan téng quét khi trudng dugc kich
thich trén miéng anten 13 ham sé theo cac toa do cia mat

Hy =i Hyf(x,y) (8.1)

H_— Bien do6 phifc ctia vecto cudng do tir trudng trén

Hinfr 8.1,

bé mat biic xa;

H,— bién do cuong do truong tai gdc toa do;

Sflx,v)— ham phan bé phiic cua truimg

Modun cha f{x,y) 1a ham phén b6 bién do, ky hiéu bdi f,(x,y). Argumen cia f{x,y) 1a
ham phan b pha, ky hiéu bdi ¥ x,y). Nhu vay (8.1) ¢é thé duoc viét lai dusi dang:

Hy =Tyt f () V) (8.1a)

) bei véi cdc mit biic xa khong phing, ta cé thé dua vé trudng hop mat bifc xa phang bang cdch thiét lap
hinh chiéu cta né trén mat phang.
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Ty 50 clia thanh phan tiép tuyén cua dién trudng va tir trudng tai méi diém trén bé
mat dugc goi 1a tré khang bé mat tai diém 4y, ky hieu 1a Z (x,y) .

Trong trudng hop dang khao sét, trd khdng bé mat duge xdc dinh bdi
Z = (8.2)

Dé phan tich bic xa clia mat ta 4p dung nguyén ly dong mit tuong duong. Trong
trudng hop nay, tai mdi diém trén bé mit s& cé:
Mat d¢ dong dién mat
T (i) =1 =T H,

Mat do dong tir mat

I =(nxE)= I =i R,

I3

Ham birc xa dugc xdc dinh theo (1.7a) bang:

Go = [ie mds=i, [H """ ds (8.3)
Gl = [Jrends =i [Ee™""™ds (8.4)

&day s— dién tich clia mat bic xa (dién tich miéng anten);
©— ban kinh ciia diém bat k¥ trén mit bidc xa tinh tir g&c toa do.
i1, — céc vecto don vi trén huéng pva R (xem hinh 8.1).
Néu chi ¥ dén (8.2) ta nhan dugc:
G =Z,G, (8.5)
Cic thanh phan cia ham bic xa trong h¢ toa do cdu cé thé dugc xdc dinh qua céc
thanh phan trong hé toa do vudng géc bai (1.39).
Gy =G cosfsing

. (8.6)
G, =G, cosgp

amr T
G, =G cos@cose

2 mo_t (87)
G, =-G/sing

™ Trong trudng hop 16ng quat. trd khdng bé mat la dai lugng phic. Néu mat duge kich thich bdi tneding c6
dac tinh séng phéng thi Z, [a dai lugng thite ¢6 quan hé véi tré khang séng cha séng kich thich (W,).
Trudng hop mat durge kich thich bai truding ¢6 dang séng mat thi Z, 12 dai lugng phite hoae 4o, duoc
xdc dinh bai cdc dac tinh cia két cau duy tri song mat dy. Van dé nay & duge trinh bay ki hon & phin
sau ¢ua chuong nay.
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Ap dung quan h¢ (8.5), ta cé thé bidu thi cic thanh phén trong (8.7) qua G; nhu

Sau:

Gy =Z.G)cosBcosp
o -, L
G, =-2.G sing

(8.74)

Thay (8.6) va (8.7) vae (1.32), (1.33) ta nhdn duge cac thanh phan cua truong bac xa:

Eo:ﬂg-:ﬂf
A
_"_ﬂe—rkh‘
* 4x R
- F —
Hrj_”joln
Tr En»_
Hﬂ-'?:?V—Iﬁ‘?

(W cos@ - Z, )sin go‘G;'_};

(W —Z cosBO)cos (0(;1;;

(8.8)

Nhu vay, trudng tao bdi mat biic xa ¢ khu xa c¢é thé duge xd¢ dinh gua mot trong
hai ham bitc xa G hoac G” tinh theo cdc dong dién hodc dong 1r mat. Ham nay duoc
bi¢u dién dudi dang tich phan mat theo dién tich cia mat biic xa ddi vdi cic thanh phén
cua truong kich thich wén mat d6. Trong cong thic (8.8) dan ra & trén, cdc thanh phan
cla trudng bie xa duge bi¢u thi duy nhit qua ham bic xa G} . Biéu thic ciia ham biic

xa Gt ¢6 thé nhan duge tir (8.3) khi thay vao dé gid tri cta cudng do trudng kich thich

H_dd bi¢t va 1ay tich phan theo mat S. véi cdc diém tich phan cé toa do xdc dinh bdi

vecto ban kinh p

Sau day ta s& xét bidu thitc
cua ham bic xa (8.3) ddi véi cic
truong hgp mat bic xa c6 hinh
dang va kich thudc xdc dinh: mat
bttc xa chit nhdt va tron. Hinh 8.2
v€ cdc mat biic xa cd hinh dang
khic nhau cung véi hé toa do duoc
chon dé khao sat.

o Truomg hop mdt bitc xa chit
ahdt (hinh 8.2a).

Gia sir diém Kkhao sit M cé
cic toa do R,0, ¢ con diém Q bat
ky trén mat bic xa c6 toa do x,y.
Ap dung (1.8) ta x4c dinh duoc:

Hinh 8.2.

piyip = xsinfcosp+ ysinGsing
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Thay (8.9) vao (8.3), déng thai chi ¥ ring trong trudng hop nay ds = dxdy va tich
phan theo mat s duge lay theo di¢n tich hinh chir nhat ¢6 céc canh ¢ va b, ta nhan duge
bi¢u thie cia hidm biic xa déi véi trudng hop mat biee xa chir nhat:

ailr opr2

I IHIL)JH VODS SN 4 T s g sin U)dxaiv (8 . 10)

wir-he2

Trong d6, biéu thitc clia Hy duoc xdc dinh theo (8.1).

o Tritimg hop mdr bire xa tron (hinh 8.2b)

Trong truong hop nay, toa do ciia moi diém bat ky trén mat bitc xa, thich hop la
duoce biéu thi theo toa do doc cuc (p,6). Khi &y ham phan bé cla truong trén mat bic xa
(8.1a) s& duge viét duéi dang:

H, =i H,f,(p.g)e"? (8.11)

D¢ xic dinh tich ,{J-f';:";.; ta dp dung (1.8). dong th&i chd ¥ rang trong trudng hop nay

@’'= ¢ '-—, tanhin dugc:

p};a:psin 8 cos(p - @) = (8.12)

Thay (8.12) vao (8.3), dong thai chi ¥ rang trong trudng hop ndy ds = pdadd va tich

phan duge 18y theo hinh trdn bén kinh a, ta ¢6 biéu thifc clta ham bitc xa dai véi trudng
hgp mat bifc xa tron.

ir o«

_ I IH-rerkpsj119cns{¢—w}p‘dpd¢ (813)

[CR
d day biéu thirc ctia H duge xéc dinh theo (8.11).

Sau day s& khao sdt hai baj todn co ban ing véi hai truong hop clia mat bic xa c6
trd khang bé mat thuc va phic:

— Tré khang bé mat 1a dai luong thyc. Trudng hgp nay thudng xay ra khi mat bikc xa
duge kich thich boi trudng c6 dac tinh séng phang hay gin véi song phéng. Bai toin nay
thudc vé 1y thuyét anten mdt.

— Trd khdng bé mat 12 dai lugng phitc (hoiic o). Trudng hop nay thudng xay ra khi
mat bitc xa duge kich thich béi trudng c¢é dac tinh song mat. Bai todn nay thuoc vé ly
thuy€t anten séng mdt.

A.LY THUYET ANTEN MAT

Trong phan nay s€ khao sat cic trudng hop bic xa chia bé mit (duge kich thich béi
trudng) ¢6 tré khdng be mat 1a dai lugng thuc. Bai todn ndy rit thudng gip trong thuc té
khi phén tich cac anten thudc loai ong din song, loa, thdu kinh, guong phdn xa... Hinh
8.3 v& mot 56 thi du cha cac anten thudc loai nay.
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Sdng sd uilp Séng sd cip Séng sd cip

[x?\

az M A e xa

Sdng ',//?’ Y Sdng sd cip
. - ! . [ -
s L"_IBF - Milt bite xa \\ R
RO Y A b . .
) T Mt bite xa Song sd cap £ Mat bitc xa

Hinh 8.3.

Hinh (a) 14 anten ki€u ng dan séng, cé mat bitc xa la miéng 6ng dan séng. Hinh (b)
va (¢) la anten kiéu loa chit nhat va loa tron ¢é mit bic xa la miéng loa. Trong cac
trudng hop nay, mat bitc xa duge kich thich bai trudng cla séng truyén theo Sng tir
ngudn 16i. Tré khdng bé mat cla anten duge xdc dinh bdi tré khdng séng clia séng kich
thich, phu thuéc vao loai séng va kich thude cha hé théng. Hinh (d) 1 anten kiéu thau
kinh di¢n moi, 1a mot khoi dién moi ¢6 hinh dang dac biét duge kich thich bdi séng so
cap blic xa tr mot nguodn don gian truyén qua Idp dién moéi t6i mit bic xa phang. Tré
khdng bé mat cita anten phy thuge vao cdc thong s6 dién cta 1dp dién moi. Hinh (e) va
(f) la anten ki€u guong phin xa parabol hinh chit nhat va hinh tron. Mt bite xa trong céc
truong hop nay 1a miéng guong (dién tich cham chdm hinh chit nhat va hinh tron). Anten
duwoc kich thich bdi séng bifc xa tir mét ngudn don gian dat & tiéu diém cia parabol.
S6éng bifc xa truyén téi mat kim loai ctia guong parabol s& phin xa va truyén nguoc lai.
C6 thé coi dién tich cua mi¢ng gwong duge kich thich boi trudng clia chinh séng phan xa
nay. Trd khang bé mat cha mat bitc xa trong cic trudng hop niy ciing phi hop véi trd
khang séng ctua khong gian tu do vi séng kich thich ¢6 dang séng lan truyén tir do. -

Trong cdc vi du k€ trén, trudng kich thich trén mat bic xa thudng ¢6 phan bé pha
déng déu, nghia 1a ¢6 dac tinh cba séng phing. Tuy nhién trong nhidu trudng hop thuc t&
citng cd xay ra su méo pha.

Sau day chiing ta s€ khao sdt cdc bai todn cy thé Gng v6i cde quy luat phan bé bién
do va pha khdc nhau cita trudng kich thich.

§8.2. BUC XA CUA BE MAT PUOC KiCH THiCH
BOI TRUGNG DIEN TU PHAN BO BEU. MAT BUC XA LY TUGNG.
Ta khdo sét trudng buc xa [ mit phang va cdc thanh phan tiép tuyén cia trudmg &
trén dé ¢ bién d6 va pha déng déu & moi diém, nghia 12 hAm phan bo bién do ¢é gid tri

bang 1, con ham phéan b pha ¢6 gid tri bing khong:
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(8.14)

Julx.)= 1}

plx,y)=0

Mat bic xa nhu vay dugc goi 1a mdr bite xa I§ tdng. Gid sl mat bic xa duoc kich
thich boi truong clia mot séng phang truyén theo hudng vuong géc véi bé mat, véi tro
khdng séng bang W Theo dinh nghia, tr& khing séng cd
gid tri bang ty 56 bién do cita thanh phan dién trudmg va z
tr trudng cla séng:

w, - [
G

Trong truong hop niy, cdc vects E,H clia trudng
trén mit bic xa s€ ¢é bién do va pha déng déu (vi mat

birc xa tring v&i mat song). \
’ B ' 2) I I Song phang
Ta chon hé¢ toa do sao cho tryc z triing véi phuong kich thich
truyén téi chia séng kich thich, con vecto dién trudng phit

) S T ’ ) Hinh 8.4,
hop véi truc y (E =E = i_on). Khi ay, néu chd y dén .

quan hé cla vec to £,H vi vecto Poynting S s& thay vecto tir trudng phai hudng theo
chifu am cta truc x, nghia la H =§; = —EHO (hinh 8.4). Can ctt vao cdc nhan xét trén, ta

s€ viét lai cdc hé thic (8.1) va (8.2) dudi dang:

H =-H, (8.15)
E +
Z =—t=m Ey =W, (8.16)
‘ H.r HU ‘

Ap dung (8.16) s¢ viét duge bidu thic cha him bic xa G*; sau d6 thay G¢ vao (8.8)
va chi y trong trudng hop nay Z, dugc xdc dinh theo (8.17), ta sé nhan duge cdc biéu
thic cua trudng blc xa trong hé toa do cdu. Sau day ta khao sat 101 giai ctia bii todn
trong céc trudng hop cu thé,

a. Mdt birc xg chit nhdt (hinh 8.2a)

Ap dung cong thic (8.10) va chi ¥ rang trong d6 H, dudc xdc dinh bdi (8.15) ta cé:
al2 hi2 )
G: — '_H(} I Jeik(:cusqosin &8+ ysin gsin 0)dx dy (8 l ?)

—ail-hi2

Thyc hién tich phén trén ta duoc két qua

. { ka . . (kb .
sin ?smﬂcosqp sin —2—51n95m¢>
G =-Hyuab

¢
¥

. (8.18)
a . kb . .
?smﬂcosqo ?smé’smgp
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Thay (8.16) va (8.18) vao (8.8) s& nhin duge cédc thanh phdn cia trudng buc xa:

”I( e--:.(‘)’c’
E,=—
4

w
W Hab (] + ma cosé’}sin Px

sin(k; sin {-)cos:;o] Sin(.k; sin #sin go)
. .

k;{ sinécos ¢

kR

ik e’
sz—

dx R

k; sin@sing

W
W il,ab [Ei_ + cosé’} COS (%

sin [ k; sinf cos gp] $in ( kjb. sinésin go)

ka
sindcos g

X
2
E
H,=-"
@ ;"V
Hr_, — EH
rw

ket . :
- sIn@sing
5 /2

(8.19)

Bay gi¢r ta khdo sdt truong biic xa trong céc mat phang chinh: mat phing E vh mat

phang #/

Truong hop diém khéo sdt nim trong mat phang £ (mat phang yO:) nghia [ tng vdi

Q= 90°, 1a cé:

. (kb .
ik o™ W -Sin By siné
£y =-— W, H[,a.b[l +~—~cos6‘]x~——;ﬂb—————
wk W, W o
2
E =0

@

(8.20)

Trutng hop diém khdo sdt nam trong mat phang /7 (mat phéng xoz), nghia 11 img

vl =0, ta co:

. ka .
ke W Sm( 5 smé’]
Eﬁ LS H(\.Hoa.b(—-—-l-cosé'}w—k—m—
4r R W sin 7
E{) =0

(8.21)

Phan tich cac h¢ thitc (8.20) va (8.21) ta thay sy phu thudc cia cudng do trudng bitc
xa theo cic huéng trong mat phang khao sit duge xdc dinh boi ham s6 gém tich clia hai
50 hang: s6 hang thit nhat cé dang ph hgp v6i ham phuong huéng cha nguyén té bic xa
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hon hop (nguyvén 16 Huygen), con o hang tha hai ¢6 dang Smu

(1= @sin & doi véi
U 2

) . . k . a " 2 - . - - E]
mat phang £ v u = 2” smé doi voi mat phang /7). Néu coi mit bic xa 12 tap hop cua

cdc nguyen 16 hén hop thi s6 hang thi nhat chinh 1a ham phuong huéng riéng cilia phan
tr bdc xa, con s6 hang thit hai s& tuong tng vdi ham phuong hudng 6 hgp. Ham phuong
hudéng cha nguyén 16 hdn hop da duge khio sdt & chuong 2. Ham s6 nay cé cyc dai bing
W C . . , .
[1 +F] theo huong &= 0", nghia la philt hop v6i hudng truyén lan cla séng phang kich
. N

sinu

thich. Ham phuong hudng t6 hop dang déd dugc khdo sit & chuong 3. [1am s6 niy

u
¢6 cuc dai chinh béng 1 fing véi u = 0 (A= 0", vd mot s6 cuc dai phu (xem hinh 3.2).
Do dé, d6 thi phuong hudng clia mat blc xa sé ¢o cyc dai theo hudng 0 = 0”. Ham
phuong hudng bién doé chudn héa cda mat bic xa trong hai mat phang duge xdc dinh
theo {8.20) va (8.21), bing:

{1 +£—/ COSQ!{] 511’1(;{2'6 Singﬁlj
(0" = A
1+ -~ sin 9" ’
W, 2
(8.22)
[ +COS*9EJ sm( sin 9”]
F(QH) — N %
| ’ 1+ ka in o
W, 2

D6 thi phuong hudng bién do chudn héa ciia anten duge vé & hinh (8.5).

Hudng ma bién d6 ¢6 gia tri bing khong,
con dugc goi la furong bitc xa khong, cé thé 075
duoc xdc dinh tir didu kién: o5 [
0.25 [
Vel SV
90 60 30 ¢ 30 60 00

a) Bi€u dién trong toa do decac

1.0

l—g’lsinﬁé’lznﬁ (déi vai

mdt phang £)

va -’-;Esiné’é! = nr (d6i

vGi mét phang H) H a=4

Véin=123.. b) Biéu dién trong toa do cuc
O day 6/ va 6 1a ky hiéu cdc hudng biic Hinh 8.5
xa bang khong trong mat phdng F va H.
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T do ta ¢o

.oy HA
sing, =--—;

sing]’ = nt
4]
Hudng biic xa khéng thi nhit dugce xdc dinh tir biéu thic:

o A
sinf,; =~

(8.23)
sing) =2
o

3 day ky hiéu 6,,1a hucgng bite xa khong thit nhat.

—<<I;% << I], c6 thé col sind,, trong cdc cong

o

thitc (8.23) gan ding bang argumen cua ching. Ta ¢6 do rong cla dé thi phuong hudng

(theo hudng bitc xa khdng) duge tinh theo cong thic )
Trong mat phang E:

Khi mat bifc xa 6 kich thuéc 1dn (i

. : A
204 =20y, = Q%md;%‘[g] =115"=
Trong mat phing H:

(8.24)
200 =26y = 2imd;29[{{] st
o

a
Tix cdc cong thic (8.24) ¢6 thé thay rdng do rong cha dé thi phuong hudng anten

trong m&i mat phang chi phu thudc vao kich thude clia anten theo mat phing 4y, khong
phu thudc vao kich thude anten theo mit phang vuéng géc véi né.

Do rong cua do thi phuong hudng anten tinh theo hudng bitc xa nita cong suat duge
xac dinh bdi cong thic: :

Trong mat phang £:

20/, =51° 4
Trong mat phang H:

26, = 510t

o

(8.25)

Cong thic nay ciing phit hop vdi cong thiic clia h¢ thong bic xa phing dong pha khi

s6 phdn ti biic xa kha 1dn. Tri s6 cha cédc cuc dai phu trong trudng hop niy ¢6 thé dugc
xdc dinh theo phuong phédp tuong tu nhu khi tinh todn hé théng biic xa ddng pha.

' Cong thic (7.24} ciing phit hop cong thic (6.44) déi v6i hée théng bitc xa phing déng pha khi coi b =
Md, va a =Nd,
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b. Mdt mitc xq tron (hinh 8.2b)
Ap dung cong thic (8.13) va chii ¥ ring trong d6 H, dugc xéc dinh bdi (8.15) ta ¢6:

E g

5= —Hy [ fetesooeteo) wipay (8.26)
0 0
Truong hop di€m khdo st nim trong mat phing E hoac mit phang H nghia 1 img
v6i ¢ = 90 hoiic ¢ = 0", tich phan (8.26) sé& cho ta két qua.
J,(kasin®)
kasind
& day Ji - la ham s6 Bessel bac 1, argumen (kasin®)
§ — dién tich mat bifc xa, bang na’

Gi=—H,S (8.27)

Thay (8.27) vao (8.8) va luu ¥ t6i (8.16) ta nhan dugc cdc thanh phdn cha trudmg
bitc xa trong hai mat phang chinh.

Trong mat phéng E (ing véi ¢ = 90%

ke ™" W J (kasin@
B, = 5|1+ coso xl—(,——) (8.28)
dr R W, kasin&d
Trong mat phang H (img v&i ¢ = 0°)
: - thif J ka H 9
ke ps| s cosa D (kasing) (8.29)
" 47 R W, kasin @
& day S = m’ — dién tich cha mat bic xa
J; —ham Bessel bic 1, arumen (kasin®)
Ham phuong huéng bién do chuén héa trong hai mat phing s& c6 dang:
W .
(1+ﬁ’ cos”")  (hasing”
(o= dasing
1+ kasin 6 }
W,
(8.30)
W H
(I+ -cos87) oy
" W, J, (kasing")
(0" ) <> kasin6”
14— -
Wy

Trong trudng hop mat bifc xa trdn, ham phuong huéng t6 hop c6 dang @ b6 thi
i

cta ham s6 nay dugce v& & hinh 8.6. D€ tién so sdnh, trén hinh ciing v& d6 thi clia ham
>¥ i hinh V& ta thay dang cua ham —-(—u—) va ham 2% pa giong nhau. Do d6, trong
u u U
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mat phing £ va H dang dé thi phuong hudng cia
mat bic xa tron ciling gidéng dang cia dé thi
phuong huéng cta mat bitc xa chit nhat.

08

)\

D6 rong cha d6 thi phuong hudng tinh theo 04
hudng birc xa khdng duoc xdc dinh theo cong thitc: \\

0.4
2001~ 2412 rad 8.31 e\ '
o)~ 2, Eyade (8.3D) 02 A
D¢ rong cia dé thi phuong hudng tinh theo 0 s u
huéng biic xa mita cong sudt: TIM 3“
20, ~ 1,022 rad (8.32)
? 2a Hinh 8.6.

§8.3. BUC XA CUA MAT BUGC KiCH THICH
BOI TRUGNG PIEN TU PHAN BO KHONG PEU

Trong thuc t€ khoéng cé mat bic xa Iy tudng. Trudng kich thich thudng cé bien do
va pha phan bd khong déu trén mat biic xa. Diéu d6 s& dan dén su khic biét vé dac tinh
phuong hudng clia mit biic xa thuc so v6i mat birc xa 1y tudng. Dé viéc phan tich duoc
don gian ta ti€n hanh khao sit riéng biét dnh hudng cia su phan-bd khong déu ciia bién
d¢ va pha cta truong kich thich dén dac tinh phuong huéng anten.

1. Mat buc xa chir nhat duge kich thich bdi trudng dong pha véi phan bd
bién dé khéng déu
Trong truong hop nay (8.1) c6 dang:
H, =i H,f,(xy) (8.33)

Ciing v6i cdch chon hé toa do nhu da khao sat & §8.2. trong truong hop nay ta nhan
duoc:

Hy = —Hy ful(x, y) (8.34)
Z,=-W, | (8.35)
Ta khao sat mot trong nhitng vi du don gian khi truong kich thich cé bién d6 phan
b3 déu theo mot canh, con theo canh kia ¢6 dang cosin (hinh 8.7). Trudng hop nay
tuong tng véi phan bo treong & miéng dng dan séng chit nhat ¢6 dang séng H .
Ham phén bd bién do theo truc x duge biéu thi boi

fulx)= cos[E] (8.36)
o

Vi phan bg trudng theo canh y déng déu nén ¢6 thé thiy riing dac tinh phuong
huéng clia anten trong mat phing yoz (mat phang E) ciing giong nhu dac tinh phuong
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huéng cua mit biic xa Iy tudng c6 cung kich thude theo truc y. D6i véi dic tinh phuong
huéng trong mat phdng xoz (mat phéng H) thi c6 thé chimg minh ring trong mat phing
nay dé thi phuong hudéng s& rong hon dé thi cia anten 1y tudng ¢é cling kich thudc theo
truc x. Picu ndy dugc suy dién nhu sau: Khi phan b6 trudng theo truc x cé dang nhu &

hinh 8.7, ta thay cac phéan tlr b€ mat ndm cang xa truc y s& Y faw
duge kich thich bai truong c6 bhién d6 cing nhd va trudng L ~ ~C
biic xa cua cac phin ti ndy sé anh huéng khéng diang ké 1 E T
dén birc xa chung cha anten. Do d6, sy giam bién do /: Ho ? b
trudg kich thich vé phia mép anten ciing tuong duong véi /" o X
viéc giam kich thudc anten theo truc x khi phan bo bién L l
do dong déu. : | a |
Dé tinh ham bitc xa G, ta ap dung cong thiic (8.11)
trong d6 H, duge xédc dinh theo (8.31) va (8.36), nghiia 1a: Hinh 8.7
a2 b2
Gy=-H, | | cos(’—“—)e'*(”“m‘“e*ysi““'"f’)dx@ (8.37)
@

—ai2-hi2

Trong mat phing E (ing véi ¢ =90°) ta cé:

a2 82 5 Sin[?sinf))
Gi = _HU I COS(EPY j e,-k_vsiné?dy =—;H0a.b><——-——-——— (838)

—ai? a —h12 @ sin &
2
Biéu thitc cudng do trudng bitc xa trong mat phing E sé cé dang:
sin [ kb sin 9}
-k - ikR 2 T~y
E,=2° [“W‘_Hoa.b)[]+ﬁcost9]x7b2-— (8.39)
4 R \ =& W, % ing
2
Trong mit phing H (ing véi ¢ =0° ) ta cé:
b2 a2 COS[ESin BJ
Gy =—H, | dy [ cos [H)e’mi“gdx =-Z H,abx (8.40)
—Ai2 —-al2 a 2

(5] (5]

Biéu thifc cudng do trudng bic xa trong mat phing H s& ¢6 dang:

cos[ ka sin 9}
. —tkR At
ik ¢ [£ Pir/:irn‘raal.t‘:'][K +cosé 2

““4z R \2 W, }X(Ejz (ka. )2
' — | =| -~—sin&
2 2

(8.41)
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Tir (8.39) 1a s¢ nhan duge ham phuong hudng bién do cia anten trong mat phang E

¢ dang giéng ham phuong hudng clia mat biic xa 1y tudng, con tir (8.41) ta nhan duoc
ham phuong huong bién d¢ trong mat phang H (dang chudn héa):;

2
[—PY +0086’HJ [E) cos Esir16'”
H W\' 2 2
F6)”|= x~2 4
w b2 ka .
1+ Z | -] Zsing”
W, 2 2

S hang thit nhat trong (8.42) 1a ham phuong huéng riéng cua nguyén & biic xa hon
hop, con s6 hang thit hai 12 ham phuong huéng té hop trong mat phdng H khi phan bg
cia truong kich thich c6 dang (8.36).

Trong” glcn han hep ctia géc 6, ham phwong huéng cla anten s& duge xdc dinh chl
y&u bdi ham t6 hop. Do rong cla miii séng chinh trong mat phéng H duge xdc dinh tir

(8.42)

diéu kién bang khong cla tlt s6 ham t6 hop [ trix trudng hop [%a»sin e ] :-g vi véi gid

tri &y, mau s6 ctia ham s& t6 hgp ciing bang khong va biéu thic ¢6 dang v6 dinh].
Hudng biic xa khong thi nhét cita anten duge xédc dinh tix diéu kién.

- [-k‘—'sinagf)=3f
2 2

Do dé: (sing!! )= 1,5% (8.43)

Khi 4 nho thi tir (8.43) s&€ nhan duge d6 rong clia d6 thi phuong hudng theo hudng
4]

biic xa khong.

28{5*1 ~ 3£ rad
a
1 (8.44)
]

D6 rong cua do thi phuong hudng theo huéng bitc xa nira cong sudt dugc xdc
dinh bdi:
H A
20,7, =117 —rad :
Hoac: 4 (8.45)
26/, =~ 67° z
a
Qua phan tich va so sdnh ta nhin thay khi phan b& bién do truong khong déu thi
dong thoi v6i viéc md réng mii séng chinh, mic bic xa phu cla anten cling giam di so
v6i trudng hgp mat biic xa 1§ tuéng ¢

) Mitc bifc xa phy duge dinh nghia bing 1y s6 cha bién do trrong biic xa theo hudng phy va bién do
trudng bite xa theo hudng cuc dai chinh,
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Trong vi du trén, véi phan bd truong dang cosin, d6 rong muii séng chinh tang
khoang 1,5 lan, con mifc bic xa phu clia cuc dai phu thi nhat gidm tr ~13,2dB xuéng
—23 dB so vdi trudng anten 1y twréng

2. Mit bure xa trén dugce kich thich bdi trudng ddng pha, ¢é phan bé bién
dd khong déu

Ta khao sét trudmg hop khi phan bd bién do clia trudong kich thich 13 ham s& theo
ban kinh p va khong bién doi theo ®.

Gia sir hé toa do duge chon nhu trong cac trudng hop khio sdt trude day, ta cé:

H,=-Hyf.(p) (8.46)
Ap dung (8.13), trong dé H, dugc thay bdi (8.46), ta ¢6:
a 2r
Go=-Hy [ [£, ()" o) g (8.47)

LU
Ta xé1 vi du cu thé khi him phéan bo bién do ¢6 dang:

fup)=1 —a[E] (8.48)

a
O day o 12 mot hé s6 nhd hon 1; @ la ban kinh mat bic xa. Trong trudng hop nay,
bién d¢ cua trudng kich thich giam dan theo hudng bidn kinh.
Tién hanh tinh todn nhu trong cdc trudmg hop trudc day ta nhan dugc biéu thic
cudng do trudng (trong hai mat phang chl yéu £ va H) dudi dang:
Trong mat phang E.

. kR : .
E =% s 14 coso x| 2(1-a)hkasind) |, Solkasind) g 4o,
T ' W, (kasin 8) (kasin®)
Trong mat phang H: '
. —thi? . -
£ =2 | L cos0 |x]2(1- ) hRaSO) |y TalkasinO) L g o
4z R W, (kasin 8) (kasin @)

3. Anh huéng cta s phan bd pha khéng déu

Sau day s& khao sdt anh hudng cua sy phan bo pha khong déu cia trusng kich thich
trén mdt bitc xa dén dac tinh phurong hudng anten. Néi chung, su khong déu pha (hay su

" Céc k€t qua phan tich & trén ciing ¢4 thé 4p dung cho trudng hop anten la tip hop cla cdc phan 1T bitc
xa phan bo gidn doan (vi du h¢ thdng chan 1), va tir diy cling nit ra dugc cdc két luan dng dung thue
t€. Vi dy khi can thi€t lap anten ¢6 miie btic xa phu nhd, phan bd trudng hay dong dién trén anten ¢6
bien d¢ gidm dan vé phia mép anten hoac hé théng birc xa. Tat nhién khi &y mui song chinh ciing rong
ra, va hé 56 dinh hudng cia anten ciing giam di
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méo pha) clia trudng phan b6 trén mat bifc xa s& 1am giam hudng tinh cla anten. Tuy
nhién, trong mét s6 trudng hop dé nhan duge anten cé dé thi phuong hudng dang dic
biét, hoac dé diéu khién dé thi phuong huéng trong khéng gian cén thiét 1ap mot quy
lugt bi¢n pha nhat dinh cla trudng hay ctia dong dién trén anten.

Trong truong hop téng quét, pha cta trudng kich thich c6 thé la ham ca hai toa do.
Tuy véy khi khao sat anh hudng cha cdc dang bién pha dén huéng tinh cta anten, dé don
gidn ta c6 thé khdo sdt riéng r€ quan hé phu thudc cia pha véi fimg toa do mot.

Gid sir mat bitc xa la mat chir nhat, v6i hé toa d6 duge chon dé khao sat nhyu vé &
hinh 8.2a. Ta xét trudmg h0p mat duge kich thich bsi trudng cé vectg dién truo’ng E
hudng theo chiéu duong cla truc y, cdn vecto tir trudng H hudng theo chiéu am cua truc
x nhu trong cdc trudng hop di khao sdt trude diy (hinh 7.8a). Gia thiét bién do cla
truong kich thich phan bé déu theo dién tich, nghia 12 £, (x,y} = 1; pha clia trudng phan
b déu theo truc y, con theo truc x ham phan b6 pha duge biéu thi dudi dang chudi

I thira.
2 ¥ 3
yix)= ‘.Vu[ IZJ 9’/2( fzJ +W3[EJ +o. (8.51)

g day wy, y,... 1a cdc goc 1¢ch pha cuc dai & phia mép anten (tai x = i%) g vdi moi

thanh phén ca ham phan bé pha.

Thong thudng, quy luat bi€n pha don diéu cha trudng kich thich ¢6 thé duge biéu thi
khd chinh xdc b&i mot trong ba s6 hang ddu clia chudi (8.51): bién d8i tuyén tinh, bien
déi bac 2, va bién déi bac 3. Trong nhiing trudng hop phan bs pha phic tap hon, quy
fuat bién pha c6 thé duge biéu dién bang mot s6 s6 hang clia chuéi trén. Doi khi, quy
luat bién pha lai c6 tinh chu ky. Khi ay, ham (x) s& khong biéu thi béi chudi lu§ thira
ma thich hop la biéu dién dudi dang 6 hgp clia cic ham luong gidc.

Ta hdy khdo sat &nh hudng cla cdc dang bién pha don gidn nhit dén huéng tinh ca
anten: bi€n d6i tuyén tinh, bign d6i bac hai, va bién ddi bac ba.

a. Truong hop pha bién doi tuyén tinh (hinh 8.8b)

Vi quy luat phan bé pha nhu ¢ hinh v&, ta ¢6 hAm phan bd pha duoc biéu thi boi:
2x

wle)=—p = : (8.52)
Nhu da biét, cudng do6 truong kich thich trong trudng hop ny s& 6 dang;
H, = —Hoe"”"gj | (8.53)
Thay (8.53) vao (8.10) ta nhan duge biéu thic chia ham bifc xa
~af2-hi2
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Thuyce hién tich phan trén s& nhan dugc két qua:

. (ka . . (kb .
sin Esmé’cosgp—w, sin E) sin@sing
G, =-H,ab

=— X (8.55)
—asiné’cosw—qf ————— sinfsin @
2 ‘ 2 “
Tl (8.35) ta thdy ham phuong huéng té
hop cua anten trong cdc mit phang di qua truc ZT
ddi ximg z clng cé dang Sy gidng nhu két z : PR e X
1
qua dd nhan duge trong trudng hop miat bitc xa 7/ o Mg wr]mhfw(x) X
1y tuéng. / S ' v
Tuy nhién, néu so sanh cic s6 hang tuong X o
tng nhau cia (8.55) va (8.18) thi cé thé thay a3 Y ﬂ
rdng trong trudng hop nay, ham phuong huéng — M X
té hop sé duge xdc dinh khong chi béi kich b)

thude twong d6i cha a nhu trong trudng hop Hinh 8.8
mat b xa 1y tudng ma con bdi mic do bién -
pha clia truong theo toa do nay. That vay, né€u xét ham phuong hudng t6 hgp trong céc
mat phang E vd H thi ¢6 thé thay ring, trong mat phing E (mat phing go:%) hiam
phuong hudng té hop ¢6 dang phlt hgp véi két qua nhan duogce trong trudng mat biic xa 1y
wéng. Trong khi d6, ham phuong huéng 6 hop trong mat phing H (mit phing ¢ = 0°%)

duogc xéc dinh boi:
sin[za sin@ —y, )

ka .
—sinfd -
> ¥

nghia 1a khdc v&i ham phuong hudng clhia mat bic xa 1y tudng. Hudng cuc dai cia d6 thi
phuong huéng t6 hop trong mat phing nay duge xdc dinh tir diéu kién:

f{-zgsinOM -, =0

Tl dé ta cé:

sing,, =y, - (8.56)
na

Ta thdy huéng bic xa cuc dai trong trudng hop nay iéch khdi hudng phép tuyén véi
mat bifc xa, vé phia cham pha cta trudng. Hinh 8.8b vé& d6 thi phuong huéng trong mat
phang E clia mit biic xa 6 pha bi€n ddi tuyén tinh theo tryc x (dudmg lién nét). DE tien
so sdnh, trén hinh ciing v& kém do6 thi phuong hudng clia mat bitc xa ly tudng (duémg dirt
nét). Két qua nay duoce gidi thich tuong ty nhu d6i vdi hé thong bic xa ¢6 géc pha bi¢n
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d6i theo quy luat séng chay. Su quay dé thi phuong hudng anten khi thay déi phan b6
pha dugc g dung rong rai trong thuc 1€ dé tao ra cac anten diéu khién bip séng bang
phuong phap dién, trong d6 cd anten gom cdc phan tlr phin bs gidn doan, vi du he théng

chan wir ¢,

b. Truong hop phdn bé pha theo ham bdc 2

Ham phan b6 pha trong trudng hop nay ¢6 dang:

5 y
2x
yix) =y, [—;] (8.57)
)
D6 thi phan b6 pha cita trudng kich thich dude vé & hinh (8.9). *
Biéu thitc c¢ha cudng do trudmg kich thich s& c6 dang: v
2y [I]EJ:::::EEE[]_L‘&
H, = _ng'””[ /) (8.58) 0 X
Ham phuong hudng cua mat bitc xa ¢6 thé tim duge theo phuong Hinh 8.9

phdp déd khao sat trong cdc trudng hop trude day. Dé thi phuong hudng
cla anten vdi cdc tri gid 1, Khdc nhau duoc vé & hinh 8.10.

Cdc ket qua phan tich cho thay rang khi bién pha theo quy luat ham bac 2 s& khong
gay ra hi¢u tng quay do thi phuong hudéng nhv trong trudmg hop bién pha dudng thing
vi phan b6 pha trong truong hop nay c6 tinh chat d6i xting d6i véi phip tuyén clia mit
biic xa.

Anh hudng cha su bién pha dén hudng tinh ciia anten trong trudng hop nay la lam
mat cdc hudng biic xa bing khong clia d thi phuong hudéng, 1am ting muc clia céc bic
xa phy, m& rong mii séng chinh, va véi cdc gid tri , 16n, mii séng phu s& bi triim lap

-cOn mui séng chinh duge mé qud rong.

Khi y;, > 7, mii séng chinh bi tich doi, xuat hién hai huéng cuc dai va bic xa theo
huéng phédp tuyén s€ giam di.

Do d6 sy bi€n pha clia trudng kich thich trén mit bic xa theo quy luat bac 2 s& [am
méo dang dé thi phuong huéng va gidm huéng tinh ctia anten.

Hinh 8.10 vé& d6 thi dac trung cho hudng tinh clia hai mat bic xa tng véi cac gid tri
7, khac nhau. Tir hinh 8.10 ta thdy ring v, <45° d6 thi phuong hudng anten (xét vé do

 Doi vai he théng thing. 1am phuong huéng t6 hop trong mit phing di qua truc cfia hé théng ¢6 dang:

o sin[%(kd, §in@+y, )}

s,in[-:'é (kd, sin6+y, )}

d, — khodng cich gifta cdc phén tiz.
v, — goc léch pha ciia dong dién trong hai phén tr ké nhau
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rong mai song chinh va mic biic xa phy) khong khic nhiéu véi trudng hop mat bic xa
déng pha.

o) ) Mifc piam hé 86 dinh hudnyg Midc bite xa pha thi nhat
0 y=E (duimg nét lidn) (duimg nét rin)
W= 2 ]
| Recs 00 T ‘
ZvAVREY A . 0.25 Y 8
8 Sind)
Ay
: 0.5 \\// -0
ro) 0.75 s - \ -12
f—r -1 -
\eat N 1o ] W
WA= e i .1 02 03 04 05T
- - Ciehe varf phia
0 A Sing * s '
Hinh 8.10. Hinh 8.11.

Hinh 8.11 v& bidu d6 quan hé cta do6 léch pha cuc dai tai mép anten dén céc thong
s6 chit yéu cta do thi phuong huéng.

c. Truong hop phdn bé pha theo ham sé bdc 3

w(ﬂw;[ﬁ} ' (8.59)

[4)
D6 thi phan bé pha cia trudng kich thich dwoc vé & hinh 8.11
Biu thitc cha cudng d¢ trudng kich thich trong trudng hop nay ¢ dang:
.'w,(-z".v
H =-Hpe ‘¢’ (8.60)

Ta thay phan b6 pha cua trudng cé dang khong déi xing d6i v6i phap tuyén tai tam
clia mat bifc xa.

Ham phuong hudng cia anten
trong trudng hop nay kha phic tap nén ¥
khong xét & day. C6 thé dé dang nhin
thay rdng véi quy luat phan b6 pha vé Fo)
¢ hinh 8.12, dé6 thi phuong huéng 0 X 7
anten cling bi quay di tuong ty trudng K
hop phan b6 pha theo quy luat dudng
thang. Huéng bic xa cuc dai s& léch Wex)
khoi hudng phdp tuyén mét géc vé B &sing
phia cham pha cla truong. o a2

Mot trong cdc vi dy vé dé thi dic -
trung cho huéng tinh cla anten dugc vé

, Hinh 8.12. Hirth 8.13,
o hinh 8.13.
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Tir hinh 8.13 ta thdy d6 thi phuong huéng bi bién dang va tr& nén khong déi ximg
doi voi hudng bitc xa cuc dai. Goc quay cua huéng cyc dai chinh (khi y; < 7) duge xdc
dinh theo cong thic:

. A .
sing,, ~ 0,623 (8.61)
na
2 - 5 . Miic gidm hé s& dinh ntomg Muic bric xg phu tut nhar
Anh hudng ciia su bién pha theo quy {ditong nét lién) (ditong nét réi)
luat bac ba dén cac thong s cha yéu clia 0 =] -8
2 - - - A . - \ /
do thi phuong huéng duoc biéu thi trén 0.2 ] 10
hinh 8.14. A7
\ \ g — ™ 12
Cudi cung can nhidn manh rang %
7 A - - T # - I4 A
nhiing k€t luan ritt ra duge khi khao sél 85 0.1 02 03 04 05 i,lti
anh hudng cua sy phin bé pha khong déu
dén hudng tinh coa madt bic xa cing ¢6 Hinh 8.14.

thé duge 4p dung cho trudng hop hé thdng biic xa gém cdc phan tir phan bs gidn doan
trong khong gian (thco dudng hoac theo mit).

§8.4. HE SO DINH HUONG CUA ANTEN MAT

Hé s6 dinh hudng cha anten mat ¢6'thé duge xdc dinh theo cong thic (1.81)
El* 22R°

7

o day |E] — bién do cudng do dién trudng biic xa cta anten & hudng khao sdt, tai
khoang céch R.
Py — Cong suat biic xa ciia anten
Cong suat bitc xa clia anten ¢6 thé x4c dinh khi biét gid tri ctia vecto mat do cong
sudt trung binh trén mat biic xa. Gid tri ndy dugce bi€u thi qua thanh phan ti€p tuyén cla
tit trudng boi: '

2

W.H
Sy = ——— (8.62)
2
¢ day W — tro khdng séng cua song kich thich.
|H,| — bién do clia cudng d¢ truong kich thich trén mat bic xa.

|H,| = Hg [f{x.y)]
Trong d6 f{x,y) 1a ham phan bé phifc clia cuong do trudng.

202



Cong suit bifc xa cua anten dugc xdc dinh bang cich 1dy tich phan (8.62) trén toan
dién tich mat bixc xa

w.Hy
== eyl as (8.63)
Pé x4c dinh cudng dé trudng bic xa Eta dp dung cong thitc (8.8) véi cdc gia thiét
da néu trude day doi véi truong kich thich trén bé mat, ta cé quan he Z, = - Wy
Str dung quan hé nay, ta viét duge :
— ik e™ R _ o
E-_"*¢ [(W cos@ - W )sinpi, +(W - W, cos@)cosgofw]x H, J’f(x,y)ek"f‘ s
47 R ' ‘ $
(5.64)
Déi véi trudng hop diém khao sat nim trén hudng vudng gée véi mat buc xa, ta ¢6
cosf =1
T —tkpi iy
iy =0-—>e """ =1

Tir (8.64) ta x4c dinh duge binh phuong bién do cudng do trudng bifc xa clia anten &
hudng vudng goc:
2

W w)
Ef =T . y)d 8.65
L Jf(x »)ds (8.65)
Thay (8.63) va (8.65) vao (1.81) ta nhan dugc:
2
» d J
W ,\J.‘f(x y)ds
== : . (8.66)
2WW, | f(xy) ds
Khi W, = W ta c6:
2
If (x, y)ds
gt (8.67)

LA el s

Cong thite (8.66) va (8.67) cho phép xdc dinh hé s6 dinh huéng clia mét bic xa
phing theo huéng vudng gée, khi mat duge kich thich boi trudng véi phan ba bién do va
pha tuy ¥. D& dang nhan thay rang trong trudng hop mit bitc xa 1§ trdng s& cé:

4z
Dy=%s (8.68)

s — dién tich mat bdc xa phang
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Ta c6 thé chitng minh ring (8.68) 1a gid tri cyuc dai chia hé s dinh huéng xdc dinh
theo (8.67), nghia la

2

ibmwm

T (8.69)
[l7¢enf ds

That vy, 4p dung bét dang thitc cha Bunhiacoép d6i véi hai ham u va v

quvds < _ﬂu‘zds..ﬂvrds

Néu datu = fix,y); v=1 thi

el

If(x_. Vds| <s _[| Sy ds

Hién nhién fa (8.69) di dugc chimg minh:

Néu ky hi¢u ty s6 & v€ trdi clia bat dang thitc (7.69) bdi vs, v&i v </, thi (8.67) s&
viét lai duge dudi dang

¥4
D=—"vys 8.70
pe (8.70)

Déi véi mat bire xa 1y tudng, taco v = [

Hg s v dugc goi la hé s6 sir dung bé mat clia anten, ¢dn tich vs duge goi la dién tich
birc xa hi¢u dung, ky hig¢u 1a S, ;.

Vi du, mat bic xa chir nhat duge kich thich béi trudng véi ham phan bé bién do
£.{x)= cos[ﬁ} va ham phan bo pha y1x,y) = 0 s&€ ¢6 di¢n tich birc xa hiéu dung bing
o

Wl hi2
I ICOS[E}dxdy

2

ad
S = S (8.71)
I I cosz(-m ]dx dy
—al2-hi2 a

~ - - o~ T ~ - 8
Trong truong hop nay, h¢ s su dung bé mat v = — =~ 0,81
)

Bang (8.1) va (8.2) cho cic thong s6 cla mat bitc xa dong pha, tng vdi cdc dang
phan bd khac nhau cla bién d6 truong (hoic dong dién).
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B. LY THUYET ANTEN SONG MAT

Trong phan nay s& khdo sat bai todn bifc xa bé mat (dugc kich thich béi trudng c6
trd khdng bé mat }a dai lugng phirc (hodc ao). Bai toan niy thudng gap khi phan tich céc
tric dinh hudéng c¢é kich thudc

anten thu¢c loai anten séng mat.
‘|'¢ ) 12
L7 )
hiu han, trén dé cé lan truyén 7

song mat. Cdc cdu tric nay ¢6 { ) D=0

[1}] e}

Trong thuc t€, anten séng
mat duoc thiét lap tir cdc cdu

thé ¢6 dang phang hoac tru, vi
du tdm dién méi phang (a), tdm
dién moi dat trén nén kim loai
(b), mat kim loai rang luge (c¢), truc dién moi (d) hoac truc kim loai ring luge (e), (xem
hinh 8.15). Tuy nhién trong phdn ndy ching ta s& chi gidi han khao sit baj toan d6i véi
két cau phang. D6i v6i ket cau tru, c6 thé gidi quyét bai todn theo phuong phép tuong tu,
hoac don gidn hon 14 dua vé bai todn doi véi he théng thiing dd khao st & chuong 6.

Hinh 8,15,

Vi dac tinh ctia antent ¢6 lién quan dén cédc thong sé cha séng mat duge duy tri trén
két cau nén trude hét ching ta hay khao sdt cdc tinh cht ciia séng mit lan truyén trén
cac két cdu ay.

§8.5. CAC TINH CHAT cUA SONG MAT VA PHUONG PHAP
KHAO SAT BAI TOAN BUC XA

Tinh chat cla séng mat da dugc nghién citu trong gido trinh “Ly thuyét truomg”. Vi
vay, 0 day chiing ta chi nhic lai nhitng két ludn chinh.

Nhur d biét, séng mit chi c6 thé duoc hinh thanh trén bé miét cla nhitng két cau dac
biét, thoa man cac diéu kién nhit dinh. Céc két cdu nay duogc goi 1a két cdu song mdt
(hay két cdu cham, hé thong cham).

Mot s6 vi du vé cic két cdu ¢6 khé ning duy tri séng mit da duge trinh bay & hinh
8.15. O day, hinh {a) 12 mot tdm dién moi phing duge gidi han mot phia bdi mat phing
1i€p gidp v6i moi trudng khong khi, con phia kia duge gid thiét 1a ¢6 kich thudc vo cling
I6n. Hinh (h) 1a mét t4m dién moi phang dat trén nén kim loai din dién 1§ tudng. Trong
cdc két cdu ndy, séng mat sé duge hinh thanh trén mat phan giéi dién moi khong khi
(dién tich chdm cham) khi hang s6 dién moi ctia 16p dién moi ¢6 gid tri 16n hon hiing s6

dién moi ctia moéi trudng khong khi [e'z—g— > l}. Hinh (c) 1a két cdu mat kim loai ring
. &g

luge. Song mat duge hinh thanh trén bé mit két cdu nay khi d6 sau cha rdnh thoi man
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quan h¢ nhét dinh déi vdi buée séng (A < A/4). Cic két cau try (d) va (e) ciing ¢6 dic
tinh nhv cdc két cdu phang di trinh bay & trén.

S6ng mat c6 cac tinh chat sau:

- Bién d6 cuong d6 trudng clia séng mat trong moi trudng khong khi suy giam
nhanh theo huéng phdp tuyén véi mat phan gidi (huéng z, hinh 8.16)

— Van téc pha ctia séng mat theo hudng truyén séng nho hon van téc 4nh sang (v < ¢).

- Trudng cha séng mat khong phai 1a truong ngang, nghia 1 luén ¢6 thanh phéan
dién trudng hoac tir trudng nam doc theo hudng truyén lan clia séng.

Fhitomg triivén sang

Két eddu duy 1l sdng mai

Hinh 8. 16,

Hinh 8.16 v& so d6 cilia anten séng mat trén két cdu cham, d6i véi trudng hop séng
£ va séng H. Mt phang hinh v& trong cdc trudmg hgp nay va mat cit doc theo phuong
truyén song clia két cau cham. D¢ thuan tién trong viéc van dung cdc cong thitc di nhin
dugc trude day, ta chon hé toa do sao cho truc z vudng géc vdi mat phang phéan gidi,
nghia la trung phuong véi vecto phap tuyén ngodi n, truc y phit hgp véi thanh phan tiép
tuyén cna vecto dién truong trén mat phan gidi, con tryc x phit hop v6i thanh phan tiép
tuy€n cia vecto tir trudng. Su gidm bién do cla cdc thanh phdn trudng cta séng mat theo
huéng truc z dugc biéu thi béi dudng dit nét trén cac hinh vé.

~ Vi van téc pha clia s6ng mat luén nhod hon van téc dnh sdng nén séng mit con dugc
got 1a song cham. Ty s6 — phu thudc vao dic diém cia két cau duy tri song mat duge
v
201 1a hé s6 chdm séng hay hé s6 cham clia két cdu.
Su suy gidm cua cudng do trudng cha séng mat theo hudng phap tuyén véi mat phan

giGi ¢6 quan hé véi hé s6 cham <, Ty s6 ¢ cang 16n thi nang luong séng tap trung & gin
v v

mat phan giGi cang 16n.
Trd khang bé mat ctia két cau cham duge xdce dinh bai:
E - - i E v s #
Z = H—y (doi véi séng E) hoac Z, = H—x (doi véi séng H)
Pé 1am sdng 16 dac tinh coa trd khang bé mit chiing ta hiy khao sét, vi du trudmg
hop séng E. Gi sir thanh phin cudng d¢ tir trudng cta séng duge biéu thi dudi dang:
H=H_ =i He Pe™ (8.72)
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O day, vecto trudng H huéng theo truc x nhung khong bién déi theo x. Su suy giam
clia bién do trudng theo z tuan theo quy luat ham mii am e™ (p 1a s6 thuc dong, goi 1a
h¢ s6 suy giam ngang ctia séng). Sy phu thudc cha trudng theo y ¢ dang séng chay véi
hé 56 pha 4. Quan h¢ cua p va / khi trudng thoa man phuong trinh séng dugc xéc dinh boi:

p=vit -k’ (8.73)
Vi p 12 s6 thuc duong nén hién nhién 1a & > £

Cic thanh phan con lai cua cugng do dién trudng ¢6 thé xdc dinh tir phuong trinh
Maxwell rot # = iweyF2. Trong moi trudng khong khi ta ¢6:

E = p - %WH “pig Ty

wE,
(8.74)
E, =i-L b =ilwHerem™
' we, k
Tir (8.72) va (8.74) dé dang nhan thdy rang theo hudng truc y ¢é sy dich chuyén

ning lugng cua séng mat (vi £., H, dong pha nén S, =%E: H. s& la thuc), con theo
hudng z khong ¢6 su dich chuyén nang luong (vi E, H, le¢ch pha nhau % nén

S, = —lZE_L H. sé&lado).
Tu cac h¢ thirc di nhin duge, ta xdc dinh duge trd khdng bé mat (hay con goi 1a
Impédang bé mat).
E.
7 = ¥ ., P pW

=f——=i=

‘' H, e, k

X

(8.75)

O day W 1a tr& khéng séng ctia moi trudng khong khi.

Vi p la 6 thuc duong nén theo (8.75) trd khang bé mat Z, s& 1a mot s6 do va mang
tinh chat cAm khéng thudn. Tir day c¢6 thé nhan thay diéu kién t6n tai clia séng mat trén
két cau dinh hudng 1 trd khdng b€ mat cla két ciu 8y phai ¢ dac tinh cam khéng.

Trudng hop két cau dinh huéng (hé¢ thong chim) ¢6 d6 dai hiru han, séng mit truyén
lan doc theo né s& phan xa lai mét phan & ddv cudi, moét phan bic xa ra ngoai. Khi dy he
thong cham s¢ trd thanh hé thong bic xa dién tir (anten).

M&éi anten séng mat thudng bao' gdm hai phan chinh: b kich thich va két cdu dinh
hudng séng cham. Bo kich thich tao ra séng dién tr phing déng nhat, con két cdu cham
bi€n ddi séng phang déng nhdt thanh séng cham, duy tri sy biic xa séng.

“"Két qua nay ciing c6 thé dé dang nhin thdy n&u can cif vao tinh chat clia séng mat vec. That vay, vi

@ @ .
v:; con € = —nén hién nhién h <k
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Biic xa cua anten s6ng mat ¢6 thé dugc khio st theo hai quan diém:

— Quan diém I: Coi biic xa cfha anten dugc thuc hién bdi cac dong dién va dong tir
mat tvong duong phan bé trén bé mat clia hé théng cham (v u, & hinh 8.15 1a cic dién
tich chdm chém hinh chir nhat). Trudng kich thich cho bé mat bic xa trong trudng hop
nay la cdc thanh phén E, va H,. Déng thoi trd khdng bé mat cta mat bic xa duge xac
dinh béi (8.75) la dai luong thudn 4o. Day 1a bai todn bitc xa clhia mét dién tich phang
(dugc kich thich bdi trudng) c6 tré khang bé mat 12 dai lugng 4o. Bii todn nay s€ duge
khao sét trong phin sau.

—Quan diém 2: Theo quan diém nay, bic xa clia anten duoc coi nhu xay ra tai ché
gidn doan cha két cau. Do d6, mat buc xa duge coi I dién tich ndm & dau cusi va vuong
g6¢ véi bé mat clia két cdu cham (hinh 8.17).

Dién tich nay chinh 13 mot

phan ciia mat déng pha clia séng ‘C_."_
mat & dau cudi. Trén dién tich L) M biic xa
- . . N . Bo kich thich —
dy, pha cua truong dong déu, —
. = A o A n
con bi¢n d¢ phan bo. theo quy | ~ Két caut cham
7

luat ham mil &m gidm dan theo
huéng vuéng géc véi bé mat két
cdu. Kich thuée cha mat bic xa Hinh 8,17,
dugc gidéi han & ché ma bien do
cha trudng giam dén mot mite cho trude.

Trong trudng hop nay, trutng kich thich cho mat bifc xa s& gém cdc thanh phin £,
H,. Theo (8.72) va (8.74) ta nhan dugc trd khdng bé mat clia mat bifc xa:

E h

Z =—==—W, 8.76
¥ H k o] ( )

Trong trudng hop nay, tré khdng bé mat I3 dai lugng thuc. Ky hiéu dai luong nayla
W, thi:
h

H/.\' = }; WO

Day la bai toan bic xa clia bé mat (dugc kich thich bdi trudng) ¢é trd khdng bé mit
1a thyc. Bai todn nay di duge khao sét trong phdn 1y thuyét cita anten mit.

Nhu vay, bai todn bitc xa ciia anten séng mat ciing ¢6 thé duoc khao sat theo
phuong phdp giong nhu bai todn cha anten mat. Theo quan diém trén thi d€ xdc dinh dé
thi phuong hudng anten ta khong can tinh dén d¢ dai anten. Do d6 phuong phdp nay sé
cho két qua khong chinh xdc néu dé dat anten nho.

Ngoai ra, d€ phan tich dinh tinh dac tinh bitc xa clia anten séng mit ciing ¢6 thé 4p
dung ly thuy¢t da bi€t doi vét hé théng bic xa thing. Trong truong hop nay anten song
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mat dugc coi nhu tap hop cha cdc phan tir sip x€p theo dudng thing véi dong kich thich
cho cdc phan i ¢6 géc pha bién déi theo quy lvat kich séng cham (di khao sat & chuong 7).

Sau ddy chiing ta s€ khao st bai todn bifc xa cla anten séng mat theo quan diém
thia nhat.

§8.6 BUC XA CUA DIEN TiCH PHANG HINH CH{S NHAT,
BUQJC KiCH THICH BGI TRUGNG €O PAC TINH SONG MAT

Ta khao sdt trugng hop khi mat bic xa 12 dién tich phing hinh chit nhdt, trén d6 cic
thanh phan ti€p tuyén cla tir truong va dién trudmg H,, E, duge xac dinh theo (8.72) va
(8.74).

Véiz =0, tir (8.72) ta nhan duge

H, =Hy,e™

M(R. O, @)

4
L

=l

Thay biéu thic trén cha H, vio (8.10),
dong thoi chi ¥ rang tich phan duge ldy theo
dién tich ¢6 kich thudc theo x bing a (1a bé
rong anten), kich thude theo y bang L (1a chiéu
dai anten) (hinh 8.18), ta ¢é biéu thic cha him
buc xa nhur sau:

a

¥
/ V

Hinh 8.18.

al2 Li2
G: - HO -[ Ieik{.rcose;-smi.’?+_vsm-;.osm&)e—drydxdy (8?7)

—ai2—fLi2

Lay tich phan (8.77) ta nhan duoc:

. | ka . kLR
sin 3 sinfcosg | Sin > E-—sm@smgf)
G, =alH, X

8.78
—sinfcos g E B sin&sin qa] o
2 2\ k
Thay (8.75) va (8.78) vao (8.8) s& nhan dugce cdc thinh phan ctia trudng bifc xa
. —iki : :
E :—ijﬁ eR aLWH{coséhi%]sinqpszX.smUU
Fiq
—ik e p sin X sinl/ (879
=— aLWHO(l—f—wcosﬁ']cosq) .
? 4r R k X U

g day

X :Esinﬁcosgo; U =-}é[—}1—singsin¢]
2 2 \k
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Néu chi ¥ dén quan hé (8.73) thi tir (8.79) ta s& bi€u thi dugc céc thanh phén cla
ham phuong hudng bién do dudi dang:

R .5, . sinX sinU
— —sin” @sing .
k X U

o, sinX sinU
=2 2
1ﬁ(€,¢)|=aL_WHn\jsm 6‘+k—2cos écosg ¥ U

| f,(6.0)| = aLWH,

> (8.80)
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Chuong IX
LY THUYET TONG HOP ANTEN

m

§9.1. KHAI NIEM CHUNG

Trong cdc chuong trude, ching ta di khio sit bai todn bic xa clia cdc ngudn khi
bi¢t phan b6 cia dong'” kich thich trén cdc ngudn ay. D6 1a bai toan thuan cla dién
dong lyc hoc. Trong nhiéu truong hop, dac trung hudng cda anten véi phan bg dong kich
thich theo cdc quy luat thong thudng khong ddp tng duge cdc yéu cau ki thuat dé ra. Dé
thi€t 1ap anten cé do thi phuong hudng thod min cdc yéu ciu cho trude, can ti€n hanh
gidi bai todn ngugc, nghia 12 xdc dinh quy luat phan bs bién d6 va pha cla dong trén
anten ¢6 hinh dang va kich thudc hinh hoc da biét hodc chua bi€t, thoa man ham phuong
hudng da cho. Day 1a bai todn nguoc cua dién dong luc hoc hay con goi 1a b todn tong
hop anten. Mot van d€ quan trong nita cta bai todn tdng hop anten 13 tim qui luat phan
bo dong nhur the nao d€ ¢6 duge anten v6i hé s6 dinh hudng cuc dai, hoac anten véi 46
thi phuong hudng t6i tu theo quan diém clia cic yéu cau k¥ thuat dé ra.

Vadn dé thiét ldp anten theo do thi phuong huéng cho trudc

Khi cho trude dac trung hudng dudi dang ham phic f(6,0) ndo dé cin xdc dinh
quy luat phén b6 ctia dong kich thich /(x,y,z) trong mién hitu han ciia khéng gian, sao

¢ho nd s€ tao ra duge d6 thi phuong hudng f-'(e, ¢} gin gidng nhat v4i ham cho trude
f(6.¢9). D¢ danh gid do tiém can cta ham ]:“(9, @) va ham cho trudc f(0,0), cé thé ap
dung tiéu chudn gdn diing trung binh binh phuong hoic tiéu chudn gdn dung déu.

Sai s6 tong hop anten khi dénh gid theo tién chudn gdn diing trung binh binh
phuong duge xdc dinh baéi tich phan:

-2
A= [lro.0-Fo.0) a0
Q

g day dQ 1a vi phan gdc dac.

" Khéi ni¢gm dong ¢ day cin duoc hiéu theo nghia rong. ¢6 thé 1a dong dien dan, dong dién dich. hoac
cdc dong dién va tir mat twong duong (nghia 1a cdc thanh phan tir tnrdng va dién trudng)
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Sai s6 16ng hop anten khi ddnh gid theo tiéu chuén gan diing déu duge xdc dinh bdi
cyc dar cia modul do 1¢ch clia ham cho trude va ham thiét lap:

A = max f(@,(p)—fa(es([’)

Vdn dé tong hop anten c6 hé sé dinh huong cuc dai

Trong bai todn nay ta khong yéu cdu thuc hi¢n dé thi phuong hudng c6 dang cho
irude nao dé ma cn xdc dinh qui luat phan b6 dong kich thich xuét phdt tir diéu kién
nhan duge hé sé dinh hudng cue dai theo maét hudng cho trude. Bai todn nay ¢é thé din
dén bai todn thiét lap anten ¢4 dé thi phuong hudng rat hep nhung véi kich thuée anten
rit nho. Nhifng anten cé tinh chat trén goi 12 anten siéu hudng hay gan siéu hudng.

Cac cong trinh nghién ctu vé anten siéu hudng da cho biét dac diém cia loai anten
nay la phan b6 dong trén anten ¢é bién do rat 16n, dong thai pha clia dong bién déi rat
nhiéu chu ky trén chi¢u dai hitu han clia anten. Viéc tang bién déi pha cia dong kich
thich nhu néi & trén s& din dén ting cong suat vo cong, do dé tang hé s6 phdm chit va
thu hep dai tan cong tdc cha anten. Viéc tang bién do clia dong kich thich so véi anten
thong thudng s& din dén ting t6n hao vd do d6 gidm hiéu suat anten. Két qua 13 hé s6
ting ich cua anten siéu huéng cling khong tang. Vi vay trong chuong niy chiing ta sé
khong dé cap dén bai todn téng hop anten siéu hudng ma chi khao sat gidi han va tiéu
chuan dé xdc dinh mot anten 12 anten siéu hudng hay khong siéu huéng.

Vdn dé thiét ldp anten c6 do thi phuong hudng t6i uu

V6i céc yéu cau khdc nhau cia k¥ thuat, cé thé ¢6 cdc quan diém 16i wu khic nhau
déi véi dang cua dac trung hudng. Bai todn ndy thudng gip dudi dang khi can thiét lap

an ten ¢6 mic bitc xa phy cuc ti€u khi cho trudc d6 rong bitp séng chinh, hodc do rong
bip séng chinh cuc tiéu khi cho truée mic bifc xa phu.

§9.2. TONG HOP DO THI PHUONG HUONG
vl CAC HUGNG KHONG - PHUONG PHAP DA THUC SCHELKUNOFF

Phuong phip ndy ding dé téng hgp cic mang ma do thi phuong hudng cé cic
hudng khong & cdc hudng thiét k€, duge chi ra bdi Schelkunoff. Dé hoan thién sy thiét
k€, phuong phdp nay yéu cdu thong tin v¢ s& hudng khong va vi urf cta ching. Sau dé
chi ra s& phan tir va cdc h¢ s6 kich thich ctiia ching.

Theo hinh 7.2, xét mang tuyén tinh cdch déu géom N phan t cling loai, ham
phuong hudng duge xac dinh theo (7.3) c6 dang:

f(B) - f] (e)z anex(n—l)kdcosﬂﬂtp” (91)

n=|
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0 dé a,la bien do kich thich cia méi phan tir. Khoang céch giita cdc phdn tir1a d va nén
goc pha gilta hai phén wr lién ti€p léch nhau mot dai lugng kheng ddi bing w uic 1
¥, ={n -1y (pha thay déi theo qui luat tuyén tinh), cong thirc (9.1) c6 thé viét lai dudi

dang:
N
f(e) :ji (G)Za ei'(u—l)(kdcosﬂﬂp)
1
H=l
Ham phuong hudng 16 hop trong trudng hop niy cé dang:
g op nay g

N _ N .
f:KN - Za”ef(n—l)(kdcoseﬂu) _ Z a”e.'(u—l)(x (92)

n=l n=|

0dé: a=kdcosO+y

Lay
z:x+jy:eja =€j(kdcosﬁ+u,.-) (9.3)
ching ta c6 thé viét
N 2 N
fin = Z aHz"_l =@ + W+ ayz +..+ayz -l (9.4)

_ n=1
la da thic bac (N —~1). Tir todn hoc ta bi€t bat k¥ mét da thirc bac (N —-1) ¢6 (N-1)
nghiém va c¢6 thé duoc khai trién nhu 13 tich coa (N —1) thia s6 tuyén tinh., Vi vay
chiing ta cé thé viét (9.4) nhu sau

Jxn =aN(Z"zl)(Z_ZZ)(Z_Z3)"'(Z_ZN—~I) (9.5)
G d6 z(,zy,23,...,2y_; 12 cdc nghiém cha da thic. Bién do ciia (9.2) cé thé duge miéu

ta nhu sau :

\fin|=lan||lz=2||z-2,]|]z- 23 7=z 9.6)

Mot s6 quan sdt rdt thi vi 6 thé rit ra tir (9.6) va dugc st dung dé phan tich va t8ng
hop mang. Trudc khi thao luan vé pha, ching ta hay khio sit céc 1oi ich cla (9.3).
Bién phic z cia (9.3) ¢6 thé duge viét theo dang khic

=
=

¢ = La =140 9.7)

a=kdcose+w=%dcose+\p (9.7a)

RG rang 1a cho bat ky gid tri nao cha d, 6, hoac y, bien do clta z luén nam trén
vong tron don vi; tuy nhién pha ctta né phu thuée vao d, 6, va y. Cho y =0, chiing ta
¢6 do thi hinh 9.1a+d biéu dién bién do va pha cGa z khi 0 ldy cdc gi4 tri tr O dén n.
V6i d =4/8, khi cho tat ca cdc gid tri 6 thi ciing chi nhan duge z trén mot phan cla
vong tron (hinh 9.1a), & ngodi phan nayz khong t6n tai. Ching ta goi phan biéu dién
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cdc gid tri cua z trén vong tron 1a ving nhin thdy va ngoai phan nay 13 ving khong
nhin thay. O hinh 9.1a chiing ta cling quan sét dudc dudng di ca z khi 0 thay ddi nr
0° 161 180°.

(ay d=Af8, w=0 by d=4/4, w=0

n n
u=;cose o= —cosh

() d=2/2, y=0 (dy d=304, w=0
o =ncost

o :—33—{:050
2

Hink 8.1,

~ Hinh 9.1b+d biéu thi cdc gid tri cha z khi khodng cdch gilta cdc phan tirla A/4,
A/2,ndy ching ta thady rang ving nhin thiy ¢6 thé dugc md rong bang cich tang
khoang cach gita cic phan tlt. Yéu cdu khoang cdch 6i thidu 1a A /2 &€ z bao quanh it
nhat mét 1an vong tron. Véi khoang céch bat ky nao 16n hon A /2 déu dan t6i nhicu gid
tri hon cho z. O hinh 9.1d chiing ta ¢ hai 14n gid tri cha z trén mdt na vong tron, véi
d=3%/4.

Dé dién ta tinh linh hoat cha mang, trén cdc hinh 9.2a+d chiing ta ¢ dé thi cic gid
tri cia z cho khoang cach tuong ty nhu cic hinh 9.1(a)~(d) nhung v6i w==n/4. So
sanh cdc hinh vé twong iing ta thiy rang toan bo viing nhin thiy cho méi khoang cach la
khong thay déi nhung vi tri ciia né trén vong tron da quay di mot géc v theo nguge
chiéu kim ddng hé . '

Chiing ta c6 thé két luén réng toan bd pham vi clia viing nhin thdy c6 thé duge diéu
khién bdi khoéing cdch giita cdc phén tir va vi trf clia né trén vdng tron duge diéu khién
béi pha kich thich tuyén tinh clia cdc phén tlr. Hai dic diém nay ¢6 thé duge sir dung
mot cach hiéu qua trong viéc thiét k€ thira s6 clia mang.
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{e) d=3/2, y=mnf4 (d) d=31/4, y=n/4
o =mcosh+ 2 : oc=3—ﬂ005;El+E
4 2

Hinh 8.2

Hink 8.3,

Bay gio ching ta hiy quay tr& lai cong thirc (9.6), cho gid tri cla z trong viing nhin
thay trén vong trdon don vi, tuong éng voi gid trj clia € xdc dinh bdi (9.3), |fen| 1y 16 véi
tich ctia cdc khoang cich gilta z va z,z,,23,...,2y_;, nghiém cla fr, . Hon nita, ngoai

hing s6 ay, phacla fgy bing téng clia cdc pha gilfa z va méi nghieém. Diéu nay duge
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dién ta bang hinh hoc trén hinh 9.3(a). Néu tit ca cic nghiém 2122y, 2350y Iy O VI I
trong vung nhin thdy cla vong tron don vi, thi méi mét nghiém nay tuong (ng véi mot
hudéng khong trong dac trung hudng cha fe, bdi vi khi 0 thay déi thi z thay déi va
cudi cung di qua méi gia tri z,. Khi d6 do dai gitta z va z, bing khong va (9.6) triét
tieu. Khi khong phai 1at ca cac nghiém ndm trén vang nhin thdy ctia vong tron don vi, thi
chi ¢6 cdc nghiém trén viing nhin thay s& gép phén tao nén cic huéng khong clia dac
trung hudng. Diéu ndy duge miéu ta bang hinh hoc trén hinh 9.3b. Néu khong cé
nghiém nao ton tai trén viing nhin thay cla vong tron don vi, thi thita s6 clia mang sé
khong cé cac hudng khong cho bat k¥ gia tri nao cita 8. Tuy nhién néu ¢6 nghiém nim
trén vong tron don vi nhung khong nam trén ving nhin thay cla né, thi nghiém nay cé
thé duge tinh dén trong dac trung hudng bing cach thay déi pha kich thich y dé viing
nhin thay dich chuyén cho dén khi né chira dung nghiém dé.

D¢ dién 14 cdc budc coa phuong phdp thiét k&, chiing ta xét mot vi du.

Vidu 9.1: Thiét k€ mang tuyén tinh v6i khoang cédch giira cac phan tlr d =1/4 dé
né cé céc huéng khong & 0=0°,90°, va 180°. Xac dinh s& phan tir, dong kich thich
clta chiing, va vé d6 thi phuong hudng nhan dugc. Sir dung phuong phdp Schelkunoff.

Giai: Cho khoang cdch giita cic phan tr d =A/4 va sai pha tuyén tinh y =0,
viing nhin thdy duge chi ra trén hinh 9.1b. Néu cdc hudng khong ctia d6 thi phuong
hudng cla mang & tai 8=07,90°, va 1807, thi tuong tng ta ¢ z =41, —i trén vong
trdn don vi. Vi viy ham phuong huéng t6 hop la:

few =z - Mz -2 )z - 23)

={z—-i)z—-1)z+1i)

Jew =—l+z-2247

=q +ayz+ a322 + a4z3

Theo (9.4), ham phuong huéng té
hop néi trén ¢ thé dat dugc khi mang
gom bon phdn tlr va cdc hé s6 kich thich

cua chiing la:

a =-1;a;,=+1

Hinh 9.4 la d6 thi ham phuong 1507 e 150
hudng bién do6 tdng hop duge.
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'§9.3. TONG HOP ANTEN
THEO PO THI PHUONG HUONG CHO TRUGC

Bai todn tong hop anten thudc loai nay thudng duge giai quyét theo hai budc:

1) Xac dinh kich thuée hitu han cua anten va tinh phan bd dong kich thich trén dé6
dé dam bdo d6 thi phuong huéng theo yéu cau cho trudc. Trong giai doan nay, ching ta
chua quan tam dén két cau cu thé cha hé thdng bitc xa. Bai todn nay thuoc vé bai todn
kinh dién cua ly thuyét 1éng hop anten.

2) Tinh két cau cua anten dé dam bao cdc qui luat phan bs dong da tim duge khi
gidi quy¢t bai todn & phan trén. Bai todn ndy thudc vé bai todn t8ng hop két cau bic xa.
Dac di€ém cha bai todn niy phu thuéc vao loai so d6 anten ma ta lva chon (vi du anten
déng pha, anten séng mit v.v...).

Trong phin ddu cla chuong niy, chiing
ta s¢ khdo sat bai toan kinh dién cia ly
thuyét téng hop. Trong phin sau cuia chuong,
ching ta s& khao sat bai todn tong hop két

X &

-if2 & 12
cau anten. —C . Z +00
Ta khio sit bai todn nguoc don gian - 2+
sau: Gia st c6 dong dién chay trén mot day _
din thing dai / (hinh 9.5). Bién do va pha Hinh 9.5
cua dong dién phan bd trén anten theo ham
sO thy ¥
I(z)=A(z)e” ¥ (9.8)
Trudng bitc xa clia day dan duge xdc dinh theo cong thic:
—ik e
E="2C _ wGs(0.9)
dn
trong dé G (6,¢) duoc xéc dinh theo (3.4), v6i I(z) dugc thay bdi (9.8):
12 _ .
G{(6,9)=G5(8,0)=—sin6 I A(z)e W3 gikzcosh (9.9)

-1/2

Biéu thic (9.9) cho phép x4c dinh ham phwong huéng ciia day din thang. Trong
cong thic trén sin® biéu thi ham phuong huéng riéng ctia mot phan tir day dén, tich
phan con lai bi¢u thi ham phuong huéng 3 hop. Biéu thic (9.9) ¢6 thé dugc xem 12
phuong trinh tich phan d6i véi ham phan bs dong dién trén anten.

Néu khong xét dén dic tinh phuong hudng cla phén tlr day din, nghia 13 néu coi
nguén biic Xa nguyén t6 1 ngudn vo hudng thi ham phuong hudng clia day din thing c6
thé duoc viet dusi dang™:

""" Day ciing la cong thic t8ng qudt dsi véi cdc ham phuong hudng clia ngudn thang bat k¥ véi khéi niém
dong /{z} hi€u theo nghia rong.
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{2

fG)= J 1(2)e"*dz (9.10)
—{/2
trong do: u=kcosQ ' (9.11)

khi © bién d6itix 0—2n thi & bién déi trong gidi han —k — & .
Ham f(u) bi€u thi dac tinh phuong hudng cia anten nhung khong tinh theo gée 0
ma theo cos6.
Gidi phuong trinh (9.10) véi ham f(u) cho trude s€ xac dinh duge ham phan bé
dong dién trén anten. 6 1a bai toan nguge cha dién dong hoc.
Bai todn ngudc ndi trén c6 thé gidi theo nhiéu cach khéc nhau. Sau day sé& gi6i thiéu

hai phuong phip: phuong phip bi¢n d6i Fourier va phuong phdp céc dé thi riéng phan.

1. Phuong phap bién déi Fourier

a) Nguon tuyén tinh

Can cit vio hé thitc (9.10), ta ¢6 thé coi f(#) la bi€n d6i Fourier cia ham phan bo
dong, nghia 1a coi phan b& dong 1a phé clia ham phuong huéng. Tuy nhién, déi véi bién
ddi Fourier thong thudng thi gidi han cla tich phan 1a v6 han nhung & day tich phan 12
hitu han. Di¢u dé chitng t& f(:) 1a mot ham ¢6 phé hitu han.

Dé c6 thé 4p dung phuong phdp bién déi Fourier cin mé rong gi6i han cla tich
phin (9.10) dén £, nghia la coi do dai anten 14 v6 han. Diéu nay khong ¢6 gi trd ngai

Z

vi dong trén phan kéo dai tir ddu miit anten dén vo cling (déng véi

> é) thuc chat ¢6
gid tri bang khong. Biéu thic quan hé gitta ham phuong huéng va ham phan bo dong ¢é
thé dugc viét dudi dang.

f(u)z;l_; [2mi(2)e"dz (9.12)

Phéan b& dong c6 1hé tim duge nho phép bién déi nguge Fouricr ciing gidng nhu bai
to4n tim pho6 ctia mot ham s6 khi biét ham s& d6. Ta cé:

!(z)zz—ln [ faneau (9.13)

Biéu thic (9.13) cho phép xdc dinh phén bé dong trén anten theo ham phuong
huéng cho trude f(u). Theo quan diém todn hoc thi ham cho truéc f() thod man phép
bién doi Fourier ¢6 thé 1A mot ham kha tich bat ky. Nhung dé ¢6 thé nhan dugc 1oi giai
hgp 1y clia bai todn tong hop, nghia la 1i gidi tim dugc phai c¢6 kha nang thuc hién dugc
trong thuc t€, ta can han ché loai clia ham cho trude f(u) bdi mot s& diéu kién.
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Mot trong cdc diéu kién d6 12 ham phan b6 dong 7(z) nhén dugc qua phép bién ddi
Fourier tir ham f(u) phai ¢6 gid tri hitu han trong khoang ——;— <z< % , v bang khong &

ngoai khoang dy. Diéu d6 ¢6 nghia 12 f(x) phai la ham ¢6 phd hitu han. Tinh chat caa
cdc ham c6 phd hitu han da duge trinh bay bdi ly thuyét todn hoc. Theo cic 1y thuyét
nay thi ham f(u) kha tich trén toan truc thuc #, ¢6 bién déi Fourier khic khong chi &

[ , .
trong khoang ia s€ la ham nguyén cé bac hitw han'™, bac clia né khéng viot qui é .

Khi phén bs dong bi chan trén khoang —é <z sé , va bang khong & ngoai khodng
nay. Viéc xap xi phan b ddng duge xdc dinh bai:

1,(2)= 1(z)=2iTt i fe ™ du véi —éSZS% | (9.14)

va n6é dem lai ham phuong hudng x4p xi f(u),. Haim phuong huéng xdp xi dugc skt
dung d¢ trinh bay, v6i sai s6 nao dé so v6i ham phuong hudng thiét k& f(x) 4 Vivay:

12
fug = f), = [ 1,(2x"dz (9.15)
/2

Ta hay khdo st bi€u thitc (9.13). Cédn chd ¥ ring ham f(x) duoc coi 1a ham phuong

huéng clia nguén (dong) thing s& chi cé ¥ nghia khi # bién déi trong khoang
—k<u<k. Trong khi d6 I(z) dugc xdc dinh bdi cic gid tri ctia f(u) trén suét truc
—0 < U<,

Nhu vay c6 thé thay rang véi mot dang cho trude cha d6 thi phuong hudng anten
biu thi bdi cc gid tri cha f(u) khi -k <u<k c6 thé cé cic phan bd dong khéic nhau

doc theo anten.
Ham phén b6 dong thoa mén d6 thi phuong hudng f(x) c6 thé viét dudi dang:

K k "
I(z)= % _{ f(u)e_f“zdu + —il; _;[ f(u)g'f“zdu + J-f(u)e—fuzdu

=1(2)+1,(z) {9.16)

Ta héy khdo sat ¥ nghia vat 1y ctia méi s hang trong cong thifc trén.

1 Theo Iy thuy&t chia ham s6 bién s& phic thi ham nguyén la ham gidi tich trong toan mién xdc dinh clia
mat phang phitc. Nhung khong phai tat ca cdc hAm nguyén déu c6 phé hi han ma chi nhimg ham

tang khi 1ang argument, déng thoi |f(u)| Se”r I; o day p =% dic trung cho khodng kéo dai cia phé

goi la bac cia ham nguyén,
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Boi vi d6 thi phuong huéng cla anten (biéu thi qua gid tri cha hdm f(u) trong
khoang —k <<k ) cé quan he dén cudng do truong & khu xa, déng thoi trudng & khu
xa lai cd quan hé v6i cong sudt thuc bic xa boi anten, nén /,(z) xac dinh hoan toan
cong suat nay. Vi vay /,(z) duoc goi la dong biic xa hay dong hitu cong.

Thanh phén f,(z) khong tham gia vao viéc tao thanh trudng bic xa & khu xa, né chi
lam thay déi trudng & khu gin va do d6 chi cé quan hé dén phan cong suat dao dong gan
anten (cong sut vo cong). Vi vay [,(z) duge goi la dong vé céng.

Hé s6 phdm chat ctia anten duge dinh nghia 1a ty s6 cta cong sudt vo cong trén cong
sudt bic xa. Vi cong suit ¢é guan hé vdi binh phuong ciia déng dién nén hé s¢ pham
chat duoe xdc dinh bdi:

.Hj(u)‘ du+ﬂf(u)‘ due
=== .17
J ‘f(u)‘z du
k

Gi4 tri cha hé s& phdm chét xdc dinh theo cong thic trén ¢ thé dac trung cho mife
do siéu hudng chia anten. Thyuc vay, vi hé s& siéu hudng duge dinh nghia boi ty s6 cha
cong sudt tdng cong va cong sudt birc xa, do dé:

y=1+Q (9.18)

Vi du 9.2: Xac dinh phan bd dong va ham phuong hudng xdp xi cla ngudn tuyén
tinh dat doc truc z véi ham phuong huéng thi€t k&€ d6i xtng quanh 6=m=/2, va duge
chi ra boi:

0 khi 0<B<n/4
f(©) =<1 khin/4<0<3n/4 (9.19)
0 khi3n/4<B<m

P6 1a ham phuong huéng hinh quat, va né duge sit dung rong réi trong radar va
thong tin.

Gidi: V&i (9.19), cac gia tri clia u duge xac dinh bai (9.11), dugc chi ra bai

NG

Phan b6 dong duge xdc dinh boi (9.13) hoac:

1(z)= ii fwye™ ™ du

kiN2 )
=__1__ -[ e—mzduz k ,

T
T iz ™2 ji—
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Phan b6 dong duoc xap xi bai:

!

I (z)=Hz), —-—<z%<

Ham phuong huéng thiét ke duge xdp xi badi (9.15) hoac:

12 _
T®=1,®= | I e
-1/2

i ! 1 { I
=—<8i| —7m| cosO+—| |- Si| — 1| cosB———
sl (o))
0 doé Si(x) 1a tich phan sin.

Phin b6 dong xap xi dugc biéu dién trén hinh 9.6(a) cho /=5A va [=10x. Tuong
tmg v6i d6 thi phuong hudng xap xi duge biéu dién trén hinh 9.6(b) & d6 chiing dugc so
sanh v6i do thi phuong hudng thiét ké. Khi chidu dai ciia nguén tuyén tinh 1én hon
(! = 104)cho sai s6 nho hon.

Phan ba dong Lo

Nguén lign e (f = 5}
_________ Ngudn lién tue (f = (02}
ps  rmererers Mang tuyén tinh (/= 54, 104)

WA AW
PN TARNY 1 I y A VAN
KT -1\\J-2 v 0o 2\", I 5

vi tri ngudn 7 {trén A}

3§ thi phuong hudng thiét ké
Ngudn lién tuc (1 = 53)
Ngudn Hén tuc (1= 103}

It st *H T30 17
Gioe B (do)
{b) £4 thi phuong hudng bién do

Hinh 8.6
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b) Mang tuyén tinh

Thira s6 clia mang tuyén tinh cach déu gdm N phan tir va kich thich bién d¢ khong
déu duoc chi ra bai (9.2). Néu gdc toa do & tam clia mang, ham phuong hudng t6 hop c6
thé dugc x4ac dinh boi:

Truong hop s6 phan tie lé (N =2M +1)

M .
fen®) = fygn(a)= D a,e™ (9.20a)
m=—M
Triong hop s6 phdn ur chdn (N =2M)

-1 _ M
j'{(N (9) = fKN ((_1) — z anaed(ZHJW'l)J‘z]{I + Z amet[(Zm—] )fz](}. (9.20b)

m=—M m=l

adé a=kdcosB+y (9.20¢)

Cho trudng hop s6 phén tlr 1& (N =2M +1), cdc phan tir dit o vi tri
Fp=md, m=0,x122,. . +tM {9.20d)

Cho trudng hop s phan tir chan (N =2M), cdc phan tlr dat 6 vi tri

2m-1 1<m<M
r = 2m2+ 1 (9.20¢)
5 -M<m<-1

Téng quat, ham phuong hudng td hop ctia mang anten la him tuan hoan cta o vdi
chu ky 2z. D¢ ham phuong huéng 16 hop thod mén yéu cdu tudn hoan cho cdc gia tri
thuc clia © (-1<cosB<1),thi 2kd <2n hoic d<A/2.

Néu fin(e) trinh bay ham phuong hudng t6 hop cdn thigt k€, cdc he s6 kich thich
ciia mang 6 thé dat dugc bdi cong thiic Fourier:

Truong hop 36 phdan tile (N =2M +1)

T2

T
a,, :';: I f;’(N(‘I)eﬁmada = 2L J_fKN(a)é’_:mad(l -M<msM (9.21a)
T
-T12 ~n
Truong hop s¢ phdn it chdn (N =2M)
{ Tj2 .
? j fKN((x)e"’[(z””'”z]“a'a
-T42
| -
___2_ IfKN((I)e—:[(2m+l)!2]ada _M<m<—1
T
= 4 -n _2
a,, | - | (9.21b)
’I_1 j‘ fKN(a)e—;[(Zm—l)ffZ]ada
-Ti2
1 -
=5 ijN (o) L@ D/ 2oy l<m<M
T
-n
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Vidy 9.3: Xéc dinh phan b6 dong va két qua ham phuong huéng cho mang tuyén
tinh cdch déu véi ham phuong huéng thiét k& dang hinh quat d6i xing nhu vi du 9.2. Sir
dung mang 11 pban tir v6i khodng cdch giita cdc phdn tit d =2./2 . Tuong tu thiét ké cho
mang 21 phin tr.

Giai: Khi hudng bitc xa cyc dai hudng phép tuyén véi mang, géc dich pha tuyén
tinh gilta cdc phan tlr duoc yéu cdu bang khong (w = 0). Khi ham phuong huréng khac
khong chi v6i n/4<8<3n/4, tuong ing céc gid tri cha o dat duge tir (9.20¢) hoic
—n/v2 <@ <n/2. Cic hé s6 kich thich duoe xac dinh tir (9.21a) hodc:

"ooog 2 mm
-/ 2 ﬁ
Va chiing d6i ximg qua tam cla mang[am (~z,,)=a,l(z,, )] . Tuong ting ham phuong
hudng t6 hgp duge xédc dinh bai (9.20a).
Cdc hé s6 kich thich chuan hod la:
ag= 1,0000 a,y= 0,0578 a,q=-0,0496
ayy= 0,3582  a,5=-0,0895 a,y= 0,0455
ayy =-0,2170 a,= 0,0518 a,,,= 0,0100
a;;= 0,0058 a4 = 0,0101

2 ‘;in{mﬂ}
/2 : =
a = L * J‘ e—.-'mada :___1_ \/E

Phan bo dong kich thich duge biéu dién bang dau (+) trén hinh 9.6(a) & dé ching duoc
so sanh vi phan bo dong lién tuc clia vi dy 9.2. Tir d6 thi ta thdy rang & vi tri cac phdn
wr, cdc gia tri kich tich clia nguén lién tuc va mang tuyén tinh 1a nhu nhau. Diéu nay cho
thay khi hai anten c¢é chiéu dai nhu nhau (che N=11,d=1/2 >I=5% va cho
N=21l,d=L/2>]=10L).

Twong tmg do thi ham phuong huéng 6 hop duge biéu dién trén hinh 9.7. Tit d6 thi
ta thdy khi chiéu dai clia mang lén hon (N =21,d=2/2) cho st khoi phuc dé thi
phuong hudng tot hon.

2. Phuong phap téng hdp nhd cac d8 thij rigng phan

Phuong phdp rit phd bién dé téng hop anten theo dé thi phuong hudng cho trudc
dugc chi ra béi Woodward va Lawson. Viéc tong hop duge thyc hién bi viee 1y méu
do thi phuong hudng thiét k€ & cac diém gidn doan khac nhau. K&t hop véi méi méu dé
tht piuong hudng 1a dong di€u hoa véi phan bs bién do déu va phan bs pha tuyén tinh,
tuong ing vdi trudng duge xem nhu 1a ham phuong hudng thanh phan.

a) Nguon tuyén tinh

Gid st ham phan b6 cta donmg kich thich /(z) clha ngudn thing trong khodng

<zg P dugc viet dudi dang chudi cua cdc ham /,(z) nao dé
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N
I(z)=) A, (9.22)
n=0

Thay (6) vao (1) ta nhan dugc biéu thifc d6i véi ham phuong hudng

12 . 11z N .
fuw)y= Il(z)e”'zdzz j > Al (e dz (9.23)
-2 —4j2 =0

Neéu ky hi¢u tich phan d6i véi cic s6 hang clia t6ng 12 f, (), nghia la

if2 ’ )
fw= | 1@e"d (9.24)
=12

Thi (9.23) s& duge viét lai dudi dang

N
Fa =Y Af,@ (9.25)

n=0

Bién 4% coa ham phuong hudng

......

Goc 8 (40)
B thj phueng huong bién do
------- s»+ D& thi phuong huémg thiét ké
Ngubn lién tuc (N =11,d= /1/2)
——————— Ngudn lién tuc (N =21, d= 1/2)

Hinh 8.7,
Bi€u thitc (9.24) vdi cdc chi s6 » thay déi s& biéu thi cdc ham phuong huéng tao boi
céc thanh phan dong 7,(z) twong ing. Ta goi d6 1a ¢dc ham phuong huéng riéng phan.
Nhu vay, ham phuong hudng f(x) duge bicu thi dudi dang chudi clia cac ham
phuong hudng riéng phin véi cic hé s6 khai trién A, ciing phi hgp véi cdc hé s6 khai
trién déi v6i ham phan bd dong /(z).
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Bang cdch chon dang khai trién ham /(z) mét cach hop 1y (nghia 14 chon ho ciia
ham /, (z) hop 1¥), ta s& ¢6 cdc ham phuong hudng riéng phan £, (x) thich hop dé biéu
thi ham phuong huéng dudi dang tdng (9.25). Sau khi bidu thi ham phuong hudng da
cho theo céc ham riéng phan ta nhan dugc cdc hé s6 khai trién A, , tir d6 s€ nhén dugc
ham phan bé dong 1(z).

Dé 1am sdng 16 phuong phdp trinh bay & trén ta khao sdt mot trong cdc phuong 4n
giai quyét bai toan.

Vi dong trén anten thing tap trung (rong mot khoang / nhit dinh cha d6 dai anten
nén c6 thé bi€u dién né dudi dang khai trién theo chudi Fouricr véi chu ky 1.
Gia sir ta bi¢u thi /(z)dudi dang chudi Fourier hitu han sau:

N 2m
)= Ae ! (9.26)
-N '

Goi ham phuong hudng duoc tao thanh do phan bé dong (9.26) 1a f(u1)
N g2 Zam

= iz(- )
o= ZA,, J‘ e dz (9.27)
-112
Sau khi thyc hién tich phan s& nhan dugc™:
_,; sin(um — u_;_f_)
Fu ZA,, - (9.28)
AT ——

Gidi bai todn tong hop trong trudng hop nay la xéc dinh cdc h¢ 56 A, trong (9.26)
sao cho ham ]E(u) bi¢u thi boi (9.28) ¢6 dang gan gi6ng nhét véi ham cho trude f(x).
Thuc t€ rat khé thue hién dé cho f(u) phi hop hoan toan vét f(u) & moi diém nhung ta
c6 thé chon A, dé j: () sE tring véi f(u) & mot s6 diém nhat dinh. That vay, tai cdc
diém itng véi

=" (9.29)

Gday, m=0,£1,£2,.  £N;vdi N bing s nguyén cla % thi

N n:n:—E
S 2 _{1 khi n=m

nn—u—! O ki nezm

"™ N6i chinh xdc thi trong két qua nhan duge con ¢6 mat hé s6 khong déi bing /. Tuy nhién diéu dé chi
tyong (ng v&i viée thay déi ty 18 xich, do d6 khdng quan 1am déh.
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Do dé, theo (9.28) ta nhan duoc
Az
aday, n=0,+x1,+2,.., N
Nhu vay, néu cho A, cdc gid tri bing gi4 tri cla ham phuong huéng cho trude f(u)
tai cdc diém u = 2'% thi khi 4y ham }%(u) s€ phu hop v&i f(u) tai cdc diém trén.

Nghia 14, néu chon

thi ham phan b6 dong dién

2nn
—i—1z

N
I(z)= Zf[zﬂ]e ! (9.30)
yy !
s€ thod min viéc tao thanh d6 thi phuong huéng ma tai cdc diém u =-2-? do thi nhan
dugc phit hgp véi do thi phuong hudng cho truéc.
Chuyén sang géc €, ta c6 kcosf, = 2% , v6i 8, trinh bay cac géc ma & dé dé thi

phuong huéng cho trude duge 1dy mau.

Vi tri ctia mdi mau duge chi ra boi

coanzn(z;—), n=0+1 2. N (9.31)
Ham phan bo dong dién
N _2mm
I()=) f(8,)e ! (9.32)
-N
& tkz cosB
hay I(z)=)Y f(0,)e (9.33)
-N

Thay u=kcosO, nn= gcos 6, vao (9.28) ta c6 ham phuong hudng tdng hop duoc

. N sin[%(cos@—coseﬂ )]
F{8) :zAn '

-N E(cos@ —cos8,,)

(9.34)
6 dé’ AH = f(eﬂ)
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b) Mang tuyen tinh

Phuong phip Woodward-Lawson ciing ¢6 thé duge dng dung dé téng hop cdc mang
anten tuycn tinh. Xét mang tuyén tinh cdch déu gém N phan & ciing loai. v6i d li
Khoing cach giita ciic phan tir. Lam tuong ty ta 6 phan bé dong kich thich ctia cde phan
T la;

M
l . —fkz eosi
- . E =g Wt ) C
(Iu N ;}m() ’ ” ()”’S)
m=—Af
G do -, bicu thi vi tri cta phan W tht 7 dat déi xing so véi tam hinh hoc cta mane.
" b . p ;! .5_— < 3 g

Vi tri ctia moi nuan diegie ¢hi ra bai:

. 0 biee o o o N
cos, =m(-- ), m=0,21 2, £ M v M bing sd nguyén clia —-;
Nd i 8

Ham phuong huéng tong hop duge:

=

X y sin (  kd(cos0-cos0, )}
i(()) = Z hm - C . (9.36)
m==M Nsin{ kd(cos(}- COS [_]m)}

[

!
2
a dO' })HI :j (HIH)

Phuong phdp trinh bay & trén 1a mot trong nhiing phuong phip téng hop anten don
gian nhat. N6 ¢6 the duoe dp dung dé dang trong trudng hop ham phuong hudng cho
trude duge bicu dién dudi dang d6 thi hodc duge cho bang cdic ham giai tich. Khi kich
thudc cta anten 1dn, do thi phueng hudng sé duge thidt lap chinh xdc & mot s6 16n diém
com khi kich thude anten nhé thi s6 diém cho phép xdc dinh chinh xde dé thi phuong
huong cling nho vi do dé do chinh Xdce clia két qua bai todn tong hop ciing giam di.

§9.4. THIET LAP ANTEN CO DO THI PHUONG HUGNG TOI UU

Vian dé thiét 1ap he thong blc xa véi d6 thi phuong hudng t6i vu ¢é thé duge khao
sdt theo hai guan diém:

1) Véi kich thuée anten cho trude, tim hi¢u quy luat phan bs clia cdc dong kich
thich trén cédc phan tir sao cho do thi phuong hudng anten ¢6 mii séng chinh hep nhat,
con muc bitc xa phu khong vugt qua mot gidi han nhat dinh.

2) Vi kich thude cia anten cho trude, tim quy luat phan bd clia dong kich thich
trén cac phén i sao cho dé thi phuong hudng ¢6 muc bitc xa phu nhd nhat, con mii
s6ng chinh ¢é do rong trong mot gidi han di cho.

Cdc bai todn trén da duge mot s6 tde gid giai quyét d6i véi he thong blc xa gém nhimg
phan tr la cdc ngudn diém déng pha, x&p dit theo tuyén dudng thing, cich déu nhau véi
khoang cdch gitia céc phan tir 16n hon A/2 (cong trinh ca Dolf), hodc nhd hon 4/2 (cong
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trinh clia Riblet). V¢ sau, ¢6 cic cong trinh téng quat hon clia Pacropski, gidi quyét bii todn
thiét 1ap anten ¢6 do thi phuong phudng 61 uu khi khodng céch giita cdc phdn uf bitc xa 1a
tuy ¥ va quan hé gée pha cua cac dong kich thich teén cac phan tir 1a wy .

Cdc két qua nhan duge trong cong trinh nghién ciu ctia Dolf cé thé ap dung cho hé
thong chan wr dong pha.

Sau day chimg ta khao sat bai todn thi€t lap anten c¢6 d6 thi phuong hudng t6i uu
theo cdc quan diém néu & trén.

D¢ thue hién muc dich 4y, truSc hét chdng ta cdn tim dang clia ham s& (hay da
thitc) cho phép biéu thi duge d6 thi phuong huéng véi cac dic tinh t8i uu da néu, sau dé
thong qua céc lién hé todn hoc s& biéu thi him phuong hudng ctia diy phan tir birc xa
dudi dang ciia ham sé (hay da thitc) di lua chon va xac dinh phan bg dong trén anten dé
dam bao ham phuong hudng da cho.

a) Pa thitc Chebyshev va cdc tinh chdt

Biét rang ham s6 cos{mt) ¢6 thé dugc biéu thi dudi dang téng cdc ham s& lu§ thira
cua sint va cost.
mim—1)

2!

Néu thay the sin’ 1 =1~cos® 7 va ky hiéu cos’ = x ta s& cé:

cos(mt)=cos" 1~ cos™ 2 t.sint+ ... (9.37)

"o m(m - 1) xm—Z

cos(mit) = cos(m arccosx) = x’ 57

(- x)+... (9.38)
Biéu thitc (9.38) 1a mot da thic bac m, dugc goi la da thilc Chebyshev va ky hiéu
laT (x).

m
Nhu vay da thiic Chebyshev duge biéu thi bdi cong thic:
khi x <1 T, (x)=cos(m arccos x)}

_ (9.39)
khi x>1 T, (x)=ch(m arccosx)

Biéu thifc clia céc da thic Chebyshev bac m duge dan ra dudi day, v6i m =0+10

Tp(x) =1
Ti(x)=x
T, (x)=2x% -1

T3(x) = 4x° = 3x
Ty(x)=8x"—8x% +1
T5(x) = 16x” —20x> +5x

To(x)=32x% —48x* +18x% -1
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T(x)=64x" —112x° +56x> —Tx

To(x) =128x% 256 +160x* —32x% +1

To(x) = 256x° — 57647 +432x" —120x° + 9x

Tio(0)=512x" —1280x% + 112058 — 400.* +50x% - 1 | (9.40)

Da thitc Chebyshev cling ¢6 thé duge viét dudi dang rit gon sau:
HII i
]’]”(x)zé{(x+\/x2—l) +(xv- xzml) } (9.41)

Khao sdt d6 thi clia da thitc Chebyshev bac cao ta thay ching c¢é dang giéng nhu
dang cha cdc do thi phuong hudng. Do d6 cdc da thifc nay c6 thé duge dung dé biéu thi
ham phuong hudng cia anten.

Vidu d6 thi cia da thirc Chebyshev bac 7 duoce vE ¢ hinh 9.8

Tit d6 thi hinh 9.8 ¢4 thé thdy ring v6i gid tri clia x nam trong gidi han —1< x <1,
cdc cyc dai chia da thic Chebyshev ¢6 gid tri bang nhau va bing 1, s& cuc dai béng
(m—1}, con s6 diém khong bing m (bic da thitc). Nhu vay trong khoang —1< x<1, da

thitc Chebyshev bac m cé m nghi¢m.

12

10 : T7(X) :

LO =

2 1 08 06 -04 -02 0 02 04 06 08 1 12
Hinf 9.6. B8 thi da thifc Chebyshev bac 7
tal x = *1, dathic co trisd bing 1, con khi x > +1hodc x < —1
gia tri cGa da thire tang don digu va tién d8n o khi x — oo
Mot tinh chat quan trong nita cfia da thitc Chebyshev la toc d¢ ting cla da thic (do
ddc cia do thi) khi x bi€n thién vugt ra ngoai gidi han ~1< x <1 s& la 16n nhdt so véi
cdc da thic khdc ¢6 cling bic. Ap dung tinh chat nay, ta cé thé thi¢t lap anten véi dé thi
phuong huéng anten 18i tru theo guan diém thit nhat néu & trén.
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Can chi y ring trong cdc biéu thic ham phuong huéng anten thi bién s6 x thuong la
ham s6 luong gide ¢6 dang sin hay cos, nghia 12 gid tri clia né bién déi trong khoang
—1+1. Nhu dil bi¢t. trong gidi han trén do thi chia da thite Chebyshey ¢hi bicu thi cic
cue dai phu coa do thi phuong hudng. Vi vay. dé c6 thé biéu thi diy di dang cia dé thi
phuong hudng cin tim mot gia tri a nito dé (¢>1), sao cho 1, tay bang gid tri cho truede
ctia cue dai chinh clia dé thi phuong huéng. Sau d6 ta dua vio mét bidh s6 mai «x . Ham
phuong hudng bay gits s¢ duge bicu thi bai da thie T, (ux). Dé dang nhan thiy trong
trudng hgp nay toan bo dé thi phuong hudng duge bidu thi trong gidi han —1< x <1.

D¢ lam sdng 10 nhifng diéu tinh by & trén ta khdo sat vi du sau:

12

0
-12 -1 -08 06 -04 -02 0 02 04 06 08 1 1.2

Hinh 3.9.D6 thi da thitc Chebyshey T,/ax)

Gia str d6 thi phuong huéng duge biéu dién boi da thitc 75 (@) va cho trde gid tri
cuc dai chinh bang 10. Can ¢t vio dé thi da thic trén, ta ¢é 15(x)y=10khi x=a¢=1,09.

Neu lay bicn s6 mdi av=1,09xthi da thic 75(1,09v)s& ¢6 gid tri bing 10 khi
x ==*1 (xem Hinh 9.9)

Néu cho trude cye dai chinh bang 30 thi 75(x)=30 khi y=a=1,2

Trong trudng hop nay bién s6 méi fa ax = 1.2 . Ta s& nhan duge 75(1,2x) =30 khi
x==1.

Khi chon da thitc Chebyshev T, (ax)dé bicu thi ham phuong hudng thi dé thi cia

da thic nay, s& biéu dién ddy di do thi phuong hudng ciia anten trong hé toa do

vudng goc.
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Cic vi tri khong va cuce dai coa da thie 7, (wx) trén true x <€ tuong ting vl hudng

. R N . . { . P ’ y PR .

birc xa khong va huong buce xa cue dai phu cta do thi phuong hudng. Cic vi i nay co
thé xic dinh tir cong thitc:

[, (axy = cos[marccos(av)]
1, (av) =0 khi marccos(ay;) = -T-;-:-(ZN” + 13 {Q0.42)

trong dé N, =0, 1, 2.0 laosd tha ur vi wi khong (vi tef khong thi nhat 1a vi tei gdn cue
dai chinh).
A 12 10a do v, ing vai nd du thae bang kKhong.
Tur (9.42) ta rat ra dugc:
wxy = cos| — (2N, + i)t
2m ]

Xy = lco.«; T 2Ny +1) R
d 2m
Vi trf khong tha nhat duge xdc dinh dng véi N, =0
d 2m

Vi tri cuc dai caa da thie T

Xy = ! cos Ny, T _ (9.45)
u #

o (ax)duge xac dinh bai:

N, — So thu ty cue dai.

Néu cye dai chinh cta dé thi phuong hudng bang 7,

{¢)thi muc bue xa phu (theo
dinh nghia 12 ty s& coa bién do cuc dai phu va bicn do cuc dai chinh) & bing:
1

=&, = (9.46)
‘{m(a)

b) Biéu thi ham phuong hudng ctia hé thong phdn tit bicc xa dudi dang chuoi Fourier

Ta khae sat day phan tr blic xa gdm cdc nguodn clng loai duge kich thich boi cdc
dong déng pha, dit cach déu nhau véi khodng cach bang d (hinh 9.10)

Tritong hop 6 phdan nt chdn (M=2N)

Ta chon géc toa do khao sdt tai trung diém cia diy. Ham phuong hudng ciia trudng
biic xa tao bdi cdc phin 1 clia day ¢6 the xdc dinh theo [y thuy¢t nhan dé thi phuong
huéng. Dot vai day ¢6 N phan ur. ham phuong huéng duge xdc dinh theo (1.93) ¢6 dang:

Al ke cos
£ = [0 d,et et
l
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I I
b) R
_,{ d f_ g
I L oLonoLo4 1,
21
f— —

Hinh 9.10. Mang ddng pha, cach déu
Truong hop dong kich thich cho cdc phéan tlr déng pha nhau ta ¢é &
bien do dong dién trong phdn tr thi N va phan (i thit nhat)

p =la,| (a0
b6t vai ddy ¢ 2N phan ur, khi chon géc toa do tai trung diém day, ta c6
V61 N phan ti & phia phai

£y z(2n—1)~§-; cos0, =cosB
Véi N phén tir & phia trdi
d
B, =2n-1—;

cos8, = —cos0

Ham phuong hudng cia day 2N phén tlt duoc xdc dinh béi:

N (2 1) 50 —i(2n 1) 50
f((}):fl(e) Z‘d”‘gl H— cn +Z‘an‘e - co
[
g day :

il

Tong thit nhat trong cong thifc trén 1i tinh d6i véi cdc phan tr & phia phai, cdon téng
thit hai 1a tinh d8i véi cdc phén tir & phia trai cha day

(9.47)

‘“H‘" e

H

Gia thiét dong kich thich cho cdc phin tit & vi tri d6i xdng déi véi tam clia ddy c6

gid tri bang nhau, nghiala 7, =1; [, = I;'z Py = I}V , va quy udc dong trong phan tir thit
nhat c¢6 do rong 16n bing 1 don vi, ta ¢
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|@,| =|a;,}=1, 1a bien do dong trong phan tir thit n.
Vi céc gia thiét trén, (9.47) s€ viét duge dudi dang:

f(2.ir—|)-;i}—dI cosh) _‘_(2”_”%0"_ COSOJ

N
J©)=f (B)Z i, {e +e (9.48)
1

o kd
=21 (8){21” cos{@n - l)a-coseﬂ
1

Truong hop sé phdn nr le (M=2N+1)

Ciing nhu trén, ta chon gdc toa d¢ tai trung diém cla day.

Trong trudng hop nay goc toa do s€ tring véi phan ur trung tdm. Ham phuong
hudng cla day ciing duge xdc dinh theo phuong phip nhén dé thi phuong hudng gidng
nhu trong trudng hop trén.

Dol v6i cdc phan tir & phia phai clha diy (so vé6i phan o trung 1am):

r, = nd; cos@, =cos0 '

Dai v6i cdc phén tir 8 phia trdi cia day:

r, =nd; cosB, =—cosb

Ta c6 ham phuong hudng cia day 2N+1 phan tir duge xdc dinh boi:

N - N .
j(e) _ f[ (8){1 + Z‘au}emka‘cos[] i Z e—mkdcosﬂ (949)
| 1

dr
H

o day

(vOl f. 1a bién do dong dién clia phdn ur trung tam)
Cling gia thi¢t dong dién phan bg déi xding véi trung diém cla ddy, nghia la 1, =1;;
va [, =15 ... vi quy ude /. ¢6 do 16n bing mot don vi, ta cé:

T
|£}‘”‘—a”’—lﬂ

V6i cac gia thiét trén, (9.49) s& c6 dang:

N
f(0) = 1 (9)[1 + Z ‘Fn (e:'nkdcos[] 4 p~inkd cosB )} —
{

N
=fi (0){1 +2Y "1, cos(nkd cos 9)] (9.50)
|
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Néu coi phin tu trung tam la cip hai phan tir tring nhau, méi phéan tr ¢6 dong 1,
bang 1/2 don vi (nghia la coi 1. =1 = 2/,). biéu thic (9.50) ¢4 thé viét lai dudi dang

N
1®) :2]}(8){2!“(:0%{”!{:.! COSU)} (9.51)

&

¢) Biéu thi ham phuong hudng cia ddy phan te birc xa vo hudng boi da thie
Chebysher

Trucing hop cic phin tr bie xa 1a cde nguon vo hudng, ham phuong hudng riéng
S1(8) 8¢ 12 hiing s& v ham phuong hudng cia day cd thé duge hiéu thi chi bdi cdc s6
hang clia 16ng trong (9.48) va (9.51).

Poi vai trreang hop s6 phan wr chan:

fth= Z 1, cos {{21: - l)'(; cos[}} (9.52)
[
D6t vai trudng hap s6 phan o 1é:
N
S0 =>"1, cos(ukd cos8) {9.53)
0

Ta nhin thay cdc so hang Khai tricn cia (9.52) va (9.53) ¢6 dang chung 13 cic ham
56 luong gide loai cos(ar). Cic ham sd nay cé the bicu thi dudi dang cdc da thic

Chebyshev bic ey f, (V) v x = cost.

. . kel .
Thiit vay. néu dat Tcmf) =¢ 1hi

{ kol
N=Cost = cosL—cosU
2
hoic
kd
ATCCOS X = 7 cosB

Theo (9.39) ta ¢é the viét lai (9.52) dudi dang:

N
SO =Y 1T, () 9:54)

n=l
(Truemg hop $6 phin tix chan).
v ¢6 thé viét (9.53) dudi dang:

.
F®)=> 1T, (9.55)
{)

(Trutng hop phan 1 1€)
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Nhu vay, ta da bicu thi duge ham phuong hudng cia diy phan i bic xa vé hudng
dong pha dudi dang téng cila cdc da thic Chebyshev. S6 s6 hang cha tdng bing s6 cap
phan tf bifc xa cla h¢ théng (khi s& phan tr chdn) hoac bing s& cap phan tir cong thém 1
(khi 6 phdn ti 1&), |

Bac cao nhét clia da thiic Chebyshev 2N-1 (khi s6 phén tit chan) hoac bang 2N (khi
sG phan 11 1¢). Nhu vay, trong truong hop téng quét, béc cao nhat cha da thiic bing s6
phan tor bidc xa trix di 1.

D6 thi phuong huéng cla hé thong s& 12 t6i wu néu bien do twong doi chia dong
trong cdc phan tr blic xa (cling chinh 1a cdc hé s6 khai trién trong cdc biéu thitc ham
phuong hudng) duge chon thé nao dé ham f(6) biéu thi bdi (9.54) hoac (9.55) s& 1a mot
da thitc Chebyshev. Bac ctia da thifc s& dugc chon bdng bic cao nhat clia cdc s6 hang
clia tong, nghia la bing 2N —1 khi s6 phan tir chdn va bang 2N khi s6 phén t&r 18. Déng
thoi, dé cho d6 thi clia da thic phi hgp hoan véi d6 thi phuong huéng ma ta muén c6,
argumen cia da thic phdi 18y bang ax . Cu thé, cén thoa mén cdc dang thic sau:

Khi s& phan tir chan:

N
Tyn_i(ax)= ZI,,TZN_I ()= LT () + LTG0+ ..+ Iy () (9.56)

n=1

Khi s6 phan t 1é:

N '
Tyn(axy= > 1T, (0) = LTy () + LTy (x)+ ...+ Ty Ty (X) (9.57)
n=]

Ta khao sit cic phuong trinh trén. Vi du xét phuong trinh (9.56). Trong phuong
trinh nay vé trdi la da thitc Chebyshev bac 2N -1, argumen ax, con v& phai 12 mot tap
hop cdc da thiic Chebyshev ¢6 bac bién déi tir 1+(2N —1), argumen x.

Khi khai trién cdc da thitc trén dudi dang (9.40) va so sanh hé s& cha céc s6 hang
luy thira ¢6 cting bac ¢ hai vé€ cia phuong trinh ta s& nhan duge mot loat cic phuong
trinh méi ma so cdc phuong trinh nay ding bang s6 cc hé s6 bién do cén xéc dinh. Giai
h¢ thong phuong trinh trén ta s€ ¢6 cong thitc sau dé x4c dinh céc hé s6 bién do:

Trudng hop s6 phan tir chin(M=2N)

\
=3 ik AN =Dk N =)
S (k—mk+n-DUN ~k)!
n=1,2,..N (9.58)
Trudng hop s6 phan tir 1& (M = 2N +1) ;
N
_ AN(k+N—1)!
I = z(_l)N k 2k ( )
byl (k~m(k+m!(N = k)!
n=12,..N J
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Theo cong thite (9.58) ta 6 thé tinh hé s6 bién do dong trong céc phan tir bic xa dé
c6 th¢ nhan dugc d6 thi phuong hudng t6i wu. Tuy nhién, tinh theo cdc cong thic trén
cling khong phai don gian, nhat la khi s6 phdn tr bic xa 16n. Khi s6 céc phdn ti 16n hon
24 ¢6 thé tinh ddng trong cdc phan tif theo cong thitc gin diing.

He s6 bien do dong doi véi cdc phan t, trir phdn tir nam & ngodi cling ctia diy:

2r 2 2r 2 :
I,=\C ——iJ + D -1 +1 (9.59)
L L

trong d6, L - do dai tdng cong chia hé thong;
r, — khoang cdch tir géc toa do dén phan tf bic xa thit #;

' C =0,0861arcch é— -0,228:

D=0,225arcch é -0,24;
£ la mL’r;: bic xa phu tuong doi.
He¢ s6 bién d6 dong déi véi phén tir ndm & ngodi cling cla diy:
Khi $6 phén tir chian
a 3
Q2N - 1)a* - 1)
Khi s6 phan tir 1€ \ (9.60)
o2
2N~ 1)

/y_, h¢ s6 bién do cua phan tlr trude cudi.

]N=1N—1

Iy =1y

Trong céc cong thifc trén,  la mot thoéng s6 duge xdc dinh tir cdc yéu cdu cho trude
clia d6 thi phuong huéng nhu bitc xa phu, hoic do rong mii séng chinh (khi s6 phin tir
bitc xa clia hé thdng da xdc dinh).

Vidu khi cho trude muitc biic xa phu & ta s&€ xdc dinh duge a tir quan hé (9.46):

1
-= T, (a)

Sau khi xdc dinh T,, (@) 6 the tinh @ theo d6 thi hoge tinh a tir cong thire:
T;n (a)= Ch(m arccha)= é

Ta co:

mn

azCh(iarcché] | (9.61)
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Khi cho trude do réng mii séng chinh cla dé thi phuong huéng theo mic bic xa
khong (gia sit 2A, ) thi @ s& duge xdc dinh tir cong thic (9.44). Néu dé ¥ rang cuc dai

chinh cua anten theo huéng 6 = 5 thi hudng bitc xa khong ddu tién (sau cuc dai chinh)

s& duge xdc dinh bédi:

Fi
8y == -4
2
Trong dé: cos By =sinA,
Theo (9.44) ta cé:
kd 1 i
Xp =COS| ——sInA; [=—cos— (9.62)
2 a 2m
L0108 108 142 L16 120 124 515%
e N E— Cl 5in Ay,
T N=2 e
-1t D [ =1 3
\\ ‘H—-h.__:-.,“_z /N:lﬁ
-2 2
~
30 \\ / ,/t’z’
2 "
-40) iy [~ Y -
-850 B, \ s /H/
» ST s
60 \ | 2;/ 1o
g = s
-FO \ ?
it
N=Y%
0
& LOLO2106 1.1 114 118 122 a
Hinh 9,11, ' Hinh 8.12,

Tir day rit ra dugc:

n
COS—
a= 2m (9.63)

cbs [kzd sin Ay )

Céac cong thite (9.62) va (9.63) cho phép xdc dinh thong s6 a va tit d6 xdc dinh cic
h¢ s6 bién do dong phan b6 trén hé théng dé nhan duge d6 thi phuong hudng t6i vu theo
cdc quan diém da cho.

Quan hé clia ¢ vdi cic thc’mg 50 clia d6 thi phuong hudng & v 2A, duge biéu thi &
Hinh 9.11 v 9.12. & hinh 9.12, Agp 1a ntra d§ rong clia d6 thi phuong huéng khi dong
trong dong trong hé thong phan bo déu, con Ay 12 nita d9 rong d6 thi phuong hudng véi
phén bé dong t6i uu.
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T hai d6 thi (9.11) va (9.12) c6 thé
thay rang khi cdn giam miic bic xa phu
thi d6 rong mii song chinh fai tang (&

0.593

. . sin A _ .
gidm —a tang > ——% tang). Mudn
sin Ay

cho d6 rong mut chinh tang it khi gidm
biic xa phu thi s6 phan tir bic xa cén phai
16n. Can cir vao dé thi trén c6 thé chon s6 phin tir bitc xa clia hé thong khi cho trude
muc biic xa phu hodc cho trudc do rong midi sang chinh.

Hink .13,

Sau day ching ta s& khao sdt mét vi du cu thé vé bai toan thiét lap anten cé dd thi
phuong hudng 61 vu. Cho hé théng chdn ti dong pha xép thanh day, vdi s6 chan

M =2N =8(N =4), khoang cdch giita cac chan tit d = % Hiay xdc dinh cdc hé s6 bién

d¢ dong dién cla cdc chan ur dé nhan dugc dé thi phuong huéng c6 miic bic xa phu
£=0,1 (-20dB), vdi miii chinh hep nhat.

Da thic Chebyshev duge chon d¢ biéu thi dé thi phuong hudng sé cé bac la
m=2N —1="T,argumenax, nghia 12 ¢6 thé viét dudi dang khai trién theo (9.40):

Ty(ax) = 64a’x" —112a°x° +56a° x* ~Tax (9.64)
V&1 mitc bitc xa phu cho trudce sé€ tinh dugc théng s6 a:
1
= =0,1>T(a)=10
5 Ty(a) (@)

Tir day xac dinh duge a=1,09
Thay gid tri cia a vao (9.64) ta co:
751,090 = 125x7 —180x° +73,5x> =7, 7x

Trong khi d6, ham phuong hudng cta hé théng duge biéu thi béi tdng chia cic da
thitc Chebyshev. Sau khi khai trién cdc da thitc theo (9.40) s& nhan dugc:

FO) = x+ L(4x® =3x)+ L,(16x° —20x° +5x0) + 1, (64x" 1125 +56° = Tx)
hay
FOY=(, =31y + 515 =T1,)x + (41, = 2013 +561,)x° + (161, — 1 121)x° + 641, x7 (9.65)

Dé ¢6 dang d6 thi phuong huéng t6i wu, f(0) can dugc biéu thi dudi dang cha da
thiue 75(1,09x). Can bing v& phai cha hai phuong trinh (9.64) va (9.65), sau dé so sdnh
hé 0 cua cdc doi s6 X ¢6 clng béc, ta nhin duge hé thdng phuong trinh sau:

641, =125

167, -1121, =180
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Giai h¢ thong phuong trinh trén khi coi dong chén tir 1 ¢6 do 16n bang mot don vi,
ta nhan duge bién do6 tuong d6i cita dong trong céc chdn tir clia hé thong:

1

0.9

0.8

07
5

S 086
e

n
Dos

03

02

01

8¢ B0 40 20 0 20 40 60 80
goc toi(do)

Hinfr 8. 14.B6 thi phueng hudng

D6 rong cua dé thi phurong huéng duge xic dinh tir cong thite (9.62).

: 2 [l T J
SINAg =—arccos| —cos—-
kd a 2m

A
V6i d =23 a=1,09 m=7 tanhan ducc A, = 18°

So sdnh do6 thi phuong huéng clia anten ¢6 bién do dong phan bs déu (duong dit
nét, hinh 9.14) va dé thi phuong huéng dang Chebyshev (dudng lién nét) ta thay trong
trusng hop thi nhat mii phu Ién hon khoang 2 1dn so véi trudng hop thit hai.

§9.5. PHUONG PHAP TONG HOP KET CAU ANTEN

Trong phan trén ching ta di khdo sdt bai todn kinh dién cda ly thuyét téng hop
anten. Nhiing két qua nhan duge vé qui luat phan b6 dong trén anten cé thé thue hig¢n
duoc khi hé thong anten 1a 1ap hop clia cac phin ti bitc xa sap x&p trong khéng gian,
dong thdt viéc tiép dién ¢6 thé tién hanh rieng biét d6i vai timg phan tir (kich thich rdi
rac). Vi du khi anten {& hé théng chin tir, c6 thé dimg cédc bo dich pha va chia cong suat
dé phan phéi nang lirong cho céc chén tir theo yéu cau. Trong trudng hop anten 1a tap
hop clia cidc phdn tr bic xa duge kich thich béi séng dién tir (kich thich lién tuc, vi du
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anten séng mat), khi 4y dé thuc hién cdc qui luat phan bd cho trudec cia trudng cin tién
hanh téng hop két cdu anten, nghia 1a xdc dinh két cdu cho phép bién déi séng trén bé
mit anten. S6ng sd cap va thit cap trong trudng hgp tong quat ¢6 thé 1a séng phang hay
song mat. So d6 anten duge kich thich bdi nguon 1ién tuc thudng gap 13 so d6 anten mit
va anten séng mat. Sau day ching ta khao sat bai todn tdng hop két cau déi v6i hai so dd
anten trén.

Nhiém vu clia bai toan téng hop Ia phai xdc dinh dugc dang hinh hoc chia bé mat két
cau va phan bd cic thong s6 dién cha bé mat két cau 4y sao cho nd c6 kha nang bién déi
song kich thich thianh séng bidc xa thod man ham phan b trudng cho trude trén bé mat
anten.

Néu két cau cé cdc thong s6 dong nhat thi séng so cap hoic la sé dugc duy tri va
truyén lan doc theo két cdu 4y (trudng hop két cau lam nhiém vu dinh hudéng) hoic 1a
séng so cap sé bién ddi hudng truyén lan nhung béo toan dac tinh (trudng hop két cau
lam nhiém vu phan xa).

DE ¢6 thé tao ra bitc xa thit cap véi dd thi phuong hudng cho trude, séng so cap cin
- duge bién d6i thanh mét 16 hop séng thit cip ¢6 cdc thong s& khéac nhau.

That vay, dic tinh bitc xa clia anten séng mat vé cd ban dugc xac dinh bai vén tée
pha cha séng mat (hodc bdi hiang s pha /). Khi ¢6 su chéng chat mot s6 séng mat véi
hang s6 pha khdc nhau trén anten s& dan dén su chong chat trudng tao boi cdc séng &y &
khu xa, va vé nguyén tic cé thé tao thanh dé thi phuong hudng bic xa theo yéu cau.

Ta hdy xét ham phuong hudng cla anten séng mat bi€u thi bdi mot trong céc thanh
phan cta (8.80), vi du thanh phan f3(8,¢). Biéu thic cla f,(6,0) c6 thé duge viét dudi
dang sau:

s (0.0)| = SE. £, (6.0)  00) £ (6.0) 0.66)
trong d6, S = al 1a dién tich bé mat anten;
E, =WH, la bien d9 cudng do trudong trén bé mat;
2
£,(6,¢)=sin¢ [%J —sin® 0 12 ham phuong huéng riéng ciia mot phan tir

di¢n tich {(nguyén t6 Huygen) dugc kich thich bdi trudng sdng mat véi hé s6
pha h;

. [ ka .
sm[ 5 schosq}}

h(B.9)=

P la thanh phan ham phuong huéng cé quan hé
‘ Ea sin O cos @

dén kich thudc ngang o cla anten;
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.| kLR
sinf —| —sinBsing

L{ (12 thanh phan ham phuong huéng cé
—| = —sinBsing
2 Lk

quan h¢ dén kich thuéc anten va hé s6 pha clia séng mit kich thich 4.
Truong hop anten dugc kich thich bdi mot nhém N séng mat véi bien do cuong do
truong khac nhau va véi hé s6 pha khdc nhau thi (9.66) s ¢6 dang:

‘fg(@(p‘ S‘f] (8,0) ZE msm(px

. [kL[l‘ ‘
sin s —51n8§1n(p

f>(0.0) =

9.67)
’ié —¥ —sin0sin
2k (P

Nhém # séng mat trén anten ¢6 thé duge coi tuong duong véi séng mat ¢ bien do
va vin t&c pha bién d6i doc theo két cau. Vi vay anten thiét lap theo nguyén 1y trén con
duge goi la anten séng mit ¢ diéu bién van toc pha.

Tur (9.67) c6 thé xdc dinh cdc gid tri E, va &, cdn thi€t d¢ tao thanh d8 thi bic xa
theo yéu cau.

T6 hop séng mat véi cdc thong s6 khic nhau c6 thé nhan duge tit mét séng mit sg
cap ¢6 thong s6 nhat dinh bang cdch bi€n déi mot trong céc thong s dién nio dé cha bé
mat k€t cau, vi du bién ddi tré khdng bé mat, bién ddi hé s6 cham ctia két cau v.v...

Khi gidi quyét cdc bai todn téng hop két cdu, mdt trong nhitng yéu cdu dac biét
quan trong 12 16i giai tim dugc phai ¢6 kha nang dé dang thuc hién trong thic 1€, vi du
trd khdng bé mat anten phai tim duge dudi dang (huan khang (RS =0—>Z, =iZ ). Khi
dy viéc thiét lap anten c6 thé dugc thue hién bang cdc két cau hinh hoc don thuan.

Khdo sdt bai todn tdng hop anten séng mat déi véi két cau phing dd cho thiy ring
diéu kién thuan khdng clia tr& khdng bé mat khong phai thue hién véi moi quy luat phan
bo cua trudng bé mat két cdu ma chi duge thye hién véi mot dang phan bo nhat dinh. Dé
gidm bdt sy han ché nay ¢6 thé thay the két cau phing bdi két ciu bién d6i, nghia la ket
cau ma toa do x cla cdc diém ndm trén bé mat clia né s& 13 mot ham so theo 7 : x = Xy
(z), (xem chitng minh & phan sau).

Hinh 9.15 néu vi du vé viéc thay th€ két cau ranh trén mat phing béi két cdu rinh
trén mat cong. '

Ta tim 181 giai bai todn tong hop anten déi v6i trudng hop két c4u nhi bién, nghia la
khi dieu kién bo ciing nhu phan bS ngudn trudng trén két cdu Ay chi phu thudc vao hai
toa do (hinh 9.15). G day céc thanh phan trudng duge coi la khong bién déi theo v.
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a) Két cdu rinh trén mat phang b) Két cdu ranh trén mat cong

Hinh 8.15.
Gia st nguon trudng tao ra (¢ gan bé mat két cau) séng T, ¢6 cdc thanh phén E,,
E,. H, (hinh 9.15b). Tr& khdng bé mat cla két cau s€ la mot ham s& clia hai toa d6 z va x
= Xy(2), ky hiéu la z; [2, X, (Z)J .

Theo dinh nghia, trd Khang bé mat 1a ty s& clia thanh phdn tiép tuyén dién trudng va
Lir tredng trén bé mat két cau, nghia la:
E
Z |z x,(z)|=—L 9.68)
trong d6, [, 1a thanh phan (i€p tuyén cla dién trudng v6i mat X = x(z). Néu goi o 1a do
déc tigp tuyén clia dudng cong x = x(z) tai diém khdo sat thi thanh phin dién trusng
tiép tuyén tai dé s& bang: '
Ef|x=x”(z) =F coso+E, sina (9.69)

: l : *o{2)
& day COSOL = —m———; SinQ= —2~ 2
,Hx'g(z)+l ,/x‘g(z)+1
, - E cosa+E sino
Ta cé Z[z.x,(z)]= g wi X = x,(2) (9.70)
y
E, va E, ¢6 quan he vdi H, bdi phuong trinh Maxwell
E :i_%
‘' we, Ox
| 9.71)
g oo o,
Y owe, &z

Thay (9.71) vao (9.70) va chd ¥ rang wg,, = -‘;—— ta nhan duge :
o .

oH
. Y
-Wo aH)’ xo(z) Ox

ZS[Z,XG(Z) =i taix=,\'o(2)
IR ER

(9.72)
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Biéu thirc clia 77, trong truding hop 16ng quét 1a mot s6 phic :
Hylax,(2)]= Al 25, (2) ]+ B[ z.x, (2)] (9.73)
trong do A, B la cac ham thue, bién s6 z.

Thay I, bicu thi bdi cong thite trén vao (9.72) ta ¢6:

2] 202

1

Al (A+B)r2()+1 o
Tir day ta riit ra duge dicu ki¢n dé (9.74) bi¢u thi mot dién khdng thudn:
oA as y
x,(z)= E;'B 88 ‘ tai X = X,{2) (9.79)
oz 6:

Khi thyc hién duge di¢u kién (9.75) thi tr6 khdng bé miit s& la thuan khdng va ham
phan b& cha né duge xdc dinh bai:

pa |
{§4A+_"B B]&x‘o (z)—[aA-A+ B B}
£} a

Z =iX|zx, ()] =iteLE e O ox
Kl ()= (474 B2){x2(2)+1

(9.76)

V& trdi cua 9.75 1a dao ham theo z cha phuong trinh dudng cong bé mat két cau.
Gial phuong trinh vi phan nay € xdc dinh duge ham bién dang ctia bé mat két cdu (ham
O X, (2)).

Ap dung cic cong thife (9.75) vi (9.76) ta ¢6 thé dugc gidi quyél bai todn téng hop
k&t cdu, nghia 12 xdc dinh dac tinh va cdc tham s6 hinh hoc cGa k&t cau cho phép bién
doi séng kich thich thanh cdc séng thit cap thod mén yéu ciu cho truée.

Su bi¢n doi tré khdng bé mat cla anten trong thuc € ¢6 thé thuc hién theo nhiéu
cich khdc nhau. Vi du khi dung két cau kim loai ¢6 rinh ngang (hinh 9.15) ¢6 thé bién
doi ¢ khang bé mit bang céch bién déi do sau clia ranh. Diéu ndy duge giai thich néu
coi riinh Kim loai tvong duong véi mot doan day song hanh ngin mach dau cusi. Khi 4y
trd khdng vao cua ranh s& ld mot dién khang thudn, c6 gid tri phy thuoc vao do sau cia
ranh (hinh 9.16)

Z,, = ipigkA
trong d6 p la tré kKhdng séng cia dudng day song hanh twong duong.

Truong hop diing két cdu dién moi trén nén kim loai (hinh 9.17) thi bing cdch bién
ddi do day 16p dién moi s€ bién ddi dugc trd khang bé mat cha két ciu.
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a b
A YV 2\% 2 Dién moi
2///?/// //% / 7 Kim loai /

Tri 68 tré khdng bé mit cha k&t cdu cham ¢6 quan hé vdi cic thong s6 cla séng
cham truyén lan doc theo né. Vi du d6i véi két cau cham phéng c6 séng T, v6i thanh
phan tir truong.

H,=H,e " (9.77)

Theo (9.71) ta xdc dinh duge _
E, =L H ¢ pi-it: (9.78)

WE,,

& day p=vh*—i?
h —hé s0 pha cia séng cham.

Trd khang bé mat cia két cau theo dinh nghia bing:

z-E_; P P
H, os, k
ey
Z, =iw, [E] ~1 (9.79)

trong doé i la hé s6 cham cua séng hay hé s6 lam cham cuna két cau.

Tir d6 thay ring nhitng két qua nhan duge Ax
khi giai quyét bai todn tdng hop két ciu néu & Séng thit ¢dp
trén ¢6 thé dp dung rong rai déi voi cdc két A:D}:b
cau ma diéu kién bd cta né duge xdc dinh bdi
trd khdng bé mat, ciing nhu cic két cdu lam )
cham néi chung ma dac tinh cta né duge xédc )

dinh boi hé s6 cham cua séng truyén lan doc  _
theo né. Khi dy, qui luat bién déi trd khing bé o ?

¥

=y

S
miat nhan dugce trong bai todn téng hgp két cdp
ciu theo d6 thi phuong hudng cho trudc sé
duoc thuc hién bdi su bign ddi hé s6 lam _ I
cham cla két cdu, nghia 1a bién déi van toc Hink 9.18
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pha cha séng cham. Vi vay cdc anten duge thiét lap theo nguyén 1 trén con dugc gol la
anten song chdam cé diéu bién van t6c pha.

Qui ludt bién doi hé s6 1am cham doc theo két cau duge xdc dinh theo ham s6 [ nit
ra tir (9.76) va (9.79)]:

428y,
%[Z,x0(2)1= 1+[a‘ (~A2]+32)\/ ([) }

Sau day chiing ta khao sat mot s6 bai todn cu thé:

(9.80)

Bai todn t6ng hop két cau bién déi phé khong gian clia séng dién tir (hay bai toan
tong hop anten mat phan xa theo phan bs trudng cho trudc & gn mit anten).

Gia sir ¢6 mot séng phing so cap truyén lan theo truc z dap vio mot mdt hiéu chink
bitc xa ¢6 tm tring v6i géc toa do (hinh 9.18). Mat hiéu chinh bifc xa cé nhiém vu bién
déi phé khong gian cha séng so cdp dé tao thanh séng bidc xa thi ¢dp véi phd khong
gian cho trudce,

Nhu vay mat hi¢u chinh & day khong chi don thudn phan xa nang lugng clia séng t6i
ma con bi€n déi nd. So d6 bign ddi dang séng duge vé & Hinh 9.18.

Trudng cla séng so cap trong truong hop tdng quét ¢6 thé c¢é qui luat phan b bien
dd va pha tuy ¥ theo tryc x va bi¢u thic cha né dugc viét dusi dang téng vo han cha céc
s6ng phang khong déng nhit theo chudi Fourier.

)~ i :
H)(; )= > Ce” cosna xe™™ (9.81)
n=0

Néu phan bd bién do trudng cita séng so cdp khéng dot bién ma thay déi tix tir theo x
thi ¢6 thé biéu thi ham phan b& bién dé bdi tdng hitu han cdc ham diéu hoa.

Khi dy (9.81) s& duge viét lai dudi dang:

) i -
HJ(, = Z C.e " cos nalxe_’kz (9.82)
n=0

Trudng cia séng thit cdp trong trdmg hop tdng quat ciing 6 thé ducce bidu thi dudi
dang tuong tw (9.82). O day, néu gia thiét khong c6 su méo pha (@, =0) thi biéu thitc
cha nd cd dang:

N .
H£2) =% D,cosna,ze”™ (9.83)
n=0

Bi€u thitc (9.83) vdi cdc quan hé nhét dinh cua cdc hé s bien do D, sé biéu thi céc
qui ludt phan b6 bién d6 khdc nhau cta séng thit cap.
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Quan hé¢ gidta h¢ s6 bien do clha séng so cdp v thit cap (C,, va D) duge xdc dinh tir
dicu ki¢n can bang cong suit, nghia la coi ning luong duge bao tokn khi bicn déi dang

séng. Diéu kién nay ¢é thé dugc viét dudi dang:

X (D) z ‘ (2)

j"Re i o, A0 gy = 'jRe—L ot 1) g (9.84)
we, &z 7 ’ oe, Ox
|

_X‘
B¢ vi du, chiing ta xét mot s6 trudng hop rieng d6i v6i cde yéu cdu khic nhau cia
mat hiéu chinh.
a) Mat hi¢u chinh don thuan bic xa lai ma khong hiéu chinh pho

Cho Ch=Dyia=ay;0,=0
Tu (9.75) ta xdc dinh duge phuong trinh clla mat hiéu chinh x, = z, vi tix (9.76) xdc
dinh duge ham phéin bo ¢ khing bé mat Z [ z, xy(2)] = 0. K& qua trén cho thiy rang
trong truong hop bic xa lai don thuan (phan xa), mat hiéu chinh 12 mot mat phing ¢6 do
dan dién cao.

b) Mt hiéu chinh bién déi pho bién do ciia séng so cip

Gia sl séng 30 cap cé trudng duge biéu thi bdi ham s6

Hi:C{) cos 31)r +cos SEEX ek (9.85)

Mat hiéu chinh can bi¢n d6i dang s6ng (9.85) d¢ nhan duge séng thit ¢ap ¢6 dang.

H)I, = Do(l+c05~£z})_’“ {9.86)
7

D6 thi phan b6 bién do cia séng so cap va thit cdp & gan mat anten duge vé &

hink 9.19.
A H,

/ H['I'I-'IK

-4 WOWctk-i 3¢ 3

b) Phin bé trudmg cia séng thir cap

Himax

a) Phin ba rudng clia séng so cip

Hinth 3.18.
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Dé nhan duoc ket cau bicn déi phd bien do chia séng so ¢ap theo yéu cdu néu & tren
cin tién hanh tinh todn theo cic cong thic (9.74) va (9.75), trong dé 1 duge thay bdi
tong cha (9.82) va (9.86). Ta c6 phan bé & khing bé mat v dang hinh hoc cua mat
hi¢u chinh duge v& & hinh 9.20.

2. Bai todn tong hop két cdu bién doi séng mat kich
thich thanh cdc séng bat k¥ (hay bai todn t6ng hop anten
song mat biic xa tuy y, bic xa vdi do thj phuong hudng
dang dac biét).

Gid sur séng so cap 14 séng mat 6 hudng truyén lan
tring vai truc két cau hodc lam mot goc 8, véi true, ¢

thanh phén tlr truong duge biéu thi boi cong thic:

I’ 1 - —inE
1Y = ) empin o (9.87)
trong do, n=xcos()| +zsinB;
&= —xsinB + zeosl). Hinh 9.20

Néu 6, =0thi £ 5>z;m—>x.

Thong thutng, anten séng mit 14 anten bite Xa truc, nghia fa hudng biic xa chinh
cta anten tring (hodc gan tring) véi hudng truc két cdu (hudng ban dau clia séng kich
thich). Trong phian nay chiing ta s& khdo sét bai todn 1dng hop két cdu anten séng mat
ma song thit cap ¢6 the ¢ hudng trung véi hudng truc (anten bitc xa truc) hoac lam mot
gbe 90" vdi hudng truc (anten bitc xa ngang), hoac lam mét goc wy v ddi véi truc két
cau. Dang cila séng thit cdp c6 thé 1a séng phang déng nhat hay khong déng nhit, séng
mat véi cdc tham s& bién doi, hodic mét 16 hop cdc séng mat va séng phing ¢ cac hudng
buc xa khdc nhau déi véi truc két cu (trudng hop thiét 1ap anten ¢6 d6 (hi phuong
hudng dang dac biét).

So d6 bien doi dang song twong tng véi cac trudng hop khdc nhau néu & trén dugc
v& ¢ hinh 9.21.

Thinh phaén tir trudng clia séng phang thi cap trong trudng hop bién déi dang séng
theo 50 d6 (a) duge cho dudi dang tong quat:

N it e
HY =% p oL i (9.88)
-N

[ — dé dai anten;
X' = xcos8, — zsin %
z=xsin{, + zc0s0;.

Cong thite (9.88) bi¢u thi trudng cha mot séng phang khong déng nhat.
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E) X X

4 ,
1 z Té hop song
Sonil mat Song phang Séng mat thi¥ cap
S0 cap thitcap thii cp

& 8 ' { 0 AL
\J\E]_,\l \k z 2 z

a) b) c)

Hinh 3.21,

Phéan bg bién d¢ cua truong & gan mit
anten (uy thudc vag quan hé cua cac hé 56
D, va s6 hang clta méi chudi. Hudng cla
s6ng biic xa thif cdp 6, c6 thé 1a huéng bat
ky. Khi cho 8, =0 ta cé anten birc xa

n ) .
truc; 6, = — ta c6 anten biic xa ngang.
. 5 .

Trudng hop bign déi dang séng theo Hinh 9.22.

so do (b) thanh phén tir trudng clia séng mat thit cap duge viét dudi dang:
HD = p, o7 phe (9.89)

O day p, va h; 1a h¢ sO suy giam ngang va hé s6 pha cua séng mat thit cap. Cac
tham s6 ndy c6 thé dugc cho véi cdc gid tri tuy y. Hudng cta séng mat thi cap 6, ciing
c6 thé 1a hudng tuy .

D¢ thiét iap anten ¢6 d6 thi phuong huéng dang déc biét can tao ra duge mét 13 hop
song thit cdp vdi cdc thong $6 via hudng bitc xa khac nhau. Vi dy, dé tao ra d6 thi phuong

hudng dang cosec can tao ra 4 séng thi cdp ma bién do va cdc hudng bifc xa cla ching
dugc biéu thi & hinh 9.22.

Sau day chiing ta khao st mot 8 vi du:

a) Tim 101 gidi clia bai todn tdng hgp anten séng mat bitc xa ngang khi cho truéc céc
dic tinh clia séng mat so cap va séng phang thit cdp. Séng mit so ¢ip c6é phuong trinh

duge biéu thi bdi (9.87) véi gée 0, = 2°; % =2,

Séng phang thit cdp ¢6 phuong trinh duge biéu thi béi (9.88), véi 6, =%' N=1,

’

D,, =0,25, D,=0,5.

Ham s6 bién dang bé mat ket cdu va phan bé trd khdng bé mat tinh theo cdc cong
thuc (9.75) va (9.76) duge v& & hinh 9.23.
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A
Hinh 3.23. Hinh 8.24,

b) Tim Ioi giai cha bai todan téng hop anten séng mdt bitc xa truc sao cho séng mat
kich thich v6i h¢ s6 chdm 1én dugc bién déi thanh séng mat ¢ ké s6 chdm nhd, hinh
thanh mdt mat déng pha cé dién tich 16n & ddu cudi anten'va giam séng phan xa tir ddun
cudi anten.

Gia thi€t séng mat kich thich truyén lan doc theo két cau cé hé s& cham % =3,

Song mat thir cdp bic xa cuc dai theo huéng 6, = 11° va ¢o hé s6 cham %'x 1,5. Két

qua tinh todn ham s& bién dang bé mat két cau va phan b6 ctia trd khdng bé mat dugc vé
¢ hinh 9.24. Trong trudng hop nay, ty s6 bién do clia séng thit cAp vA so cidp & ddu vao
anten (tai x = z = 0) dugc chon bang m = 0,3.

Trén day la cac két qua nhan dugc khi khio sét bai toan téng hop két ciu nhi bién.
Nhimg két qua nay cfing c6 thé dp dung dugc cho két cdu tru. Khi 4y qui luat bién dang
bé mat va qui luat phan bs trd khdng bé mat cha két cdu nhij bién duge dp dung cho két .
cau tru bang cdch sau: Su bién dang clia bé mat hinh tru duge thyc hién bing cach bién
di bdn kinh clia n6 doc theo truc. Qui luat bién ddi ban kinh cfia ket cdu tru duoc xdc
dinh theo c6ng thiic:

R=Ry+ xy(z)
trong dé: Ry — bén kinh ban ddu cha két cau tru;
Xp(z) — ham bién dang bé mat két cau.

Qui luat bi¢n déi trd kbdng bé mat (hay hé s§ cham) doc theo két cau duge thuc

hién theo phuong phap turong tu nhu d6i v6i két cau nhi bién.
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Chuong X
LY THUYET ANTEN THU

§10.1. CHAN TU DOI XUING LAM VIEC G CHE PO THU
Giad st chan te ¢6 do dat /. bdn
kinh « rdt nho so vdi bude séng, duge

dat trong trudmg cua mdt séng truyén

161 theo goc B doi véi truc chan ur, ¢ Z
vecta dién trudng £ ndm trong mat _-— -
phang t4i (hinh 10.1). | 17 ! "2 !
Hinh chiéu cta vecto dién trudmg
[&n truc chan i s& 1a: Hinh 10.1.
E =E.i (10.1)

i, — vecta don vi theo hudng truc -.
Néu ky hicu £, 1a cuong do dién truding clia séng ti tai tdm chan ti thi dién trudng
tiép tuyén tai diém c6 toa do z trén chan tit s& la:
E__,(Z) - E{)eikzcos(}rz _ E” sin eef'kzco.s'{) (10.2)
Dudi tic dung cua dién trudng ti€p tuyén, trén moi phan tu dz s phat sinh sitc dién
dong:
de = —E_dz = —F sinfdze™ (10.3)
Nhu vay séng phing truyén t6i chin tir da cam ting 1én chén tir sic dic_‘:n'd(}ng phén
b0, ¢6 bién do giong nhau & moi diém (bing E, sinBdz) va gée pha bién déi theo qui luat
kzcost.
Dué6i tic dung ciia suc dién dong phan b6, trong chdn tlr s& phdt sinh dong dién.
Dong dién nay gay ra dién dp & dau vao

Lo, dey de

chan it } oo -
Bay gir ching ta xdc dinh sdc dién | flr- I(z)

dong & dau vio chan tir khi trén chén t& ¢ 2= I

stc dién déng phan bé (10.3) Hinh 10.2.
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Theo nguyeén ly twong hé da khao sét & chuong 4, sitc dién dong & dau vio anten ¢6
quan hé véi sitc dién dong dat & phan tir dz (hinh 10.2) bai:
de, = —E f{z)dz (10.4)
()
anten (do cdc S.D.D phén bé trén chan tir gay ra) duoc xac dinh bai:
1/2

e, == | Ef(z)dz . (10.5)
-172

a day: f(z) = la ham phan b& dong dién trén chan tlr. Sitc dién dong & ddu vao

Néu ham phén b6 dong dién duoe biéu thi theo cong thide:

: {
siit k [ — zj ;
f(z)=-—2~—~ vai (O<z <5]

. ki
sin -—
, . (10.6)
i {
sin k + 2z
fz)= (2 } vai 0>~>—i
. ki - 2
sin
2
thi tich phan (10.5) s& cho két qua:
k! ki
vl cOo8 -50058 - CO8 -2
¢, =-E, = - (10.7
n . ki sinf
sin 5

Néu & déau vao chén tit duge mac (i thi trong tai sé xuat hien dong dien. Goi dong
dién chay trong tai Ia I thi gid tri cha né s& bang ty s6 clia stc dién dong nhan duge &
dau vao chén tir trude khi mac tdi chia cho tdng tré gém tai Z, va trd khang vao Z, clia
chan t (theo dinh 1y Tevénin).

: ki ki
cos| _ cosB [ — cos -
X E, » 1 2 2
ARl N in®
 + 2, AN I sin

(10.8)

Cong thitc trén bi€u thi quan hé cla ddng dién trong tai anten véi géc 16i clia song
dién (ir. Tir day thay rang ham phuong huéng ca chan tir 1am viéc & ché do thu ciing
giong ham phuong huéng cta chin tir 4y khi lam viéc & ch€ do phat. N6i cdch khic,
quan hé giita cudng d6 trudng birc xa bdi anten theo hudng khao sét ciing giéng quan hé
gilfa sitc di¢n dong (hay dong di¢n trong tdi anten) v6i huéng ciia séng dén khi anten
lam viée & ch€ d6 thu. Tai huéng ma khi phat, chan tir bic xa cudng do trudng cuc dai
thi khi thu, cling theo hudng dy & thu duge sifc dién dong cuc dai.
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_ §10.2. AP DUNG NGUYEN LY TUONG HO
DE NGHIEN CUU TiNH CHAT CHUNG CUA ANTEN THU

& tren, ta d3 khao sat tc dung cla séng dién tir phang 1én mot chan tir d6i xitng 1am
viéc & ch€ do thu, va 4p dung nguyeén 1y twong hé dé xac dinh sitc dién dong nhan duoe
& ddu vao anten. Khi dy dé xdc dinh dong dién trong 1ai anten cin biét tr& khang vao va
ham phuong hudéng cua chin tr khi chédn tir 1am vi¢e & ché€ do phat. Trong trudng hop
(6ng quat, c6 thé dp dung nguyén 1y twong hd dé nghién ciiu tinh chat ca mot anten bat
ky ding & ché do thu.

Khao sdt hai anten 1 va 2 dat cach xa -
nhau trong khong gian, trong mot moi
trudng dang huéng. Ky hiéu tdng tré & cac
cuc cua hai anten la Z| va Z, (hinh 10.3).

Trudng hop téng quét, cac trd khang
nay bing tdng cla trd khang ngoadi mac
vio anten v trd khdng vao ban than cia ™
anten. Khi anten lam viéc & ch& d6 phat thi

| ‘ Hink 10.3,
trd khdng ngoai 1a ndi trd cda ngudn

S.D.D, con khi anten lam viéc & ché€ do thu thi tr& khang ngodi 1a tai cla anten.
Ly =2y + 2,
Ly=2n+ 2y

Vi méi trudng truyén song 1a dang hudng nén ta cé thé coi hé théng hai anten va
mol trudng ndm & khoang gifta hai anten 4y nhu mot mang 2 clta ma dau vao va ra clia
né 14 cdc cuc coa hai anten.

Gia st anten / 14 anten phdt, anten 2 14 anten thu. Goi ¢, 1a S.D.D dit vao cuc cla
anten / cdn /,;,, 1a dong dién nhan duge & tai cua anten 2. Tiép dé lai gid thiét anten 2 1a
anten phat, anten / 1a anten thu con SPD dit vao anten 2 1a ¢,, dong dién trong tai anten
Flady,.

Theo nguyén ly tuong hd ta c6 thé viét:

S T (10.9)
‘(Zthu Ilhu i

Khi anten / la anten phat, stic dién dong ¢, s€ tao ra trudng bic xa Ezl tai vi tri cla
anten 2. Pong thdi dién trudng £,, ¢6 quan h¢ véi dong dién chay trong anten / theo
cong thirc téng quat (3.29)

= ik - e~ *r
£ = WLy 101 F1(6;, 91}

—— 10.10
4 ( )
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trong d6, [, — dong dién & dau vio clia anten /;
Ly — d6 dai hi¢u dung cua anten / (khichen/ =1);
F1(8,, ¢;) - ham phuong hudng chuin héa clia anten / tai huéng 0, ¢,.

Tir (10.10) ta nit ra duge:

E, 4nR
Iy = 2| T Zik (10.11)
~kWLiy 1y (8, ¢p)e™*
Mat khic, Iy, c6 thé duge x4c dinh qua sic dién dong e, vi tdng try Z,
e e
I — L =L 10.12)
N z,+z, (
So sanh (10.11) va (10.12) ta cé:
E, 74
e, = £y 2 4R - (10.13)
Tuong ti nhu trén, khi anten 2 la anten phat ta c6:
e, = FipZp4nR (10.14)

WL Fy 8y, @)

Thay (10.13), (10.14) vao (10.9) va thuc hién phép bién ddi don gian s& nhan duoc:

iy + Z) | huwEp + Zip)

Eply B0 91)  EyLyyF(0,, @5)

Dé dang thay rang v€ trdi cua (10.15) chi chia cic dai luong cé quan hé dén anten /

con v€ phai chi chifa cdc dai lwgng ¢6 quan hé dén anten 2. Cdc anten [ va 2 dugc gia

thi€t bat k¥ nén ty s6 cha cdc dai lugng & 2 v€ cia (10.15) phai 12 hing s6, khong phu
thudc vao loai anten. Do d6 d6i véi mdi anten bat ky ta ¢6 thé viét hang ding thic sau:

[:hu(zr + Zv) —

E,LyF©, )

(10.15)

{10.16)

trong do, [, — dong dién nhén dugc trong tai anten dudi tic dung cia trudng séng 16i;
Eo — cudng do trudng ctia séng tdi tai diém dat anten thu.

Cac dai luong (Z, + Z,), L;;, F(8, @) 1a téng tr& cha anten, do dai hiéu dung va ham
phuong hudng chudn héa cha anten 1am viéc & ché do phat.

Tir (10.15) ta tinh duge dong dién trong tai anten

E L, F(@®, )
Iy =C—0 2 F | 10.17
thu Z: N Zp ( )

Vi s6 hang ndm dudi miu s6 & v&€ phai cla (10.17) 1a tdng try ciia anten nén hién
nhién tir s8 ciia ty s6 nay duge coi 12 sifc dién dong nhan dugc & cuc ciia anten thu
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e, = CE,L,F(®, ¢) (10.18)
Vi hang s6 C ¢6 gid tri giéng nhau d6i v6i moi anten nén ¢6 thé dé dang x4c dinh
n6 khi khao sdt mét anten cy thé, vi du chan tir d6i xdng.
Nhu dé khao sdt ¢ §3.5 chuong 3. d6i véi chan tir d6i xing ta c6:
kl kl
cos| _cosB | - cos-—-
2 2

sin K sin 9
2

LyF(0, )= A (10.19)
e

Néu chy y dén (10.19) thi khi so sanh (10.18) va (10.17) s& nhan duge C = 1. Dong
dién trén tai anten thu s€ dugce tinh theo cong thiic:
_E,L,F(0, p)

I, = 10.20
thu Z; - Zv ( )

Trong cong thic trén L, F(6, @) va Z, Ia céc thong s6 dac tnmg cha anten khi 1am
viée & che do phat. Ta thdy ring su phu thuc clia dong dién & trong anten véi huéng cia
song dén ciing duge bicu thi boi ham s6 F(0, @) . Tir dé thdy ring ham phuong hudng
cua anten khi lam viéc & ché do thu hoac phdt déu cé dang giong nhau. Ti€p tuc suy ludn
c6 thé nhan thay hé s6 dinh huéng va hé s6 tang ich cta anten khi lam viéc d ch& do thu
va ch€ 46 phdt ciing giéng nhau.

Tr1 36 ¢, xdc dinh theo (10.18) v6i € = 1 dugc goi 1 stkc dién dong tuong duong cha
anten thu. Hinh 10.4 v& so d6 tuong duong clia anten thu.

Khi anten thu cam tng trudng cla séng t6i, né trdy
thinh nguén sitc dién dong véi gid tri cia S bing: T
— — €,
e, = E,L,F(8, 9) !
Strc dién dong nay s€ dat duoc cuc dai khi s6ng truyén
dén theo hudng cyc dai chinh ciia dé thi phuong hudng, Zv
nghia la img vai hudng c6 I1F(O, ¢)l = 1.
Ta cé: le | ax = 1E,l Ly

Néu chd ¢ dén (3.37) thi

Hinh 10.4.

. D R
IeO lmnx =tEolk(_1r;;/5;t_2_0_

12
J (10.21)

§10.3. VAN DE PHO! HOP CUC TiNH GIJA ANTEN THU VA PHAT

Gid sir ¢6 hai anten 7 va 2 bat ky, trong d6 mot anten lami viée & ch€ do phat (vi du
anten /) va mt anten lam viéc & ché€ do thu (vi du anten 2). Nhu dé khao sét & phéin
trén, stc dién dong nhan dugc ¢ cuc anten thu (hay dong dién nhan dugc trén tai anten)

256



phu thudc vao tich vé hudng EZ}FZ(B' $). O day EZI la cung do dién trudmg tao bdi
anten / tai vi tri cua anten 2 (hodc néi chinh xdc la & diém ma ta di biét dac tinh phuong
hudéng pha cia anten 2 khi khong c6 anten 1), con F; (6, @) 1a ham phuong hudng vecto

phic hop chudn héa ctia anten 2 khi anten lam viéc & ché do phat. Cac dai lugng nay c¢é
thé duge biéu thi qua bién do phic ciia vecto phan cyc p, (0, ) (hdm phuong hudng

phan cyc khi anten lam viéc & che do phét). Thyc vay theo (1,74) cudng do trudng tao
béi anten / & di€ém dat anten 2:

, _ ke TikR ;

trongdé £, (0, o ye P10 pam phuong huong bién do va pha clia anten /;

P10, ;) —ham phuong hudng cuc tinh cita anten /.
Theo (1.72) ham phuong hudng vecto phitc hgp chuidn héa ctia anten 2:
I5(8;, 93) = B©8;, 03) 5(6,, 0,)
Gday: B8y, @) = Fpp(8;, )10 02)
cua anten 2;
P2 (05, @) — ham phuong hudng cuc tinh cta anten 2.

— ham phuong hudng bién do va pha

Tir d6 ta thay SDD nhan dugc trén anten thu ngodi sy phu thudc vio ham phuong
hudng bién do va pha clia méi anten con ty 1& v6i tich vo hudng (p,.5,). Pai lugng nay
dugc goi la h¢ 56 phdi hop cuc tinh ky hi¢u la & RS ring 14 hé s6 phoi hop cue tink sé
bang khong khi p; va p, ¢6 phuong vuong géc nhau, va dat cuc dai véi bién do bang |
khi chiing ¢6 phuong triing nhau.

D6i v6i anten phan cyc thing, vi du chan ti, k&t luan nhan dugc & trén 1a khd hién
nhién vi trong trudng hgp nay vecto tifc thoi cta cudng do dién trudng bic xa (cling
chinh la vecto phan cuc tic thoi) bién déi theo thoi gian nhung ¢é phuong khong doi,
pht hop v6i phuong 5. Do d6 sur truc giao cita p, va p, ching to: néu chan tr 1 1am
viéc O che do phat, chan tlr 2 fam viéc & ché do thu thi khi dy vecto dien trudng biic xa
cha chan tir 1 s& vudng géc véi truc chia chén tlr 2 va tat nhién s& khong gay ra SDD cam
ting trong chan tir 2. Nguge lai, trudng hop tring phuong cla B, vi p, chimg t6 dién
trudng buc xa cba chan wr 1 song song véi truc ctia chan tlr 2 v do dé s€ gay ra SDD
cam {ing cuc dai trong chan tir 2.

Bay git ta can lam sdng to hon nhitng két luan nhan duoc d trén cho truong hop
tong quit khi anten / va 2 la cdc anten ¢4 dac tinh phén cuc elip.

Ta bieu thi cdc ham phuong huéng cyc tinh dudi dang (1.70)
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P = ig0 + By 1-af ™t

_ _ (10.22)
Py = l;ptlz + % I - Glt% e'"2
Khi dy, hé s6 phdi hop cuc tinh s& bang:
£ = PiPy = 0ycy + (L - ad)(l — ad) VIV (10.23)

Ta hdy tim di€u kién khi anten khong thu séng, nghia 1a diéu kién d€ (10.23) bang
khong. Vi (10.23) la ham phic nén né sé chi bang khong khi cdc phin thuc va do déu
bang khong, nghia la:

Re(€) = ayaty + y(1 — 02)(1 — 02) cos(y; + ) = 0 (10.24)
Im(E) = 0 - o)1 - o2) sin(y, +y,) = 0 (10.25)
C6 thé nhan thdy (10.25) s& bing khong khi:
0 hoic
(Y +yy) =

Nhung vi o, a, 1a cdc dai lugng thuc, duong nén c6 thé thay ring (10.24) chi cé thé
bang khong khi:

(W + W) =7 vaa, = Jl - af (10.26)

Diéu d6 ¢6 nghia bién d¢ phifc clia c4c vecto phan cyc phai ¢6 dang:

Py = i,cost + fsin eV
? A (10.27)
Py = i(p sinf + Iy cos te' Y
. T . T i
o da 0<t<— va —— < < —
Y 5 5 Y 5

Tinh toédn theo cong thic (1.77) va (1.78) ting véi mdi cap tham s6 ¢ va y nhdt dinh
s€ nhén thay elip phan cyc cla hai anten ¢6 hé sé clip bang nhau, con hudng truc I6n cia
hai elip vudng géc nhau.

D¢ xdc dinh chiéu quay cla vecto phan cuc ta xét ddu cta cdc pée pha W, va y,. Dé
dang nhén thdy rang cic goéc pha nay luon cung ddu v6i nhau. That vay, néu y, duong
thl y, = (x — y,) <, nghia 14 y, duong, con néu ;| am ta ¢é y, = (1 — y,) > n nghia la
Y, 4m. Nhu vay tai di€ém khao sat, vectd phan cuc cha hai anten cé chiéu quay gidng
nhau.

_ Nhung cén chd ¥ rang d6i véi ngudi quan sat dimg vé phia mdi anten nhin theo
- hudng song truyén di thi s& thay vecto phan cuc quay trdi chiéu nhau. That vay, gid sir
c6 hai ngudi quan sit ding vé phia hai anten va nhin theo hudng séng truyén téi anten
kia; n€u ngudi quan sat thit nhat nhin thay vecto p quay nguge chiéu kim déng hé thi
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ngudi quan sét thir hai s& nhin thdy p quay thuin chiéu kim dong hé. Vi vay néu nhu
khi lam viéc & ch€ d¢ phat hai anten ¢ elip phan cuc thda mén cac dac tinh da néu &
trén thi khi lam viéc ¢ ch€ do thu phat, anten thu sé€ khong cé kha nang thu nhan séng
bifc Xa tir anten phdt truyén t6i.

Ta goi quan hé phan circ vira khdo sdt & trén 13 quan hé phan cuc tryc giao.

Bay gi¢ ta xdc dinh diéu kién dé hé s6 phai hop cuc tinh ¢6 gid tri cuc dai, nghia la
khi tinh (p,. p,) ¢6 modun bang 1.

Ta ¢6 binh phuong médun ctia hé s6 phdi hgp cuc tinh:

2
I§i2 = [alaz + \/(l - a%)(l — 0(%) cos(y, + \|12)} + (1 - 0!.?)(1 - a%)sinz(lp] +y,y)=

= o202 + 200, (1 - o)1 - ad) x cos(y, + w,) + (1— D) — od)  (10.28)

R6 dang (10.28) s€ dat dugc cuc dai khi (y; + ;) = 0, nghia 1a vy, = —y,. Khi ay
(10.28) s€ c6 dang

) 2

g = [ore, + 4 - adrat - o)) (10.29)
it a = costj; o, = cost,, ta s€ viét lai (9.29) dudi dang

|)§‘2 = [costl costy + sint sinr2]2 = 0052(11 —-1,)

Biéu thirc nay ¢6 cuc dai tuyét déi bing 1 khi ¢, = 1,. Nhu vay hé s6 phéi hgp cuc
tinh s& ¢4 cuc dai bang 1 khi bién d¢ phiic cia cdc vecto phan cuc ¢6 dang:
Py = i, oSt + psinte™
P (10.30)

& day 0<r<

Diéu kien (10.30) ching t¢ & diém khdo sat, hai elip phan cuc c6 thong s6 hoan toan
giong nhau (hé s6 elip, phuong chia truc 16n) nhung vecto phan cye tire thdi cé chiéu
quay ngugc nhau. :

Ciing tuong ty nhu da khdo st d trén, néu trén cing mot mat phang ta ¢é vecto phan
cyc cha hai anten quay nguge chiéu nhau thi d6i v6i mdi ngudi quan sit ding vé phia
clia moi anten va nhin theo hudng séng truyén t§i anten, s& thiy vectd phan cuc ¢é cling
chiéu quay (thuan hoac nguge chiéu kim déng ho). Di€u dé ¢é nghia mudn dat duge he
s phoi hop cuc tinh cyc dai thi khi lam viéc & ché€ do thu phat hai anten phai c6 elip cuc
truc nhau va chiéu quay giéng nhau.
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§10.4. CONG SUAT THU PUGC TREN TAI ANTEN THU

Dé xdc dinh hiéu qua cla anten thu, ta fim cong sudt thu dugc trén tai mic & cuc
anten. Got tr¢ khdng tai 1a Z, = R, + iX,. Cong suat hitu ich do tai thu dugc s& bing;

1 2
Paw= 5 Il B, (1031)
Trong d0, dong dién chay trén tai anten duge xac dinh béi:
€
Iyy=—2— 10.32
thu Z; + Zl- ( )
Thay (10.32) vao (10.31) s€ ¢6:
1 e
thu = 7 iy (10.33)
2|z, + z,|

Trudng hop ¢6 phoi hop trd khidng gitra anten va tai, nghia 1a khi R, = R; X=-X,ta
5€ nhan duge:
L e

T20R)

thu R, (10.34)
Néu song truyén dén theo hudng cuc dai cha dé thi phuong huéng thi sie dién dong
nhin duge & dau vao anten sé dat cuc dai v do d6 cong sudt nhan dugc trén tai anten sé
cuc dai. Trong trudng hop nay (10.34) s& bang;
2 .12
{P } ___l'eﬂ‘max :Llﬁﬂ[ kz RZO
himax T g R T T g oW Mg

(10.35)

v

Neéu chu ¥ rang —gﬂ = 7 (hiéu suat cha anten)'” vi D, .M = G, (hé s6 tang ich
v

cla anten) thi 6 thé viét lai (10.35) dusi dang:

2,2
1 [ E,[ &
{Plhu}max - g;t_ [ GW Glhu

(10.36)

Trong d6 G, 1a h¢ s6 tang ich ctia anten thu. Dai lugng nay bing hé s6 tang ich cia
chinh anten néi trén khi Iam viéc & ché do phat.

Nhu vay cong suat cyc dai thu duge trén tai anten ty 1& thuan véi hé s& tang ich cda
anten. Néu tai clia anten (vi du m4y thu) dugc ndi véi anten qua dudng day fide ¢6 hiéu
suat nhat dinh thi cong suat cuc dai nhan dudc trén tai s& la:

* 3 . B - . . N . “ .7 - -
) That vay, néu biéu thi cong sudt blic xa va cong suat vio qua dong dién & diém clp dién [

1 1 . £ R
Py :ERZ(]IE; F, =§R;-"j va n:;:=?.-[]-
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LB

P =5~ G (10.37)

Yy, — hi¢u suat fide thu,

Gia sir séng dién tr truyen lan trong khong gian ty do khong tén hao. Bién cudng do
truSng bifc xa bdi anten tai diém thu s& dugc xdc dinh theo cong thitc 22
2 WP

= m(}phﬁln)",ph (10.38)

trong d6, P”, — cong sudt ra cua may phdt va truyén vao fide phat;
' G onay — b€ $6 tang ich cha anten phat;
Ny pn — hi€u suét cua fide phat;
R — khoang cdch tir anten phdt dén anten thu.
Thay (10.38) vao (10.37) ta nhan duoc:
1 PA*
{ P e = 1622 “iﬁz—(’phal Gy Ny an Ny (10.39)
Trong thuc t€, cong sudt nhan duge trén tii anten thudng nhéd hon (10.39) vi khi
séng truyén lan con bi moi trudng hdp thu. Vi vay sau khi tinh cuong dé truong theo
(10.38) can nhén thém v6i hé s6 suy giam. Hé s6 ndy duge xdc dinh tiy theo cdc didu
ki¢n truyén séng cu thé.

5

2]

§10.5. DIEN TiCH HIEU DUNG CUA ANTEN THU

Dé dic trung cho anten thu, trong thuc 1€ con hay diing mét thong s& goi 1a dién
tich hidu dung cla anten.

Chiing ta hdly tam coi rang cong sudt ma ti anten thu duge cla séng dién tir truyén
ti tir khong gian bén ngoai 1a do duoc hap thu qua mot dién tich S cha mat séng.

Biét gid tri trung binh clia vecto mat do cong sudt tat mot diém bat k¥ trén mat séng

2
bing ‘ © ‘ ta c6 cong suat truyén qua s bing,.
£
P ¢ (10.40)
2W

Gia thiét dieu kign phdi hop tr¢ khéng giita anten va tai dugce thye hién, nghia B
thuc hién duge diéu kién truyén dat cong sut cuc dai. Néu can bing vé phai cha (10.36)
va (10.40) thi dién tich S nhan duge & day duge goi 1a dién lich hiéu dung ciia anten thu
va ky hieu1a s,

| E

e

2W

o 1|EfH
8r W

hd = G
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7\'2

47
Né&u hiéu suat anten bang 1 thi:
7&2
Shd =— D (1042)
4n

Cong thic (10.42) phit hop v6i cong thite (8.68). Piéu nay ¢6 nghia: dién tich hiéu
dung cua anten khi 1am viéc & ché d¢ thu bang dién tich e xa hi¢u dung cia anten khi
lam viéc & ch€ do phdt. Trudng hop anten mat 1y tuéng thi dién tich hiéu dung cia anten

chinh bang di¢n tich hinh hoc cla né. D6i véi chan tir nita séng [! = %] véi gia thiét y

= 1, ta ¢6 dién tich hiléll dung bang:
Syg = 0,522 (10.43)
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Chuong XI
ANH HUGNG CUA MAT DAT
DEN DAC TINH BUC XA CUA ANTEN

. . — —  _________ ——————— _—__— ——————————  ——————————————— e ———————————————————

§11.1. AP DUNG PHUONG PHAP ANH GUONG
~ 9 X P s &) -t > - - s ~ Z
DE GIAlI BAI TOAN BUC XA CUA CHAN TU BAT TREN MAT DAT PHANG

Tix rude dén nay ching ta méi chi khdo sét bai todn dsi véi cic hé thong bitc xa dat
trong khong gian tr do. Trong thuc t€, cic anten thudng duge dat gian mat dat hoac céc
mat kim loai.

Dué6i tac dung cia trudng biic xa boi anten, trong mat dat hodic trong cdc vat kim
loai dat gn anten s& phét sinh cic dong dién dan va dong dién dich (dong thit cap). Cic
dong thir cap sé tao ra trudng biic xa va do d6 trugng téng trong khong gian s& 1a glao
thoa cua trudng bic xa tryc ti€p bai anten (blfc xa so cap), vi trudng bic xa clia cdc
dong thi cap trong mat dat hoac cdc vat kim loai & gn (trudng biic xa thit cap). Do anh
huéng bitc xa cha céc dong thit cap nén dé thi phuong huéng cha anten tré khing biic xa
va trg khdng vio ctia anten s& thay ddi. Ngoai ra, vi mat dit khong phai 1a vat dan 1y
tudmg nén viéc xuat hién cdc dong trong do6 s kém theo t8n hao nang tugng v [am giam
hi¢u suat ctia anten. Tuy nhién tinh todn dnh hudng clia mit dét thyc (mat d4t ban din
dién) dén cdc dac tinh bic xa clia anten 1a mot bai todn phic tap. Vi vay, dé viec khao
sat dugc don gidn, trong moét 86 trudng hop ta ¢d thé 1§ tudng héa cic didu kién cia bai
todn, coi mat dat 1A mot mat phing din dién 1y )
tudng. Ap dung phuong phép 4nh guong ta c6 thé T
giai quyét bai todn buc xa cia chan tir dat rén mat

Chdn ni thire

dat mot cdch dé dang.

) s ., ///////‘ TI77777 777777777777
N6i dung cua phuong phip dnh guong ducc f

trinh bay sau day. Khi tinh trudng bitc xa tao béi h
chan wr dat rén mat phéng dan dién 1y wdng, tic x

. . L g o e . ga O Chdn 1 anh
dung bitc xa cha cac dong thit cap ¢6 thé dugc thay
th€ bdi tdc dung biic xa ctia mdt chidn ©r Ao, 1 anh
cual chzan’ tr thuc qua mat phang dan dién - goi 14 Hinh 111,
chdn ur anh (hinh 11.1).
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Dong di¢n cia chan tif dnh phéi ¢6 bién do va pha thé ndo dé cho truong tdng tao
bai chén tir thue va dnh ciing gidng nhu trudng 16ng tao bdi chin tir thuc va cac dong thi
c¢dp, dong thoi cdc vecto trudong tong phéi thod min diéu kién b trén mat vat dan ly
tuong. Mudn vay, dong dién anh phai cé bién do bang bién do dong dién ctia chan
thuc con pha cua né so véi pha dong di¢n cia chan tir thue s& tuy thuoc vao hudng ciia
chat it thuc so véi mat phan xa.

Khi chén tlr dien dat song song vdi mat dét thi dong dién anh s& nguoc pha véi dong
dién ciia chan tir thue, con khi chén tir dat vudng géc v6i mat dat thi dong dién cha chin
tir thue va anh dong pha nhau. Trudng hop chan tlr tir thi sé ¢6 cdc k&t qua nguoc lai so
v6i truong hop chan tir dién. Cic két luan trén ¢6 thé dé dang duge chitng minh dua vio
di¢u kién bo clla vat dan 1y tudng déi véi trudng bife xa téng clia chan tir thue va anh. DE
vi du ta khao sat truong hop chan tir dién dit song song véi mat dit nhu v& & hinh (11.2).
Tai giao diém P clia dudng stc dien cla chin ti thue va mat phing dan dién, vecta E ¢6
thé dugc phan tich tam hai thanh phdn: thanh phdn ti€p tuyén E, vi phép tuyén E, véi
mat phing dy. R& rang 1a néu khong ¢6 sy tham gia ctia trudng bic xa thi cdp cia dong
dién anh thi diéu kién bo cua thanh phén tiép tuyén dién trudng trén mat dat (dan dién ly
tUcmg) s¢ khong duge théa man. Diéu kién bo ndi trén s&€ dwoc thoa min khi dién trudng

E tao bdi chan tlr anh tai di€m p s& phan b6 the nao dé ¢o E, = —EI .

PR
h_I \*/f\ 'y

1
—_ Eo ..i E,

!

{

!

Hinh 11.2.

Tir d6 dé dang thay rang dong di¢n cla chén tir dnh phai bang vé bién do va nguoc
pha véi dong dién ciia chan tlr thye. Ciing ching minh tuong ty ta s& nhan dugc két qua
doi v6i cic trudng hop chan tir tir dat song song véi mat dit va chan tir dién, chén ur 1
~dat vuong gdée mat dat. Diéu nay cde doc gid 6 thé ty thuc hién mot cdch dé dang.

Ap dung phuong phap anh guong dé tinh trudng bifc xa cia chén tir dat trén mit dat
cho phép ta c6 thé thay thé mat ddt bdi mot chan tir 4o 1a anh guong cha chin tir thic.
Khi dé bai todn bitc xa ¢ha mot chan tir dat trén mat dat & do cao / sé trd thanh bai todn
bitc xa cua h¢ hai chdn tlr dat cich nhau 2/4. Bai todn nay duge khao sét & chuong 6.
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Viée 1y tuong héa mat dat thyc thanh mit phing dan dién 1y tuéng cho phép ta ¢
thé€ ddnh gid anh hudng ctia mit dat 1én bic xa clia anten nhung viéc ddnh gid nay chi la
gan dung va ciing chi ¢6 the thuc hién duge trong mot s6 trudng hop. That vay, d6i véi
dai séng dai tinh chat clla mat dét gan giong tinh chat cta vat dan, nhung doi véi song
ngan mat dat duge coi 1a ban dn dién, cdn d6i véi séng cuc ngin thi mat dat fai duoc
xem nhu di¢n moi (vin d¢ nay da duge khdo sat trong gido trinh truyén séng vo tuyén
di¢n. Khi ay truong bic xa clia chan tir s& duoc truyén t6i diém thu duéi dang t8 hop 3
s6ng: song tryc tep, séng phan xa tir mat dat va séng mat truyén lan doc theo mat dat.
Thanh phan séng mat nay phu thuoc vao do cao dat anten trén mat dat, ¢é bién dd 1on
khi anten dat thap va giam dan khi ting do cao anten.

Tinh todn chinh xdc anh huéng caa mat dat lén biic xa cla anten 13 mot van dé rat
phic tap. Vi vay ching ta khong trinh bay & day ma s& chi dé cap dén phwong phdp tinh
gan ding. Khi dy, d¢ tinh trudng & cdc cy ly xa (trong mién bitc xa) ¢6 thé dua vao ly
thuy&t phin xa clia séng phang. Séng bifc xa tao bdi anten khi anten dit cao (trén mat
dat thuc, c6 d¢ dan dién hitu han) dugc truyén t6i diém thu bang hai thinh phin: Séng
tryc ti€p blc xa tlr anten vi séng phan Xa trén mat dat theo quy luat quang hinh. Séng
mat truyén lan doc theo mat dat trong trudng hgp niy ¢6 bién do nho, c6 thé bd qua. Khi
dy truong & diém thu giong nhu duge tao thanh bai trudng bite xa cla hai chin tr dat
cach nhau 24 trong khong gian tir do. Phuwong phdp dya trén nguyén 1y phan xa néu &
trén con duge goi la phuong phdp dnh guong suy rong. Dong dién cia chdn tit anh trong
trudng hop ndy ¢6 gid tri bing tich s cha dong dién trong chén tir thue nhan véi he s6
phan xa clia séng trén mat dat, nghia la:

I'=R,1
trong d6: R, ={R, |e"™
|R - mddun clia hé s6 phan xa
Wpy — &6¢ pha cta h¢ 6 phin xa

Cac dai lugng nay phu thudc vao dang phan cuc ciia séng, vio goc nghiéng A, va
céac théng s0 dién cla dit (e,0) vi vao budce séng A.

§11.2. BUC XA CUA CHAN TU 9Ol XUNG DAT TREN MAT DAT

Trong phén nay s¢ dé cap dén trudng hop chén tlr dat thing ding va song song (rén
mat dat, ¢6 1am pha cdch mat dat mot khoang # (hinh 11.3).

Ta khdo sdt trudng bic xa cha chdn tir trong mat phang vuéng géc véi mat dat.
Trudng hop chan tir dat thang ding thi mat phéing khdo sat déng thdsi 12 mit phéng chita
chdn tlr, dién trudng phan cuc thing dimg ndm trong mat phang dy. Trudng hop chan tir
ndm ngang thi mat phang khdo st la mat phang vuong gée véi truc va di qua tam chan
tr, dién truong phan cuc ngang va vuong géc véi mat phdng khao sit.
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Dé tinh trudng biic xa clia chan t trong trudng hop mat dat cé thong s6 bat ky, ta
ap dung phuong phdp phan xa hay phuong phdp anh guong suy rong. Bai toan bay gid
trd thanh bai todn bitc xa cta hai chén ur dat cdch nhau 2k véi quan hé dong dién giita

hai chin tir bang |R,.e"¥7"|. Néu coi trudmg tao béi chan tir
thuc tai diém khio st c6 géc pha géc thi bidu thic cuomg do &
truong tao bdi chdn tir anh ciing tai diém 4y c6 thé viet dugi  § S
dang: h EA R,
¥
1 —2khsinA
Ey = B[R,V 250) (a.y |
h R,
E, — bién do cudng do trudmg tao bdi chan tir d6i xing trong Y Iyt o
khong gian tu do

Eq - cudng do trudng cha chan tir & hudng biic xa cuc dai.
F(A) — ham phuong hudng chudn héa clia chan tit trong mat phang khio sét.
Trudng hop chén tr dat song song véi mat dat thi F(A) = 1, con trudng hop chan

dat thang ding thi:
cos[% sin AJ—cos%
(l—cos 2 )cosA

Trudng téng tao bdi chan (& thyc vi anh tai diém khéo st s& bang:

e;‘(wm —Zkhsiﬁl\]] (11.4)

(11.3)

E=E, +E, :E()F(}(A){l"'l}épx

Trong d6, he s6 phan xa R, d6i v6i trudng hop chan tir dat thing dimg vi nam
ngang duge xac dinh nhu trong gido trinh truyén séng.

D6i véi chédn tir ndm ngang:
. .oy sinA ~,fe' —cos” A
Ryg =|Rugle™™ = P
ng ng
: ' 2
sinA+,fe p— COS A
D61 véi chan tir thing ding:

i L g' sinA—,fs' —cos? A
Ry =|Ryle™ == e (11.6)

Vo ' 2
epsmA+\/8p cos“ A

(11.5)

g', 12 h¢ dién moi phuc twong doi cla mat dat
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£
s‘!)=-’i(1—fiJ (11.7)

Néu 1dy modun biéu thire (10.4) ta co:

|E\=E0F0(A)\/1+‘RPX

Trudng hop chan tr dat song song vdi mat dit, Fy(A) = 1. Khi gid thiét mat dat 1a
dan dién |V tudng, v6i moi gid tri clia gé¢ A déu cé IRpgl= 15 W, = 7, ta c6:

|| = Eg\J2[ 1 +cos(n-2khsin A)] (11.9)

: +2|Rpx

cos(wpx —2kksiriA) - (11.8)

Ap dung cong thic lugng giac cos% = %(cosa+ 1) ta nhan dugc biéu thitc ham

phuong hudng clia chan tr dat song song trén mat dat phiang dan dién 1y tuéng:
(A = sin(khsinA) (11.10)
Nhu vay sin(kksinA) chinh 13 ham s6 16 hop, nhan duge do su ¢6 mit cia chin tit
anh.

. . ) 0 0°
D6 thi phwong hudng ciia chan 90 - ?

tr doi xdng dat song song trén mat ‘
dat dugc v& & hinh 11.4, trong d6 |go° A=0" 180" ) a=0"

hinh (a), (b) la trudng hop mat dat ., _ o5 By k= 0.5k g = 00
dan dien 1y twong, (c) 1 trudong hop )
mat dit din dién hiu han. Truomg %

hop chan tir dat thang ding trén \ﬁ N j
miat dat, F{4) dugc xédc dinh theo 180" T p=df

(11.3). Pong thoi, véi miat dat dan k=051 3 g

. " . . e . » =UdA =510
dién ly tuong tht img vdéi hau hét ¢ ° i
cac géc Adéucé Ry/=1; w,=0;

cong thic (11.8) s& nhan dugc: . Hink 114
[E} = 2E,F ) Ajcos(khsinA) (11.11)
Ham phuong hudng clia anten trong trudng hop nay cé dang:
F(A) = F(4) cos(khsinA) (11.12)

D6 thi phuong hudng cha chém tir d6i xing dit vudng géc trén mat dat duoe v& &
hinh 11.5.

Cac két qua néu trén hinh (11.4) va (11.5) nhan duge theo 1y thuyét phan xa khi coi
mat dat dan dién 1y tudng hoan toan phit hop véi cdc két qua suy lusn duge tir phuong
phép anh guong truc ti€p. Néu mit dat ¢6 do dan dién hitu han thi khi anten dat trén cao
mit dat ¢6 thé tinh trudng bifc xa theo cong thife téng quét (11.8), nhung néu anten dat
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gdn mat dat thi tinh todn theo 1y thuyét phan xa khong con diing nita vi lic Ay thanh
phin s6ng mat truyén lan doc theo mat dat cé bién do kha 16n, khong thé bo qua.

Vin dé xdc dinh anh hudng

cia mat dat 1én tré khang bifc xa 90
va trd khdng vao khi chan tir doi (T T
xing dat trén mat dat thuc ¢6 dé S h - 7
. ‘ A "_'_-_____“‘*—\“-;M, o
din di¢n hitu han ciing 1a mor L - °
143 o
bai todn rat phic tap. Dé tinh %0 A= 0

: . [=025) h=)0=00
todn gan diing, ta ¢é the dp dung

phuong phédp anh guong. Khi iy Hinh 11.5.

tdc dung cha mat dat s€ dugce thay thé bai tdc dung ctia mot chin tir Anh va bii todn s& ¢6
dang cha bai toan doi v6i hé 2 chan tir ghép (chuong V). Truong hop chan tir dat nam
ngang, ta cé bai todn cia chan tr song song dit cdch nhau 2h, dong dién trong 2 chan tir
bang nhau vé bi¢n do nhung nguge pha; con d6i véi chan tir dat thang dimg thi ta ¢6 bai
todn ciia 2 chan tir ddt thang hang, cach nhau 2k, c6 dong dién cung bién do vi cling
pha. Phuong phap gan ding néu & trén cho 1a két qua kha phi hgp trong trudng hop chan
tlr dat nam ngang.

§11.3. BUC XA CUA CHAN TU KHONG POI XUNG PAT TREN MAT DAT

Chén tr khong doi xing duge dinh nghia 1A chén tr ma 2 nhdnh clia né ¢é hinh
dang hoac kich thude khdc nhau. Chan tir khéng doi xing s&€ khao sdt sau day 1a chdn tir

ma mot nhinh cla né giéng nhu nhdnh cla chan tr déi T
xung thong thuomg, dat thang ditng trén mit dat hoic trén ! l {
mot mat kim loai ndo do, mot dau duge néi véi cue mdy 777'/?7/7?'77777977: >
phét con nhanh thit 2 1 chinh mét dat hoic mat kim loai va
dugc n6i véi cye th 2 cua may phat (hinh 11.6). !I' M

Loai chan tr khong doi xting néi trén duge img dung Uz
rong rai trong dai séng dai, séng trung, séng ngan va déi khi .*

trong déi séng cuc ngin (anten diing cho cdc méy thong tin D)

Juu dong dat trén 6t6, mdy bay..)

. L Hinh 11.6.
Tinh trudng bic xa clua chan wr trong trudng hop mit

dat ¢6 do dan dién 16n (hoac khi anten lam viéc trong dai séng dai, trung) ¢ (hé duoc

thuc hién theo phuong phap anh guong. Khi dy tdc dung ctia mat dat duge thay thé boi

téc dung cua mot nhdnh chén tir anh, ¢6 dong dién bing bién do va cung pha vdi dong

dién trong nhanh chan ti thuc. Ap dung phuong phép anh guong, ta sé nhan duge mot

chan tr d6i xitng dai 27 tir mot chdn tir khong déi ximg ¢6 do dai { (hinh 11,6b).
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Ham phuong hudng cua anten trong mit phang ding (mat phéng chita chén ti) duoc
xdc dinh theo cong thite (11.3). D6 thi phuong huéng cua anten trong mat phang nay

PRl - - . l - o= [ [ - e =z . - a - -
tng vdi cac gid tri I khac nhau, v6i gia thiét mat dat dan dién 1y tuang duge vé g hinh 11.7.

A= 90° — og”
/\!/\ A=%0 A=90°
180" 0" 180" 0° (30" 0°
a)l=0.25\ b}l =051 c) 1 =0.6255
Hinh 11.7

De dang thay rang tré khadng vio clia chén tir khong d6i xing véi do dai / sé bing
nua trd khdng vao cla chén wr d6i xing véi do dai 2/. Thue vay, néu khéo sit trudng tai
mot diém nao dé tao bdi chan tit khong doi xing dit trén mat dat vi trudng tao bai chan
tir doi xdng dat trong khong gian tr do véi dong dién & du vio trong hai trudng hop
bang nhau thi cudng do trudng nhén duge trong hai trrong hop trén sé gidng nhau. Mat

5 .

1

do ning lugng S, = §:1E0— trong hai truong hop s& giong nhau. Néu xé4c dinh cong suat
T

bitc xa cua anten theo phuong phédp vecto Pointing thi thdy ring vi chin tir khong doi
xitng chi bifc xa vao mét nita khong gian nén dién tich 14y tich phan sé chi bing mot nira
50 vGi truong hop chan tir doi xung dat trong khong gian tu do. Ta ¢6 cong sudt bifc xa
clia chan ti khong d6i xing bing mot nfta cong suat bic xa cha chan tr d6i xtng. Do
do, dien trg birc xa va dién tré vao cha chin tlr khong déi xing bang 1/2 dién trd buc Xa
va dign trd vao cla chén tir d6i ximg.

§11.4. ANH HUGNG CUA MAT DAT LEN BUC XA
CUA HE ANTEN PHUC TAP

Phuong phap xdc dinh anh hudng clia mat dat lén bic xa clia chan tir doi X\ng ¢o
th¢ duge dp dung trong trudng hop anten phic tap, vi du anten h¢ théng chan ti. Cong
thirc tinh truong bic xa trong trudng hop niy ciing ¢é dang (11.4) nhung (4} & day 12
ham phuong hudng chudn héa ciia anten phic tap, E, 12 cudng do trudng clia anten &
hudng khao sat khi anten dat trong khong gian ty do, con k 1a khoang céch nr mat dat
dén tam pha cla anten.

D¢ vi du, ta hiy tinh trudng & huéng biic xa cuc dai clia he thong chén tir nlra séng
nam ngang, dong pha, dat & dé cao A trén mat dat (hinh 11.8). Néu xét trong mit phang
H ta cé (theo cong thuc 11.4):

]e"w”” ~2kh sinA]

ng
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Goi s6 chan tir xép theo hang,

X
cot 1a M va N véi céc khoang céch o I
bang d, va d,. Trong trudng hop 0 y

T z
nay £, va F(A) duge xde dinh bai h h
' 1
60/ . TITTTT7I 77777 I 777 7777777 7777777777 . e

Ey=MNE, = iMN ——b ¢~*Fo K

0 . o == : o

. [ Nkd, . e _— e o

SIn| —- 2 5in A °

1 2

Fo ()= N kd .
sin[ 2 sin A] Hink 11.8,

Trong dé d, 1a khoang cach ciia cdc chan tir xép theo cot.
H¢ s6 phan xa R,,g duge xdce dinh theo cong thiic 11.5

Dé tinh trd khang vao ctia mdi chin tir trong hé anten cé thé 4p dung cong thic téng
quit (6.15), trong d6 N cén dugc hi€u 1a s6 chin tir cia ca hé théng bao gom cédc chan i
thuc va chén tir anh; Z,; cdn duge hiéu 12 trd khdng tuong hé giita chan tir can khao sét
v3i toan bd cac chén tir chia hé thdng thuc va anh. Khi do, can chi y dén quan hé bién do
va pha ctia dong dién trong cdc chdn tir khi xdc dinh céc ty s8
ﬁlrong cong thirc 6.15. V& gia thiét anten la hé chin t

(7 2 4
nam ngang doéng pha, mit dat c6 do dan dién 1y tudng, ty s6
cua dong dién trong cac chdn tir thuc va chan tir dang xét s& ¢d

1 3

Il itriltiiiiiiiesd

gid tri bang 1, cdn ty s& cha dong dién trong céc chdn tr anh 5 4
va chédn tir dang xét s& ¢6 gid tri bing -1 (vi trong trudng hop ‘ O
- ¥ 3
nay‘Rpx =Ly, =%). o
Ta hday xét vi du bing s6 khi M = N = 2;

A 34 Hinh 11.9,
d =d, =Z;h="C "

2 4

Trong trudng hop nay s€ nhan dugc dién tré vao (hay dién tré birc xa) clua cédc
chan tir.

=73,1-1236+264-11,8-1,18+1,77 -3,76 + 5,75 = 77,92 ém.

2~ Ry
=-1236+73,1 -11,8 + 26,4 +1,74 - 4,08 - 5,75 -8,83 = 67,95 dm

Tri s6 dién tré bikc xa trung binh clia cdc chan tr trong hé théng c¢6 gid tri bang

Ry, =72,93Q. He s0 dinh hudng ctia hé thong chan tr xdc dinh theo cong thic (7.63)

s€ bang D_ =6,58.

maX
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§11.5. ANH HUONG CUA MAT DAT DEN HIEU SUAT CUA ANTEN

Thong thudng cong sudt clia mdy phat dat vao anten khong phai hoan toan duge b
xa ra ngoai ma mot phan bi mat mat do tén hao nhiét trén day dan anten, trong chat cich
dién, trong cdc vat kim loai hay di¢n moi dat gan anten va dang ké nhat 1a t6n hao trong
mat dit khi anten dat thap.

Trong trutng hop téng quat ta ¢6 thé viét cong suat vio clia anten.

Py=Fo +E, (11.15)

Néu bieu thi cong snat bite xa va cong sudt tdn hao theo binh phuong dong dién &
diém bung thi céng thic (11.15) c6 dang

1

_1p 2
Ta c6 hi¢u suat chia anten theo dinh nghia
P, R
-z _ b2 (11.17
o Ry +R,,

Néu anten lam bang vat dan dién t6t va chat cich dién c6 pham chat cao thi tén hao
nang lugng chi y&u la tén hao trong dat. Cong sufit tén hao nay phu thudce vio dong
dién, hodc cudng do dién trudng trong moi trudng dat va dién din cia dit. Pién din
cang 6n thi cong sudt t6n hao cang nhd. Cong sudt tén hao trong mot don vi thé
tich bang:

72

2" " 2%
o - dién dan clia moi trudng.

Do dé, dé€ tinh t6n hao ning lugng trong dit cin tim phan bd dong dién hodc dién
trudng G trén va trong moi trudng dat, thugc khu gén clia anten. Pay 13 bai todn khd
phitc tap cua dién dong hoc va chi ¢6 thé giai quyét trong mot s6 trudng hop dic bigt va
don gidn. DGi vai cdc dai séng khic nhau, 4nh hudng clia mat dat dén t6n hao nang
lugng ciing khic nhau.

Trong dai séng ngan va cuc ngan, anten thudng duge dit cao trén mit dit nén tdc
dung cha mat dat chi yéu la phan xa séng, tén hao khong dang ké. D6i vdi dai séng dai
va song trung thi anten thudng duge dat gdn mat dat (vi du chdn tir khong dsi xing diat
thing dimg hinh 11.10). Trong trudng hop nay dong dién dan chdy trén anten s& phan
nhinh thanh cdc dong dich, truyén vé cyc thit 2 ctia mdy phat qua moi trudng dat nim
xung quanh dé anten. Khi ay mat dat & quanh dé€ anten s& tham gia truc tiép vao viée
khép kin mach cia dong dién anten.
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Dé gidm anh hudng cia tén hao mat dat, thong
thuong ngudt ta tang do dan clia mit dat bang cich

thuc hién mat dat gia tir he théng cdc day din dat trén R T

mat dat hoac chon trong dt. // \\
Hiéu suat anten ¢d thé dat dugc trong dai séng dai r" s “11

khoang 10 + 40%, trong ddi séng trung khoang 70 — ,» —= ////f////-"-/— S

80%, trong dai séng ngan 90 — 95% con trong dai séng
cuc ngin hiéu sudt c6 thé dat t6i gan 100%. Hinh 11.10.

§11.6. ANTEN DAT GAN MAT DAT VA DUGI MAT PAT

Trong cédc phan truée, chiing ta dd khao sdt anh hudng clia mat dat {én bitc xa cia
anten, dac biét la doi v6i anten chan tir, khi tim pha cia anten dat & mét do cao nao 46
trén mat dat. Anh hudng cua mat dat dén trudng biic xa anten trong cdc trudng hop nay
thé hign & su xudt hién thinh phin séng phan xa tir mat dat tai diém thu, am thay déi
trong mot chimg muc nhat dinh hudng tinh va cdc thong s6 cfia anten.

Trong thyc t€ c6 nhi¢u trudng hop sir dung anten day khi anten dat rat gan mat da
hay dat dudi mat dat. Vi du khi thyc hién lién lac co dong trong diéu kién chién tranh
pha hoai c6 thé cang anten day sat mat dét, hodc dai anten ngay trén mat dat. Trong
quoc phong hay trong tham do mo dia chat, ¢6 nhiéu trudng hop cin dat anten bén dudi
mat dat (chon trong dat hoac chim dudi nudc). Trong cdc trudng hop ndy mit dit sé ¢é
anh hudng quy¢t dinh dén toan bo dac tinh bic xa cla anten vi né 14 méi trudng tiép
gidp véi anten va tham gia truc ti€p vio qud trinh bic xa. Vi vay & day khi khao sdt ta
khong thé ly (wdng héa mat dat nhu khi xét anten dat & dé cao nhat dinh ma phai can cit
vao diéu kién thuc clia mat dat, col mat ddt 1a moi trudng ban dan dién, ¢6 tén hao.

Trong phan ndy s& khao sat chld y&u 1a anh hudng cla mat dat dén huéng tinh cia
anten v6i hai truong hop: anten dat gan mat dat va dudi dat.

Nhimg két qua nghién ciu trong linh vuc ndy dd duge trinh bay trong nhiéu céng
trinh. O day s& chi £161 thi¢u mot s6 ndi dung chinh.

1. Anten dat gan mat dat

a. Vdn téc pha va hé sé rit ngdn budc séng

Gia sir do cao dat anten trén mit ddt ¢ gid tif rdt nhd so v6i budc séng nghia la
anten dugc dat gan, hoiac dat sat ngay trén mat dat. Trong trudng hop ndy. méi trudng
truyén séng bao quanh day dén s& bao gém hai nlra khong gian ban vé tan, trong dé nita
khong gtan phia trén (méi truong khong khi) ¢6 cdc thong s6 8'1 = l;p,'I =1;0, =0, con nira
khong gian phfa dudi (moi truong ddt) cé cdc théng so 8‘2 > l;ul2 #;0<o<w
(hinh 11.11).
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Bi¢t ring su truyén nang 1 {khéng khi)

fa $6 = hm=1o=
lugng clia séng doc theo day £ g=Lm=L0o=0 _

= Ldl F_‘

dan duge thuc hién béi su dich Hung (ruyén sGng Anten Pl E
2 - . N L Lopg
chuyen nang luong dién W o mmmm sz T7TTIIT77 77
trong moi trudng bao quan day H i) Eg, Eng,

dan. Vi vay, vay t6c clha séng g,> =1 0<0,<00
truyén theo day dan s& dugc
quyct dinh bdi cdc thong s6
chia moi trudng xung quanh. Trong trudng hop dang khio sdt mot bo phan nang lugng
dién tr s¢ dich chuyén trong moi trudng khong khi véi van t6¢ bing vin téc séng trong
khong gian tr do (van toc dnh sdng, bing ¢), phin cdn lai s& dich chuyén trong moi
truong dat véi van 16c nhd hon van tdc dnh sdng, phu thuoc vao thong s6 5'2 ;p'z va O,

Hinh 11.11.

clia dat va do cao cia anten. Anten cang dat gan mat dat thi v cang giam nhiéu. Vi vay
vay t6¢ trung binh clia song truyén lan theo day dén s& nhd hon van téc dnh séng, nghia
la anten dat g}fin hodc dat sat mat dat thude loai anten séng cham. Néu goi van téc pha
cua séng theo day dan 1a v, hé s6 pha 4 =% = %F (A’- budc séng theo day dan), con van
(6c pha va hé s6 pha clia séng trong khéng gian ty do nhu ky hiéu trude day 13 ¢ va & thi
hé s6 cham cua séng truyén theo day din bang:
¢ _h A
VTR
Viv<cenén&>1vald’ < 4,nghia la séng truyén theo day dn dit gdn mat dat s&
¢6 bude song nhod hon bude séng clia séng truyén theo day dan trong khong gian tu do.
Do d6, h¢ s6 cham £ con duge goi 1a hé s6 ridt ngén bude séng trén anten.

b. Cdu triic cia truong ¢ gdn mdt dit

Dé dé dang phan tich nguyén 1y lam viéc chia anten dit gén mat dat, ta khao sat
anten lam viéc & ché do thu.

Gid sir séng dign tir bifc xa tr mot nguén phan cuc thing dimg, truyén lan trén mat
dat thuc. Do mét dat ¢6 do dan hitu han nén vecto dién trudng & diém dat anten thu 5&
nghi¢ng theo hudng truyén mot géc. Khi dy, bén canh thinh phin E thing ding (£ ) s&
xudt hién thanh phan £ nam ngang doc theo hudng truyén séng E,, (xem hinh 11.11)

Quan h¢ giifa thanh phan di¢n trudng thang ding va nam ngang & gan mat phan gidi
(phia trén va phia dudi mat dat) c6 thé duge xdc dinh theo diéu kign bo gdn ding cha
ledntovich [29]. Ta cé

E
Eyp =74 (11.18)

82p
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E

ng2 =Engl (11.19)

Edl . Eugl _ Eﬂg?.
82;} \/8.2‘0 ‘jﬁlzp

3 day chi s6 1 1a ky hieu dai véi méi trudng I (khong khi), chi s6 2 1a ky hiéu véi
moi truong 11 (dét), ¢6 cde thong sé &7, > 15 'y = 1; 0 < 0, < w; €75, 12 58 dién moi phifc
s tuong d6i ctia méi trudng dat, bing:

Egp=

(11.20)

£y, =&, —i—% =¢, —i60Ao, (11.21)

A - budc séng trong moi trudng khong khi.
Tu (11.18) va (11.21) ta rut ra dugc quan hé giita cdc thanh phan trudng.

E
|E | = 1l (11.22)
J:41+ 80As,
€y
E
\Eo| = ——"ﬁl—w— (11.23)
)

Cin lwu ¥ rang diéu kién bd Léontovich chi diing va 4p dung duoc khi thod min
dieu kién jg’p,f 2 1.

Tir (11.22) ta thdy thanh phén ngang cua dién trudng giam khi tang dién din dat va
budc séng cong tac.

Sau day s& khéo sdt cu thé hai trudng hop anten day dat gn mat dat: day dén song
chay va day dan song ding.

* Anten ddy séng chay

Anten la mét diy dan don gian, mot ddu duge ndi vai tai hap thu 6 gid tri bing tré
khdng séng clia day din, con mot dau duge néi véi mdy thu (anten lam viéc & ché do
thu, hinh 11.12).

Gid st séng mat truyén t6i Hudng song dén
theo huéng day din (xem hinh F E
v?). Do mzzt dat la moi trudng I:_»an Miy o R,[;]] E_rlgz ]
dan, cé ton hao nén vecto dién

L i bl L s L L
truong E sé& nghiéng mot géc vé
phia dich chuyén clia mat séng.
Thanh phén nam ngang E,, s€ cim itng lén méi phén tir day din dz mot stic dién dong.
Stc dién dong nay c6 gid tri cuc dai khi séng truyén t6i theo hudng truc day dan, va

Hinh 11.12.
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bang khong khi séng dén theo huéng vuong géc vdi day dan. Néu séng truyén dén theo
mot gée bat ky v6i truc day dan thi sitc dién dong cam tmg trén phdn o s& ty 1é véi cose
(¢ la g6c hgp boi truc day dan theo chiéu tir mdy thu dén 1ai va huéng cia diém khio sdt
trong mat phang ngang). Ta ¢6 ham phuong huéng cia mét phan tix day dan:
F(¢) = cosop (11.24)
Ham phuong hudng clia anten dé 1a tich cta ham phuong huéng rieng (11.24) va
ham t6 hgp cha day din séng chay. Dua vio nguyén Iy tuwong hé, ta ¢é thé nhan dugc
bicu thirc ham phuong hudng td hop clia anten thu tir cac biéu thitc d6i v6i anten khi lam
viéc & ch€ do phdt. Tir (3.10) ta riit ra dugc ham phuong huéng t8 hop chia day din
song chay.

sin [i;—f (& coscp)}

F(o)= i (11.25)
2 (§ —€os (p)
[- chiéu dai day déan
Ham phuong huéng ciia anten trong mat phing ngang sé ¢6 dang:
sm{;C (9; cos (p)]
F((p)=coscp 2 (11.26)

H E cos )

G day £ 1a hé s6 cham hay hé s§ nit ngin

bude song cla anten. JQ
D6 thi phuong huéng cla anten day

song chay dat gdn mat dat duge v& & hinh

11.13. Cuc dai cua d6 thi phuong huén

PRS0 = e b)l=hE=12
nhan dugc theo phuong truc day déan, vé

phia ¢6 méc tai phéi hop.

Y, inh 11.13,
* Anten ddy song dimg Hin 13

Anten day séng dimg c6 thé 1a chin tir d6i xung hay khong déi ximg dat nim ngang
mat dat (hinh 11.14),

Ham phuong hudng rieng clia mot phdn tir day dan ciing c6 dang (11.24) nhu da
khdo sdt d6i v6i trudng hop day dan séng chay. DE khdo st him (3 hop, ta ¢6 thé dp
dung phuong phap da trinh bay & §3.3 d6i v6i day dén thang diing c6 dong dién séng
dimg nhung can chi ¥ rang h¢ s6 pha clia séng trén day trong trudng hop ndy bing 4, va
phan bo dong s& ¢6 dang;

I(Z) =1, sin h(% -—IZ'J
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Tir bi€u thic 16ng quat cia ham phuong hudéng nhan duogc ta s& rat ra him phuong
hudng t6 hop.

kl ] hi
COS| ——COos¢ |—cos -
[ 2 2

2
h 2 i
—~ | —cos 1-cos—
[k) q’}[ 2J

ki hl
cos(— cos () —cos 2

Fk((P)“[

Két qua s& nhan dugc:

F(p)=cosg 5 (11.27)
. h 2
- | —cos
k ] ¢
& day ¢ 1a gée hop bdi tryc chin t vd hudng khdo sat trong mat phiang nim ngang.
D6 thi phuong hudng ctia anten khi !<% va & = % ={1+1,2) ¢6 dang 56 8 vdi cyc

dai doc theo truc day dan, va bang khong theo
. . o / !
hudng vudng goc véi day dan (hinh 11.14c). Két = = a1

¥ “ - - - I -t L] " OO o—
qua nay hoan toan khic vdi két qua nhan duoc

. ~ f . . . FllT777 77777777777 ST777777 77777
trrdc day khi anten dat trong khong gian ty do, 2) b)

thay ddi vé co ban. Néu theo huéng truc chan tir
cé bitc xa bang khong khi chin tir dat cao thi
trong truong hop dat thap s& nhan dugc bic xa
cue dai va nguoc lai. Hinh 11.14,

hodc dat cao trén mat dat. Khi anten dat thap gan /W
mat dat ban din dién, huéng tinh cha anten di w
c)

2. Anten dat dudi mat dat

Néu anten chén tit duge dat dudi mat dat & mot do sau khéng 16n lam thi dac tinh
biic xa cia anten v€ cd ban gidng dic tinh bic xa cla anten dat gdn mat dat. Tuy nhién,
trong truong hop ndy can dac biét
chi y la hé s6 tang ich cla anten s€

giam rdt nhiéu so v4i anten dat trén o @
mat dit do séng bi hdp thu khi /<2

truyén qua moi trudng dit ban dan

dieén. D6 thi phuong hudéng cha chan I
tr dat dudi mat dat véi cdc do dai -:-llk 5] >2£ b
khic nhau ciia chan tr duge v& & 3)

hinh 11.15. Hinh 11.15a 1a d6 thi Hink 11,15
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phuong hudng clia chin tir trong mat phing ngang (mat phing chua chan tir va song
song vd&i mat dét), con hinh 11.15b 1a d6 thi phuong hudng ctia chan tir trong mit phang
duing (mat phing vuéng géc véi truc chan tir va do dé vudng goc vai mit dat),
Khi truyén song trong moéi trudng dat, hé s6 séng sé 1a mot s6 phite. Bidu thitc
tredng cua séng cé dang:
E=Ee ™ (11.28)
Trong dé y=a+ih

a - dac trung cho suy gidm bién d¢ trudng theo khoang cdch, goi 1a he s6 suy
giam;
h- dac trung cho bién ddi pha clia truding theo khoang cich, goi 12 hé s6 pha.

Nhur da khao sdt trong gido trinh truyén séng, céc hé s6 «, i duoe x4c dinh theo cde
tham s6 dién cta mat dat.

(1=k\/;p
hzk\/p?n

Trong d6 » va p 1a phin thuc va phdn 4o cla cin bac 2 clha hé s6 dién moi phiic

(\/; =n—ip), dugc xic dinh bai cong thic (11.21) bing:

p= J%[Ja'z +(600c)’ -a']
]

Vi day dan anten nam trong moi trudng dat nén hé 6 pha cia dong dién chay trong
day dan cling bing .

(11.29)

(11.30)

“Heé s6 rit ngan budc séng trén anten (hay hé s6 rit ngén anten) trong trudng hop
nay bing:

g:%:%:ﬁn (11.31)
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PHAN II
KY THUAT ANTEN

Chuong XII
HE ANTEN CO XU LY TiN HIEU — ANTEN THONG MINH

§12.1. MO DAU

Séng dién tlr truyén trong khong gian t6i di€m thu, ngoai cdc thong tin chida ding
trong su bién ddi theo thdi gian con mang cic thong tin vé dic tinh khong gian, vi thé ta
¢6 thé coi d6 12 dang tin hiéy khong gian—thdi gian.

Khi sir dung mot anten thu don gian, vi du mot phén tir thu don doc, thi ban than tin
hi¢u nhan dugc § ddu ra anten s€ khong phan dnh duge dic tinh khong gian clia séng t6i.
Con khi sir dung mot hé anten gdm nhiéu phén tir sip xép trong khéng gian thi viéc xu
ly céc tin hiéu nhan dugc tir mdi phédn tir s& cho phép khai thdc dugc ca lugng tin tic
mang déc tinh khong gian cua cdc séng dé.

He¢ anten, trong d6 ¢4 két hop sit dung céc phuong thic xir Iy tin hiéu s& 1am tang
khd nang clia hé trong vi¢c thu nhan thong tin, va & mic do cao hon c6 thé ddp dng mot
cach linh hoat nhitng bién dong c6 thé xay ra dé duy tri cdc muc tiéu da dat ra cho hé
thong. Ta goi d6 1a Hé anten cé xit 1y tin

hiéu, hay ¢ miic d0 cao hon — Anten théng L
minh. Phan tir 1
Ngay nay, thuat nglt Anten thong minh L
duoc str dung khd rong rai dé chi cho céc Phén tir 2
hé anten ¢6 xir 1y tin hif_ﬁu do cr:i.c phuong Xit 1 tin hiew o
thifc va cdc thuat todn xur 1 tin hiéu da dat Tin hiéu ra
t6i trinh d6 cao va dat duoc hiéu qué 16 rét. 1
Hinh 12-1 1a so d6 khdi don gian cha ~ Phéntirm
moét anten théng minh. L
Anten théng minh 12 mét trong nhiing Phan tr M

xu huéng dugc quan tdm nhiéu trong

nhitng ndm gin day. V4i ing dung trong . ;o ,

cdc hé théng théng tin vo tuyén, né cé thé  Mang anten Hé xir 1y
cai thién chét lugng tin hiéu, ting dung
lugng, md rong pham vi hoat dong cta hé Hinh 12.1.
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thdng. V&i ing dung trong cic hé thong rada, dinh vi, anten thong minh cho phép nang
cao khi nang phdt hién muc tiéu, nang cao d6 chinh xédc xdc dinh toa d¢ va tao thém
nhimg kha nang mdéi ma cdc he théng binh thudng khéng cé duge.

§12.2. XAY DUNG CAC HE THUC TOAN HOC

He anten c6 xur 1y tin higu ta mot hé goém nhiéu phéan t, trong d6 mdi phédn
thuong 1a loai co tinh dinh hudng thap, duge sip xép wmy y trong khéng gian. Céc dang
thudng gip la sap xép theo dudng thing, dudng tron, trén mat phing hoic mat cong
(hinh 12.2). D€ thuan tién cho viéc trinh bay, sau nay & mot sé chd ching ta sé ding
thuat ngir dan anten (thuat ngit tiéng Anh: antenna array hay chi don gian la array) dé
chi chung cho mét hé anten gém nhiéu phan ti.

i i i i
| | | |
| | | ]
- B S e s
P “w | | I |
e TN | i | |
: T T e s s
// L
. e S5 ! : ! |
\ / | | | |
L]
x e e e e
A 4
LN o i | | |
- - | | | |
T | | | |
B S e e

H¢ anten vong Heé anten phang

Hinh 12.2.
Mac dit dang hinh hoc cia hé anten c6 thé khdc nhau, nhung nguyeén 1y xir 1y tin

hiéu thi c6 nhiing diém chung nén trong chuong nay, dé don gian ta s& dé cap chu yéu la
h¢ anten thang.

1. Cac qguan hé hinh hoc

So d6 mét he anten thang va he toa do lua chon dé khao sét duoc v& & hinh 12.3.

Trén hinh v&, cdc phan tir dugc dat doc theo truc p véi khodng cdch déu nhau bing
d, phan tir thi nhat dugc dat tai goc toa do. Huéng ciia séng t6i duge xéc dinh béi céc
goc 8 va @ cha hé toa do cdu. BE don gidn khi phén tich, ta gia thiét:

— Khoang cdch gifta cac phan tir di nhd dé khong ¢6 su khdc biét vé bién do clia cdc
s6ng t6i va do d6 khong c¢6 sy khdc biét vé bien do chia cdc tin hiéu cam ing trén cic
phan tr khic nhau.

— Bo qua sir ghép tuong hé gilta cic phén 1.
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— Song t6i trén moi phan tr tuong tdng véi mot mat séng nhat dinh duge coi 13 mot
tin hi¢u tan s6 radio (tin hiéu cao tdn) va nhu vay coi nhut ¢6 mét s6 hifu han tin hi¢u téc
dong vao hé anten.

Mat sdng t6i phin tl m

Mat séng t6i phdn ar 1

\\ ARm

"
Hinh 12.3.

Ky hi¢u toa d¢ cha phén tir thit m trén truc p 1a x y,, z,,, nhu vay vécto khoang
cach tir gbc toa do dén phan tir thid m 1a
dyy = Xy + Yyl + 2yl (12.1)
Ky hiéu ;R 1a vécto dom vi trén hudng séng dén tai phan tir dat tai géc toa do, ta ¢
i =sinBcos @i, +sin85in(pf; +cos i, (12.2)
Sai 1¢éch dudng di clia séng dén phan tir thit m so v6i séng dén phin i thi nhat :
AR, =(ig.d, )= X sin 8 cos @ + Ym Sin 6 sin ¢ +z_ cos © (12.3)
Do d6, sai pha giita tin hiéu dé€n phan ti thit m va phén tir thir nhat sé 1 :
A®, =k Ar, =k (x,, sin B cos ¢ +y,, sin O sin @+ z_ cos 6) (12.4)
0 day, k = 217/A 1a hé s6 pha cla séng.
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2. Phan tich tin hiéu thu. Khai niém tin hiéu dudng bao phitc

Hinh 12.4 12 so d6 thu tin hiéu cha mot phdn tit anten.
Gia st ¢6 mot séng phing truyén t6i phan tir anten thu, ky hiéu \\
l4 x(¢). Ta biéu thi x(¢) dudi dang ham luong pidc:
X(H= A1) cos{wt + @(t)], (12.5)
Hoac biéu thi duéi dang phitc: x(t)
x(1) = A(De MO = A1)/l (12.6)

Day la tin hi¢u o tan s6 radio, trong d6 w Ia tdn s& séng mang, I Méy thu
A(t) 1a bién d¢ titc thdi, con @(t) la pha titc thii ciia tin hiéu.

Ché ¥ ring trong biéu thic trén ¢ 1a s6 hang biéu thi séng j
mang dudi dang phitc. 5 (1)

Sau khi qua mdy thu, séng mang duge tich khoi, ta nhan dugc

s ) _ AR : ) Hinh 12.3
tin hi¢u ¢ déu ra la tin hiéu bang tan gdc, c6 dang dudng bao, ky
hieu 12 s(7).
s(r)= A(t) @ = A1) cos (t)+ j Alt) sin @(1) (12.7a)
hay — s(t)= Hi)+ j Q1) (12.7b)

trong dé (1) = A(t) cos (1)
Qft)= A(t) sin @(1)

s(1) dugc goi la tin hiéu duong bao phirc. Bién do ctia tin hiéu dudng bao phﬁc phan
anh bién d¢ clia séng tdi con pha cia tin hiéu dudng bao phitc phan anh pha cfia séng t6i.

Nhu vay c6 thé thdy rang tin hiéu dudng bao phitc nhan duge & ddu ra mdy thu phan
anh day du thong tin vé bién d¢ va pha cha séng t6i. Do d6 viec xit Iy tin hiéu déi véi
mot hé anten ¢ thé duge thue hién hoac la & tin hiéu tn s6 radio (tin hiéu tin s6 séng
mang, nhin dugc tryc ti€p tir anten) hoac 12 & tin hiéu dudng bao phifc sau may thu.

3. M4 hinh cdia hé anten tuyén tinh ¢é x( ly tin hiéu

Hinh 12.5 1a so d6 cua hé anten tuyén tinh, thuc hién viéc x{t 1§ déi véi tin hiéu
dudng bao phic. Tin hiéu duong bao phic & ddu ra cha méi nhdnh duge dua téi cic bo
diéu chinh c¢6 trong s phutc w,,. Cdc trong s6 nay cé thé thay déi duoc nham bicn déi ca
bién do va pha trude khi thue hién phép té hop.

Dé don gidn, ta chon truc clia hé anten trung véi truc x. Khi 4y toa do cba phan tlr
thum s€ la (0, x,,, 0), véi x,, = (m—1I)d.
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Mat séng dén
- phinorl
< p

v Mat song dén
’,/y’ phan 1t m

-

m M
W, W, Wi W,

z

l z(t)

Hinh 12.5.

Ap dung (12.1) ta xdc dinh duge sai pha cla tin hiéu dén phan tir thit m so véi tin
hi¢u dén phan tir thit nhat la:
AP = (m —DdsinBcos
Tin hi¢u thu dugc tai phan tir thit m c6 tinh dén sai pha so véi tin hiéu thu duge tai
phan tir thi nhat:
1, (1) = aos(r)e_mq’m
hay 1, (1) = ags(r)e” Km=DdsinBeose (12.8)
trong do s(¢) 1a tin hiéu dudng bao phitc nhan duge tlr nhdnh thi nhat, g, 1a mot hing s6.

Tin hi¢u t6 hgp & dau ra clia hé anten sau khi ¢6 tic dong trong s6 w, ;
M y | y
2= Z t, (1) = aps(r) Z wme—Jk(m—l)d sinOcosg

=] m=|

hay Z(1) = aps(t)f, (8, ¢) (12.9)
trong do
M . .
fk (B,LP) - Z wme—dr(m—l)dsm Bcosg (12.10)

=l
1a mot ham biéu dién sy phu thudc cua tin hidu téng nhan dwoc tai ddu ra cua hé anten
v&i hudng cia séng t6i nén duge coi 12 ham phuong hudng cha hé anten. Khéi niém nay
triung véi khdi niém ham phuong huéng t6 hop cia hé théng bic xa tyén tinh di dugc
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xét & chuong 7, thay vi trong hé thong bitc xa ta ky hiéu @, 12 1y s6 cha bién do phic clia
dong kich thich trong phan tlr thif m, con & day w,, 1 trong s6 phitc tai nhdnh thit m.
Theo mot cach goi khdce, (12.10) con duge cot 13 hé 56 mang.

Nhu vay, h¢ s6 mang xdc dinh ty s6 cha tin hiéu thu dugce tai ddu ra ciia hé anten (¢6
xir 1§ tin hiéu) trén tin hi¢u thu duge & phén tir géc, tai hudng s6ng téi (8,9) img véi mot
b trong s6 cho trude. Bang viée diéu chinh cdc trong s6 s& didu khién ducc bip séng
cha hé anten.

Néu ban than mdi phan tir [a loai ¢ hudng tinh, véi ham phuong hudng giéng nhau
fo(8, @) thl ham phuong hudng clia hé anten s& duge xdc dinh theo 1y thuyét nhan dé thi
phuong hudng, bing

J(8. ) = f,(0, 0)fi (0. ¢) (12.11)
Cong sudt thu duge tai dau ra
1 1 2 2
B = zz(r)\ ;E)ans(r) 1£(8.9) (12.12)

4. Biéu dién cac véctd
Khi phén tich, tinh toan hé anten ¢6 x{r 1y tin hig¢u, néu st dung khéi niém vécto sé
rét tién loi.
Ta dinh nghia vécto trong s6'w la tap hap theo thit tir clia M trong s6 tai cdc nhdnh:
w=[w, wy, .. wyl! (12.13)
Tuong tw, ta c6 vécto tin hi¢u u :
u@® =[u,(t) uyft) .. (1" (12.14)
Khi d6, tin hiéu 16 hop tai ddu ra ctia hé anten dugc biéu dién bdi tich clia 2 vécto w
vau():
2(1) = w'lu(r) ' (12.19)
Tiép theo, ta dinh nghia vécto hudng e(8, @) (thuat ngit tiéng Anh : steering vector)
la tap hgp M s6 hang ham mii xdc dinh géc léch pha clia tin hiéu t6i trén méi phén tilr so
voi tin higu téi trén phan tir gée, tai hudng séng t6i (6, o).

e(e’ (P) - {1 e_}..kd sin® wosi e—jk (M—{JdsinB® u:}stp] (12.16)
Néu dua vao ky hiéu e,(8, @) = e 580 by (13 16) duce viét lai dudi dang:
e(ee (P) = [e[(es ‘P) 62(95 (P) eM(B: q))} (121?)
Khi dy hé s6 mang theo hudng (8, @) duoc bidu dién bdi tich cha 2 vécto w va
e(0, 0):

148, 0) = w'e(8, ¢) (12.18)
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Mot tap hop cac vécto hudng (c6 dugce (ir tinh todn hoic do dac) theo tat ¢d cic gid
tri clia 9, @ duge goi 1a tap s6 liéu clia dan anten, (thuat ngi¥ tiéng Anh: array manifold).
Khdi niém nay duoc sir dung khd phd bién trong cdc bii todn vé hé anten ¢é xit 1y tin
hi¢u nhur anten tuf thich nghi va miét s6 dang khdc nhur bai todn xdc dinh huéng séng dén,
dinh dang biip song, v.v.

§12.3. PHAN LOAI HE ANTEN CO XU LY TiN HIEU

Tuy theo muc (iéu, phuong thite xir 1 tin hiéu va mitc d6 phiic tap clia thuit todn xir
1y ma ¢6 cac khai niém khéc nhau, t€n goi khac nhau doi véi cdc hé anten ¢6 xir Ly tin hiéu.

Thong thudng, nguoi ta phan biét hé anten c6 xir 1y tin hiéu theo 3 loai chinh:

— Anten dinh dang bip séng bang hep

— Anten thich nghi

- Anten thich nghi bang rong

Anten dinh dang bip song bdng hep thudc nhoém cac hé anten ¢6 xir 1y tin hiéu véi
thuat toan khong phic tap, chi y€u 1a ding cdc bd quay pha & tan $6 séng mang (xir 1y
tin hiéu & tan s6 radio) dé tao su léch pha can thiét giita cac phan tir anten (thuat ngir
tiéng Anh: phased array antenna) nham tao ra gian dé huéng hoic 1a ¢é bip séng hep,
hoac 1& bip s6ng ¢6 hinh dang dac biét, hoic 12 tao ra cdc bup séng ¢é thé thay déi dugc
trong khong gian ma khong cdn xoay dan anten vé mat co hoc (diéu khién dé thi phuong
hudng bang phuong phép dién tir). Cic ky thuit dinh dang bip séng bang hep da duge
nghién ciru tir dau nhimg nam 60, chinh {a budc md dau cho nhitng nghién cdu vé cdc hé
anten cé xu ly tin hiéu phirc tap hon sau nay.

Anten thich nghi (thuit ngl tiéng Anh: adaptive array antenna) thudc nhém cdc he
anten ¢6 xur 1y tin hi¢u vin & bang tan hep nhung st dung cédc phuong thife ciing nhu cdc
thuat todn phic tap hon nham dat dugc téc do xt 1y cao va linh hoat, ddp (ng muc tiéu
dd dé ra. Muc tiéu cha anten thich nghi thutng 1a thuc hién viéc diéu khién tu dong gian
dé huéng sao cho cuc dai cua biip séng luon hudng vé phia ngudn tin hi¢u hitu ich, déng
thoi bién déi gidn d6 hudng sao cho cac huéng khéng (hoic céc hudng cuc tiéu) hudng
vé phia cdc nguén nhiéu dé triét tiéu hodc giam thiéu nhiu. Anten gdm mét dan céic
phan t0, lién két v6i mot bo xir 1y thich nghi thai gian thue. B xir 1y thich nghi sé&
dong diéu chinh cac trong s& dé dat duoc mot bo trong s6 161 wu theo mét tiéu chuin nio
do, phi hgp vai thudt toan di lua chon.

Anten thich nghi bdng réng 1a hé anten cé xu 1y tin hiéu theo phuong thic xir 1¥
thich nghi v&i bang tin rong va thuit todn phitc tap, 1a budce phat tri¢n cao clia hé anten
c6 x(r 1y tin hiéu néi chung. Bo xur 1y tin hi¢u trong anten thudmg la b xir 1y khong gian
— th&i gian, khong chi xir 1y tin hiéu roi rac, ldy miu trong mién khong gian (nhu anten
thich nghi biang hep) ma ca tin hidu rdi rac, 1dy mau trong mién thai gian. Day 1a budc
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phat trién cao clia h¢ anten ¢6 xir ly tin hiéu Nhiéu nghién ciru vé anten thong minh
nhing nam gan day dé dat nhimg két qua rat kha quan, gilp nang cao kha nang chéng
nhicu trong thong tin di dong, nang cao dung lugng va hiéu qua kénh théng tin.

§12.4. ANTEN B|NH DANG BUP SONG BANG HEP

1. Pinh dang bup séng

Trong cédc tng dung thuc t€, viéc dinh dang bip song thudng 1a viéc tao ra gian d6
hudng clia h¢ anten ¢6 bip song véi do rong trong gidi han cho phép vi ¢6 thé thay déi
dugc trong khong gian.

Dé minh hoa, ta hiiy khéo sdt bai todn don gian d6i véi moét hé anten tuyén tinh nhu
bi€u thi trén hinh 12.3 va gia thiét séng dén nim trong mat phang xy, nghia 1a huéng
song dén chi phu thude ¢, con 6 = 7/2. Day la trudng hgp thudng gap trong céc hé théng
thong tin mat dat, cdc hé thong tin —dinh vi trén bién. Khi 4y séng dén nam trong mat
phing song song v6i mat dat va hudng séng dén duge xdc dinh chi bdi pdc phuong vi.

Gid str hé anten 1am viée & ch€ do thu va ching ta cin tao gian dé hudéng c6 bip
séng cuc dai theo hudng ¢ = o;. '

Coi cdc phan tr anten 12 vo hudng trong mit phing khdo sdt, ta ¢6 gidn dé hudng
cla hé anten duge xdc dinh theo (12.18)

118, 0) = w''e(8. ¢)
trong dé vécto hudng
e0.)=[1 b TR MT ke (12.19)
véeto trong s6 w la tap cic s6 phic w, ¢6 bién do gidng nhau, bang 1, con pha cé gid tri
tuy thude vao m va géc hudng tuong tng Q..
‘wm‘ =L Argument(w, )=y, =k(m—1)dcosq, (12.20)

Keét qua nay dé dang nhan durge tir khido sit 1y thuyét clia Hé thong bite xa tuyén tinh
trong chuong 7. Vin dé nay s¢ con duoc dé cap dén & mot chuong rieng, chuong 13).
Cic trong s6 w,, s& khong lam v v v
thay déi bién do cha tin hiéu thu T
nhung tao ra géc dich pha cla céc of of of or o oF
tin hiéu trén cdc nhanh trudc khi W
téng hop chiing va do dé tao thanh
bip s6ng cé hudng cuc dai mong -
muén. l l
So d6 khéi cia mang dinh dang a) <. .
bip séng trong ch& do thu va phit
dugc vé tuong img & hinh 12.6a
va 12.6b .

Chis eing st

b)
Hinh 12.6.
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Hinh 12.7 Ia gidn d6 hudng trong hé toa dg cuc clia mot hé anten tuyén tinh véi sé
phan tir M = 8, khodng cdch gitia cdc phdn tit d = A2, hudng cuc dai cha biip séng dugc
tao thanh tai cdc hudng o, = 50% vaa, =80°.

Hinh 12.8 ta gian do huéng trong hé toa do vuoéng géc cta hé anten tuong tu nhu
rén, voi hudng cyc dai clia bip séng a; = 60°. s& phan tr M = 6 (dudng diit nét) va s6
phin tr M= 10 (dudng lién nét). Ta nhan thay khi tang khau do anten thi bip séng
hep lai

0 -== alpha=50
H — alpha=80

210,

270

Hinh 127,

alpha=60

Eién o4 (B

0 B0 80 120 150 180
Choe phrong v o)

Hinh 12.8.
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2. Mang an dinh bap séng

Mot mang diing dé tao cdc biip séng ¢6 dinh, cho phép tao ra tai méi thoi diém mot
biip séng ¢6 hudéng xdc dinh trong khong gian, sau day dugc goi 1a mang dn dinh biip
séng. Day chinh la mot dang cha anten quét dién ti nhimg thuc hién viéc quét mot céch
gidn doan, hodc mot loai anten chuyén mach bidp séng, phu thuoc vao tin hiéu diéu
khién ddu vio. Thudng thi mang cho phép tao ra M biip séng tir M phan tir anten.

Mang duge dac trung bdi mét ma tran T ¢6 M hang, M cot, 12 ma tran chuyén déi
tin hiéu ddu vao u(z) thanh tin hiéu dau ra y(1):

y(t) = THuy) (12.21)

Vécto tin hiéu ra ing v6i viée hinh thanh biip séng thi m

fyi(1)  yo(r) .. ypm(D]
s€ dugc xdc dinh tuong ng vdi vécto trong sO 14 cot thit m clia ma tran T
Wim

Wom

Whim

Nhu vay, T 14 ma trin bac M x M .

£ w W w w )
1 12 e tm - M
Wy Wy ... Wyp e Wan
(12.22)
: L WM Wme e WMm - Wmm
hoac viét dudi dang ky hiéu
T=[w w, ... w, .. wyl (12.23)

Céc bip song s€ la tryc giao n€u cdc vécto trong s6 tuong g véi chiing 1A truc giao
vOi nhav. Néu ma trén T ¢6 cic cét truc giao thi mang &n dinh biip séng s& c6 mot s6
tinh chét dac biét, duge ing dung trong ca h¢ thong chuyén mach bip séng va hé thdng
an dinh bup song két hgp véi xtt 1y thich nghi.
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Hinh 12.9 & mot vi du cua tap
hop 8 bip séng duge Lo ra béi mot
mang an dinh biip séng vé1 ma tran
8x8. Mdt trong cdc so do cua cula
mang in dinh bip song loai nay ducc
gidi thiéu & chuong 13, hinh 13.7.

3. Hé théng chuyén mach chon
bup séng

Pay 1a h¢ thong, trong dé s
dung mang anten an dinh bup séng
cling v&i mot chuyén mach nham lua
chon biip s6ng 16t nhit dé thu maot tin

hiéu xédc dinh. H¢ théng chuyén mach
chon biip séng biéu dién trén hinh

Hink 12.9.

12.10 1a mot mo hinh don gian, né

chi gom mot mang an dinh bip song,

mot chuyén mach cao tdn va bo diéu khién logic dé lua chon bip séng xdc dinh. Véi
viéc lya chon mot ddu ra, mot trong M vécto trong s6 dinh tude nhu bidu dién theo
(12.23) s& dugc sur dung.

Y_ T e

Mdy thu
@ tin ligu !
YL L] Diéu khién
Muang du dinh chiuvén mach
by song N x N

L] N My thu
timhidu K - |
e .

Pidu khién
chuyén mach

Hinh 12.10.

Céc hé théng chuyén mach chon bip séng ¢6 nhiéu lgi the so véi cdc hé¢ anten khdc
& chd it phic tap va do d6 gid thanh ha. Tuy nhién né cfing ¢6 mot sé han ché. Trudce
hét, hé théng nay khong thé khir duge cdc thanh phin da dudng ¢ hudng séng dén gan
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v61 hudng séng mong mudn. Nhuge diém thi hai 12 né khéng thé tan dung duge loi the
cua dac tinh da dang dudng (ruyén béng cdch két hop cdc thanh phin da dudng c6 tuong
quan. Mac du cé nhimg nhuge diém nhdt dinh, cic hé théng chuyén mach chon bip
séng van duge sir dung do ¢6 mot s6 toi the so vai cdc he anten ¢6 xir 1§ tin hiéu phirc
tap. He¢ thong nay chi yéu cdu su tuong thich vira phai véi mdy thu clia tram géc so véi
cdc hé thong anten thich nghi.

§12.5. ANTEN THICH NGHI

1. Cac hé thic toan hoc

Mot trong cdc mo hinh cua anten thich nghi duge v& & hinh 12.11.

Anten 1a mét hé théng bao gom mot dan cdc anten phan tr véi gia thiét Ia dan thang
g6m N phan tir vd mot bé xir 1y thich nghi thoi gian thuc. Bo xit ly thich nghi ti€p nhan
lién tyc cdc thong tin tr dau vao cla dan roi ty dong diéu khién cic trong s6 clia bo dinh
dang biip séng nham diéu khién lién tyc dé thi phuong hudng cia dan sao cho thod min
yéu cdu d¢ ra vdi cdc chi tiéu nhat dinh. Cdc trong s6 duge diéu chinh dé dat bo trong s6
(61 wu theo mot tiéu chudn nao d6, phit hop véi thuat todn duoc lua chon.

o C . T a0
TR | |
[ I I
by | W, I
1 I | t
1 ] t ]
1 1 I 1
[ | 2 ! I
[ P I
1 i i " i
: 2 : I W T
] i | I ¥
1 | 1 1 ] 1
1 | 1 1 I 1
1 | 1 1 1 1
1 1 1 1 i
. | W :
: | ! M 1 1
B : |
: M : L e B et (T, -
| I | £5eeh dding
Mutnz unten r I D = '} hitp seing
| Thuct Lo | {Hewmforming)
didu bhifn I
tHhiel nphi I
i
t L Bat
| thivh nghi
it by !
fin hrdu |
1
|
|
______________ -
Hinfr 12.11,

Ta quy ude cde tin hi¢u thu duge trén cdc phan tir 12 tin hi¢u dudng bao phic (dé
don gian, khong vé cdc mdy thu trong so dd), do dé vécto tin hiéu ddu vio ciia din ante
dugc biéu thi theo (12.14): ‘

u(e) = [0 us(t) o () . ()] (12.24)
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trong do, u,(¢) 1a tin hiéu thu dugce trén phéin tir thit m (céng thic 12.8)

1, (I) _ S(r)e—jk(m—])dsin()coscp (12_25-)
trong d6 s(7) 1a tin hiéu dudng bao phic nhan dugc tir nhénh tha nhat. & day, khi dp
dung (12.8) ta di cho «, gid tri bang 1.

Neéu dp dung khdi niem vécte hudng (12.16) va chd ¥ ring trong trudng hop ndy ta
dua vio ky hiéu 16 hop géc (8, ¢p) =  thi ¢ thé viét

c( LIJ) = []. e—j.i'dsiuecusfp c-'jkrM—Hd.\'insmh(P ]T ( 1 2.26)
Bay gidy ta ¢6 the viét lai (12.24) dudi dang:
u(r) = s(te(y) (12.27)

Nhu vay, vécto tin hieu dau vao u(z) duge xdc dinh boi tin hiéu nhan dugc tai phin
tr thit nhat s(z) va véctg hudng e(y). Vécto hudng duge xac dinh tai mdi hudng clia
khong gian khao st va tai mdi tdn s6 nhat dinh. Tap hop tat cé cdc vécto huéng ndi uen
duge goi 1a tap dir liéu cta dan anten thich nghi. Qud trinh xdc dinh tap dit lidu néi trén
con duge goi la qua trinh 1ay chudn cho dan anten.

Néu h¢ anten lam viéc trong moi trudng thyc t& ¢6 bao gém ca tap nhiéu thi vécto s6
li¢u ddu vio cin duge bd sung thém vécto nhiéu n(t), biéu thitc 12.27 sé trd thanh :

u(t) = s(t)e(y) + n(?) (12.28)
trong do: n(t)=[n,ft) nye) .. on ) .. my(tr)] (12.29)

Cén chd ¥ réng, bi€u thic (12.27) chi phd hop véi céc tin hiéu bang hep vi trong dé
cdc thanh phan cia vécta huedng duge xde dinh ing véi mot tdn s6 nhat dinh. Bang thong
cua tin hiéu ¢6 lién quan dén su khdc biét pha giifta cdc phén tir ndm trong dai sai s&
cho phép.

Bay gid ta khao sat mo hinh tin hiéu cho trudng hgp téng quit hon khi ¢6 xdy ra
hi¢u ing da duong (tin hi¢u tir ngudn truyén t6i diém thu theo mét sé dudng khéc nhau,
gdy ra phading da dudng) va c6 tdc dong cia nhiéu d&i tugng tham gia vio hé thong
thong tin. Goi K 1a s& déi tugng ¢6 phdt tin hiéu tdc dong vao dan anten va ky hiéu tin
hi¢u cla doi tugng thit i 1a s,(¢) bao gom P dudmg 161, véi bién do phic la a;, 86C 161
va tré dudng truyén 1a 7,,, trong d6 p 1a chi s6 ky hiéu dudng t6i.

Vécto tin higu thu duge cha d6i twong thit i duoc biéu dién boi:
P
u(t)= Y oy, e(W) s,(t-1,) (12.30)
p=]

Khi ¢6 tac dong dong thoi cua K d6i tugng va ¢6 tinh dén ca tap nihiéu, vécto tin
hi¢u dau vao s€ cé dang nhu sau:
K P
un)= Y o, e(Wy,) s, (i-T,,) (12.31)

i=1 p=1
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P

Trong cdc bi¢u thic trén, sé hang ZOLI-P e(P,,) duge goi la vécto dic trung khong

p=l
gian cia doi wong thit (.

Trong he anten xir Iy tin hiéu thich nghi, thudng ta sir dyng phép dinh dang bip
s0ng cua dan anten sao cho d6 thi phuong huéng ¢é cue dai clia bip séng hudng theo
phia nguén tin hi¢u ¢6 ich, con céc huéng khong hoac hudng cuc tiéu hudng theo cic
ngudn nhidu dé triét tieu hoac giam thiéu nhiéu.

Qui trinh nay dugc thyc hién véi su phan biét timg d&i tugng tham gia thong tin
trong tap hop cdc nguon nhiéu, dua trén dac tinh khéng gian cita céc tin hiéu hiru ich
nén con duge goi 1a su “loc khong gian”. Nhu vy, mot hé anten xit 1y thich nghi s& con
bao gom trong d6 mot khau duge goi ta khau loc khong gian thich nghi.

C6 hat phuong thic Fa xir 1y thich nghi bang hep va xit 1y thich nghi bang rong. Xu
Iy thich nghi bang hep chi thue hién viéc 1dy mau tin hiéu trong mién khong gian, véi tin
ht€u c6 dai thong hep, con xu 1y thich nghi bang réng thuc hién viec Iy mau ca trong
mién khong gian va thoi gian, cho phép thue hién x{ 1y d6i véi tin hiéu bang rong.

Hinh 12.11 12 vi du thugéce hé xir I§ thich nghi bang hep
Tin hi¢u & dau ra cha bo xir 1§ thich nghi y(1) 1a 16 hop tuyén tinh cia céc trong sO
va cdc tin hiéu diu vao:

y(t) = whugr) (12.32)

2. C4c tidu chuan t8i uu trong didu khién thich nghi

Trong diéu khién thich nghi, cdc bo trong s6 ding dé dinh dang bup séng can duge
lua chon mét cach tot wu.

Thong thudng c6 4 tiéu chudn duge sir dung dé nhan duge cdc bo trong s6 101 uu,
do la:

- Tiéu chuan sai 6 trung binh binh phuong nhd nhat (thuat ngit tiéng Anh:
Minimum mean square error, viét tat MMSE)

— Tiéu chudn ty s6 tin hiéu trén tap nhidu cye dai (thuat ngl ti€ng Anh: maximum
signal to interference plus noise ratio, viét tit MSINR)

— Ticu chuan phuong sai cuc tiéu (thuat ngit tiéng Anh: minimum variance, viét
tat MV)

— Tiéu chuin kha nang cyc dai (thuat ngi ti€ng Anh: maximum likelihood, viét
tit ML)

Sau day s€ gidi thiéu v€ mot s6 tieu chuéin dién hinh va mot vii thuat toan thudng
duge sir dung dé xdc dinh trong s6 t6i wu cho hé anten thich nghi.

Tiéu chudn sai s6 trung binh bink phicong nhé nhdt
Tieu chuan nay nhim dat dugc tin hi¢u ddu ra thue t€ clia mang anten ¥(1) va tin

hiéu ma ta mong mudn z(¢) ¢6 sai s6 nhd nhat. Tin hiéu mong muén z(7) tit nhien 1a
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chua biét, nhung ta ¢é thé ude lugng trén co s& tao ra mot tin hiéu tham khao r(r) gin
ding, v461 mot mite sai léch chap nhin duoc.

Ta viét lai vécto tin hiéu vao (12.28) dudi dang:
u() = s(Ne(y) + nr) = s()+ n(r) (12.33)

trong d6 s(r) = s(t)e(), con n(z) 1a vécto tap nhiéu, duge hiéu bao gém cd nhidu trung
binh 0 va nhiéu khong tuong quan.

Tin hiéu dau ra coa hé xir ly thich nghi dugc xdc dinh theo (12.32):
1y =wa()
véi wh 1a vécto trong s0

Sai s4 tin hiéu duge dinh nghia la:

E(t)y=1(t) ... y(t)=r(t) —w"u(1) (12.34)
Con sai s6 trung binh binh phuong :
e{IE(1)Y = e{Ir(1) = whu(r)?} (12.35)

trong dé €{..} 1a ky hiéu k¥ vong toan hoc.
Khai trién (12.35) ta nhén duge:
e{IE(N)2) = e{lr(1))*} - wie{u (0} — whelu@r O+ whefuu () w
=e{ir()*) -w'r', - w'r, + wR, w (12.36)
¢ day r,. = etu(r) (1)} duge goi la véc to tuong quan giifa tin hiéu dau vao va tin
hiéu tham khao.
R, = e{u(r) ul(r)) dugce goi la ma tran hiép phuong sai (covariance matrix)
cua tin hiéu dau vao.
Trong dé u EORE phép bién déi Hermitien (phep chuyén vi va ldy lién hiép phuc)
cua véeto u(f)
Véctd trong s6 t8i wu ¢é thé duge xdc dinh khi cho gradient theo w clia E{IE(I)/Q}
bang khong, nghia 13 :

Grad,, (E{IE(I)/ D==-2r,+2R, w=0 (12.37)
Tir (12.37) ta nhan dugc: _
= R ."H mr (12'38)

Thay (12. 38) vao (12 36) ta nhan duge gid tri cla sat 6 trung binh binh phuong cuc
tieu (MMSE), bang:

MMSE = £{IE(1 )/2} =el{lr)y " R r, (12.39)

Cong thirc (12.38) con c¢6 tén goi la cong thirc Wiener—Hopf va thuat todn nay duoc
goi Ia thuat todn t6i vu Wiener,
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Tiéu chudn phuong sai cuc tidu

Ti¢u chudn phuong sai cyc tiéu duge dimg trong thuat todn thich nghi khi tin hiéu
mong mutn va hudng clia né déu duge biét. Ta viét lai biéu thitc tin hiéu du ra cta bo
xU 1¥ thich nghi theo (12.32):

() =w"x(r) = w's(t) + w'u(t) = wa(g)s(t) + w”u(z) (12.40)

D¢ nhan duge tin hieu mong mudn véi mot do loi riéng biét & hudng da cho, ta cin
cudng birc:

w'a(g)=g (12.41)
Thay (12.41) vao (12.40), ta nhin duoc bi€u thiic tin hiéu diu ra cudng birc:
y(O) = gs(t)+ wu(r) (12.42)

Vi n(1) duge gia thiét la khong tuong quan va c6 phan ba Gaussian véi trung binh 0,
taco £ {y(f)} = gs(1). Phuong sai cla tin hiéu ddu ra viét duge:

var {1(1)} = &{[ (1)~ s ][ () - gs ()] }

= g{w”u(t)[w”u(!)]H} =w'R,_w _ (12.43)

Sir dung phuong phip Lagrange, ta cé:

VAW'R,w-p[g- wa($) |} =0 (12.44)
tuong duong véi:
R, w - fa(g)=0 (12.45)
Neu R, kha dao thi vécto trong s6 ti wu sit dung tiéu chudn MV ¢é thé biéu dién:
W, = BRa(4) (12.46)
trong do:
1

— (12.47
/ a” ($)Ra(¢)

Khi g = 1, thi xir ly thich nghi theo tiéu chuan phuong sai cuc ti€u thudng duoc coi
la xtr by ddp ting phuong sai cuc tiéu khéng méo, hoac xir Iy thich nghi Capon.
Thudt todn thich nghi

C6 mot s6 thuat todn gidp cho viéc xdc dinh cdc trong s6 t6i wu theo cdc tidu chuin
dd néu & trén, ¢6 thé ké dén nhu :

— Thuat toan nghich ddo ma tran 18y mdu (thuat ngit tiéng Anh: Sample matrix
mversion, viét tat SMI)
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— Thudt todn trung binh binh phuong nho nhat (thuat ngit tiéng Anh: Least mean
square. viét tit LMS)

— Thuat todn d¢ quy binh phuong nhé nhét (thuit ngi ti€ng Anh: Recursive least
square, viét tit RLS)

Thudt todn nghich ddo ma tran ldy mdu

Néu tin hi¢u mong muén va tin hiéu tham chigu déu duoc biét trude, thi trong $6 161
uu c6 thé duge tinh todn bing cdch nghich dio trye ti€p ma tran hiép phuong sai R,
theo (12.38).

V1 tin hiéu mong mudn va tin hiéu tham chigu khong dugc biét trong thue t€, nén ¢
the st dung cdc udc lugng ciia chiing tir vécta s6 lieu ddu vio :

n

1 Hoys
R (n)=—> x()x" (i)

Hoiq

£, (1) == > X))

i=]

(12.48}

trong dé  1a thafi diém 1dy mau, # 14 s6 mau.
Tu (12.38), kéo theo udc lugng vécta trong s6 st dung thuét todn SMI cho béi:
w(n)=R_ (n)r_(n) (12.49)
Cén chii y 1a SMI 14 mot thudt todn thich nghi khdi va duge xem 1a thuat todn nhanh
nhit d€ xdc dinh vécto trong s& 16i wu. Tuy nhién, phai chap nhan khéi lugng tinh toan
Ién va su khong dn dinh 6 liéu do phai tinh ma tran nghich dao cé kich ¢& 1on.
Thudt todn trung binh bink phuong nho nhdt

LLMS la thuat todn thich nghi phé bién nhat cho cdc qua trinh thich nghi lién tuc.
Thuat todn nay cho phép chon vécto trong s6 d€ dat cuc tiéu gid tri trung binh chung cia
sai s6 binh phuong. Sir dung phwong phap giam véi do dec 16n nhat, ta thay thé véc to
trong s6 & thoi diém (n+1). nghia 1a w(n+/), bing:

w(n+1) :w(n)*gvg{ez(n)} (12.50)

& day g 1a bude diéu khién dic trung kha nang hoi tu clia w(n):

! .
Odcu< T w,. = SR a(¢) (12.51)

trong d6 A 1a gid tri riéng 16n nhat cha ma tran hiép phuong sai R .
Theo (12.37) ta ¢é:

Vs{ez(n)} = -2r_+2R_w(n) (12.52)
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Thay thé (12.52) vao (12.50), ta nhan duoc:
win+1)=w(n)+ Ju[r_w — R“,w(n)] (12.53)

Cong thitc (12.53) duge sir dung dé thay theé méi trong s& i wu, diéu dé 1a can thiét
d¢ hoan thign déi v6i ci R, va r,,, va s& la 16t hon khi sir dung cdc gid tri tic thoi
cua ching:

R (n)= x(n)x” (n)

r (n)=x(n)r (n) (12.54)
Nhut vay (12.53) s& tr&s thanh:
“mn+1):“mny+yxon[rkn)—x”onumnﬂ (12.55)
= w(n)+ux(m) r (1) y'(n) |
=w(n)+ ux(n)e (n)

Chu y 1a t6¢ do hoi tu chia thuat todn LMS phu thudc vio ¢d buse 4 va do d6 phu
thudc vao gid tri riéng cang trén ma tran hiép phuong sai R .

Thudt todn dé quy binh phuong nhé nhdt

Thuat todn RLS st dung gid tri binh phuong nhé nhét dé wéc lugng vécto trong sd,
né chon vécto trong s6 dat cuc tiéu ham gid tri cha t6ng sai s6 binh phuwong trong mot
clra s6 thoi gian:

O(n) = Z Y Je(i)f (12.56)

¢ day ham sai s6 E(i) duge dinh nghia theo (12.34) va 0 < Y < 1.

Str dung phuong phdp binh phirong nhd nhat, ta ¢6 ma tran hiép phuong sai va vécto
twong quan dugc viét dudi dang :

R (m)=> T7'x()x" (i) (12.57)
=1

r,(n) =Y Y"'x()r'(i) (12.58)
=]

Trdi ra thanh cdc thanh phan tuong ing véi i=n, thi (12.57) va (12.58) tré thanh:

=1

R (m)=> Y"""yx(i)x" (i) + x(m)x" (n) = YR_(n—D+x()x"(7) (12.59)

H-1

r,(n)y= Y Y@ (D) + x(n)r (7) = Ye(n = 1)+ x()r (i) (12.60)
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Sir dung dong nhét thitc Woodbury, ta nhan dugc ma trin nghich dao cda ma tran
hiép phuong sai nhu sau:

R.\(m)=Y"[Ro(n-1)~ g(m)x(mR}(n—1)] (12.61)
YR (n-1)x(n)
1+ Y'x" ()R (n - 1)x(n)
Vécto trong s6 udc lugng c6 thé thay the méi st dung (12.38) Ia:
win) = R_‘__\I (rr, (n)
= Y[R (n-1) - qUo)x(m)R (n - D] Yr(i=1+xtpr' )] (1263)

cho két qua cudi cung :

¢ day: q(n) = (12.62)

w(n)=w(n—1)+q(m)]r (n)~w" (n = Hx(m) | (12.64)

Vi thuat todn RLS sur dung thong tin tir viéc 1dy méu ban ddu dé udc luong trong s6,
nén né c6 tam quan trong hon so voi thuat todn LMS. Tuy nhién, dé ci thién kha nang
hoi ty phai tra gid bang viéc gia tAng khai lugng tinh todn.

§12.6. ANTEN THICH NGHI BANG RONG

Anten thich nghi ditng day tré

Khéc véi anten thich nghi bang hep, anten thich nghi bang rong 1y mau tin hiéu
trong cd hai mi¢n khong gian va thdi gian va ding dé xir Iy tin hiéu bing rong.

Mot h¢ xir ly thich nghi bang rong dugc goi 13 bo xir 1y khong gian — thoi gian, Ciu
tric cia mot h¢ xit 1y thich nghi bang rong thuding bao gdm mot day tré, hodc con goi la
b loc ngang cap d6i v6i mdi phin tir ctia hé anten.

Mot cau hinh h¢ xi 1y thich nghi bang rong dién hinh sir dung day ué dugc vé trén
hinh 12.12.

Néu cu tric day tré da dai va s6 khau dd rong thi né gn t6t mot bo loc Iy tudng,
cho phép di€u khién chinh xdc d6 1oi va pha ciia timg tdn s6 trong dai tan dugc xem xét,

D061 v6i mo hinh hé xit 1y thich nghi bang réng nh u & h inh 12.12, ddy tin hiéu va
trong s6 phic tai dy tré ¢ K khau méc vao phin tir anten thit m duoc bidu dién boi:

=[x @) x-T) .. x,¢-&K-01)] (12.65)

wo=[w, w, . w,J (12.66)
Néu dua vao ky hiéu : )

=[x 7 . ox] (12.67)

w = [w:r woo wj:r]r (12.68)
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Hinh 12,12,

Thi tin hi¢u dau ra ciia hé x{ ly thich nghi bing rong cling ¢6 thé dugc bidu dién

theo cOng thic ¢6 cling dang nhu cong thitc cha hé xir 1y thich nghi bang hep, titc 1a:
y(t) = w''x(t) (12.69)

Gaén day, xtt 1y thich nghi dng dung FFT (bién déi Fourier nhanh) duge ting dung dé
thay thé day teé. So d6 cia mot hé xir 1y thich nghi ing dung FFT duoc biéu dién trén
hinh 12.13. |

Uu diém clia gidi phdp trong mién tin s6 12 gidm nhé khéi lugng tinh todn va tang
nhanh t6¢ d¢ hoi . Vi trong 6 phu thude vao médi bang tan con (mién tan s6), viéc xir
Iy lya chon trong s6 can phai thuc hién song song, din tGi trong s6 duge cip nhat nhanh.
Hon nifa, khi sir dung thuat todn thich nghi LMS, budc tinh khdc nhau cé thé 4p dung
cho mai bang tan con, két qua 12 s& hoi tu nhanh hon.

Anten thich nghi bdng tan con

Mot vi dy ve cdu hinh anten thich nghi bang tin con dwoc vE trén hinh 12.14. Tin
hi¢u thu duge wr méi phan tir truée hét dua qua khoi thu dé bieh déi thanh tin hicu bing
g6c va t€p theo lay mau sir dung bo bi¢n déi A/D. DéE don gian, ta bé qua khoi thu va bo
bién doi A/D trong cau hinh trén. Mat khdc, dé bidu dién m6 hinh tin hiéu ta sir dung ¢
nhur 1a ki hiéu thoi gian rdi rac. Méi tin hiéu thu duge trén phéan ti thi m & thai diém ¢
dugc phan chia thanh K tin hi¢u bang tdn con va duge bién déi sang mién tin s6 nho sir
dung tap hgp bo loc FFT. Viéc xir 1y tin hiéu thich nghi s& cho mot vécto trong sé t6i uu
tmg vdi timg bing tan con W' . Tuong ty nhy vay, tin hiéu tham chicu cing duoc bién
ddi sang mién tdn s6 bang tdn con véi ciing phuong phip trén. Sau dé nhan véi trong s6
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t8i uu, cdc miu trong s6 duge t6 hop tuong ing véi timg bang tan con. Cic miu phiic
hop duge bién déi tré lai mién thdi gian dung bo loc IFFT. Cudi ciing, thuc hién noi suy
voi hé s0 tang toc K s€ thu dugce tin hidu ra y(i).

— !
S F
X1y P F k 26
C T | K w,
! Y
F Sp—
S ! P Yir
x40 p F Lk ) 2 | F S -
L T K W‘]k F C
— wo | T
sose see
1
s 1 F [
Ko A0 P F k E/
C T K Wi

SPC : Bién d6i néi tiép - song song
PSC : Bién déi song song - ndi tiép

Hinh 1213,

x| x it Ay (O

Hink 12.14.

298



§12.7. PHUONG PHAP XAC DINH “HUONG SONG T4I”
(thuat ngir ti€ng Anh: Direction of arrival, viét tit DOA)

Poi véi cdc h¢ anten ¢ xir ly tin hiéu thi “hudng séng tdi” 1d mot thong tin rét quﬁn
trong. Khi biét chinh xdc thong tin ndy thi viéc xit 1y tin hiéu dé cé thé nhan duge tin
hi¢u mong muén mét cich t6t nhat va loai trir cdc tin hiéu khong mong mudn (can
nhiéu) s& cé thé duge thuc hién mot cdch thuan 1gi v hiéu qua cao.

Ngoai ra, trong shi€u trudmg hgp thue € thi viéc xac dinh huéng sén'g dén codn la
moét nhiém vu chic nang cua hé thong vo tuyén dién, vi du hé théng vo tuyén tim
phuong trong quan Ly tan s&, hé thong rada canh gidi, hé théng thong tin va dinh vi tiu
thuyén trén bén v.v.

He thong anten cho phép xéc dinh déng thdi hudng séng dén tr P nguén phdt séng
doc 1ap vé thuc chal cling chinh 13 mét hé anten ¢6 xit 1y tin hiéu, cho phép xac dinh
duge hudng séng dén mot cdch chinh xdc trong diéu kién ¢6 nhiéu. Phuong phdp phan
tich h¢ anten nay ciing dua trén mo hinh cua hé anten ¢6 xir Iy tin hiéu da x€t & trén.

Ta xét mot h¢ anten tuyén tinh nhu v& & hinh (12.15) gém cé M phan tir ding dé
phan biét va xdc dinh P séng t6i ¢6 hudng dén khéc nhau, véi P<M. D€ don gian, ta gia
thi¢t cdc hudng séng dén ndm trong mat phing 8 = T1/2 véi cac géc phuong vi ¢, khéc
nhau.

0

May thu ! Miythu2 |---emememeee | My thum | c-eeemmeeeeeee | Mdy thu M

uy () (L) Umft) upylt)

Hinh 1215,

Trén mo6i may thu ta déu nhan duge P tin hiéu séng téi cung vdi tap nhiéu. Ta ¢6 thé
viét viét biéu thitc tin hiéu nhan dugc & dau ra clia mdy thu thit m, 4p dung cong thie
(12 25) nhung trong d6 thay sin@ =1, s& c¢6 dang :

0, (1) = Zap(r)e HonDACOs0p |y (1) (12.70)
p=1 -

Khi dua vao ky hieu e () = ¢ "7 (1270) s dugc viet lai dudi dang:

P
(D= D 5,(0)2,, (0 ,)+1,,(t) (12.71)
p=1
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Ta c6 vécto tin hi¢u ddu ra tai M cdng mdy thu
a(t) = [ uy (1) up(t) oo u (1) . upy ) 1T
Ap dung (12.71), ta viét lai (12.72) du6i dang;

b
u(t) = 3" 5, (0 e(@,) + n()

p=1

trong d6 e{¢@,) la vécto hudng clia séng tSi tai hudng P,

—~jkdcosp,  ~j2kdcosg, —jkim=-1ydcosg —Jk(M—1d cos ;
e((pp):[l e Pp o Op  piklmmDdeose, mef( ¢ snp,,]'l

con n(t) la vécto nhiéu, hay c¢é the viet (12.73) duéi dang riit gon:
u(f) = e(P)s(e) + n(t)

trong do e(@) la vécto ¢é thanh phan 12 cdc vécto huéng e(P,):
(@) = [e(@)) e(Py) ... (@) ... e(Pp) ]

con (1) la vécto ¢o thanh phén la céc bién do duding bao phitc ciia P séng t6i

SO =150 850 . s, o sp(0) 17
n(1) 1a vécto nhiéu nhan dugce trén M ¢éng may thu
a(t) =  0,(t) ny(t) ... n(0)... nyg(t) /7

Thudt todn xdc dinh huéng song toi

(12.72)

(12.73)

(12.74)

(12.75)

(12.76)

(12.77)

(12.78)

C6 mot s6 thujt todn cho phép xdc dinh hudng séng 16i, trong dé khd hiéu qua 1a
thuat todn MUSIC (tlr viét tat cua thuat ngif ti€ng Anh : Multiple Signal Classification
algorithm}. Thuat todn nay do Schmidt dé xuat tix 1979, dat dugc do phan gidi cao khi

phét hi¢n va phan loai nhidu s6ng dén déng thei.

Thuat toian MUSIC dua trén viée khai théc cdu tric riéng (cac gid tri riéng, vécto

riéng) cua ma tran hiép phuong sai R, ctia vécto tin hiéu thu u(t):
l ¢ |
Ryo=e (u® o0 )= =3 [ u'w)]

Tr=l
‘Trong do. L 12 $6 mau quan sat.
Ap dung (12.75) vao (12.79) ta co:
Ry = € [{e(9) s() + (D) (e(®) s(0) + n(1)" } =
=e(@) ef s s" (0} e"(@) + e n(my ')}
Néu coi nhiéu n(t) 14 tap am trang thi
gl nn'()}= 0’1

trong d6 0” la nang lugng tap am, con I 1a ma tran don vi

Neéu chd ¥ ring €{ s(t) s”(t)} = R, ta viét lai duge {12.80) nhu sau;
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R,, = e(®) R, e"(@) + 0”1 (12.81)
T (12.81) ta 1inh duge céc gid tri riéng A, clia ma tran hiép phuong sai R, thoa
mén :
\Ruu _)‘ml‘ =0 (1282)
C6 P gid tri riéng bidu thi cho cong suat thu P séng t6i, duoc sip x&p theo thit tu
bién d6 giam dan :
A> A >Ay L >A . >hp
vi nhiéu dugc coi 12 tap am tring nén ning luong nhan trén céc may thu sé déu 12 o Do
vay ta c6 thé biéu thi nang lugng nhan dugc & ddu ra cdc mdy thu ké ca nhiéu

Ay =V +o?

_ 2
7\.!,)—VP+0'

v, chinh la céc gid tri riéng ctia e(@) Ry, ' (@)
Ciéc gia tri riéng tr P +1 dén M s& ¢6 gid tri déu nhau, bang o°.
Aoy =Apyg e o= Ay = 07 | (12.84)
Dodd:

2

h1> Az) ...... >AP > Ap_'_] av AM =0 (12.85)

Hinh 12.16 13 dé thi sip xép miic cong sudt tin hiéu nhan duge & cong ra cha cic
may thu theo thu ty bién d6 giam déan.
Bién 6o

A1 .-\2 ;\p Apﬂ -‘i\p+2 )\M ?\

Hinh 12.16

Nhu vay, sau khi tinh ma tran hiép phuong sai dé xc dinh cdc gié tri riéng, ta di
phan tich duge tin hiéu va nhiéu thanh 2 khong gian con:

— Khoéng gian con “tin hiéu” ¢6 kich thude P, tuong ting véi P tin hiéu nhan duoc,
sap xép theo thir tr bién d6 giam dédn.
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— Khéng gian con “nhiéu” ¢6 kich thude M—P vé6i cling miic bién do o°.
Nhur vay, d€ t6n tai khong gian con “nhiéu” thi phai ¢6 dién kién M>P, nghia la s6
tin hiéu c6 thé pht hi¢n dugc nhé hon s6 phén tir anten ctia he théng.
Van dé tiép theo 1a xdc dinh hudng ciia cdc tin hieu da duge phan loai.
T M gia tri riéng, ta tim duge M vécetd riéng ¢, clia ma tran K, thoa man :
(Ruw =20 )a,, =0 (12.86)
Dol véi cdc vécto rieng ¢6 lien quan dén M —P gid tri riéng nhé nhat, ta c6 ;
(Ruw =071 )40 = @R e™ (034, + 671 ~ 021 =0 (12.87)
Vi e(@)R, # 0 nén tir day suy ra
e (9)q,, =0 | (12.88)
hoac viét dudi dang :
o, | o
¢ (9,)g,, 0

=" (12.88a)

_()H(q)P)qm_ _0_

Dicu nay c6 nghia cic vécto rieng ¢6 lien quan dén M—P gid ui riéng nho nhat s&
tryc giao vai P vécto hudng tao nén ma tran e(@) :
{e((pl ). e((y)...e(Qp )} 1 {‘IP+|"—7P+2"-Q'M} (12.89)
Nhu vay, cdch tiep can cha thuat todin MUSIC 1a hidy di tim cdc vécto hudng ma
ching géin truc giao nhit véi cdc vécto riéng c6 lién quan dén cdc gid tri riéng Xap xi
bing o’clia ma tran hiép phuong sai R,,,. D6 chinh 1a cic vécto luwing cla céc tin hiéu
thu ma 1a mudn xdc dinh, cling ¢6 nghia 13 khi dé s& xdc dinh duge cdc huéng séng dén.
Su phan tich cting cho thdy cdc vécto riéng clia ma trém hiép phuong sai R, s& thudc
vé 2 khong gian con truc giao nhau: khéng gian tin hiéu va khong gian nhién. Cic vécto
Idng twong ng vai cic hudng song dén 15 rang 13 nam trong khong gian tin hiéu va do
dé truc piao véi khong gian nhiéu.

Ta thi€t lap ma tran V, g6m cdc vécto riéng nhiéu :
Vi =[apa1-apson] (12.90

Bai vi cdc vécro hurdng ng v4i cdc tin hiéu dén luén 1 truc giao véi cdc vécto riéng

clia khong gian nhiéu, nén eH(cp)V”V”He(q)):O khi ¢ tring véi mot hudng séng dén.
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Do d6, cdc hudng song dén s& c6 thé duoe xdc dinh tai cdc dinh clia phé MUSIC nhan

dugce tir .

1
e (oW, v, e(p)

Puusic (@) = (12.91)

Do tinh tryc giao gifta ¢(@) va V,, nén mau 36 cha (12.91) s&€ trd nén cuc tidu tai céc
huéng séng 16i va s& cho ta cdc dinh trong phé MUSIC tai cdc hudng dé.

Phd MUSIC
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Huréng séng dén (46)

Hinh 12.17. Che mét vi du minh hoa c6 2 hudng séng

dén xac dinh dude tai 40° va 120°nhd phd MUSIC.
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Chuong XIII

PHUONG PHAP PIEU KHIEN
PO THI PHUONG HUONG ANTEN

§13.1. KHAI NIEM CHUNG

Anten la thic¢t bi dugc (ng dung trong nhiéu linh vuc khdc nhau cta k¥ thuit vo
tuyén dién. Ty theo nhiém vu clia hé théng vo tuyén ma cé cdc yéu cdu khic nhau d6i
v6i thi€t bi anten. Vi du trong k¥ thuat v6 tuyén dinh vi cdn st dung anten c6 biip séng
nhon (do thi phuong hudng hep), va biip song phai c6 kha nang quét trong khong gian
d¢ phdt hien va bam theo cdc muc tidu di dong, xdc dinh toa do cia cdc muc ticu ay
" (anten rada).
 Dé quét biip séng trong khong gian ¢6 thé 4p dung ba phuong phdp @ phuong phip
¢o hoc, phuong phdp co -dién, va phuong phdp dién-dién tix.

Phuong phép co hoc diéu khién dé thi phuong huéng duge thuc hién bing céch
quay toan bo anten trong khong gian, hay xé dich mot hodc mot sé phan tr cia anten,
lam thay doi mat dang pha cta trudng & miéng anten. Dic diém clia phuong phdp niy 13
qudn tinh diéu khi€n I6n va van t6c quét bip séng bi han ché rat nhidu.

Ngay nay, voi cdc thanh tuyu da dat duge vE toc do cha cdc vat bay (mdy bay siéu
am, tén la, v.v...) thi van 16c quét clia biip séng trong khong gian theo phuong phdp co,
hoac co-di¢n chwra ddp (ng duge day dd. Vi vay dd nay sinh yéu cau phai nghién ciru céc
loat anten mati, ddp ing duge cao hon cdc yéu cau vé quét biip song trong khong gian
{anten quét bang phuong phdp dién).

Phuong phdp dién hoc dé didu khién d6 thi phuong huéng anten di (6 ra ¢6 nhiéu
tri¢n vong, ¢6 thé ddp ung duge cdc doi héi ngay cing cao cha k§ thuat. Diéu khién dé
thi phuong hudng bing phuong phap dién hoc cho phép ting van téc kiém sodt khéng
gian, nghia I& ting dugc luong tin tic vé€ cdc ngudn bidc xa hoac phin xa séng dién tir
trong khong gian. Di¢u nay c6 ¥ nghia dac biét trong k¥ thuat quan su.

Ngoai ra, véi su phat trien cla k§ thuat dién tir, dac biét 1a viéc sit dung céc mach vi
dién tir, ¢6 thé thiét lap nhiing anten khong chi cho phép quét dé thi phuong huéng bing
phirong phép dién ma con c6 thé két hop thyce hién viée xir 1y tin hicu.
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Trong chuong nay ching ta s& khao st nguyén 1y va nhitng phuong phap co ban
diéu khi€n d6 thi phuong huéng ciia anten bing phuong phdp dién hoc.

Trong trudng hop tong qudt, anten 13 tap hop cia cdc phan tir bitc xa dugc sip xép
theo dudng thang, mit phing, mat ciu, madt tru hay mat ndn, v.v...

Dol vét he anten thang, mot dang két cau dién hinh cita hé anten nhiéu phén t,
huéng bifc xa cyc dai clia biip séng anten duge xac dinh bdi {cong thirc 7.14):

cosBMz—}(% (13.1)

trong d6, 1 — gbe léch pha ciia ddng dién giita hai phan tir ké nhau:
d — khoang cdch gifta cdc phan tir;
27

k=—.
A

Neéu phén tr bitc xa cha hé théng khong phai I chan t& ma [3 céc phén tit bifc xa
mat thi y la g6 léch pha ctia trudng trén mit bic xa cia hai phan tir k& nhau.

Cong thic (13.1) cho thdy ring hudng bitc xa cuc dai clia hé théng phu thuoc vao ba
thong s6 co ban la khoang cich d, bude séng A va goc léch pha . Do dé, viée diéu
khién d6 thi phuong huéng anten trong khong gian ¢6 thé dugc thuc hién bing cdch bién
déi mot rong cac théng s trén. Thue t€ it st dung phuong phdp bién déi khoang cich
giita céc phan tlr vi thudng gap nhiéu khé khan vé ky thuat.

Khi ding phuong phdp bi€n déi budc séng (thay déi tdn s mdy phdt) dé diéu khién
do thi phuong hudng ta nhan duge anten didu khién tén s6, con khi diéu khidn phan bg
pha gilta cdc phén tir d¢ di€u khién dé thi phuong huéng, ta nhan duge anten didu khién
pha. Trong thuc 1€ con ding phuong phdp bién déi phén bd bién do-pha. Khi ay, ¢6 thé
diéu khién khong nhimg vi tri ctia biip séng trong khong gian ma con 6 thé diéu khién
ca cac thong s6 khdc clia do thi phuong huéng nhu mic nén cuc dai phu ... Viéc diéu
khi¢n phan bo pha cita anten ¢6 thé duge thuc hién theo phuong phdp co-dién, hoac
phuong phdp dién, trong d6 ¢6 phuong phdp xit 1y tin hiéu.

Sau day ching ta s& khdo sat nguyén 1y va dic diém cla cic phuong phép néu & wen.

§13.2. DIEU KHIEN D6 TH)
PHUONG HUGNG ANTEN THEO PHUONG PHAP TAN SO

D€ don gian, ta kho st he bitc xa thing tiép dien lien tiep, trong dé cé cic phén tir
bic xa dugc mdc lién ti€p vao cling mot dudng dan séng (fide) co dac tinh tin séng (vi
du ong dan séng, hé thdng séng cham, v.v...). Néu ky hicu / 1a do dai ciia doan fide noi
gitta hai phén 1ir thi pha cla dong dién hay trudmg kich thich tai cdc phdn & biic xa phu
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thudc vao do dai dién //A, (trong d6 A, Ia budc
, . ’ . . ., Phiin tu biic xa
song ctia song trong hé dan séng). So dd cua anten

> .2 'Y - e - - el -7 d
diéu khién tan so, tiép dién lién t€p duge vé ¢ I T T
. Médy L l—l—b——l—
hinh 13.1. phit
. . . . He dinséng ol i hdp thy
Bugc séng riéng A, trong moéi dudng truyén a)

séng ¢ quan hé v4i van toc pha cua séng trong hé

théng, dong thoi van t6c pha lai 1a ham s6 cha tan T—L{ T

s6 va phu thudc vao dac tinh tdn tan cua hé théng U U 'LH

dy. Vi du vé dac tinh tdn tin ciia mot hé thong chu EJM@ o

k¥ cham dugc v€ & hinh 13.2. by '
Hé s6 £ cua dudng dan séng phu thudc

Py L 2 Cy s oax . Hinh 13.1.
vao dac diém cau triic ctia mdi loai hé dan séng cu

thé va ¢6 gidi han bién déi khic nhau tuy theo timg loai. Vi du, véi 6ng din séng chir

nhat ta cé :
¢ s 2
= —-—= 1——
g . \/ (20)

va gidi han bign déi cua & trong khoang & =(0+1).

Trong so dé ciia anten diéu khién tin s& v& & hinh 13.1 ta ky hiéu J 1a khoang cdch
gilta cdc phan tr ¢con / la do dai cla doan fide mic gilra hai phan ti. & hinh 13.1a ¢6
I=d,condhinh 13.1bco I>d.

Néu d kha 1ém khién cé thé bd qua tac dung tuong hd cta cac phén tir gan nhan thi
ham phuong huéng té hgp clia ddy N phan tir bic xa duge viét dudi dang :

(13.2)

trong d6, a=kdcosB+y
y |2 gée dich pha giita hai phén tir k€ nhau.

Géc léch pha nay, trong trudng hop téng quét bang tdng
cua goc léch pha c6 dinh y; {(n€u ¢6) va goc 1éch pha phy do

doan fide méc giita hai phén tlr géy ra

— Ly 2Ty
W ==Yy A,
| -
Biét y s& xdc dinh dugc huéng biic xa cuc dai clia d6 thi Ae A

phuong huéng. Ham (13.2) s& ¢6 gid tri cuc dai bang 1 khi

p Hinh 13.2,
o = 2nn. Tir day rit ra dugc : ink 13
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A A
cos 0, =E(n+%)+l—é (13.3a)

5
trong d6, n=0,£1,+2, ...
Néu séng bic xa va song truyén trong fide ¢6 cling tdn s6 véi mdy phét nhu trong
cdc hé thong & hinh 13.1. thi :
an _
A

K=t

5 §
Cong thitc (13.3a) duge viét lai dudi dang :
ﬁ).kii
o A d '
Khi thay d6i t4n s6 mdy phét thi A va & thay déi. Do d6 hudng biic xa cuc dai clia
d6 thi phuong hudng s& thay déi. Nhu vay bang cdch thay d8i tin s6 may phat ¢ thé
diéu khién dugc dé thi phuong hudng anten trong khong gian.

cos8,, =§(n+ (13.3b)

Téc d¢ bi€n déi clia vi tri biip séng trong khéng gian khi bién ddi tin s6 (hay budc
song) dugc goi la do nhay gdc-tdr 56 clia anten. Do nhay goc-tdn s6 duge biéu thi bing
ty $6 clia do dich chuyén biip séng trén phén tram bién d6i tan s6 (hay budc séng). Tir
cong there 13.3 ta rat ra duge :

3 1
4% 0,57

== ——cos8 13.4
dh  sin@ (éd ) (13.4)
A
H¢ s6 0,573 dua vao cong thitc trén ta do Fyia)

chuyén déi don vi tir radian sang do.

Ta thdy khi %zconsl thi d6 nhay géc- ‘

Zn\

tin s6 phy thudc vao 6 va hé sé cham £. Do = /\/
nhay géc-tan s6 s& cang 16n khi 0 va & cang 2(N-1)m 2Nn 2(N+1)m
nhd. Hé s6 cham & ¢6 quan hé véi tin s6
. . e e Hinh 13.3.
cong tac, tuy thudc vao dac tinh tin tin cla
h¢ thong dan séng. Do d6, khi cho trude gidi han quét cha dé thi phuong hudng s& xdc
dinh duoc gidi han bién d6i tdn s6 clia mdy phét Gng véi méi loai he din song da cho.

Néu lya chon khodng cdch d giita cdc phén tir khéng qua 16n thi trong qua trinh diéu
‘khién quét biip s6ng, d6 thi phuong hudng anten s& chi c6 mot bip séng chinh. Diéu nay
c6 thé nh4n thay rd khi xét d6 thj clia ham s8 F,(8) (hinh 13.3). D6 thi nay ¢é nhiéu
cyc dai chinh vdi bién do bang nhau va chu k¥ xuét hién bang 27.

Mat khic, n€u xét theo quan diém gidm nho anh hudng twong hé gita cdc phdn tir
thi khodng cdch d cang 16n cang t6t. Vi vay & day cdn xac dinh khodng cdch 16n nhat

307



gilta cac phan tir d€ sao cho trong qué trinh diéu khién d6 thi phuong hudng s& chi c6
mot cuc dai chinh.

¢ xdc dinh khodng cich cuc dai, ta khio sat ham phuong hudng (13.2). Khi 0
bién ddi tir 0 — 7 thi o bién déi trong gidi han :

O pax = kd +y dén o, =—kd +yr (13.5)

Céc cuc dai chinh clia do thi s€ tng v6i oy, =2nn (v6i n=0, 1, 2,...) déng thoi do
rong cla cuc dai chinh (tinh tir diém cyc dai dén diém khong ddu tién) cé 214 tri
bang 2—ﬂ

N

Trong qud trinh diéu_khién quét bip séng, mudn cho dé thi phuong hudng chi c6
moét cuc dai chinh thi khodng cdch d phai duge chon the nao dé khi thay déi tdn s6,
pham vi bién d6i clhia o khong vugt ra ngodi gidi han vé bdi doan dam nét trén truc o,
nghia la :

i = —kd +y 22(.&:-‘1)‘n+%T (13.6)

O ax :,~'cd+q,'52(n+1)7t—2?ﬂ (13.7)

Gia tri 16n nhat cia d can duge xdc dinh tir hai diéu kién (13.6) va (13.7). Doi véi
hudng cuc dai chinh ta co :

o, =kdcosé,, +y =2nrx
Tur day nit ra dugc :
Y =2nn—kdcosB,, (13.8)
Thay (13.8) vao (13.6) ta xdc dinh dugc :

-1

< N
1+cosBy,

d

(13.92)
lmirl

Thay (13.8) vao (13.7) ta xac dinh dugc :

]
d -
< N (13.9b)
1—-cosB,,

A

min
Vi cosfly, c6 thé mang gia tri duong hay am, ta c¢é diéu kién téng quét thod man ca
(13.9a) va (13.9b) s& dugc viét dudi dang :
., S
< N
A min 1+‘COSBM|

(13.10)
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Néu bap séng duge dieu khién & quanh gid i 0,, = g thi khoang cach cuc dai gitra

cac phan tir s€ bing c& mot budce séng (d <A, ).

So d6 anten diéu khién tdn s6 v& & hinh 13.1 13 so dé tiép dien lién ti€p. Khuyét
diém ctia so dé niy 1a cong sudt clia anten bi han ché do b han ché& cong suét truyén
theo h¢ dan séng. Ngoai ra, tén hao trong hé din séng ciing kha 16n.

Be khic phuc céc nhuoe diém néu trén ciia so d6 tiép dién lien tiép, ¢6 thé ding so
dé tiép dién song song (hinh 13.4).

Khi thi€t 1ap anten theo so do6 ti€p dién song song, cong suat clla hé théng s& duac
phan chia theo cdc nhanh nén cong suat bic xa tdng cdng ¢é thé cho 'phép 16n hon so vai
trudng hop dung so do lién (i€p. Viéc diéu khién quét bip séng trong trudng® hop niy
dugc thire hign bang cach thay déi tan s6 mdy phat, con phan bo pha gma cac phan ta
dugc thue hién bang céch thay déi do dai cla doan fide tiép dién
ndi tir duong dan séng chung dén cac phan tir. Vi cong sudt truyén '
trong moi doan fide ti€p dién giam di nén 6n hao cha he thong : ‘ ' ‘ J ,
truyén séng sé gidm, do d6 cong sudt biic xa téng cong s& tang. _T -1

[ E—

i

Bén canh cic vu diém néu & trén thi so dé ti€p dién song song
cing ¢6 mot s nhugc di€m, chi y&u 12 két ciu anten trd nén phitc
tap Hinfr 13.4.

§13.3. DIEU KHIEN DO THI
PHUONG HUGNG ANTEN THEQ PHUONG PHAP PHA

Khi di¢u khién d6 thi phuong huéng theo phuong phép pha, tin s6 méy phét duge
gitt c6 dinh, con quan h¢ pha cha dong kich thich cho cdc phan tir s& thay déi. Viéc thay
d6i nay ¢6 thé thuc hién theo nhiéu cdch khic nhau.

Maéi anten diéu khién pha thudng bao gém hai phén chinh :

— Hé théng Phan phoi - Pinh pha ;

— Hé thdng bitc xa.

He thong Phén phéi - Dinh pha (viét tit 1a PPDF) c6 nhiém vu phan chia cong sudl

ciia mdy phat d€ cung cap cho cdc phin tir bifc xa, déng thoi dam bao phan bd pha trén
anten theo yéu cdu d€ tao va diéu khién dé thi phuong huéng.

13.3.1. Phan loai hé thdng Phan phdi - Binh pha (PPDF)
Theo nguyén 1y 1am viéc ¢6 thé chia heé théng PPDF lam hat loai :

1. H¢ théng PPDF loai 1 la hé théng gom c6 nhicu ddu vio doc lap nhau va mot s6
déu ra. So do khoi chia anten duge v& & hinh 13.5. He théng PPPF ¢é nhiém vu dam bao
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viéc 1i€p dién doc lap cho cde phén tir bic xa khi ti€p dién cho anten qua timg dau vao
riéng biét. Nhu vay s6 ddu vao s& tuong ing véi s6 trang thii phan bo pha ¢6 thé thiét
lap dugc, nghia 1a tuong tng véi s6 dé thi phuong hudng hay biip séng (goi tat 1a so tia)
cd thé tao duge bdi anten. S& ddu ra tuong Ung v4i 56 phan o birc xa clia hé thang, Vlec

di¢u khién dé thi phuong hudng trong trudng hgp nay s& duge thuc hién bang cach thay
ddi vi tri tiép dién 14n lugt cho cdc ddu vao.

Khi mac mdy phdt vao mot trong cdc dau vao s& nhan duogc phan bo bién do va pha
cta dong di¢n trén cdc phdn tir tuan theo moét quy dinh xac dinh, bio dam viéc hink
thanh mot bup séng (tia) c6 huéng xic dinh trong khong gian. Gia st khi tiép dién cho
dév vao thi n, géc léch pha clia dong dién trén cdc phan tir ké nhau la y,,, ta c6 hudng
cyc dai cia bip séng thit # duoe xdc dinh ti (13.1) :

_ Y
cosBM” = ed

Khi chuyén vi tri ti€p dién cho ddu vao khic, quy luat phan b6 bién do, pha ciia
dong dién trén cdc phan tlr s& bien déi tuong ing véi diéu kién dé tao thanh bip séng ¢6
hudng khac trong khong gian. Anten thi€t 1ap theo nguyeén 1y trén con duge goi 1 anten
nhiéu tia. Néu yéu cadu anten phai bao quat dugc mot khong gian nhat dinh thi cdn lam
sao dé cdc blp séng giao nhau & miic nira cong sua.

He thong PPDF loat nay c6 thé duoc thuc hién theo sa d6 lién tiép hoac song s0ng,
So d6 PPHF lién ti€p gom hai diy fide dan
chéo nhau. Ddy thang diéng néi v6i cic phén tir
bic xa (cdc dau ra), con diy ngang (hay xién)
noi véi cdc ddn vao (hinh 13.6). Hai ddy ngang
va dimg duge ghép véi nhau bang cdc bo ghép -
. . . P » . a Hé thang bic xa
dinh hudng tai ché giao nhau ciia ching. Dé dat

Tia?2 Tian
Tia |

8Mrl

dugc ché dé séng chay, & ddu cudi cac diy duogc YYWW\(\(

ndl véi tai phdi hop.

Hg théng phan phai - Dinh pha

Nang lugng tir méi dau vao dugce truyén theo l l l, l l
fide va lan luot ti€p cho cdc phan (I qua cic. : S 4
nhdnh fide thang dimg. Sai pha chia dong ti€p Déu vio
cho cde phén tir duge xé4c dinh bdi géc cham pha i 135

ink 13.5,

cla séng truyén theo doan fide xién va mot phan
doan fide thang ditng.

Géc sai pha chia dong gifta hai phan tirké nhau khi tiép dién cho ddu vao thi # bing :

qJl’l‘ = kEJlN

trong d6, &= %; A, la bude séng trong fide.

k)
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I, 1a do dai chénh léch clia duong fide tiép dien cho hai phan tr ké nhau khi
ti€p dién vao ddu vao thit . '
Theo hinh 13.6tacé :
1

COsS L,

/

i =/ +!n2 =d(

Hl + IgOLH)

Khuyét dieém cia so dé nay la
cdc bo ghép dinh hudng khong thé HE thiiug b xa

dam bao cidch ly hoan toan cic dau I 2] m ] M

vao cua hé thong PPDF, nghia la 1o 3‘; j;i ey Im 1M

khi ti€p dién vio mdt dau nay sé “?,:j;jm-———ﬂ_______ﬁm:
khong tranh khoi cé su dd nang gzww%w{iﬁxﬂ
lugng sang cdc duding khdc, din Phuvo Hﬁ%\xz‘:f\\ﬁ“\aﬂb

dén mdéo dang dS6 thi phuong ’;,‘;,fg kx\h\%
huong. Vi du khi tiép dién cho ddu hudng T phti hep
2, ning lugng qua bo ghép dinh 1‘5 D D D D D/

hudng 2/ sé truyén téi bd ghép 1/
dé ti€p cho phan tir /. Nhung & bo
ghép // khong thé trinh khéi ¢6 mot phan nang lugng truyén theo dudmg day ngang t6i
cdc bo ghép /12, 13,... d€ tiép cho céc phan tir 2, 3,...

Hinh 13.6.

So do PPPF song song. D¢ tim
hi€u nguyén 1y 1am viéc cha so dé may, m='( 2 >l sl s sf 3

ta hdy lam quen v6i mot vi du cu thé ; ;
v& & hinh 13.7. & so d6 ndy ning lugng -
cao tdn tir méi dau vao duge phan phdi & &
cho cdc phan tir bifc xa nh& cdc mach i ad 3 i t
cdu va cdc bo quay pha cé dinh. Mé&i i

mach cau ¢6 hat dau vao va hai dau ra a2 0
doc lap v6i nhau. Khi dua cong suat - — >< t ot
cao tan vao mot trong ¢dc ddu vao cha P9

L

clu, & dau ra s€ nhan dugc cong suat
ra déu nhau nhung géc dich pha khéac
nhau (so v6i tin hiéu vio). Quan hé
pha ctia tin hiéu dau ra khi dat tin hiéu

o
e

vo O cac ddu vao khic nhau duoc vé & 7 Piu vio
hinh 13.7b. Cic bd quay pha c6 dinh
diing dé thiét 1ap phan bo pha tuyén Hinh 13.7

tinh doc theo hé¢ thong. Phan bd pha
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trén anten khi ti€p dién cho cdc d4u vio khdc nhau duge néu & bang 13.1 (trong dé, v,

la géc léch pha gitta hai phan ur).

Bdng 13.1
n- s m - 58 bhén 1 bire xa Wy
dau vao "
1 2 3 4 5 6 7 8
1 5 7 8 9 10 i1 12 1
——T7 -—T7 ——T -7 -—n | ——7 | —— —-—T -1
8 8 8 8 8 8 8
2 5 8 il 14 1 7 10 3
——T7 - | ——7 | —T | ~—= — T —T | ——m —T
8 8 8 8 8
3 {] 11 16 10 15 0
-—n | -—R | ——R| —n | ~-—n | ——7n | ~——7 -1 =T
8 8 8 8 8 8
4 8 15 13 4 1] 2
-—n|-——7n| —n | ~~—n| ——m | ——7 | -1 ! —X
8 8 8 8 b3 8 8 8 8
r

Uu diém ctia so d6 PPDF song song la khéng cin dimg cdc tai phéi hgp nhu & so
dé PPDF lien ti€p nén hiéu suit dat duoc cao hon. So dé nay cho phép thiét 1ap phan b
bi¢n o va pha trén anten véi do tuyén tinh cao va s6 ciu ghép cdn it hon so véi so dé
lien ti€p. Khuyét diém cua so dé niy 1a dai tan hep.

2. Hé thong PPDF loai 2 1a h¢ théng gdm ¢6 mot ddu vio (dau tiép dién) va mot s6
ddu ra (twong ing v6i s phan tir bitc xa). Trong hé théng nay, viéc diéu khién phan bo
pha dugc thuc hién nht cdc bd quay pha riéng 18 6 lugng dich pha ¢d dinh hoac bién
ddi dugc, méc trén fide tiép dién cho cic phan tir dé thay ddi pha ciia dong tiép cho cic
phin tir theo yéu cau. H¢ théng phan phéi loai 2 ¢4 thé duge thuc hién theo kidu mach
kin hoac ho.

Hé thong PPDF ki¢u mach kin. Trong hé théng ndy, viéc truyén dan nang luong
tir nguon t6i cdc phan tir bitc xa duge thuc hién nho cic hé théng dan séng (fide). Hinh
13.8 v& cdc so do mic lien ti€p, song song, hodc hdn hgp song song - ndi tiép.

Trong so do ti€p dién lién 1iép, tit ca cdc phan tir bifc xa duge mic vio ciing mot

-dudng truyén séng qua cdc khoang cich biing nhau. Néu do dai clia doan fide méc giita
hai phdn tir bang d thi géc cham pha clia dong trong phén tir ti€p sau bang £kd. Dé ¢6
dugc phan bo pha can thi€t giita cic phdn tlr, cdn ding cic bo quay pha mac lién tiép
hodc song song theo so d6 (a) hoac (b) hinh 13.8.

Gia st can thuc hién phan bs pha dong déu doc theo hé thang. Khi 8y, méi bd quay
pha cdn bién doi pha theo chiéu duong mot géc bing Ekd dé bu lai géc chdm pha do
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doan day lide gay ra. Khi ay, biic xa cuc dai clia anten sé
dat duge & hudng vuéng goc vdi truc clia hé théng. Dé
diéu khién quét bap séng trong khong gian, cdc bo quay

Tl thome hie xg

A o

pha cin dugc diéu khién dé bién ddi pha theo mot quy ludt  Peve  Cachiquophe  inipn
nhat dinh.

. a)
So d6 méac néi ti€p (hinh 13.8a) duoc thue hién tuong
déi don gidn nhung cling ¢6 mot s6 nhuge diém han ché ] -
)

b

viéc img dung. Nhuoc di€ém cdn néi dén trude hét 1a sy tén  Pv ¥
hao nang lugng trong cac bd quay pha khd 16n, dong thoi

cac bo quay pha ndy han ché cong suat biic xa ctia anten.

Ngoal ra, d sg d6 trén cdc bd quay pha phai ¢é do chinh

xac khd 16n vi sai s6 cita mot bo s€ anh hudng dén toan bo

hé thong.

So dé hinh 13.8b ¢é nhiéu vu diém hon vi cdc bo
quay pha dugc mic song song nén moi bo s€ chi cho qua
mét phin céng suat cha hé théng. DE didu khién quét biip
séng, mdi bd quay pha cén bién déi pha theo mot quy luét Ko 2 B
nhét dinh. Vi du, dé nhan dugc phéin bo pha déu, cic bo
quay pha nam doc theo huéng truyén séng can bién doi
cdc gbc pha 1an luot bang Ekd , 28kd , 3&kd , v.v...

Hinh 13.8.
Néu yéu cau géc quay pha 16n hon 2xn thi bd quay

pha thuc t€ chi cdn biéh déi mot géc pha bang hiéu ciia géc pha véu cdu try di 2n.
Tredng hop cin ¢6 géc cham pha bang y thi ¢6 thé thuc hién quay pha theo chiéu
duong mot gée 27—y . Do d6, mbi bo quay pha cdn phai bi€n déi duoc géc pha trong
giGi han tir 0 +2m.

Van ¢ quét bip sdng trong khong gian duge quyét dinh bdi van t6¢ diéu khién pha
clia citc bd quay pha.

So d6 mac song song hinh 13.8¢ ciing ¢6 cdc uu diém wong tu nhu so dé hinh
13.8b, ¢ day chi cin lwu ¥ 13 néu do dai cha doan fide mic tir fide chinh dén cic phan ur
déu bang nhau thi khi cdc bd quay pha lam viée giong nhau s€ nhan duge phén bs déng
pha trén anten.

So d6 hén hgp hinh 13.8d 12 sy két hop giita so d6 méc lién tiép va song song nhung
& day s6 bo quay pha mac lién iép it hon so vdi so d6 hinh 13.8a. Vi vay, néu sir dung
so d6 ndy s€ gidm nho duge pham vi bién d6i pha ma céc bo quay pha trong so do song
song phai dam béo. Viéc gidm 6 bo quay pha méc lién ti€p s& giam sai s6 diéu khién dé
thi phuong hudng. Diéu nay c¢é y nghia quan trong khi hé thong bitc xa gém nhiéu
phan tir.
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So sénh cdc so d6 anten néu & trén ¢6 thé it ra két luan 1a so dé phan ph6i lién tiép,
dinh pha lién 1i€p c6 the sit dung duoc khi s phén ti biic xa twong ddj it, cong sudt bic
xa ca hé anten khong 16n va khi khong yéu cdu anten cé hiéu sual that cao.

So d6 phan phéi lién ti€p - dinh pha song song va so dé song song cé thé sir dung
duoc cho h¢ anten v6i cong sudt Idn, déng thdi cling dam bao duge hiéu suét cao cho anten.

8o d6 hén hop dung hod duge uu, khuyét diém ciia céc loai so do trén.

He thong phan phoi hé (hay phan phéi kiéu quang hoc — hinh 13.9). Trong céc he
thong nay, nang lugng di¢n tir duge dua t6i cdc phén tlf bic xa so cdp (bo chidu xa) va
mot he thong thu. ¢ so d6 hink 13.9a nang lugng tir méi phéan tlr thu duge dua qua bo
quay pha d¢ tao géc dich pha cén thiét r6i gl t6i phan tlr anten tuong tng ciia hé théng
biic xa. & so do hinh 13.9b, cdc phdn 1l anten cila hé théng bitc xa ciing déng thdi duge
st dyng lam phén tlr thu cta h¢ thong phan phéi. Trong trudng hop nay, nang luong
nhin dugc tir mo6i phan tir thu duoe dwa t6i bo quay pha, sau dé phan xa td lai va biic xa
ra khong gian thco hudng can thiék,

Uu di€m ctia h¢ thong phan phoi theo kidu hd 12 ¢6 thé thue hién tuong d6i don gian
ca khi h¢ thong biic xa gém nhiéu phén tr, ngoai ra cdn cé thé diéu khién ca phan bo
bién do trén h¢ thong mét cich dé dang bang cdch chon d6 thi phwong hudng bién do
cua bo chiéu xa thich hgp.

Doi v6i cde anten dung hé
thong PPDF loai 2 thi mot trong

nhilmg khau quan trong nhat 1a /\ B chic xa
—F—~

Bo quay pha

hé¢ théng diéu khién pha bao <
gém cdc bo quay pha va thiét b

. 4 . - 136 chigu xa

dicu khién dé cac bd quay pha o
en e cac v q . YP \ ‘?—,Epe

thue hién cac gdc dich paa theo j f) oY <
yéu cdu. Hé théng ndy c¢é thé Cr
dugc phan loai theo dac tinh lam =
viéc cia ching : lién tuc va roi . .

: : ‘ Phin tirthu  Phén i bitc xa Phin tir thu - biife x4
rac.

Hinh 13.9.

Trong hé thong lién tuc,
viéc diéu khién pha duge thuc hién mot cich déu dan, nghia 13 pha cla dong kich thich
cho cdc phan tir do cdc bo quay pha thiét lap c6 thé thay déi twy ¢ dé c6 duge phan bo
pha trén anten theo cic quy luat cdn thiét cho viéc diéu khién dé thi phuong hudng.
Trong trudng hop nay, cic b quay pha phéi c6 kha nang bién déi lién tuc géc pha trong
gidi han can thiét. Khi dy, viéc diéu khién quét bip séng cé thé thuc hién mot céch lién
tuc va déu trong gidi han clia géc quét cho trude. Tuy viy, phuong phép nay ciing c6
nhuge di€m 1a khi s6 bo quay pha L6n thi sai s6 trong viéc diéu khién pha s& dén dén
méo dang dé thi phuong huéng, hoac 1am sai léch quy luat diéu khién bip séng di dinh
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trude. V1 vay, tot hon la nén ding hé¢ théng diéu khién giin doan hoic chuyén mach.
Trong he théng di¢u khien gidn doan thi méi bo quay pha ¢ thé bién ddi gbéc pha & mot

muc nhdt dinh trong khodng tit 0+ 27w, vi du 0, g— T, 775 Khi ay, viec diéu khién céc

bo quay pha s& don gian hon so véi hé théng lién tuc. Tuy nhién, trong truong hop nay
phan bo pha trén anten s ¢6 sai 6. Sai s6 ndy bang mot nita lugng dot bién pha ctia cdc

bo quay pha. Néu theo vi du trén, lugng dét bién pha la —g thi sai pha sé < % Sai s6 pha

trén anten s€ pay ra méo dang do thi phuong hudng va lam cho viée quét bip song trg
nén kém lién tuc. Phuong phap diéu khién pha bang chuyén mach vé nguyén tic ciing
géan nhu phuong phap diéu khién gidn doan, nhung & day, thay vi méi bo quay pha ¢é s8
mifc dich pha nhét dinh 14 mét s6 bo quay pha ¢6 dinh. Cdc bo quay pha nay duoc néi
vOi phén tir buc xa bang cdc chuyeén mach. Khi dy, tuy theo phin tit bitc xa cdn c6 géc
léch pha bao nhi¢u ma b chuyén mach s& mic vio by quay pha c6 gée dich pha bay
nhiéu.

13.3.2. Diéu khién pha biing chuy&n mach

C6 hai phuong phap chinh dé thiét lap diéu khién pha bing chuyén mach. Theo
phuong phdp thif nhat (hinh 13.10), méi phdn tu bic xa duge mac v6i mot nhém gém
mot 56 bo quziy pha ¢6 dinh. Pha cla phdn tlr Yitc xa ¢6 thé dugce lva chon trong s6 céc
pha cua nhdm pha dy bing cich ding chuyén mach d€ néi phén ti biic xa véi bo quay
pha can thi€t va ngat lién he vé6i cic bo quay pha khdc. Géc dich pha cla cic bo quay

pha 6 dinh c6 cdc gia tri bing ¢, =0, ¢, = Ay, ¢y =24y,... (vdi Ay =_ﬂ:1 trong dé
m

m la mot s6 nguyén). Nhur vay pha clia cdc phén tl bitc xa ¢6 thé bién ddi nhay vot cdc
dai lugng bang boi s6 cta Ay . & hinh 13.10a viec déi pha cho cic phan i duge thuc
hi¢n bdi cdc chuyén mach, con & hinh 13.10b duge thuc hién bdi cdc bo quay pha va
chuyén mach. _

Theo phuong phdp (thit hai (hinh 13.11), cdc phdn ti bitc xa duge mac véi fide cung
cap clia b chuyén mach. Pha clia dong kich thich tai cic vi tri khic nhau phu thuoe vao
pha cua séng chay truyén doc theo fide cung cép. Khi ay, trén mdi khoang fide ¢6 do dai
—}25 (A la budc séng trong khong gian ty do} duge mic mét s& phin tir bitc xa. Viec lua
chon phan 1t bifc xa nao ¢6 géc pha thich hgp sé duge thuc hién bdi cdc chuyén mach.

Sau day ching ta khao sdt van dé diéu khién quét biip séng doi véi céc anten chuyén
mach. Trude het ta khdo sdt d6 thi phan bo pha. & cdc dé thi niy, truc hoanh biéu thi
khoang céch doc theo anten (cdc diu trdn chi vi tri clia cdc phin tir bic xa), con truc
tung la pha cia dong kich thich trén céc phén tir bic xa so v6i pha clia phén tir & ddu
vao.
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bai véi anten chuyén mach theo phuong phap thtt nhat (hinh 13.10), pha ciia méi
phan tir 1a t6 hgp pha cha séng chay doc theo hé din séng.

Y (2} =—Ekz (13.1D)
va goc dich pha ¢6 dinh ¢Ay (véi ¢=0, 1, 2,...). D6 thi phan bo pha doc theo anten dugc
v& ¢ hinh 13.12. Trén hinh v&, ham v (z) dugc bicu thi bdi ho cdc dudmg xién, cich déu
nhau mot khoang céch bang Ay .

Hé thong bic xa

ai hap thu

d=al2 ChLIYén m@Ch

Hé théng bic xa

fu,‘!:'f Bo quay ph

Péu vio & vi chuyén mach
@ ' |
Téi hidp thu
d=d /2
b)
Hinh 13,10,

Gid sl can hudng bitp séng theo géc 0, so véi truc anten thi dong kich thich cho
cdc phin tir bitc xa phai ¢6 géc pha bién d6i ddn theo hudng truc, lam sao dé bii lai gée
tré pha do khoang cdch khic nhau tir cidc phdn nr bitc xa dén diém khdo sat nam theo
hudng ay. Do dé ham phan bo phai ¢ dang :

W4 (z) = —kzcosB), (13.12)

D6 thi cia ham wy,(z) duge vé &

hinh 13.12a, v6i gia thi€t 0, >90°. YIIT I!I ] I [] %I{II [ cnuytamen
Tat nhién phan bd pha trén anten khong ?/‘{‘1!‘{ i ‘{‘{ %J T ‘# 7/ J?//E

thé thiét lap dugc chinh xédc theo cong Pluvio ik hap thu
thirc (13.12) ma khi dﬁng cic bo quay Hinh 13.11.

pha chuyén mach ta chi ¢é thé nhan
duge dang phan bd bic thang. Tuy nhién, can chi ¥ méac cdc b quay pha chuyén mach

- : - - P A o - - Y - s .
thé nao dé sai s6 pha trén anten khong 16n hon Tw so v&1 mitc pha yéu cau. Tu do thi
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hinh 13.12 ¢6 thé xdc dinh vi trf va trang thdi clia cic bo chuyén mach (theo so dé
[3.10a), hodc cdc bo quay pha chuyén mach (theo so dé 13.10b), dé thiét lap dé thi
phuong huéng anten véi hudng cuc dai chinh cho trude.

Dol véi anten chuyén mach thi€t 14p theo phuong phédp thit hai (hinh' 13.11), pha cia
moi phdn tlr bitc xa chi duge xdc dinh bdi pha cla séng chay doc theo dudng truyén
song :

W (2) =~&kz (13.11)

F Ay

Say —kzeosBy,
dAys
3aw LT

2y

Ay

Al

Ay z

Hinfr 13.12.

Néu dudng truyén song 1a hé théng séng cham (& > 1) va cac phin tir duoce diit khd
gan nhau thi anten s€ la anten séng cham, biic xa cuc dai cla anten s& huéng doc theo
truc ctia hé¢ thong (0, = 0%). Dé thiet lap do thi phuong hudng véi géc 1éch 0y, nao do6,
phén bd pha trén anten cin ¢6 dang :

Wy (z) =—kzcosBy,

Hiéu s6 Sy(z)gita phan bo hién ¢é y,(z) va phan b6 yéu ciu y,(z) ty 1é thuan

v6i khoang cach tinh tir ddu vao anten. Nhung vi géc pha 6 tinh chu k¥ nén hiéu pha

Sy(z) s€ la mdt ham rang cwra ¢6 chu ky,

Gid sir 8, >90", ta c6 d6 thi phan bs pha duoc v& & hinh 13.13.
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Hinfr 13.13.

C6 thé thuc hién gén ding dang phan b cdn thiét véi dg chinh xdc +Ay bing cach
diing chuyén mach ngi vao fide cung cap nhiimg phan tir bifc xa ndo mi hiéu pha Sy tai
d6 khdc 0 hoac khdc 2 mot lugng +Ay cho & trén. d hinh 13.13b, cdc phan tir bic xa
can noéi voi fide cung cap duge vé bdi cdc chdm den, con cic phén tir cdn ngit duge vé
bdi cdc vong trang. Phan bd cla sai s6 pha trén anten duge vé & hinh 13.13c.

N6i chung, phan bo pha bac thang trén anten chuyén mach thudng lam giam hé s6
dinh hudng clia anten, ting mic bitc xa phu va tang dién khdng vio clia anten.

13.3.3 Diéu khién pha bing phuong phap xt Iy tin hiéu

Trong"cdc phuong phép diéu khién pha néu & trén, ¢é nhiéu trudng hop cdn diing
cdc bo quay pha. CS thé sit dung cdc bd quay pha & bang tin RF (Radio frequency),
phuong phap nay thutng dugce sir dung trong cdc hé anten lam viéc & ddi tdn vi ba, hang
GHz, st dung cdc két cdu mach microstrip, va cdc bo ghép hén hop (hybrid coupler).
Tuy nhién trong thuc € ngudi ta thudng ding phuong phdp diéu khién pha & tdn s6 thip
dé dam bdo dé chinh xdc cao va quén tinh nho trong viéc diéu khién d6 thi phuong
hudng. Biét ring, khi déi tan thi quan hé vé pha vén dugc bao toan nén cé thé 4p dung
cdc so dé ddi tdn dé dicu khién pha v nho dé dé diéu khidn dé thi phuong hudng.
Phuong phap nay ¢6 thé thuc hién khd don gian va thuan 1oi d6i véi cdc anten lam viéc &
ché& do thu, nhung ciing khong loai trir 4p dung cho anten phét néu c¢6 thé khic phuc
dugc ton hao khi thuc hién xi 1y tin hiéu cong suat 16n.

Sau day ta khao sat nguyén 1y clia hai loai so d6 diéu khién pha bing phuong phdip
xit Iy tin hiéu khi 1am viéc & ché do thu.
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1. Piéu khién pha thong qua déi tan. So d6 anten ddi tan ducc vé o hinh 13.14. &
so d6 ndy cdc bd quay pha duge mac lién ti€p nhau, hinh thanh mét dudng truyén séng
lam viéc 3 tan s6 trung gian f; = f5 - f; (f; 14 tdn s6 tin hiéu thu). Tan s6 f; ¢6 thé ¢
gia tri khoang vai MHz, do d6 cic bd quay pha lam viéc & tdn s6 d6 dé thuc hién hon khi
lam viéc & tan s6 ca tin hiéu thu. ‘

- o LI PR ./.fl
Nguyén 1y hoat déng cta so do hinh 13.14 dend < i
. - . .. e .‘.\ - ./4. L o {.—-. AT . Ir..J'__ : _'...‘. B (60m tn
Bo dao dong tai chd ¢6 nhiém vu tao dao P A Sor e i e
dong voi tan s6 f, cao hon tan s6 tin hiéu thu [, L N
RO 1 Yy pha
(f, > f, ). Dién dp cua dao dong tai chd duge g
+ N . .. !_'I'agudan ds'_ln_&,-—l
dua dén cdc bo tron tan voéi goc pha gidng A

nhau. & diu ra cta bo tron tin, quan hé pha
gilta cac tin hiéu di déi tin duogc bao toan, vi
vay goc léch pha giita tin hiéu nhan dugc tir hai phan tit k&€ nhau s& bang kd cos0 . Dé ¢6
durge cuc dai chinh cua do thi phuong huéng theo hudng 0,, nao dé thi céc bd quay pha
méc gifta cdc phan tlr can b duge gée léch pha kd cos0,, va géc cham pha khi séng

Hinh 13 14,

truyén trong fide giita hai phan ti.

Neéu hé thong ciac bd quay pha duge ciu tao tir dudng truyén séng chiam, ¢d budc
séng trong dudng truyén A, thi géc cham pha clia séng khi truyén giira hai phdn tr bing

_2n,
A

QQuan hé ctia huéng cuc dai v6i cdc tham s6 ctia anten ciing duge xé4c dinh theo cong
thirc (13.3). & day cdn thay y, =0 vi cdc phan tir anten khong c6 cdc bd quay pha phu
~ ¢6 dinh. Néu chi ¥ dén su khdc nhau cha tin s6 séng trong fide ( f;) vA tén s6 séng
trong khong gian ( f; ) thi khi tinh theo (13.2) can thay

A=hj=—i Aj=-—
fi 5
trong d6, v 12 van td¢ cla séng cham trong fide.
Tacd:
cos, =B M (13.13)
fivd d

Nhu vay béng cach thay déi tdn s6 dao dong tai ché (bién déi f, ) s& bién déi dugc
vi tri blip séng chinh trong khéng gian.

Phuong phdp xi 1y tin hiéu bang cdch déi tdn néu trén vé hinh thic ciing la diéu
khién d6 thi phwong huéng bing cach thay déi tan s6 va do dé cling c6 thé xép vao
phuong phép tan s6 di khao sat 6 muc 13.2.
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2. Diéu khién pha sit dung cdc bo quay pha truc tiép.

Mo hinh khdo sat (thanh phdn dudmg bao phitc bang géc) clia mot hé anten diéu
khién d6 thi phuong huéng bing phuong phap diéu khién pha truc ti€p nhu trén hinh
13.15. N6 bao gobm N phan tit tir 0 dén N-1 duogc sip x€p doc truc oz, céch déu nhau mot
khoang bing d = DE . o day D dugc coi 1a khodng cach chuédn héa (so véi A /2), chon

goc toa do tring vé&i vi tri phdn tir 0, va hudng dwong trén truc ox thé hién trén hinh vé,
Céc phén tir anten 1a ddng huéng trong mit phing chita truc oz.

Mat sdng dén
_ - phinwQ

Y, Ar=i.d.cos
A

0 \
_ s Mat sdng dén
- ~ g J,)"’ phin 17
phin wr 1 1 i N-l- >z
w!.] WI Wa’ WN
i
z
l z{t)
Hinh 13.15

Xét mot mat séng dén hé anten trong mdt phing chita truc anten tir hudng 1am
véi truc 0z mot géc &, sy khdc pha gifra tin hiéu dén phén tir / va phan tr 0, tai goc toa
de, la:

2}“ id.cosb= %.E.D.%.cos(—} = imD.cosO (13.14)

[

Ap; = kA =

MJi nhdnh tdc dong mot thanh phdn trong s6 dang w; =w, /¥ Thanh phan trong
50 w;cO thé dugc diéu khién cd vé bién do va pha tuong img véi mbi nhanh phéan tr
anten. Khi diéu khién d6 thi phuong huéng, dé diéu khién quét biip séng nguoi ta sir
dung sir di€u khién gia tri pha clia cdc trong s6 v, , thuc chat 14 thuc hién quay pha timg
nhdnh pha hop véi hudng dicu khién quét blip séng, con khi cidn diéu khién cdc tham s6

khdc clia d6 thi phuong hudng, chang han nén mitc cuc dai phu, ngudi ta cé thé diéu
khién bien do ciia cic trong s6 w; .

320



Truéde hét xét tic dong cua gia tri pha cia trong s, khi 4y bién do cdc trong s6
w; =1 (¥©), ¢6 thé thuc hién diéu khién pha cdc nhanh phén tir anten d€ diéu khién quét

bup séng thong qua tdc dong cdc w; duéi dang :
W, = w. ‘{,J"-W; _ ej-,f',w _ e_;'..-'.(rr.[).cos(}M} (13.15)

trong do, y =m.0.cos0y, ta géc dich pha giita hai phan tir k€ ti€p nhau, 0, 14 hudng
dicu khicn quét biip séng. cos8,, goi la dac trung hudng diéu khién quét bip
song. '
Tin hi¢u z(¢) & dau ra hé anten.la:

N— -1 N-I
Z(f):ZW u(r)*Z Jim D cos8y, (I)(’ JArD.cosd _ 5(!)(26 JimD{cost— L()\OM))

i=() i=0 =0}

(13.16)
trong dé, s(¢) la tin hiéu thu duge tir phan tr 0.
Ham phuong huéng chudn hod ¢6 dang :
2(t =L o D
F(B) = - ( }‘ :% z e—;,.-,rt.D.(w.sO cosOy,) (13.17)
L(r)‘mux i=0)

Bang viéc diéu chinh gid tri pha
cua céc trong sG ¢6 thé thu duoc cuc
dai clia bip s6ng chinh cha hé anten
theo hudng mong muon (6 =8,, ).

Tu (13.17) ta thay khi 0 @di dau,
F(0) gilt nguyén gid tri. Nhur vay chi
cin khdo sdt d6 thi phuong hudng clia
h¢ anten khi 6 bi&n thién tir 0 dén
180°, d6 thi phuong hudng tng quat
s& doi xing qua tryc 8=0. Vi du hinh
13.16 1a dé thi{ phuong huéng mot hé
anten dicu khién quét bap séng cé s6 Hinh 13.16.
phan tir N=5, 8,, = 60",

Ngoai ra, d6i v6i mot hudng dicu khién quét bip séng ©,, bl véi mot hudng didu
khién quét biip séng khic (180”7 ~0,,), gid tii cos,, ddi dau, hoan toan khong lam

thay doi két qua khio sdt néu chon phén it chudn va hudng truc ox nguge lai. Do dé khi
khao sat céc hudng diéu khién quét biip séng khdc nhau chi cin xét 0,, bién thién tir 0

den 90", r6i ndi suy két qua cho cdc bién thien tir 90° dén 360°. Hinh 13.17 minh hoa
do thi phuong hudng ctia hé anten dicu khién quét biip séng vi N = 5, D = 1, v6i hai
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huéng diéu khién quét biip séng 13 60° va 120° (quay dé thi phuong huéng hinh 13.17a
quanh truc 0= 90" s& tring véi dé thi phuong hudng hinh 13.17b).

Déc guet bip sorg = 120 d$

Hinh 13.17.
Mét trong nhimg dic tinh quan trong khi diéu khién quét bdp séng I do rong bip
séng thay ddi theo hudng diéu khién 0,, va phu thuéc ci vao s6 phin tir N clia hé anten.
Trong (13.17), dat:

u(0,0,,)=cos0y, —cos® (13.18)
Gid tri #(8,8,,)c6 thé duge goi 1a dic trung hudng chudn héa, trong d6 cos6,, dac
trung cho hudng diéu khi€n quét biip séng, cdn cos® dac trung cho huéng khao sit,
w(6.0,,) dic trimg cho su chéch hudng khao sét so v6i hudng diéu khién quét biip séng.

Ta c6 thé viét lai (13.17) dudi dang :

1|35 _jimD.icost-cost
F(G - e JdaD (cosU-costy,)

=% Z@

trong d6, o = .0 =n.D.(cos8-cos0y, ).

“il Ty
oD

i=0

(13.19)

1 1 "i‘ -
= 2 ej.i.
N N =0

Biéu thirc (13.19) ¢6 dang mét cap s6 nhan, s6 hang dau 13 1, cong boi bing ¢/,
C6 the tinh ham phuong hudng chuin hod bang cédch tinh téng cic s6 hang ciia mot cap
50 nhén, két qua la:
| |sin(N -‘;—‘)
Fuy=—|—= (13.20)
L
s1n( 2)

322



Do rong bup séng (nlra cong sudt) duge tinh gifta cdc diém 1am cho F(u) = -3 dB
(uic 13 0.5 ). Cac ket qua tinh todn cho thay c6 su phu thuéc clia d6 rong biip séng nira
cong suat B3 vao hai thong s6 la s6 phdn ti clia he anten N va hudng diéu khién quét
bip song 8, . Mot s6 tai li¢u dua ra khai niem do rong biip séng chuan héa Nu,, dé tién
khao sdt dac tinh clia d6 rong bup séng cta hé anten, trong dé N 12 s6 phan tlr cda hé
anten, i3 1a gid tri cha u tai d6 ham phurong hudng chuén héa suy gidm 3 dB. Két qua
khao sét cho thay Nu; gan nhu khong déi theo N (khi N dd 1ém) va bing 0.4429, ngay ca
khi N=3 sai s0 ciing chi 1a 5%, con khi N > 7 sai s6 khéng qué 1% (hinh 13.18).

050

Uaf

ool N\

Muy
i
/

042

X143
2

Hinh 13.18
Khi N dii 16n, tir gid tri Nuy ~0.4429, do rong biip séng & mite suy giam 3dB duge
tinh gan ding :

58.
ﬁ—“o’gg.g}” (13.21)
N.d.sinB,,
. A

Khi tinh 8; bang d¢, va thay d = DE ,tacd:

100
03 (do)x ——— (13.22)

. N.D.sin8,, i

Theo (13.22), trong mot s6 trudng hop cu thé : D=1, 0,, = 90°, e 1a déi v6i he
anten ¢ khodng cdch giifa cdc phan t bing nita budc séng, & hudng diéu khién quét
bup s6ng vudng géc véi truc he anten, ta nhan dugc cong thite tinh do rong bup séng rat
don gian :

8, =90" 100

0,(do) = v (13.23)

Tir (13.23), ta thay :
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— D¢ rong bip séng ty 1¢ nghich v6i s6 phan tf N, N cang 16n, khdu do anten cang
[&n, bip s6ng cang hep.

— D0 rong bdp song ty 1€ nghich véi gid tri sin cha hudng diéu khién quét bip song
0;r, 0 huéng diéu khi€n quét bdp séng 6,, = 90°, sin 8y, =1, do rong bup séng hep
nhat. & cac hudng pdc diéu khién quct bip song giam nho, theo (13.20), d6 rong bip
s6ng $€ ¢6 gid tri tang lén. DA ¢6 mot s6 cong trinh nghién ciru dua ra gisi han diéu

khién quét bip séng, ma trong gidi han d6 83 mdi duge tinh theo (13.21) hodc (13.22).

- Khi s&r dung hé anten d€ tao bip séng hep va diéu khién quét biip séng, thi muén
gitr d6 rong bup séng & mot hudng diéu khién 6,, (khong qud nhd) duoc nhu theo
huéng diéu khién 0,, = 90°, cin phéi tang s6 phén tit N biing diing s6 lan suy giam cua
gid tri sinQ,, .

~ B¢ rong bip song ty 1€ nghich v6i khodng cdch chuan héa (so véi 4 /2), khi D
tang, cing moét s6 luong phan wr, khdu do ciia h¢ anten tang lén, do rong biip séng hep
di. Mot s6 cong trinh nghién ciu cho thdy nhan xét nhu vay ciing chi dugc chip nhan
trong mot pham vi bién d6t nhat dinh ciia gid tri D. Tuy nhién trong nhiéu vng dung cu
th¢, néu chon D > 1. tic 1a khodng cdch gilta cdc phan tir 16n hon nita budc séng thi dé
gap do thi phuong huéng cé xuét hién biip séng phu (grating lobe), tuy nhién néu chon
D < | nic la Jam giam khdu d¢ anten, s& Jam tang do rong bip séng chinh. Do d6 trong
cdc ing dung thue t&€ thudng chon D=1 (tic 14 khodng cach gilta céc phan tr thudng
chon bang nira budc séng).

Két hop diéu khién pha v diéu khién bién do.

Nhu dé phan tich, dé diéu khién dé thi phuong huéng véi muc tiéu quét bip séng,
ngudi ta diéu khién pha cic trong s6 v,. Con khi diéu khién dé thi phuong hudng véi
muc tiéu nén muic cyc dai phu, ngudi ta diéu khién bién do cdc trong s6 w, . Véi cdc giai
phép dicu khién bién do cac trong s6 khdc nhau ¢6 thé nén mitc cue dai phu & céc gid tri
khédc nhau va cling ¢6 anh hudng dén dang biip séng chinh (thay déi do rong biip séng
chinh).

C6 nhiéu dang cira s6 phan b6 bién do trong s6 duge dp dung trong k§ thuat hé
anten: dang chit nhat, dang Hamming, dang Taylor-Kaiser, dang Dolph-Chebyshev...

Dang cira s6 phan b& bién do trong s& chif nhat, tic 12 phan b bién do trong s6
dong déu & tat ca cdc nhanh xi 1y tin hiéu trong hé anten, chii y&u 4p dung cho cdc
trudng hop diéu khién d6 thi phuong hudng chi dé quét biip séng, chip nhan mic suy
giam cye dai phu 12 13,26 dB (nhu dé khao sdt & chuong VI). Céc dang clta s6 phan bg
bién d¢ trong s6 khdc dugc dp dung dé diéu khién d6 thi phuong huéng yéu cdu ¢6 mitc
cuc dai phy nho hon. Khi két hop diéu khién trong s6 ca vé bién dé va vé pha vira diéu
khi¢n quét bip séng, vira nén mdc cuc dai phy da nhd. Khi d6 do rong bidp séng & cic
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hudng dicu khién quét bip séng thay déi khong chi phu thude vio huéng diéu khién
quét bip song 8, , ma con phy thudée vao dang clra s6 phan bd bién do trong s6 va ca
vio tham s6 mife nén cuc dai phu.

Tong qudt, do rong bap séng & mite suy gidm 3 dB, ¢6 dang :

__0.8858% (1324)

* 7 Nd.sing,,

trong d5, b 1a hé s6 phy thude dang clra s6 phan b bién dé trong s6 va tham s& mic

nén cuc dai phu :

— Dang chit nhit : hb=1, (R=1326dB).
— Dang Hamming : b=2, (R=404B).
— Dang Taylor-Kaiser : b= SR+12) pt

155

2 . :
— Dang Dolph-Chebyshev: b=1+0.636 {5- cozv.h(\/acosh2 (R,)~— 2 )}

£

£

¢ day, R Ia mifc suy giam cuc dai phu tinh bang dB, va R, 13 mifc suy giam cuc dai

phu tinh bang s6 lan, tic 13 ;
R
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Hinh 13,19
Hinh 13.19 minh hoa do6 thi phuong huéng cla h¢ anten diéu khién quét bip séng,
¢6 56 phan tr N = 10, huéng diéu khién quét biip song 8,, = 65°, v6i hai dang cira 6
phan bo bien do 1a cira s6 chit nhat (R = 13.26dB) vi cita s8 Dolph-Chebyshev (R = 20dB).
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Chuong XIV

PHUONG PHAP MO RONG DAI TAN SO
CUA ANTEN VA THIET LAP ANTEN DAI RONG

m

§ 14.1. KHAI NIEM VE DAI THONG TAN VA DAi TAN CONG TAC CUA ANTEN
1. Dai théng tan

Ngoai cédc dic (inh biic xa cha anten vé mét nang luong, khi khao sét anten con can
luu y d€n mot dic tinh quan trong nita 12 dai thong tén, nghia 12 dai tin s6 ma trong gidi
han 4y anten ¢6 thé dam bao dugc qua trinh bic xa hoac thu phé ctia tin hi¢u khong bi
méo dang.

Thong thudng tré khang vao cha moi anten 12 mot ham s6 clia tdn s6. Do d6, néu
anten lam viéc v6i tin hiéu c¢6 phd rong (iin hiéu xung, s6, tin hiéu vo tuyén truyén
hinh...} thi dng véi moi tdn s6 khdc nhau cha ph6, bién do twong déi ctia dong dien dat
vao anten (trong trudng hop anten phit) hodc site dién dong thu ducce (trong trudng hop
anten thu) s& bién d6i, 1am thay ddi dang phd clia tin hiéu. Khi ding fide tiép dién cho
anten, sy bién déi trd khang vao clia anten theo tdn s6 s& dan dén tinh trang léch phdi
hop tré khdng va xuat hién phan xa trong fede. Khi mot tin hi¢u ¢ phé rong truyén qua
fede thi ing v6i moi tdn s6 khic nhau chia phé s& ¢ su tré pha khdc nhau va gy ra méo
dang tin hi¢u. Vi vdy tot nhat 12 phdi dam bao dugc trong sudt dai tin s6 lam viec
R 4=hingsdvaXx, ,=0.

Ngoai ra, vi dic tinh phuong huéng cta anten ciing phu thudc tdn sé, nén khi anten
lam vi¢c v6i tin hiéu c6 phd rong thi bién do twong déi clia cudng 4o trudng biic xa
(hoac thu dugc) déi véi cée tin s§ khdc nhau clia phé cling bién déi va gay méo dang tin
hiéu. Thudng thi anh hudng clia y&u t6 nay khong 16n Iim va trong thuc t€, do rong dai
tan cla anten dugc quyét dinh chi y&u béi dac tinh phy thuge cha tré khang vao anten
vdi tan s0.

2. Dai tin cdng tac
C6 nhi€u trudng hop chiing ta ddi héi anten khong chi 1am vige duge & mot tin s6

ma n6 phai c6 thé 1am viéc & mot s6 tdn s6 khdc nhau. Ung v6i méi tdn s6 khac nhau dy
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anten phai dam béo nhitng chi tiéu k§ thuat nhit dinh vé dic tinh phuong huéng, trg
khing vio, dai thong tan... Dai tin s6¢ md trong gi6i han d6 anten lam viéc véi cac chi
tieu ky thuat da cho goi la dai tan cong tic cla anten. Chi tiéu k¥ thuat nay 6 thé khic
nhau d61 vdi timg loai anten cy thé. Vi du d6i véi anten chan tir khong doi xtng dat
thang diing diing 1am anten phdt & d4i séng dai va séng trung thi yéu cau la trong dai tan
56 cong tdc, hiéu suat anten khong duge nhd hon mot gid tri nhat dinh, anten phat ¢6 kha
nang phdt di mét cong suat da cho va dam bao thong tdn cdn thiét. D&i vdi trd khing vao
thi khong cén yéu ciu ¢6 gid tri ¢d dinh ma khi thay déi tdn s6 cong tdc ta ¢6 thé didu
chinh lai d€ phéi hop trd khang. D6i véi chan (ir d6i xitng nidm ngang ding trong dai
séng ngén thi yéu cau dac tinh phuong hudng cta chan tir phai ¢6 hudng bitc xa cuc dai
khong thay doi khi thay ddi 14n s6 cong tdc dé ddm bio huéng theng tin ¢6 dinh, yéu
ciu tro khdng vao chi bién déi trong mot gidi han cho phép dé ¢6 thé mau te chuyén tin
sG cong tac ma khong can diéu chinh lai mach phéi hop trd khing cla anten, v.v...

Trong chuong nay, chiing ta s& dé¢ cap dén phuong phap md rong dai tdn s6 anten
vGi ¥ nghia giam nho sy phy thude clia tr¢ khang vio va dac tinh phuong hudng cia
anten véi lan sé.

Cén ctf theo ddi tdn cong tdc, ¢6 thé phan loai anten thanh bén nhém:

— Anten dai tin hep (anten diéu chuan):

—A-_]i < 10%;

o

- Anten dai tan tuong d6i rong:

Af
10% < M < 50%;

o
— Anten dai tan rong:
LS o 4
i fmin i
— Anten dai tin siéu rong:
. 4
-fI.n(lX = —;
fmin 1
Ty 56 clia tdn s6 cuc dai va cuc tiéu cha dai tin cong tic Jma goi Ia hé s6 bao triim
min

dai séng.
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§14.2. PHUONG PHAP MG RONG DAI TAN SO CUA ANTEN CHAN TU

D61 v6i anten chan tr doi xiing ciling nhu khong déi xitng thi yéu t& quyét dinh dai
tan s6 cong tdc clia anten 1a su phy thude cia trd khang vio anten véi tan s6, con dé thi
phuong hudéng cha anten thudng 6 hudng bic xa cuc dai it thay déi trong mot dai tan
kha rong.

Dé giam sy phu thude vao tdn s6 cha trd khang vio chan i, ¢6 thé ip dung cdc bién
phdp sau:

- Giam nho tro khdng séng cla chén tr;

— Bién déi uir tir thiét dién cla chén tu;

— Hi¢uw chinh {ré& khidng vao clia chdn tr.

Sau day chiing ta lan luot khdo sdt cdc phuong phdp trén.

a) Gidm nho tro khdng séng cua chdn ti. Anten chin tir, xét vé mét mat ndo dé
cling ¢6 thé xem tuong ty nhu mot mach dao dong ma trds khdng dac trung cua mach
chinh 1 tr¢ khdng song chan tir, dién trd ton hao ciia mach 12 dién trd bite xa cia chan
tir. Ta ¢6 hé s6 pham chat clia anten chan tir

Q.= ATA (14.1)
Ry

Ciing twong ty nhu cdc mach dao dong thudng, dé md rong dai thong tan can giim
hé 56 pham chat Q. Tir (14.1) ta thdy rang viéc gidm Q, cé thé duge thue hién bing
cdch giam trg khdng séng p,.

Khdo st do thi phu thugc cla trd khdng vao chén tir v6i tan s6 cling ¢6 thé rit ra
dugc ket ludn gidng nhu trén, nghia 1a véi chan tlir ¢6 p, nho thi su bién déi clha R, , va

X, 4 theo { s¢ thé hién v6i mic do nho hon so véi truding hap p, 16n.
Tro khéng séng ctia anten chén tir duge xac dinh theo cong thirc:
!
PA =l20{1n——1) (14.2)
a

Vi anten ¢6 chiéu dai / 6 dinh thi rd rang la viéc giam trd khing séng dugc thuc
hién bang cdch tang dudng kinh chan tir. Khi 4y anten chén tir ¢6 thé dugc két ciu bing
day dan c6 dudng kinh 16n (hinh 14.1a), biang tdm kim loai c¢é ban réng (hinh 14.1b),
hodc bing cdch sap xép cdc day dan c6 dudng kinh nhé thanh khéi hoac dién tich rong
{hinh 14.1c, d va ¢). Cic két cdu (d) va (e) trén hinh 14.1 thyc chdt 14 gidng nhau vé
nguyén ly, nhung ¢ trudng hgp hinh (¢) két cau chén tir ¢6 dang cdnh buém s& gidm
duge thanh phin dong dién doc chdy theo thanh thing ding va tang dé bén co hoc ctia
k&t cdun anten (anten phdt vo tuyén truyén hinh).
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Khi tinh todn tr¢ khang séng anten theo cong thuc (14.2) thi trong trudng hop (b)
can thay bdn kinh tuong duong clia chdn tr béng 1/4 do rong cha tim kim loai

h N e ; L
[am = Z] ; trong truong hgp (c), bdn kinh twong dudng cha chan t duge xdc dinh theo
cong thice:

[
r El h
Uy = af N (14.3) S pe— )

| A — L[ '
a — ban kinh thuc cla long day dan; :

a) b}
n — s6 day dan hop thanh long; @ @ ===
(;) ) .

r — bin kinh day dan nho.

Thue hién giam tr¢ khing séng coa 5 /
chén tir thir phuong phdp nét trén c¢d thé mg E\d\
rong dai tin dé ¢ hé s6 bao trum dai séng \

, 2.5 ... , .. ¢)
khoang T khi dam bao hé s6 song chay

Hinh 14.1

trong fidc cung cdp khéng nho hon 0,3
Trong nhiéu trudmg hop thue €, hé s6 séng chay néu & trén ¢6 thé chdp nhan duge ma
khong cén diéu chinh fide. N&u yéu ciu hé s6 song chay trong fide 16n hon (k 2 0,9), thi
khi dé6 chi ¢é thé m& rong dai tdn s6 khodng + 15%. .

b) Bién doi tiv tir thiét dién cia chdn ti. Bi¢t ring khi ndi hai dudng truyén séng
¢6 dang khdc nhau (vi du 6ng dan séng trdon va ong dan séng chir nhat), ¢d thé ding
thiét bi chuyén tiép bién ddi tir tir dang clia séng trén dudng truyén nay thanh dang cua
séng trén dudng truyén kia. Khi néi hai dudng truyén séng ¢ trd khdng séng khic nhau
(kich thude thiét dién khic nhau) ciling c6 thé ding bo chuyén ti€p bién déi dan kich
thude thiét dién cia hai dudng truyén séng cho phit hgp véi nhau (vi du bo chuyén tiép
ham m hinh 14.2).

Anten ciling c6 thé

xem nhy mot thiét bi J
chuyén 1iép gilta hé thong P, |

fide ti€p dien vd moi | el
truong truyén song (khong '
gian tr do), bién do6i séng

k___
|

o
[

Blaun cluven 1dp

P

dién tu rang budc trong
fide thanh séng tw do trong Hin 142 ' Hinh 14.3.

khong gian, Vi vay dé gidm nhé su phy thudc cia trd khdng vio anten véi tan s6, ban
than anten cdn ¢6 dang két cau chuyén tiép, nghia la kich thudc cia né cin dugc bién
déi mot cach tir tir. Vi du ¢6 thé thiét lap anten chin (it khong déi xing bang cdch bién
dang tr tir dudng kinh cua 161 va vo fide dong truc theo qui luit ham md (hinh 14.3). Khi
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ay, ty sO cha dudng kinh day dan trong va ngoai ca fide déng truc trong doan chuyén
tiép ¢4 the duge xem 12 khong déi. Trs khéng séng cla doan chuyén tiép do dé sé khong
d6i va s& khong xuat hién s6ng phan xa. Khi mé rong thiét dién cha fide dén mot kich
thude nao day thi vo ngodi cua fide déng truc s& bién thanh dia kim loai con 15i cita fide
dong tryc ti¢p tuc phdt trién va bién thanh chan tit. Séng dién tir truyén trong fide tit
dang séng phing duge chuyén din thanh séng ciu, 0 ra khong gian bén ngoai thanh
song buc xa.

Trudng hop fide ti€p dién bang day song hanh déi xdng thi su chuyén tiép tir dudng
day vao khong gian bén ngoai ¢6 thé thyc hién dudi dang hai chép dai xing (hinh 14.4),
la cO chan tr déi xing hinh chop.

Néu cap hinh chép déi xitng dai vo tan thi h¢ thong ndy s& hinh thinh mot dudng
truyén séng dong nhat khong ¢6 phan xa, v6i séng truyén lan [4 séng ciu. Tré khang
séng clia dudng truyén s& 12 hing s6:

p=276 Ig[cotg%j (14.4)
Tré khdng vao cua anten L
s¢ 1a hang s6, bing tr& khang /// h"‘\\
s6ng chia dudng truyén (14.4). / Y
Khi chép c¢6 do dai hitu {> i
han thi séng s& bi phan xa lai : 7
mot phdn & ddu cudi, phadn S
con lai bic xa ra khong gian. el a) b
Tre khdng vao cia anten sé& [a
mot 6 phic, phu thuoc vao Hinh 144 Hinh 14.5,

tan s6. Nhung n€u chon géc B va d¢ dai clia chop thich hop (30° < B < 60°) thi tré khédng
vao cla anten s€ it phu thude vao tdn 6 trong mot dai tan khd rong. Thuc € anten c6 thé

f nax

lam viéc véi hé $6 bao trim dai séng ~MEX i Trong dai tan s6 nay hé s séng chay
min
trong fide khong nho hon 0,5. Mot vai dang anten chép khong d6i xing va déi xdng tiép
dién bing fide dong truc duge v& & hinh 14.5.
¢) Hiéu chinh trd khding vao trong ddi tdn. Theo phuong phdp nay chén tir cdn
dugc thiét 1ap the nao dé két cau clia né s& bao gém hai bd phan ma dién khdng vio cta
méi bo phan 4y ¢6 ddu nguge nhau va cé thé bi cho nhau trong dai tin s6 cong tic. Vi

du moét bd phan ¢6 trd khing dung tinh [—LJ thi phan kia cdn ¢4 trd khing cdm tinh
W

(iwl). So dé cha anten ¢6 hiéu chinh trd khdng vio dugc vE & hinh 14.6a.

G day hai nhénh cla chan tir 12 ae va bf con doan cod hinh thanh mot duong day
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nhdnh mac song song véi chin tl. Néu chon kich thude

clia cdc phén tir thich hop thi thanh phan dién khdng 2
cla tros khdng vao anten & c6 gid tri nhod. DE thay 6 ¢ ¢ a||b d
di¢u niy ta hdy xét so dqc“i twong duong (gan duing) cla 2

chdn (i & hinh 14.6b. O diy, hai nhdnh clia chan td

tuong duong véi mot doan diy song hanh hé mach dau =

cudl, nhdnh cod tuong duong véi mot doan day song 11/

hanh ngan mach. Néu chon kich thudc cic doan day b) el ld

thich hop thi doan day nhanh s& ¢6 dién khdng vio cim Y

tinh con doan hd mach ce — df s¢& ¢é dién khdng vao O &b

dung tinh, sao cho hai dién khdng nay c¢6 thé b cho

nhau trong mot dai tin nhat dinh. Déng thoi doan ac — Hinh 14.6.
bd duge chon thé nio dé trd khang vio tai ¢d sau khi

bién déi vé ab s& ¢6 phin thuc 1én va phin khdng nho.

§14.3. PHUONG PHAP THIET LAP ANTEN DAI RONG
THEO NGUYEN LY KET CAU TU BU

Trong phén 1y thuyét anten, khi khao sdt bai todn biic xa cha cdc ngudn dién va tix
(vi du dipol dién va nguyén t& khe) ching ta dd rit ra duge cong thirc biéu thi quan he
gilta cdc (rd khdng vao clia ching (cong thic 2.29).

;z: = __mt‘l-
k W}Z
Tir day c6 thé suy ra:
W2
£, =— 14.5
vk 47 ( )

& day, Z,; va Z,, 12 trd khang vao cua chdn tr khe va chén tr dién cé hinh dang gidng
nhau; W= 120 r.

N¢u chiing ta ¢6 mot anten phang rong vo han gdm céc tdm din dién vo cling mong,
¢6 hinh dang tuy y va duge sap xép the€ nao cic khodng trong giita cdc tam kim loai cling
¢6 hinh dang giéng nhu cdc tdm kim loat 4y, sao cho ching ¢6 thé déi chd va bl khit
cho nhau, ta s& ¢6 mot tap hgp cdc anten dién va anten khe mdc song song (hinh 14.7).
Néu ngudn stic dién dong dugc dat vao diém 1-1 trén hinh v& thi rd khdng vio tai cdc
diém ay s& khong phu thude vao tin s6, va 13 mot hiang s6, bing 607.

That vay, vi diém 1-1 1a ddu vao cha anten dién, ciing dong thoi la dau vio cia

‘anten khe nén tai d6 tat nhién phai thod man
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Zv.khc = Ly dién (146)

Thay (14.6) vao (14.5) ta xdc dinh duge trS khdng vio clia anten

. Z,. 4 =60m, (14.7)
nghia 14 tré khang vao anten 1a mét s6 thue, khdéng phu thudc tan s6. Do dé anten 6 thé
lam viéc véi dai 1an o rong.

Nhu vy, thi¢t lip anten dai rong thco nguyén Iy tu b vé thyc chét la ghép song
song cdc anten dién va anten khe cé hinh dang giong nhau.

Trong thyc t€, viéc thiét 1ap anten theo nguyén 1y tr but chi ¢6 thé dugce thuc hién
gén ding vi kich thude anten thue t¢ khong thé rong vo han, déng thoi cac tim dan dién
cting khong phai Ia vo cing mong.

Tuy nhién theo nguyén 1y trén ching ta ¢6 thé thiét 1ap cdc anten ma trd khang
vao cla ching bign ddi rat {t trong mot dai tdn rong vh thinh phan dién khiang cé gid tri
rat nho.

.

a) b)

~Ainh 14.7, Hinh 14.8.

Anten xoén phang logarit Ia mot trong nhimg loai anten dién hinh duoc thiét lap
theo nguyén Iy tu bu (hinh 14.8).

O trén, ching ta mdi chi dé cap dén tinh chat dai tan clia loai anten niy véi ¥ nghia
trd khdng vao cliia n6é khéng phuy thudc tdn s6 ma chua xét dén anh hudng ciia su bién ddi
tan s6 dén dac tinh phuong hudng anten.

C6 thé thdy rang d6i v6i anten xoan phang 1dgarit, do k&t cau bitc xa duge xdc dinh
chi boi toa do gdc cua né trong hé toa do cuc nén ty s cha Kich thudc anten vdi budc
s6ng s& khong doi va hudng tinh cla anten s& khong phu thude vao tdn s6. Piéu nay cé
thé chiing minh dugc khi cén cit vio phuong trinh két cau cha anten. That vay, phuong
trinh clia duding xoean logarit trong hé toa do cue ¢6 thé viét dudi dang:

p=re (14.8)
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trong d6, p — ban kinh cilia vecto tinh tir tim O clia hé toa do cuc;
r, — bén kinh & diém ddu dudng xodn (¢ = 0);
@ — h¢ s0, xdc dinh muc do tang béan kinh khi tang géc toa do.
Goi +', ka bdn kinh ban dau cda gidi han trong, con r”, 1a ban kinh ban diu cla giéi
han ngoai clia bang xo#n, ta c6 phuong trinh ctia dudng gidi han trong va ngoai:

oo p
P 1 ! 17} €
1 i
pry =" e = "o (14.9)
Fa
_H
! 4]
= r'a - - = - - - &
Vi la mot hang so nén cd thé tha
n .
,
4

r o ealpu

it

! [4]

Ta co:

oo an
e , _

pl= ol — =y, MO0 (14.10)
9%

So sanh phuong trinh (14.9) va (14.10) ta thay rang dudng gidi han ngoai p” ¢6 thé
thi€t lap duge bang cdch quay dudng gidi han trong p' di mot géc ~p,. Tuong tu nhu
trén, ¢6 thé thiét 1ap phuong trinh clia bang xon thit hai bang cach quay bang xoan thit
nhat di mot gée ¢ = . Ta ¢o:

to_ ale-m)
Pay=1 o€

F’Hz - j_ro ea(ip—n—tp“)

(14.11)

Boi vi hudng tinh ctia anten phu thude vao ty s6 cha kich thude anten véi bude séng
nén su phu thude cua dac tinh anten v6i 1dn $6 duge ddnh gid bdi ty s6 p/i:

Néu viet & = """ 3 1ap ty so p/h s& cé:

1
. 9P ra{lp—— In ?.J
E _ 1€ =re a
A a(—l—ln }u] ¢
¢ \d g (14.12)
_i_ - Ibe“(‘f’“h)

trong d6, ©; = ! Ink.
a

Bi€u thiic trén cho thdy ring su bién déi tan s& cong lac s€ twong duong véi viée
quay bang xoin di mot géc ¢, ndo d6. Néu anten c6 két cdu vo han thi viee quay déu
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cdc bang xoan di mét gée trong mat phéng clia né s& khéng anh hudng dén dic tinh buc
X4 clia anten, nghia la d6 thi phuong hudng cha anten sé khong bién déi theo tdn s6.
Céc anten thuc € thi€t 1ap theo nguyén 1y trén c6 thé dat duge hé s6 bao trum dai

song cao, khoang %0— —%19 hoac 1én hon nira.

§14.4. PHUGNG PHAP THIET LAP ANTEN DAI RONG
THEO NGUYEN LY TUGNG TU

Nguyén 1y tuong tu clia dién dong hoc cé thé phat biéu nhu sau:

Néu bién d6i dong thdi budc séng cong tac va tat ci cde kich thude clia anten theo
mot ty 1¢ giong nhau thi cdc dic tinh cha anten nhu dé thi phuong hudng, tré khang vio
v.v... s& khong bién d6i. He s6 ty 1 nay duoc goi la ty 1é xich ciia phép bién déi tuong .

Dua vao nguyén 1y trén, cé the thiét lap cdc anten khong phu thudc tin s& bang cdch
cau tao anten v&i nhi¢u khu vuc ¢6 kich thude hinh hoc khdc nhau. Kich thudc hinh hoc
cua cic khu vue dy ty 1& véi nhau theo mot hé s6 nhit dinh. Khi anten lam viéc véi mot
budc séng nao dé thi s& chi ¢6 mot khu vuc clia anten tham gia vao qua trinh bic xa.
Khu vuc nay duge goi 1a mién birc xa cha anten. Khi bude séng cong tdc thay ddi thi
mién bitc xa cha anten s& dich chuyén dén khu vuc ma ty 1é cdia kich thude hinh hoc ciia
cdc phdn tir bitc xa véi bude séng giong nhu hic trude.

Sau day ching ta khao sat nguyén 1y lam viéc cia mot vai loai anten thiét lap theo
nguyén ly trén. :

a) Anten xodn phdng Acsimet. Anten dugc cdu tao tir cic bang kim loai det, do
rong khong déi, tao thanh cdc dudng xodn c6 phuong trinh (trong hé toa do cuc);

p=ap+bh, (14.13)
trong do, p 14 ban kinh vecto tinh tir tam O cua toa d¢ cuc, ¢ 1a hé s6 dic (nmg cho
dé tang ban kinh khi ting moét don vi gdc, b la ban kinh ban dau cha
dudng xoan;
Anten xoin Acsimet ¢6 thé bao gédm nhiéu dudng xodn, trong Ung ta ¢6 cdc loai xodn 2
dudng xodn 4 dudng, v.v... D€ don gian, ta khao sat trudng hop anten xoan 2 dudng
(hinh 14.9). Két cdu cla hai dudng xoan nay hoan toan gidng nhau va dugc dat ddi xing
qua gdc toa do.

Mot cdch gédn diing, ¢6 thé xem anten xoén 2 dudmg tuong tu mét dudmg day song
hanh duoce bién dang hinh hoc dé trd thanh cdu tric bic xa.

Biét rang, d6i véi duding day song hanh thi dong dién chdy doc theo hai day dén c6
pha ngugce nhau nén bic xa cha ching s& khong ding ké khi khoang ciach giira hai day
nho (so vdi A). Vi vay c6 thé thdy ring bie xa & phin dau anten (gin diém goc cia
x0dn) s& rat nho.
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Bay gi 1ay hai di€m P vd Q nam trén hai dudng xoén c¢6 khoang cach (tinh dac
theo hai dudng xoén) dén gdc cha ching bing nhau, P va Q tat nhién 12 déi xing véi O.
Béng thdi ldy di¢in P la giao diém cita dudng thdng OP va dudng xoan I Hieu s6
khodng cich tinh tir P va £’ doc theo hai dudng xodn dén géc cha chiing s& la cung QFP’.

Néu gia thi€t khoang cich giita cdc bing xoan ratl nhé (Ar rdt nhd va Ar < r) thi ¢é
thé coi gin ding QP’ ~ nr.

Nhu vay néu hai dudng xoan duge quin déu va khd xijt nhau thi hicu s6 do6 dai cla
chiing tinh tir 2 di€m ké nhau trén 2 dudng xodn dén gdc cua chiing s& khong phu thude
Vao sO vong.

Néu iing v6i mot bude séng nao day cd r = P thi QF' ~ o Gia siy hai dudng xoan
s

dugc ti€p di¢n tai ddu vao clia ching vdi dong dién nguge pha nhau thi hiéu s& pha cla

ddng dién & cdc di€m ké nhau cda hai dudng xoan (vi du P - P'; vi trf clia cdc diém nay

c6 thé chon tuy ¥) sé bang:

2n A

a2
K&t qua la dong dign tai P va P’ dong pha nhau va bifc xa clia cip dipal dién véi cdc

phan wr dong dién dy s€ c6 hudng cuc dai vuong gée véi mit phing anten.

T+ AOP =1+ 2r

Két luan trén c6 thé duge dp dung khéng chi doi véi 2 diém P va P’ mi cho tat cd
Pl ” * 7\-' . - * " g - Y ] <
cic digm cach tam mot khoang r = P Vi vay, ¢6 the di dén két luan 1a ¢ anten xoan
i

Acsimet, mién bifc xa clia anten s& 13 khu vuc gém nhiing vong xoén nim trong gidi han

mét hinh vanh khan cé bén kinh trung binh » = ZL (chu vi trung binh 12 A).
T

Khi thay déi tdn s6 céng tac, mién bic xa clia anten s& dich chuyén sang khu vuc
clia hinh vanh khan méi ma chu vi trung binh cfia né bing mét budc séng fng véi tan s
cong tac mdi.

D6 thi phuong hudng cia anten s& ¢6 cuc dai theo hai huéng vudng géc véi mat
phéng anten, biip séng tuong doi rong va kich thudc ciia mién birc xa khong 16n 1&m.
Muén c6 anten biic xa don huéng phai ding thém bo phan xa dat phia sau anten.

b) Anten 1oga - chu ky. Anten duge cau tao tr mot tap hop cac chan tir ¢6 kich
thude, khoang cdch khic nhan va duge tiép dién tix mot dudng fide song hanh chung nhu
v& ¢ hinh 14.10.

Kich thude va khodng cich clia cdc chan tlr bi€n déi dan theo mot ty 1é nhat dinh.
H¢ s6 ty 1é nay dugc goi 1a chu ky clia két cau:

4 /

n—|
T=—===_,,="2= 14.14
Lo, I (1419
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Dac tinh ciia moi anten 16ga - chu ky duoc xdc dinh béi hai thong s6 chil yéu 1a chu
k¥ két cau T va gbe a.

Hinh 14.9. Hinh 14.10.

Néu mdy phat Jam viéc & tan s6 f, nao d6 1a tan s6 cong hudng clia mot trong cic
chan t thi trd khdng vao chia chan tlr dy s€ la thudn trd (R, 4, ~ 73 Q). Trong khi dé, rd
khdng vao cia cdc chdn tir khdc s€ c6 thanh phdn dién khing va gid tri cha thanh phan
nay s¢ cang lon khi do dai cha né cang khdc nhiéu véi do dai cong hudng, nghia la khi
chan tr &y cang xa chin tr cong huong. Vi vay chan tlir cong hudng s& dugce kich thich
manh nhat.

Vi dong dién trong cac chan tir khéng cdng hudng cé gid tri nhd, nén trudng bic xa
cua anten duge quyét dinh chi véu bdi bic xa clia chan tlr cong hudng v mot vai chan
tr Fan can voi né. Nhitng chan tu nay tao thanh mién bitc Xa clia anten. Dong dién trong
cdc chdn tir cta mién bic xa duge hinh thanh do cdm Gng truong cia chdn fr cong
huong va do ti€p nhan trye tiép tir fide. Cic chan tr nam & phia trude ¢6 dé dai nhd hon
do dai cong hudng, s€ co6 tro khdng vao dung tinh, dong cam ting trong d6 cham pha hon
so vai dong trong chdn tir cong hudng (hodc chdn tir ¢6 do dai 16n hon né). Cédc chan ur
nam @ phia sau c¢6 do dai 1dn hon do dai cong hudng, s&€ cd trd khang vao cam tinh va
dong cam ting sém pha hon ddng trong chan wr cong huang (thay chan tir ngan hon nd).
Poi véi thanh phian dong di¢n tiép nhan tir fide thi do cdch tiép dién chéo nén pha clia
dong trong hai chin tir ké nhau léch pha mot géc bang 180° cong véi géc 1éch pha do
truyén song trén doan fide méc giita hai chan tlr. Tap hop tat c& cac yéu t& trén, sé nhan
dugc dong 19ng hop trong cac chan tir cia mién biic xa ¢6 gdc pha giam dan theo chiéu
giam kich thudc cha anten.

V61 quan hé pha nhu trén, cde chin tr ding phia trude chan tuo cong hudng s€ thoa
man di€u kién cia chdn it dan xa con chdn tr ditng phia sau s&€ thod min diéu kién clia
chdn tw phdn xg. Buc xa cia anten (ma quyét dinh chi y&u bdi cliéin tlr cong huong) sé
duge dinh hudng theo truc anten, vé phia cdc chan tf ngén ddn, twong tr nhu nguyén Iy
Jam viéc cua anten yagi ma ching ta sé€ d¢ cap téi sau nay.
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Néu tdn s6 mdy phat gidm di bang tf, thi vai trd cta chin tir cong huéng s& dich
chuyén sang chan tr ¢6 do dai 16n hon k€ d6. nguoc lai, néu tan s6 mdy phat tang lén,

bang Lo thi chén tir cong hudmg s& chuyén sang chan tir ngin hon k¢ dé.
T

3

Vidu chin tr 7, cong hudng véi tdn s6 f| wong ting c6 [, =-—. Néu tdn s6 giam

Al
2
xuong f = ¢ —> A" = — thichan tir cong hudng bay gid c6 do dai
T
AR
l!'“:—:

M1l
2 2

1_4
T T

!
Theo (14.14) thi /'= L = [,
T
Ta thay rang & cdc tin s6
f=1"1 (14.15)
s€ ¢0 cdac chan e cong hudng tuong ing véi cic do dai

I, = ,i'_, (14.16)
T

1 — O thit tu chan ti;
f,, — tan s6 cong hudng clia chan tr thif #;
[, — 4o dai cla chdn tr cong hudng thit #.
Nghia la ¢ng v6i méi (dn s& cho bdt (14.15), trén anten s& xudt hién mot mién birc
xa ma chan tlr phat xa chinh ¢é d¢ dai xic dinh theo (14.16).
Nhu vay, mién bic xa trén anten Loga-chu ky s& dich chuyén khi tn s6 cong tac
thay déi nhung huéng biic xa ciic dai cua anten van giit nguyén,
Néu 1y log biéu thie (14.15) sé ¢6:
Inf, = (n — DInt + Inf (14.17)
Nghia 12 khi bi€u thi tdn s& trén thang logarit thi tdn s6 cong hudng clia anten s&
duoc lap lai qua cdc khodng giong nhau bang Int. Vi 1y do dé, anten dugc gol 1a anten
Léga - chu ky. '
Tai cdc tin s6 cong hudng, cdc thong sé dién cia anten nhu d6 thi phuong huéng trg
khang vao, v.v.... s€ khong bién d6i, nhung iing véi cde tin s trung gian ndm giita hai
tan s6 cong hudng f, + f5, fo = fa,es fooy + f,» thong s6 clia anten s& bién déi trong mot
ching muc nhat dinh. Vi vay loai anten ndy ciing khong thé duoge xem 1 hoin toan
khong phu thude tin s6. Tuy nhién, cling ¢6 thé cdu tao anten nhu thé nio dé trong
khodng mot chu k¥ tdn s6 (tir f, dén 1f,) cdc thong s6 clia anten bién déi trong mot gidi
han cho phép. Dai tan s6 ctia loai anten nay c6 thé dat dugc véi hé s6 bao trim khoang
10/1 va 16n hon.
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Do thi phuong huéng cia anten duge xdc dinh bdi s6 chén tir cia mién bifc xa tdc
dung (thudng vao khoang 3 + 5) va bdi twong quan bién do va pha clla dong dién trong
cdc chdn tr @y, Cdc dai lugng nay phu thudc vao cic thong sé hinh hoc t va « clia két
cau. Khi tang 1, {¢6 dinh o), d6 thi phuong hudng hep lai vi khi ay s8 tang s6 chan tix
thugc mién bitc xa tdc dung. Nhung néu tang 1 qud 16n thi diic tinh phuong hudng lai
xdu di vi ldc ay kich thuée cia mién bite xa tdc dung gidm do cdc chdn tir duoc dat qud
gan nhau. Khi giam o (¢6 dinh t) d€n mét gidi han nhét dinh s¢ lam hep dé thi phuong
huéng vi khi ay khoang céch gilfa cdc chan tir lai tang vA do d6 tang kich thudce ctia mién
bitc xa tac dung.

Cdc gid tri t&i han ca 1 va o thuong 1a:

Ty = 0,95
Qi = 107

D6 rong dai tan s6 cha anten duge xde dinh bdi kich thude cuc dai va cuc tiéu clia
cac chan tin:

G‘max = 2311'[&?(
Min = 24 i

Thire t€, giGi han dai tin s& ¢iia anten

duge chon sao che chan tir cong hudng & 20,
1401
budc séng cyc dai chua phai la chin tir dai p 130 L_fr= 008
. . _ e e i . 120 it .75
nhat ma con | hodc 2 chan ur dai hon ding L T \ 1 |
. T . s . . 1t o P o LT
sau no; chian wr cong hudng & bude séng ’rA 0 =
Fa - 7 w ar 0 < y L
cuc ti€u ciing chua phai la chén tr ngan S bt ~
% . - P - . A ) £ X Mzt phang /f
nhat ma trudc né ¢dn mot vai chan tir ngén i o 50 -0
S0
han. o
. ] 4] Lf 20 A 44 «
Bo thi quan hé gilta géc blic xa nia 2
cong sudt trong hai mit phang £ va H ing o oo 0%
™ =TT = (143
véi cdc thong s6 T va o khdc nhau duge vé o =i v 0918
by ) =T Je=ir9s
J hinh 14.11. a0 ] 0
{ 20 @
-~ ~ ~ .\ - 2 - t ~ ' ki 4
Tir hinh v& trén cé thé thay ring d6 thi v oo
phuong hudng anten trong mat phing H ‘
& Hinh 14.11.

rong hon trong mit phing £. Dé 1a do
hudng tinh ¢lia méi chdn tir hop thanh anten la vo huéng trong mat phing # va ¢6 huéng
tinh trong mat phang E.

D¢ tang huéng tinh cla anten trong mit phang H, cin md rong kich thudc anten
trong mat phing dy. Diéu ndy dugc thuc hién khi thiét 1ap anten gée, nghia 1a khi dutmg
fide phan phéi ¢é cau tao hai nhdnh khéng song song ma hop thinh mét gde, sao cho cic
chan trn6i véi hai nhdnh ciia dudng fide ndm trong hai mat phing khdc nhau (hinh 14.12).
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Anten loga-chu k¥, ngoai loai chan tir ¢6 két cdu 12 day din thing con 6 thé duge
thuc hién theo mot 6 cach khéc khi két cdu chin ti ¢é dang wy y: khung day din hinh
thang hodc tam gidc, cdc phién kim loai, v.v... (hinh 14.13).

bac tinh bife xa cua cic anten loai ndy ciing khdc so vdi anten ma chan tir lam bing

day dan thang.

Néu goc giita hai mat phing v = 180"
thi anten s& trd lai ké1 cau phing. So dé
anten phang bién dang tir so dé (1) va (b)
trong hinh 14.13 duge v& & hinh 14.14a
con bién dang cla so db (¢) duge vE &
hinh 14.14b. Trong cdc trudong hop ndy,
do thi phrong hudng c6 huéng biic xa cuc
dai vudng gée v6i mat phing anten vé hai
phia. K&t cau anten hinh 14.14b cho phép
ta lién tudng dén ket cdu anten thiét 1ap
thco nguyén Iy tr bu. bicu dé ching 1o
raing hal nguyén 1y thiét lap anten daj
rong trinh bay & trén thuc chat chi la hai
cich giai thich khic nhau ddi véi cing

Hinh 14.12. Hinh 14.13.

mot qua trinh vat 19. Tuy tung trudng hop cu thé ma vige dng dung nguyén 1y niy hay
nguycn 1y kia s& cé nhiéu thuan 1ot hon dé phan tich céc bii todn dé ra.

Hinh 14.14.
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Chuong XV
PHUGONG PHAP GIAM NHO KiCH THUSC ANTEN

e —

Yeu cdu giam nho kich thude anten 12 mot trong nhimg ddi hoi cap bach dsi v6i ky
thuat vién thong ngdy nay. P6i v6i séng dai va trung, do budc song 16n nén kich thude
anten khd d6 so6. rat 1on kém trong xay dung vi biao quan, khé nguy trang trong chién
tranh. D61 v4i anten co dong, dic biét 13 anten dat trén cdc vat bay (may bay, tén lira
--), kich thude anten cén gidm nho dén mic 161 thi€u dé bét trong lugng va gidm su
cong kénh clia anten d6i véi vat mang né.

Sau day ching ta s& khao sdt mot s6 phuong dn gidm nho kich thudce anten, chii yéu
la d6i v6i anten chdn tir. D€ thuc hién mue dich trén, cé the dp dung cdc bién phdp sau:

I. Diing tai dign khdng (dung tinh hay cdm tinh) d€ diéu chinh phan bé dong dién.

2. Thyc hign anten bang két cau ¢6 van toc pha nho (két ciu séng cham).

3. K&t hop anten véi mach tich cuc.

§15.1. PHUONG PHAP DUNG TAI THUAN KHANG
DE BIEU CHINH PHAN BO DONG DIEN

Phan tich déc tinh phuong huéng cha chan tir cho thay ring mot trong nhiing yéu
16 quan trong c6 anh hudng quy¢t dinh dén viée hinh thanh dé thi phuong huéng bic
xa la qui luat phan b6 dong dién doc theo chin tir.

T I

Mot trong nhitng phuong phdp ¢6 thé thay .~ \F
d6i phan bo dong di¢n trén chan tir 1a méc & dau “~~1 ) T A}
cudi clta né tai thudn khdng dung tinh ¢ dang tj L
khot kim loai hinh dia hoac hinh c&u (hinh 15.1). a

Phan bo dong dién trén chin tr trong trudng Co i .
hop nay c6 thé duge xdc dinh theo phuong phép gén Khong 1ai j::‘“ e L,
ding, khi col chdn tr twrong duong véi mot doan g‘—"'_oix:';"::*
day song hanh mac tdi dién dung & ddu cudi ¢hinh 07___4_‘
14.1b). Khic véi trudng hop dudng day khong tai b) ha
(trd khdng dau cuéi 16n vo cung, dong dién dau Hinh 151
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cudi bing khong), & day do mac tai nén tré khang déu cusi c6 gid tri hitu han (phy thuoc
tri 86 tai) dong di¢n dau cudi s& khdc khong, nghia [a phan bs dong dién s¢ twong tu
truong hop chan it duge kéo dai thém mot doan.
That vay, ham phan b6 dong dién trén chin tr ¢6 méc tai dién khang dau cusi duogc
xdc dinh bai:
f{z})=Ic coskz + EU—"sinkz (15.1)
. p
[., U.— dong dién va dién dp & cudi chan ur (chd méic tii);
p — tr¢ khdng sdng cita chdn tir;
z — khoang cdch clia di€ém khao sat tinh (r cudi chan tir.
O day gédc toa do duoc 1ay tai ddu cusi chan tir va chiéu ciia truc duge chon theo
hudng vé phia npudn.

Thay U.= _1" vao (15.1) 1a dugc:
inC
I(z)y =1, {cosk} + sinkz (15.2)
oCp
C — dién dung caa tai.
Néu dat
Asiny =1
153
Acosy = L ( )
olCp
Ta cé:
H{z) =1, Asin(kz + ) (15.4)

Tir (15.4) ta thay rang phan bd dong dién trén chan tir d6i xitng mic tii ¢ dang sin
nhung nit dong dién bay gid khong & cudi chin tu (tai z = 0) ma dich ra phia ngodi, dén
vl tri xac dinh boi kz = —y.

Cong thic (15.4) cho phép xic dinh bién do dong dién tai méi diém bat ky wen
chan wr, trong dé cdc dai luong A va y duge xdc dinh tir hé phuong trinh (15.3):

1
A= [l + ——— (15.5)
©*C2p>
gy =olp (15.6)

Céc két qua phan tich & trén cho phép ta c6 thé thay thé tai dung tinh cta chan tir

doi ximg boi mot doan day kéo dai tuong duong ¢ do dai dien &/,, = y (hinh 15.1).
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Nhur vay, n€u xét theo quan diém phan b6 dong dién thi chéan tir d6i Xing cé tai voi
-y o P - I # Fy A A - 7 - 3 T Al
chiéu dan méi nhanh > co thé dugc thay the bdi mot chan tlr d6i xing khong tai véi do

dai méi nhénh bing:
L 1 y

LtV 15.7
2 2 &k (>9

Tix cong thife (15.6) ¢6 thé rat ra nhan xét: khi dién dung tai cang lén thi do dai
tuong duong cha chin tir cang ién. Néi cdch khdc, khi bao dam (v6i mét mue do nhat
dinh) cdc dac tinh buc xa cia chan ur thi dién dung tai cang 16n, kha nang rut ngin anten
cang nhicu. Bang céch thay thé tuong duong nhu trén ching ta hoan toan ¢6 thé sir dung
cdc cong thic clia chan tir khong tai cho trudng hop chédn tir ¢6 ti.

Ham phén b6 dong dién bay gis ¢6 thé viét lai theo (15.1):

1, . L
(D)= L smk[a—\z‘] (153.8)

S -—
2

& day z 1a toa d6 cha diém khao st tinh tir d4u vio chan 1, con —!21 dugc xdc dinh theo (15.7).

Cuing do trudng buc xa clia chan tt duge tinh theo cong thitc

E - Wi, O(O) ¢
2n R
ki, ki, . kL .
COS-— — COS ?cose cCos\y + sin 5 cos {sinycosd
trong d6: P(6) = . (15.9)
sin O
Hinh 15.2 v& d6 thi phuong
huéng clia chan tir d6i xing mac 0" 102030 40 S0 60
tai dién dung cé L 0,42X;
2 s ~ 70
ki TP s
[5 = 150"] ing véi cdc gid tri =45 N
. . 0. g0 % SN |
khac nhau cia tai (y = 45°; 80°). g Pt >
Ddng thdi d€ tién so sanh, trén j 5 \\\\
hinh 15.2 ciing vé d6 thi phuong N 90
huéng clia chan tir khong tai véi
% =0,5% (duong cham gach). Hinh 15.2

Khdo sat d6 thi trén ta c6 thé so b rit ra mot s6 két luan thyc t€, quan trong 13 ¢6
thé bao toan dang clia d6 thi phuong huéng chan tir khi gidm nhé kich thudc clia chiing
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bang cdch mic tai dién dung thich hgp & ddu cusi chan tir. Phuong phap nay duoc ting
dung rong rai dé thiét [p cdc anten séng dai va song trung, cho phép giam nhd kich
thude anten khoang 20 — 30%.

Dot véi dai séng dai va trung, thudng ding anten 13 chan i khong doi xting daat
thing ding trén mit dat. Khi dy d€ gidm do cao, & ddu cudi anten duge mac thém dinh
ngang. tao thanh di¢n dung d6i v6i mat dat. D6i vdi anten day dat thing ding, dinh
ngang ¢6 thé c6 dang d6i xiing hay khéng déi xdimg (anten hinh I'7 hay T. hinh 15.3a,
b). D61 véi anten thap, dinh ngang ¢6 thé c6 dang tan (hinh 15.3¢, d).

Hinh [5.4 vé d6 thi phuong
huéng cua chin tr thing ding f
khong doi xing ¢é do cao h =
0,425 (kh = 150"y véi cac gid tri
dién dung dinh khic nhau y = 0Q°,
45°, 80 va 90°.

So sanh chi ti€t hon do thi o . —
phuong hudng cua anten ¢6é tai vi . vi7 ”'f/wf\’r
anten khong tai ¢6 thé thdy ring  a) b) d)
khi dién dung 1ai ing véi ¢ = 45°
va do day dién cea anten kb = Hink 15,3,

150°, nghia la do dai téng cong
bing 195 thi d thi phuong hudéng nhan dugc ciing giéng dé thi phuong hudng cia chén
tr khong tdi v4i do dai dién bang 190° (1 = 0,532).

D¢ cuo hieu dung cla anten trong trudng hop chan tr ¢6 tai ciing 16n hon so véi
truong hop chén tir khong tii ¢6 ciing chiu dai. That vay, theo dinh nghia, do cao hiéu
dung cua anten bang:

] !
Hyg =— fl(2)dz (15.10)
]"’ 0

{, — dong dién & ddu vio chan tr,

O chan tr o6 tai, phin b6 dong dién trén chén tr tya nhu duge dich chuyén ra phia
dau cudi {(ddy di€ém niit ra phia ngodi), do do dién tich phan b6 dong di¢n tang lén (hinh
15.1) va dién tich hiéu dyng ciing tang theo.

Trudng hop can dam bdo hiéu sudt cta anten khong déi khi giam dé cao, cén thuc
hi¢n chan tir véi dudng kinh 16n dé gidm mat do dong dién phit sinh trong dat & gan dé
anten. Két cu anten thap, hiéu sudt cao dugc v& & hinh 15.5. Vi du, véi dii séng cong
tac A = 200 - 600 m, anten ¢ cdc kich thude hinh hoc sau:

Do cao phin thang ding A = 22 m.

Ban kinh hinh tru @ =24 m,

Bén kinh cta tdn nam ngang b = 67,5 m.
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¢ (©)

1 —1
~ [ k= s
4 \ N T
. \ \;\_, . s
(LX) \ \<‘<
0.2
W | &0 | 7 r;B s 10 20l !
o = e if
= 17
0.2 :
by = 80
it -
|
Hinh 15.4,

Meiv pher

Hinh 15.5,

Dudng fide truyén nang fugng tir.mdy phdt duge ndi vao hai diém ¢, d clia fide phan
phéi. Di€m ndi nay can phai lya chon thé nao dé thuc hién duge su phdi hop tr& khang
gilta fide vdi anten. Mudn diéu chinh anten cong hudng, nghia 1a muén cho trd khing
vao tal ¢, d c6 thanh phan dién khdng bing khong , ngudt ta dung cde day nhanh ngin
mach, d¢ dai ctia né 6 the diéu chinh dugc béi cdc cau trugt k,, ..

O trén, chiing ta di khao sdt phuaong
phdp giam nho kich thudc chan & bang
cach mic 1ai dung tinh & ddu cudi d¢ didu
chinh phan b6 dong dién. Viéc bieh doi
phan bé dong dién trén chan 1t con ¢é thé
dat duge bing cdch mic tai cam tinh néi
ti€p gita chan 1 (hinh 15.6a). Dé giai
thich, chiing ta hdy khao sit so dé tuong
duong cta chan tr (hinh 15.6b). Néu coi
chdn tit tuong duong véi doan song hanh
h& mach thi tr¢ khing vao cia doan day
nhin tir di€ém méc cudén cam vé phia ddu

) S 7 I
) o
b 2
g1
o———o
W/
i,, A P o o P X
[ J d )
Hinh 15.6.

cudi sé c¢6 dac tinh dung khang (hinh 15.6¢). Tai day, néu dién khang cam tinh cla tai vi
dién khdng dung tinh clia doan day bt duoc cho nhau thi s& xdy ra cong hudng lién tiép
va dong dién s€ dat duge gid tri 16n. Khi 4y, phan bo dong dién trén doan day tinh tir dau
vho dén vi tri méc tai s€ tuong duong véi phan bs dong dién trén chan tir ¢6 do dai 16n.

Trong nhiéu trudng hop c6 thé giam d¢ dai chan tr bing cich méc hén hop tai dung
tinh va cam tinh (hinh 15.6d va e). Khi &y hiéu qua rit ngin kich thude chan tlr s& cao

hon khi ding timg bién phdp riéng ré.
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§15.2. PHUONG PHAP DUNG BUONG DAY SONG CHAM

Biét rang khi két cdu chan tr bing day din thing cé dudng kinh rat nho so véi bude

- a ~ -~ - “ = . - a » . " = et 2 # Py
séng N << 15 « la ban kinh day dan) thi van téc pha clia dong dién trén chan tr ¢é thé

19

s " . ) 2
dugc coi bing van 16¢ dnh sdng trong chan khong (v = ¢). Ta ¢é hé s6 pha k = @ —T[
v A
(A — budc song trong khong gian tu do).
Do dai cong hudng cla anten chén it duge xdc dinh tir hé thiic:
ki =nm (15.11)

n —cdc s6 nguyén 1, 2, 3.
L — do dai chin (.

Néu xung quanh day dan duge boc mét I6p vat lién dién moéi ¢ hé s6 dién
thamthiam khd 16n (¢, >> 1) hodc mot 1p vat liéu tr tinh ¢6 hé s8 tir thim kha 16n (uv,
>> 1) thi van toc pha cua dong dién truyén theo day din chan tr s& nhd hon van toc 4nh
sang
(v < ¢). Khi &y b¢ s6 pha # > & va theo (15.11) thi do dii cong hudng cla chén tir sé
gian di.

- Néu coi vdn dé gidm nho kich thudc anten chén tir ¢6 quan hé véi vice giam nho do
dai cong hudng cua anten thi rd rang 1a kha nang giam kich thude anten ¢6 thé duoe thue
hi¢n bang cdch dng dung cac dudng day séng cham.

Vé nguyen tic, cé thé sit dung bit cit dudmg day séng cham nio ma déi vdi né cb
thé dp dung khii niém trd khang bé mat (hay Impédang bé mat), nghia la khi tén mat
ngoai cua nd cdc thanh phan tiép tuyén clia dién trudng va tir trudng ¢6 gid tri khic
khong. Theo dinh nghia, trér khing bé mat {3 1y $6 cla thanh phdn tiép tuyén cua dién
trudng va {r trudng rén mat két cau,

bBoi véi he théng cham ¢6 truyén s6ng TM 1a cé:

E.
H,
Con doi v6i1 he thong truyéncéd song TE:
E
Zrp = —n 15.13)
TE H. (

Tuy nhien, viéc lua chon loai dudng diy séng cham ndo dé sir dung cdn xudt phat tir
cdc yéu cau cd lién quan véidén thong s6 cia cic két cau dy, trong ¢6 hai thong s6 quan
trong 1a hé s6 chdm va hé 6 suy gidm cha kél cdu. Thong s6 thit nhat cha dudng truyén
¢6 lien quan dén khd nang rdt ngan kich thudc anten codn thong s6 thit hai cé lién quan
dén hi¢u suat caa anten.
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Cic dudmg day séng cham thuomg gap 1a cac day dan kim loai cé phil 16p dién moi
hoac ferit, truc kim loai hinh ring tuge (hinh 15.7).

I
Dren winis R Ferit

P _ Z

by Kim bagi

Hinh 15.7.

Anten chan tir thye hién tir cdc dudng day séng cham néu & trén duge goi 13 chan
impédang.

Nguyeén 1y hinh thanh séng cham trong cdc két cau trén duge giai thich mét céch
don gian nhu sau. D& vi du, ta xét ket cau day dan ma bén ngoii duoc phi 16p dien moi
hodc ferit (hinh 15.7a). Gia sur day dan duge kich thich bdi mot séng phiang truyén lan
doc theo day. Nang lugng dién tirr truyén theo két cdu trén s& gém ¢6 hai phin, mot
phan truyén trong méi trudng khong khi bao quanh két cau véi van téc pha biang van tdc
song trong khong gian tu do (v = ¢) v moét phan truyén trong 16p dién moi hoac tir moi

PR o ) - o . N . [
V3L vin toc¢ pha nho hon véan 16¢ séng trong khéng gian tu do (v =

U vae'jahe
b

e
50 tir thaim va dién thadm twong déi cla vat lieu bao quanh day din). Nhu vay tai mdi
dicm bat ky trén bé mat két ciu s& ¢6 sy giao thoa clia hai séng truyén lan véi van tée
pha khdc nhau, trong d6 mét séng truyén lan v6i van téc pha nhd hon van 16c 4nh sang.
K&t qua 1a séng tong hop truyén trén bé mat két ciu s& c6 van (Ge pha nhd hon c.
Nguy¢n 1y hinh thanh séng cham trén két ¢du hinh 15.7b cling dugc giai thich nrong
tr nhu trén. Két cau vé & hinh 15.7¢ 13 mot truc dén dién, trén ¢6 gan cdc daiia kim loai.
Song cham duge hinh thanh do piao thoa cha séng truyén lan trong khoing khong gian
bén trén bé mat két ciu (r = ;) theo dudng thing ndi gilta hai thanh dia (séng /) va
song truyén lan theo dudng uon khiic trong khoang khéng gian piita hai dia kim loai
(s6ng 2). RO rang la do dai dudng di cha séng 2 16n hon do dai duong di clia séng / nén
gdc cham pha ciing 16n hon so vdi séng 1. Két qua 1a séng téng hop trén bé mit két ciu
c6 van toc pha nho hon van toéc séng trong khong gian tu do. Hé s6 cham cia két ciu
loai nay phu thuge chu yéu vao do sau cda rinh (A = a, — a|). D¢ tang do cham pha cla
nhanh séng truyén theo dudng udn khuic khi khong ¢6 kha nang ting A, ¢6 thé thay the
moi trudng khong khi trong khoang gitta hai dia kim loai bang mot dién moi hodc tir
moi ¢6 hé s6 di¢n thdm hodc tir thdm khé 16n. Khi dy séng truyén theo nhdnh 2 khong
chi c6 dudng di dai hon ma van t6¢ pha ciing nhd hon, do d6 s& tang géc cham pha clia
s6ng 1ong hop trén mat két cau, nghia 1a tang hé s6 lam cham ciia dudng truyén séng cham.
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Sir dung cic dudng truyén séng cham néu & tren dé thiét 1ap anten chan tit cho phép
nhan duge he 6 it ngan anten khodng 2 ~ 5 lan (hé 56 rit ngén kich thude anten duge
dinh nghia bang ty 6 giita tdn s6 cong hudng chia chan tir kim loai thudng ¢6 cling chiéu
dai va tan s0 cong hudng clia chin tir lam bang dudng day séng chim).

Tinh todn chan tir impédang cling ¢6 thé tién hanh theo cic phuwong phap luong tu
nhur khi tinh todn d6i véi chan tir kim loai da khao sdt trong [y thuyét anten, nghia la coi
chin wr wong dwong véi dudng day song hanh hé mach ddu cudi. Tuy nhién, & day cédn
chd ¥ dén su khdc nhau d6i véi diéu kién bd trén bé mat trn tir trong trudng hgp chan i
kim loai thudng va chén ol impedang. D6i véi chan tlr kim loai, thanh phén ti€p tuyén
cua dién trudng trén be mat bing khong (£, = 0) con déi véi chan tir impédang, E. duge
xac dinh bat (15.12).

A

Dé tinh todn gan diing phan b& ddng dién trén chin tir ¢6 thé ap dung phuong phdp
Iy thuy¢t duong day dai, coi chin tir twong duong v6i mot doan day song hanh hd mach
dau cudi. O chan & impédang, vi E, # 0 nén trén méi phan tir dai dz s& ¢6 sut 4p phu:

du=E_dz = HZdz (15.14)
Goi dong dién chay trén mat ngoai chan tir 14 7 ta ¢6:
I
Hy= —
¥ 2na

Phuong trinh Telegraf trong trudng hop nay duge viét duéi dang:

_du I(Ele + LJ

dz 2na (15.15)

-£ = u(inC))

trong d6, L, €, 1a dién cdm va dién dung phan b ciia duing day song hanh tuong duong
Tur (15.15) ta rdt ra dugce:

52
T 2roo
dz*
: (15.16)
iﬂ kzu =0
a’z2
trong dé,
p2 =2 200 (15.17)
2ra

h — hé s6 pha clia dudng day impédang;
k — h¢ s6 pha cta dudng day kim loai thuomg.

Tir (15.16) ta tim duoc I6i giai cla ham phan bs dong dién
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sinh(é -z
Hz) =1,

. hL
STt

)

Ham bitc xa ctia chdn tir cé thé dugc xdc dinh theo cong thitc déi véi ngudn thing,
trong dé /() dugce thay bdi (15.18)

(15.18)

Biéu thitc cudng do iruEmg s& nhan dugc dang sau:

o H v
K, =~ 1601,¢ sin® ﬁ{cos(&cosej — cos—hf’} (15.19)
. hL(h ]k 2 2
Rsin-—- | -

5 = cos® B
Pé tinh tr& khdng vdo va trd khdng twong hd clia chdn tr ¢é thé dp dung phuong
phép sitc dién dong cam ung nhung can chi ¥ dén diéu kién hd cua chan ta. Néu goi £,
12 thanh phén 1i€p tuyén cta dién trudng cam tng tao boi chan tir 2 con E,;; la thanh
phén 1iép tyén cla dién trudng cam tao bsi chinh chin tr / 18n né thi cdc thanh phéan
dién trudng nay phai thoa min di¢u kién b impédang:
En+E,=2H, (15.20)

Dién tré buc xa cha chan t ¢6 thé xac dinh theo phuong phdp vecto Pointing.

ﬂ F{)l R*sin20d0 =

6ol
60h2 k2 " Cos(ﬁ;- cos 9] — COS ig‘

:'__ijﬁ_ sin” 0 PRI do (15.21)
Sinz o 1< — kC cos

2
Tinh todn hé s6 rit ngan anten d6i véi mot s8 trudng hgp chian tir impédang cho ta
cdc két qua sau:

~ Chén tir 1am tir két cdu vé & hinh 15.7a véi cdc thong s0:

%=lm ; @;=0007m; a,=002lm.
p'=100; €'=10.
Hé s6 rit ngén t = 5.
— Chan tir lam tir két cdu vé & hinh 15.7¢ (khi & khoang giita cdc dia kim loai ¢o 16p
phFerits), v6i cic thong s0:
L

(a) -i- =2m ; ¢;=0007m; a,=0,021m; u =40
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He s6 rit ngan 1 =3

Hiéu suat anten n = 60%
L
(b} 5" 1,57 a;=0007m; a,=0015m; p' =25

Heé s6 rat ngin © = 2,3
Hiéu sudt anten n = 80%

Céc chin tr impédang trinh bay & trén c6 nhuge didm 1 phai sir dung cac vat liéu
dién moi hoac tir moéi gay ton hao séng trong cic moi trudng dy va do do gidm hiéu suat
cta anten. D¢ khic phuc nhuge diém trén c6 thé thay thé moi trudng bao quanh day din
(di¢n moi hay ferit) boi dudng day xoan. Khi dy séng truyén lan doc theo két cdu cling

dugc hinh thanh tir hai séng truyén 00 0.0.9 0.0 S
lan véi van t6c pha khic nhau, trong VUV VYUY Crrrrrrz rzr77f
do mét séng truyén lan véi van toc ¢ a) by

vd mot séng truyén lan theo dudmg

day xoén véi van toc pha v < c. %m%
Cic két cau chim dua theo Hinh 15.8.

nguyén 1y trén duge v& & hinh 15.8. ¢)
Truong hop céc anten phic tap duge thiét lap tir h¢ théng chén tiy

nhu anten Yagi, anten séng chay, anten 16ga chu ky v.v..."” thi =

vige sir dung céc chin tr impéding di khao sdt trén day dé thiét % E

lap anten s& cho phép gidm nhd kich thude ngang cua anten mot _

cach ding ké. Ngoai ra, cic dudng truyén séng cham thoi man “

diéu kién b impédang con c6 thé dung thay cho céc day din kim

loai thutmg dé thiét lap mot s6 loai anten day khéc, vi du anten

van dam bdo diéu kién bic xa clia anten xodn. That vy dé dam

bao dieu kién biic xa truc, dudng kinh anten phéi the nao dé trén Hinh 15.9.

mot vong xoan dugc phan bo vira di mot bude séng. Do dé néu dung dudng day séng

xodn v& ¢ hinh 15.9 (anten nay con ducc goi 13 anten Xodn
impeédang).

chdm thay cho day dan kim loai thuong thi s& gidm dugc dudmg kinh cin thist cha
(**)
anten' /.

Thi¢t lap anten xoin bang cac dudng diy impéding néu &
trén cho phép giam nhé kich thudc ngang (dudng kinh anten), khi

LI | A

)

MXem chuong 19 va 20

(**)
Xem chuong 22.
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§15.3. KET HOP ANTEN Vi CAC PHAN TU TiCH cUC

Bi¢t ring khi don thuan riit ngan kich thude anten (vi du giam nhé do dai day dan
ciia k&t ciu chan tir) thi do dai hién dung cla anten ciing dong thoi giam di. D6i vdi
anten chén tir, do dai hiéu dung duge xdc dinh boi
ki
1 —cos -
Ly == 2
n . ki
$in
2
Viéc giam nhod do dai hiéu dung anten s€ dan dén giam stic dién dong nhan dugc &
diu ra anten khi anten lam viéc & ch€ do thu va gidm cudng do truong biic xa cla anten
khi anten lam viéc & ch€ do phal.

Dé bao toan dac tinh chia anten khi gidm nho kich thudc can 6 bién phap bu lai su
giam d6 dai hiéu dung anten.

Mot trong nhiing bién phdp c6 hiéu qua dé khic phuc nhuge diém khi giam nhd
kich thuéc anten la kél hop anten véi cdc phin tir (hay mach) tich cyc. Ta goi anten la
anten tich cuc (hay anten active). Vi du khi anten lam viéc ¢ ché do thu thi mach tich
cuc 12 mach khuéch dai tin hiéu nhan duge béi anten, ta nhan duge anten - khwéch dai.
Trong trong hop niy, anten ¢6 thé duoc coi nhu mot phdn tr ciia mach, hodc nguge lai,
¢6 thé coi mach tich cuc 12 mét b phan cau trie cua anten. Viéc hop nhat anten va
mach n€u thuc hién 6t s& tao ra mot cu tric hop 1y dé cai thién dac tinh cta anten, va
trong mot s6 trudng hgp cdn co thé tao cho anten mot s§ chiic ning mSi ma ¢ cdc anten
thuding khong ¢6. Ngoai ra, khi két hop anten va mach thi gilta anten va mdy thu hay
mdy phdt khong can cdc phan tir phoi hop va ditu chinh nhu & céc tuong hop thong
thutmg, giam bdt chicu dai fide mic gifta anten va thi€t bi thu - phit, do d6 giam 16n hao
cao tAn va giam tap a&m nhiét cla anten.

Ta khao sat trudmg hop anten két hop véi mach tich cuc 1a anten khuéch dai. Khi ay,
mach khuéch dai duge méc & cuc anten (hay & vi trf thich hop nao d6). Bién ap 0 dau ra
auten trong trudng hgp nay (can hiéu ta & ddu ra cia cau tric két hgp giifa anten va
mach s& tang 1én K 1an so vGi anten thuong, vdi K 12 hé s6 khuéch dai cia mach. Két qua
{a s¢& nhan dugc & dau ra anten mot f
siic dién dong c6 gid tr1 tuong
dwong vdi sifc dién dong thu duge
khi anten cé do dai hiéu dung Ién N
len K lan, nghia 13 da thuyc hien ||| — o
dugc viec bl do dai hiéu dung khi i
giam nho kich thudc anten.

vd nép dicn

T Bign dp didn Hhién

L Chdn tit

Mot trong nhiing s¢ d6 anten
khuéch dai 12 t6 hgp cta chdn tr va Hink 15.10.
mach khuéch dai dung tranzito v&
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o hinh (15.10). Trong so d6 trén, khi thay déi dién 4p diéu khién sé thay déi dugc hé so
khuéch dai cla mach.

Vidu, khi sir dung tranzito 2N708, anten khuéch dai véi so dd trén ¢ thé cho hé so
tang ich bién d6i tr 0 + 14dB (& tdn s6 178 MHz) so vé6i anten thuong ¢é cung kich
thude hinh hoc.

B6i vai anten lam vige & ché do phat, viée bt do dai hitu dung cting ¢6 thé ti¢n hanh
theo cich twong ty. Trong truong hop ndy, mach tich cuc két hop vé6i anten cting la mach
khuéch dai nhung tin hi¢u duge khuéch dai 1a tin hiéu tir mdy phat dwa téi, con 1ai ciia
mach la anten phat.

Trong nhiéu trudng hop, viéc két hgp giita anten va mach cé thé duge thue hién truc
ti€p, nghia 1a anten dugc xem nhur phén kéo dai ciia mét trong cdc cuc cla tranzito ma
khong cin c6 phén tir ghép. Mot s6 phuong dn két hop anten va phan tif tich cuc (anten
active) duge v& @ hinh 15.11.

Hinh 15.11a va b v& so d6 anten active cic phat chung, trong d6 so dé (a) 1a so d6
anten lam vi¢c & ch¢ dé phat, so d6 (b) la anten lam viée & ché do thu.

Hinh 15.11c va (d) 12 so d6 anten active cyc géc e

chung, trong dé so d6 (c) - anten lam viéc & ché do

phat, so d6 (d) - anten lam viéc & ché do thu. ”%j é %"
Hinh 15.11e va (f) 1 so dé anten active cuc gop -

chung. dugc sir dung 3 ch& do phit (e) va ché do thu (). i ¢l
Cin luu ¥ ring k&t hop anten v6i mach tich cuc thi

su cai thién hé s6 tang ich anten khong c6 lién quan dén

viéc cdi thién gian d6 hudng tinh. Trong cdc trudng hop

nay ham phuong huéng chuin hod clia anten vin chi

dugc quyét dinh bdi do dai thuc ciia anten va do d6 sy h

giam nho kich thudc anten ciing van din dén giam
huong tinh, nghia 1a din dén md rong dé thi phuong
hudémg.

Hinh 15.11.

Tuy nhién, viéc két hgp anten véi phan 1 thay mach tich cuc trong mot s6 truong
hop cho phép de dang sir dung anten lam phan tf cia cdc hé théng bic xa dé thiét lap
cdc dé thi phuong hudng theo yéu cdu cho trude, dé thigt l1ap anten didu khién dé thi
phuong hudng theo yéu ciu cho trude, dé thiét lap anten diéu khién dé thi phuong hudng
bang phuong phdp dién hay hé théng biic xa c6 thyc hién bude diu vi¢e xir Iy tin hiéu.
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Chuong XVI

PHUONG PHAP TAO TRUONG
BUC XA PHAN CUC QUAY

§16.1. NGUYEN LY CHUNG

Anten phan cuc quay la anten ma vecto dién trudng biic xa ciia né tal mdi diém
khao sdt cd hudng bién déi lién tuc trong khong gian. Anten phan cuc quay ducgc Gng
dung trong nhi€u linh vuc khéc nhau ciia ky thuat vo tuyén dién. Trong rada, ding séng
phin cyc quay cho phép tang cu ly va do tin cAy quan sat muc tiéu khi thoi 1iét xau.
Trong k¥ thuat vo tuyén diéu khién tir xa, trong thong tin vii try, trong céc thiét bi trinh
sdt va gdy nhiéu, v.v... ding séng phan cuc quay cho phép gidm nhé sy mat phoi hgp cuc
tinh giita anten phat va thu.

Dang clia phan cyc quay trong trudng hop tdng quat 1a phan cuc elip. C& méi chu ky
dao dong cha trudng, vecto E (cOng nhu 17 ) lai quay dugc mot vong trong mat phing
vuong géc véi hudng truyén lan, dau mit vecto vach thanh dudng elip trong mat phiing
ay. Ta goi elip nay 1a phan cuc. Dac tinh cha truong phan cue quay duge xdc dinh bdi
cac thong so cua elip phan cuc, trong dé chi yéu 13 he s6 elip (1a ty s6 ciua dudng kinh
nho chia cho dudng kinh 16n cha elip).

Nhu d3 khdo sat trong 1y thuyét anten, trudmg phan cuc quay cé thé dugc coi nhu
téng cla hai trudng phin cye thang cé hudng vuong géc nhau va léch pha nhau vé thoi
gian. Theo nguyén 1y 4y, c6 thé tao ra trudng blic xa phan cuc quay theo cic phuong
phdp chu yéu sau day:

1. Té hop hai séng phén cuc thang riéng ré ¢6 hudng phan cuc vuéng géc nhau, va
cé gdc léch pha bang 90°.

2. Dung thiét bi bién déi phan cuc. Thiét bi ndy s& bien déi mét séng phan cuc
thing thanh hai séng phan cuc thing cé huéng phan cuc vudng géc nhau va cé gée léch
pha bing 90°.

Sau day s& khéo sdt cy thé hon déi véi cdc phuong dn anten dé tao ra trudng bic xa
phén cuc quay theo cdc phuong phdp da néu & trén.
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§16.2. THIET LAP ANTEN PHAN CUC QUAY TU
HAI ANTEN PHAN CUC THANG

D¢ nhan duge anten cuc quay theo phuong phép thit nhat, ¢6 thé ding hai anten
phan cyc thang dirge sép dat sao cho cudmg do truong bifc xa clia ching & khu xa ¢6
hudng vuong gée nhau, dong thdi cdc anten duge ti€p dién thé nao dé gée léch pha cha
trudng bic xa cia chdng biang 90", Néu bi¢n do cudng do trudng biic xa cia hai anten
biing nhau thi phan cuc elip s& trd thinh phan cue tron. Néu trudng bire xa cia mot trong
hai anten bién do bang khong thi phan cuc elip sé bi¢n thanh phan cuc thang.

Sau day ching ta s€ khao sdt mot s6 phuong an cu thé
a) Té hop anten dién va anten tir

Mot trong cdc phuong dn 14 sir dung t6 hop anten gém
mot anten khung va mot dipol dién dat vuéng géc véi mat
phang ciia khung (hinh 16.1).

Néu dong dién trong khung va dipol déng pha nhau thi
truong bifc xa clia chiing & khu xa & léch pha nhau 90°. Pac Hink 16.1.
di¢m cia két cdu nay 12 dé thi phuong hudng tao ra boi méi
anten riéng phan ¢6 dang hoan toan giong nhau. Do dé, ¢6 thé chon quan h¢ dong dién
trong chiing thé ndo dé bién do cuding do trudng biie xa cla ching tai méi diém trong
khong gian déu bang nhau. Khi d6, trong toan khong gian gidi han boi dé thi phuong
hudng s€ nhin duge trudng bic xa phan cuc tron. Nhu ta da biét, anten khung vi dipol
di¢n ¢o hiéu gua bitc xa thdp nén mo hinh nay it ¢6 ¥ nghia thue tién.
bé nang cao hiéu qua bitc xa clia anten, c¢in tang dudng kinh cla khung va tang d¢
dai dipol. Nhung khi 4y do thi phuong cla hai anten & khong hoan toin giéng nhau nira.
D61 véi khung, ¢6 the tang dudng kinh dén 0,64 mi van giit duge hudng bic xa cuc dai
trong mat phing khung; cdn d6i véi dipol cé thé tang do dai dén 0,5A (khi dy dipol s&
tr¢s thanh chin tr d6i xdng).
Cuong do truong biic xa ctia khung duge xdc dinh boi
E = Mjl(kasine) (16.1)
trong d6, I, — bién d6 dong dién chdy trong vong day dén;
a — ban kinh cda vong;
J (kasin@) — ham Bessel, bac 1, argumen (kasin®);
Dién trg biic xa cha khung duge xdc dinh boi:
Ry, = 60n° 2kalJ5(2ka) + Js(2ka) + ... ]. (16.2)
trong dé, J, (x) 1a ham Bessel bac a.
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Cudng d6 trudng bic xa bdi chan tir déi xing ¢6 do dai 7 duge xac dinh bai:
cos K cos0 | — cos K
. 60/, 2 2

E'} = —1

i Rsin K sin0

(16.3)

trong d6, /; 1a bién do dong dién & ddu vao chén .
Dién trd buic xa clia chan tir ¢6 thé duoce xdc dinh theo dé thi hoic theo cong thie di
dan ra trong phan Iy thuyét anten.

bé nhan duge trudng phan cuc trdn trong mét phing cla khung (B8 = 7/2) cén thda
mén ding thic E, = E,, nghia la:

Ivﬂ:kaljl (ka) = [O (16.4)

sin

Trong trudng hgp Khung va chin tir cé kich thude cho phép 16n nhat (nghia la khi
=0,3% val=0,5%), tacé:
!

[, =2 16.5
Y ( )

Khi d6 dai cha khung cé thé so sdnh v6i bude séng thi phan bs dong dién trong
khung tr¢ nén khong déng déu. Trong trudmg hop nay cdn ¢6 cdc bién phdp cu thé (sé
dugc trinh bay chi tiét & chuong 21.

Phuong an thir hai do6i véi viéc sir dung t6 hop anten dién v anten tir 13 k&t hop mot
chén tir toan séng va hai anten nira séng (hinh 16.2). Trong trudng hop nay ta ciing nhin
duge hudng cia vectd cudng do trudng bitc xa cha chan tir va anten khe vuéng gée nhau.
Néu cong suat bitc xa cha khe va chédn tir bing nhau, con viéc tiép dién duge thuc hién
sa0 cho trudng bifc xa cha ching & khu xa léch pha nhau 90° thi s& nhin dugc trudng
phan cuc trén. Qua sy phan tich, tinh toin
doi v6i anten khe va chan tir (diéu nay da -
duoc thuc hién trong phén 1y thuyét anten) Khe | ﬂ ehén (&
thi dé nhan duge géc léch pha 90° cdn dam N S
bao sy déng pha giifa dién 4p ti€p cho khe Ticp ditn vho ﬁ e i
va dong dién tiép cho chan tlr.

Ty
|

b6 thi phuong huéng khong gian clia H
cdc anten ndi trén ¢ dang hinh 16réit. PE

s
nhdn dicoc do thi phicong hiéng hep hon
trong mdt phdng ditng ¢4 the st dung mot Hinh 16.2

s6 anten gidng nhau dit cdch déu nhau theo
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phuong thing dimg vé6i khoang cich bang (0,5 + 0,5) . D€ nhan dugc bifc xa don hudng
trong mat phang ngang cin st dung b6 phdn xg cuc tinh dit phia sau anten. Trong
truong hogp nay khong duge phép dung cdc mat phan xa thong thudng vi vecto phan cuc
clia truong blc xa & cac hudng trong khong gian déu ¢ hudng quay gidng nhau. Néu
dung bd phan xa phéng thi song phan xa s&€ ¢ hudng quay nguge véi hudng quay cla
song tdi. do do cling nguge véi hudng quay ciia séng bic xa theo hudng thuan va chiing
s€ tri¢t tieu lan nhau. Nguyén 1y cia bd phan xa cyc tinh s& duge khio sdt & phin sau
ctla chuong nay.

b) To hop hai chéan tir

C6 hai phuong én dé nhan duge trudng phan cuc quay tir hai chan tr dat vuong
goc nhau;

Plurong dn thit nhdt: hai chin to duge dat trong cing mot mat phang va duge ti€p
dién véi goc 1ech pha. Vi fide tiép dién cho chan it /7 dai hon fide ti€p dién cho chédn tix
n2 mot phan te bide séng nén dong dién trong chan tlr I sé cham pha so véi dong chan
tr 2 mét géc 907 (hinh 156.3a).

{
.
» ol "5

e
— -

al

d)

Hinf 16,3,

Hinh 156.3b la phuong 4n ti€p dién cho cap chén tir vudng géc bang fide dong truc.
Nguyén 1Y ti€p dién cho chin t& d6i xing bang fide ddng truc s& dugc khao sat ky & 17.3
chuong 17. Trong trudng hop nay, dé ddm bdo géc léch pha dong dién trong hai chén tir
bang 90°, d¢ dai cua fide tir diém tiép dién chung dén hai chin tir ciing khdc nhau mot
phan tu budc séng.

Mot phuong dn khic dam bao géc léch pha 90° chia dong dién giita hai chan ur la
chon do dai thich hgp cho cdc chian tir (hinh 16.3¢). Trong trudng hop ndy, hai chan tir
c6 do dai khdc nhau duge tiép dién bing mot fide chung nét & dau vio cha ching. Do
dai cta chdn tir / duge chon nho hon A/2. Khi dy, phdn khdng cta tr& khdng vao s& 13
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di¢n khang dung tinh (Z,, = R, - iX;). Dong dién trong chan tir / s& sém pha so véi dién
ap dat vao n6 (f; sm pha so v6i I/,). Trong khi d6, do dai cha chan tir duoc chon 16n
hon A/2. Khi @y phan khing cia tré khang vao trdn tir 2 s& 1a dién khang cam tinh (Z,, =
Ry + iX;). Dong dién trong chdn tit 2 56 chdm pha so v6i dién dp dat vao né. That Vay,
dong dién trong hai chin tr durge xac dinh boi;

U, U, U
1= = R i=E X
é"] Zvl bel
u, U U (16.6)
12 =t - - ; R2 - f ; XE
Z\’2 A\’Z Z

Dé thi vecto cha dong dién va dién dp duge vé & hinh 16.3d. Khi do dai cla hai
chin tr chénh léch nhau it thi thanh phin dién tré clia tré khdng vao cé gid tri x4p xi
nhau (R, ~ R, ~ 73Q2), nhumng X va X, lai khac nhau ddng k€. Do dé, vé nguyen tic ¢6
theé chon /, va I, thich hop dé nhan duoge géc lech pha giita 1, va I, bang 90°,

Plurong dn thir hai: hai chan tir
vauong géc duge dat trong hal mat

phing song song cich nhau A/4 va L2

ducc tiép dién dong pha (hinh 16.4). - 5 y//f ~ .z
Khi 4y, su léch pha cua hai thanh E_@_ /P fz --- e
phian cuc hod vudng goc nhau duoc 4” H

gay ra bséi khoang cdch A/4 giira

ching. Hinh 16.4,

Poi v6i ca hai phuong dn thiét lap
anten néi trén chiing ta déu nhan duge trudng phan cuc tron theo phrong vudng gée voi
truc cua hai chan tir (phuong truc z - xem hinh 16.4), Khi diém khio sat léch khoi
phuong nay ta s&€ nhan dugc truong phin cuc elip; va khi géc léch bang 90° phan cuc
elip s& bi¢n thanh phan cuc thang. _

Su khdc nhau chu yéu clia trudng bitc xa nhan duge theo hai phuong dn trén 12 3
hudng quay cla vecto phan cyc d6i véi séng truyén theo hudng — z va hudng + z. O
phuong an /, hudng quay cua vecto phan cuc ddi véi séng truyén theo hai huéng nay 13
nguge nhau (hinh 16.3a). That vay, néu ngudi quan sdt ding theo hudng truyén séng sao
cho séng truyén tir chan lén dau thi s& thdy néu d6i vdi mot huéng nay vecto £ quay
thuan chi¢u kim déng ho, thi déi v6i huéng kia vecto £ quay nguoc chiéu kim dong hé.
Do d6, mudn nhan duge biic xa don hudng c6 thé dit phia sau anten mét mat phan xa
phang. S6ng phéan xa s& cé hudng quay ngugc véi hudng quay clia séng (61 va s& trd nén
cing huéng quay véi séng bifc xa tir anten theo huéng thuan. O phuong 4n 2, ta s& nhin
dugc hudng quay cua vecto phan cuc doi véi séng truyén theo hai huéng —z va + z 1a
gidng nhau (hinh 15.4). Vi vdy, d¢ nhan dugc biic xa don hudng khong thé st dung mit
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phan xa phang thong thudng ma phai diing bo phan xa cue tinh.

¢) Té hop hai anten khe vuong géc

D¢ c6 thé nhan duge séng biic xa phan cuc quay tlr hai anten khe vuong gaoc, cic
khe nay can phdi duge kich thich vdi géc léch pha bang 90°, Néu kich thudc cia man
chan (trén d6 ¢ khe) kha 16n thi ham phuong hudng bién dé va ham phuong hudng cuc
tinh cua anten s& gan giéng véi ham phuong hudng bién do va ham phuong hudéng cuc
tinh cua cap chén (0 vudng géc di khdo sit & trén.

Trong thyc € thudng sit dyng anten khe cat trén thanh ong dan séng'”. D& kich
thich l¢ch pha 90” cho hai khe ¢6 th¢ dung 6ng dan séng chir nhat véi séng H,, hodc éng
dan séng tron véi séng H .

Trong 6ng dan séng chir nhat vdi séng H,y, cdc thanh phan tir trutng H va H, duge
xdc dinh boi:

(16.7)

(16.8)

Trong cong thitc nay dau "-" tuong (ng

vGi séng truyén lan theo hudng z am, con
dau "+" tuong tng vdi s6ng truyén lan theo
huéng z duong. T (15.8) ta thdy ring cdc
dang dién mat J, va J, luda léch pha nhau Hink 16.5

90",

Phéin b6 cua cdc thanh phan H, va H, theo truc duoc vé & hinh 16.5. Tir hinh v& ¢é
thé thdy rang doc theo cdc dudng x = +x, trén hai thinh rong ciia ong din song ta sé
nhén duogc céc thanh phén tir truong H, va H, ¢6 bién do bang nhau. Khoang cich x, cé
thé duge xéc dinh theo (16.7) bing:

*) Chi i€ hon vé anten khe - dng dén sdng s& duge khao sdt & chuong 22.
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PN
X, = arctg [”—] -1 (15.9)
] 2a .
Nhu vay, néu ta cat cdc cap khe vuong gdc tai cde vi tri nam doc theo cdc dudng
X = +x, thi moi ciap khe ndi trén s& duge kich thich boi céc dong dién mat ¢6 bién do
gidng nhau nhing léch pha nhaa 90°. Truong buc xa clia cdc cap khe niy sé 1a truong
phan cyc quay. tuy nhién, cin luu ¥ ring trudng bifc xa cla hai cap chan tir khe cit tai
hat vi urf d6i xding nhau (qua dudng trung binh) trén thanh rong éng dan séng s& cé
huéng quay cla veetd phan cyc nguge nhau vi £, & hai vi tri ndy ¢é huéng nguoc nhau.
Trong dng dan séng tron véi séng 11, ty s6 cla cdc thanh phan tr trudng i1, tv s6
cdc thanh phan tir trudng H,, va I/, tai thanh 6ng s& 1 ham cta géc ¢:

H
H, VIl
Vv 2
trong dé: y= k% - [—ZQJ 13 hing s6 truyén song;
a

v = 1,841 Ja nghi¢m thi nhit cua phuong trinh J',(x) = 0

Tur (16.10) ta s& tim duge géc ¢, ma tai do hai thanh phan tir trudng truc giao ¢6
bién do bang nhau:

0, = (16.11)

Néu ta cit trén thanh éng dan séng hai khe vuong géc nhau sao cho tam ciia khe
nam trén dudmg sinh ¢é géc phuong vi ¢ = ¢, xdc dinh bdi (156.11) thi cap khe néi trén
s¢ birc xa truong phéan cuc quay, dong thdi ¢ hudng phap tuyén véi mat tru s& nhan duge
trudng phan cuc tron. Khi thay déi tén s6. phan cuc trdn sé bign thanh phan cuc elip.

Khdc vai trudng hop ong dan song chir nhat, trong trudng hop nay hé so elip cla
elip cuc ¢6 thé thay déi tty thudc vao gée phuong vi clia dudng sinh di qua tam khe so
v6i hudng clia mit phing phan cuc ciia séng H,, (huéng vecto £). Tinh chat nay cé thé
dugc su dung dé thiét lap anten diéu khién phan cyc, 1am bo bién déi phan cuc 6ng dan
song hodc bod phan tich cuc tinh (phan cuc ké).

Anten diéu khién phan cuc 1a mot cdp khe vudng gée (hoic mot day khe vudng géc)
dugc cat trén dng dan séng tron, trong 6ng cd dat thiét bi quay mat phang phan cuc cia
song kich thich. thiét bi nady c6 thé dung linh kién ferit, trong dé st dung hiéu ing
Faraday.
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§16.3. TAO TRUONG BUC XA PHAN CUC QUAY
TU VONG DAY DAN CO DONG DIEN SONG CHAY

Gia st ¢6 vong day dan tron dudng kinh D, trong d6 ¢6 dong dién song chay ducgc
biéu thi boi:
Iy=1Ie " (16.12)
trong d6. [, — bi¢n do6 dong dién trong vong day:
[} — hé 56 pha:
N — 10a dd cla di€m khao sat (¢ day dudng toa do dugc coi 1a vong tron clia
vong diy).
Trong trutng hop nay bién d¢ dién cd gia tri giéng nhau tai moi diém trén vong
day, con goc pha dong dién bi¢n déi tuyén tinh theo khoang cdch tinh tiY g6c toa do.
Theo cong thitc Euler ¢6 the viét (16.12) dudi dang |
Iy — 1 (cosPrn — isinfin) (16.13)
Nhu vay, dong di¢n séng chay ¢6 thé duge biéu thi dudi dang 18ng clia hai thanh
phan dong séng ding, trong dé mot thanh phin phin b& thco him cos, mot thinh phén
phan bo theo ham sin, déng thai hai thanh phdn nay léch pha nhau 90°.

Khi dudng kinh cua vong day D = r

n Leospn
nghia la vong day ¢6 chiéu dai bang mot
budc song, ta cé dod thi phan bé bien do cla
hai thanh phin dong dién séng dimg duoc
v€ ¢ hinh 16.6a va b,

Dong di¢n chdy trong méi cap phin
dn d6i xitmg qua truc y cla hal nita vong
tron trén hinh 16.6a ¢6 thé duoc phan tich
tam hai thanh phan /, va I,. Cac thanh phén
{, ¢6 hudng nguge nhau (bic xa cha chiing

theo phuong z s€ triét tiéu), con cdc thanh

Hink 16.6.

phan /, ¢d hudng giéng nhau (ching s& biic
xa dong pha theo phuong z). Trong khi d6, & hinh 16.6b thi cdc thanh phén f, lai ¢6
hudng nguoc nhau, con cdc thanh phan /; c6 huéng giéng nhau.

D¢ viec phan tich duge don gidn, ta thay thé gan ding méi nia vong diy & hinh
16.6a va hinh 16.6b bdi mot chan tir séng. Nhur vay & méi trudng hop chiing ta s& nhin

. . . X A 3

dugc mot ¢dp chan tir nira séng dong pha dit cach nhau mot khodng x4p xi bang D = e
Trudng cua moi cap chan (i ndy tai diém bat k¥ trén truc z dong pha nhau va do dé birc
X4 ciia cap chan tr theo phuong truc z sé dat duogc cue dai.
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G truong hop (a), vong day dugc thay the béi cap chdn tir song song v6i trye v (hinh
[6.6¢), con o trutng hop (b) vong day duge thay thé bai cap chan tir song song véi truc y
(hinh 16.6). Tai mdi diém bat k¥ trén truc z, vecto E cla trudng bite xa tao baéi cap chin
1r [ s& hudng theo tryc v con vectlo E cla trudng bic xa tao béi cap chan t 11 $& hudng
theo tryc v. Tiép theo, ta lai ¢é thay thé cap chan tr 7 bdi mdt chdn (0 duy nhat hudng
theo truc x, o dong dién dong pha véi dong trong cip chan tr 7 con bién do 16n hon gap
hai {an dong cua mdi chan 1. Tuong ty, ta ¢6 thé thay thé cap chan i Il boi mot chan
duy nhat hudng theo truc y, c¢d dong dién dong pha vdi dong trong cap chén ur I, con
bién dé 16n gap hai 1an dong cua moi chan tu.

Nhu vay. vong day véi do dai bang mét bude song va duge kich thich bai dong dién
séng chay ¢6 thé dwoe thay the bdi hai chan tir nlra séng dat vuong pde nhau, ¢é dong,
di¢n giong nhau vé bién do nhung khac pha nhau 90°.

Do dd vong day ndi trén ciing ¢ tinh chat twong ty nhu ¢ap chén wr tuaniké bitc xa
trudng phan cuc quay da khao sdt trude diy. Theo hudng vuong géc véi mat phiang vong
day ta sé nhan dugce truong phian cuc tron.

§16.4. TAO TRUONG BUC XA PHAN CUC QUAY DOl V4I
ANTEN MAT BANG CACH DUNG BO BIEN BOI PHAN CcUC

Nguyén 1y 1am viéc v két cau cu (hé cla cdc loal anten mat sé duge khio sat &
chuong 24, 25 via 26. Trong phin nay s& chi dé cap dén nguyén 1y cda céc bo bien dai
phan tinh dé€ tao trudng phan cuc quay cho cdc anten mat. Nhur dd trinh bay trong phédn
Iy thuyét anten, moi anten mat ¢6 mot mdr bire xa duge kich thich boi trurtng cla séng
o cAp. mit bic xa nay co thé 1a miéng 6ng din séng. miéng loa. hoac cic mat phin xa.
v.v. D61 v6i cde anten thude loai thi nhdt (miéng 6ng dan séng, mi¢ng loa, v. v...) thi
séng so cip dugc truyén truc i€p t6i mat biic xa qua 6ng din sdng nén ¢d thé dat thict bi
tao phan cuc quay ngay trong 6ng dan song ti€p dién. Thiét bi tao phan cuc quay loai
nay ¢6 1€n goi 1a b tao phdn ciic quay kién 6ng ddn séng. D61 v6i cdc anten thudce loai
thit hai (anten mat phan xa) thi séng so cdp duge blc xa tt mdt nguodn trung gian (bo
chiéu xa). Thuc chdt, bo chiu xa 1a mot anten don gian cd trudng phan cuc quay hoac
phan cuc thang.

Néu bo chi¢u xa la anten phin cuc quay thi séng phan xa tor mat guong ciing s€ la
sOng phan cuc quay va ta nhan duge anten mat bic xa truong phin cuc quay.

Trudng hop bo chiu xa 1a anten phan cuc thang thi ¢ thé dat thiét bi bién déi phdn
cire & gdn mat phan xa dé bién déi séng so cap thanh hai séng phan cuc thang truc giao
véi g6c léch pha 90°.

Sau day s& khao sdt nguyén 1y ctia cc thiét bi néi & trén.
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a) Bo tao phdn cuc quay kiéu éng dan song

Thiét bi nay dung d¢ tao trudng phan cuc quay cho cdc anten (hoac bd chiéu xa)
thude loai anten mit, ki¢u miéng 6ng din séng anten loa. Bo tao phan cuc quay dwoc
¢u 1o bdi mot doan 6ng dan séng trong dé ¢6 hai séng phén cuc thing duoc kich thich
vOI hudng phin cuc vuong goc nhau. Cée song duge kich thich déi v ong dan séng chi
nhét la soéng [1,, va [, con doi véi ong dan séng tron 1a song H||. Hinh séng tron la
song //,,. Hinh 16.7a v& dudng

ki ST T T
stic vecto £ cla séng H |, va H, - -
2 L Yeang f, - | \\‘
trong ong chit nhat con himh 7 f gy 0 I )
- Sang M)

16.7b 14 duemng stic vects E cha Flf 4

hai séng H,, trong ong dan song L k B //
tron ¢ hudng phan cuc true giao ; B

ithau.

Truong hop ong chit nhit ¢6 .
. Hinh 16.7.
cic canh khéng bang nhau, song
H,, va H,, s€ ¢d van 16c pha khdc nhau. Khi ay, néu chon do dai thich hgp cho doan éng
dan séng s& nhan duce géc Iéch pha cdn thiét gitta hai thanh phén trudng vudng goc o
diu ra clia doan ong dan séng ay.

That viy, goi Ag va A 12 budc song trong ong dan song cla hai séng Hy va H , L
la do dai cua doan ong din song (hi gdc 1éch pha cla hai thanh phan truong vuong goc o
dau cudi cha doan ong s€ bang:

T
trong dé g vit o 13 hé 56 pha cua song H | va Hy,

I
Ay = L Agy =

a )
(1)
2a

Pé nhan duoce trudng phan cuc tron, hiéu pha AW phéi bing n/2 hoac mot boi s6
1¢ cna w/2. T (16.14) ta tinh duge do dai can thiét cha doan dng dan song khi cho

AW:iQn+U§:

L= t@n+ D2 (16.15)

r oo Ao
4 J1—(—)Y -, 1-
\/ (Za) J (Eb)

Péi véi ong din séng tron hodc ong dan song chit nhat ¢é kich thude céc canh gan
giéng nhau, thi cdc song co ban duge kich thich vdi huéng vudng gdc nhau s€ ¢6 van toc

trongdd: n=0,1,2,.
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pha gin giong nhau. Vi vay, dé€ nhan dugc gdc léch pha can thict gilta hai s6ng, can ap
dung cdc bign phip dac bict dé tao ra sy khdc biet vé van tée pha clia ching. Déi véi ong
dan séng chir nhit cling nhu Sng dan séng tron, cdc bién phép nay ta nhu nhau nén & day
ching ta s& chi khio st mot trudng hop, vi du véi éng din song chif nhat. Mot s bién
phdp cu thé dirge néu & hinh 16.8.

VE nguyén ly. dé tao sy khdc biét vé van téc pha giita hai séng can dat vio trong
ong mot thi¢t bi (doc theo hudng truyén séng) sao cho thit bi ndy chi inh hudng dén
vian toc pha clia mot trong hai séng néi trén.

Hinh 16.8a la 6ng dan séng co tam dién moi dat § giita canh « vi song song véi
canh /. Néu do déy cta tdm dign moi khong qud 16n (A < 0,2a) thi hiu nhu né khong
anh hudng dén song H,,, vi vecta E cha song ndy vuong gée véi tam dién mai. Trong
khi dé, taim dién moi lai duge dat song song véi vecto E cla soéng H | tai vi tri ma vecto
nay c6 gid tri cuc dai nén vin toc pha cla séng H |, s thay déi dang ké. Heé s6 pha cia
song Hy va {1y trong Ong dan 6 dat tdm dién moi ¢ thé duge xac dinh theo céc dé thi
thuc nghi¢m.

Hinh 16.8b la 6ng dan séng ¢ dat b¢ thong chu k¥ cham kidu ring luge. hé thong
nay s¢ anh hudng dén van t6e pha cta phan cuc thing ding (séng I7,), 1am giam vén
t6c pha va do dé tang hé s6 pha cua séng dy. Con déi véi séng phan cuc ngang thi van
16¢ pha cua séng duge xdc dinh pidng nhu déi véi séng phan cuc ngang chi van toc pha
cua song duge xdc dinh gidng nhu d6i voi song 7, & trong dng dan séng ma canh b cia
n6 nho hon canh clta 8ng dan séng thue mot dai lugng bing chiéu cao cla cdc rang luge.

Tam dién
moi €

Mang chan
{diafram)
Hé thong cham
ki¢u ring Juge

b)

Hinh 16.8.

Hinh 16.8c la 6ng dan séng c6 g kim loai mong gilfa canh a. GY kim loai niy s&
chi dnh hutng dén trudng cta séng /), (vi né song song véi vects E ciia séng H,; ma
khong anh hudng dén truong cha séng Hy, (vecto £ cla séng Hy, vudng gée vai g& kim
loai). h¢ s6 pha cua séng /1, ¢6 thé duoc xdc dinh theo cong thitc va dé thi d6i véi dng
dan séng hinh 11, con hé s8 pha cta séng Hy, duge xdc dinh theo cong thic clia éng din
song chit nhat thong thudng.
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Hinh 16.8d la dng dan song c6 day coc kim loai dat doc theo phuong truyén séng.
Nguyen ty lam vi¢c coa thi€t bi ndy cling tuong ty nhur trudng hop hinh 16.8c nhing &
day két cdu lien tue (g& kim loai) duge thay thé bdi két cdu gign doan (coc kim loai).
Hinh 16.8¢ 12 ong ddn séng ¢6 cde tdm chin. Cic tdm chin ndy it 4nh hudng dén truong
clia séng phan cuc thing ddng, (séng H,q) nhung c6 anh hudng ding ké dén song phan
cuc ngang (vectec F cua séng 1, song song vai cdc tam chén).

P¢ kich thich dong thoi

hai song <6 hudéng phan cuc :

vudng goéc nhan ¢é thé dung o

hai que kich thich vuéng géc 1| \\\

(hinh 16.9a), dung que kich E’i ' b) NN
: | b

thich dat nghiéng 45° vét 2)
thanh 6ng (hinh 16.9b), dung
)

Poan éng
chuyén ti€p

>

&ng chir nhat

anten khe nghiéng & dau vio
(hinh 16.9¢), hodc diung séng

H,, va doan Ong chuyén tiép
(hinh 16.9d).

Pé dam bdo khong xuat Khe
hién cédc séng bac cao khi kich C
thich hai séng I7,, va H,,, cic

X

d)

kich thudc ngang cuia ong cin Hinh 16.9,
thda min bat dang thite:

Z<a<h
—<h<h

b) Bé bién doi cuc tinh

Bo bien doi cuc tinh ¢6 nhiém vu phan tich mét séng phan cye thing thanh hai song
¢6 hudng phin cyc vuong gée nhau va tao gée léch pha cdn thiét giita chiing. Tuy theo
so do cla anten ma st dung cédc kiéu bién ddi cyc tinh khic nhau. Dot véi anten mat
phdn xa thi diing bo bién doi cuc tinh kicu phan xa, con d6i véi anten 6ng din séng hay
anten loa thi ding bo bién déi cuc tinh kiéu séng truyén qua. Bo hidh ddi cuc tink kiéu
phan xg ¢6 thé duge thict 14p tir mot hé théng cdc phién kim loai song song dit truc ti€p
trén mat phdn xa cta anten (hinh 16/10a), hodc ir mot h¢ théng cac day dan song song
dal cich mat phan xa mét khodng xdc dinh ¢hinh 16.10b). Ching ta hay khao sat nguyén
Iy lam viéc cna cdc két cdu ndi trén.

Dé dang thay rang khoidng khong gian gilta méi cap phién kim loai & hinh 16.10a
cling ¢6 tinh chat nhu khoang khéng gian trong 6ng dan s6ng chit nhat. Néu séng so cip
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(s6ng kich thich cho mit phan xa) ¢é hudng phin cuc lam mot géc 457 vdi cac phién
kim loat thi vecto E 6 thé duge phan tich thanh hai thanh phdn bing nhau Fl va B3
{xem hinh v&). Thanh phan E) huéng vudng géc vai cdc phién kim loai nén khong bi
anh hudng boi cdc phi€n nay. N6 s& truyén qua khoang khong gian gilta céc phién véi
vin (8¢ pha gidng nhu van toc truyén song trong khong gian tr do. Trong khi d6, thinh
phan £ huong sbng song vdi cic phién kim loai & truyén lan qua khoang khong gian
dy vd&i van 16¢ pha 1én hon vian toc song trong khong gian ty do. Néu chon khodng cdch
a gilta cac phién thdéa man diéu kién truyén lan déi véi séng H,, va khong xudt hién
song bac cao (A/2 < a < &) thi van toc pha clha séng s& bang:

R - (16.16)

Vi van 10¢ pha ciia hai thanh phan E) vd E2 khdc nhau nén sau khi truyén lan hai
Jan trong khodng khong gian giita cdc phién kim loai (truyén t3i mat kim loai va phan xa
ngudge lai), goc léch pha gilra hai thanh phan trudng s€ bang:

A-R
Ay =2h(a, — o) = 47:}{ ] (16.17)
"Al()

bé nhan duoce irutmg phin cuc tron, hiéu pha Ay cin ¢d gid tri biang
Aw = (20 + 1)% (16.18)

viin=0,1,2, ..

Tir (16.17) va (16.18) s& xic dinh duoe do rong cuc tifu clia cac phién kim loai khi
dam béo gbc 1éch pha J0° gitra hai thinh phan truong vuéng goc
L My _ ] A

h=—— =— (16.19)
8Ag_; 8

Hinh 15.10b 14 bo bién déi cuc tinh diing ludi day dan song song thay cho céc phién
kim loai. Khoang cdch giita cdc day dan duge chon nho hon hodc bing khoi’l_ng A8 =
2/10. Trong trudmg hop ndy, ludi day dan sé khong anh hudéng dén thanh phan £ nhung
lai tr& thanh mat phan xa d6i véi thanh phan E>. Thanh phan £ truyén lan ty do qua

AN N Ao
hegi kim loai, phan xa trén mat guong va khi quay tro vé€ qua doan dudng 2§ sé lech

pha so v&i thanh phin E2 mot géc bang

A\pz—.2&=

T (16.20)
13 g 2
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Do d6 luat day dan ciing ¢é tac dung bién d6i cuc tinh giéng nhu déi véi cdc phién
kim loai.

M4l phin xa

F\_—IE’:1|
P
;

h

LY
\Iu:'rj kim loai

b)

Hinh 16.10.

B6 bién doi cire tinh kiéu phan xa trinh bay & trén 6 thé duoc sit dung lam bo phdn
xg ctic tinh khi can thiét.

Bo bién doi cufc tinh kiéu séng truyén qua cing c6 thé duge thiét lap tir he thong cdc
phi€n kim loal song song gidng nhu déi véi bo bien déi cye tinh kiéu phan xa nhing né
dugc dat & miéng anten, vi du & miéng loa hoac 6ng dan séng. Nguyén 1y clia bo bien
dsi cye tinh loai nay ciing tuong tu nhu bo bicn déi cyc tinh mot 14n nén dé tao géc lech
pha gitta hai thanh phin truong, bé rong h cha tdm kim loai cdn 6 gid tri 16n gap doi so
vai gid tri xac dinh bdi (16.19).
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Chuong XVIL

- CHAN TU POI XUNG
CAC PHUONG PHAP TIEP PIEN CHO ANTEN DOI XUNG

§17.1. KET CAU CUA CHAN TU B0l XUNG LAM VIEC
3 DAl SONG CUC NGAN VA SONG NGAN

Chan tu d6i xitng duge sir dung rong rii trong dai séng ngan v cuc ngin lam anten
phdt hoac thu. Trong cdc ddi song nay chan t0 c6 thé lam viéc doc 1ap (chan ur don)
hoac lam viéc phoi hgp (hé chan tir phife tap). Trong dai séng cuc ngan, chin tr déi
ximng con duge st dung lam bd chi€u xa cho cdc anten phitc tap khic, vi du cho anten
guong parabon.

Trong phan dau cha chuong nay trude hél ching ta khio sdt cic chin tr don gian.
K&t cdu cla cdc chdn (r don gian & déi séng cuc ngan vi séng ngan duge vé ¢ hinh 17.1

Hinh 17.1a va 17.1b 1a cdc chan tir thuong dung & dai séng cuc ngan. Cic nhdanh
chan t trong trudmg hop nay duge lam bang cdc dng kim loai hoic cdc ban kim loai det
din dién tot, ¢ do dai tong cong bing nita budc séng {1 = EJ Pé m& rong dai tin cla
chan 1, ngudi ta tang dudng kinh coa 6ng kim loai hoac tang bé réng clia ban kim loai
(hinh 17.1b). O dai séng ngén, chin t& duge 1am bang day dan hgp kim hoac ludng kim
cd do dan dién t6t va sic bén co hoc cao, duong kinh khoang 3 + 6 mm. Chén tir dige
cing trén cdc cot cao trén mat dat (thudng la cot g6) ¢ day néo (hinh 17.1¢). D€ gidm
nhé dong dién trong cac day néo, ngudi ta chia day néo thanh nhimg doan ngan cé do

dai nho hon 2 va ol v nhau bang cac mau cich dién.

. : . . A
Chicu cao dat anicn duge lua chon tuy theo cu ly thong tin, thucng trong khoang 5

+ A. VGi do cao trén, gée birc xa cuc dai cha chdn tlr so véi mit dat vao khoang 30 + 15°,
Chin tr day (hinh 17.1¢) thuoc loai anten dai tan hep. D6 dai chan tr ¢6 thé chon trong
giGi han (0,4 < 0,5) <AL <(12+ 1,3). |

Tré khdng séng cua chén tir vio khodng 1000 Q. D€ md rong dai tdn ngudi ta giam
tr& khéng séng bang cach tao chdn tr 10ng (hinh 17.1d). Trong trudng hgp ndy, méi
nhdnh chan tir 12 mot 16ng kim loai ¢6 dudng kinh khodng 0,8 + 1,5 m duoc két lai tir
8 + 12 day dan, méi day cé dudng kinh khoang 3 + 6 mm.
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P, feim)

soal =
]
[
400
3 A
£UCH
100 #2ay
o 100 200 300 400
anl a)
1
3
T [ 41
0.5 re = 17
Pasd LT
»
oL L )
0.2 0.5 1.0 0.5 afm)
b)
Hinh 17.1. Hinh 17.2.

Tro khdng séng ctia chdn tir duge xdc dinh bing cong thie:

! L
P = 120{[11— - 1], trong do, a,,; 1a ban kinh tuong duong clia chan tlr 16ng,
3

duge xéc dinh béi:
_ nr
g = dil—
o

a — bdn kinh thye cla léng;
n — s0 day dan két thanh 16ng;

r—ban kinh cua cdc day dan.

Su phu thuéc cla trd khang song cia chin tir 16ng vao ty s

duge vé & hinh
Qg
17.2a. Con sy phu thude cta «,, vio a duge biéu thi ¢ hinh 17.2b.

Thong thudng chan tir 16ng ¢6 tré khing séng khoang 300 €2, do dé sur phu thuéc
ctia troy khdng vao theo tdn s6 khd nhd. Néu diing fide ¢6 trd khang song thich tng (p,; =
pa) thi anten ¢6 thé lam viéc trong dai séng véi he s6 bao triim bang 2 ma hé s& sénp
chay trong fide ciing chi thay déi trong gidi han tir 0,25 + 0,7.

Trong mot s6 trudng hop, chin tir 16ng 6 thé dugc thuc hién dusi dang chén tr
luGng chép (hinh 17.1¢). Trd khang song cia chan tir ludng chép duge xdc dinh gan
diing boi cong, thifc:

pa =120 In(c!g%)
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§17.2. VAN DE TIEP PIEN VA PHOI HOP TRG KHANG
CAC DANG KHAC CUA CHAN TU DON GIAN

Chan tir don gian dwgc (ing dung phé bién nhat 1a chan tir ntta séng (/ = A/2). Dé tiép
dién cho chan t&r & ddi séng cuc ngdn ¢6 1hé dung day song hanh hoic déng truc, con &
dai séng ngan thuong diung day song hinh.

a) Tiép dién cho chdn tir bang ddy song hanh

Biét tr¢ khdng vao clia chan tir nlra séng khoang 73 Q. Néu chan tor duge 1iép di¢n
boi duong day song hanh (trd khdng séng ctia day song hanh thong thuong cé gia tri
khoang 200 + 600 Q) thi hé s& séng chay trong fide s& kha thap. Dé khac phuc nhuge
diém niy ¢6 thé ché tao cdc dudng day song hanh dac biét cé tré khang thap.

Trd khang séng cda day song hanh duge xédc dinh theo cong thite:

206, 2D

d \/; & d

trong d6, D — khoang cdch gifta hai day dan tinh tir tam;
d — dudng kinh day dan;

Q

&' — hiing s6 dién moi twong doi clia mai trudng bao quanh day dan.

Dé giam trd khdng séng cha day song hanh, ¢ thé gidm 1y s6 (—? {nghia 1a ting
duong kinh day dan hoac giam khoang cach gidra hay day). hoac bao boc dudng day boi
di¢n moi ¢6 & 16n. Trong thuc t€ khoang cach D khang thé giam nho tiy ¥ vi né cé quan
hé véi dién 4p chiu dung clia duong day. O dai séng ngdn ngudi ta tao day song hanh tréy
khing song thap bang cich diing dudng diy nhiéu sgi (tuong duong véi tang d). Ngudi
ta cling ch¢ tao day song hanh ¢é khoang cich nho, duge bao boc trong dién méi ¢d &
Ién va bén ngodi ¢6 vo kim loai. Loat day song hinh nay ¢ trd khdng séng khodng 75
€, ¢6 thé sir dung dé tiép dién cho chdn tr & séng cuc ngin va séng ngan. Nhung nhuge
diém ctia n6 1a dién ap chiu dung thap. Dién dp cho phép cuc dai thuding khong vuot qué
1 kV. Vi vay loai fide nay chi dugc sir dung cho thiét bi thu hoac cho thiét bi phét cong
sudt nho.

Chédn urkiéu Y.

2
=3

Mot trong nhimg sg do tiép .
dién cho phép phdi hop t6t chin tir “\ ¢
nua séng va fide song hanh la so 0
do ti€p dién song song (hinh i
17.3a), con duge goi la so d6 phdi a) b}
hop kiéu Y.

Hinfr 17.3.
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Trong trudng hop nay, chan tir duge ndi ngén mach & giita con day song hanh mic
vao hai di€m A ~ A trén chédn t&. Didm nay dugc chon sao cho diéu kién thich ing trdy
khang gitra fide va chén tir dugc thoa mén. So d6 twong duong ca chan ti tiép dién song
song dugc v& & hinh 17.3b. Chéin tir duge coi twong duong véi hai doan day song hanh
mac song song tai A — A, trong dé doan hé mach dai /, cdn doan ngan mach dai

I = % - I, . Trd khdng vao tai A — A bang:

= (17.1
A4 2, +Z, )
& day, Z, — trd khdng vao ctia doan ngén mach dai /,;

Z, — rd khing vao cha doan hd mach dai /,.

Néu tinh dén bitc xa ctia day dan thi cic trd khang nay c6 thé biéu thi duéi dang:

& day: Rs| — dién tr& bidc.xa clia doan chén tir dai 2 /; tinh theo dong dién & diém

ti€p dien (A — A):
Rs, — dién tr¢ bidc xa cha doan chidn tir dai 2/, cling tinh déi véi dong dién &
diém ti€p dién (diém A — A);
p4 — trd khang séng cta chan tir.
Phan 4o trong cdc biéu thic (17.2), (17.3) Ia dién khéng vio cia doan day song
hanh ngan mach va h& mach.
Thay biéu thicc Z, v Z, vao (17.1) va chi ¢ ring: kI, + kl, = 90° ta nhan dugc:
(Rsi + ipstgkh )Ry, — iptekly)
Ry1 + Ry

Zy, = (17.4)

Vi phin thuc trong céc bi€u thitc clia trd khéng Z, va Z, kha nhd so véi phan a0 nén
¢6 thé bd qua ching trong tr s6 chia cong thie (17.4), ta cé:

2. 2
tg ki
Zyy=R,=PatHh (17.5)
Rz,
& day Rsg = Rz, + Ry, 1a dién trd biic xa toan phdn cla chan tlf tinh d6i v6i dong

dién & diém tiép dién.
Sau day ching ta tim hi€u bi€u thiic xdc dinh Ry,. Biét dong dién phéan bg trong
chan tir theo quy luat:

. i
I = [bsmk[— ~lz I)
i 2
I, 12 ddng dién & diém bung.
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Trong truong hop dang khao sat [ = 2/2 nén

I, =1, Sink[% -z iJ =], coskz
Dong dién & diém ti€p dién s& bing:

10 = IAA = IJ}COSkIZ

Can bing biéu thic cong sudt bldc xa cla chan tr tinh theo dong dién & diém

bung [sz = 51§RZbJ va cong suat birc xa tinh theo dong dién o diém tiép dién

2 2
15 Ry, =10R20

Tu day rat ra:

y
Rso = Ryp—5 (17.6)
trong dé, Ry, 1a dién tré birc xa cua chan tit nira séng (Ry, = 73,1 Q)
Thay (17.6) vao (17.5) s€ nhan dugc:
2 2
sin” kf
R xRy ~2AT1 01 (17.7)

' 73.1

Nhur vy, trd khdng vao ctia chan tr tai diém tiép dién A — A duoc coi gan ding la
dién trd thudn va tri s6 ciia né phu thuge vaoe vi tri diém ti€p dién. Doan fide hinh Y gidta
chan tir va fide tiép dién chinh trong. trudng 6ng quit c6 thé cé trd khang sdng béang
hoac khac véi trd khing song cua fide chinh. Do mat tinh doi xing nén doan fide nay sé
khong chi don thudn 1a phin or truyén séng ma con 1a phan tir bitc xa. Khi 4y bitc xa cha
anten s& bao gébm bifc xa cla doan day dian A/2 va biic xa cua doan fide hinh Y dai D.
Néu bo qua hiéu ting bitc xa cla doan fide tam gide, dong thdi coi trd khdng song clia
doan fide chuyén tiép ndy bang trd khang séng cta fide chinh thi viéc phéi hop trd
khang giifa chan ti va fide song hanh cé thé dugc coi 13 hoian hao khi chon diém tiép
dién thich ng tr cong thikc (17.7).

Néu trd khdng séng ctia doan fide hinh Y khic véi tr¢ khdng séng cha fide chinh thi
cdn xéc dinh /, va D thich hgp d€ né c6 thé bién ddi trd khang R, , cho thich ing dan véi
tr& khdng séng cha fide chinh. O dai séng ngén va cuc ngin néu dimg fide ¢6 tré khing
s6ng 600 om dé tiép dién cho chdn ur nita séng thi cde do dai /|, va D ¢ thé duge xdc
dinh gin ding bang:

21, = 0,12%; D ~ 0,15
Neéu tro khang séng cua fide nhd hon 600 6m thi cin giam bét /.
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So d6 phoi hop ki€u ¥ nhy trinh bay & trén cho phép phéi hop t6t chén tir va fide
song hanh & mot tan s6 ¢4 dinh, khong cdn mac thém phan tit diéu chinh phu.

Mot wu diém nita clia so d6 nay 1a ¢6 thé noi truc ti€p diém giita chan tr v8i cot
hoac gid dd kim loai ma khong cin cdch dién vi diém giita chan tit trong trudng hop nay
chinh 12 diém ndt dién 4p. )

Chdn tir kiéu T'. Mot dang khie clia so db tiép dién song song 1a so dé phéi hop kidu
T hinh 17.4a, ta nhan dugce chan ti kiéu T

Mach tuong duong cta so d6 kiéu T (hinh 17.4b) twong tu mach tuong duong cia so
d6 kiCu Y. Nguyén 1y lam viéc cla so do ki¢u 7 ciing trong (v nguyén ly 1am viée cha so
do kiéu Y. Tuy nhién trong trucng hop nay doan fide chuyén ti€p OA da bi¢n dang thinh
doan day dan song song vdi chan tir nén can phai tinh dén sy khdc biét vé tré khang séng
vdi fide chinh va ciing khong thé bo qua hiéu iing bdc xa. Néu theo 1y thuyét trinh bay &
doan trén thi trd khdng vio cha chéin th s& ¢d gid tri cuc dai khi diém AA dich chuyén ra
phia dau mot chan 1 (/; — A/4). Nhung néu xét mot cach hop 1y thi ddu vio chan
trong trudng hop nay can phai duge coi 1a tai OO nén trgy khdng vao cia chén tir bay gio
s& 13 trd khdng tai AA bién déi qua doan fide chuyén tigp OA. C6 thé ching minh ring

tr¢s Khang vao tal QO s€ dat duge cue dai khi /) = 3 va giam dan khi uép tuc tang {,.

Déng thdi tri s6 cia trd khang niy cé thé bién déi khi thay doi ty 1¢ clta cac dudng kinh
|, d» va khoang cich D giita ching.

Néu ding day song hanh ¢6 trg ————-— - 4 ———
khdng séng 600 6m dé ti€p dién cho ‘ e
chan tir ntra séng thi cdc kich thude | — R
ciia 50 d6 phoi hop kiéu T cé thé xae & A A o A
dinh gin dding nhu sau: | | ¢
D =(0,01 + 0,02)4;
dl = dz i) h)
1, =(009+0,1)n . Hinh 17.4,

Sa dé phai hop kidu T 1a mot hinh thic bién dang trung gian. N6 ¢ thé bién déi dé
tao thanh so dé chan tir cdc ki€u khdc, trong d6 ¢6 chan ti vong det va chén tr 6méga.

Chdn nr vong det. Khi dich chuyén diém AA (hinh 17.4a) ra t6i ddu miit chan t, so
dé phéi hop kiéu T sé& bién thanh chin tit vong det (hinh 17.5a).

Trong trudng hgp nay chung ta nhan duoc hai chan tr nira séng ¢6 dau cudi ndi vdi
nhau, goi 1a cdc chan t&r nhanh. Fide tiép dién dugc mic vao diém giita clta mot trong hai
chan tl, con chan tir thd hai dugc ngan mach & gita. So d6 tuong duong cha hé théng
trong trudng hop nay sé la mot doan day song hanh dai /2, ngan mach tai C, dau vao 12
QO (hinh 17.5b). Phan bs dong dién trén dudng day duge v& boi dudng dit nét con ciac
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mdi tén la chi chieu dong dién. Tir so dé twong duong ta nhan thay trong trudng hop niy
hai chéan tr nhdnh duge kich thich béi cdc dong dién ddng pha, bung dong dién nam tai
diém giita chdn tir, con niit dong dién tai A ~ A. Trudng bic xa t8ng tao bsi hai phan tir
tuong (mg nhau trén cdc chan tir nhinh s& bang trudng biic xa tao bdi mot phan tlr nhung
c6 dong di¢n 16n gap doi. Vi vay khi tinh truong biic xa & khu xa ta ¢6 thé thay thé chan
tr vong det bdi mot chéan tir nita séng déi xting ma dong dién trong d6 bang tong dong
dién trong hai chan wr nhanh tai méi vi trf twong tng. Nhu vay cé thé thdy ring huéng
tinh ctia chén tir vong det ciing giéng nhu hudng tinh cha chan t nira séng d6i xig.

Bay gio chiing ta xédc dinh

s, o o 0
dién (ro vao cua chan tir vong l % T _
det. Néu goi Ry, la dien trd 1". N l ;
bitc xa cua chan tlr vong det | /
tinh doi vdi dong dién & diém . 3 ! /
ti€p dién thi cong suét biic xa 2 Al [
s s dz'_L — C — v/
cua chan tir vong det bang: - ¥ Y
1, R __ 14 D AL
Py ==I Rygy  (17.8) | i
2 ar 0 0 I
) s s . A
g day Iy la dong dién o b)

diém ti€p dien. al

Mit khdc, néu ta coi chan Hinh 17.5.
tir vong det nhu moét chdn tir nira séng d6i xing, ¢6 dong dién 16n gap doi so véi dong
dién ctia mbi chén tir nhdnh thi:

1 2
P = E(210) Ry, (17.9)
& day Rsy = Ry, = 73,1Q 1a dién tr& biic xa ciia chan wr nira séng (Vi trong trudng

hop nay dau vao chan tir tring véi diém bung dong dién).
So sanh (17.8) va (17.9) ta rit ra duoc:
Rgpg = 4Ry = 292Q

Nhur vay dién tré vao clia chan tir vong det dd tiang [én 4 14n so vdi dién tré vao cha |
chan tir ntra séng thong thudng.

Dién khéng vao ciia chan tir vong det c6 gid tri khd nhd, ¢6 thé bd qua néu do dai
chén tir duoc rdt ngan di mot chiit so véi A/2. Khi diing day song hanh c6 tré khang séng
300Q2 d¢€ ti€p dién cho chan tir vong det thi c6 thé nhan duoc higu qua phéi hop cao, véi
he s6 song chay trong fide gan bang | ma khong can mac cdc phdn tir phi hop.

Tuong tu nhu trudng hgp chan tir phoi hop kidu Y vi kiéu T, dién rds vao tai 00 clia
chan tlr vong det ciing ¢4 thé dugc coi 13 két qua bien déi dién trd tr ddu cudi AA ciia
chén wr nlra séng qua doan fide chuyén tiép OA. Vi vay dién trd vio chia chan vong
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dy

det ndi chung s€ 1a mot ham ctia ty s6 — va ¢6 thé duge x4c dinh theo cong thifc sau:
2

20 Y

Ig-d

Rop =73, —L :
oo = 131 1+ T (17.10)

1g =

dZ

Néu d, > d, thi dién trd vao cha

chan tir s€ tang so vdi dién trd vio cia % : /
chan tir vong det thong thudng (chan or 1912 y
vong det ¢6 o, = d;). Nguoc lai, néu d, / / 19 4
> dy thi dién tr¢ vao // 9/8 / P
5@ gidm. N Seirar ooy '
Hinh 17.6 bidu thi su bién déi dien //,} 7 uir -]
trd vio cha chdn tir vong det vdi ty s6 i ///" AT 5 @
duong kinh coa hal chéan tt nhdnh {ﬁJ 3 s /// = 5 [
tly . /// - L
va voi khoang cdch gilta ching [;—)} jé”fﬁ g: \
2 ! { d
trong truting hgp d, > d,. Cac chi s6 ghi 0 ? 56 10 20307
trén dudmg biéu dién cla d4 thi 12 s6 ldn
1én hon cli dién tré vao clia chin tir Hinh 17.6.

vong det so véi dién trd vilo cla chan tr nita séng. Vidu khi — =3 vi = 6, dién tré

2 e
vao clia chan tr s& bang 6 1dn dién . N
trd vao clia chan 1 nira séng. | 2
’ . . , b
Trong thuc t€ ngudi ta con b S [
N . en . Do - S I B
ding chan tir vong det kép (hinh 7t }, [ o
1
1

17.7). Nguyén 1y lam viéc cia T B
chan t vong det kép ciing tuong
ty nhu nguyén ly cua chan ur
vong det don nhung trong trudng
hop nay ching ta ¢6 ba chan ti nhanh, trong dé chan tir gitta dugc ti€p véi ngudn.

Hink 17.7.

Néu cdc chan tir nhanh ¢6 duong kinh gidng nhau thi dong dién trong méi chén tir
s€ bang 1/3 dong dién tdng cong.

Ciing ti€n hanh phan tich gidng nhir d&i véi trudng hop chin tr vong det vira khio
sdt ¢ trén ching ta s& nhan dugc dién trg vao ciia chdn tr vong det kép biing 9 1an dién
trd vao clta chan tir nra séng don gian,
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Thudng d¢ bién ddi trd khéng vao ngudi ta cling thuc hién chan tir vong det kép
dudi dang céc chan tir nhdnh ¢6 dudng kinh khac nhau.

Hinh [7.8 biéu thi sy bién thién dién tré vio clia chan ti vong det kép véi ty 8

duong kinh j—' va vOi khoang cédch gilia cdc chéin tf nhanh c? .
[€ 2 2

Mot hinh thic bién dang ctia chin tr d,
vong det 1a chdn ut khung vuong. Trong d,
trudng hop nay, do dai tong cong cha day dan 10
chén tr cling bang X giéng nhu d6i véi chdn 29
tir vong det nhung hai chan tlr nhanh khong 5
dit gan nhau ma céch nhau mot khoang 2./4, 157

tao thanh khung day hinh vuéng (hinh 17.9a). P —

12 L~

Chan tlir khung vuéng c6 thé duge tiép
dién bing day song hanh méc vio giita cha

canh (hinh 17.9a) hoac méic vao géc (hinh 1.0 %

LAY ELNI RN

[ 1

|1
I

NS

17.9b). Trong ca hai trudng hop, trudng bitc
xa cla chan tif déu la trudng phan cuc ngang. 034
Diéu ndy co thé dé dang nhan thdy khi phan
tich chiéu cla dong dién trén cic canh cta Hinh 17.6.
khung (bi€u thi bdi cdc miii tén). T hinh v& ta thdy bic xa ciia cdc thanh phan dong
dién chay thco phuong thﬁng dimg ludn triét tiéu nhau, con bifc xa ciia cdc thanh phan
dong di¢n theo phrrong ndm ngang déng pha nhau. Huéng tinh ciia chan tir khung trong
mat phang ngang (mat phing E) cing tuong ty nhu hudng tinh cta chin tr vong det,
nghia la c6 cyc dai vé hai phia vuong géc v&i mit phing ciia khung, nhung trong miit
phang ding (mat phang H) thi chan tir khung cé huéng tinh cao hon, do cdc chin nr
nhdnh dugc dat cdch xa nhau hon (D = A /4). Di¢n tr& vio chia chén tir khung cé gid tri
khoang 120 Q. Diém C trén chan tir khung trimg véi diém bung dong dién (niit di¢n 4p)
do d6 c6 thé ndi trye ti€p v6i gid dd, khong cdn céch dien.

Chdn nt 6méga (chan tir ¢6 nhdnh song song). Sau day chiing ta khio sit mét so dé
bién dang khac clia chan trkiéu T 1a chin tir 6méga (hinh 17.10a).

2 5 10 20 EZ

A B J

al

Hinh 17.9. Hink 17.10.
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Dol chieu véi so d6 phoi hop kicu T thi trong trudng hop nay doan fide chuyén tiep
chinh [a mét bo phan cha chin tir (doan OA), con doan ngén mach giita A — A la mot
duding day nhdnh méac song song vdi chan tir. Vé mat hinh thite, so d6é chén tir oméga c6
ve twong W véi so dé chan ur ki€u T nhung thuc chdt chiing cé nhimg dac tinh khéc
nhau. D¢ thdy 6 su khdc nhau ndy ching ta khio sit so dé tuong duong chia chan i
(hinh 17.10b). Trong trudng hop nay. chan tif tuong duong vdi mot doan diy song hanh
h& mach, con day nhdnh tuong duong véi mot doan day song hanh ngin mach. Khac vdi
sa d6 phéi hop ki€u 7', trong trwdng hop nay trd khing vao clia doan day ngin mach cé
thé thay d6i duoc (khong phu thuoe vi tri diém A — A) bang cach chon cac kich thudc
cua doan day nhdnh thich hgp. Do dé so do | / |
phai hop (17.10b) ¢é thé trd thanh so d6 phai
hop dai rong khi doan day nhanh ¢é kha
nang hi¢u chinh duge tr& khang vao tai AA
trong dai tan, con doan OA c¢d kich thudc

_, . o aj
thich hgp dé c6 the bién doi tré khing tai AA
vé dau vao chan tit cho phit hop vai tré khang

song fide'™. | /
|
So do chan tir 6meéga duge 4p dung rong !

rdi dé thiél lap cdc chan tit dai rong & dai < = ;5 l‘«‘-‘l =
b

sdng cuc ngdn va séng ngan. Hinh (17.114)
1a két cau cua chan tir dméga ¢ dai séng cue J
ngan ¢on hinh (17.11b) 1a két cau chan i & Hinh 1711,
dai séng ngan. Khi lua chon cic kich thude

cUa chdn uf va day nhanh mot cich thich hop, ¢6 thé thyc hién 16t viée phéi hop giita
chdn (i va fide trong dai séng, vé6i hé 6 bao triim khoang 4 lan (tir & = 3,25/ dén A

=0,750) va v&i hé s6 séng chay trong fide nhé hon 0,3,

min

b) Tiép dién cho chdn ti doi xitng bdng cdp dong truc

O trén, ching ta di khao sat van dé tiép dien va phdi hop trd khdng cho chan 1 doi
xing bang day song hanh. Nhu di biét day dong hanh Ia loai fide déi xing, vi vay viec
tiép dién cho chan tir ¢6 theé thuc hién khd don gidn, khong cén thi€t bi chuyén déi. Tuy
nhién, khi tan s6 tang thi hi¢u Ung bic xa cua diy song hanh ciing tang, din dén tén hao
nang lugng va méo dang d6 thi phuong huéng clia chan tir. Vi vay, dé ti¢p dién cho chin
wr déi xting & dai séng cuc ngdn, ngudi ta thudng ding cap song hanh (day song hanh ¢6
vo boc kim loai) hoic diing cép déng truc.

' Ly thuyét vé md rong dai tén clia anten chin ti bang céch hicu chinh tr¢ khéng vae trong dai tdn di
duge trinh bay trong chuong 13,
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Sau day ching ta s& khao sdt van dé ti€p dién va phoi hep tré khiang cho chén tir doi
xing bang cdp déng tryc. Hinh 17.12 Ja so d6 méac tree tiép chén tir d6i xdng va cap
déng truc, khong cd6 thiét bi chuyén déi.
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Hinh 17.12. Hinh 17.13.

Nhu ta thdy & hinh v€, trong truong hop ndy toan bo dong I, chiy & trong 18] cia
cap duge tiép cho mot vé chin tir, con dong 7, chdy & mat trong cia vo cdp sé phan
nhdnh thanh dong /', ti€p cho v¢& thit hai clia chan tir va dong 7', chiy ra mat ngodi clia
vo cdp. Vi bitn do clia dong 1, va I, gidng nhau (I,] = l/;)) nén bién do ciia dong dién
tiep cho hai v& s& khéc nhau (171 = 17';,), nghia 1 khong thuc hién duge viéc ti€p dién
doi ximg cho chan t&r. Trong khi d6 dong /7, chay & mat ngodi clia vd cip s& trd thanh
ngudn bitc xa ky sinh, khong nhilng gay hao phi niang luong ma cdn 1am méo dang do
thi phuong hudng cta chan (i,

Dé gidm bt su mat doi xing khi ti€p dién cho chan tir bing cdp déng truc, 6 thé
méc chan tir véi cdp theo so d6 phdi hop kiéu I' (hinh 17.13a). néu chin tir ¢6 dé dai
bang nira bude séng thi diém giita O clia chin tir s& 1 diém bung dong dién v nat dién
dp, do dé né ¢6 the duge coi 1a diém goc dién thé. Vi vay viée noi truc ti€p O vai vo cdp
di¢n s€ khong lam mat tinh d6i xing clia chan tlr. Day dan trong chia cdp duoc néi véi
chan tir & diém c6°tré khang phit hop vdi trg khdng séng cia fide™. Trong thuc t&, dé
thuan tién trong viéc dicu chinh phéi hgp trd khing giita fide va chan tir, c6 thé mic
thém tu diéu chudn nhu v& & hinh 17.13b.

So d6 ti€p dién hinh 17.13 ¢6 thé duoc thyc hién khd don gian, song né ¢6 nhugc
diém chii yéu 1a khong dam bao dugc viée 1iép dien déi xing mot cach hoan hio.

Thong thuding, dé thuc hién tiép dién d6i xing cho chin tir bing cap déng truc, cén
¢6 thi€t bi chuyén déi mac giita fide v chdn . Thiét bi chuyén ddi nay dugc goi ta thist
bi bién ddi déi xdng.

) Boc nguyén 1y so d 1é€p dién kidu Y & phén trén.
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Céc thiét bi bién d6i d6i xing duge trinh trong phéan sau day 6 thé duogc sit dung
khong chi d6i v6i chin tir d6i xing ma con ¢6 thé dung cho cdc loai anten d6i xing
bat ky.

§17.3. THIET BI BIEN DOI BO1 XUNG DUNG DE
TIEP PIEN CHO ANTEN POl XUNG

Bo bién doi doi xitng dung doan cdp chir U
So d6 clia bo bién déi duge vE & hinh 17.14.
. Trong trudng hgp nay hai nhanh chén tir khong néi truc tiép véi vo va 161 cua fide
ti€p dién nhu § hinh 17.12 ma duge chuyén déi qua mot doan cap.
Hinh 17.14a ta so d6 bo bién dai d6i ximg hinh chit I/, dung tiép dién cho chan tir
nira séng don gian. Fide tiép dién dugc mac vao diém ¢, ¢6 khoang cdch t&i hai ddu vong

~ : . P r - . k 1R - - -
chir {/ bang /| va /, khdac nhau nira budc song (I, — /) = 2— %' Ia budc séng trong cédp
déng truc). Trd khédng tai ddu cudi ¢, b cla vong chit IJ ¢6 gia tri bing nhau vi bing mot
1 5 r . 2 - £} v - R L) - k] - . >
ntra tré khang vao cua chéan tir déi xting (R,, = R, = ;b ). Tré khang phan dnh tir dau
cudl ¢, b vé di€m ¢ qua doan /| va /, s& cé gia tri bing nhau. Dong dién cua fide tiép
dién s phan thanh hai nhanh c¢6 bién do bang nhau (1,1 = l/,1) chay vé hai phia cha vong
chit U ti€p cho hai nhdnh cua chan td. Vi khoang cach W ¢ 767 @ v b khdc nhau nira
budc song nén dong /, va I, tai cdac diu cudi @ va b s& ¢6 pha nguge nhau, nghia 1a tai
dau vao chan tr d& hinh thanh cdc dong giéng nhau nhu dong dién dugc dua téi tir hai
nhdnh cua dudng day song hanh.
f:‘ !‘r

[

|

Hinh 17.14.
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De triét tiéu dong dién chdy ra mat ngodi vo cap. tai cdc diu cudi cla vong chit U,
vO cdp duge ndi ngan mach va tiép dat. Thudng doan cdp chit &/ ¢6 trds khang séng bing
tro khdng song cua fide tiép dién. con doan /, duge chon (hé nao dé thao man diéu kién
phoi hap trd khdng tai diém ¢. ddm bdo ché do séng chay can thict trong fidc tiép dién.

Néu coi gan ding tré khdng vao clia chdn tif nita séng bang 70 om thi ta ¢6 R, =

70 - . . L . . . e
R, = TQ' Gia st doan cdp chit U ¢é trd khdng séng bang 70 om. déng thoi néu

L . X NP
I = 7 thi tro khdng phan anh tir ¢ vé ¢ cling nhu tir b v€ ¢ s€ bang:
2 2
F ?01.
R=R =" -1 1400
Rba 35

Tro khang phan dnh R, R, duge coi nhir méc song song tai ¢ nén 1ré& khéng vao tai
day sé la:

e :%z?OQ

{

Neéu fide tifp dién ¢6 tré khdng séng 70Q thi viée phoi hop tré khing duge coi 1a
hoan hao, véi h¢ s3 song chay trong fide gin bang | (4 = 1).

Trudng hop ti€p dién cho chin tir vong det thi dé thyc hién phéi hgp trd khing can
chon {, =0 (hinh 17.14b).

That vay, tré khdng cuia chén 1lr vong det bing 292 ém, do dé

292

Roo = Ry = Bl

[#{%)
Ta c6 tré khdng vio tai ¢

R = Eﬁ:?.@ﬂ
2

[

Néu dung fide ti€p dién ¢6 trd khing séng (70 + 75 Q) thi h¢ s6 séng chay trong
fide cling s& gdn bing 1.

Bo bién doi doi xing hinh céc

Hinh 17.154 la so do bo bién doi doi xing kidu cée A/4. Trong truding hop nay. cdp
1i€p dién duge dat vao coe kim loai va vo cdp duge néi vdi ¢be tai chd cdp xuyén qua
ddy coc. V6i ket cau nhur trén, ta s& nhan duge mot doan cdp déng truc mdi ma vo cip
bay gid {a 6ng hinh tru - cG¢ kim loai, con 161 ¢dp 1a vo clia cap déng truc tiép dicn.
Doan cép dong truc ndy duoc ngan mach moét déu, tai ddy c6c. Néu do dai cila coc bing
A/4 thi trd khdng vao clia doan cdp déng tryuc méi s&€ ¢6 gid tii on vo cling (Z,,, = ). Do
d6 dong dién chdy ra mat ngoai clia cdp ti€t dién s¢ bang khong. Bo bién déi d6i xing
diing coc kim loai A/4 nhu khio sdt & trén ¢6 dai tdn cong tdc hep vi khi bude séng cong
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tdc thay doi, do dai clia c6c s& khac mot phdn tu séng, do dé s& xudt hién dong dién chay
ra mat ngoai va anh huong dén viéc tiép di¢n ddi xing cho chan tir. Dé md rong dai tin
cong téc co thé sit dung so do ludng céc (hinh 17.15b). Trong so dé ndy duge sir dung
th¢m mot doan cap déng truc phu dat trong cc kim loai tuong tu nhir két cdu did khao
sdt O phén truéc nhimg ddy cdc & phia trén. Hai céc kim loai phia trén va duéi ¢é thé gin
lién v6i nhau thanh mot dng tru kim loai ¢6 16 hé dé dua dong dién ra ti€p cho chan tir.
Bay g10 chung ta lat col nhu ¢é hai doan 6ng dong truc mdi ma vo 13 céc kim loai con
rudt 1a vo ngoai ciia cdp dong truc tiép dign (phdn dudi) va vd ngodi doan cdp phu
(phan trén).

]
L

N
Y

|
—
=

Ry

S

a) b) c)

Hinh 17.15.

Hai doan 6ng dong truc nay ¢é do dai bang nhau v duge ngin mach ddu cudi (ddy
coc). Dong dién ¢ day trong cia fide ti€p dién s& 1a 6 hop cha dong [, (chay trén mot
nhénh chan tir) va dong /'; chay vao dng dong truc trén. Dong dién & mét trong clia vo
cap 1i€p dién dugc phan nhanh thanh dong 7, (chay trén nhanh thit hai cda chédn tlr) v
dong I', chay vao 6ng déng truc phia dudi. Hai 6ng déng truc phia trén va phia dusi cé
d¢ dai bang nhau nén tr& khéng vio ciing ¢6 gid tri nhu nhau. Do dé I, = Iy va két qua
s€ nhan dugc dong dién ti€p cho hai nhénh chén tir bang nhau (7, = ).

Hinh 17.15c 1a so d6 chan tit d6i xing kiéu cc ma mot nhanh chin tir 13 vo ¢dc kim
loai /4 duoc ti€p dién bang dong dién chdy & mat trong clia cip con mot nhénh 1a doan
ong kim loai hinh tru, ¢6 cing dudng kinh véi vé cdc kim loai vi duoc tiép dién béi
dong chay d 16i cép.

B6 bién dot doi xiing kiéu khe
Mot loai cdu tric khidc chia thi€t bi bién déi doi xing 1a bo bién déi kidu khe duoc

v€ ¢ hinh 17.16. Hinh 17.16a 13 khe khong d6i xting con hinh 17.16b 1a khe déi xing.
Trong cic so d6 nay vo cdp déng truc & doan cuéi duge xé 1am hai nita, ngan cich nhau

379



boi mot khe hep. Dy déan trong cua cdp duge néi ngan mach véi mot trong hai nira clia
vo cdp ¢ dau cudi (trong trudng hop khe khong déi xiing), hoic néi ngin mach & khoing
gitta doan cip c6 khe (trong trudng hop, khe déi xting). Hai nhdnh cfia chan tir d6i Xing
noi vao hai nita cta vo cap.

ik

N

a) 4)

Hinh 17.16.

Bi¢t rang s6ng truyén lan trong cdp dong truc 1a loai séng TEM, cé dong dién chay
doc. Vi vay n€u khe dit doc theo truc cdp thi né s& khong cit dudng sic dong dién.
Nhung khi ndi ngin mach day trong va ngoai nghia la ngan mach séng TEM béi mot
doan day thi dong dién ngang chay trong doan day ay s€ trg thanh ngudn tao ra cdc séng
bac cao trong cdp (chi yéu la séng H,)). Séng bac cao thudng khong truvén lan dugc
trong cap vi ¢6 budc song i han nho, con dong dién ngang xuét hién kém theo véi cic
song trén s€ kich thich cho khe doc trén vé cdp. K&t qua 1a & mat ngodi cha vo cap déng
triuc s€ xudt hién dong dién ngang (hinh 17.16c). Khi mac hai chan tir vio hai nira vo
ngoai cta cdp dong truc thi hai nhdnh chan tlr s& duge kich thich doi xtmg. Hai nira déi
Ximg cla vo ngodi cdp dong truc ngin cich bdi khe ¢6 thé duge xem nhu hai nhinh cla
mot duong diy song hianh. Néu d¢ dai khe duge chon bang A/4 (d6i v6i khe khong d6i
xing) hodc bang 1/2 (d6i v6i khe dai xitng) thi tré khang vao tai hai diém méc chan ti
s€ 16n vo cung va khong anh hudng gi dén tinh ddi ximg clia chan tlr. So dé dung khe
nira séng ¢6 vu diém hon so véi 5o dd khe phan tr séng khong déi xiing vi trdnh dugc
bitc xa tir ddu cudi cdp dong truc. Pong thai, viée phdi hop trd khdng giita fide cung cap
va chan tr ¢6 thé duge thue hién dé dang bang cdch chon vi tri thich hop clia diém ngén
mach gilta day trong va ngoai.

Bé bién doi doi xirng ditng doan cdp phu
La mot ket cau kha don gian cho phép bien déi d6i xting 16t trong dai séng mét vi

déximet. Nguyén 1y lam viéc clia b bieén doi d6i xitng loai nay cé thé duoc giai thich
qua vi du ¢ hinh 17.17a. '

Vo ngoai cua cdp dong truc 1iép dién va doan cdp phu ¢ kich thudc gidng nhau tao
thanh mot vong khuyén ma trong dé doan cdp phu va doan cdp tiép dién c6 do dai bing
nhau.
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Tai ché ho cha vong
khuyén, day dan trong clia
cap dong truc duge néi véi
doan cdp phu. Chan tir
duge mac vao hai diém a —
b tai khoang ho gita hai
nita vong khuyén. Dong
di¢n chay tir mat trong cia
vO ngodi cdp 1iép dién sé
phdn nhinh tai « thanh
dong I, chay vao nhénh
chan tir va dong I, chay ra

i I
-
L —————/ 3

f -
a "j
,.{“51 t
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|
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i
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|
|
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1
b
|

tf;

it
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mat ngoai vo cip tiép dien. Hinh 17.17.
Dong chay vao day trong
cua cap ti€p dién s€ 1a 16 hop clia dong 7, chéy trén nhanh thit hai clia chan i va dong 7'
chay tir mt ngoai ciia doan cap phu t6i. Vi dong dién chay & day trong va & mat trong
cua vo cdp dong truc ¢é gid tri bang nhau nén:

L+ =L+T,

Dong I'; va I'; c6 gid tri bang nhau do su d6i xtng hinh hoc clia vong khuyén va cla
tai (chan tir) mic vdo né. Tix dd ta c¢6 dong I, = 1,, nghia la dong dién ti€p cho hai nhanh
chén tr s¢ ¢6 bien do bang nhau. Nhu vay bo bi¢n déi d6i xing dung doan cdp phu ¢6
thé 1am viéc véi do dai tity ¥ clia vong khuyeén, nghia 1a né ¢ dai tan rong. Néu khong
tinh dén t6n hao trong vat dan thi tr& khang vio tai @ — b s& 13 thuin khdng va gin biang
trd khdng vao clia dudng day song hanh ndi tdt cé do dai bang mot nita do dai vong
khuyén. Gid tri ctia trd khang nay s& bién ddi khi tdn s6 thay ddi. Néu do dai nira vong
khuyén bing A/4 thi tré khdng vao clia vong khuyeén sé rat 16n, khong 4nh hudng t6i i,
dong thoi dong I'; va I', s& rat nho khién c6 thé coi dong dién tiép cho hai nhdnh chin tir
chinh bang dong dién chay & day trong va day ngoai cta cap 1i€p dién. Trong thuc t€, bo
bién doi d6i xing dimg doan cap phu c6 thé duge thyc hién dusi dang doan cdp thing
nhu v& ¢ hinh 17.17b. Trong trudng hop nay, vé ngoai doan cdp phu va vd ngodi cap tiép
dién c6 dudng kinh bing nhau, tao thanh mot doan day song hanh ngén mach ddu cusi.
Nguyén 1y bién doi déi xiing clia két cau nay cting tuong tu nhu nguyén 1y cha két cau
vong khuyen da khdo sdt & trén. Néu do dai doan cdp phu bang A/4 thi tré khang vao tai
¢ — b s€ 16n vo cung va hai nhanh chan tit s¢ dugc 1i€p dién déi ximg boi dong dién chay
¢ day trong va day ngoai cla cap tiép dién.

B bién doi doi xing thiét ldp theo nguyén Iy thay déi tir tir ddy dong truc thanh
ddy song hanh (hinh 17.18) '

Bo bi¢n doi d6i xing loai nay ¢6 mot 6 uu diém so véi cic bo bicn di doi xing da
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khao st & trén, dac biét la vé dai tin cong tdc. Viec bi€n déi séng TEM khong d6i xing
trong cap dong truc thanh séng TEM d6i ximg trong dudng day song hanh duge thuc
hién bdi mot doan cdp, v ngoai clia né duge cit vat cho dén khi bién thanh mét nhdnh
ctia duong day song hanh, con 16i clia cdp duge kéo dai thinh nhdnh thit hai. Néu do dat
cia doan ¢dp cat vat bang hodc ién hon mét bude séng thi su bién ddi duge coi 1a déu
dan va dong dién chay ra mat ngoai clia vo cdp dong truc s& ¢6 gid tri nho, ¢ thé bd
qua. Bo bi¢n doi doi xing thiét 1ap theo

nguvén ly trén thudng duge tng dung

trong dai séng centimét va déximét vi &

doan séng nay, kich thudc doan cip
bang mot bude séng thuc t&€ 12 nhd va

e s . Hinh 17.18.
¢ thé chdp nhan duocc.

Bé bién doi doi xitng théng s6 tap trung

Bo bién ddi doi ximg ding cdc phén tir théng s6 tap trung duce tng dung cho céc
séng cd budc séng 1dn, dén séng déximéi, nghia 13 & khu vuc viéc thue hién cdc dién
khdng tap trung (tu dién, dién cam, bién dp, v.v...) ¢6 thé cho phép. Thiét bi bién ddi d6i
xtng don pidn nhit thude loal nay [a bo bién ddi doi xing ding bi¢n dp, so d6 clia nd
duge v& ¢ hinh [7.19a. Trén hinh v& ciing trinh bay phan bd di¢n dp theo cic vong day &
cudn so cap va th cap. Giita cudn so cip va thi cép duge ngan cdch boi mot man chan
tinh. Téc dung clia man chén la dé kha dién dung ghép truc tiép giira cudn so cip va tha
cp vi cudn thit cdp cdn cé phan b8 déi xing déi voi diém giita.

Hinh 17.19b 1a so d6 bién doi doi xing dung bién dp 15i ferit hinh xuyén. Trong
truong hop nay khong cdn sit dung man chéan finh dién ma van dat duge hiéu qua bién
doi ddi xing cao. D€ thuc hién déng thai viéc bi¢n déi d6i x(ng va bién ddi trd khdng
6 thé dung bién ap phdi hgp cé hé 4 bién 4p thich itng.

—TYTYTY
e
o]
5

b

Hinh 17.18.
He s6 bién dp duge xdc dinh theo cong thife:
N R
N, Ry
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trong do, N, va N, 1a s6 vong cudn so cdp va thit cdp; con R, v R, 1a cdc trd khdng
can phoi hop & mach so cap va thir cap.

Mot vai phuong dn khic cla so d6 bién déi déi xiing va bién déi trd khang ding
bi€n 4p 161 ferit duge vé & hinh 17.20. Hinh 17.20a 1 so d6 bién 4p tu ngiu cho phép
phoi hop tro khang gitta cdp dong truc ¢6 tr& khang séng 75Q vé6i day song hanh cé trds
khdng song 300€, con hinh 17.20b 14 so d6 bién déi dai rong, co phan tir diéu chinh cho
phép phoi hgp trd khing gilta cdp dong tryc 50 + 750Q véi day song hanh 75 + 600€).

Mot so d6 bien d6i d6i xung don gidn khdc ding bién dp 16i ferit duoc vé & hinh
17.21. Trong so d6 nay néu dat dién dp khong doi xing vao dau 3-5 thi s& nhan duoc
dién 4p doi xing & dau 4-6 (hodc nguoc lai) nhd cic cudn day ghép. Cdc cuédn day nay
duoc két cau dudi dang hai day dan cudn séng doi trén 161 ferit.

75 dm
T Aifrlet
- o
?ﬁ 1
) é_ j 50-756m 3 %?5—50&%
e gl qT
360 Gm b' e
a) /
Hink 17.20.
3o A Y'Y L&
Kking 58 xing
Y dd xifng § G W YNV L
T %
o= rrrer.
o)
a;
Hinh 17.21.

D6 thi phan b6 dién dp trén méi cudn day duge vé trén so dd nguyen 1y & hinh 17.21b.

N6i chung cic bo bién d6i d6i xing ding bign dp nhu trinh biy & trén ¢ hieu sut
thap, thudng chi duge st dung déi v8i cdc thict bi thu hodc thiét bi phét cong sudt nho.
D61 v6i thi€t bi phét cong sudt 16n thudng Gng dung so d6 mang 4 cyc. Hinh 17.22 v&
cdc so do mang 4 cuc hinh 7' va T kép, kém theo méi hinh v& 1 diéu kién dé mang 4 cuc
trd thanh thict bi d6i ximg.

383



384

Hinh 17.22.

Tr& khang vao nhin vé phia may phat d6i véi so d6 17.22a va 17.22b bing:
7 - “a

2[2 + ZA]
iX

Z, 1a téng tré ddu ra déi ximg clia thiét bi;
X= l/oC d6i vé6i so do a;
X=wlL ddi véisgdo b.
bai v6i so dé 17.22¢ va d, trd khang vao nhin vé phia mdy phat bang:

z,-%a.
!



Chuong X VIII

CHAN TU KHONG POl XUNG
%

Chan wr khong déi xing 13 chan tir ma hai nhénh cha né 6 kich thude hinh hoc
khédc nhau. V&i dinh nghia trén ¢ thé néu nhiéu vi du vé chan tir khong dsi xttng: chan
ti hinh tru véi hai nhanh cé ciing duong kinh nhung do dai khidc nhau (chan tir ti¢p dién
Iéch); chén tr hinh try véi hai nhinh c6 dudng kinh khic nhau {chan tr khong déng
déu); chin ur véi mot nhanh bién dang thanh mat nén hoac mat phing; chan tir vdi hai
nhanh bi€n dang theo cac dang hinh hoc khéc nhau, bét ky. Chan ur khong dsi xing
dugc ing dung rong rii & tat ca cac dai song, tir séng cuc ngin dén séng dii vi cuc dai,
Tuy nhién, & méi dai song khdc nhau chan tif ciing ¢6 nhimg dac diém két cdu ri¢ng phu
thude vao bude séng va dac diém truyén lan ctia cac dai séng 4y. Sau day chiing ta s& lan
luot khao sdt dac tinh clia cdc loai chan tir khong d6i ximg dugc ing dung & cdc dai séng
va phuong phdp ti€p dién cho chiing.

§18.1. CHAN TU KHONG BOI XUNG
O DAl SONG CUC NGAN VA SONG NGAN

O dai séng cyc ngan thudng ding fide ti€p dién 1a cdp déng truc. Vi chan tir duoc
cot la thiét bi chuyén tiép bién déi song rang budc trong fide thanh song tu do trong
khong gian, nén két cau cia né thudng cling dugce thuc hién dudi dang chuyén déi tir ket
cdu cla cdp déng truc: rudt cla cap dugc kéo dai
thanh mot nhdnh chan i, con vo cap bien dang
thanh mot nhanh thit hai.

Hinh 18.1 - 18.4 vé mot so dé chan tir khong
doi xiing & dai song cuc ngdn duge xay dung trén
o' sG clia cdp ddng truc.

i —f— i ]

Chdn tu khong dong déu

Hinh 18.1a 13 so d6 chan tif hinh tru khong
dong déu, nhanh trén 1a phén kéo dai ciia rudt cap,
duoc kich thich boi dong dién chay & day trong,
con nhdnh dudi ¢6 dang cdc A/4 {day quay lén

Hinh 18.1,
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trén), duge kich thich boi dong dién chay & mat trong clia vo cap ti€p dién. Trong trudng
hop nay, coc kim loai va vo cdp ti€p dién hinh thanh mét doan cdp déng truc mdi dai
2/4. ngan mach ddu cudi (tai ddy c6e). Vi tré khdng giita dau cudi nhanh dudi va vo cép
tiép dién ¢é gid tr 1on vo cung nén dong dién }chéy trén nhanh chan tr s& phan xa lai tir
(*

dé ma khong truyén ra vo ngoai cip ti€p dién
,.1 " - i . r -~ - - ! o * - e £

Néu dudng kinh ciha hai nhdnh khong qué 1én ((Ja,a, < 00" vii 114 do dai tong

cong; ¢, va a, 1a ban kinh cdc nhdnh) thi phan bé dong di¢n trén chan tir § ché do cong

hudng hodc gidn cong hudng (7 < A/2) s& ¢d dang gan v&i phan bé hinh sin. D6 thi

phuong hudng cta chén tir cling ¢6 dang gidng nhu do thi phuong hudng ctia chan 1ir ¢6
hai nhdnh déng déu.

Trd khdng vao clia chan tlr ¢é thé duge tinh theo cong thire cha chén tir d6i xung,
vai trd khdng séng xdc dinh theo cong thic gan diing:

] -1 (18.1)
Jaya,

Bidu thirc ndy ¢6 thé nhéan duge khi coi chin tr tuong duong véi duong day song
hanh ¢é duong kinh khic nhau.

Py =120| In

Chdn tir hink chop

Hinh 18.1b 12 s¢ d6 chan tir khong ddi ximg ma ¢dc hinh tru duge thay the baoi hinh
chop ¢6 d6 dai dudmng sinh bang A/4. Nguyén 1y [am viéc coa tran tir chép ciling tuong tu
nhu nguyén 1y ¢iia chén tir hinh tru khong déng déu da khao sat o trén. Trong trudng hop
nay su bién déi kich thuéc cha nhdnh chén tir du6i duge thuc hién mot cich déu dan nén
sif phéi hop trd khang ciing duge bao dam t6t hon trong dai tan. Vi vay déc tinh tan s6

cua chin t cling duoc cai thién hon'™™,

Chdn ti thing ditng trén nén kim loai

Hinh 18.2a 1a so d6 chén tit khong d6i xing ma mot nhanh clGa né bién dang thanh
dia kim loai phing, kich thudc hifu han. Trong mét s& trudng hgp, dé don gian c6 the
thay dia kim loai bdi cdc diy dan hudng am, mdi day dai A/4 (hinh 18.2b). Ludi day
dan hudng tam trong trudng hop nay con ¢d tén goi la "déi trong” cua anten. Truong hop
dia kim loai ¢6 kich thudc vé cling i6n, trd thinh man chan dan dien“”), ching ta nhan

=) Nguyén Iy bo bien déi xung ki€u coc A/4 dé tiép dién cho chan tir d6i xing bdi cdp déng truc da khdo
sdt 0 chuong 17.

* &
( ‘Tuong ty nguvén 1% clia chdn wr lu@ng chép di khao sdt trude day.

bkl d - : P} o . - . . . N . . N

() J dai séng cuc ngan. man chan dan dién ¢6 the 13 vé mdy. vé con tau, may bay, v.v... Dang cua man
chan cé thé i phang, céu. hoac tru. Néu kich thude cta man chan rat 1én so véi kich thude chan tir va
budc séng cong téc thi ¢d thé coi man chan 13 man dén dién rong vo han.
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dugc chan tir khong déi xing trén nén kim loai (hinh 18.2¢). O hinh 18.2¢ cling v& kem
theo so d6 tuong duong va phan bd dong dién trén chin ti. Nhdnh chan tit thang ding
duge kich thich bai dong dién chay ¢ day trong cda cdp con man chin kim loai dugc
kich thich bang dong dién chay & mat trong cta vo cép ti€p dién. Trong trudng hop nay,
vi tri tiép dién cho chin to duge col la tai @ - b, nghia 1a & goc clia nhdnh ding (xem so
dé wong duong). So do chdn tir khong déi xdimg véi diém ép dién d giita nhdnh ding
duoc vé ¢ hinh 18.2d.

Néu man chin din dién rong vo han thi ¢6 thé khio sdt bife xa clia chin tl theo
nguvén |y énh guwong. Do thi pheong hudng cia chin ti ¢6 cuc dai hudng doc theo man
chan. Truong bic xa chi phan bé trong mot nira khong gian phia bén trén mén chin nén
do6 thi phuong hudng chian tr ¢d dang aka s6 8 (xem hinh 18.3 duong dit nét).

| L

H
i ¢
. ! {I
b ub
Zm z

7.

J

o e —]

/‘ly e |

i —

aj b} <) 4

Hinh 18.2.

Ap dung nguyén ly anh guong d6i v6i so dé twong duong cta chan t¢ d hinh 18.2¢
ta ciing xdc dinh duoc trd khdng vao cta chan &, nghia la urd khdng gitta hai di€ém (i&p
di¢n @ — h. Nhu da chitng minh & phan 1y thuyét anten, trg khdng vao cua chén tir tai « —
b & ¢6 gid trl bing mot nta trd khang vio cla chén tir d6i xing dat trong khong gian tu
do, ¢é do dai mbi nhanh bing do dai nhanh thiang ditng clia chin tir khong déi xing. Vi
d¢ dai nhdnh thang ding bang /4, ta ¢d trd Khdng vao cia chén tlr bang mot nita tré
khdng vao cua chan 1 nira séng dat trong khong gian tu do.

Néu man chin cé kich thudc hitu han (vi du trudng hop dia kim loai & hinh 18.2a)
thi dong dién chay ¢ mat trén cla dia s ti€p tuc chay qua mép dia, xudng mat dudi va
sau d6 chdy ra mat ngoai cdp tiép dién. Bitc xa clla dong nay s& lam méo dang do thi
phuong hudng va bién doi trg khdng vao ctia chin ur. Hinh 18.3 v& dé thi phuong huéng
cia chan t phan tu séng, dit trén dia kim loai ¢6 dudng kinh 64 (d6 thi thuc nghiém -
dudng lién). Tir hinh vE ta thiy rang do anh hudng cla dong dién chay & mit dusi dia
kim loai va chdy & mit ngoai vé cdp tiép dién, huéng cuc dai cia do thi phuong hudng
khong con triing v6i mat phang kim loai nita ma chéch lén phia trén.
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Hinh 18.3, : Hinh 18.4.

Chdn tit bién dang kiéu dia - chép

Hinh 18.4 12 so d6 mét ki€u chén tir di rong bién dang, trong d6 mot nhanh chéan tix
bién thanh hinh nén gidng nhu & so dé hinh 18.1b, con nhdnh thi 2 bién thanh dia kim
loai phing. Chan tir dugc ti€p dién béi cép déng truc, 15i cap nét véi dia kim loai con vo
cdp ndi véi dinh ctia chép.

Nguyén ly m& rong dai tan cla anten dia - chép cling twong tu nhu doi véi chén tir
luGng chép va chan tit chép da trinh bay truée day, nghia 1a theo nguyén 1y bién déi va
phoi hgp tir tir gilrta hé théng tiép dién va khong gian bén ngoii.

P G d

300 MHZ 500 MHZ 800 MHZ

Hinh 18.5.
Gidi han dudi cha dai tan cong tic duge xdc dinh & mién t4n s6 ma hé s6 séng chay
trong fide ti€p dién bat dau gidm manh. Buéc séng 16n nhat c6 gid tri bing khoang 3,6
lan d6 dai dudng sinh clia hinh chdp (A, = 3,6 1), nghia la do dai dudmg sinh hinh chép

16n hon phan tu bude séng cuc dai [f > XT" ) Khi giam céc kich thuéc d va 1, giéi han

clia dai séng cong tdc duge mG rong vé phia bude séng ngdn hon. Géc y, 16t nhat c6 gid
tri khoang 30°. Cic kich thudc cta anten ¢6 quan hé véi nhau theo cdc hé thic sau: / ~

. d - - L - 7 - 7 .
0.3d; a| = Isiny, + E: a, = 0,7a,. H¢ 50 bao trum dai séng cta anten cé thé dat t6i

fmux

fmin

5 . - - - . \ . . [ - E F r
= — vGi h¢ s6 s6ng chay 16n hon 0,5 khi dimg fide ti€p dién c6 tré khing séng
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50Q. Do thi phuong hudng cta anten trong mat phang ngang c¢6 dang dudng tron, con

- 2 - ~ - - 3 - a - - - - . PR
trong mat phang ditng - phu thudc vao géc y,, ty s6 —= va budc song cong tac. Khi tang

4
tin s6 ve phia cao ciia dai tdn, hudng buc xa cuc dai sé lech khoi phwong nim ngang, vé
phia chép (hinh 18.5).

§18.2. CHAN TU KHONG POl XUNG 8 DAI SONG TRUNG VA SONG DAI

Do dac diém cta séng trung va séng dai la truyén lan theo phuong thie séng dat
nén anten song trung, séng dai thudng diing 4 chin tir khong déi xtng dat thang dimg
wen mat dat. G dai séng trung, chan tlr khong déi xing duge thue hién dudi dang thip
(cor) hoac day thang dimg ¢6 tai dung khdng (anten day c¢6 dinh), con & dai song dat va
cye dai chiin tr duge thuc hién dudi dang day thang ding ¢é dinh, v6i mot hoic nhidu
nhdnh ding. D¢ giam t6n hao trong dat (ting hiéu suat anten), & khu vue dé anten duge
dat h¢ thong day dan hudng tam bén dudi mat dat.

Anten thap
VE mit kél ciu cé thé phan bidt Thip cich ddt Theip tiép dai
anten thap theo cde loai: Anten thdp cach
dat va anten thdp ti€p dat (hinh 18.6). D¢ M sir

rech dien

tang do cao hiéu (ng cla thdp ciing ¢6
thé mac thém tai dung khang & ddu cudi

B cich disn

(thap c6 dinh). Xét vé phuong thitc tiép

dién ¢6 thé phan biét anten thdp theo cdc 7T 77 77 -
loai: tigp dién n6i 1i€p va tiép dién song () ()
song. ot iy ddn

So do thdp tiép dién néi tiép

Hink 18.7 vé cdc so dé tiép dién néi
1iép cho anten thdp, trong dé hinh 18.7a
la so do ti€p & goc, d4p dung cho thip
khong ti¢p dil, con hinh 18.7b 1a so dd Hinh 18.6.
ti€p o dinh - 4p dung cho thédp tiép dat.

Bén canh cde so do tiép dién, ¢6 vE kém theo so d6 trong duong va phan bs dong dién.

(3 30 dé (a) phan b dong dién twong tr nhu déi véi chan wr khong 14i, con & so dé
(b}, phan bo dong dién twong tu trudng hgp chan tir ¢6 tai dién dung. Trong trudng hop
ndy. tai di¢n dung la b phan day chang & gan dinh, dugc biéu thi tuong duong véi dia
kim loai & hinh k& bén.
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a) b}
Hinh 18.7.
D¢ tang hiéu qua chéng fadinh cla anten séng trung, do cao anten cdn di lén dé
nhan dugc d6 thi phuong huéng trong mat phang diing hep. Do dai dién téng cong clia

-

anten chéng fadinh duge chon bing 190° (ki = 190°, (mg véi —i = (,53). Khi ti¢p tuc
A

tang do cao 4 (hodc tuwong ing - giam budc séng cong tic 1), d6 thi phuong hudng trong
mit phang dung ti€p tuc hep lai nhung déng thdi bitc xa phu ciing tang, va do d6 hiéu
qua chong fadinh lai gidm di. Dé m& rong dai tdn cong tic clia anten ¢6 thé ding so dd
liép dién & gitta (hinh 18.8a) va so dé ti€p dién & gilfa ¢6 diéu chinh phin bé dong (hinh
18.8b). S d6 tuong duong ciia anten va vi tri 1iép dién duge vE kem theo.

O hinh 18.8a phin dudi thdp anten ciing vai ludi day din bao boc tao thanh mot cdu
tréic twong tu nhu mét doan cap dong truc: rudt 1 thdp anten con vo cdp 13 ludi day din
bao quanh. Trong trudng hgp nay, anten ¢é cdu tric tuong tu nhu & so dé 18.2d di khao
sdt trude day, nghia 12 di€m ti€p di¢n coi nhu dugc dat gilla ddu cuéi ciia ludi day din
hinh try (di€m b) va diém tuong tng cla than thap (diém a). Vi cdc thip tiép dién & goc

o’ * - * - - . e - 7 - i - -
hodc ¢ dinh, khi d¢ cao cuia thdp tang (hodc A gidm) téi mic ty s6 II vuot qud 0,5 sé

xudt hi¢n khu vire dong dién nguwge pha, nhung véi thdp anten dugc tiép dién theo so do

trén, khi ty s6 }—i tang dén 0,7, dong dién & cic phin vin luon ludn dong pha nhau. Vé

phia tin s6 thap, khi / << X, phan bé dong di¢n trén anten sé dong déu hon so véi cde
thip thong thudng c6 ciing do dai. Do d6 anten ti€p dién theo so dé trén ciing cd do cao
hi¢u dung Ién hon. '

So d6 18.8b ciing tuong tu so d6 18.8a vé mat nguyen 1y ti€p dién nhung & day phén
dudi cua ludi day dan hinh try bao boc thap khong ti€p dat truc tiép ma duge néi qua
mét dién khang X;. Dién khdng nay dugc hinh thanh giita v ngoai cla cdp déng truc
1iép dién va mat dat. Tri sG cha né ¢6 thé diéu chinh duge bdi mot cdu truot ngin mach K.
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a) bj
Hink 18.8.
Néu ¢ anten ti¢p di¢n theo so d6 18.8a bung dong dien luon luon nim & géc cla

thdp va phan b6 dong dién theo thdp duge xdc dinh chi boi ty s¢ i thi déi v4i anten tiép
dién theo so dd 18.8b, phan bs dong dien ¢6 thé diéu chinh dugce khi thay déi X, nghia la
bing cdch thay d6i vi tri diém ticp dat cha vd cdp dong truc. Diém byung dong dien s&
ndm & vi trf ngan mach clia vo cdp véi dat. Khi
thay tan sG cong tic ¢6 thé chon do dai dien
tong cong clia chan ti thod man didu kién chong
fadinh bing cdch thay déi di¢m tiép dat.

T

So' do thap 1iép dién song song. Hinh 18.9

la anten thdp ti¢p dién song song, dugc (ng
dung cho cdc thdp tiép dat. Trong so do nay 4 W4

di¢n dp cao tan duoc dat vao diém a cdch hai : \
déu cdc khoang cdch 13 /, va 1. Day tiép dién b g
duoc dat nghiéng trén mat dat, néi truc tiép giita )

a va dau cudi cdp tiép dién hodc néi gian tiép
thong qua mot dién khang ghép. Néu dp dung
phuong phidp dnh giong d€ khio sat anh hudng
cha mat dat thi so dé chan tir hinh 18.9 thuc chat ciing khong khdc so dé chin tir d6i
xung ti€p dién song song (chan tir ki€u ¥ xem 17.2 chuong 17, va do d6 khi phan tich
ching ta ciing c6 the dp dung so d6 twong dwong hinh 17.3b. Néu dé cao ciia thip (I =/,
+ ;) ¢6 gid tri bang A/4 thi dién khdng cla cdc doan /| vi [, s& bl cho nhau vi trdy khang
vao cua anten s& ¢é gia tri thudn trd, dugc xdc dinh theo cong thuc:

T 7 z AL e

Hinh 18.9.

2
R, = —Fa

, = —A (18.2)
Ry sin’ ki,
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g day, Ry, 1a di¢n trg buc xa toan phin clia anten tinh theo dong dién & diém bung;
P4 12 tro khdng séng ciia anten thap, duge xdc dinh theo céong thiic:

1
P4= 60[1n—~— - 1}
g

v3i a,,1a ban kinh tuong duong ciia thap'™.

Bing cdch chon di€m tiép dién thich hgp ¢6 thé nhan duge R, ¢ tri s& bing trd
khdng song cua fide tiép dién va nhu vay c6 thé thuc hién viec phéi hop trd khing giita
anten va fide khong can dén cdc thi€t bi phéi hop ngoai. Néu 1rd khdng vao clia anten 1a
dai luogng phiic thi ¢6 thé diéu chinh dién khing ghép giita anten va fide dé khir thanh
phan dién khing nay.

O day can luu y rang doan day dan dit nghiéng cling tham gia mét phin vao qua
trinh birc xa va do d6 cling s€ anh hudng dén dé thi phuong hudng ctia anten.

Anten ddy cé tdi

Dai véi cac dai phidt cong suat nhd hodc cdc tram thu phat luu déng, thudng st dung
loai anten don gian, dé 1ap dat. Chan tir khong d6i xing don gian duge tng dung phd
bi€n ¢ ddi song trung 1a loai anten day thing ding ¢6 tai dung khing. Phan day dén
thang ding (déng vai trd ctia nhénh chan tir vi 1dm nhiém vu bic xa chl yéu) ¢6 thé
duge thyc hién dudi dang diy dan don hodc tap hop cdc day dan. Tai dung khing dugc
k¢t cdu boi mot hodc mot s6 day dan mic ¢ dinh. Hinh 18.10 gidi thiéu mot s6 phuang
an clia anten diy cd tdi, trong d6 hinh 18.10a va 18.10b 1a so dé anten gama (I') vi
anten T d6i véi hai truong hop day dan don va kép. Hinh 18.10¢ 1 anten tan, con hinh
18.10d la anten di.

D¢ khio sdt phan bd dong dién va xdc dinh céc théng s6 cha anten cin biét gid tri
clia tdi mac § dau cudi nhdnh ditng. Van dé nay di duge khao sit & chuong 15. Trong
mot vai trudng hop don gidn (vi du trudng hgp anten I' va anten 7) bai todn c6 thé duge
gidi quy¢t mot cdch don gian hon, theo 1y thuyét mach. Vi du c¢6 anten gama véi nhdnh
ding ¢6 do dai /,; trd khdng song p; nhdnh ngang ¢6 do dai L, tr& khdng séng p,. Dé
xdc dinh phan bo dong dién ta thay the doan day ngang véi do dai /), trd khang séng p,
bdi doan thang ding twong duong véi do dai b, trd khing séng p- Khi dy anten I dugc
coi twong duong v4i mot anten thiang ding khong tai, cé do dai (7, + b) va tr& khéng
song p, (hinh 18.11). Ham phan bo dong dién trén anten s& duge xdc dinh theo qui luat
sin dd biét:

I
I(z) = —2—sink (], — 2) {(18.3a)
sin ki, ;

trong d6, [, 1a dong dién & dau vao (goc) anten; /,, =1, + b,

(*)

Da1 véi thdp thiét dién vuong hoac tam gide thi a,, 12 ban kinh clia vong trdn noi 1iep.
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b) c) d)
Hinh 18.10.

Tuong 1tng, ta ¢ ham phan bd di¢n ap:

Uzy=U, @k_gﬁ (18.3b) l+_— {2y —= ! 4

cos ki,

trong dé, U, Ja dién dp dau vao anten.

Dé vi¢c thay the khong lam bién déi phan
bo dong dién trén nhdnh ding /, (bo phan bic
xa chi yéu cia anten), d§ dai twong duong b
cdn dugc chon thé ndo dé€ cho trd khing nhin

tit dau cudi nhanh dimg /, vé phia doan day —1 __\ —
ding tuong duong (dai &; tro khang séng py) b= fo==
phai bang trd khang nhin tir ddu cudi nhanh Hinh 18.11,

ding /| v¢ phia doan day ngang (dai /,, ud
khéng song p,), nghia la :

pcotgkb = pycotghl, (18.4)
Tir day ta riit ra duge biéu thifc xdc dinh do dai twong duong b:
cotgkh = £2 cotg, (18.5)
P

Phan bo dong dién trén nhanh ding /, duge xdc dinh bdi (18.3a), véi b it ra ti
18.5). Bién d¢ dong dién ¢ dau cudi nhdnh ding phai cé gid tri bing bién d6 dong dién &
ddu vao nhdnh ngang va duge xdc dinh tir (18.3a) khi cho z =1,

I, sinkl

(x=0)=Hz=])=-"2 (18.6a)
sinkf,,
Tuong tmg, ta c6 dién dp dau cudi nhdnh ding
U, coskl
Uz=1) = 2228 (18.6b)
coskl,
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Phan b6 dong dién trén nhanh ngang duge xac dinh theo qui luat sin v6i bien dé ddu
vao xac dinh boi (18.6a).

sink (5, - x)

I{(x)={x=0)- (18.7)

skl - - -
D6t véi anten T ¢6 thé dp dung toan bo phuong phdp phan tich & trén dé xédc dinh
phan b6 dong trén anten. Nhung & day cdn luu y 1a dong di¢n & ddu cudi nhinh ding
phéi biing tdng dong dién vao cia hai nhanh ngang (hinh 18.12).
De dang thdy rang, diéu kién can bang trd khidng khi thay the doan day ngang c6 do dai
I, trd khing séng p, bdi doan day ding c6 do dai b tr khing séng p, duge viét dusi dang:

pcotgh! = %pzcotg-—%l (18.8) |

hp2) ‘|
That vay. hai nhdnh ngang & dinh (méi nhdnh dai _—_; Loy
ho . . : L & NI A
=< trd khan c6 the coi nhu duge mac seng song vai Ao W T I X
5 g pP) : gsong vl oy L]

nhau tai dau cudi nhanh dimg /.

Phan bd dong dién trén phan thang dimg ciing duge

xdc dinh theo (18.3a). v6i b xdc dinh tir (18.8), con phan L(py)
bo dong dién trén hai nhanh ngang ¢6 dang d&i ximg
nhau va duoc xdc dinh bai:
Jz=1) sink(--—zz- - ).‘] " 1
) = 18, Tl
1{x) > i, (18.9)
s Hinh 18,12

¢ day, /{z = 1) la dong di¢n & dau cudi nhanh dung (khi z = /).

Do dai hidu dung cua anten. V1 tic dung biic xa clha cdc phén tir dinh khong didng
ké nén do dai hiéu dung cha anten duge quyét dinh chil yéu badi nhdnh ding.

Dién tich phan bd dong dién trén nhanh dimg duge xdc dinh bai:

{
)( L

S = —2— [sink(l, - 2)dz (18.10)
sinkly o

Do dai hiéu dung ctia anten s€ duge xdc dinh khi so sdnh biéu thitc (18.10) véi biéu
thic dinh nghia S| = /L,
Ta nhan ducgc:
1 coskl — coskl,

L, =~ : 18.41)
7k sinkl, (

dday  [,=1+b
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I'rd khdng vao cua anten. Thanh phan dién khdng ctia tré khidng vio 6 thé duoc
xdc dinh theo 1y thuyét dutng day (xem 1y thuyét anten)
X, = —p cotgk(l, + b) (18.12)
f
& day, P, = 60(111—] — 1]
a
D¢ thuan tien cho viee tinh todn cdc phan ti dién khdng phoi hop v ghép giita
anten v6i mdy phat, ta dua vao khdi niém buéc séng riéng cha anten.
Budc séng rieng A, duge dinh nghia [a bude séng ma ing véi né dién khang vao cua
anten ¢6 gid tri bang khong (X, = 0), nghia 1a khi ay anten lam viée & ch& do cong
huong.

Budc séng riéng duge xdc dinh tir diéu kién:

k, () +b)=-27£, (18.13)

O day, ky =

Dai véi anten khong c6 dinh (,, =0),tacé6 b=0vadodé 2, = 4.

Khi bude séng cong tdc 16n hon bude séng rieng (A, > A,), thco (18.12) ta nhan
duoc X, < 0 nghia fa ¢6 dac tinh dung khang. D¢ diéu chinh cong hudng cdn mic & géc
anten mot dién cam ¢6 X, = oL, = p,cotgk(/, + b).

Néu budc s6ng cong tac nhd hon bude séng rieng (A, < A,) tir (18.12) ta nhan duoc
dién khang vao ctia anten ¢6 dac tinh cam khdng. D€ diéu chinh cong hudng cin méc &
goc anten mot tu dién C . sao cho:

= —pjcolgk(l, + b)

-

oy,

Thanh phan dién tré chia trd khdng vao bao gém dién tré bic xa Ry, va dién rd tén
hao R,

Dign trd 16n hao clia anten duoc xdc dinh béi 16n hao cao tin dudi dang nhiét rong
dién trd 0 mat dat gan d€ anten. bdi 16n hao nhiét trong dién trd day dan anten va trong
cdc phén tlr phoi hop. D¢ dénh gid 16n hao trong dat ¢6 thé 4p dung cong thic kinh

nghtém cna Sulaykin.
A
R, = Al =+
th ( )\40 }

He $6 A dugce xdc dinh bdi cdc thong s§ dién cua mat dat va he théng 1udi day dan
tiép dat cda anten. N6 ¢4 gid tri vao khoang 0,5 + 0,7.
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Dién tr&r biic xa Ry, c6 thé duge biéu thi qua dién rd biic xa Rs,, bdi cac cong thitc
(dd suy duge t 1y thuy€t) 6 dang sau:

DPoi véi anten cé 1, < 0.354:

Ry
Ryy = — 0 (18.14)
-2
sin” &/,
Pai véi anten ¢ 1, > 0,35A:
R
Ry = —= (18.15)
R
(- Z‘-'?-] +sin” Al
P

Pién trd bitc xa Ry, d6i vl anten ¢6 tai ¢6 thé duge xdc dinh theo phuong phdp
vecto Poyntinh gidng nhir déi v&i chan nr thuong. G day cén luu v 12 phan bs dong dién
trén nhdnh ding duge xdc dinh bdi (18.3) va coi cic phan tir dinh khong bice xa. Ta ¢é:

. sin 2kl
Ry, = 30{(; +In 2kl —C, 2k, +sin’ kb{“_nif' - 1] +
i
s 2kl
+ S8 ikl + C, 4kl — 2C2K1 ) +

sin 24/
+ 2025 (5, 4k, — 28,241, )] (18.16)

trong d6, € =10,5772 1a hang s6 ole.

Anten ddy ¢ nhiéu nhdnh ditng

a1 vai dai séng dai va cue dai, do cao anten thuong rit nho so véi bude song khién
dién (ré bire xa clia anten thudng rat thap.

Bién phdp dé tang dién trS bic xa 12 thiét [ap anten gén mot s6 chdn ur khong déi
xtng c¢6 dinh lién két véi nhau,

Hinh 18.13 14 so d6 clu mot trong cdc vi du d6i o
vGi loai anten néi trén. [ e

Anten gbm cé ba nhdanh dung, tiép dién vio
nhanh giita con & hai nhdnh kia duge mac cdc dién
khéng diéu chinh. Hé théng nhu vay cé thé duge coi
nhu gém 3 anten hinh T ghép véi nhau. Néu budc
séng cong 1dc 19n hon budc séng riéng cda moi él ﬁ/
anten phan ur thi dién khang diéu chinh sé la dién T
cam. Cac di¢n cam nay s& duge diéu chinh sao cho
dong dién & cdc nhdnh ding déng pha nhau va bién - Hinh 18.13.
d6 bing nhau.
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Tro khang bitc xa ciia méi nhénh sé 1a téng trs khdng bitc xa riéng cla nhdnh ay va
tré khdng phan anh tit cidc nhanh dimg khdc. Tré khdng phan dnh ¢6 thé tinh toin theo
phuong phip sitc dién dong cam tng di khio sét & phan 1y thuyét anten, con tr& khang
birc xa riéng dugc tinh theo cédc cong thiic (18.14 = 18.16). Vi dong dién & cic nhanh
dimg ¢6 bien do va pha giong nhau, khodng céch giita chéing nhd so véi budce song cong
tdc nén trd khdng phan anh c6 gid tri gdn bing r khdng riéng. Vi vay tong trd biic xa
ctta moi nhénh s& bang:

}?ﬁil = !1}?§:l|
¢ day Rz 1a dien trdf xa riéng clia méi nhanh dimg, » |2 s6 nhdnh ding
Tong trd biic xa cia cdc anten sé bing:
Rs =Ry, + Ry, + ... + Ry, ~ 'Ry

Nhwr vay dién trd biic xa ciia anten c6 » nhanh dimg s& bang »° 1an dién trd bilic xa
clia anten ¢6 mot nhénh dimg v6i do cao tuong tu. Trong khi d6 dién tr&y t6n hao cua
anten ¢6 # nhanh ding chi tang » 1an so v6i dién r& 16n hao chia anten mot nhénh ding.

K&t qua la higu sust cha anten s tang.

§18.3. VAN DPE TIEP DIEN VA PHOI HOP TRG KHANG CHO ANTEN

2

O cdc dai phat c La ©
L. N rhe © de
cong suét 16n, anten va . e

may phat thudng dat Méy phat (n6:

cich xa nhau, Dé rigp e ti€p hoac qua
. . fide dong truc)

dién cho anten thuong 777777777777, 77 TTTTTIITTITI7, 7
dimg fide doéng truc
néi anten v4i dau ra
mdy phdt (tiép dién
qua fide). O cic dai
phat cong sudt nho va

Cd.

ghip

1) b)

. ¢h
da1 luu dgng, anten va o T 0
may phit thuong dit  ZTTTTTITIITIIIINT TI7777, 77
gan nhau va cé thé tiép c) d)

. . Hinh 18.14
dién truc ti€p, khong

qua fide. Trudng hop ti€p dién truc 1i€p, (ai ctia mdy phat chinh 1a trd khdng vao anten.
Dé viéc truyén dat cong suft cha may phat cho tai dat cuc dai, tdi cdn ¢ dac tinh thuén
g véi gid tri thich hop déi véi ché do 1am viée cla may phat. Trudng hop tiép dién qua
fide thi tr6 khdng vao anten cin ¢6 gia tri bang tr& khang sdng fide dé dam bao ché do
song chay. Khi dy tai clia mdy phit bing tré khang séng ciia fide.

Bai todn phéi hop anten véi mdy phat hoic véi fide c6 thé chia 1am hai phan:

~ Picu chinh cong hudng cho anten bang céch b phan khang cla tré khéng vio;
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— Bién dai tré vao anten dé nhan dugc gia tri cdn thiél

Dé thuc hién cdc nhiém vu trén ¢6 thé sir dung cac phan tir dién khing diéu chuin
(thong sO tap trung) va cdc phan tr ghép. Hinh 18.14 v& mét s6 phuong dn phdi hgp khi
ti€p dién cho anten khong déi ximg, trong d6 hinh 18.14a, b 1a sg d6 anten ghép dién
cam, con hinh 18.14¢ 1 sa d6 anten ghép dién dung (khi dién {rd vio anten 1én hon trd
khing séng fide: Ry, > p). Hinh 18.14d la so d6 ghép dién dung khi R, < p.

Dé [am sdng té phuong phdp tinh todn cdc phéan t& phéi hop (ghép va diéu chuan) ta
khao sdt sg do ghép dién dung (hinh 18.14c¢):

Gia str anten duoc diéu chuan céng hudng bai cac phan ur diéu chuan C . va L, thi
tré Khdng vio tai A — 0 s& duge xdc dinh béi dién 1rd vao anten Ry, va C,, mic song
song nhau:

l
Rt ioc
7O Rug
A0 I 1+ioCy,R
Ryy + 1L enflya
inC wh
: 2
. R‘A I(j]cg.’lRL"’A
hogc Za-o = 22 pz 2.2 p2
1 + Cg!':RVA 1+ o CghRVA

Dé phoi hop trd khdng véi fide hoac may phdt, trd khdng vao tai B — 0 can phai
thudn 1ré va ¢6 gid tri bang trd khing song fide (hoac tré khdng ra clia mdy phdt) nghia
1a phai thuc hién dugc:

YA = p (tr& khéng séng fide)

22 p2
1+ 0"CupRiy

2
oC , Ro
(DLQ“ _ gMVA

L+ 0’ CLRY,
L, 1a dién cam ghép, ¢6 nhi¢m vu bu thanh phin dién khing tai A - 0.

Tir hai phuong trinh trén s€ xdc dinh duge gid tri cua L, va C;

. . » . L . . R!
Theo céc cong thifc trén, ta nhin thdy so dé nay chi cé thé lam viee khi —2 > 1,
P
nghia 1a khi thanh phéan dién trd cta trd khdng vao anten 16n hon trd khdng song fide
hodc (r& khdng ra cua may phat.
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Chuong XIX
ANTEN NHIEU CHAN TU

A. ANTEN DONG PHA NHIEU CHAN TU
§19.1. DAN CHAN TU BONG PHA

Dan chan tr déng pha duge sit dung trong thuc t€ & dai séng ngin vi séng cuc ngan.
Anten thudng bao gém mot $6 chin i nira soéng dugc sap x€p thanh hang va cét trong -
mét phiing, v6i khodng cdch giita cac chan tit bing 0,5A theo phuong thdng ditmg va nam
ngang (hinh 19.1). Dé tiép dién ddéng pha cho cdc chan tif ¢6 thé ding so dé mic lién
ti€p dudng day fide bat chép (hinhl9.ia), hodc bing cdch mic song song ting cdp
(hinh 19.1b).

a) b)
Hinh 19.1.

3 hinh 19.1a, chiéu dong dién chay trén cac chdn tr duge vé bdi cdc mili tén. Viéc
bat chéo dudng day tiép dién giita hai tdng nhiam dam bao tiép dién déng pha cho chin
tr 9 céc tang. That vay, do khoang cich gilfa hai tdng bang A/2 nén dong dién s& déi
chiéu khi di qua doan fide néi gilia hai tdng, do d6 viéc bat chéo duomg day fide s& b lai
su bién ddi pha 180" 4y.

3 hinh 19.1b, véi cich mic song song timg cdp ¢ thé d& dang nhan thiy rang do
dai cua dudng fide ti€p cho cdc chin ti s€ ¢6 gid tri nhu nhau, do d6 pha ctia dong dién
ti¢p cho cdc chdn tir chia dan anten ciing gidng nhau.
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Nhur dd bi€t, dan chan tlt déng pha ¢6 gidn dé huéng tinh véi hai huéng bitc xa cuc
dai theo hai phia vuong géc véi mat phang cta dan. Trong thyc t&, dé nhan dugc bic Xa
don hudng ngudi ta thuong két hop dan chan tlt néi trén v6i mot mdt phdn xa phdng
hodc mot dan chdn nt phdn xa. Mat phan xa phiing c6 thé 1a mat phéng kim loai (hinh
19.2) hoic luéi day dan gém cdc day kim loai dat song song (hinh 19.3).

i
|
Z

?

R

4
|
i
H
|
|

a8 S IEITIIITE Y

Hinh 19.2. Hinh 18.3.

Dan chén tr phin xa cé két cau gidng nhw dan chan tir phdt xa va duoc dat song
song vOi dan phat xa & mdt khoang cich d nhat dinh, v6i d=(0,2 +0,25)A. Dan chén tr
phdn xa ¢6 thé 1am viéc theo c¢hé& do chii dong hoac thu dong. Trong ché do thu dong,
cdc chén tr khéng ndi véi nguén (médy phat), dong dién trong chiing sé nhin duge do
cam ing trudng cla dan chan tir chinh. Viéc diéu chinh bién do va pha cia dong cam
ing dugc thye hién nhd dién khing bién d6i mic & cyc cha dan anten (hinh 19.4a).
Trong k¥ thuat anten, dién khdng bién déi thudng dugc 1am bing mot doan fide ngan
mach ¢6 do dai bién déi dugc.

Trong ché d6 chi dong, dan chin t&r phan xa duge néi véi ngudn théng qua mot bod
dich pha, nham ddm bao gdéc 1éch pha cin thiét ctia dong dién giira dan phan xa va dan
phat xa (hinh 19.4b).

Bign khing bién dis

Dan phon xa Dan phdn xg

o={8.20+0.25)4 J 8§ of pho
I e N Bl

I Dan phiin rg i Don phan xg
7o/ may phot Tai mdy phet

a) b)

Hinh 19.4,
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Ham phutong hitdng clia dan chén tir déng pha duoe x4c dinh theo cong thic da biél
trong phan “Ly thuyét anten™. Khi sit dung dan chéan tir két hop v6i mat phan xa phing
s€ nhan dugc ham phuong hudng trong hai mit phdng clia dan chan tir déng pha duoc
xdc dinh theo cong thirc da biét trong phan “Ly thuyét anten™. Khi sit dung dan chan
k€l hgp v6i mat phan xa phing s& nhan duge ham phuong huéng trong hai mat phang £
va /1 dudi dang.

Trong mat phidng H (mat phing xoz — xem hinh 19.2)
sin[M " sin AJ
f(a)= sin(kH sin A).sin(kd cos A)

sin ( T sin A]
2

Trong mit phang E (mat phing yoz)

Cos n--sin ﬂ‘.in[NE%in(]
5 5 Q|8 5 D

f((P) = .sin(kd cos )
COS(Qsin [ ; sin (p]

Trong d6 A la géc ngdng clia di€m khdo st (géc hgp bdi hudng khao sdt va tryc 2
trong mat phdng ding): ¢ 1a géc phuong vi cia diém khio sét (géc hop bdi hudng khio
sdt va truc z trong mat phing ngang); M 12 s6 chén tlr x&p theo hang; N 1 s& chan tir X€p
theo ct; #7 12 d9 cao trung binh clia dan so véi mat dat (xem hinh 19.2).

Khi str dyng dan chan tir dong pha két hop v6i dan chan i phin xa sé nhan dugc:

Trong mat phing H.

sin(M T sin A
] sin(£H sin A).\/l +a+2a cos(y — kd cos A)

£(8)-

sin[ ™ sin A
2
Trong mat phang E:

T : .
cos( —sm(p] sm[N-- sm(p}
f((p)z 2 2
cos @ : [n ‘ ]
sin -zsm(p

Trong d6, a 1a ty 56 bién d6 dong dién trong dan phin xa vi dan anten; w la géc
léch pha cua dong dién trong dan phén xa va dan anten.

.\/1+a2 +2acos{y—kdsing)

D6 thi phuong hudng clia dan chan t déng pha trong hai mat phing duge vé& &
hinh 19.5.
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Hinh 18.5.

§19.2. ANTEN TUANIKE

Anten tuaniké don gian 1a mot két cu gébm hai chan tir déi xding dat vuong gdc vdi
nhau, duge tiép dién vdi cac dong dién ¢6 bién do bang nhau, goc pha léch nhau mot
goc m/2.

Nhir d3 khao sat trong phan “Ly thuyét anten”, trudng biic xa cda anten trong mat
phang chita hai chan tr 1a trudng phan cuc thang, gian dé huéng tinh trong mat phing
nay 1a hinh tron. Do dac diém, anten Tuaniké dugce sit dung thich hop lam anten phdt vo
tuyén truyén hinh hoiic anten phdt thanh séng cuc ngin. That vay, néu sit dung anten
Tuaniké dat nim ngang (mat phang anten song song véi mat dat) thi s€ nhan dugc bitc
xa vo hudng trong mat phing ngang, v6i trudng cuc héa ngang 1a dang cuc hoa thich
hop dé tranh nhiéu cong nghiép & dai séng cyc ngan.

Mot trong cic yéu ciu dai véi anten cua cac dai phat vo tuyén truyén hinh va phat
thanh séng cuc ngan la phai c¢é hudng tinh cao trong mit phiang thang ditng, sao cho
nang lugng duge tap trung cuc dai theo hudng song song véi mit dat nham tang cu ly
hoat dong cia dai phdt. D€ dat duvc. yéu cdu nay, anten duoc ciu tao tir nhiéu anten
Tuaniké don gian, x&p dat thanh nhiéu tdng (hinh 19.6). Khoing cich piita hai tdng
thuting dugce chon bang 2/2, va cdc tAng duge tiép dién déng pha nhau.

Khi s6 tang chin, biic xa cla anten theo phuong truc clia hé (phuong thang diing,
hudng [én trén va hudng xuéng dudi) s& bang khong, biic xa ctia anten theo phuong
vuong gée val truce cia hé (phuong nam ngang) s& nhan duge cuc dai.

That vay, vi khoang cdch gifra haj ting béng /2 nén sai pha do khoang cdch gitra
hai 1ang (géc cham pha khi séng truyén theo phuong thang ding giiia 2 tdng) bang m;
trudng bitc xa cla timg cap anten Tuaniké don gidn s& triét tiéu nhau theo phuong thang
dimg. Néu s6 tdng 1a chin thi bitc xa clia hé s& triét tiéu nhau theo phuong thing ding.
Trong khi dé, trudng bic xa clia cdc anten Tuaniké don gidn theo phuong nam ngang
luén dong pha nhau (do cdce ting duge tiép dién dong pha va khong ¢6 sai pha do khodng
¢dch) nén trudng 1o6ng s& nhan duge cuc dai.
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Doi véi cdc anten dung trong k¥ thudt vo tuyén truyén hinh, ngoai yéu cdu vé dé thi
phuong hudng nhut néi O trén, con ¢é cdc yéu cau khac nhur:

— Dai thong tén clta hé anten-fide phai da rong dé khong gay ra méo dang dai véi
tin hi¢u anh, dé giam nhé su phan xa séng trong hé anten-fide: sy phin xa nay 14 nguyén
nhan dan 16i hién tuong 1ap hinh dnh. Ngoai ra, trong mot s6 trudng hop. hé anten-fide
cin 6 dai tan cong tdc da [6n dé ¢6 thé ding chung anten cho mot vii kénh truyén hinh
lan can nhau, hodc dung chung anten cho truyén hinh va cho phdt thanh séng cuc ngin.

— Anten thuong phai dat trén cdc ¢t cao, doi hoi két cdu anten phai chic chan va it
can gi6. Ngoai ra, trong di¢u kién khi hiu nhiét déi né phai duge chéng sét tot, nghia 13
anten phai dugc két cau the ndo dé cdc phdn tlr clia né ¢6 thé tiép dat truc tiép ma khéng
anh hudng dén ché do tam viéc cda anten.

D¢ thuc hién viéc ti€p dién léch pha 90" gilta hai chan tr trong cling mét ting va
tiep dién déng pha giita cdc tang, ¢ thé bo tri so do tidp dién cha anten nhu sau: céc
chan tlir nim trong moi mat phang ding s& duge cdp dién bdi mot dudng fide riéng, véi
sa d6 noi tiép hoac song song, sao cho dong dién clia 141 cdc chan tir trong cling mat
phang déng pha nhau.

R
Az
7 4*7 T ) (ﬁa’y nhdnh
d e A_/Z } phéi hets trd
L L khing
[ P 7 g
74 * i T
Az i\. X { jﬁf""
Pt !
Hinh 18.6. Hinh 19,7,

Hai dudng fide néi véi hai nhém chan ar clia hai mat phang ding sé duoc diéu
chuan & ché do séng chay va duge ndi song song véi nhau, déng thdi do dai ciia hai
dudng fide nay can khdc nhau mot phin tr bude séng dé tao gdc léch pha 90" gitta hai
chan tur vudng géc G cdc tang. So do ti€p dién cia anten dugc vé & hinh 19.7, trong d6
¢dc chan (i thuoe mdi mat phing ding duge vé& & mot cot rieng vi vice 1iép dien déng
pha cho chan tir clia méi cot duge thue hién bai duding day fide hai sgi bar chéo giong
nthu dd khao sar o tiét 19.1.

D¢ thod man yéu cdu vé dai tén s6, cdc chan 1t ctia anten tuaniké phai la cic chan tir
dai rong. Nguyén ly va két cdu cla chén tir ddi rong dd duge khdo sit & chwong 14. Dé
két hop yéu cdu vé ddi tan s6 va cdc yéu cdu khdc nhim didm bdo c6 mot két ciu vimg
chic, it chdn gi6, va ¢ kha ning chong sét 161, cdc chdn tir cla anten tuaniké duge ché
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tao dudi dang tam ludi phing hinh chit nhat hoac hinh cdnh budm (hinh 19.8). M6i tdm
gom c6 11 6ng kim loai, dudng kinh mdi 6ng khodng 10mm, céc kich thuéc tuong déi
cua anten duge cho trén hinh vé.

I"- — — f 2SN — .- —'-1
a; ’ b_]

Hinh 19.8.

Cédc nhanh chan tir v& & hinh 19.8a ¢6 thé duge gén truc tiép (ngdn mach) véi cot da
kim loai tai hai diém B - B. Nh& dé c6 thé tao duoc mot két cau viing chac, dong thdi tao
diéu kién cho viéc chéng sét t6t. Tai hai diém A - A, chan tir duoc cach dién vé cdt va
dutng fide ti€p dieén dugc néi véi chan tir tai day. Khi dy, hai mép trong cha chén ti tinh
theo cac canh AB s& hinh thanh mét doan day truyén séng, twong tu nhir day song hanh,
dugc ndi tit ddu cudi tai BB. Doan day nay giong nhu mot day nhanh, né sé tao mot dién
khang tai AA, va néu dugc lya chon thich hop thi n6 s& dong vai trd doan day nhanh phéi
hop tré khang.

Trén hinh 19.8b, cdc nhdnh chan tir duge ché€ tao hinh canh budém nhim tao ra mot
ket cau vimg chac vé co hoc, dong thoi dé giam nho thanh phan dong dién doc chay &
mép ngoai . Chan tlr dugc gan truc ti€p voi cot & ca hai ddu AA va BB, déng thi diém
ti€p dién trong trudng hop nay duge dat tai CC. Trd khdng vao cha chan tir ¢ gia tri
khoing 150 6m trong mot déi tdn khd rong.

B. ANTEN NHIEU CHAN TU CO PHA BIEN DO
§19.3. ANTEN DAN XA (ANTEN YAGI)

So d6 anten dugc v& ¢ hinh 19.9. N6 gém mot chin i chii dong thudng 1 chan tix
nita sdng, mot chan tir phan xa thu dong, vi mot s6 chén tir dan xa thu dong. Thudng cée
chdn tir phin xa va dan xa thu dong dugc gin truc 1i€p véi thanh d& kim loai. Néu chan
tr chi dong 1a chan tir vdng det thi né ciing c¢6 thé gan truc ti€p véi thanh d& va két cau
anten s€ trd nén don gian (xem hinh 19.9). Viéc gin truc tié€p cdc chan tir lén thanh kim
loai thyc t€ s& khong anh hudmg gi dén phan bs dong dién trén anten vi diém giita cia
cdc chén tu cling pht hop véi niit ciia dién dp. Viéc sir dung thanh d& bang kim loai ciing
khong anh huéng gi dén bite xa clia anten vi né duge dat vuong géc véi cac chan i,
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Hinh 19.9. Hinh 19.10.

Dé tim hi¢u nguyen 1y [am viée cha anten ta hiy xét mot anten din xa don gian gébm
3 phan tr: chan t chi dong A, chan 1 phan xa P va chén tir dan xa D. Chan ti chi dong
dugc néi vai mdy phdt cao tin. Dudi tdec dung cha trudng bitc xa tao boi A, trong Pva D
s¢ xudt hien dong cam ting va cdc chan tir ndy sé bitc xa thir cap. Nhu di biét, néu chon
duge dé dai ctia P va khoang cach tir A dén P mot cach thich hop thi P s& trd thanh chdn
tr phan xq ciia A. Khi dy, nang luong biic xa clia cap A-P s& giam y&u vé phia chin tir
phan xa vi duge tang cudng theo hudng nguge lai (huéng +z). Tuong tu nhu vay. néu
chon dugc do dai cua D va khoang céch tir D dén A mot cach thich hop thi D & &
thanh chan nt dan xq cia A. Khi &y, nang lugng bitc xa clia hé A — D s& duoc tap trung
v€ phia chin 1r dan xa va giam y€u theo hudng nguge (hudng —z). Két qua 12 nang lugng
bic xa cha ci hé s€ duge tap trung vé mot phia, hinh thanh mot kénh dan song doc theo
truc anten, huéng tir phia chan tl phin xa vé phia chin tir dan xa.

Theo 1y thuyét chan r ghép, dong dién trong chén tir dong (/) va dong dién trong
chin tir thy dong (/,) ¢6 quan hé véi nhau béi biéu thiic.

I .
2= eV (19.1)
!l

vai a=\j( |22+X|22)(R222+X222)

X X
= Tt+arcrg(i]_arc;g[_2&}
R Ry

Bang cich thay déi do dai cia chdn ti thu déng, ¢6 thé bign déi do 16n va diu cia
dién khing rieng X,, va do dé s& bién d6i duge ¢ va . Hinh 19.10 biéu thi quan hé cla
a va iy vil X, dol vai trudmg hop chan tir c6 do dai xdp xi nira bude séng va dng véi
khoang ciach d = A /4.

Cang tang khoang cach  thi bién d¢ dong chén tir thu dong cang gidm. Tinh todn
cho thdy rang, véi d = (0,1+0,25)% thi khi di¢n khdng cha chan tr thy dong mang tinh
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cam khdng s& nhan dugc 1.2 som pha so vai f, . Trong trudng hop nay chan ti thu déng

s€ tro thanh chén tir phén xa. Nguoc lai, khi dién khang ctia chén tir thy dong mang tinh

dung khang thi dong 1'2 s& cham pha so véi I1 va chan tir thu déng s& trd thanh chén tr

90

22.5°

dan xa.

..22 _fa
u’rc!g— - 45°
22

Hinh 19.11.
Hinh 19.}1 v& d6 thi phuong hudng cha cap chin tir chit dong va thu déng khi

Xy
d =0,10dng vai cac trudng hop khdc nhau cia arczg—==. Tir hinh vé& ta thay khi
22

X Xy
arctg —22 >0, chin tir thu dong tr& thanh chén tir phan xa, con khi arc tg =22 < 0, chan
22 22

tir thy dong tro thinh chan tir din xa. Trong thue t€, viéc thay ddi dién khang X, cla
chan tr thu dong duge thuc hién bing cdch diéu chinh d6 dai cia chan tr: khi do dai
chidn t&r 16n hon do6 dai cong hudng s€ ¢d X;, > 0 con khi do dai chan tir nhd hon do dai
cong huong s& cé X5, < 0. Vi vay chén tir phian xa thudng ¢6 d6 dai 16én hon /2, cdn
chan tr dan xa thuong cd do dai nhd hon A2,

Thong thudng, & médi anten Yagi chi ¢6 mot chén tir lam nhiém vu phdn xa. D6 1a vi
trudng bic xa vé phia ngurgc lai bi chin t nay lam yéu ddng k€, néu ¢6 thém mot chin
tir nira dat ti€p sau dé thi chan tir phan xa thit hai s& dirge kich thich rat yéu va do dé né
ciing khong phat huy dugce tdc dung. D¢ tang cudng hon nifa hiéu qua phan xa, trong
mot s trudng hop ¢b (hé sl dung mat phan xa kim loai, luéi kim loai, hoac mét tip hop
vai chén tir dat & khoang cdch giong nhau so véi chan wr chi dong, khoang cich giita
chén tir chi dong va chén tir phan xa thudng duge chon trong gidi han (0,15 + 0,254

Trong khi dé, s6 lugng chan tlr din xa ¢6 thé khd nhiéu. Vi su biic xa cla anten
duge dinh huéng vé phia cdc chan ur dan xa nén cdc chin tir nay duge kich thich véi
cuong dé kha manh va khi s6 chan (r dan xa du 1dn sé hinh thinh mot kénh dian séng.
Song truyén lan trong heé thdng thudce loai séng cham, nén vé nguyén 1y, anten ddn xa ¢6
thé dugc xé€p vao loai anten séng cham. S6 chin tir dan xa ¢é thé tir 2 + 10, déi khi ¢6
thé 16n hon (16 vai chuc). Khoang cdch giifa chin tir chd dong va chin tir ddn xa ddu
tién, ciing nhu giita cdc chan tir dan xa duge chon trong khoang (0 1+0, 3‘3)?

+
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Trong thuc t€, thuong dung chdn tir cha dong la chan tir vong det vi hai 1y do chinh
sau day:

— €6 the gan tryc ti€p chan tir 1én thanh d& kim loai, khéng can diing phan tir cach dicn;

— Chén tr vong det ¢6 troy khdng vao [6n, thudn tién trong viéc phdi hop trd khang.

De ¢6 dugc hé s6 dinh hudng cuc dai theo hudng bikc xa chinh, kich thudce cla cdc
chan ur dan xa va khoang cdch gitta ching can duge lua chon thich ddng, sao cho dat
duoe quan he xdc dinh doi véi dong dién trong cdc chan tir. Quan hé 161 nhat cdn dat
duge doi véi cde dong dién nay la tong doi dong déu vé bién do, voi gid tri pan bing
bién 4o dong dién cta chin i chh dong, v chdm ddn vé pha khi di chuyén doc theo
truc anten, tr chin tr chis dong v€ phia cic chan ur dan xa. Khi dat duge quan hé néi
rén, trudng bic xa tdng cla cac chin tir s& duge tang cudng theo mot hudng (hudng cia
cdac chdn t& ddn xa), va giam nho theo cac hudng khdc. Thudng dicu kién dé dat duge
cuc dai cta hé s§ dinh hudng vé phia cic chin 1lr din xa ciing phi hop vé6i diéu kién dé
dat duge bitc xa cuc tiéu vé phia chan tir phan xa. Do vay, khi anten dan xa duge diéu
chinh 5t thi bitc xa ctia nd s€ trd thanh don hudng. Vi dic tinh bifc xa cla anten ¢ quan
hé rat mat thigt v6i cae kich thuée tuong déi cua anten (kich thude so véi bude séng) nén
anten Yagi thuoe loai anten dai hep. Dai tdn s cha anten, khi h¢ 86 dinh hudng & hudng
chinh bi¢n déi dudi 3 dB, dat duge khoang vai phan tram. Khi s& lugng chan tir dan xa
kha L6n, viéc diéu chinh thue nghiém déi v6i anten rat phitc tap vi khi thay doi do dai
hodc vi trf clia méi chin tlr s€ dan dén sy thay déi bién do vi pha cla dong dién trong tat
cit cac chan tar.

Viéc xdc dinh $6 bo cde kich thurde va théng s6 clia anten ¢é thé duge tién hanh theo
phuong phap cua 1y thuyét anten séng cham (anten séng chay ¢é van t6¢ pha nhdé hon
vin t6c dnh sang). Gia thiét cdc chdn tir dan xa cé do dai bing nhau va gin bang mot
nlta budc séng, chiing duge dat cdch déu nhau doc theo truc z va tao thanh mét cdu trdc
séng cham (s6ng mat), véi hé s6 cham & = Z— >1.

D¢ tinh gdn diing hé s6 cham &, ta gid thiét két cau ¢6 kich thude vo han theo truc z.
Gia thiét ndy nham loai bo viéc khdo sdt anh hudng cua séng phan xa tai dau cudi cia
két cdu. Qua phan tich di cho thdy ring séng dién tir truyén lan doc theo két cau sé c6
ning luong tap trung gin cdc chdn ol va tao ra dong trong cédc chan tir ¢ bién do bang
nhau nhung léch pha nhau Ay. Néu d 1a khoang cdch gita hai chdn ta thi hé s6 pha coa
s6ng cham sé& duge xac dinh bai:

vy
! d
Ta c6 hé $6 cham bang
¢ v Ay
v k kd
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H¢ s0 cham € phu thudc vao do dai / cha cdc chan tir va khoang céch d giifta ching.
Bang 19.1 dan ra cdc gid tri clia hé s6 cham & itng vdi cdc do dai khdc nhau clia chan tir.
tink theo ba thong s& d// khi ban kinh clia chan tir a// = 0,01.

Qua phan tich cling da xdc nhan ring néu két cdu ¢ do dai hiru han thi s& xuit hién
song phdn xa & dau cudi, v&i hé $6 phan xa theo cong suit khéng qua 15%. Do su phan
x4 khong dang ké nén ¢6 thé coi gin ding két cau hitu han gém céc chan tlr din xa ¢6
do dai bang nhau va dat cdch déu nhau tuong duong véi mét hé thong thang - lién tuc.
birc xa truc. He s6 cham cta séng trong hé théng duge xdce dinh theo bdng 19.1

Bang 19.1. HE 56 cham &
K2 | 126 | 128 | 130 | 132 | 134 | 136 | 138 | 140 | 142 | 144
20/
05 | 114 | 147 | 122 | 126 | 130 | 137 | 143 | 151 | 158 | 167 |
00 108 | 110 | 143 | 116 | 120 | 126 | 134 | 144
15 107 | 1,00 | 142 | 1.29

Vé1 do dai clia anten L = Nd da biét, ¢6 thé xac dinh dwoc hé s6 cham tot nhat (tng
v bude séng cong tac trung binh A,) theo cong thitc:
b
21,

Sau do, dp dung cong thiic ca 1y thuyét anten séng cham [28] ¢4 thé tinh duge su

Copr =1+ (19.2)

L] + - . - - - - -\ - . L & A ] -
phu thuge cua he s6 dinh hudng v6i tan s6 va xac dinh ducce dai thong tan o ma trong,
Jo
d6 he s6 dinh hudng bién doi khong qua 3dB. Cac két qua tinh todn su phu thudc cua hé

s6 dinh huéng D va dai théng tan —_j~ . theo do dai cua anten e ung véi cac gia tri

fo
2d . o in A
v khic nhau duoc vé& & hinh 19.12 f—’-f% D,
s . e . \ 1/ = 0.25

Tir hinh vé ta thay hé $6 dinh hudng cia 20 \ 5 20
anten C]l{(}C \xalc dinh cht yCL{ bdi do da} ton{; e
cong L/A va it phu thude vao bude cla két 0.5 ></
cd (khoang cich d). Nguoc lai, dai thong o | [t B
. . ) ) . - 0257057 el T Af
tan cua anten lai phu thudéc nhi¢u vao sé 0.5 [0.75 =\ﬁl
luong chan tr (ing vé6i L cho trude). Vi vay, P e B B e
dé md rong dai thong tdn clia anten cén tang Li

s6 chan tr dan xa (khi khong thay déido 9 ! 2 3 4 5 6 7

dai chung ctia anten). Hinh 19.12
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Ta hay khao sat mot vi du. Gia sir cdn thuc hién mot anten dan xa dé 1am viec trong
dai tan 200 £ 10MHz, do dai anten cho trude 13 3 mét, sao cho nhan duge hé 6 dinh
hudng cuc dai khi s6 phan tir cia anten 12 it nhat. Trong trudng hop ndy, do dai cla
anten L/hy = 2 va dai thong tan yeu céu bang 10%. Tur hinh 19.12 ta thay cin chon théng
s6 dfl = 0.5 dé nhan dugc h¢ s6 dinh hudng gan bang 12dB. Bong thai, véi do dai anten
dd cho s¢ tinh duge h¢ G cham t6t nhat &ope =125 Ti€p theo, tir bang 19.1 s& xdc dinh

dugc do dai chan tu !;—f: L3 (ung véi 2d/l = 1). Tir d6 suy ra -éézd =0,22.%, va so

chén tir cta anten bfing 10 (trong d6 ¢6 1 chan tir phdn xa, I chan wr chl dong va 8 chédn
tir dan xa).

Ro rang cdch tinh wodn nhu vay chi cho phép ude luong sa bd ma khong thé ding dé
thiét k& anten. D¢ tinh todn chinh x4c anten dan xa cé thé sir dung 1y thuyét cia chan tir
ghép. Sau day s€ gidi thiéu néi dung va cic budc tinh todn déi v6i bai todn tdng quiét clia
loal anten nay.

Ta chon mo hinh anten dén xa 1a mot tap hop cdc chan tir nta s6ng gidng nhau
(hinh 19.13) chan tr cha
dong A duge dat d goc
toa do. Vi tri cla cdc
chiin tir thy dong trén truc T

7z duge dac trung boi cdc 4, S
toa dé z,, v6i n=1[2,..N 2 2p 2
(N la s chdn ta dan xa) J_

va boi toa do z, do voi L J

chan wr phan xa. Viéc
dieu chinh déi vdéi mbi
chan tr thy déng s& duge
thuc hién boi cde dién khang bién déi duge iX

Hinh 18.13.

p,le JiX5,..4X, . Cic budce tinh toan véi

mo hinh anten & trén nhu sau:

Buwe It dng voi vi trf ¢6 dinh cta cdc chan tir va vai gid tri clia céc dién khing didu
chinh di chon, bien d6 phic ctia dong dién (rong méi chdn tir s& duge xdc dinh khi giai
he¢ phuong trinh Kirchhoff d6i véi he (N + 2) chan i ghép.

_(RMU +!'Xp} ZPA Z,"Jl ZPN _‘J'P— _0_
Zap (Ryq +iX4) Z 4l Zan !4 U
Z, Zy (R, +iX) Zin I |=|o] 93
Z,-'\’p ZNA ZNp (RNN + ‘:XN )H ]N 0 4
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Trong d6, R,,,R44.R,.Ry;..Ryy 12 phidn thyc cha (1§ khdng riéng cta chan tl
phan xa, chin tir chu ddng va cdc chan tr phan xa. Cic trd khdng twong héd
Loa=Lap Ly =2y Lpy =250 Ky = 24,00 thé duge xdc dinh theo cong thitc cua 1y
thuyél anten (phuong phdp stic dién dong cam ting), hoic tinh theo cdc bang cho sin.
Céc dai lugng X, X1, X,, X,, Xy 1a di¢n khang toan phén cta chén r phan xa, chan
chu dong va cdc chan tu dan xa, trong dé bao gom dién khdng riéng cia moi chan L va
dién khdng di¢u chinh d6i véi mdi chin tr néu ¢é (sau nay, khi di tinh todn xong thi
viéc thé hién thuc 1€ cdc dién khidng ndy sé dugc thuc hién bang cich sir dung cédc chin
I ngan mach & gitta v lua chon do dai thich hop cho ching). Pai lugng U trong cong
thirc trén 12 dién 4p dat & ddu vao chin tir chi doéng va ¢6 thé dugc chon tuy ¥ (vi du
U =1V).

Bicic 2. Theo cdc tri s6 dong dién tim duge khi giai hé phuong trinh (19.3) & tinh
dugc ham phuong hudng 16 hgp.

1, opcos UL ke cos
fi (0) = F et et 1y Z[%}e’k”” cost (19.4)
A RS
ttrong dé, @1a gée giita truc anten va hudng cta diém khao sit.
béi véi mat phang H thi (19.4) cling chinh 1 ham phuong huéng cua cd hé, cdn daéi

v6i mat phang £ thi ham phuong hudng ctia hé s& béang tich cia ham té hop (19.4) véi

ham phuong hudng riéng clta chan [f, (0)= Cos(g—sin 0)/cos G} .

Buwe 3. Tim trd khang vao clia chan ur chi dong khi ¢6 anh hudng tuong ho cia cic
chén tir thu dong.
- X, =2 R, +iX,+iL7 vy 9.5
A A A
Tri s6 X, & duge chon theo diéu kién dé dam bao Xy ,= 0. Nhu vy, tir (19.5) s&
xdc dinh duge X, vado do Zy, = Ry,

Bueoe 4. Tinh hé s6 dinh hudng cia anten ¢ hudng truc theo cong thite:

DR, [fk (0 =0" )T
Rya

1)(9=0°]= (19.6)

Trong dé D, = 1,64 la h¢ s6 dinh hudng cua chan i nira séng

R, = 73,12 1a dién trd rieng clia chin tlr nita s6ng (nghia la cia mot phén (r anten).

Cdc bude tinh todn & trén cho phép gidi quyét bai todn thudn (bai todn phdn tich)
déi v6i anten dan xa cé cdc phan tir dat & céc vi tri xdc dinh va véi cdc dién khdng ¢ dau
viio da bist. Bai todn nguge (bai fodn tong hop) d8i véi anten dan xa cd thé duoc dat ra
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nhu sau: V6i do dai cha anten da cho va véi s6 chdn tlr thu dong da chon, hily xdc dinh
vi tri cua ¢dc chan tr va di¢n khdng toan phan ctia méi chin 1 sao cho anten dat ducce
cdc chi tiéu chat tuong cao nhat. Trong trudmg hgp don gian, chi tidu chat luong cila
anten c6 the duge chon 1a hé s6 dinh hudng & tan s6 cho trude. Trong cic truong hop
khdc, chi tieu chat lugng cé thé khong chi la hé 6 dinh huéng ma con 1a bic xa phu.
muc bitc xa nguoc, dai tan cong tac...
Dé gidi quyét bai todn tdng hop anten 90" 30"

theo cdc chi tiéu chat lwgng cho triede ¢d thé
ap dung cdc phuong phdp tinh t61 uu, bing
céch stt dung may tinh s6. Qud trinh tinh todn
dugc 16m tat nhu sau: Sau khi chon gin ding
cdc thong so tu do nhu vi tri chdn wr, dién
khdang toan phan (cdc $6 lieu nay dugc goi la
cdc 6 li¢u gan ding ban dau), tién hanh giai
bai todn thuin va xdc dinh cdc chi tiéu chat
lugng cuia anten. Sau dé bién déi lién 1iép gia
tri cta cdc thong s& tu do va lap lai tha tuc
tinh todn nhiéu lan dén chimg ndo ma chi tiéu chit lugng cla anten dat dén mic cao
nhat c¢6 thé. Dé giai quyét bai todn lva chon t6i wu ndy cé thé sit dung nhiéu phuong
phdap nhu phuong phap lap, phuong phdp quy hoach tuyén tinh, phuong phdp gradient,
phuong phap Monte—Carlo...

180!

270" 330"

Hinh 19.14.

Sau khi hoan thanh qua trinh lua chon t6i tu nghia 1a xdc dinh duoc gid tri 16t nhat
cua vi tri cdc phan tir va cdc dién khing toan phdn sé tién hanh tinh toan két cau anten.
Nhu dii néi & trén, dé thé hi¢n thuc & dién khang todn phén cla chan tit ¢6 thé sir dung
chan tir ngdn mach v6i do dai thich hop. That vay, néu chon / xap xi 2/2 thi dién khing
toan phan cita chin ur s& duge xdc dinh boi.

ki
X,=425-p, (:Dtg—zw (19.7a)
Trong d6 /=0,51 +2A%

ki TR
Ta cé cot gE = gk Al va (19.72) s& tré thanh

X, =42,5+p 15kAl (19.7)

Tur (19.7) s& xdc dinh duge d¢ dai hiéu chinh cia chan tlr dé dam bao dién khang
toan phan can thiét,

Hinh 19.14 v& d6 thi phuong huéng thyc nghiém cla anten dan xa gém 8 phédn
trong mdt phang 77 (dudng lién) va trong mat phing £ (dudng nét dit).
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§19.4. ANTEN LOGA - CHU KY

Nguyén ly ciia anten loga — chu k¥ dd duoc khao sit & chiong 14. Trong phén nay
s¢ gidi thieu mot s& dac diém két cdu cha anten va phuong phép tinh todn.

Dé dam bdo dé thi phuong huéng clia anten trong mat phing khong bién déi khi
thay déi tdn s6 cong tdc, anten duge dit nghiéng mot géc A so véi mat dat, sao cho do
cao twong doi cua méi phan tir so véi mat dat 1a dai luong khong déi (xem hinh 19.15b).

H i, I

il L R (19.8)
Ay s A,

Khi ay, d6 cao tuong ddi clia mién biic
xa tac dung {(mién nay s& di chuyén doc theo
anten Khi bién déi tan s6 cong tdc) s& khong
thay déi vt do d6 hudng bite xa cuc dai trong
mat phang ding s& khong bi¢n déi.

So dé cha anten loga — chu ky dit
nghiéng trén mat dat va tiép dién boi dutng
day song hanh mac chéo dugc v& & hinh
(19.15a).

Mot trong cdc K&t cdu hop 1y cua anten
loga - chu ky ti€p di¢n boi duong diy dong
truc, khong ding bo bicn déi déi xung duge
v¢ o hinh 19.16.

Dé tinh todn anten loga — chu k¥ ¢6 thé
dp dung phuong phdp giai h¢ phuong trinh
Kirchhoff d6i véi hé théng chéin tir song song
twong tur nhu phuong phip da duge st dung dé tinh todn anten dan xa. Tuy nhién, cin
- luu ¥ dén su khdc nhau gifa hai so d6 anten: trong truong hgp anten loga — chu ky, tat ca
cic chan tir déu dugc tiep dién bdi dudng fide chung (giita hai chan tir 1a mot doan fide
song hanh méc chéo), vi do dai clia cde chén 1 tuong duong vdi mot mang bén cue, con
mdi chan tir (wong duong véi mot trd Khang ¢6 gia tri bing tong trG vito cia chan tr (khi
¢6 ké dén anh hudng tuong hd vdi cdc phin tir cba hé thdng), ta cd so do tuong duong
ctia anten loga — chu k¥ v& & hinh 19.17.

Hinh 19.15.

Theo hinh 19.17 quan hé dién dp & clra clla cac tdng c6 thé duge viét nhu saw:
P61 vai tang 1
Vl" =V, (dién dp clia nguon cap dién)

S A
vi=vi =y,
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Doi véi tang 11

vil _yl vy
1 2 [ (19.9)

Div teép dign /

2l it
V:Z = VI = VE
Dai véi tang N

N _N-T _
VI - r2 ""VN—I

N _
V' =Vy P 1 Hudnyg bie xg
O day, ky hieu 1,1} va .
. Hinh 19.18.
V', Vy'la cdc dong dien va dién
dp O cla vio va cilfa ra cha ting thit n, cdn V|, V,,..Vy 12 dién dp & cira ra cda cic tang
1,2,..N.

Iy IZ_____IH'Z IN-I Iw
Vag I Vrﬁm I ¥ |22 ! N-1 lﬁ_,¢33. N Vul jin
8)
7 3
In . no Rt
i Vi= V"=
v v
)
Hinky 18.17.

Ta c6 phuong trinh mach dién d6i véi mang 2 cira thit n duoc viét nha sau:

" — H VH + N VH

I =XavYe TV, (19.10)
H M N M H
2 =ynVy +y5;

"

Trong dé yy =ﬁ‘vzﬂ=o 12 dan nap vio chia doan day truyén séng khi ddu kia
{

noi tat.

"

n_ D

Yi2 = v
}

yi_o 12 dan nap truyen dat ciia doan day truyén séng khi dau kia ndi tit.
i
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Tur 1y thuyét dudng day. ta xdc dinh duge cac dan nap vao va dan nap truyén dat:

I
y{*l = y22 =—cth{vd)
Po

no_.n
Y2 =¥ =~

(19.11)

Lcc:)se(.‘;r‘m('ya’) {19.12)

Po

O day p, 1a trd khang séng cha dudng day, d 1a do dai cia doan day truyén séng ,v

12 hang s6 truyén lan phuc.

Ap dung (19.10) ta viét phuong trinh mach diéu d6i vdi cic ting:

S A7 SR SR% S g I
Iy =yaV +y2Vs = vV + 912V

Tang I: I T !
Iy =y V] +yuVs =y +ynY
1=y vl = ity 43y
Tang IT: 1;; 272 N 2 (19.13)
"2 _y21vl +V2'>V =¥ 1V|+"22V2
1N= NVN+ NVN: NV;_ + NV
Téng N: 1N )’; 1N h; 2N Y1A|{ N—1 )’1; N
Iy =y Vi +ynVs =y Vv + 950V
Tai cdc ntit, ta c¢é phuong trinh mach dién duge viét nhu sau:
1, :-(1,”+1§)
({m )
(19.14)
Iy =—1y

Sau khi xdc dinh duge dong dién trong cdc chan t (theo cic cong thiic 19.13) va
(19.14), ta c6 thé dua anten loga — chu k¥ vé mo hinh don gian gém céc loga — chu ky
vé m6 hinh don gidn gém cédc chédn tir ¢6 do dai thay déi /, dat song song cdch nhau
nhimg khodng cdch nhat dinh doc theo truc z & cdc vi tri ¢6 toa d6 z, (hinh 19.18). Mébi

chan 1t dugc i€p dién bdi mol
nguon riéng biét ¢6 sic dién dong
V,. Céic kich thude {, va toa do z,
dugc xdc dinh khi cho trudc cic
thong s6 cua két cdu nhu chu k¥ 1
cdc géc moé o (xem chuong 14)

Hé phuong trinh Kirchhoff d6i
vdi hé thong N chin ta ghép khi ¢6
tinh dén anh hudng tuong hé cla
cdc phan tir duge vict dudi dang:
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=X, 2 g=a
R e
Z, «.__Z_g_ Zn
zn _I o -

o

L

Hinh 1918,



Z“}rl +212]2 +"'Z]A‘r1N = 1’!'

Z2|]I +222)’2 +"'Z’2,’\"1N = V2 {19 lﬁ)

Lo + Zyady + . Zyly =Vy

Céc bude tinh todn thuan déi véi mo hinh anten loga — chu ky néu & trén ciing twong
tw nhir cac budc tinh todn déi véi anten din xa da khao sét trude day.

Buge I Thay (19.13) va (19.14) viro (19.15) s& nhéan duge hé N phuong trinh méi.
Giai h¢ phuong trinh vita im duge s& nhidn dugc N nghiem V,, V,,..V,. Thay cdc
nghiém nay vao (19.13) va (19.14) s¢ xdc dinh duge dong dién trong céc chan tir /,,
Iy

Bue 2: Theo céc tri s6 dong dién dd tim duge, tinh ham phuong huéng clia anten
trong hai mat phing chinh theo cong thiic: '

Trong mit phang £/ (mat phing yoz)

N 1 —cos ‘T;_: . y

f(E}H )= Z(__l)n 1” _H_:e:kz” cos (19.16)
1 sin - ¥

2
Trong mat phiang £ (mat phang xoz)
N cos[ ki” sin0f ] —cos o | .

f(e.’i )= Z(_l)n 1” enl'z,, cos (19.17)

I sin -2-”-cos of

¢ day, 65,67 1a gée hop bdi hudng khao st va tryc z trong m&i mat phing £ va H.

S6 hang (-1)" dua vao cdc cong thifc trén [a d€ hiéu chinh dau clia cdc dong dién do
mac chéo doan day truyén séng giita hai chin tir. That vay, do cdch mic chéo nén dong
dién ¢ hai chan tir lién ti€p nhau (dong nay nhan duge khi giai cac phuong trinh & bude
1) can phai ¢ ddu ngugc nhau.

Bwoe 3: Biét céc dong dién va dién dp 1, V,, s& xdc dinh duge téng trd vao clia céc
chan tr.

Z, =4 (19.18)

Zyy=—= _n 19.19

i I Vo +vhY, ( !

Bt todn xdc dinh cdc thong s6 t8i wu cua anten loga chu ky dugc gidi quyét bang

cdc 1ap lai nhiéu lan cdc bude 1 va 2 (bién ddi cdc thong s& hinh hoc cia anten) dén
chimg nao dat duge cdc chi tiéu chat lugng t6t nhit.
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Hé s6 dinh hudng cia anten c6 thé duge xdc dinh theo cong thifc gin diing

41
De——— (19.20)
E H
el!2elf2

trong doé Gﬁz va 9{‘;2 la d6 rong clia géc. nira cong suat trong mat phang E va mit
phang H.

§19.5 ANTEN SONG CHAY

So dé clia anten duge v& & hinh 19.19, két cdu anten 12 mét tap hop N chan tir doi
ximg ¢ do dai thay doi, dat cdch déu nhau nhilng khoang d va duge cap dién bdi dudng
fide song hanh chung. Khéc véi trudng hop anten loga — chu ky, & day dudng day truyén
song giita hai chan tir khong mic chéo va diém ti€p dién lai ¢ vé phia chan ti c6 do
dai 16n.

Nguyén 1y lam viéc cha anten la nguyén 1y  pi.
bitc xa cGa hé chan tr song song ¢6 géc pha U
dong dién bién déi theo quy luat séng chay @t
(s6ng cham). Qua phén tich di cho thdy, dudi lJ
tac dung cta dién 4p soéng chay trong dutng L
day va dusi dnh hudng clia trudng bic xa cha

cdc chan tl, dong dién toan phin dugc kich

thich trong céc chin ur s& ¢6 pha bi€n dét véi géc pha cham dédn vé phia cudi anten, theo
quy luat bién déi pha ctia séng cham. Do dé, biic xa ctia hé anten 14 bic xa truc, véi cuc
dai hudng vé phia cdc chan tir ¢6 do dai nhé hon, twong ty nhu déi véi anten dan xa va
anten loga — chu ky. Quy luat bién déi géc cham pha gifta cdc chan tir (hay hé s cham
cia van toc pha) phu thudc vao khoang cich giita cdc chén (i, do dai cdc chan tir va anh
hudng tuong hoé gifta cdc chan t. Néu lya chon duge céc thong s& hinh hoc clia anten
mot cdch thich hgp thi 58 nhan duge cdc chi tiéu chat lugng cla anten cao.

Hinh 78.13.

Viéc thay déi do dai cha cdc chin tf nhim muc dich md rong dai tan cong tic cla
anten vua tudn theo nguyén ly trong ty (nhu da khao sat doi véi anten loga — chu k§),
vira tudn theo nguyeén 1y bi€n dai tir tir tr& khdng sdng clia hé théng cham dé giam séng
phan xa tit dau cudi anten theo nguyén ly phoi hop trd kKhang gilta hé anten va khong
gian tr do.

Khu vuc cic chan tlr ¢6 d¢ dai bang hoiic xap xi do dai cong hudng dugc kich thich
manh nhat, hinh thanh mt mién kich thich ciia anten (mién nay cé vai trd nhu chan tir
chu dong cua anten dan xa), va cdc chan tir con lai s& ¢6 vai trd clia chéan tir phan xa (khi
do dai chan tir 1dn hon d6 dai cong hudng) hodc vai trd clia chdn tir ddn xa (khi do dai
clta chan tr nho hon d6 dii cong hudng).

Nhu vay, anten song chay vira ¢6 vu diém dai tan s6 rong nhu d6i véi anten loga
chu ky, vira ¢6 wu diém hé s6 dinh huéng cao nhu déi véi anten dan xa.

B dai cac chan tir cha anten song chay duge xdc dinh nhu sau:
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I =1 —(nwl)d.tg% (19.21)

trong d6 , /, 1a do dai cha chan ur dai nhat (/. ). Thudng chon Lax = 0.6k .
n=12..N (N la s6 chan tir clia he). Do dai ciia chan ti ngén nhat (7, = [y) thudng
duoc chon bang 0,61

min

Bai todn thudn déi vai anten séng chay ciing giéng nhu bai todn thuan déi véi anten
loga - chu ky nhung cin luu § dén dac diém khdc biét giita anten song chay va anten
loga- chu ky dd ndi & trén.

Buce [: Tinh todn giong nhu d6i v6i anten loga — chu ky.

Bieie 2: Tinh ham phuong huo‘ng clia anten trong hai mat phang chinh theo céc cong
thite (19.16) va (19.17) nhung cidn lwu ¥ trong trudng hop ndy cdc chéan th khoéng mac
chéo nén 56 hang (-1)" khong can dua vao

ki,
N [~cos- o yf)
f(ohr): Z}v” k! 2 ()IK;HLOHH (1922)
1 gin L
2
ki - !
N COS( —--2-” sin 0‘5)—005 '{2“
fnEY _ il ) Q
7(e") 21,, o (19.23)

sin 2’-‘ cosBE

Birge 3. Tinh todn theo cdc cong thie (19.18), (19.19), (19.20)

Bai todn xdc dinh cdc thong s§ t61 uu chia anten séng chay ciing duoc gidi quyét
bang cdch Idp lai nhiéu lan cdc budc 1 va 2 (khi bién déi cic théng s6 hinh hoc cua
anten) dén chimg nao dat dugc cic chi tiéu chat lugng cao nhat.

+

§19.6. ANTEN SONG CHAY CO PHAN TU GHEP (ANTEN XUONG CA)

So d6 clia anten duge vé & hinh 19.20. DS 13 mot tap hop cdc chan tir dai xung
(khoang 20 — 40 chdn tlf) mdc song song cich déu nhau trén mot dudng day fide chung,

qua cac phan tir ghép Zgy,- MOt dau cua anten néi véi mdy thu con dau kia duoe néi véi
tai thudn trd ¢6 gid tri bang trd khéng séng clia dudng day R, = p, DO dai cla cdc chin
tir thuting duge chon nhé hon mét nita bude séng cyce tiéu cha dai tdn cong tc
[.’ < ';'" ] Khoang céch gila céc chin tir d ~ 0,14, 0 day X, la budc séng trung binh
cua ddi tan (hoac budc séng tinh todn). Anten duoc dat song song trén mit dit ¢ do cao
H. D¢ cao nay duoc xdc dinh tir diéu kién dam bdo bitc xa cuc dai trong mat phang
ding. Do dii tong cong cia anten L = (3 +5}%q. Phén tir ghép ¢4 thé 1a dien trd hoac tu
di¢én. D€ tim hiéu nguyén 1y 1am viéc cila anten, ta khdo sat anten 1am viéc & ch€ do thu.
Gia sur anten dugc dit trong trudng clia séng phéan cuc ngang, truyén dén theo huéng 6

50 v6i truc anten. Dudi tac dung clia trudng séng t6i s€ xuat hién cdc ste dién dong cam
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ng ¢ cdc chan to. Cic siic dién
dong nay s& dugc dua vao dudng .
day truyén séng qua phan tlr ghép R
va tao ra dong dién cam Ung trong
dudng day. Cic séng dong dién
lan truyén v¢ phia (ai R, s& bi dién

tro hdp thy cdn cdc séng truyén zgﬁ[f ? ? ?T
{

lan vé phia mdy thu s& duoc cong
lai 0 dau vado mdy thu. Quan hé
pha cua cdc dong dién nay phu i
thuéc vao hudng cua séng dén.
That vay, sai pha cha séng dién ‘
do sai lech vé do dai duong di ca Hinh 19.20.
song truyén dén hai phan tir k&
nhau bang y,; = kd cos8, con sai pha cla séng dong dién truyén trong day fide giita hai
phan ur ké nhau bang v, = kd . Néu hudng song dén & vé phia tai R, thi hai séng dong
dien nay khi truyén theo dudng day tdi mdy thu s& cé géc léch pha bing

W=~y = kd(l—cosB) (19.24)

3 ddu vao mdy thu, cac dong dién s& duge cong vecto véi nhau, véi géc léch pha
glita hai vecto xdc dinh béi (19.24). D6 thi phuong hudng cha anten do d6 sé ¢é cuc dai
theo huéng 6 = 0” va anten thudce loai bidc xa truc (hinh 19.21).

D¢ tinh todn anten, ¢6 thé 4p dung hodc theo phuong phdp anten séng cham, coi tap
hop cdc chén tir a mot hé¢ théng chdm ¢6 hé s6 cham duge xédc dinh bdi céc thong s6
hinh hoc cua két cdu, hoac theo phuong phiap hé chan tlir ghép nhu da khao st déi véi
anten logd — chu k¥ va anten séng chdy Khi dy, so d6 twvong duong cla anten ciing ¢6
dang glong nhir & hinh 19.17 nhung cdn thay thé trong d6 (r& khdng mac & clra cic mang
2 clra 14 téng ¢ vao cla anten vh trd khdng ca phin tir ghép, con trd khang & dau cudi
ctia anten bang R,. So d6 tuong duong ciia anten dugce vé & hinh 19.22

T - L
2 z Z 2z

I ! I v N i Nt Ry
2 Igh zzgp, 27 .

Hinh 18.21. Hinh 18.22

Cac budc tinh todn anten ciing dugce thyue hién tuong tu nhu d6i vdi anten séng chay
khao sat & doan trén.
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Chuong XX
ANTEN DAY SONG CHAY

Anten day song chay 14 anten ma phén tir biic xa cla né la cdc doan day dan thiang
co dong di¢n séng chay.

§20.1. ANTEN DAY BON
Anten song chay day don la mét doan day déan thang, mot dau duge mac dién trd
phoi hop c6 gid tri hing tro khdng séng clia dutmg day (hinh 20.1a)
Trong phan ly thuyét anten chiing ta di khao sat biic xa ca mot day dan thang c6

dong dién song chay dat trong khong gian tr do v di nhan duge biéu thite coa ham
phuong hudéng dudi dang:

sin { kili (€ - cos 9)}

—2 (& - cos0)

F(0) = sin®

(20.1a)

trong do, L 1a d dai anten; & = £ ha hé s6 cham.
v

Néu van toc pha clha séng trén dudng day bang van téc dnh sang thi (20.1a) s& trd
thanh

sin[-% (1 - cos 0)]

?(1 — cosB)

F(0) =sinb

(20.1b)

D6 thi phuong huéng clia anten duge v& ¢ hinh 20.1b (trudng hop L = 1,54). Hudng
cuc dai cda do (hi phuong hudng léch véi truc day ddn mot géc 6,, theo hudng truyén
lan cua dong dién séng chay trén day. Phan tich (20.1b) cho thdy ring géc lech 0, sé
cang nho khi L/A cang 16n. Khi L/A ¢6 gia tri 16n, géc 8,, duge xdc dinh gin ding tir
diéu kién cuc dai cta t 6 ham t6 hop, nghia la tir diéu kién

sin [%(1 - cos0,, )} ~ 1
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Y

Tur cong thic rén ta thay rdng, néu L/A kha 1én thi gée 8, st it bién doi khi bude
song thay doi. D6 1a 1y do ma d6i véi cdc anten day song chay s€ khdo sét sau ndy cdc
day dancanco dodai L > (3 = 4) A,

Tir d6 1t ra: S (20.2)

Nhu ta thay o hinh 20.1, bifc xa cta day dén don c6 séng chay (khi day dan dugc
dat trong khong gian tw do hoac dat cao trén mat dat) khong phai la biic xa truc. Do dd,
viéc st dyng riéng ré mot day don c6 séng chay dit cao trén mat dat 1& khéng thich hop
$0 vGi cac yéu cdu thuc t€ cla ky
thuat thong tin.

Trong thuc t€, cé thé nhan
duge anten day don bic xa truc o 1807
khi dat anten rat gan mit dat (sat R=p
mit dat hay dudi mat dat). Trong
trudéng hop nay, day dan sé cam
Ung thanh phdn doc cha dién
truong (thanh phan nay xudt hién
do su nghieng ctia mat séng gay ra bdi mit dat ¢6 do dan hitu han — d6i véi séng trung,
song dai, va gy ra do séng t6i nghiéng khi phan xa tir ting dién ly — d6i véi séng ngéan).
Ham phuong huéng riéng clia phén tir anten trong trudng hop nay sé ¢6 dang cosin, va
thay vi (20.1) ta nhan duoc:

Hinh 20.1.

90‘"' 6" Ao
sin < (& — cos0}
F(0) =cosH (20.3)
ki,
(& - cosB)
2 1R0°4 6=q"

& day, 6 1a gée phuong vi clia diém khao sit so
vl truc day dan, tinh theo hudng séng chay trén
day; PN T ek
& la he s6 cham phu thudce vio cdc thong s6 clia
dat, chi¢u cao anten, va budc séng.

Hinh 20.2.
Do thi phuong hudng ciia anten trong mat phing ngang duoc vé & hinh 20.2.
§20.2. ANTEN HINH V
So dé cda anten duge v& & hinh 20.3. K&t cdu anten gém hai day don séng chay lam

thanh hinh chit V. Méi day c¢6 do dai L (L > 41), mot ddu duge mic dién trd phoi hop ¢o
gid tri bang tr6 khdng s6ng ciia dudng day, con dau kia duoc néi véi nguén (hoac tii).
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Néu ta chon géc giita hai day din bing 28,,,
trong do 8y, duge xac dinh bdi (20.2) va tiép dién cho
anten bai dudng day song hanh nhu v& & hinh 20.3 thi
buc xa cua anten s€ ¢6 hudng cyc dai tring véi dudng
phan gidc cla géc (hudng truc z). Pidu nay cé thé
duge giai thich nhu san;

Thtt nhat, n€u xét theo khia canh sai pha clia
truong birc xa cta hai day don do sai léch vé do dai
dudmg di cua tia thi theo huéng z, do sai léch nay
bing khong,

Thit hai, dé thi phuong hudng cila méi day déu cé
mat (trong $¢ hai) bilp séng ma-hudng cuc dai clia nd
song song vdi truc - (& hinh 204, hai bip séng nay duge ki hiéu la 2 va /), trudng bikc
xa thudce cdc bup song ndy lai dong pha nhau do diac di€m tiép dién tao ra. That vay, do
méi diy duge tip dién boi dong dien tir méi nhadnh ctia day song hanh nén sai pha cita
ching bang 180°. néu d€ ¥ ring truomg birc xa thuoe hai bap séng clia cling mot dé thi
phuong huéng trong mit phang khdo sat c6 pha khdc nhau 180° thi dé dang suy ra
truong btic xa thude cdc bap séng 2 va /' cha hai
day don s& dong pha nhau (xem minh hoa & hinh
20.4).

D6 thi phuong hudéng anten hinh V cé biip
song phu kha 16n. Dé dang thiy ring su cé mat cla
céc buc xa phu nay 1a do bic xa tr cdc bip séng /
va 2' clla moi day don gay ra.

Hinh 20.3.

+

Vi méi day don ¢6 do dai L 2 4% nén db thi
phuong hudng ctia né it bi€n doi theo budc séng. ) Tiep dien dong pha b Ticp dien nguac pha
Chinh vi vdy ma anten hinh V ciing 14 anten di
rong, hudng biic xa cuc dai chia né it bien ddi khi A
thay d6i trong mot pham vi khd I6n. Tuy nhién, anten hinh V ¢6 nhuge diém vé mat ket
cdu 1a tai phoi hgp clia né phai duge ndi dat bang mot doan day thing dimg, va dé dam
bao ti€p dét 16t can ¢6 mang day dat phan nhanh ¢6 kich thudc di 1én.

Hinh 20.4.

Dé tang h¢ 6 dinh hudng va khic phuc nhuge diém trén, ¢6 thé sir dung thém hai
doan day dan nita va bi¢n anten V thanh anten hinh trdm.

§20.3. ANTEN TRAM

Anten dugc st dung pho bién ¢ dai séng ngan. So dé anten duoc vE & hinh 20.5. Cic
phan tr cia anten 13 cdc doan day don dugc cap dién theo ché do séng chay. Chiing
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duge x&p dat trong cling mot mat phéng ngang tao thinh hinh trdm; mét trong hai géc
nhon cua trdm duge ndi vét mot dién trd phdi hop co gid tri bing S khang séng cia
anten, ¢On dau kia duge noi véi ngudn (hoac tdi). Nhu vy, anten tram ¢6 thé duge coi 1a
tap hop cta 4 day don séng chay, vét hudng séng
chay tir nguén vé phia di¢n tr& phoi hop.

Ciing ti€n hanh phan tich nhu déi véi anten
hinh V, ¢6 thé thay ring néu lya chon thich hop do ¢ ER o
dai cic canh va do 16n cac gbée cla trdm thi theo
hudng dudng chéo 16n sé nhan duge bic xa déng
pha cua cdc canh va d6 thi phuong hudng anten sé&
d:c_lt duge cue dai theo hudng nay trong moét dat tan Hinh 20.5
rong. '

Ham phuong hieong cha anten trdm trong mat phéng ngang vi mit phang dimg khi
khong tinh dén ton hao trong cic day din duge x4c dinh theo cdc cong thic sau:

| cos(D + o) cos(® - ) . kLo y
o= L “sin(® + 0) | 1 sin(® - (p)} Sm{ y [ sin(@ + (P)]}

x sin {%[1 - sin(® — (p)]} (20.4)
> . cos d . {;’d : :l . :
F(A)Y = f/(A) £(A) £,{A) = ——————sin” | — (1 — sin ®cos A) |sin(kH sin A)(20.5)
1 —sin®cosA 2

trong d6, L - d6 dai méi canh hinh tram;
2@ — gbe th caa trdm;
¢ — gbc phuong vi clia diém khao st (trong mat phang ngang) tinh tir dudng
chéo 16n;
A - géc ngang cha diém khao sat (trong mat phing ding) tinh tir mat dat;
H — do cao dat anten trén mat dat. '

Nhu ta di thay tir cic cong thie (20.5), ham phuong hudng cha anten trong mat
phing ngang phu thuge vio do dai L va gée th 20 clia trdm; ham phuong htr(mg trong
mat phdng ding ngoai su phu
thuéc vé1 L va @ con phu
thuéc vao H 1a doé cao dat
anten. D6 thi phuong hudng
cha anten trong hai mat phing
ngang va dung dugc v& &
hinh 20.6.

Trong dii séng tr 0,72, a) Trong mit phing ngang b) Trong mat phing ding

& ! _ E1d &P

den 24 14 bude sén ac
en 24, (4, 12 gm Hinh 20.6.
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dé anten ¢6 céc chi tiéu 6t nhat), mic bic xa phu co thé 1én 5i 0.4 + 0,6. DS 13 mot
trong cdc nhuge diém ciia anten tram.

Trdt khdng bite xa cia anten tram cé thé duge tinh todn theo phuong phép stic dién
dong cim tng. Gid tri gdn ding cha dién trd buc xa (khi khong xét dén ton hao), 1inh
theo dong dién & diém giita clia canh trdm (vi tri gée ) sé duge xdce dinh theo cong thiic

sin2kL
2kl }

Ry = 240[() -1+ In2kl — Ci2kL + (20.6)

trong d6, € =0,5772 1a hing s6 Ole.

Dién trd bdc xa cla anten trdm c6 gid tri bién déi trong khoang 800 + 500 €2 khi
budc séng bién ddi trong gidi han (0,8 + 2,5) &,

Hi¢w sudt ciia anren duge xdce dinh (theo dinh nghia) bang ty s¢ cla cong suat bic
Xa Py va cong sudt vao P..

Gia sir bién d¢ dong dién trén cédc canh cua trdm bién doi theo qui luat
L ox
I.=1¢
trong do, o 12 hé sG suy giam cla dong dién do hiéu ting bitc xa. Ta ¢é thé tinh
hiéu sudt clia anten sau khi xdc dinh duge a.

Coi dién trd vao cta anten bang tr Khang song p,. ta tinh duge cong suat vio

5

P =—=p. (20.7)
27
Cong sudt bidc xa cha anten khi tinh theo dong dién & diém giifa cla trdm (tai x = L)
s€ bang _
I{? =2uf
P, = ?e R, (20.8)

trong d6, Ks dugce xac dinh theo (20.6).

Coi cong sudt ticu hao trén anten chil yéu 14 cong suét tiéu hao d dién trd phoi hop
ddu cudi (R, = py). ta co:

2
-4l

By = e, (20.9)

Theo nguyén 1y can bang cong suat, khi khong xét dén ton hao trén duong day, cé
thé viet

P,=Ps+P, (20.10)
Thay (20.7) + (20.9) vao (20.10) s€& tinh dugc

L = 2sh2al (20.11)

Pa
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Khi a nho, ¢6 thé tinh gan ding sh2al =~ 2l vi ta cé
R,

o= —= (20.12)
4Lp,
Hi¢u suét coa anten trdm dugc x4c dinh bdi
— _}_DL - &e 2iaf, .
S
Néu d€ y dén quan he (20.11) thi & tinh duge
n=1-¢ ' (20.13)

Nhu vay, o c6 gid tri cang 16n thi hi¢u suat cang cao. Thuc nghiém di cho thiy hiéu
sudt cua anten trdm dat duge khodng 0,5 + 0,75, nghia 12 ¢6 t&i 25 + 50% nang luong bi
tiéu hao trén dién tr&s phoi hgp R. Khi anten 1am viéc & ché do phat véi cong suat phat
lén thi néng lugng tiéu hao nay rdt dang k€ va khi ay dién trd phdi hop phai duoc ché tao
dac biet d¢ ¢6 kha nang chiu dung cong suat 16m. Trong thue t&, dién trés phoi hgp R doi
vGi anten lam viée & ché do phdt thudmg duoc thuce hién duéi dang moét dudng day song
hanh lam tir day hop kim ¢6 dién trd suat 16n (xem hinh 20.7). Néu tré khang séng cla
dutng day bang tré khdng séng cia anten thi dong dién truyén dén dau cudi cla trém s&
lién tyc truyén qua diy song hanh va s bj tiéu hao dudi dang nhiét trong qud trinh lan
truyén trén day.

Hé s6 dinh huing cha anten trim c6 thé dugc xdc dinh theo cong thitc gin ding
(khi1 coi dat dan dién 1y tudng).

L2ul

2
€ cos” @

A
p.(l—e Yy (1 - cos Asind)’
A

D = 7680

x sin’ [%(! - cosAsin(D)]sinz(kHsin A) (20.14)

H¢ 50 1dng ich cla anten trdm (so vdi chan tlr nita séng) duge xdc dinh theo cong
© e e D
thitc d bigt e = —

Cac kich thuoe ciia anten tram (L, @, H) s& duge lua chon thé nao dé dam bao
cuong do trudng & di€m thu dat duge cac dai (Gng v6i gée ngdng A,, cho trude). Nhu
vay, viéc lya chon cdc kich thude t5i wu cha anten can xudt phét tir diéu ki¢n cuc tri doi
v6i cdc thanh phan bién déi theo géc toa do clia hiam phuong hudng (20.5) ng véi Ay,
dé cho.

Diéu kién d€ thira s6 cudi ciing trong (20.14) cue dai la

2n s
—HsinA,, = 5

£F

Tir d6 suy ra do cao t6i vu cha anten
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A

H=—" (20.1%
4sinA,

Diéu kién cuc tri cla thira s8.thy nhat 1a

_({__ cos® =0
dP| 1 -sindcosA,, T

Tir d6 suy ra duge gée tot nhit cia trdm

q):%—AM (20.16)

P dai t6t nhat cta canh trdm ¢6 thé duge xdc
dinh tir diéu kién cuc dai cla thira 56 tha hai trong
(20.14)

Pruimip Jay Tidp thu

.| kL , 8

sm[—(l — sin@®cosA,, )] =
2 2 Teri midy phit (tha)

Tir do suy ra Hinh 20,7

A

= — _ (20.17
2(1 — sin®cosA,;)

Géc bitc xa cuc dai Ay, cia d6 thi phuong hudng trong mat phang dimg dugc xdc
dinh tir diCu kién truyén lan ctia séng trén tuyén thong tin. Khi s&r dung anten tram trong
thong tin song ngan, gée ngdng A, duge xdc dinh bdi cy ly théng tin va do cao cla tdng
dién ly phan xa sdéng:

Vi du, khi cu ly I6n hon 1500 + 2000 km, thudng ldy A, = 8 + 15°. Vi gid tri A,
nay, nhd cic cong thirc (20.15) + (20.17) s& nhan dugce cdc kich thude t6i wu cia anten
nhur sau;

H=3%,0=75,L=74x,

LU

Tinh todn va thyc nghiém did cho thdy rang, khi e
gidm do dai cla canh trdm di 1,5 + 2 14n so véi kich §—=—=— "“f“—j
thude 161 wu thi dic tinh dinh hudng cha anten ciing H—\:“%‘;:;:iff’“ﬁ?:
khong bién déi ddng ké. Vi vay, dé anten bét céng e —r—

kénh c6 thé chon I = 4% . Khi dy, dé thda mén (20.17) et

cdn 18y ® = 65°. Do d6 c¢dc kich thude t6i vu clia anten £ ‘|—: —

dugc chon 1a @ = 65°, L= 4h, H =1, L T ‘
Véi cdc kich thudc ndi trén, hé s6 tang ich cia r - —

anten trong dai séng tix 0,8}, dén 2, s& bién déi tir 50 ’

dén 15. Hink 20.8,
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Két cdu thie 16" cita anten trdam duoe vE & hinh 20.7.

Trudng hop anten duge két cdu bang cdc day don nhu v& & hinh 20.5 thi 1o rang 1a
do khoang cdch gifta cdc canh clia trdm khong déng déu (tang din & phia giita clia trdm)
nén trd khang séng clia anten cling khong déng déu. That vay, trd khing séng cla dudng

s D . . . .
day song hanh dugce xdc dinh theo cong thic p = 276log— (vdi D 1a khoang céch giita
a

hai day, « 1a ban kinh day dan). Su khong déng déu cla trd khdng séng sé dan tdi su
phoi hop khong hoan hiao d€ dam bao ché d6 séng chay trén anten. Viée lam déu trd
khdng séng ciia anten ¢6 thé duoc thuc hién bing céch thay déi két cdu clia canh trém
nhu vé § hinh 20.7. '

Vé nguyén 1y, viéc ¢hé tao mdi canh cua trdm bang hai day din va m& rong dédn vé
phia gitta twong duong véi viéc ting bén kinh so véi khi ding mot day dan don. Bing
cdch nay da thuc hién duge viéc san déu trg khdng sdng cta anten (tir ddu vio t6i ddu
cudi mac tai phéi hgp) véi gid tri khodng 700 6m trong mot dai tn khé rong. Anten
trdm trinh bay & trén ¢6 nhuge diém 1a mic biic xa phu khd 16n. chiém dién tich réng va
hi¢u suét thap. Tuy nhién, anten c¢é wu diém dac biét 1a dai tan rong, tiép dién don gian.
Npuyén nhan chi yéu dan dén hi¢u suél cla anten tram thap 1 do c6 sif tiéu hao nang
lugng trong tai phdi hop & ddu cudi. D€ khic phuc diéu nay cé thé sir dung anten tram
v6i mach hoi ti€p dong pha. Khi dy, ddu cudi cla trdm s& khong mic dién trd hoac
dudng day hap thu ma duge néi véi mét dudng day phéi hgp dé dua phan nang lgng dur
thira quay tr¢ lai dau vao ctia chinh anten &y (hinh 20.8b), hoic dua trd lai cung cap cho
mot anten tram thet hai ghép song song v&i né (hinh 20.8a). Tat nhién dudng day fide
hoi tiép phai dugce tinh todn the ndo d€ dam bdo sy déng pha clia nang luong hdi ti€p va
nang luong cung cip & dau vao.

D¢ nang cao chi tizu chat lugng cia anten c6 thé thiét lap anten trdm kép.

Anten trdm kép 1a mot t6 hop cua hai trdm don dic cdch nhau mot khoang d trong
mat phing ngang, doc theo phuong dung chéo nhé ciia trdm (hinh 20.9). Hai trdm dugc
mic song song v&i nhau va do dé chiing dugc tiép dién déng pha. Trudng bic xa cha hai
trim s& dugc céng dong pha vdi nhau theo hudng truc 16n cGa méi tram, nghia la theo
huéng bitc xa cuc dai clia moi trdim don (vi & hudng nay khong c6 sai pha do sai léch
duong di). Con ¢ cdc hudng khic trudng s& bing tong vécto trudng bitc xa clia mbi tram
don, vGi gbc pha giita ching duge xdc dinh boi do sai léch do dai duong di cha tia. Vi
khodng cdch giita hai trdm béng d, ta c¢6 thé coi khodng cdch giita hai tam pha ciing bang
d va do dé & hudng ¢ (¢ 1a géc phuong vi ctia diém khao sét tinh tlr huéng blic xa cuc
dai) s&€ nhan dugc sai pha ciia trudng bic xa tir hai trim bang

Ay = kdcoseg

Néu lya chon duge khoang cdch d thich hop, sao cho theo hudng ¢, triing véi

hudng cuc dai phu cla méi trdm c¢6 sai pha bang (hoidc gin bang) 180° thi bixc xa phu
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cta hai trdm s€ triét tiéu nhau va dé thi phuong huéng clia anten tram kép s& c6 miic bic
xa phu nho.

Anten tram kép cing c¢6 hi¢u suat cao hon anten trdm don. Thit vay, vi hai trdm
duge mic song song nhau nén trd khang séng anten giam di hai ln so véi anten trdm
don, khién hé s6 suy giam dong dién (suy giam do hiéu ing biic xa) cling tang theo
(theo cong thac 20.12). Hiéu sudt cia anten trdm kép ¢6 thé dat t6i 65 + 85%. He s6
tang ich cua anten tram kép tang 1,5 + 2 {an do viéc giam mic bifc xa phu va ting hiéu
sudl cua anten.

oy

.

o iy

|

Hinh 20.9. Hinh 20.10.
D¢ tang hon nifa hé 6 tang ich cia anten trdm c6 thé dung hé anten trim ma dién
hinh 12 h¢ hai trdm kép ti€p dién déng pha nhu v& & hinh 20.10.

Viéc tdng hudng tinh khi tang s6 phdn t&r bic xa déng pha va tang kich thudc
(khoang cdch gifta cdc phan tlr) cia anten da duge nghién citu trong 1y thuyét anten, &
day khong cén giai thich thém.
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Chuong XXI1
ANTEN VONG

- ________—— —— __________—————— _____ _———————— ———— ———————————————————

Anten vong la loai anten ma phan tr biic xa co ban cta nd R cde vong day ddn o
dong dién song ditng. Cac vong day dén nay ¢6 thé c6 hinh dang khic nhau (vuong trdn,
tam gidc...}, ¢6 hoac khong c6 16i tir tinh, v duge quan theo cdc cach khdc nhau. Tay
theo kich thude va két cau cu thé ma anten ¢6 cdc tén goi riéng: anten khung nho, anten
khung 1dmn, anten tir,...

§21.1. ANTEN KHUNG NHO

Anten khung nho 1a anten duoe cau tao tir mét hoac moét s6 vEﬁng day dan lam thanh
mot khung ddy ¢6 bdn kinh rdt nho so véi bude séng. Anten khung don gidn nhit [a loai
chi ¢6 mét vong day. Theo Iy thuyét anten thi vong day ¢é kich thudc rat nhd so véi
bude song duc_ic cot la mot vong dién nguyen 16, nd ¢d cdc tinh chit twong duong véi
mot dipol tir. Nhu déd khao sdt trong phdn "Ly thuyét anten”, trudng bic xa clia dvong
dién nguyén td duge x4c dinh boi \

)
'

okR f
E, =301 k*na® sin®——-
R a) ¢
Ham phwong hudng cila trudng bitc xa c¢é cuc dai theo phuong “
k¥

nam trong mat phiing vdng day, va bing khong theo phuong vudng

2G¢ véi mat phing vong day (xem hinh 21.2). Pién trd bic xa cla
vong day 6 gid tri rit nhé [Ry = 3207 (S/A%)%]. Vi vay loai khung P
nay thuong chi duge sir dung lam anten thu. Ta hiy tinh sitc dién
dong thu duoc trong anten khi nd duoge dat trong trudng cla sdng

tdi. Gia sir vong day c6 dang tron va song dén nghiéng mot gée 6

so vai truc vong day nhu vé ¢ hinh 21.1. Theo dinh luat cadm tng dién tir, ta ¢é siic dién
déng cam dng trong vong day bang:

£

Hinh 21.1.

Fo 49 1.1y
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trong d6, @ = pHSsinb la tir thong xuyén qua vong day;
§ la dién tich vong day;
1 1a gid tri e thoi cha cudng do tir trudng;
p 1a 6 tir tham hiéu dung clia méi trudng (néu 181 vong day 1a khong khi thi
H = W, cOn néu la vat ligu tir tinh thi p 12 do 11t thdm hiéu dung’” ciia 161),
Gia sur trudng bién thién diéu hod theo thdi gian va duge bidu thi bai
H = He™

trong d6 A 13 bién do phuc ciia cudng do ti trudng.
Ta c6 bién do phiic cua sic dién dong cam tng trong vong day bing
¢ = ~imuSH sin® (21.2)

- *oa ¥ E s . ¥ - - 3 . -
Néu de y rang H = DT trong d6 W, la tro khing séng cda khéng gian tu do, ta ¢6:

i

e=—i2M sEging (21.3)
W

£r

Trong trudng hop tdng quit, do tir thdm hiéu dung clia moi trudng dugce biéu thi béi

M= “lhuu
trong d6 ', 1a do tir thim higu dung twong doi, (21.3) duoc viét lai dudi dang
é=—ip, 2o S sing (21.4)

7

Néu dé y ring o, = kW, , véi k = 2% . ta cé:

¢= —ip, kSE sin®
Bién d¢ sirc di¢n dong ¢6 gid tri bang
e = N kSEsin® (21.5)

Trudmg hop anten khung g6m cé n vong day thi stic dién dong cam ung nhéan dugce
S€ 160 gap » lan sic dién dong cam dng clia mot vong day:
e = ' nkSEsin0 (21.6)

Ham phuong hudng anten o6 dang F(6) = sin6. D6 thi phuong hudng ciia anten
duge v& & hinh 21.2.

Bi¢n do sic dién dong cuc dai s& nhan duge & huéng 6 = 90°
€mux = W tkSE (21.7)

*) Khdi nigm d¢ tir tham hicu dung s& duce trinh bay 16 hon & phén sau,
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DO ddl IgU Aung cud anten, 1Neo amnn NgRta pang Ly 50 cua suc dicn 4ong 1 dugce
¢ hudng cuc dai v cudng do trudng & diém dit anten. DG véi
anten khung ta nhan dugc.

L= Wy nkS (21.8) , /A\ﬁl\ /’_“““-\

Ta hdy khao sat moét s6 trudng hop rieng. | '-
Viong ddy 161 khdng khi hode 161 dién moi, P61 véi khéong khi N\ _',// N /
hodc cdc vat ligu dién moi khéce, ¢6 thé coi gan ding p'), = 1. Tu
{21.7) va (21.8) s& nhan duge suc dién déng cam ing va do dai

: Hinh 21.2.
hiéu dung

e . = nkSE
' {21.9)

L, = nkS
Thudng, vong day dugc méac véi ty dién chuan C tao thinh mach cong huéng vao
coa mdy thu. Khi &y, dién dp cuc dai thu duge & cuc clia vong day (diém z-a'. hinh
21.1a) s€ 16n hon @ lan stic dién dong cuc dai e, emax:
U =0¢.,. = knSQE, (21.10)
trong d6, O 1a hé s6 pham chat clia vong day.

L
Df} dai hi{:u dl_lng clia anten [l'Oﬂg [l'UE)'ﬂg hUp ’------------—--—————---{———-—— ___ h ui
nay ciing tang lén Q lan. | [T - .
U . ‘_. Id ;X 21 ‘\\ ’ ' -"/\\".
I‘hd = m:l‘!: - kH\SQ (2 l . l l) d b l,l'lf I/l’:' ['( ;! Illr .'I. i I-\ /{.l
F b || SEs ! e
Vong dday Ioi nr tinh. S6 d6 cha anten vé O & 5
hinh 21.3.
Hinf 21.3.

Uu diém chia loai anten ndy so vdi loai khong
6 18 hodc 161 dién moi 12 do do tir tham hiéu dung cha 16i 16n (W', > 1) nén tit thong
xuyén qua dién tich vong day sé tang p', l4n; diéu d6 dan t6i sic dién dong thu dwge o
anten va d¢ dai hiéu dung cla anten ciing tang p', 1an. L&i ti tinh thudng duace st dung
14 161 ferit, do tir thAm tuong d6i p' cla ferit ¢ thé dat téi vai trim hoac hang nghin lan.
Do tlr tham hi¢u dung clia 18i 13 dai luong phu thudc vao hinh dang, kich thude cia 131,
vio do tir thdm tuong d6i ) cha vat ligu, va phu thude vao tv 56 clia db dai cuon day vdéi
do dai toan phin cua 161 L:
e = Mabes (21.12)

trong dé, m, la hé¢ s6 phu thude vio ty sO ciia T duge xdc dinh gan ding theo cong

thacm, = 1 - 0,3 //L;
1. 12 he s6 tir tham cua 161, duge xdc dinh theo cong thic
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T

_ u
[1+ @ -DN]

G day N la mot he s6 phu thuéce vao kich thude va hinh dang ca 16i.

,(21.13)

-

Thuong, chi v&i mét s6 15i ¢6 hinh dang dac biét (vi du 13i hinh elipsoit) thi viéc
tinh N mat thuan loi, con da s6 cdc truong hop chi ¢6 thé tinh N mot cich gin ding.
Riéng dot vdi 16i hinh try thi khi 4p dung cac biéu thitc clia 151 elipsoit ciing cho ta két
qua khéd phii hop vdi thuc 1€.

Hinh 21.4 v dé thi quan hé clia do tir thdm cha ' w1
161 véi cdc kich thude ciia 161, d6i véi truong hgp 151 w =5°“>& 300
.. . . . . 120
elipsoit, trong dé N dugc tinh theo cong thifc: éad / < o
—l_ez(llnl” (J 2114y = —
-T2\, : ]
2 2 ] ]
— d i . 4i}
trong do, ¢ = Lz——) la suat Iy thm cha s o
L
elip; L va d la dudng kinh 16n va dudng kinh nhd 0 X 16 24 Hd

cua elip.

Viéc tng dung IGi tir tinh d6i véi anten kKhung Hinh 21.4.
cho phép nhén duge do dai hiéu dung cua anten du lén khi sit dung khung c6 kich thude
kha nho.

§21.2. ANTEN KHUNG €O VO BOC KIM

O trén ta d3 chiing mirth rang gian dé hudng tinh ctia anten khung nho 1a gian d6 ¢6
dang hinh s6 8 d6i xing, véi hudng khong 1a hudng vuéng géc véi mit phang clia
khung. Trong thuc t€, d6 thi phuong hudng cia anten cé thé bi méo dang néu su d6i
xung vé dién tinh ciia khung bi vi pham. Hién twong nay duge goi 13 hidu iimg anten cia
khung. Hi€u ting néi trén s¢ xay ra khi khung dugc dat khong déi xing, nghia la khi cdc
nira doi xing (vé két cdu) ciia khung cé dién dung phan bé khong déu nhau déi véi cdc
cdu triic xung quanh (nhu vo mdy, mat dat hay mat kim loai, hodc cdc vat lan can khéc).
Khi ay cdc dong /,, I, chay theo cic nifa clla khung sé& c6 bién dé va pha khdc nhau
(hinh 21.5a). Diéu nay c6 thé duge suy luan nhy 1i khi & hai nita ctia khung 6 céc dong
cing pha va ngugc pha nhau tic dung déng thoi (xem hinh 21.5b). Gid tri clia cic dong
nay duoc xdc dinh tir hé thic

In=lpg + 1 3 12 =1y — g

Ttr d6 suy ra:
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| [;. ;J

f’ng = —é“— . !(‘g = = >

Dé dé dang suy ludn vé dnh hudng clia cdc dong khong can bing /1, /2. ta gid thiél

khung 1am viéc ¢ ch¢ do phat va duge kich thich bdi ba nguén sic dién dong (hinh

21.5¢). Hai nguén e, s& gay ra trong hai nhanh clia khung céc dong ;’,;g nguge pha
nhau. D6 thi phuong hudng cia khung (do céc dong nguge pha kich thich) sé ¢6 dang s6
8 d6t xdng nhu déi véi khung ¢6 déi xing dién tinh. Ngudn e, s& gay ra cic dong }{-g
cling chiéu nhau trong hai nhdnh ca khung va dé thi phuong hudng cha né sé 1a dé thi
phuong hudng cua hai chan t déng pha dit cich nhau mot khoang cich d. Vid << &
nén d6 thi phuong hudng trong mat
phing ngang sé c6 dang gan nhu (ron.

D6 thi phuong huéng tong cong
cua khung do dé s€ bi méo dang.

Dang thuc 1€ cta nd phu thude vao

My thu My rhi

quan hé bién 4 va pha cua cac dong a) by

fng va [eo. K& qud, huong khong Hinh 21.5,

ciia do thi phuong hudng cing sé

bi¢n d6i va néu sir dung anten dé 1am thiét bi tim phuong hudng thi két qua do lutng s¢
thi¢u chinh xdc (do huong kiréng bi troq).

C6 thé 1ap luan rang su khac nhau cla cdc dangong [y v /2 trong hai nhdnh cia
kKhung chinh la do su hién di¢n cua cdc dong-clung pha. Vi vay, mudn khir hiéu ing
anten cdn phai triét tiéu cdc dong nay.

Mot trong cac bién phap ¢é hiéu qua dé triét tiéu cdc
dong cung pha 1a boc khung day dan biang mot vo kim loai,
vo nay cé khe hd & phia trén nhu vE & hinh 21.6. Séng dién
tlr truyén i anten s€ cam dng [én vo clia khung céc dong
dién ciing pha va nguge pha. Nhung chi cac dong nguoc pha
mdi tao ra hiéu di¢n thé€ & khe hd (giita hai diém a-¢’. Dudi
tdic dung ctia hi¢u dién thé nay, ¢ mat trong cia vo khung
cling & xudt hién cac dong ngugc pha va dong thoi sé xuat
hién cac dong nguge pha ¢ khung diy dan bén trong (do su
ghép dién ). Hinh 21.6.

Vo kim foui

Khung iy

LN . N S
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§21.3. ANTEN KHUNG LON

Anten khung 16n 12 anten khung ma kich thudc twong déi clia né so véi bude song
khong nho hoac khong qua nhé (kich thude khung ¢6 thé so sanh duoc véi budic song).
Loai anten nay thuong duoc skt dung & ddi séng cyc ngan, mat phing anten dugc dat
song song véi mat dit dé tao trudng phan cuc ngang va buc xa vO hudng trong mat
phang ngang.

Ta hdy khao sdt mét khung ddy 1ron bén kinh a, ¢6 déng dién véi bién do va pha
khong bién déi doc theo khung day. Trudng bic xa cla khung day trong truong hgp
tong quat duge xdc dinh boi:

Wikk IR
E,= ----2"—J|(kasin0)e R (21.15)

Hinh 21.7 v& d6 thi phuong hudng clia anten tinh theo
cong thire (21.15) tng véi cdc gid tri k¢ khdc nhau. Khi ku /—--—\f{: TN RNV
<< 2, ta ¢0 hudng cuc dai cua d6 thi phuong huéng nim *_\ ; ) ‘—‘“——(
trong mat phang cda khung. Khi tang ban kinh khung, xa:in,a i /
hudng cuc dai clia do thi phuong huéng s& thay déi va tién
16i xuat hién nhiéu bip séng. S6 bip séng nguyén trong
pham vi cia mét gée vuong ding bang s& nghiém clia
ham Bessel (vi du, trudng hop ka = 6, s6 bip séng nguyén
trong mot géc vuong bing 1). Trong thuc t€, thudng sir
dung cdc anten khung ¢6 ka << 2. Hinh 21.7.

: <‘j{;\l§’? :

D¢ tang hé s6 dinh huéng clia anten, c6 thé sit dung nhiéu kKhung dat song song vadi
nhau theo phuong thing ding. Khi &y, dé thi phuong hudng cha anten trong mat phang
ditng s€ hep lai, con trong mat phang ngang gian dé hudng tinh anten van 14 vo hudng.,

D¢ thue hién thuc t€ cde anten khung ta cdn chd y rang khi d6 dai day dan cla
khung ca gid tri so sanh duge véi bude séng, (khi ¢ > 0,34) thi phan bs dong dién trong
khung s& tr¢ nén khong dong déu nita. Vi vay cin c6 bién phédp dac bict d& 1am cho phan
b dong dién duge déu dan hon.

Mét trong cdc bién phdp &y duge mod td & hinh

. . Ca . L
21.8a. O hinh 21.8a khung duge ché tao tir cic doan day P _

= 4 “r B . ‘y . g T et e,
dan va ching duge ndi véi nhau bing cdc tu dién ¢6 X //:f/ /'/___, i‘\\\\
dién dung dugce lya chon mot cdch thich hop. G hinh T :.I .;\ b
21.8b, anten khung dugc bi¢n dang tir chdn tir vong det, - AN 4
¢6 miic tu € & hai ddu chén tir. Trd khdng vao cia anten c6 7 ‘- (
gid tri khoang 30 — 40 6m. b &

Mot phuong phép khac d¢ nhan duge phan bé dong a) b)

di¢n déu la phuong phép ti€p dién riéng 1é cho tliing bo Hink 21,8
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phan cia khung. Khi ay ngudi ta chia khung ta thanh mot s6 doan, va dung cdc bién
phap dé thuc hién viéc uep dién déng pha cho méi doan &y. Do dai clia cdc doan cén
duge lua chon thé nao dé vira ddm bao dién trdf birc xa cha ching di 16n, vira dam bao
phan bo dong dién tuong doi dong déu trén méi doan. Hinh 21.9 vE mot s6 phuong 4n cu
thé dé thuc hién anten khung 16n. '
Ngoal cic anten khung vudng va khung tron
ma ching ta vira khao st & trén, trong thuc €
ngudi ta con dung cdc khung ¢é hinh dang khéc
nhu khung hinh tam giac, hinh trdm, hinh chir
nhat v.v... Anten khung ¢6 thé duge sir dung
trong thuc t€ nhu mdt anten doc lap, hoac dung
lam phan tir dé két cdu nhiing anten phifc tap. -
Mot trong nhimmg anten khung phuc tap 13 anten \\ 7
goniomet. Anten gdm hai khung ¢6 tam pha dat |
trimg nhan, mét phing cla hai khung vudng géc AN 2t
voi nhau trong khong gian. Thuc hién phuong
phap xir ly tin hiéu d&i véi cdc tin hiéu thu duge
tr hai anten riéng bidt, s& nhin dugc do thi
phuong hudng thich hgp diung dé xac dinh
hudng song dén trong k¥ thuat dinh vi va dao hang.

c) d)

Hinh 21.9.
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Chuong XXII
ANTEN XOAN

P ——

Anten xoan la loal anten ma phan tir bitc xa co ban cila né 1a cde vong ddy ddn c6
dong dién sdng chay. Trudng bifc xa cla anten xoin trong trudng hop téng qudt la
truong phan cuc quay. Anten xodn thudng duge 1ing dung trong dai séng cuc ngan, gém
nhiéu loai: xodn try, xodn phiing, xodn hinh chép v.v... Sau day s& khio sat nguyén 1y
lam viéc cau cdc loai trén.

§22.1. ANTEN XOAN TRU

Ket cau anten gom mot dudng day xodn dan dién va mot man chin kim loai (hinh 22.1).

Thong thudng anten duge tiép dién boi fide dong truc, 161 cha fide duge néi véi
duting day xoan, con vé fide n6i voi mat kim loai. Mat chin kim loai vira ¢6 tic dung
ngan dong di¢n chdy ra mat ngoai fide, vira c6 tic dung cia mat phan xa, lam gidm biic
X4 NEUQC cua anten.

Cac thong 6 hinh hoc dac trung cho anten xoén tru 1a bdn kinh «, budc xoan s
(hodc dg dai /, clia moi vong xodn va gée xoin ), va s6 vong N (xem hinh 22.1).

Céc cong trinh nghién ciu vé
dudng day xoan di cho biét ring,
trong trudng hop tdng qudt, trén
dudng day xoén tru cé thé déng thoi
ton tai mot s6 dang séng dong dien
v6i bién do khdc nhau va sé chu k¥
trén mot vong xoan khde nhau. Méi Hinh 2.1,
séng truyen lan theo day dan véi van t6c pha v hé sd suy giam nhat dinh. Tuy nhién,
vdi mbi anten ¢6 kich thuéc nhat dinh thi chi c6 mot dang séng trong s cdc song noi
trén chi€m wu the va dong vai tro chii y&u trong viée tao thanh dé thi phuong huréng clia
anten. Dang song c6 tdc dung chit yéu trong méi dudng day xodn phu thudc vio kich
thude trong doi ciia vong xoin so v6i bude sdng cong tic. Trong cdc phan khio sdt sau
day, ta ky hicu T, la cic dang séng (chi s6 ¢ = 0, 1, 2, 3... bi¢u thi s6 chu ky séng trén
méi vong day). v, 1a vin (6¢ pha clia cac song tuong tng. Ta cé thé phan biét ba ché do
lam viéc ciia anten xoan tru Ung vdi ba loai kich thude anten nhu sau:

_—
E’ \:///'%/ b

b}
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a) Birc xa ngang (khi vong xoan c6 do dai rdt nho so v6i bude séng cong tic /) <<
). Trong trudng hop ndy dang séng chi yéu trong duting dity xoén try 1a séng 7',. Séng
T viv cac s6ng bac cao khdc ¢6 bien do rit nho va suy giam nhanh nén khéng anh huong
dén ch¢ do bic xa cha anten. Séng T, truyén lan doc theo day dén véi van téc pha gdn
bang van téc dnh sang. Khi tang kich thudc ctia xodn dén mot gid tri nhat dinh thi séng
I', bi€n mat va s& xuat hi¢n s6éng bac cao»Gid trf gidi han ndy duge xdc dinh boi hé thitc
(ka)yy = — 2.1y
1 -sina
Vi vong xodn ¢6 do dai nho so v6i bude séng nén séng T, cé bién do va pha gin
nhut khong d6i trén mdi vong day. Nhu vay, méi vong xodn & ché do nay ¢ thé duge
xem nhu mét anten khung nho. Nhu di kha sdt ¢ chuong 21, blc xa cia anten khung
nho c6 cuc dai theo cdc hudng nédm trong mat phang cta vong day va bang khong theo
huéng vudng géc v6i mit phang cha vong. Do do, & ché do clia séng T, anten Xodn sé
lam viéc & ché do bic xa ngang vdi gian d6 hudng tinh v& & hinh 22.2a. Trong thiuc t€
anten xodn s& lam viéc & ché do bitc xa ngang khi chiéu dai ciia vong day nhd hon 0,654
(hoac A > i0a).
b) Bic xa truc (khi vong xodn ¢ do dai khodng mot bude séng: £, ~ 1). Khi tang
kich thudc vong xodn tt gid tri ka > (ka),,,, song T, s& bién mat va bit diu xuat hién
'song T',. Van téc pha cua séng T’ doc theo ddy xodn sé ting khi tang ka va tién t6i gia tri

bang van toc dnh sdng. Hinh 22.3 biéu dién sy phu thudc cha ty s6 ~ theo gia tri cua ka
-

doi vai truong hop séng 7, va T,. Khi ka = 1 (nghia (2 khi d6 dii vong xodn vao khodng
budc song) ta cd v, = 0,8¢.

V1 kich thudc vong xoan so sdanh duge vdi budc séng nén trong truong hop nay dién
trds biic xa cha cic vong day cé gid tri ddng k&, hiéu ing biic xa clia cdc vong day biéu
hién khd rd rét. Séng di¢n truyén tit ddu vao s€ duge bliic xa manh bdi cdc vong day
trong qud trinh lan truyén doc theo anten. Séng phan xa tir dau cudi ¢é bién do nho va do
do c6 thé coi gin ding dong dién trén anten 14 dong dién séng chay.

Nhu déd khao sat ¢ §16.3 chuong 16 (vé birc xa clia vong day dan ¢6 ddng dién song
chay), trong truomg hop nay ta sé€ nhan duge trudmg bifc xa clia mdi vong xoén 13 trudng
phan cuc quay, ¢6 cyc dai theo hudng vudng géc véi mat phang vong day. Mat khdc,
theo 1y thuyét clia anten séng chay ta ¢6 haim phuong huéng t6 hop cla anten ciing cé
cyc dai phiit hgp véi huéng truc. Do d6, ché do biic xa chung cha anten xoan véi séng T,
s€ la ch& do biic xa truc. D6 thi phuong hudng cla anten trong trudng hgp niy duge xve
¢ hinh 22.2b. Thuc 1€, ché do birc xa truc cna anten s€ duge thye hién khi 7, = 0,754 +
1.3% (hodc & = 5¢ + 8a).

c) Bitc xa xién (khi vong xoan ¢6 do dai 16n hon budc séng: /, >> 1). Trong trudng
hop nay budc séng 7, vi T') suy giam kha nhanh, dang s6ng ¢6 tic dung chu yéu trong
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anten s€ la cdc song bac cao hon: T, T, ... Trén méi vOng xoan trong trudng hop nay sé
c6 phan bo nhiéu chu ky séng. Do dé, tai cac didm déi dién nhau cha méi vong day,
dong dién ¢6 the khdc pha, déng thoi pha cla dong dién & hai di€ém ké can nhau trén hai
vong xoan ciing ¢6 thé khdc nhau. Tic dung twong hé cua cdc vong xan trong trudng
hop ndy sé lam giam dién trd biic xa ctia méj vong day, do dé anh hudng dén ché do
song chay trén anten. K&t qué 13 huéng bitc xa cuc dai cua anten s€ léch khoi huéng truc
xodn (xem hinh 22.2¢). Thuc &, ch& dé birc Xxa xién (hay bidc xa léch truc) cla anten
xoan s& x4y ra khi d¢ dai clia méi vong xoén 16n hon 1,54 (!, > 1,54 hode A < 4a).

Sau day s& khdo sdt k§ hon déc tinh bic xa cia anten xoén & ché dé biic Xa truc,

D¢ lam sdng 6 hon nguyén 1y 1am viéc ciia anten ta hdy bi¢u thi anten dudi dang
mot hé biic xa thang gém cac phin tir bic xa 13 cic vong xodn dit cdch déu nhau véi
khoang cdch s.

ot

D<<i ]_):i D>>-2L_ 0,9 4
n T s

TV

0.8 /]
é % 0’7
T I [ 0.6

0 02 04 06 08 10 12 ka

Hinh 222 Hinh 22.3.

Déi véi vong day phiang thi nhu da khao sit & phan ly
thuyét anten, dién trudng bitc xa chi cé thanh phin Ey, vado
d6 ham phuong huéng ciia vong day phang cling chi ¢6 thanh
phan f,(0). DGi véi vong day xodn, trudng bic xa trong
trudng hop tong qudt bao gém hai thanh phan 1A £; va E,
(xem hinh 22.4), va do d6 ham phuong huéng ciia vong day
xolin ciing ¢4 hai thinh phan theo toa do 8 va

o (8) = J_(kasin©)
foo! (22.2)
f(8) = J (kasinB)cosH
Ham phuong huéng t6 hop clia anten duge xdc dinh bai Hinh 22.4,
sin[N {kscosO + \p)}

sin B {kscosB + w)}
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trong d6, N - s0 phan tir cda hé (s6 vong xo0an);
s — khodng cdch giita hai phan tr (budc xoin);
W — g6c léch pha ctia dong dién & hai vong ké nhau;
6 — g6c hop bdi hudng khdo sat va truc xoan.

Biét rang biic xa clia mdi vong day ¢6 cuc dai theo huéng truc. Khi &y, dé dam bao
ch€ do biic xa truc cho todn thé anten thi frudng bitc xa cha méi vong day theo hudng
tryc can cé pha gidng nhau. Muén vay, dong dién trong hai vong diy ké& nhau cén c6
g6c¢ sai pha bang:

Y= 2—“\ + 27 (22.4)
Y

Mait khéc, sai pha dong dién gitta hat vong day phu thudc vao van téc pha ciia dong
dién truyén theo day xoin )
2n

¥ =

=—1 225
Kr o ( )
A’ = budc séng trong day dan ciia dudng day xoan:
I, — do dai clia mot vong xoan.
Theo hinh 22.1 ta x4c dinh dugc:
I, = s’ + 2na)’ (22.6)
So sanh (22.4) va (22.5) s€ nhan duoc diéu kién bic xa truc
I, = -é(s +), (22.7)

°

rong d6 & = -7%— 12 h¢ 36 cham cha séng truyén lan doc theo day dan.

bai véi dudmg day xodn try, gia tri cla & thudng nam trong khodng 1 + 1.4. Vi vay,
dé dam béo diéu kién bic xa truc déi véi anten xodn ¢6 bude xoin khoang tir 0,15\ dén
0,3%, do dai cia mot vong xodn ¢dn ¢6 gia tri khodng mot budc séng:

l,=X\, (22.8)
A — budc song trong khong gian tu do.

Nhu vay, diéu kién cuc dai cta ham té hop theo hudng tryc ciing phii hop véi diéu
kién bic xa cuc dai cia moi vdng xoin theo huéng truc.

Cdc thong s& cua anten xodn try ¢ thé duge xdc dinh theo cdc cong thic kinh
nghiém sau:

b6 rong cha d6 thi phuong hudng tinh theo gée nlra cong suit

52°

(22.9)
fy ,N‘
AY A
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D6 rong cia do thi phuong hudng tinh theo géc bic xa khéng

15°
20 ~ l (22.10)
l, [Ns
AV A
Hg s6 dinh hudng ciia anten
l, 2 s
D~15<2| NZ, (22.11H
A A
bién trd vao ctia anten
{ -
R, ~ 1402 (), (22.12)
- A

Céc cong thic (22.9) + (22.12) duoge coi 1 ding va ¢é thé ap dung khi s6 vong xoin

N>03, gid tri —)‘—: bi€n déi ur (0,75 + 1,3), ¢on géc nang clia Xodn o nim trong gidi han

(12°+ 16”. O day & ¢6 quan hé véi budc xodn s va chiéu dai vong xodn /, theo cong
thitc:

sino. = ]i (22.13)

o
Khi tinh todn gan ding anten xoén, c6 thé chon:
Iy~ A
s=(0,15+03) 0
£=125
Dai tan cong tdc cha anten duge xdc dinh tir diéu kién:
071, <A <13,
Budng kinh ctia tdm chan kim loai ¢6 thé chon trong khoang (1,0 + 1,6) L, trong dé
L 1a do dai anten.
Uu diém chia anten xoan try 1a két cau don gian, dai tan rong. Hé s6 bao trium dai
séng M ~ 1,7.
min
Nhugc diém ciia anten xo4n 1a hudng tinh khéng cao. Vi mat anten don khé ¢6 thé
thiét lap do thi phwong huéng ¢6 do rong nhé hon 25°. Dé nang cao hudng tinh anten ¢6
thé sir dung hé thong anten xodn déng pha.
Nguyén ly lam viéc cha anten xoén trong ché do birc ’xa tryc ciing ¢6 thé duoe phan
tich theo quan diém cla anten séng mat, bdi I& séng truyén laan trén anten trong truong
hop nay 14 séng cham.
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Anten xoan ¢d diéu bién van 16c pha duge thiét lap theo 1y thuyét trinh bay & phan
ly thuyét anten ¢6 dang v& & hinh 22.5.

Va1 cung mot d6 dai nhu nhau,
anten, xoan cé diéu biéh van téc pha sé
c6 d6 thi phwong hudng hep hon so vai
anten xoan thudng.

N6i chinh xdc thi anten xoan thude Hinh 22.5
loai anten khong c6 tam pha. Tuy nhién c6 thé col gdn diing tam pha clia anten & gan
tam hinh hoc clia xoan.

-

§22.2. ANTEN XOAN PHANG

Anten xodn phéng 16garit vd xoin phing acsimét déu 1a cic anten biic Xa truong
phan cyc quay. Nguyén 1y lam vigc cla cdc anten nay da khdo sat & chuong 14, vi vay &
day chang ta khong nhac lai ma chi dé cap dén nhitng vin dé k¥ thuat cé lién quan.

Dé ti€p dien cho anten xoén phing l6garit cing nhu xodn Acsimét 6 thé dung fide
song hanh vi két cau cla cdc anten niy 1a két cau ddi ximg. Trong thuc t€, viée tiép dién
cho anten ¢6 the thuc hién bang fide déng truc. Khi 4y vd ngoai ca fide duoc gin vio
mot nhdnh cua anten Xoin, con 131 cia fide déng true dugc tié€p cho nhanh thit hai.

Dé cho két cdu duge di xing, trén nhdnh the hai cla anten duge gin thém mot
doan fide dong truc nhung 15i cta doan fide nay khong st dung t3i, con vd clia doan fide
- duoc gin lién v6i bang kim loai cha nhdnh anten, tuong tu nhy d6i v&i nhanh thit nhat.
Hinh 22.6 mo ta phuong phép ti€p dién cho anten xoén béng fide déng truc. Hinh 22.6a
la anten xo@n phang acsimét, con hinh 22.6b la anten xon phing logarit.

& |

Hink 22.6, Hinh 22.7,
Cédc nhédnh cha anten ¢6 theé duge cu tao tir cac 14 kim loai mong din 1én cdc tam
dién moi.
Mot dang khdc ciia anten xoén phéng 16garit 1A anten dugc thiét lap duéi dang ciu
triic khe xoan (hinh 22.7). Tiép dién ciia anten khe xodn ciing ¢6 thé thuc hién theo
phuong phép tuong ty nhu trudng hop anten bang xodn kim loai.

Sau déy chiing ta s& khao sit cdc van d¢ cu thé vé viéc xédc dinh cdc thong s6 hinh
hoc cho anten va dac tinh k¥ thuft cla céc anten ay.
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— Anten xodn l6garit. Phuong trinh cdc dudng gi6i han trong va ngodi cha céc bang
xoan duge xdc dinh boi
ro_ ] agp | noo_ ] a((P_(P )
Py =p,e"; p" =p', e
e o Lorer ( | (22.14)
] T alp— mn ' a{p—T—
Py =p, e pry = pl, TR

o

trong do, e =Po g (22.15)
Po
Nhur da phan tich trude day, néu anten cé kich thudc vo tan thi dac tinh bifc xa ctia
né s& khong phu thudc tan s6. Tuy nhién, kich thudc anten trong thuc t¢€ 14 hitu han, vi
vy cdc thong s6 dién cha anten thyc t€ s& chi duge dam bao khong doi trong mot gidi
han tan s6 nao d6. Cic két qua nghién citu da cho biét ring budc séng cuc dai cha dai
tan s6 ¢6 quan hé véi do dai nhdnh anten va dugc x4c dinh tir hé thirc:
1=(1+1.5) A, | (22.16)
! — 1a d6 dai cita mot nhdnh anten.
Bude séng cuc tiéu clia dai tdn sd ¢6 quan hé v6i ban kinh ban ddu clia dudng xodn
va duge xac dinh tir hé thic:

p', < k'gi“ (22.17)

Khi cho trudc dudmg kinh anten, dé c¢é duoc do A
rong dai tdn cuc dai, cdc vong xodn can duge quan sit  / 3 =5.5GHz
nhau, nghia 12 hé $6 a can cé gid tri nho. \

Gid tri a ¢6 thé chon trong gidi han

02<a<045, 22.18) 7NN
i Fi

trong dé gid tri 16t nhét cha @ nhan duge qua tinh todn f =126 7 S
va thuc nghiém 1a biang 0,3. o = 90°

Heé 56 K (cong thitc 22.15) duge chon trong gidi han

—am E,
e <K<l e Eog
Thudng 14y K=06+075 (22.19) Hint 22.8,

D6i v6i anten thuc t€, dai tan s cong tdc dat duge kha rong. Hé s6 bao trim dai

s6ng cd thé dat t6i khoang ? :

Do thi phuong hudng anten khong ¢6 tinh di xing truc, nghia I né ¢6 dang thay
doi trong cdc mit phéng ¢ khdc nhau. D6 thi ¢6 cuc dai vé ca hai phia vuong géc véi
mdt phang aten. D¢ réng clia d6 thi phuong hudng ¢6 gid tri khdc nhau trong mo1 mat
phing ¢. Géc nita cong suat cia do thi trong mat phing niy cé gid trj trong khodng, tir
60° + 110°. C6 thé dé dang nhan thay ring khi bién déi tan s6 trong gidi han cla dai tin
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cong tac, dang ctia do thi khong gian sé khong thay déi ma hau qua cha su thay doi tin

s6 chi 1a su quay d6 thi di mot gdc quanh tryc anten, nhung hudng bic xa cuc dai khong
thay déi.

Mot trong cdc dang dién hinh cia d6 thi phuong hudng anten xoin phéng Jogarit
duoc vE& & hinh 22.8. Day la d6 thi phuong hudng cla cdc thanh phin Eg va Ey vE trong
nita mit phang, d6i vdi hai mat phang khéo sat ¢ = 0° va ¢ = 90°. Trudng bitc xa cla
anten 1a trudng phan cyc quay. D6i véi cac tdn s6 ma do dii cia nhdnh anten nho hon
déng ké so vdi bude séng cong téc (/ << A) thi phan cyc clia trudng 13 phan cuc thing,
Khi tang tan s6 cong tdc, trudng biic xa theo huéng truc bt dau chuyén tir phan cuc
thang thanh phan cuc elip, sau d6 thanh phan cuc tron. Bai vi sir bién déi tan s6 it lam
thay doi dang ciia d6 thi phuong hudng nén cé thé ldy dac tinh bién déi phan cuc lam
tieu chudn dé xdc dinh gidi han cta dai tan.

Ddi tan s6 cong tac ¢ thé duoc coi 1 dai tin Ry (6m)
s6 ma hé s6 elip cla elip phan cuc theo hudng
truc 16n hon 0.,5. '

T~

. CL . 80
O cdc tan s& ma do dii cia nhdnh anten

I6n hon budc séng, trd khang vao anten sé [a 40
thudn tr& va c6 gid tri khong déi. Tri s6 cia 05 06 07 08 09 &k
trd khang vao phu thude hé s6 XK. Hinh 22.9
vE& quan hé ctia R, va K.

Hinh 22.9.

Anten xodn phang 106garit ¢6 hiéu suit khd cao. Thuc nghiém cho thdy ring véi
nhimg anten ma do daj clta mét nhdnh I6n hon mot budc séng, hiéu suat ¢6 thé dat t6i 98%.
— Anten xodn phdng acsimet. Phuong trinh dudng cong clia nhdnh anten ¢6 dang;:
p=ap+b (22.20)
Nhu da bi€t, anten duoc thiét 1ap theo nguyén Iy tuong we cha dién dong hoc. Mbi
khu virc vong xoan ¢6 kich thude nhét dinh s& buc xa ¢6 hiéu qua véi mot tan s6 nhat
dinh cha dai tan cong tic. Ung véi budc séng céng tiac A, mién bitc xa tic dung cua
anten s& l& cdc vong xoan ndm trong mot hinh vanh khan c¢é ban kinh trung binh

r=o nghia 1a mién lan c4n cla vong xodn ¢ chu vi
T
bing mot bude séng. Tu day c6 thé thay rang, gidi han
cua dai 14n cong tic duge xdc dinh bdi kich thude clia /TN ¢ .=_90"
vong xoan 1én nhat va nho nhat. Bude séng cuc dai clia Q gu ]
dai tin 6 s¢ twong ung vdi chu vi trung binh cta vong :
X04an ngoai cling, cdn budc séng cuc tidu cha dai tan sé
tuong tng vai chu vi trung binh ciia vOng Xodn trong v 3
cling. p=0
Aax & 2T (22.21) Hinh 22.10.
Ain ™ 2707 (22.22)
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D6 thi phuong huéng c6 cyc dai vé hai phia vuéng géc véi mat phing anten. Khéo
sdt do thi cia cdc thanh phdn Eg, E, trong cdc mat phang ¢ khac nhau ta thiy rang
ching khong chi khac nhau vé dang ma ca vé bién do. Sy khac nhau niy phu thuoc vao
cdc thong s6 hinh hoc cia dudng xodn. Diéu nay chimg té céc théng s6 hinh hoc ciia
dudng xodn ¢6 lién quan mat thi€t dén dic tinh phan cuc cla trucng bic xa.

Trong thyc t€, c6 thé thye hién gan ding dudng xodn acsimet duéi dang céc nita
vong tron lién tiép (hinh 22.10).

Go1 b la ban kinh cia nira vong tron nho nhat, m la s6 nita vong tron clta mdi nhanh,
nhu vay ban kinh cia nita vong tron thit m sé 1a 2m — 1) b.

D6 thi phuong hudng cta céc thanh phan Eg,
£, trong hai mat phing ¢ = 0° va @ = 90°, véi cdc
thong s6 b khidc

D6 thi phuong hudng cilia cic thanh phan Eg,
E, trong hai mat phdng ¢ = 0° va ¢ = 90°, vdi cdc
thong s6 b khdc nhau duge v& & hinh 22.11 (trong RN NS
truomg hop nay m = 3). Nhu trén di néi, d6i véi | Eq| khi p th =05 1Egl khi g = 90°
anten xoan, dic tinh phin cuc cla trudng bic xa "
la mot trong nhimg tiéu chuan co ban dé xédc dinh
do rong dai tin coéng tdc cua anten. Biéu dé phu
thude cua hé s6 elip vai kb, ing vai cac gia tri m
khic nhau duge v& & hinh 22.12. Trudmg hop phan
cuc thang, hé s elip bing khong, con phin cuc
tron, hé s6 elip bang 1.

Thuong yéu cau phan cuc cha trudng 1a phan
cuc tron hodc gan tron. Vi vy gidi han dudi clia
dai tdn 56 (X,,,,) duge chon tng véi cuc dai diu Hinh 22.11.
tien cha dudng cong bicu 11¢ s6 Elip
thj dac tinh phan cuc. Tuy !9
nhién dudng cong nay ©9 NI
khong cho phép xdc dinh 08 i
gidi han trén cla dai tan s6 07 / ", / A

-
3
™
™

ms g b

[y}
(Amin)- VI vay, rong thue 06 4
1€ gidi han trén cla dii tdin 0.5 7
cong tac xdc dinh theo 04
i cic ve Ay 0.3
(22.22). Khi cic vong day / m’y

g

quan tuong d6i sit nhau, 02
tr¢ khing vao cba anten 0.1 [
xoan acsimet ¢6 gid tri  © ~] kb
3 ' : 0.02 0.03 004 0.06 009 0.1 02 03 04 06 0810
khoang 100 Q.
Hinh 22.12.
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§22.3. ANTEN XOAN CHOP

Anten xodn chép cling cé hai loai: xoén
chép thudng va xoan chép logarit.

Anten xodn chép thiomg vé nguyén ly ciing
gidng anten xodn tru nhung cic vong xodn coé
dudng kinh bién déi din (hinh 22.13).

Néu phan tich theo quan diém clia nguyén
Iy twong tu thi dé dang thay rang dai tdn s& cha "
anten xodn chép s€ rong hon nhidu so vGi anten -Ej’
xodn try. H¢ s6 bao trim dai séng cta anten ’

5
>
>
D
Di

) e gy g gy

_ , 20 Hinf 22,13,

loal nay ¢6 thé dat téi R Thong thuong gidi

han (rén cua dai tin cong tdc dGi voi anten xodn chép sé (ng véi tAn s6 ma budc song
Amin €02 N6 bang d6 dai cta vong xoén nhd nhat, cdn gidi han dudi sé dng véi tan s6 ma
budce séng A, ciia né bang d¢ dai clia vong xoan 16n nhat.

Ti€p di¢n cho anten xoan chép ¢6 thé duge thuc hién theo hai phuong dn nhu vé &
hinh 22.13: tiép & dinh chép va ti€p & ddy chép. Thue nghiém cho biét ring tiép dién &
dinh s€ nhan dugc dic tinh dai tén 6t hon so véi tiép dien & day. Vi dy khi do luong
anten xodn chdp véi cde thong s6 (1 = 10; gde nang cha vong xoén « = 60°, dudng kinh
dinh d = 20 cm, dudng kinh ddy D = 60cm) di nhan thdy ring trong ché do bitc xa truc,

anten ti€p dién & ddy cé dai tdn khoang n con anten ti€p dién ¢ dinh cé dai tin bing T

Anten xodn chép ciing cé thé duge thuc hién khi
khong ¢d tdm chan lam mat phan cxa. Do dé két cdu
anten s&€ trd nén don gidn va ¢6 thé cdu tric anten theo
ki€u anten gap dé ddp tng diéu kién cong tic co dong.

Anten xodn chép l6garit. Vé nguyén 1y ciing trong tu
anten xodn phang l6garit nhung & day cdc bing xofin
khong nim trén mét phing ma nam trén mat chép. Anten
chép c6 d6 thi bic xa don huéng, con anten phing ¢ bic
xa cuc dai theo hai huéng vudng géc véi mat phing
anten. Hudng bifc xa cua anten xoan chép 12 hudng truc,
cuc dai vé phia dinh chép.

Sa d6 cua anten xoan chép 16garit va hé toa do khao
sdt duge v€ & hinh 22.14.

Hinh 22. 14,

Dot véi xodn phang logarit, phuong trinh clia cdc
dudng gi6i han c6 dang (22.14)
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P = poe™”
p”i = p|0] ef'l((P'(Dn)

Phuong trinh cta dudng xodn chép c6 thé nhan duge bing cach chiéu vuong géc
phuong trinh dudng xodn phang 1én mat chép. Ky hiéu 26, 1a géc dinh chép, p, la ban
kinh vécio tai phan dinh chép, o la gée nghiéng clia dudng xoan, ¢, 12 hing s6 géc (géc
quay cla dudng gidi han trong p', dé dat dugc dudng gisi han ngoai p"|) D, 4 1a dudng
kinh cia ddy chép va dinh chép.

Vi
p' |
g = o = —
BTy
de
neén P = p'm"(wtgm

Hinh chi€¢u vudng géc ctia p'| va p'y 1én mat chép duge viét dudi dang:

(e
Dl
g0

Fn{)o(w - wu)}

tgo

= €
£ Po (2223)

P2 = Py€ = kpy

_(ﬂ_"_o_r;(p ]
‘Odayk=e 8"/,

Phuong trinh cdc duong gidi han cua nhdnh xoén thit hai duge xdc dinh theo (22.23)
khi thay ¢ = ¢ + 180°, tuong duong vé6i viéc quay nhanh xoéan thit nhat mot géc 180°
theo chiéu tang cla .

Trong thuc &, anten duge két cu tir cdc bang kim loai b
gan 1&n mat nén dién moi. Giéng nhu déi véi anten phang, o = 10" ‘!p
mat do dong dién trén cdc nhdnh anten chép giam rat 0
nhanh, do d6 viéc ti€p dién cho anten c¢6 thé duoc thuc
hién bang cap déng truc gén doc theo bang kim loai giong B, = 15"
nhu so do 1i€p dién cho anten phang. !

D6 thi phuong hudng ctia anten xodn chép logarit phu o e
thuoe chit yéu vio gée 0,, va it phu thuec hon déi véi a. 8 =30
Hinh 22.15 v& d6 thi phuong hudng cla anten vdi a = 73°, N

k=0,925, con géc B, bign déi. Tir hinh v& ta thay ring khi (|} \

8, < 15" bitc xa nguge rit nhd. Anten bic xa cuc dai vé 2% B = 90" !
phia dinh chép. Giéi han trén cla dai tin s6 duge xdc dinh G E, H
bai kich thudce d, con gidi han dudi duge xac dinh béi kich ~ -=——-=-- Eq
thudce D trong ty nhw trudng hgp anten phang. Hinh 22,15,



Dé vi du, ta khdo sit anten xodn c6 cdc thong s6 sau:

8,=10%4k=085+09;00=73%d= }_T;ﬂ p=21

max-
8

He s6 elip cha truong bifc xa theo hudng truc nhan duge 16n hon 0,5. Dac tinh phan
cuc cla trudng gan vdi phén cuc tron trong mét gidi han géc bitc xa kha rong. Khoing
707 so vGi truc anten.

Trg khéng vao cla anten xodn chép logarit thue &€ khong bién déi trong dai tan
cong tac. Tri s6 cua né phu thudc chit yéu vao géc 6, cla dinh chép, R, tang khi 0,
tang. Trong thuc t&, anten xoan thudng va xoan 16garit cling cé thé duge thiét lap trén
cdc mat c¢6 hinh dang khdc, vi du mat cau.

0, | 10 15 30 90
Ra | 129 147 153 164
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Chuong XXIII

ANTEN KHE
%

§23.1. ANTEN KHE NUA SONG

Trong ly thuy€t anten chiing ta di khdo sdt bitc xa cla mot khe hep, thang, duoc cét
trén mal mot tim Kim loai dan dién 1y tudng rong vo han. Trong thuc t€ khe bic xa c6
the ¢6 dang chir nhat (khe thing) hoac tron (khe hinh vanh khan) va dugc cét tren cic
mat kim loai ¢é hinh dang va kich thuéc khic
nhau: trén thanh héc cdng hudng, thanh éng dan
song chit nhat hodc tron, v cép déng truc, trén
cdc tdm kim loai phang, c4nh mdy bay v.v... Kich
thudc clia cdc mat kim loai mang khe hd cé thé
khd 16n so véi bude séng nhung ciing ¢ thé chi
vao khoang budc séng'™.

Chiing ta khao sat truong hop khe hep, ¢ do
dai A/2, dugc cat trén thanh 6ng din séng hay
hoc cong hudng, nghia 1a khe chi bic xa vao mot
nura khong gian (hinh 23.1).

BRI

Truong bic xa cla anten ¢4 hai thanh phéan
E, va Hy. Bi€u thitc cudng do trudng biic xa duge Hink 23.1.
xéc dinh theo cong thic

he COS n cos AR
E =i g, 2 ¢
©T g sin 0 R
3 (23.1)
ohe cos(zcos 0] ik
[T WU, 2 €
0 s sinQ R

trong d6, U™ 1a dién dp & diém gilra cha khe.

) Anten khe duge ung dung chil yéu trong dai séng dm. cm nhung ciing ¢6 trrong hop duoe tng dung
trong dd1 song méi, (anten vo tuyen truyén hinh) va doi khi diing cho ¢a dai song trung.

) Xem chuong 3 phiin 1y thuy#l anten.
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D6 thi phuong huéng clia khe nita sdng trong mat phing di qua truc cta khe
(mat phang H) va trong mat phang vuéng gdc¢ véi truc clia khe (mat phing £) duge vé &
hinh 23.2.

Vi khe chi bite xa vao mot ntta khong gian nén d6 thi phwong huéng anten ciing chi
¢6 v nghia trong mot nita mat phang khao sat.
biéu kién dé anten khe bic xa véi cuong
do bang (v¢ tri s6) cudng do bifc xa cha chan
tlr dién c6 thé nhan duge bing cdch so sdnh
biéu thic trudng buc xa cia chédn tlr dién va
anten khe. Ta c6: 0

{};(}:hc — _l_ H’;]f a—)
2

biéu kién nay cling did nhian dugc khi
khao sdt khe nguyén t6: dong dién bing 1

ampe ¢ dau vao chan tr dién s€ tao ra cuong
do trudng bang cudng do trutng bic xa cua
chén wr khe vdi dién dp dau vao bang 607 von.

b)

Trudng hop khe duge ciat trién mot tdm . Hinh 23.2.
kim loai mong (khe hai mat), di¢n dén bitc xa @) 90 thi phuong hudng clia khe ndfa song trong
ciia chén tit khe cd thé xdc dinh theo cong et phar;g&:;gz]gighr:gp:jt;c:r;ghgggné; cua khe
thitc tvong tu nhy déi véi khe nguyén 18, Ta ' '
nhin dugc:

G thu _ 4R£
L Wyg

O day, Ry ladién tr¢d buce xa cta chan tr dién tuong duong, nghta 13 chan tir ¢é cung

(23.2)

dang va kich thuée hinh hoc vdi khe. Trong truong hgp ndy can chi ¥ rang chén tir dién
trong duong s& la chan tir det (hinh 23.3) chit khéng phai chan te hinh tru nhu ching ta
khao st trude day.

Ciing tuong ty nhir khi xdc dinh dién dan biic xa cua khe, ta nhan dugc cong thixe
biéu thi quan hé giita dan nap vio cla khe hai mat va & khdng vao cia chan tir di¢n
tuong duong.

g 7 4Z:
yoe — fe T4 {23.3
U, W )

Z! — tr¢ khdng vao cia chin tir dién tuong duong.

Trong phdn 1y thuyét anten, ching ta da khao sat trd khiang vio caa chin tr dién
hinh tru. Trudng hop chin tir 12 bing det thi theo Leontovich, ¢é thé coi nd tuong duong

vdi chan tu try ¢6 ban kinh bang _4)— (b 1a d rong cua bang kim loai).
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/

Trong thuc t€, khe dwge cat trén thanh 6ng din séng [~ - —
hay héc cong hudng, nghia 1a khe chi cé mot mat bic xa | /™
con mot mit bi che khuat (khe mot mat). Khi &y dé tinh E,

S
Hir

e
——
- I

cong suft bliic xa theo phuong phip vécto Poynting (tinh ]
tich phan ctia vécto Poynting theo mét mat cau ban kinh [ sl
kha lon, bao boc quanh anten) ta chi cén 14y tich phan theo 4': _jl:
maot nira mat cdu vé phia bic xa ctia khe, cdn & nita thit hai —:r* '

3

do cudng do truomg bidc xa bang khong nén tich phan sé

£
|
[

:,__i_

bang khong. Két qua 1 cong suat bic xa ciia khe mot mat i _'”'bf'_ nbr-

o , . _ T :
s€ nhin dugc bang 5 cong suat biic xa cua khe hai mat. Do a) b)
do dién dan birc xa ciia khe mot mat ciing chi bing mot nira Hinth 25.3.

dién dan bic xa cta khe hai mat. Céc cong thite (23.2) va (23.3) déi véi trudng hop khe
mot mat s€ co dang

. 2R; ; Z
G = 2 (23.4) ¢
g
}/ykhu — _QW_Z:; (23-5) 2

Theo cong thifc trén ta c6 dién din biic xa |

-3 kKl - 1 l b
cia khe nilta séng mot mat G = 0,001026.—. z

D¢ nhan duge khe mot mat trong trudng hop khe s
dugc cat trén tam kim toai, c6 thé dung hop kim
foai chan mot bén, hinh 23.4.

Do cao h cha hop duge chon thé nio dé cho
vO hop s& khong néi tat khe. Néu ta biéu thi hop Cap déng truc
chin dudi dang don gidn 12 mot duding day song
hanh ngan mach ddu cudi thi khi do dai duong
day h = &/4, tro khang vao s& c6 gid tri 16n vo cing. Vi vay do cao hop nén chon gin
bing */4.

Hinh 23.4.

D¢ khéo sat tinh chat dinh huéng cla khe cét trén mot tim kim loai kich thudc hitu
han (kich thuée ¢6 thé so sdnh vdi bude séng) cé thé giai bai todn nhiéu xa cha séng
phang qua khe hd trén mat kim loai. Céc két qua phan tich cho thay rang d6 thi phuong
hudng cia khe trong mat phing E phu thudc rat nhiéu vio kich thudc theo chidu song
song vol vécta £ cua tam Kim loai. 6 thj phuong hudng cta khe trong mat phang H phu
thude twong doi i1 hon vao kich thude cua tdm kim loai va ¢6 the xdce dinh theo céc cong
thitc da ritt ra tir nguyén 1y doi lan.
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Hinh 23.5 v& d6 thi phuong huéng cia anten khe mét mat trong mat phang E (mat
phang xy) iing vdi cdc kich thudc khic nhau ciia tdm kim loai (canh a).
90° 50”

/

180" ‘_r o® 180" oY

&

a=73\ a=2xr

o()

L 1809

—a=

(U

Hinh 23.5.

§23.2. ANTEN KHE — ONG DAN SONG

a) Nguyén ly cua anten khe trén éng ddn song
~Anten khe 8ng dan séng duge cau tao tir mét dng dan séng chit nhat hoac tron, trén
thanh éng dugc cat mot hoac nhiéu khe ¢6 d¢ dai bang nita budc séng (khe nira séng).
Thong thudng, khi ding 6ng dan séng chif nhét thi dang séng kich thich 1a séng H,
con khi ding 6ng dén séng tron thi dang séng kich thich 1a séng H, .
Khi c6 séng dién tir truyén lan trong 6ng, & mit trong cha thanh ong s& c6 dong
dién mat. Véctd mat do ciia n6 duoe xdc dinh bdi biéu thic:
Jo={nxH] (23.6)
n — Vécto phap tuyén véi mat trong ctia thanh 6ng;
H — Vécto cuong do tir trudng trén bé mit thanh 6ng.
Khi truyén séng H , trong ong dén séng chit nhat, vécto tir trudng cb hai thanh phén.

H =H, cos[ﬁ]e"ﬂ‘
a

(23.7)
H. = —iAH, sin [E]e“’"=

a
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H,, — bién d6 cyc dai cla cuong do tir trudng tai tAm 6ng dan séng (x = 0);
A — hiing s6;

B= Tn — hé s6 pha cua séng trong dng dan séng;

a — do rong cta thanh hep dng din séng.

Theo (23.6) va (23.7) thi ¢ mat trong thanh 6ng s€ ¢4 ba thanh phﬁl; dodng dién mat:
hai thanh phan ngang J,, J, gay ra bdi tr truomg doc H. vd mot thanh phan dong dién
doc J. gay ra béi tir trudng ngang H .

Phan b& cua thanh phan dong dién ngang J,, J, va dong dién doc J. trén thanh rong
va thinh hep ciia 6ng duoc véE & hinh 23.6. '

Iy (H2) v ¥
J.(Hy)

il
il z
a) b)
Hinh 23.6.

/_
Z

Néu khe ndm trén thanh 6ng dan séng va cit ngang dudng stic mat do dong dién thi
dong dién dan trén thanh &ng sé bi gidn doan tai khe hd va chuyén thanh ddng dién dich
chay vuong goc vai hai mép khe (hinh 23.7). Trong khe s€ hinh thanh dién trudng tuong
tng voi dong dién dich va giita hai mép khe s& phat sinh dién dp. Néu dat khe vudng goc
vii dudng sitc mat do dong dién mat thi thanh phan dong dién dich chay ngang mép khe
14 cuc dai, khe duoc kich thich manh nhat. Bic xa clia mét khe don nhy vay di dugc

khao sét trong cdc phan trude day.
&8 /

D DS
[: ]
M2 T #
® @
GG) @ J y
A4 ’
P
Hinh 23.7.
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N&u dat khe doc theo dudng sttc mat do dong dien mat thi s& khong phét sinh dong
dién dich chay ngang mép khe, nghia la khe khong duoc kich thich va né sé khong birc
Xa nang luong.

Céc khe trén thanh 6ng dan séng c6 theé dugc xép dat theo nhiéu cdch khac nhau
(hinh 23.8).

Hinh23.8. ' Hinh 239,

Khe doc trén 6ng dan séng (1) duge kich thich boi cdc thanh phan ngang cha mat
d6 dong dign mat J,, J, va cé the cit trén ban rong ciing nhu ban hep ciia 6ng. Tuy nhién
can chii ¥ rang doc theo dudng trung binh cha ban rong, mat d6 dong dién ngang bing
khong (J, = 0), vi vay néu cdc khe nam doc theo dudng trung binh thi ching s& khong
dugc kich thich va khéng biic xa nang luong.

DE kich thich cho cédc khe nay ¢ thé ding cdc tham kich thich dat canh khe, vudng
gdc v6i mat phing clia khe (hinh 23.9). Dong dién chay trén cédc tham kich thich dugc
tao nén bai cdc dong dién.mat chay trén thanh 6ng & diém dat tham.

Khe ngang trén 6ng dan séng (2) duge kich thich bdi cdc thanh phan doc clia mat
d9 dong dién mat J.. Khe ngang chi ¢6 thé cat trén bin réng cla 6ng vi trén ban hep thi
H=J.=0.

Khe nghiéng (3) c6 thé cit trén ban rong ciing nhu trén ban hep ctia éng din séng
va dugc kich thich boi cdc thanh phdn dong dién doc cling nhu ngang. Cudng do kich
thich cho céc khe duge xdc dinh bdi hinh chi€u ciia vécto mat do dong dién mat lén
hudng vudng gée vai truc cha khe.

Khe chir thap (4) la két hgp giita khe ngang va khe doc. Theo (23.7) dong dién doc
va ngang trén thanh dng tai cling mot thigt dién ¢ gée léch pha nhau 90°. Vi vay cac
khe doc va ngang s€ duoc kich thich léch pha nhau 90°. Néu tam clia khe chit thap duoc
dat cach dudng trung binh cia ban rdng mot khoang cich x = x, sao cho bién dé cla cic
thanh phan tir truong H, va H. tai d6 bang nhau thi cudng do kich thich cho hai khe s&
bang nhau. Do dé khe chif thip s& bic xa séng phén cyc (rdn theo hudng vuong géc véi
thanh réng cta dng dan séng.

Theo nguyén 1y wong hd, anten khe dng dn séng ¢6 thé dung lam anten phit ciing
nhir anten thu. Cudng d6 kich thich khe (ciing ¢6 nghia 1 cudng do bic xa hoac thu cla
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khe) phu thudc vao vi tri cua khe trén thanh 6ng dan séng. Khao st hudng tinh ciia khe
cat trén thanh ong dén séng khong thé dua vio nguvén ly déi lan vi kich thude ciia thanh
ong la hitu han, so sanh duge v6i bude séng. dac biét 1a khi khao sat hudng tinh trong
mit phang E. D6 thi phuong hudng ciia khe trong mat phing H ¢6 thé duge xéic dinh gin
ding theo nguyén 1y doi lan d6i vai chan tir dién ¢6 cung kich thude. D6 thi phuong
hudng cia khe doc ntta séng (/ = %/2) trong mat phing E. khi cé xét dén kich thude hitu
han cta thanh 6ng dan séng duge vé & hinh 23.10.

Bién dan bic xa Gy cha khe ciing phu thudc vao kich thude
cua mat kim loai chita khe va vi tri cta khe trén mat dy. Tuy nhién
do1 véi khe trén ong dan séng thi sy phu thudc ndy kKhong kén lam §
vit vi vay khi tinh todn k¥ thuat cé thé dung cong thic (23.4) 1a
cong thic rit ra duge tir nguyén 1y déi 1an. Vi khe cit trén thinh
ong dan song s& btic xa nang tugng ra khong gian bén ngoai nén
no tros thanh tai cda 6ng va $& anh hudng dén ¢hd do lam viée caa I

ong dan song. Khi dy, nang luong truyén trong 6ng s& ¢6 mot
phan bic xa qua khe, mot phan phén xa lai tir khe giéng nhu khi
phan xa séng tir cdc chd khong déng nhit clia dng dén séng va di
nguge vé phia mdy phét, con mét phan tiép tuc truyén lan trong Sng. Anh huding ciia khe
dén ché do tam viée cau 6ng duge dac trung bdi dan nap vao va trd khdng vao cla khe.

Hinh 23.10.

Trudng hop khe duge cat ngang trén thanh rong clia 6ng dan séng (xem hinh 23.7),
no s€ lam gian doan dudng sie mat do dong dién chay doc theo 6ng. Vi vay khe ngang
trong trudng hop nay c6 thé duge coi nhu mot tré khang mic nai tiép trén dudng day
song hanh tuong duong cua 6ng dan séng. Hinh 23.11a vé 6ng dan séng, dudng day
song hanh tuong duong, va so dé tuong dwong ctia khe ngang trén ong déin séng. Cic trg
khang v& & hinh 1 tr¢ khéng chuin héa, trong d6 R, 1a dién ud tai mic & dau cudi ong
dan séng dé phéi hop trd khing, tao séng chay trong éng.

—x 7, @f

Zvi2 mRr =] Y'\-m C]R;Ef
O | "

a) b)

Hinh 23.11.

Trudmg hop khe cat doc, n6 s& lam gidn doan dudng suc mat do dong dién ngang
trén thanh 6ng. Dong dién ngang nay c6 thé coi nhu dong phan nhdnh, chay theo dudng
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day nhianh mac song song vao cdc day dan cna dudng day song hanh tuong duong. Vi
vay khe doc ¢6 thé duge coi tvong duong véi trd khang (hay dan nap) méac song song
(hinh 23.11b). |
Trd khang vao (hay dan nap vao) clia khe ¢6 dé dai thy ¥ 12 mot dai lugng phirc. Doi
v khe cong hudng thi X, = 0. Muén cho khe cong hudng, d6 dai clia né phai nhéd hon
/2 chat {t. V6i khe cang rong thi do rit ngan so v&i A/2 s€ cang 16n. Vi cuong dg kich
thich cho khe phy thudc vio vi tri cha khe trén thanh 8ng nén anh huéng cta khe dén
ché d6 lam viéc ctia 6ng din séng cling phu thuge viao yéu 1 niy. Khi tang cuong do
kich thich khe thi tro khang vao clia khe ngang va dan nap vao khe doc sé ting.
bién dan vao chuan héa cta khe doc cong hudng trén tim rong c6 thé duge tinh
theo cong thite gan ding:
G =GW, =209 oy (“—“Jsinf (&J (23.8)
b 2A a
W,; — rd khdng séng ciia dudng day song hanh tuong duong véi éng dan
song;
x; — khoang cich tir tam khe dén dudng trung binh;
@ ~ d6 rong cua tam Idn cua 6ng din séng;
b — d06 rong cua tam nho cua dng dan song;
A = budc s6ng trong 6ng dan séng;
A — budc song trong khong gian tu do.
Tir cong thite tren ta thdy rang dién din vao cia khe doc cong hudng sé bing khong
néu khe nam doc trén dudng trung binh cla tdm 16n (x; = 0) va cuc dai néu khe nim &
mép cua tam 16n (x; = ¢/2) hoac ndm doc trén tdm nho cha ong.

Dién tr&s vao chudn héa clia khe ngang cong hudng duge xdc dinh theo cong thifc:

3.2

32 A ;

Ro= Bl 0,523[3) 2 cos? [ T ]cos2 (L—lj (23.9)
W, A 4a a

Tir cong thic nay ta thdy dién (rd vio clia khe ngang cong hudng sé cuc dai khi tam
clia khe ndm trén duong trung binh clia tam réng (x, = 0) vi & vi trf nay dong dién doc ¢6
gid tri cyc dai, va R, s& giam khi tdm cta khe cang i ra xa dudng trung binh.

§23.3 HE ANTEN KHE TREN ONG DAN SONG

Bé nhan duoc dé thi phuong huéng hep hay dé thi phuong hudng dang dac biét, dé
thi phuong hudng diéu khién duge bing phuong phdp tin s6 v.v... cdn thidt 1ap anten
gom mot hé thong khe cét trén 6ng din séng. Cic khe nay thuong la cing loai (khe doc,
khe ngang hay xi¢n). Mét trong nhitng loai anten nhiéu khe I3 anten khe déng pha. Dé
kich thich déng pha cho cdc khe, 6ng din séng thudng ducc néi tit diu cudi va didu
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chinh diém néi tat bang mot pistong ngdn mach. D kich thich dang séng cén thiét trong
ong dan séng cd thé diung cdc phuong phdp thong thudng di biél. Truong hop dng din
song chir nhat, cdc khe duge ciit doc va phan b6 so le vé hai phia cla duong trung binh.
Séng H, duge kich thich bang tham dat gita tdm rong cla 6ng va dicu chinh phéi hop
biang mot pistong ngan mach khéc (hinh 23.12).

Khoang cdch gitta cdc tam khe cia hai khe ké nhau ciing nim mot bén clia dudmg
trung binh thudng chon bang A. Ditéu ndy dam bio cho cdc khe ndm ciing mot phia clia
dudng trung binh sé duge kich thich déng pha. Khoang cdch gitta tam khe k& nhau nam
vé hai phia cta dutmg trung binh bing A/2. ViJ, s& déi dau khi chuyén qua dudng trung
binh nén né&u cat khe & thiét dién cach tam khe th nhat mot khoang d = A/2 thi dong J,
o day s& dong pha v6i dong tat khe thit nhat (xem hinh 23.12). K&t qua 1a cde khe duge
kich thich déng pha.

Cuong do kich thich cho cic khe khong chi phu thuoe vae khoang cich tir cic tam
khe dén dudng trung binh ma con phu thude vao khodng cdch gitra 2 tam khe ké nhau va
khodng cach tir khe dén pistong ngan mach.

A2
[ ! Al
—_ A -
1 1 y P pislong
o I _ - — ==
I Sfas e I _;____.J['E]_g___ '
T s =va =T :
| 72 L j
I)isl(m\g [ E A Ho(f:)
[ { % \,_></
Y Kich thich séng Hy, H-{(I.)
Hinh 23.12. Hinh 23.13,

Trong 6ng dan song thudng {(khong ¢é khe) va ndi tat & ddu cudi s& ¢6 séng dimg.
Khi dy, theo di€u kién b& trén mat vat dan 1y twdng, tai ddu cudi éng dan séng (chd
pistong ngin mach) s& ¢ nit cia /1. (hay J,) va bung cta H, (hay J.) (hinh 23.13).

Muén cho khe doc duge kich thich v6i cudng do cuc dai, thm khe cin dat d diém
bung cta H_, nghia 14 khoang cdch tir khe dén pistong ngian mach c¢in chon bang A/4
hoac:

L=0C2n+ l)-% (23.10)

dday,n=0,1,2, ..

Néu ding khe ngang thi, dé kich thich cuc dai cén dat khe tai cdc diém bung clia
H,, (J.), nghia li & khoang cich bang A/2 tir khe dén pistong ngan mach hoic:
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A
L=n— 2311
5 ( }

Trong thye t€ thudng i1 ting dung khe ngang vi trong trudng hop ndy dé kich thich
dong pha cho cdc khe, khodng cdch gita hai khe ké nhau phai bang A. Khi 4y d6 thi
phuong hudng cua hé thong sé ¢ biic xa phu 16n.

Gia thi¢t rang d6 thi phuong hudng ciia khe nira song trong mit phiing H ciing gidng
nhu do thi phirong hudng cta chan tir dién nita song trong mat phang £, ta sé nhan duoc
biéu thire ham phuong hudng cha hé théng khe doc dong pha trén 6ng dan séng tir bidu
thic ham phuong hudng déi v6i hé théng chan tlr déng pha sip x&p theo dudng théng:

. . Nkd .
g | COs 5 sin® | sin 2— -sin 9
F(O)=— = —
E N cos0 ) [.{'d ) )
I sin 5 sin 6

trong d6, N — s6 khe;

(23.12)

d — khodng cdch gilta hat tam khe ké nhau;
8 — goc gitra phdp tuyen déi véi (am rong cla ng dan séng va hudng chia
di¢m khao sat.

Cong thic nay c6 thé diing dé tinh todn dé thi phuong hudng anten trong mét nira
khong gian (- 907 < 8 < 90°). Bitc x4 cua anten trong nira khong gian phia sau cdc khe
thudng khong dang k€ va khi tinh todn c6 thé bd qua.

Do thi phuong hudng cha hé thong khe doc trén Sng din séng trong mit phing £
cling ¢6 dang tuong ty nhu d6 thi phuong huéng trong mat phing E clia mot khe don vé
¢ hinh 23.10.

He s6 dinh hudng cla anten ¢6 thé duoe xac dinh theo cong thie gin ding

D=32N (23.13)
trong d6 N la s6 khe.

Dai tan $6 cta h¢ anten khe kha hep. Khi bién déi budce song thi khoang cich tuong
doi gitta citc khe d/A cling bién déi, do d6 trudmg kich thich cho cic khe s& c6 pha va
bién do khong dong déu nita. Khi ay dé thi phuong hudng clia anten s& bién déi, biic Xa
cyc dai s€ lech khot hudng phdp tuyén v6i mat phing anten. Tuy nhién, trong thuc & do
rong dai thong tan cha anten chd yéu khong phai bi gi6i han bdi su méo dang dé thi
phuong hwuéng khi tan s6 thay d6i ma la do sy mat phsi hop tro khing trong 6ng din
song tiep dién.

Dé anten phéi hop duge véi 6ng dan séng tiép dién, dién dan vao chuin héa cia
anten phai c6 gid tri bing 1 (G, = 1). G day, dién dan vao anten duoc tinh tai vi tef cla
khe dau tién ke tir mdy phat (thiét dién ab hinh 23.14).
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Néu khoang cach giita hai

khe ké nhau bing A2 va © ‘ 7
khoidng cdch tir khe cudi dén L .L L ngan
pistong ngan mach . = (2»n + U 1 J H mach
L

02, thi dien din vio cia I ‘

4 O i .
anten s& bing 16ng dién dan cla . |
, - I 22 I | k}'f4
cdc khe, nghia la:

Gy = NGy, Hinh 23,14,

G'vpe 12 dién dan vao cua

mdt khe don, duge xac dinh theo cong thic (23 8). Néu khoang cach tir truc khe dén
dudng trung binh duge chon sao cho dién dan vao cha khe

1
G =
khe NVVM
hoac viét theo gid tri chudn héa:
. 1
Cipe = N
th\l G'V./l = NG'th = ]-g

nghia 1a anten duge phdi hop rd khang védi 6ng dan séng. Nhu vay, trong trudng hop
ong din s6ng ngan mach, khi thoa man diéu kién

L=(2n+1)%; d=—

s€ c6 phoi hgp tro khang:
Gya=NGype =1

Khi buéc séng cong tac bien déi, diéu kién trén tit nhién khong con théa man, do
d6 s&¢ anh hudng xau dén sy phéi hop trd khang gilta anten va fide.

Dé khic phuc nhuge diém trén, trong thyc t€ ngudi ta thudmg sit dung hé théng khe
trén 6ng din séng vdi khoang cach gilta cdc khe ké nhau d = A/2. Trong trudng hop nay,
dau cudi ong dan séng khong ndi tat ma duge méc tai hap thu. Cdc khe duge kich thich
bdi séng chay truyén lan trong dng dan séng va do dé truomg kich thich cho cdc khe sé
khidc pha nhau mot lugng nhat dinh. Anten nay goi 14 anten khong dong pha (hay anten
khong cong hudmg).

Néu khoang cach gitra cic khe ké nhau d # A/2 thi pha cha dong dién kich thich cho
cdc khe s€ bién ddi doc theo hé thong theo qui luat dudng thang. Diéu dé khi¢n cho dd
thi phyong hudng biic xa sé& bién déi. Géc léch cla hudng bifc xa cuc dai dugc xdc dinh
tir biéu thiic (23.1), nhung & day 6 1 géc hgp boi hudng khao st va phip tuyén v6i mat
phiing anten. Ta nhén dugc:

YA

sinf,,,, = ~ ,
27d

(23.14)
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- A N - -+ . + - - - =y
trong do, W = —fd = 5 d la g6c téch pha ctia ddng dién kich thich cho hat khe ké nhau:
d — khodng cich gitra hai khe.

Néu khong sir dung cdce bién phap dac biét thi goc léch 0, s& 1on vi khoéng céch
gilta hai khe ké nhau tuong déi 16n, do dé gée lech pha gifra ching ciing khd 16n. Vi du
khi = 0,4A, s& c6 y = 144", Dé giam gée léch pha nay, cac khe cling duge dat so le vé
hai phia cia duong trung binh giéng nhu trudng hop anten cong hucémg khao sdt & phin
trén. Khi dy dong kich thich cho hai khe ké nhau s¢ ¢6 thém géc léch pha phu bing

W =—Pd + 180" = 36"

g . A . 1 . - - o - -
Frudmg hop d > ER hi¢u qua giam goe léch pha cing gidng nhu (rén nhung cédn chi

¥y la trong truong hop niy géc s& mang dau am va do dé hudng bice xa cuc dai s& 1éch
khoi phdp tuyén vé phia géc  am. Khoang cich gitta hai khe ké nhau thudng dugc chon
trong gidi han tir 0,25A dén 0.8A.

Hi¢n twong bicn déi goc 0,,,, khi bieh déi y duge iing dung dé diéu khién dé thi
phuong hudng cua anten. Khi bién doi 14n s6 mdy phit, budc séng trong ong dan séng A
s€ bidn d6i va do d6 6, bién déi.

Khi bi¢n doi tdn s6, su mat phdi hop giva khe véi ong dan séng trong hé anten khe
khong déng pha s& xdy ra v6i mic do nho hon nhiéu so vét anten khe déng pha.

Khuyét diém cta hé anten khe khong dong pha 12 cuong do kich thich cho cdc khe
khong déu ma giam dan v& phia cic khe & ddu cudi (gan tai) cia éng dan song. Do 1a vi
cong suat cua séng chay trong 6ng dan séng giim ddn do o6 biic xa gitia cdc khe & phia trdc.

Khuyet diém nay cé thé khic phuc duge bang céch tang dan khodng cdch gitta cc
khe va khoang cach giita cdc khe véi dudng trung binh d6i véi cdc khe & gan phia tai.

Dung hé anten khe trén 6ng din séng cho phép ¢6 thé nhén duge dé thi phuong
huéng 16t nhat (v6i cdc quan diém nhat dinh) néu chon bién do cta dong kich thich cho
cdc khe mot céch thich hop. Diéu nay c6 thé thuc hién duge bing cdch cat khe & cédc
khodng cdch khdc nhau d&i v6i dudng trung binh.

D¢ rong clia cdc khe can duge chon thé nio dé s& khong xay ra phéng dién giita hai
mép khe. Mudn vay cdn thyc hién duoc diéu kién.

J
(_bg{i +l]gm, (23.15)
b 2 3 '

trong do, £, — gid tni tGi han clia cudmg do trudng trong khe khi bat diu xay ra phong dién;
U, = G—PL — bién d¢ dién dp gilfa hai mép khe & diém bung séng dimg;
E

Py — cOng suat birc xa cta khe;
b —do rong khe.
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Chuong XXIV
ANTEN MACH DAI

§24.1. GIGI THIEU

Trong nhitng nam gan day. anten mach dai dad dugc 1ap trung nghién ctru kha nhiéu,
ca vé 1y thuyét va k¥ thuat. Dong thoi cing da nhan dugc nhidu két qua ddng ké vé mat
cong ngheé va ting dung trong thuc tién nhat 13 trong [inh vuc thong tin v6 tuyén di dong.
théng tin vo tuyén mang cuc bé WLAN ¢ dai siéu cao tan. NG di 16 ra 13 loai anten ¢
nhiéu tién lgi va hi¢u qua.

Vé cau tao, méi phan tix anten mach dai gém c6 cdc phan chinh la phién kim loai,
13p d¢ dién moi, man chin kim loai va bo phan tiép dién (hinh 24.1). Phi¢n kim loai
duoc gén Ién trén 16p d€ dién moi tao nén mot két cau tuong tr nhi mot mang clia mach
in,vi th€ anten mach dai con ¢6 én goi la anten mach in.

Phién kim loaf

A 4
w

‘-

L
H
"
Lp dé dién moi Man chén kim loai
Hinh 24.1

Céc thong sd cdu trie co ban cia mét phin tir inten mach dai 12 chiéu dai L, chiéu
rong W, do day t va Hang s6 dién moi g, cla I6p d€ dién moi. Phan 1ir anten mach dai ¢é
thé dugce ti€p dien bang dudng truyén mach dai (dugc ché tuo theo cong nghé mach in
gan lién vdi phién kim loai (hinh 24.2a), hoac diing cdp déng truc, cé dau tham néi véi
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phien kim loai con vo cdp ndi véi man chin (hinh 24.2c). Tuy thudc vio hinh dang
phién kim loai va cdc théng s6 hinh hoc, ta ¢6 cdc loai anten khdc nhau. Hang so dién
moi dong vai trd quan trong nhdt v6i hoat dong cia anten. NG anh hudng dén trd khing
dac tinh, (an s& cong hudng, dai tan va hiéu sudt cia anten.

§24.2. PHUONG PHAP PHAN TiCH ANTEN MACH DAl

Chuong 5 da gidi thiéu vé phuong phdp phan tich cdc anten mach dai ¢6 hinh dang
tuy y, ding phuong phdp moment. Bay la phuong phdp rat hitu hiéu dé tinh todn cdc
anten mach dai, khong chi ¢ ¥ nghia vé mat 1y thuy&t ma con ¢6 v nghia thuc tién trong
viée nghién citu va thi¢t k€ cic anten mach dai da dang trong thuc & phdt trién cia cong
ngh¢ truycn thong. Trong chuong nay, s& gidi thiéu vé phirong phap phén tich anten
mach ddi dya trén su quan sat va suy luén vat 1y moét cich true gidc, dé gilp cdc doc gia
¢6 thé tim hi€u vé nguyén 1y clia anten mach dai mot & rang hon theo cdc khia canh k¥
thuat.

Hai phuong phap thudng duge sir dung dé€ phan tich anten mach dai 1a phuong phip
dudng truyén dan va phuong phdp héc cong hudng md rong. Phuong phdp dudmg truyén
dén duge su dung cho cic trudng hop phién kim loai ¢6 hinh dang don gian (vi du hinh
chir nhat, hinh tron), con phuong phdp héc cong hudng ma rong duoe dp dung cho cic
trudng hop duge dp dung cho cdc trudng hop phién kim loai ¢6 hinh dang phuc tap.
Trong muc nay s€ chi dé cap dén phuong phap duding truyén din.

Theo phuong phip dutng truyén dan, méi phan tir anten mach dai chit nhat c6 thé
duge mé ta tuong duong véi 2 khe bitc xa, mbi khe c6 chidu dai W (bang do rong clia
tam mach dai), va dat song song cich nhau mot khoang L (bang chiéu daji cda 14m mach
dai) nhur v& & hinh 24.2b. Mdi khe bitc xa duge coi nhu mot dipole tir.

Khi chon L= Ay/2, vGi A4 1a budc séng trong 19p d€ dién moi thi hai khe nay duoc
kich thich ngugc pha nhau, nhung vi mét bic xa chia 2 khe lai hudng theo 2 phia ngLoc
nhau nén két qua la dudng stc dién truong trong 2 khe lai trd nén ciing chidu trong
khong gian nhu moé ta & hinh 24.2b. Phén tir bic xa nay duge goi 1a phan tir mach dai
nira séng.

W .
a) ) e

Hinh 24.2,
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Trong muc nay s& dé cap dén anten mach dai hinh chir nhat, véi 2 loai nira séng va
phan tu séng.

1. Anten mach dai nira séng

Loai anten mach dai dugc sit dung pho bién nhat 1a loai gdm mét phién kim loai
hinh chit nhat gan trén ban mach in, dugc ti€p dién bdi cap déng truc. Chiéu dai L xap xi
béng nira budc séng

A
L~049), = O.49~\7L’— (24.1)
€,
trong do: Ao: bude séng trong khong gian tu do

Aq4: budc soéng truyén trong 16p dién moi.

Nhu trén da phan tich, truong biic xa cla anten ¢6 thé duge xdc dinh dua trén nguén
birc xa la dién truong doc theo khe nho dugce tao ra bdi canh cia phan tir mach dai va
mat phang d€ truc ti€p & phia dudi. Do 1 << A /4, mbi khe don s& biic xa dang huéng vao
nita khong gian phia trén mat phang dé.

Hinh 24.3.

Hinh 24.3a v& Anten mach dai, cac khe bitc xa ctia né va hé toa do khao sat. Hinh
24.3b la cau tric dién tir truong & gan phién kim koai, trong dé duong lién 1a trudong E,
duong dut nét la truong H.

Trén hinh v& c6 thé thdy cdc khe 1 va 2 1a cdc khe biic xa, M| va M, tuong ing la
cdc dong tir tuong duong. Trudng bic xa c6 thé dugc tinh todn nhd cdc dong tuong
duong trong khe, ta nhan dugc cdc thanh phin trudng biic xa cia mot khe don 1€, biéu
thi trong hé toa do cau nhu sau [45 ]:

E.~Ey=0
- IWE.e ko (24.2)
E, =i kotWEe (sin@ sin X suj ZJ
2nr &

trong do: £ la cuong do dién trudng trong kKhe
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X= %sin@ccscp

W (24.3)
Z=-2""c0s0
2
Gid sir Iop d€ dién moi 1a rat mong (7 << 1), khi d6 (24.2) c¢6 thé don gidn thanh:
ik sinf 0¥ cos0
JtEge 2
Elp =i————isinfh (24.4)
nr cosB
Ham phuong hudng t6 hop déi véi mot hé gém 2 khe duoc xéc dinh bdi:
Fy =2cos(kyL, sinOsing) (24.5)

Trong d6 L, la khoang cach hiéu dung giita cdc khe khi-c6 tinh dén truong & ving
bien. Ap dung 1y thuyét nhan dé thi phuong hudng, ta cd trudng bic xa clia anten mach
dai bing:

0 F ko sin [ﬁ%w cos OJ
= 0 sin9

T cosO

E,

cos koL, sinOsin¢) (24.6)

Trong mit phing £ (mat phing vuong géc véi trye cha khe, hay mat phing xoy,
0 = n/2), cong thic (24.6) trd thanh:

koWiEqe "
E,(0)= ELLﬁ;—cos(koLe sin ) (24.7)
Con trong mit phdng H (mit phing yoz, ¢ = /2), céng thitc (24.6) trd thanh:
1ok sin [k—oﬂ/ cos E}J
E,(8)=i""% | sin8 cos(kol., sin©) (24.8)
o —02 cos 0

Cic cong thifc nay ding vdi cdc géc ndm trong gidi han 0° +180° {nghia la ding cho
nira khong gian phia trén clia man chan).

Cdc hinh 24.4a, b bi¢u dién d6 thi phuong hudng ciia anten mach dai trong cdc mat
phiang £ va H tai tan 56 /= 10 GHz v6i W = 11,.86mm, £, = 2,2 va L = 9,06mm. Ca hai
dé thi nay déu duge so sdnh v két qua thue nghiém.

Cong thuc nay s€ khong duge chinh xdc tai khu vuc gan d€ dién moi. Su buc xa ti
day ctia d& dién moi thudng nhd hon gid tri 1y thuyét khoang 6dB tai 0° va 180°. Mot s6
bifc xa cling xuat hién & bdn cidu dudi 180" = 360", Buic xa tai bdn cdu dudi s& nhanh
chong bi mét di khi mat phang dé dién moi réng hon bude séng.
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a} Mat phéng E b} M3t phang H

Hinh244.

2. Anten phén tu séng

Khi chon L =A4/4 ta ¢6 anten phan tu séng.

Cau tric cla loai anten nay nhu ¢ =90°
sau: mot trong hai khe dugc néi tét
v6i man chén kim loai, con di€m tiép
dién duoc ndi vao khe bén kia. Trong =24
trudng hop nay phan tt anten mach -
dai tuong duong véi moét khe don.

Néu man chan 14 man dan rong vo l
han thi trudng biic xa trong mat -1
phang E s& c6 dang déng déu & nira

khong gian phia trén. Cuong d¢ bic
xa gidm khodng 6 dB tai @= + 90°
Tuy nhién néu man chan cé kich
thudc hitu han thi trudng biic xa trong mat phang E s& khong con dong déu nira. Chang
han khi man chén cé kich thudc 61, ta ¢6 gidn dé bic xa nhu hinh 24.5. Nhimg chd
mé4p mo trén gidn d6 hudng cé thé gidm di khi d6 18n ctia man chin du rong.

—

— =

Hinh 24.5,

Trudng biic xa trong mat phing H ciia phan tir 1/4 bwdc séng duge xidc dinh theo
cong thic:

Ey = KtanBsin(%E.coseJ _ (24.9)
0

v6i 0 12 géc hop béi truc khe v huéng quan st ndm phia trén man chin.
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§24.3. TRO KHANG VAO CUA ANTEN MACH DAI

So d6 tuong duong clia anten mach dai nlta séng duoc vé & hinh 24.6. Trd khéng
vao cla anten mach dai néi trén ¢6 thé duge tinh tir mach tuong duong

g
A 2
I _ Pl

|
= -
_% Z‘,< [HRR @ RR
. : , o
\ L — P
Ngudn nudi Zo= % }"_1_)
£, .

Hinh 248,
Bién tri bitc xa clia méi khe s& 12 ham phu thude v6i do rong W ciia phién mach
dai, dugc xdc dinh theo cong thite:
Ry = 1200, /W (24.10)
Do phén tr mach déi duge bi€u thi nhu tap hop cua hai khe song song nhau, nén
dién 1rd vaao s€ bang:
Sy t6n tai clia dién khang vao khi anten ¢6 d6 dai ding bang Ag/2 14 nguyén nhan
ma ta can giam d¢ dai trén thuc t& (tic 1a L = 0.49%,) dé c6 duge cong hudng & ddu vao,
tuong ty nhu do6i v6i chén tir nira séng dé khao sat & §4.8, chuong 4.

Viéc phoi hop tré khing dau

viio ¢6 thé duge thuc hién bing céch 140RV

st dung mot trong 2 ky thuat, Doi 120 P\ /|
v6i cdc phan tir lam vie doc lap, N /
tiép dien bang cdp dong truc 500, \ 7

¢6 thé lua chon diém tiép dién thich 80 \

hop bing cdch diéu chinh khoing 60

cdch |1l canh cia phan (i dén diém 4, \ /

tiép dién, nhu hinh 24.7, dé dat 50 \

duge diém c6 trd khing vao ding ' NN

bing 5002 Lunu ¥ ring tré khang 58 o 20 40 60 80 700 120 140 160 180 1
bing O tai tim clia phan . Pai khi .
ngudi ta lgi dung diéu nay dé di =

cic dinh tdn hoac Iép ma qua cic 16

fal tam anten vi nd anh hudng . leﬁ
khong ddng ké dén gian dé buc xa

va chi fam thay déi nhd dén tin s Hinh 24.7.
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cong huong. Trong cdc hé anten mach dai gém nhiéu phdn tir (dan anten mach dai), Cap
di¢n bang dudng day dai tai canh ctia cdc phién kim loal thi thutng diing bo chuyén doi
phdn tu bude séng deé bien déi trd khdng vio t6i cdc gid tri ma ta mong mudn. Vin dé
nity s€ dugc dé cap tiép ¢ muc 24.6 cia chuong nay.

Anten phan tu budc s6ng cé
tro khdng vao 16n gap doi so véi
anten nlfa bude séng. Trd khing
vio cla anten ¢6 thé tinh duoe tir
mach tuong trén hinh 24.8. Ta
nhan duge:

120A

Vi cdac phan tu anten phan e
séng, néu chon do rong W bing

377

Lo== W

0 JE? W

- —" —
[HRR Poan
' mach
At
Hinh24.8

nita budc song, trd khang vao s& 1a 240 Q. Gid tri nay khd cao, va ty s6 séng diing dien
dp xay ra khi tham ti€p dién clia cdp 50 Q dugc néi truc 1i€p vao canh clra phan tir. Do
d6 phai dat diém ti€p dién cach xa canh mot khoang /, khoang cach nay ¢6 thé tim duge
nhd do thi vE trén hinh 24.9. Dong thdi cling c6 thé ding bo chuyén ddi phin tr bude
s6ng dé bién déi ré khdng vio 16 cdc gid tri m ta mong mudn nhu da trinh bay & (rén.

Rp. Q

280
I
240

200

160
120

80

N

P

40

N

™.

™~

4] L0 20 30 40 50 60 70 80 90

s

Bodn mach

Bl

11

-

s

Aa

4

Hinh 24.9.
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§24.4. BANG THONG CUA ANTEN MACH DAI

D¢ rong bang thong clia anten mach dai duge dinh nghia 1a khoang tdn s6 ma trén
do anten phoi hop (6t véi dudng day tiép dién trong mot gidi han xidc dinh. Néi cdch
khéc, d6 la khoang tan s6 ma anten ddp ing duge cdc véu cdu dat ra. Do rong bang
théng cua mat anten thutng duge xdc dinh thong qua hé s§ séng ding cho phép trén mot
khoang tan s6 nao d6. Hau hét cdc anten trong thuong mai sir dung ti 6 2:1 hoac 1.5:1.

Do rong bang tan cua anten mach dai ty 1€ vSi do day ciia 16p dién méi. Khi do
day cua 16p di¢n moi rat nhod so véi budc séng (1<< 2o/4), dai tan thudng rat hep. Vi du,
do rong bang véi ty 1¢ séng ding nho hon 2:1 ¢6 thé duge tinh todn theo cong thike kinh
nghiém sau:

Af =4f7 (”%2} (24.13)

Trong dé Af 1a do rong bang, tinh bang MHz; £ 13 tdn s6 hoat dong, tinh bing GHz,
t la d6 day, tinh bing inch (inch 13 don vi do ludmg Anh, bang 25,4 cm).

D¢ tang do rong bang cé the sir dung 19p dién moi diy, véi hang s6 dien moi €,
thdp. Tuy nhién, frong thuc t€ viéc tang do day 16p dién moi 1a ¢é gidi han vi khi
{ 2 0,12 thi anh hudng cia séng bé mit s& lam gidm hiéu sual clia anten.

§24.5 PHAN CUC CUA ANTEN MACH DAI

Anten mach dai ¢6 thé duge ché tao dé nhan duge trudng bite xa phan cuce thing
hodc phan cuc quay. Phan cuc thing s& nhan duge khi diém tiép dien dugc dat vio giira
mot canh ctia phién kim loai. Hinh 24.10a minh hoa 2 trudng hop phén cuc thang cé
huéng true giao nhau. Phan cuc quay c6 thé nhan dugc khi dp dung céc bién phdp ti€p
dién thich hop.

A
2

|
|

% 2

(rrr 727

%

a)

\\
N\

Céng vdo phdn cie
tron quay phdi

— - b)
~__ Céng vao phdn
CUC tron quay trdi

Hinfy 24.10.
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That vay, nhu da phan tich & chuong 16, ta c6 thé 1ao ra trudmg phan cuc quay bing
cich t6 hop 2 séng phan cuc thing vuéng géc nhau, vdi géc tech pha 90° gifta ching.
Dong thdi, ta ¢6 the tao ra hai séng phan cuc thing truc giao tit mét phdn tir anten mach
dai hinh vudng c6 cdc kich thude /. = W = L 4/2, véi viéc tiép dien riéng 1& vao hai diém
nam & trung diém hai canh ké nhau cta phi¢n kim loai hinh vudng &y. Néu dong dién
tiép vio 2 diém néi trén ¢6 gée pha léch nhau 90” (i ta sé nhan dugc trucng phin cuc
quay. Flinh 24.10b mé ta vi¢e ti€p dién dung mach hybrid chia céng sudt vi tao ra goc
lech pha 90" gitra 2 nhanh. Vi di¢n dp cua hai nhdnh ¢6 bién d6 bing nhau nén phan cuc
quay nhan dugce la phin cuc tron. Khi ¢dp dién vao cic dau khédc nhau ctia hybride sé&
nhan duge truong phin cuc quay ¢é hudng quay khic nhau (quay phai hoac quay trai).

§24.6. ANTEN MACH DAI NHIEU PHAN TU

M@éi phén tlr anten mach dai ¢6 the dugce sir dung nhu mét anten doc lap, hoic ching
¢6 thé két hgp vdi nhau thanh hé anten, goi la dan anten mach dai. Dan anten mach dai
¢6 thé duge tiép dién dong pha nham ting tinh dinh huéng cho hé anten, hoac tiép dién
v6i gic pha bign dét dé c6 thé quét biip song trong khong gian, tao ra hé anten ¢6 x{ 1y
fin hi¢u. anten thong minh nhir da khao sdt & chuong 12.

D

|

i

.
L .

Za=T00 ] Zy=10002

Ry,

Zy={Ry, 100

7
.

Hinh 24.11.

Hinh 24.11 cho mét vi du minh hoa vé dan anten mach dai 4 phan tir, tiép dién
dong pha nhd dudng day dai. Viéc tiép dién déng pha duge ddm bdo bdi khoang cich
bang nhau tir di€ém tiép dién chung t6i mdi phén t&r. Viec phai hop trd khang duoce thuc
hién bang cdc doan dudmg truyén mach dii c6 do dai bang L4/4, ¢ trd khdng séng thich
hop nhé thay d6i bé rong clia dudng day dai. Cac doan dudng truyén nay dugc goi 1h cic
bo bién doi tr& khang phén tu séng.
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Néu ky hi¢u Z; 1a trd khang dac tinh cla doan dudmg truyén Ay/4 (bo chuyén déi
phan tr budc séng) thi quan hé clia Z; véi cde trd khédng Z,, Z, & 2 ddu (trong d6, mot
trong 2 dai luong la di biét con dai lugng thi hai 12 dai luong cdn dat dwge), s tuan theo
hé thuic:

7,7y = 24* (24.14)

Goi tr¢ khang ddu vio ctia mdi phan tir mach dai hinh vuéng 1a Ry, (dai lugng nay
coi nhu da biét). Trd khang nay dwge bi€n doi thanh 100 Q nha bo chuyén ddi phin tu
song ¢6 trd khdng dac tinh Zp = Ry, 100 . Tai diém a, la diém 3 hop ciia hai nhdnh
100 Q s& c6 trg khang bang 50 Q. Trd khang 50 Q ndy lai dugc chuyén ddi thanh 100 Q
nhd bo bi€n doi trd khang phan tu séng tiép theo ¢6 trd khang dac tinh (xdc dinh theo
24.14), bang 70 €2. TS hop cha hai nhanh ndy tai diém cdp dién chung s& cho ta trd
khidng bang 50 €2, thoa man diéu kién phai hop véi cdp ti€p dién dong truc 50 Q thong
dung.

Hé s6 tang ich cta dan anten mach dai néi trén ¢6 thé duge xdc dinh theo cong thite:

D
Gap =10log —4n? —a-[ ‘”)ZJ (24.15)
ho 2

Trong d6 A = D,. D,,

var D), D, la d¢ réong va do cao hiéu dung clia dan anten, dugc xéc dinh biang
khodng cdch giita cdc tam cua 2 phan ti ngoai cung clia hang (hay c6t), cong thém mot
khoang bang khoang phan cidch gilta 2 phan tir theo hang (hay cot), & 1a do suy gidm
trén mot dan vi dai cia dudng truyén mach dai, tinh theo dB

§24.7. PHAN TU ANTEN MACH DAl HAI TAN SO, HAI PHAN CUC.

Cdc phdn tit anten mach ddi hai tdn s6 c6 thé hinh thanh bing cdch xép chéng hai
phan tir mach dai, méi phén tir ¢6 tan s6 hoat dong riéng, va dugc tiép dién ndi tiép nhu
trén hinh 24.12. Péc tinh quan trong nhat can luu ¥ & day, tai cdc hinh 24.12a, bvac 1a
khi mét trong hai phan t mach dai khong cong hudng vdi tin s6 lam viée cuiia mach kia
thi né giong nhu mot phién kim loai bi doan mach. Piéu nay cho phép mdi phan tr mach
dai hoat dong doc lap tai tin s6 khong cong hudng clia phan tlir mach dai kia. Diéu pay
¢6 thé dat duwoc khi khodng cdch tan s6 nhd hon 10%, hodc khi cdc tan s6 d6 13 hai
cua nhau.

C6 thé xép chéng nhidu phdn tr va 1i€p dién néi ti€p d¢ tao thanh mot hé anten
mach ddi nhiéu tan $6. Diéu quan trong 1 phai tim diém phi hop cta méi phin tir dé ¢
thé dit ngudn nudi vao dé vdi trd khang ddu vao 1a 50 Ohm. Cac phan tir phan tir séng
cing nhu cdc phéan tlr toan song cling ¢4 thé duge tiép dién ndi tiép nhau.

Kich thudc chinh xdc cla phan tir tiép dién néi ti€p va cac diém phu hop dé dat
ngudn nudi 16t nhat la duge xédc dinh qua thue nghiém.
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- Cic phan tr mach
ddi ¢é phin cure quay hai
tan s6 clng dugc thiét
k& nhor viée nuodi noi tép
cac phan t0 mach dai
phan  cuyc quay Xép
chéng doc theo dudng
chéo ciia moi phin tir.

Cdce phan te mach
dai hai phdn cuc la cic
phan tr mach dai chir
nhat trong dé hai kich
thude duwoc chon ta cac
kich thudc cong huong.

Nhu c¢hi ra trén hinh
2413, hai kich thudc
nay dugc chon sao cho
L, bang nita budc séng
trong dién moi taj tan s
cong hudng dau tién va
I, bang mot ntra budc

e
Podn mach ___W////y//////////

W u
Eodn mach
g0

I
1

£rocn mgch

Pexin meach

<)

Hinh 24.12.
a) Tiép dign ndi ti€p, b) Cu tric twong duong tai tan s6 fy, ¢) Cau tric tuang
duong tai tan s6 f,

song trong dién moi tai 14n s6 cong hudng thir hai. Phan tr ¢6 thé duge tiép dién véi mot
ngudén nuodi chung dat vio gdc cha hinh chir nhat (hinh 24.13a) hodc ding hai ngudn
nudi doc lap dat tai diém giita ciia mbi bén nhu trén hinh 24.13b. D3i véi truong hop
ding mét ngudn nudi chung dat vao goe thi dong dién chdy doc theo duong chéo cia
hinh chit nhat s& duoc phéan tich thanh 2 thanh phan vuong géc nhau va do dé ciing sé&
tao ra hiéu qua giéng nhu 1iép dién vao 2 canh, nhu ¢ hinh 24.13b. Trong ca hai trudng
hop, 14n $0 f, s& biic xa theo phian cuc ngang, con tan sd £, theo phan cuc ding.

L

Ad
2

L= O—rrt

f
7"’('2 -

e

Hinh 24.13. b)

a) Phan cuc ngang tai tan sd f, va phan cuc dimg tai 1an so f, (cling ¢dng vao)
b} Phan cyc ngang tai tan s f, va phan cyc dimg tai tan sé f, (cac ngudn nudi doc 1ap)
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Chuong XXV

ANTEN LOA
Sl e

Anten loa thudc loai anten bifc xa mat. Mat bite xa clia anten 1 miéng loa. Phan tr
buc xa co ban cila anten 12 nguyén 16" Huyghen, nghia 1a nguyeén té dién tich duoc kich
thich boi dién tir trudmg déng pha.

§25.1. BUC XA cUA MIENG ONG DAN SONG
VA SU HINH THANH ANTEN LOA

Trude hét ching ta hdy khao sat trudng hop don gian nhat cila bife xa mat La bic Xa
tr mieng cua mot 6ng dan séng chit nhat hodc won. Gid st cé dng dan séng chit nhat
dugc kich thich béi truong ciia séng H ) (hinh 25.1). O day séng H,,, dugc tao boi ddu
kich thich ki€u chén tir khong d6i xing, Khi truyén t6i miéng 6ng, mot phin nang luong
cua song s& phdn xa trd lai, con mot phén bikc xa ra khéng gian bén ngoai. Trong truong
hgp nay, trudng ¢ miéng 6ng sé 1 tong hop clia trudmg séng téi va trudng séng phan xa'”

Ejjo=0+ p)cos[EJ

¢4

H. = _MCOS[E{
’ W, a

A

5

Hinh 25.1.

W la tro khéng s6ng cia khong gian tu do;

p la he so phan xa cha song tir miéng 6ng. Néu coi mi¢ng 6ng la chdé ghép cta hai dudng
truyén séng ¢6 trd khang séng 13 W va W thi

_W-W,

1y =
F W+ W,

® Fl e s a [ ot x - . - - . - " - N .

) Noi chinh xdc hon thi & ché tigp gidp gilta 6ng din séng va khong gian ngodl {miéng ong) s& con ¢d
cac song bie cao va cde dong dién mat chdy ra vo ngoai ¢ila ong. Gidi bai todn biic xa ctia miéng 6hg
trong trudng hop téng qudt la van dé rit phitc tap. Vi vay trong cdc tinh todn k¥ thudt ta dd bo qua cdc
yéu 10 niy.
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Ap dung 1y thuyét anten biic xa mat'”, ta xdc dinh duge ham phuong hudng chuan
héa cuia anten trong hai méat phang £ va H khi mat bifc xa duge kich thich bai truong (25.1)

1+ K, :;'COSGE ! sin(k; sinE)h}l
Fie(0) = s T v (25.2)
I+ K, 1 7 sin6F
w, || 2

, 2 _
’K(. W + cos6 [RJ cos ka sin 0"/ \
W, 2) 2
r

[TH (0) = 7
2
‘ I+K(.:/:/ I (n] —kaSirIe”
s 2 2
: 4 _ 0P K cane ohe 5 an <o
trong d6, K, = —---~ la h¢ s0 séng chay trong dng dan séng.
I+ p)

o rong cua d6 thi phuong huéng trong cdc mat phang & va H dige xdc dinh theo
1¥ thuyét anten, bang:
205, =51°% /b
(25.3)
20, = 670/ a

Tir (25.3) ta thay do rong cha dé thi phuong huéng trong hai mat phing £ va H 1ty 1é
nghich véi cic kich thude h va ¢ clia miéng ong dan séng. Pong thdi ta cing thdy rang
dé thi trong mit phang £ ¢ do rong nhd hon so véi do thi trong mat phang H néu kich
thude a = b.

Anten kiéu miéng 6ng déin sdng (goi tit 1a anten dng séng) ¢ nhuge diém 1a hudng
tinh kém (né duge sir dung 1dam bo chidu xa cho anten guong hodc Liun phén tir coa hé
anten phic tap) va ¢6 hé s6 phan xa séng trong 6ng dan séng khé 16n (p = 0,2 =+ 0,3). Dé
giam hé s0 phan xa cin sir dung cac thiét bi phdi hop dac biét.

D¢ tang budng tinh clia anten &ng séng, can md rong cac kich thude clia miéng 6ng.
Tir day ta s& nhan duge cdc Kiéu anten loa khdc nhau.

§25.2. CAC KIEU ANTEN LOA

Khi md rong kich thude miéng ong cba anten dng song theo cde phuong an khéc
nhau ta s& nhan dugc cdce kiéw anten loa khdc nhau (hinh 25.2).

Néu 6ng dan séng 1a 8ng chit nhat va kich thude migng dng duge md rong trong mat
phang clia véclo tir trudng thi ta goi lao nhu vay 13 loa mé theo mdir H, viét it 13 loa H

*)$8.3. Chuong 8.
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(hinh 25.2a). N¢u kich thuée miéng 6ng duge mé rong trong mat phang clia vécto di¢n
truong thi ta ¢é loa md theo mér E hay loa E (hinh 25.2b). Néu kich thude miéng ong
dugc mo rong theo ca hai mat phing, ta ¢é foa hinh thdp (hinh (25.2¢). B6i véi ong dén
song tron thi ta chi thict 1ap duge mot loai anten loa 13 loa hinh nén (hinh 25.2d).

Dé lam sdng to nguyén I¥ lam viéc cla anten loa ta hdy khao sat mat ¢at doc cia
anten nhu & hinh 25.3.

T E 2 e
g ‘ R
0) L

~

Hinh 25.2. Hinh 25,3,

Nang luong cao tan duge truyén theo 6ng dan séng t6i ¢d clia loa dudi dang séng
phang (mat ding pha Ja mat phang). O diy. mot phan nhé nang lugng s& phan xa trd lai,
con dai bg phéan ti€p tuc truyén theo thdn loa dudi dang song phan ky, téi miéng loa. Tat
mi¢ng loa, phan 1én nang luong duogc bic xa ra khong gian ngoai, mot phan s& phin xa
tro lai.

Su phan xa séng tir c6 Joa s& cang 16n khi gdc md clia loa 20, cing l6n, con su phan
Xa tur miéng loa s& cang nhé khi kich thude ctia miéng loa cang 16n.

Cung giong nhur & trudng hop anten 6ng dan séng. tai mién bat ddng nhat (¢é loa va
muéng loa) s& phdt sioh cdc sdng bic cao. Khi tinh toan anten loa ¢6 thé chon géc mo va
do dai R ctia loa thich hop d€ cho cdc séng bac cao phat sinh tai mién bat déng nhat sé
suy giam nhanh va khong [am méo dang phan bg trudng & miéng loa.

Khi da bi€t duge quy ludt phan bé ciia trudng kich thich & miéng loa sé tinh dugc
truong buc xa clta anten theo 1y thuyét bite xa mat da biét.

§25.3. TRUONG BIEN TU G TRONG VA TREN MIENG LOA

B¢ xdc dinh trudng & trong loa cdn giai h¢ phuong trinh Maxwell véi cic didu kién
bo di biet trén cdc thanh cla loa, dong thoi coi cdu tric chia trudng ¢ trong loa ciing
giong nhu cdu tric trudng cia dudng day truyén séng hinh thanh loa véi do dai vo han.
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a)lLoa H

Hinh 25.4 vé€ cau tritc cua truong trong loa md theo mdt H khi loa duge kich thich
bl séng I, G doan Sng dan séng, ta ¢6 séng phang, c¢on & trong loa ta cé séng tru
(mat séng [& mot phan cla mat try, ¢6 truc di qua dinh O cia loa — xem hinh 25.3). Vi
vay rudng & trong loa s& bicu thi qua ham try — ham Hankel. Khi tinh trudng & khodng
cdch du [6n (tinh tir dinh O) ¢6 thé sir dung cic céng thic tiém can cila ham Hankel va
ta s& nhin dugc biéu thifc sau:

B ik
E(p) == cos| ——a | 7P (25.4)
: Je 20,
trong dé, B la hang $6 dac trung cho bién do cla trudng & diém M., tai khoang cich p
ké tir dinh; @ 1a géc hop bdi truc = v hudng khio sét.

Su giam bién do cua trutng y
1 .. . TFf | —— &véng sic £
thco — 1a dic trung cho séng —jH:[— ~-—--i-~ -~—]L-]—~ - ~—- Ouing sic #
¥ 1
tru. Ham han bo L
[T T "1‘
bis N , N AN
cos P | dam bao thoa tiert
2(1)0 -\'[‘ :1‘1=1|
= 1 b
~ . .. N = . h N _, \.'l ° B L hrdot
min diéu kién bo bang khong v _;’nt'..“ ik ]-H-»1 "l“ (b ¢
d,\u st 5 & e a ,q'.——'fll.\ "'.Iif'] e f it £ 1=
01 vOi thanh phan tiép tuyén SR N e J.Wr-‘r‘ 3 hab
a .. N . . ._._:.__.:: \‘:ﬂnlfl_‘f . ST
cua dién trudng trén vdch hep RS e
) ’ L : \\h“:’Jf,’{ f JJHJ
cua loa (kh1 @ = P, — £ =0). Nﬁ* T
. . =ik ’ & e i d] 2
Thita s5 ¢ *°

ching to6 séng "
truyén trong loa vdi van toc pha Hinh 25.4
biang van téc dnh sdng. Thuc ra
thi van toc pha cha séng tat moi mat cat ngang cla loa ¢é gid tri gan vé6i van tdc pha cla
song H |, trong 0ng dan séng chit nhat vdi bé rong bang bé rong cha loa tai thiét di¢n
khao sdt. Nhu vay, van t6c pha cla séng doc theo loa s& giam dan bat dau tir gid tri
C pe s . s 2 N N = - - -
VE e i gld v = ¢ (thurc t& ¢ the col v = ¢ d khoang cich khong 16n so
J1 —(A/2a)” :
vét ¢6 1oa). Dai véi diém A bat ki & miéng loa (xem hinh 25.3) tacé p = R® + 37 .
Khi loa ¢6 géc ma& khong 16n (2@, < 60°) ¢6 thé coi:
2
a X x
(O ztgcboz—{; D=tgb=—; y<<R;p=R+—
2R R 2R
a, la kich thude cia mi¢ng loa (xem hinh 25.4).

Khi &y biéu thuc (25.4) s& ¢6 dang:
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- X iR <
E{x) = L”cos[—] e , (23.5)
. a
trong d6, K, — bién do chia trudng & tam cla miéng loa. Trong cong thite ndy. ta ciing
bé qua thita s6 pha e <%,

Nhu vay, phin bo bién do cua trudng & miéng loa ciing giong phan bé trudng &
trong ong dan s6ng chit nhét, con pha ctia trudng thi bién déi theo quy ludt bac 2.

2
v ~ 27 2 05 ra? (25.6)
2R

b) Loa K

Hinh 25.5 v& cau tric Z;I:}fi51‘;.:’-}-'::-535.2;-[';}3;-_:_3:‘?,l: Wa:my sfrf £
cua trudmg trong foa md e j::':[:ia‘.t;i____'::'lt:;:gllz':a!‘“}lEi::: === Bulng sic H
theo mdt E. RS Loy e .

Trong trutng hop ndy y }__55_4_1
song trong loa cling 1a song = ]
tru nhimg do kich thudc ctia Hiat HH A
loa trong mat phang H / RAKIEN
khong bién doi nén van toc Ll s,
pha clia séng s& khong bién ‘ i HE-H
d6i va ¢é gid tri bing van L |-LHH 44
toc pha cla séng trong Ong L
dan séng.

Ciing suy dién nhu & Hinh 25.5,
trén, ta s& nhan dugc bicu
thitc gan ding doi véi phan bo bién do va pha cia trudng & micng loa:

EyLny)x:E;cos(%?]e**fsz (25.7)
f

trong do, k= f , vO1 A 1a budic séng trong éng dan séng.

¢) Loa thdp

Loa thdp (hinh 25.2¢) ¢6 thé dugc coi nhu 6 hop cta mot loa E va moét loa H. Khi
ay, phan bo trudng & miéng loa trong mat phang £ sé giéng nhu déi véi toa méd theo mat
£, cdn phan b rudng trong mat phing F sé giong nhu d6i v6i loa mé theo mat f. Tuy
nhien, vi kich thude loa duge md theo ca hai mat phing nén séng trong loa s& dang gan
vdi song cau. Phan b6 truong & miéng loa ¢6 thé duge xdc dinh gan diing bdi biéu thc:
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. . X ) i trp i
b}__()‘_. },) — h'__) CO‘){—]{J Ik'\- Jr‘jR'J‘? kX }{ZR” (25_8)

4y
trong do, R, va Ry, 1a d6 dai clia loa mé theo mat £ va clia loa mé theo mat H.
d) Loa non

Loa non (hinh 15.2d) thutng duge kich thich boi séng H, . Vi loa ¢6 tinh déi ximng
truc nén mat phang phan cuc cla séng s¢ rit kém dn dinh. Séng truyén'trong loa 1a song
cau. Phan bo bién do cha truong & miéng loa ciing gén gidng phan ba bién do clia séng trong
ong déan séng tron, con phan b pha thi gidm dén tr tam ra mép ngodi theo qui luat bac 2.

§25.4. BUC XA CUA LOA H
Ap dung céc cong thie clia l§ thuyét bitc xa mat ta s&€ xdc dinh duge trudng bite xa
cua loa A vdi phan bo clia trudng & miéng loa theo (25.5) va sau d6 tirn duge him

phuong hudng trong cac mat phang nhu sau:
Trong mat phing £

$in kﬁ'— sin O
1 + cosd N 2

Fy®) = — . (25.9)
sin{
Trong miit phang H
Fy(0) = (1 + cosD) [eﬂ'}' {(C(ul) + C ) —i(SGy) + 5(112))} +
+ "2 {(Cai) + Cluy)) = iSuy) + Sy} ] (25.10)

trong do:

' 2

ArR( 1 28ino

L’l‘z = 4 — i l
q

Con C(ir) va S(#) la cdc tich phén Fresnel

uy = { a, iﬁ[i+2sin9
' A
J2 LR a

| I |

1 Si |
s 4 _ 1) g ARl L 2sin®
' \/5 R a A
Hinh 25.6 v&.dd thi phuong hudng trong mat phang H cia loa H khi loa ¢6 do dai
104, (ng véi cdc géc md 2, khiac nhau. Hinh 25.7 1a d6 thi biéu dién su phu thudc cla
do rong d6 thi phuong hudng theo gée md, ing véi cdc gia tri cd dinh clia do dai R.
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Hinh 25.6.

MW, = —_— e —
‘_,Uu ! i |II ‘ DIJ}L""bI. -
| | ! R = 75%
0 - l| | Lo A 120 e
i ! i S ;
TR N - !
60 T \ ——\—‘\—7/ 10 K —
| | 3 Sy o ; \
i ! N, Ria =8|~ Lot 3t
Set l\ —f&\—IT— R K1 l /
| . ! ]E‘--——-- - o ﬂ/— \
Lo f - MYy
40— \'r — - / o A f
: i I
. \ | 20 . // 20\
305 4 | - E : an | AT 5
NG e
[ i N 1}
20 L - 20 =
0 10 20 30040 2y 2 5 10 2 a fh
Hinh 25,7, Hinth 25.8.

O day c6 thé nhan thiy mot didu la ¢é mot géc mo toi wu (2@,,) dé khi dy d6 thi
phuong hudng ¢ dé rong cuc ticu. Vi vay, khi tang géc md clia loa thi ban ddu dé thi s¢
hep lai (do viéc tang kich thude clia miéng loa theo mat phang H), nhung khi ting qudi
gid tri 161 vu thi dé thi iai md rong (do viée tang sai pha ¢ miéng anten).

He s6 dinh hudng cua anten duge xdc dinh theo cong thiic clia 1y thuyélt bitc xa mat.

_[E(.r, yyds

2

e S (25.11)
A ﬂE(.r, y)‘ ds
£
trong d6, E(x, y) la ham phén bo trudng & miéng loa, tinh theo (25.5).
Két qua tinh todn cho ta:
dnbR | . 2 2
Dy, = » [Clppy + Clpy)] +[Sp) + S(py)] (25.12)
{
trong d6, PLa=vVE Iy = — o (25.13)

V2R
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Hinh 25.8 v& dé thi phu thudc cta hé s6 dinh hudng cua loa H vdi kich thude loa,
ttng véi cac gid tri R ¢6 dinh.

Tinh todn vé anten loa dd cho biét rang d6i véi loa t6i vu thi do sai pha cuc dai Winax
¢6 gid tri bang 3m/4 (y,,,, 12 do sai pha gitta mép loa vi tam).

" sl 2 N pe - ~ .
Vi = k[v’ R™ +(a, 12)* - R“} nén véi gid thiet («,/2)” << R? ¢ nhan duge do

dai t3i vu cua loa bang
2

_ 4
R, = ey (25.14)

Di¢n tich buc xa hiéu dung cha anten va hé s6 slr dung bé mat ciing duoc xdc dinh
theo cac cong thife cta 1v thuyét bic xa mat, Két qua tinh todn cho ta:
AR 2 . 2
\.-:—Z[C(;J|)+C(p2)] +[S(p|)+f)(p2)] } (25.15)
a

boi véi loa t6i uu ta nhan duge v = 0,64, vi d¢ rong cta dé thi phuong hudng trong
mat phang /f:
A
20, =80 4, (25.16)

§25.5. BUC XA CUA LOAE

Vi qui luat phan bo trudong xdc dinh theo (25.7), ta xdc dinh dugc ham phuong
hudng cla loa £ trong hai mat phang chinh nhu sau:

Trong mat phang H

5 co.s( —2" sin BJ
F;p({)):%(l + cos8) x (25.17)

2 ) 2
[-T[J - (k-g-‘{-sinB]
2 2
- - Y ] 2 . 1 1 2
Fa(9) = (1 + cosB) J[C (') + C(u 2)] + [S(u )+ S .2)] (25.18)

2 kb; si
trong do, i, = \/: 1,’(111;? ¢ o0 Ta = k.
s

afob? 2R

Trong mat phang £

He 56 dinh huéng ctia loa £ dugc xdc dinh theo cong thic:
_ 64qR

D
2 Ab;

[CE(q) + Sz(q)} (25.19)
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trong dé: g = —L;JT—R (25.20)

Hinh 25.9 1a d6 thi biu dién su phu thuoc
cna h¢ s6 dinh hudng cua loa £ theo kich thudc
loa, img vai cic gid tri R khac nhau.

D6t vai loa E, dicu Kién (61 uu s& iing véi
Wy = /2. T d6 ta nhan duge do dat 161 vu:

2

_ o

ot T 29

Vdi loa E t6i uu, hé s6 sir dung bé mat dat

duge v = 0,64, con do rong d6 thi phuong hudng

trong mét phiang £ bang:

(25.21)

Hinh 25.9

A
261, = 56° (25.22)
{

§25.6. BUC XA CUA LOA HINH THAP (LOA E & H)

Vi loa thap ¢6 thé dugc xem 14 6 hop clia loa E va loa H nén dé thi phirong huéng
clia loa trong mat phang E va {1 ¢é thé duge xdc dinh theo cdc cong thic tuong tng
(25.16) = (25.17) va (25.9) + (25.10). Néu kich thude clia miéng loa 1én hon A thi phan
bé trudng & miéng loa s& phan ly theo x, y (cong thic (25.8) va dé thi phuong hudng &
hai mat phéng chinh chi phu thudc vao kich thudc clia miéng loa trong méi mat phing.

Hé s6 dinh hudng cha loa thap ¢6 thé duge xdc dinh theo cong thitc (25.11) khi thay
E(x, y) bai (25.8). Sau khi tinh todn s& nhin duoc

_ 8RRy [

D [Ctp) + Cep] + [SGo0 + S | + [ 2@ + S| 2523)

trong d6, p, va p, dudc xdc dinh theo cong thite (25.13) véi R=R,;
¢ dugc xac dinh theo cong thic (25.20) véi R = R;.
Citng ¢6 thé biéu thi hé s6 dinh huéng cla loa thap qua hé s6 dinh huéng cha loa E
va loa H. That vay, néu so sdnh (25.23) vdi (25.12) va (25.19) ta 58 duge

n A 'y
=— | D,— 1| b, 2 25.24
b 32{ ”b,][ ﬁa,} ( )

Khi sai pha clia irudng & miéng loa trong cdc mat phing E v H bang n/2 va 3n/2
thi ta c6 loa thap t6i uu. Khi 8y vdi do dai loa cho trude s ¢6 hé s6 dinh hudng cuc dai.
He¢ s8 sir dung bé mit clia loa thép t6i vu bang v = 0,5.
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‘Chuong XXVI
ANTEN THAU KiNH

§26.1. CAC LOAI ANTEN THAU KiNH

Anten thau kinh thugc loai anten mat. Mat bidc xa clia né duge kich thich béi truong
do mot ngudn séng sa cdp dua tdi. Nguyén 1y hoat dong clia anten thau kinh ciing tuong
tu nguyén ly clia thdu kinh quang hoc. Khi truyén qua méi trudng thau kinh (méi trudng
cd thong s6, hinh dang, va két cau dac biét), dang cua mat séng so cap s& bién déi va
hinh thanh mot quy luat phan b6 méi (d6i véi bién dé va pha) cia trudng & mit ra cha
thau kinh (trong truong hop anten phdt, mat nay chinh 1a mat bitc xa). Néu thau kinh
dugc ciu tao thé nao d¢ mit bife xa cha thau kinh duge kich thich déng pha thi séng bitc
xa tir bé mat s& 1a séng phing (cdc tia bifc xa song song nhau). Trong trudng hop anten
thu thi qud trinh bién ddi mat séng duge dién ra nguoce lai, nghia 1a thau kinh s& bien déi
séng phang thanh séng ciu héi tu tai tiéu diém. Thau kinh nhu vay dugc goi la thau kinh
hoi tu (hinh 26.1). Thau kinh héi ty duge tng dung dé thiét lap nhitng anten cé dé thi
phuong huéng hep. Trong mét s6 trudng hop né duge dit & miéng ciha anten loa dé cai
thién dac tinh phan bd trudng
& miéng loa, nham cai thién
dac tinh phuong hudng cla
anten loa.

Ngoai cac thdu kinh hoi
tu con ¢d cidc thau kinh c¢é
hinh dang phic tap hon, cho
phép bién déi séng so cip dé

tao ra ¢ mat biic xa mot qui Hinh 26.1.
luat phan bd trudng cho
trude, ng vdi viée thi€t 1ap do thi phuong hudng dang dac biét. Ta goi loai thiu kinh
nay la thau kinh déc biét. Trong chirong nay sé chi thio luan vé cdc thau kinh hoi tu.
Mot s6 loai anten thau kinh hoéi tu duge vé & hinh 26.2.
G hinh v&, ta ¢6 céc loai thau kinh dién méi (hinh 26.2a,b), thau kinh gia dién moi
hodc ¢on goi la thdu kinh dién moi kim loai (hinh 26.2¢), va cdc thau kinh kim loai
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(hinh 26.2d.e,f). Mai anten thdu kinh gém c6 hai phan chinh la thédu kinh v bo chiéu
vg. Tuy theo thau Kinh la loai doi xitng truc hay hinh tru ma b6 chi€u xa ¢6 hinh dang
thich hgp dé tao thanh séng so cdp dua t&i thau kinh.

Viée tao thanh chum tia song
song ¢ mat ra cha thdu kinh cd thé
do su khic xa song tai mét mat thau
kinh hay tai ca hai mat (tuy theo (
timg két cau cu thé). Trong trudng
hop ddu, thau kinh duge goi 1A thdu  a)
kinkh mdt mdt, con trong trudng hop
sau, dugc goi 1a thau kinh hai mdir. q

Theo quan diém quang hinh, = ‘égg
diéu kién hoi tu (uic 1a diéu kién can o) \"E
bang vé do dai quang hoc clia cdc tia
tinh tir tam pha cia b chiu xa dén Hinh 26.2.
mat ra cha thdu kinh) ¢é thé duge
théa mén bang cach:

— Tang dé dai quang hoc cua tia di qua tdm so véi cdc tia 6 ngoii. Trong trudng hop

nay ta goi thau kinh la thdi kinh chdnm. Van 16¢ pha cia séng trong thau kinh nhé hon
oL ’ O o . o p c = » .
vin téc dnh sdng, chiét suat cua moi truong thau kinh # = — > 1. R rang thau kinh
'I'.F

cham sé 1a thau kinh 161 (hinh 26.3a).

— Giam d¢ dai quang hoc cua cdc tia & ngoai so véi cdce tia di qua tam thau kinh.
Trong trutng hop nay ta goi thiu kinh 1a thdu kinh rhanh. Van t6c pha cla séng 1én hon

N . e s s C
van tdc¢ anh sing. Chiét suat cua moi trudng n = — < I,

‘I?
Rd rang, thau kinh nhanh s& 1a thau kinh 16m (hinh 26.3b).
t

I .J_.r‘ M

M P b B
0, PR IA
0 . I B, {0
F ol |0 3 ) L
a) b}
Hinh 26.3.
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Ngoai cdc thau kinh nhanh va cham con ¢6 thdu kinh dodn trinh, trong dé viec hinh
thanh séng phing dugc thuc hién bing cich ting do dai hinh hoc ciia tia khi khong bién
déi van t6c pha.

Néu chi€t suat clia moi trudng thdu kinh khong bién déi thi ta goi thau kinh 13 thdu
kinh déng nhdt. Trudng hop ngugc lai thi ta ¢6 thau kinh bat déng nhat.

§26.2. PHUONG TRINH CUA THAU KiNH MOT MAT

Ta hiy khdo sat Phuong trinh mat nghiéng cla thau kinh mot mat, nghia 1a thau
kinh cé mot mat cong va mét mat phing. Phuong trinh nay ¢o thé nit ra dugc tir diéu
ki¢n can bang pha clia séng tai mat ra cia thau kinh khi séng blc xa theo cic tia
khdc nhau.

a) Thdu kinh chdm (hinh 26.3a). Phuong trinh mat nghiéng clia thau kinh can duoc
chon sao cho pha cha trudng tai cdc diém A va O' phai giéng nhau (A 1 diém chon toy
¥). Vi AA" = O'0" nén pha cua trudng tai A' va 0" ciing s& giéng nhau, ta ¢é mit ra cla
thau kinh 1a mat dang pha.

Goi & la he s pha cua séng (rong mdi truong khong khi, &' 12 hé s6 pha cta séng
trong thau kinh, ta ¢é

k= nk, (26.1)
v

vii n = — la chi€t suat cia moi trudng thau kinh.
c

bi¢u kién can bang pha ca séng tai A va O' dugc viét nhu sau:
kIFA = kFO + KO0’ (26.2)
O day F 13 tam pha clia bo chiu xa. Néu chon F triing v6i géc toa do clia hé to do
doc cuc thi A’ sé duge xde dinh boi ban kinh p va géc 6. Thay FA = p;, FO = £ 00" =
FO' — FO = pcosO - f, va k' = nk, sau khi bién déi s€ nhan duge phwong trinh ctia thiu
kinh:

_ fn-1

(26.3
Heosh — 1 )

Trong trudng hop thau kinh cham, # > 1, cong thic (26.3) biéu thi phuong trinh cla
dudng hypecbol trong hé toa do doc cue, tieu di€ém cla hypecbal triing véi géc toa do,
con sz 13 tAm sal.

bé day cua thiu kinh 1 = Q0" duge xédc dinh theo hé thic

I =posb, —f (26.4)
trong dé, (p,, 6,) 12 toa do cha diém nam ngoai mép thau kinh. Theo hinh 26.3a thi

Pe = L{2 sin0, vd1 L 12 kich thude mat ra cua thiu kinh.
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Rut f1lr (26.3) va thay vao (26.4) sé& nhan dugc
L 0

t=—— g2 26.5
2(n—l)g2 ( )

Vi chi ¢6 céc dién moi méi ¢6 n > 1 nén thau kinh éham trong thuc t& dwge cau tao
tir cdc vat liéu dién méi ¢6 € 16n.

Dé giam trong lugng, giam gid thanh ciia thau kinh, ciing déng théi 1 gidm t6n hao
song qua thau kinh, can lam sao d¢ gidm d¢ day clia thau kinh dén cuc tiéu. Vi kich
thude L clia thau kinh cé quan hé dén do rong clia d6 thi phuong hudng nén viee gidm
do dai thau kinh r3 rang la chi c6 thé dugc thuc hién bing céch tang chiét suat n, hoac
gidm géc ma 8, cia thau kinh.

Khi tang », sy phan xa séng tir bé mat thau kinh s& ting. Vi vay thudng chon n > 2.
Khi giam géc mo 6, thi tiéu cy thau kinh s& ting, do d6 sé tang kich thudc cla thau kinh
theo chi¢u doc. Vi vay thudng chon géc md sao cho f=~ L.

b) Thdu kinh nhanh (hinh 26.3b). Tinh todn phuong trinh mat nghiéng cua thau
kinh nhanh ciing dugce tién hanh theo céch tuong tu nhu déi véi thau kinh cham. Tu dicu
kién can bing pha cia trudng tai O va B ta rit ra dugc phuong trinh mat nghiéng cha
thau kinh:

oo Jn=D

= 26.6
1 — ncos9 ( )

Cong thifc (26.6) cling c6 dang gidng nhu (26.3) nhumg khi 7 < 1 né la phuong trinh
cta dudng elip trong hé toa do doc cuc.

D¢ day cia thau kinh duoc xdc dinh theo cong thiic:

= _L tge—“ (26.7)
2(1—-n) " 2

o} day, d6 day cua thau kinh dugc quy udc 1a kich thude 16n nhat tinh theo chiéu
doc clia thau kinh (nghia la d¢ day & ngoai mép) khi coi do day & giwra thau kinh bang
khong (xem hinh 26.3b). Khi cho truée kich thude ciia mit mé thi ¢6 thé giam do day
thau kinh bang cdch giam » hodc giam 0. Thuc t&, khong chon # < 0,5 dé tranh su phan
xa séng tir bé mat thau kinh, con 8, duge chon gidng nhur d6i vdi thau kinh cham.

Vi chi ¢6 moi trudng trong dng din séng hoac gitta hai mat phing dan di¢n song
song la c6 n < 1 nén trong thyc € thau kinh nhanh dugc cau tao tir cdc tdm kim loai dat
song song véi nhau (hinh 26.2d,e,1).

¢) Thdu kinh nhiéu bdc. Khi ting kich thudc cia mat mé thau kinh, do day cia
thau kinh cling tang theo, do dé ciing déng thdi tang trong lugng va tang tén hao song
cba khi truyén qua th&u kinh. D¢ giam do diy ctia thau kinh c6 thé ding phuong phap
phén viing, cat 16p dé€ tao thanh thau kinh nhiéu bac véi d¢ day nho (hinh 26.4). D¢ dam
bao sy dong pha cua cic tia séng khi ching di qua cic ving khdc nhau clia thau kinh
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nhiéu bac can lam sao d¢ do dai quang hoc clia cde tia &y khdc nhau mot s6 nguyén lan
budc song. Nhu vay, do dai quang hoc cua céc tia di qua hai viing k€ can nhau cdn ¢6
hi¢u bang mot bude séng. Bay gidr chiing ta hily xic dinh dang clia mét nghiéng thau
kinh.

roa tht
Midn Lic hai Z
-k
A
5
Midn tic hai A
!
i
0, A i
F | ! oi A 0
\
a) h)
Hinh 26.4.

F'rieong hop thdu kinh chdm. Tt hinh (26.4a) ta thay do dai quang hoc cla tia truyén
trén doan 70 khi chua cét 16p ¢6 gi tri bang FO, + nO,0, cdn sau khi cit I6p s& bing
FO,. Tk diéu kién dam bao sy déng pha clia cdc tia di qua hai viing ké nhau, ta c6:

(FO; +nd) —FO, =% (26.8)
trong d6, d = 0,0, la dd day cua 16p cét tinh theo tryc quang.

ViFO,=FO-d nén

d= A (26.9)
(n -1

Tiéu cy cha I6p thdu kinh thi hai FO, va tiéu cy clia 19p thau kinh thi nhat FO, cé
quan hé véi nhau bai

A
L=h-d=f-—— (26.10)
n—1
Dé dang ching minh ring tiéu cu ctia 16p thau kinh thit m s& bang;:
: . m=1DA
jn,zfl—(m-—l)de,—(—-)—- (26.11)
n-1
Nhu vay, phuong trinh mat nghiéng cla thdu kinh cham nhiéu bac s& 1a ho clia céc
duding hypecbol ¢6 tiéu diém chung. G hinh 26.4a do day cha thau kinh cham nhiéu bac
bing

t=t+1'= + " (26.12)
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Trudng hop thdu kinh nhanh. Dua vao hinh 26.4b, ciing tién hanh phén tich nhu
truong hop trén s& nhan duge khodng céch nhay bic giita 2 mién

d = A (26.13)
1-n
‘va ueu cu cua {6p thiu kinh thit m
. m—1YA
jm = fl + % (2614)

Nhuge diém cla thiu kinh nhiéu bac la cé xudt hién cdc mién téc hai & gianh gi6i
gita hai ving. Tai cdc mién ndy séng sé bi khuéch tan (nhu & hinh 26.4a). hoac séng
khong truyén qua (nhur & hinh 26.4b). K&t qua ta hé s§ dinh hudng cha anten sé bi giam
va mifc biic xa phu s& tang.

§26.3, PHAN BO TRUONG G MIENG THAU KiNH

Ta hdy khao sit phan bo bién do trudng & mat md clia thau kinh khi mat mé 1a mat
dong pha.

Gid st thau kinh khdo sdt 1a loai hinh try, va b chi€u xa ctia thiu kinh ¢6 dé thi
phuong hudng chudn hda theo cong suat 1a FX(0). Ky hiéu p(9) la mat do géc cla cong
suat birc xa, con p(0),,,, 1a mat do gée cla cong suit & huéng cuc dai, ta cé quan hé

0
F2(0) = p)
PO)_.

Goi $(x) la mat do thong lugng cong suat tai mat md cla thau Kinh (gia thiét phan
bé bién d¢ theo phuong cha cic dudng sinh 1a déu), xudt phat tir diéu kién can bing
ndng luong cha cdc tia chi€u xa trong gidi han géc A va nang luong clia cic tia bifc xa
qua mat md trén doan Ax (xem hinh 26.5), ta cé thé viét:

POYAD = S(0)Ax (26.15)
trong d6, S(x) la gid tri cha vecto Umov-Poynting tai toa dé x trén mat ma.

x x
T i
A At

1t
AB A
_j? —1
r * i
F a T ; 7 ]—
A|X < Azx &IX > Az}(

a) )

Hinh 26.5.
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BPua (26.15) vé dang vi phan, ta cé:

0
$(x) = pey®d
dx

(26.16)

Bict rang x = psin0). Dua vao phuong trinh mit nghiéng cha thau kinh (26.3) va

(26.6) ta viét dugc.
fln = 1]sin®
v — |

T ‘nco-gﬁ—li

(26.17)

Sau khi thye hién phép vi phan theo 0 déi véi hai v& cla (26.17) ta nhan duoc:

10 cos6 — I
4o __|n | (26.18)
dx  flu - ]HH - cose‘
Thay (26.18) vao (26.16) ta s€ ¢6:
p(ﬁ)‘ncosﬂ - 1‘2
S(x) =— , (26.19)
f‘u - lHn - cos 0,
o .7 - - h‘E (J-} o 4 L Kl - Py - ot s .
Néu bieu dién S{x) = E” (vo1 W, la tro khang bé mat; d6i voi trudng hop dung

xétthi W, = 12070) va p(8) = p(0),,,, F2(8), tir (26.19) s& riit ra duve bidu thite ctia E(x):

E(x) = NF(0)A,(8)

N = ,.2W5-‘0;0)m;l\'

. 16
{1 ong do 1” cos@ — 1‘

A (B) =

\”n — l‘ ‘n -~ cos@‘

Nhu vay, ham A,(0) dugce coi 12 him dac trung cho anh
huong clia thau kinh dén phan bo bién do clha trudng trén
mat mao. Tu cong thic da nhan duge ta thay déi véi thau
kinh chim (# > 1) anh hudng cta thau kinh s& khién cho
bicn do truong giam dan tr tAm ra ngodi mép, cdon déi véi
thau kinh nhanh (# < 1), thau kinh sé ¢6 danh hudng nguoc
fai, nghia l[a dan tdi sy tang bién do trudng tir tAm ra ngoai
mép. D6 thi cha ham A,(8) duge din ra & hinh 26.6.

Do6i véi thdu kinh tron xoay (thdu kinh déi xing truc),
ham phén bo bi¢n do cia truong trén mat md ciing ¢é dang
(26.20) nhung trong dé ham dic trung cho anh hudng cla
thau kinh duoe xdc dinh boi

0.8

0,6

0.4

0,2

(26.20)

(26.21)

A

rZE

/ 2,2

n>1 ,

NN

1.4

200 40 0 10
Hinh 26.6.
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‘n cosB — 1‘3

A{(0) =

{26.22)

bre — 11 ‘nmcose‘

Phan tich (26.22) ciing s& dan t6i cdc nhan xét gidng nhw déi véi ham A (0}, nghia
la anh huong ciia thau kinh s¢ ddn téi sir gidm bién do trudng vé phia mép doi vai thau
kinh chm (z > 1), vi tang bién d6 trudng vé phia mép déi véi thau kinh nhanh (7 < 1),

Tir céc k¢t qua trén ta thdy rang dé nhan duge phan bé (rutmg doéng déu trén mat mé
thi doi véi trudmg hop thau kinh cham can st dung bo chigu xa ¢é bip song rong, con
trong trudng hop thdu kinh nhanh ¢6 thé sit dung bg chigu xa ¢6 biip séng hep.

Bi€t ham phéan bo bién d¢ cha truong trén mat mé cda thau kinh ta ¢6 thé tinh todn
d6 thi phuong hudng, hé s6 dinh hudng vi hé s6 sir dung bé mat ctia anten theo cde cong
thic da bi¢t cia ly thuy€t anten bdc xa mat.

§26.4. PHAN TICH CAC ANTEN THAU KIiNH THUC TE

a) Thdau kinh dién moi

Théu kinh dién méi thude loai thau kinh cham. Chiét suat cha thau kinh duge xéc
dinh bot hé s6 dién moi tuong doi cua vat lieu ché tao, theo cong thic:

H= \/ET.

Théu kinh dién méi c6 wu diém 14 dai tén rong v tinh chat héi tu clia né khong phu
thudc vao su phan cic cha song. Dicu nay ciing dé ding nhan thay vi n khong phu thuoc
vao tan $6 va su phan cuc cha song truyén qua. Tuy nhién, nhuoe diém cia thau kinh
dién moi 1a ¢6 gay ton hao déi véi séng truyén qua. Hi¢u suét cla thau kinh dugc xdc
dinh gan ding theo cong thic

=20

n=e (26.23)
trong do, o la hé s6 suy giam, duge tinh theo cong thitc

o =273 )Lntgﬁ dB/m (26.24)

v6i 8 13 gée tn hao cha dién moi, ¢ 13 4o day thau kinh.

Dé gidm tén hao, can sir dung dién moi ¢é ntgd nhd, vi du polistirel ¢6 » = 2,3;
tgd = 0,0001.

Dung thau kinh nhiéu bac ciing gidm dugc t6n hao trong dién moi vi trong trudng
hop nay d¢ day 7 cua thau kinh duge giam nho déng ké. Néu dung thiu kinh c6 m ving
va cho trudc do khong déng déu vé pha & miéng thau kinh [ A (sai pha cla trudng &
mép va tam thidu kinh) thi dai théng tan twong d6i via thau kinh s& duge tinh theo
cong thire

2 Ak _ Ay (26.25)

2, Caim - 1)
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trong do,  AXx 1a d9 Iech chia bude séng cong tdc so véi bude séng trung binh L
Gid st thau kinh duge ché tao véi do chinh xdc vé do day biang Az thi do khong
dong déu vé pha & mi¢ng anten s& bing

-

Ay = E (n — YAt (26.26)
Iy

Khi cho trude yeu cau doi véi sy khong déng déu vé pha thi véi thau kinh ¢6 n cang
Idn, yéu cau do chinh xdc dai véi ché tao (Ar) cang cao.

b) Thdu kinh kim loai

Biét rang khéng ¢6 cdc dién moi vdi n < 1, vi vay ché tao thau kinh nhanh cin sir
dung két cau gém cdc tdm kim loai dat song song nhau. Gia st vecto E clia song i
song song vdl cdc tdm kim loai (hinh 26.2d). Khi &y, méi trudng gita hai tam kim loai
ke nhau s¢ giong nhw moi trudng trong 6ng dan séng chit nhat, ¢6 kich thude trong mat
phang # bang khoing cdch « piita hai taim kim loai. Van t6c pha ctia séng truyén qua
khoang khong gian gifta hai kim loai bang:

C

Vs

(4

Do dé chiét suat cha thau kinh sé€ bing

n 2
a2 1= [L) (26.27)
¥ 2a

Khi thay déi khodng cdch gidra hai tam kim loai, ¢6 thé nhan duoc cac gia tri khac
nhau cta 7, con khi chon high dang thich hgp cho cdc tam kim loai sé tao ra duge cdc
loat thiw kinh khdc nhau nhu thau kinh try, thau kinh déi xing tru, hoac thau kinh dic
bict. )

Tiy theo thau kinh dugc cdu tao d¢ hoi tu séng trong mit phing nao (mit phang £
hoac H) ma n6 cé tén goi la thau kinh E hoac thau kinh f1. Vi du thdw kink fru — E (hinh
26.2¢), thdu kinh trt = H (hinh 26.2d).

Thau kinh kim loai cé két cdu don gidn va ¢6 hiéu sual cao (vi trong thau kinh
khéng ¢6 dién moi gay ton hao), nhung cé nhuge diém 12 tinh chét hoi tu cla thau kinh
phu thudc vao su phan cuc ciia séng téi, va phu thuge vao tin $6 cong tac. That vay, thau
kinh s& khong hot ty d6i véi nhing séng ¢6 £ vudng gée vai cde tdm kim loai. Dang
thoi, nhu ta thay tir biéu thac (26.27), chiét sudt cha thau kinh 13 ham s6 cOa tan s6 {moi
truong thau Kinh cé dic tinh tdn tdn). Do d6 thau kinh kim loai khong phai Ia thdu kinh
dai rong.

Néu 18y vi phan (26.27) theo A ta s& nhan dugc
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1-n Ak
7 y

i)

An=—

(26.28)

Ncu d¢ day cha thau kinh bing ' thi khi budc séng ¢ong tac thay d6i mot lugng AR,
do dai quang hoc ctia tia s& bi¢n doi mot hugng bang Anr' va su khong déng déu vé pha &
mat ra thau kinh s€ bang:

2
Ayr = Am'}—ﬂ (26.29)
Thay # tr (26.27) vao (26.29) s€ dugc
A
R (26.30)

Ly (1 - 112}7[ t'
Tir (26.30) ¢6 thé thay rdng Ung vdi mdi Ay cho trude thi dai thong tdn cia thau
kinh ty 1¢ nghich véi do ddy cia thau kinh. Do dé. viée itng dung thdu kinh nhiéu bac
cling gop phan cai thién dic tinh tan s6 cta thdu kinh kim loai.
Vi Ay cho phep, dai théng tan cha thau kinh nhiéu bac ¢6 thé tinh gin ding bing
AL By

- (26.31)

A, n 1+ a8m

¢) Thau kinh dién moéi — kim logi (hay thau kinh dién moi gid)

Thau kinh dién maéi kim loai thudc loai thdu kinh cham. Né duge cdu tao bdi céc
phan tir (nhitng hat hay vat thé) kim loai ma kich thude clia cdc phdn tir nay thed phuong
cha veets E ¢ gid trl nho so véi bude song. D¢ sap x&p va gilf ¢6 dinh cde phan tir nay
trong khong gian, tao ra hinh dang cdn thi€t clia thdu kinh, ngudi ta sir dung loai dién
moi ¢d chict suit nho (n = 1) lam vat li¢u trung gian.

Nhur da biét, h¢ s6 dién moi ciia moi vat 1icu dién moi bat k¥ ¢6 gid tri 16n hay nhé
la thy thudc vao mite do phan cuc cua cdc phan tr vat chat trong dé. O loai vat liéu dién
moi kim loai ndi trén ciing xdy ra hién twong twong tu nhy vay, trong dé cac phagn tir kim
loai ddng vai trd nhur cde "phén tir” trong cdc vat liéu dién moi thudng.

Céc phan tit kim loai nay ¢6 thé ¢6 két cau va hinh dang khac nhau: hinh cau, hinh
dia det, dai kim loat v.v...

He s6 dién moi ctia vat liéu "dién moi — kim loai” duge xdc dinh theo cong thire:

(1 R &} (26.32)

€

trong d6, N 1a s0 phan tir trong mot don vi thé tich;
o la hé $6 phan cuc clia mot phan
€, 12 hé s6 dién moi cua chan khong,

He s6 phan cyc cia méi phdn tlr phu thuoc vao hinh dang va kich thuée ctia né.
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Vi du, v&i dia kim loai bin kinh a ta ¢6
16 5

0= —a8,.

Chiét suai cta "dién méi — kim loai” duoc xdc dinh bdi cong thike:

n= f—f— = i+ n—o-t— {(26.33)
8() 8()

Truong hop cde phan wr ¢é kich thude khong di nhd (& day vin néi vé kich thude
theo phuong vécto dién trudng E ) thi chiét suat cla dién moéi — kim loai sé phu thuoc
VAo 1an s¢, nghia 1a moi trudng thau kinh ¢6 dac tinh tdn tan va thau kinh s& khéng con
1a thau kinh dai rong.

Nhin chung, thau kinh dién moi kim loai khong méc phai cic nhuge diém cta thau
kinh dién moéi thudng (vé€ mat hiéu suat va trong luong) nhung lai van ¢é duge wu diém
nhu thau kinh dién méi thudng vé mat dai tdn cong tic.

d) Thdu kinh kim loai gdp khiic (thiu kinh doan trinh)

Thau kinh duge két cdu bai hai 14 kim
loal song song, udn theo duong gdp khiic, sao
cho cdc tia truyén trong doé sé ¢6 quy dao ma
do dai hinh hoc clia cdc quy dao &y déu bing
nhau. Mot trong nhitng phuong an thiét lap
anten duge v€ ¢ hinh 26.7. Song bic xa tir
miéng Ong dan séng 6 s lan truyén trong
khoang khong gian giira hai tim kim loai song
song /, 2. Mat cong ¢ chd gip khac 3 duge

chon thé ndo dé do dai dudmg di cla tat ci céc Hinh 26,7
tia déu hing nhau, do dé & cira ra s& nhan
dugc mit séng 1a mat phiang.

e) Thdu kinh khong déng nhdt

Phuong trinh mat nghiéng clia thiu kinh ¢6 thé c6 dang don gian (nhur dudng thing,
hodc dudng tron), con sy hoi tu séng s& dat duge bang cdch chon qui luat bién déi cla
he s6 chict suat # mot cach thich hop. Mot trong cdc phuong 4n cla thau kinh khéng
dong nhat la thdu kinh Luneberg. Thau kinh ¢ thé duge ché tao dudi dang hinh céu
hoic hinh tru tron 6 chiét sudt bign d6i theo hudng bdn kinh theo qui luat:

2
np)= |2 - [E] (26.34)
[
trong d6, p la khoang cdch tinh tir tam;
«a la ban kinh hinh cau hoac hinh tru (xem hinh 26.8).

489



Gia su bo chi€u xa duge dat tai #. Céc tia birc xa khi truyén qua thau kinh s& bi udn
cong {trir tia di qua tdm). Vi chi€t suat gidm tir tam ra ngodi nén mit séng s& bién dang
theo xu huéng phang dan. Qui luat bign déi cla chiét suat (26.34) da dugc tinh todn dé
dam bao sy bién dang can thi€t clia mat séng tir mat cdu thanh mat phang, nghia (3 dam
bao dé cdc tia khi di ra khoi thau kinh s& song song véi nhau. O bé mat thdu kinh (p=a)
¢6 chi€l sual # = 1, do d6 séng khong bi phan xa 1r& lai. RS rang 1a khi dich chuyén bo
chi€u xa xung quanh mat ngoai cila thiu kinh thi dé thi phuong hudng ciing s& quay di
nhitng géc twong itng va ¢6 thé thuc hign viéc quét bip séng khéng bi méo dang trong
2161 han goéc tuy y (hinh 26.9).

Hinh 26.8. Hinh 26.9,

]
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Chuong XXVII
ANTEN GUONG

§27.1. NGUYEN LY CHUNG

Neuyén Iy lam viéc cua anten guong cling tuong tu nhu nguyén 1y cha guong quang
hoc. D€ thuan tién cho viéc trinh biy, ching ta khdo sat hoat dong cla anten guong
trong ché do phat. Song so cdp c6véi dang cla mat séng v hudng truyén lan nhét dinh,
sau khi phdn xa tit guong sé trés thanh séng thit cdp véi dang cOa mat séng va hudng
truyén lan bi¢n d6i theo yéu cdu cho trude. Viec bign déi dang mat séng mat va
guonghudng truyén lan duge thue hién nhdy hinh dang va két cau dac biét clia mit guong.

. Rie xq sorcip,
] I
ﬂ B xa st ca‘ip:
b B xa thit odp

.

1
|
|
|
|
|
|
|

Bitc xa thir cap
Guomy paruhol Guimyg dac higt

a) b)

Gueng,
fo xa thit ci) hing B g th cap
Guumg parabal i  Buwxathicap phiang @
|
5
Biic xa srcdp

Biv xa s ¢ip
Loa

<)

Hinh 27.1, d)

Trong phén 16n cac trzong hop, mat guong ¢6 nhiém vu bién ddi séng cdu hoic
séng tru bifc xa tir ngudn s cap véi hudng tinh kém (trong k¥ thuat anten ~ ngudn so
cip con dugce goi la bg chiéi xg) thanh séng phing hodc gan phing, véi nang lugng tip
trung treng mot goc khong gian hep (anten parabol), hoac bi¢n déi bic xa so cap véi
gian d6 hudng don gian thanh bic xa thit cip véi gidn d6 hudng dang diac biét (anten
guong ¢6 gian do hudng dac biét). Trong mot s6 trudng hop khéc, anten guong ¢6 nhiém
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vu vira bi¢n doi dang gidn d6 hudng cla bic xa so cip, vita bién déi huéng truyén lan
(anten loa — parabol), hoac chi don thudn bi€n déi hudng bite xa (anten périscop). Ngoii
ra, trong mot s& trudmg hop dé nang cao chi tiéu chat lugng cia anten ngudi ta ¢é thé két
hop mot $6 guong, tao thanh anten puong kép (anten Caségrén).

B¢ minh hoa. & hinh 27.1a trinh biy gidn dé huéng clia bitc xa s cap - thit cap déi
véi anten guong parabol. Hinh 27.1b trinh bay gian dé hwdng cla bic xa so cap - thit
cap doi véi anten guong cd do thi phuong hudng dang cosec. Hinht 27.1¢c vé gidn dé
hudng va hudng truyén lan cila bitc Xa 50 ¢ip - tha cdp déi v6i anten loa - parabol. con &
hinh 27.1d v& sy bién déi hudng bic xa cla séng so cip - thit cap déi véi anten guong
periscop.

De minh hoa, & hinh 27.1a trinh by gian d6 hudng cla bifc xa so cdp - thit cap doi
vOl anten guong parabol. Hinh 27.1b trinh bay gian d6 hudng ciia biic xa so cip — thit
cap doi véi anten guong ¢ do thi phuong hudng dang cosec. Hinh 27.1¢ vé gian do
huéng va hudng truyén lan cda bic xa so cdp — thit cdp d6i véi anten loa - - parabol, con
& hinh 27.1d v& sy bién déi hudng bitc xa clia séng so cap — thi cap déi véi anten guong
periscop.

§27.2. ANTEN PARABOL

bé nhan duge anten véi hé s6 sie ding bé mdi cao cin 1am sao dé séng bie xa thi
cap (song phin xa tir mét guong) s& (rd thanh séng phang, véi mat phing pha tring véi
mit phing miéng guong. Digéu dé cé thé dat dugc khi chon phuong trinh mat cong cta
guong thé nao dé cdc tia bic xa 1 ngudn dit d tieu diém cla guong sau khi phin xa va
truyén té1 miéng guong s€ ¢ do dai dudng di bang nhau {chiéu daj quang 16 nhir nhau).
Dicu kién nay ciing phit hop véi diéu kién hoi tu cha guong, nghia l1a diéu kién dé mot
song phang truyén t6i guong theo hudng truc, sau Khi phén xa tir mat guong sé hoi tu tai
tiéu diem. Bay gio ching ta hdly tim phuong trinh cla guong trong mat cit nghiéng dé
dam bdo dicu kién néu & trén. Phuong uinh nay con duge goi la phuong trinh profil
cua guang.

Ta hay khdo st anten guong ma mit cat nghiéng clia nd duoc v& & hinh 27.2a. Gia
su O tiéu diém F cla guong duge dat mot ngudn séng cdu. Khi ay, cdc tia séng phan xa
tr mat guong s¢ ¢6 pha giéng nhau tai mat phing miéng guong (mat phang :=/h) néu
thuc hién duge dicu Kién can bang vé do dai dudng di cha cdc tia dy. Ta hiy xét hai tia,
trong dé mot tia phan xa ur dinh O cia guong, mot tia phan xa tir di¢ém P bat ky cla
guong. Dicu Kién can bang vé do dai dudng di cia hai tia ndi trén s& 3

PF+ PC=FO + 00’ (27.1)

Neéu F ta goc cua hé toa d9, ky hiéu f1a khoang cach tir F dén dinh O cda guong (f
[a tiéu cu) vt goi toa d6 cuc ctia diém P 1a pva ¢ , ta ¢6 thé viét lai diéu kieén (27.1) dudi
dang:

492



p+[pcoso—(f-m]=f+[f~(f -]
trong do A 1a d6 sau cna guong.

X

b

Lo o
o % 2 z
¥y Vs
1
b)
Hinh 27.2.
Tir day suy ra
p= 2f @ (27.2)
1+cos¢

Ta nhan thay (27.2) chinh 1a phuong trinh clia duding parabol trong hé toa do cuc, ¢6
gdc toa do tai tiéu diém. Phdn parabol duge sir dung 1am anten guong 1a phan ¢é kich
thuée L (1. con duge goi 1a khiu do cla anten). Truc oz duoce goi 1a truc quang cla
guong.

Néu do sau clra guong /& > f, nghia 1a ¢, >n/2 thi guong dugc coi 13 guong sau,
connéu i < f, nghia la ¢4 <n/2thi guong duge coi 1 guong nong.

Trong h¢ toa d§ vuong géc, phuong trinh cla guong ¢6 dang:

X% = 4fz (27.3)

Vikhichoz=hAsécod x= % nén dé dang nhin duge

It =16n (27.4)
Theo (27.2), khi cho @ = @ ta nhan dugc
=4 ﬁg(t—o) (27.5)

Trong do ¢ 14 géc ma cua anten guong

Hai cong thite (27.4) va (27.5) cho phép ta xdc dinh m&i quan hé giira bon thong s6
cua guong Ia'L, f, &, i
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Anten guong ¢6 phuong trinh profil biéu dién bdi (27.2) hoac (27.3) ¢6 thé 1a loai
guong parabol tron xoay nhu v& & hinh 27.2b hodc guong parabol tru nhu v& & hinh
27.2¢c. Déi voi guong try thi cic tiéu di€ém cla né ndm trén mot truc, goi 1a 1d truc ridu
va dé kich thich guong phai ding ngudn biic xa 12 nguén thing dat doc theo tryc tiéu.

§27.3. PHUONG PHAP TiNH TOAN ANTEN GUONG

a. Bai toan thudn

Noi dung cla bai todn thuan d6i vdi anten guong 13 tinh toan trirng buc xa coa
anten khi cho biét trudong gay ra bai bo chiéu xa déi vdi guong cé kich thude hinh hoc
xdc dinh. Trudng bifc xa cla guong c6 thé duge xdc dinh theo cdc dong dién mat chay
trén mat guong (phuong phdp dong dién mat), hodc theo gia tri cla trudng thit cap phan
bé trén mi¢ng guong (phuong phap birc xa mat). Phuong phép bitec xa mit di duge trinh
bay trong chudng “Ly thuyét bitic xa mat” (Chuong 78, phan Ly thuyét anten).

Phuong phdp bic xa mat 1a phuong phdp duge str dung phd bién hién nay. Theo
phuong phap nay, cin phai bi¢t chinh xdc ham phéan b clia trudng trén miéng anten
(nghia 1 trén mat phing z = h). Him phan bg niy cé quan hé mat thiét véi dac trung
huéng tinh cia bd chi€u xa va dac trung hinh hoc cla guong. Diéu nay s& duoc néi k¥
hon & phan sau.

Khi tinh truong theo phuong phdp bitc xa mit ta khong cdn dé v dén cdc dong mat
chay & mit sau clia guong va & mep guong. :

b. Bai toan nguoc

Noi dung ctia bai todn nguge d6i vdi anten guong 13 xac dinh céc kich thuée hinh
hoc clia guong va dic trung huéng tinh cin thiét cia bd chiéu xa dé dam bao dd thi
phuong huéng cho trudc doi véi anten. Trong gido trinh nay chiing ta s& khong dé cap

dén bai todn ngugc, nhung s€ gidi thiéu mot s6 ndi dung ¢6 lién quan & phan sau (xem
tiét 27.8).

§27.4. ANTEN PARABOL TRU

So d6 chia anten duge v& & hinh 27.2¢. Trong trudng hop nay bo chiéu xa clia guong
la mot ngudn bife xa thing dugce dat doc theo.truc tiéu. Phan bd cia trudng trén miéng
anten s€ chi la ham theo toa d¢ x

(X ¥ = f(xy) (27.6)

Pé tim ham phan bé bién do f,(x,) cé thé 4p dung phuong phép da khio sit &
chuong anten thdu kinh (ti&t 26.3)

Lap luan twong tu nhu d8i vdi phuong trinh (26.5) & day ta nhan duge:
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PDYAD = §(x, ) Ax, 27.7)
trong dé, S(x,) Ja gid tri clia vecto Umov ~ Poynting tai toa d6 x, trén miéng auong
p(®) la mat do géc clia cong suat biic xa clia b6 chiéu xa.
BPua phuong trinh (27.7) vé dang vi phan ta ¢6

! d®
S(x;)= P(CDJE
bé xac dinh S(x,} va do d6 tim ham phan b6 bién do trudng, cin tinh hé thic vi
phan d®/dx,
Tir hinh 27.3 ta nhan duoc
x, =psin®

(27.8)

Thay p boi phuong trinh anten trong mét phang cit nghiéng (27.2) ta tinh duoc:
dx, f

&

A S 27.9
d®  cos*(d/2) @79

Thay (27.9) vao (27.8) va sau dé chi y ring S(xa):éE(xs)H(xs)(vc’fi

E(x;)H(x,)=W, Ia trg khang song ciia khong gian tv do), ta s& xéc dinh duge bidu
thitc clia trudng trén miéng anten:
H(x;)= HyF (D)cos(®/2) (27.10)

trong d6 Hy; 1a bién do cudng do tir trudng trén miéng anten.

2
Hy = o
H/()fp(q))max

p('ib)mM 1a mét do géc cua cong suit bitc xa boi bo chidu xa & hudng cuc dai.
F(®8) 1a ham phuong huéng chudn héa ciia bd chidu xa.
Ham phéan b6d ctia cic trudng trén miéng anten, theo (27.10) s& bing.
fu(xy=F(®)cos(®/2) (27.11)
D€ tinh trudng biic xa, ham phuong hudng va hé s6 dinh hudng ciia anten c6 thé p
dung cac cong thitc cia Iy thuyét biic xa mat doi vdi mat biee xa chit nhat dd duge trinh

bay trong phén 1y thuyét anten, trong d6 H, cin duoc thay (hé€ boi (27.10), fix,y) thay th&
bai (27.11)

Biéu thitc clia hé s6 dinh huéng dugce viét lai dudi dang;
2

j}‘;” (x,)ds

¥

A o f s

_4n = 478y /22 (27.12)
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Trong d6 S 1a dién tich cia miéng anten, v ]a hé s6 sit dung bé mat.

Vi phan bd trudng ctia mi¢ng anten khong déu v < 1 va do dé dién tich hiéu dung s&
nho hon dién tich thuc cia mién anten.

Khi tinh hé s6 tang tich, chling ta can xdc dinh hiéu suat cia anten.

Trong truéng hop nay ¢6 thé coi bo phan cong suat lot ra ngoai guong (phan gach
chéo trén gidn doé hudng F(®) cha bo chi€u xa - xem hinh 27.3) 12 phan céng suit ton
hao cua anten. Ta nhan dugc:

by,
| FA(®ydw

n=t (27.13)

j F2(D)dD

Heé s6 tang tich clia anten guong s& dugc xdc dinh bai:
4n
=—wmS (27.14)
A2
Hi¢n nhién 1a khi tang do rong gidn do hudng cua bo chi€u xa thi mifc cong suit
kich thich cho mép guong pp(d,) s€ tang. phin bd trudng trén miéng anten s& tr¢ nén
déng déu hon va do dé v s€ tang. Tuy nhién, néu cén cd theo (287.13) thi kht dy hiéu
suat anten lai gidm do bi mat madt nhiéu cong sudt lot qua mép guong va diéu dé lai dan
161 giam hé sO tang ich cua anten. Nhu vay véi mot anten ¢6 géc md 2d, nhat dinh thi s&
c6é mot gia tri p(Mg) t6t nhat dé ¢6 duge hé s6 tang ich cuc dai.

1o | 1.0
X X5 Ny }]/ T~ Y
\ | 0.8 N Ay 0.8 }<
- — 0.6 >'< /I’z'?‘; 0.6 ; //T‘H
SO ' “ Zo
" 04— \q "oy 0.4 i !
. N BRI 4 |
Q A/ 02 : S 02— |
| |
7 o) ’ 20y 9 60 %0 Pdo) T w0 /30 o
!
7 [P((bﬂ)]np( (¢O)npl
a) bl

Hinh 27.3. Hinh 27.4.

Tuong tu nhu trén, cé thé dé dang ching minh ring véi mot bo chidu xa c6 gidn do
hwéng cho trude thi s& c6 mot gid tri géc md t6t nhdt cua guong (Pg),, (cling ¢6 nghia
Ia gid tri tot nhat cla tidu cy guong) dé ¢ hé so tang ich anten cuc dai khi khong thay
déi kich thude ctia mieng guong. Hinh 27.4 v& cdc dé thi bién déi cha v va 1y theo p(dD,)
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va theo @, (d6i vai loai anten guong thudng dung) dé minh hoa cho viéc xdc dinh gid tri

t6t nhét coa [p((DO )l}pr va (@), - Theo cdc két qua nhan dugc thi [p((bo )Jopr c6 gid

tri trong khoang 0,1 + 0,2 cdn (D), c6 gid tri khoang 70° — 90°,

Bo chiéu xa cha anten parabol try thudng ding trong - — -~ —
thuc 1€ c6 thé 1a dady chan tir nita séng (d6i v6i dai song ¢,
dm). anten khe 6ng dan séng nhu v& & hinh 23.12 (d6i véi /
dai séng cm), hodc thau kinh kim loai gdp khic nhur hinh
vé & hinh 27.6. %

Khi sir dung guong déi ximg (hinh 27.3) thi bo chicu <
xa dat d giita guong € chan mat mot phan miéng guong. )
Séng phan xa tir guong s& bi khuéch tan mot phin do 7/
chudng ngai vat (bd chifu xa) gay ra va diéu d6é dan ti
su gia tang bic xa phu, lam gidm hé s6 ting ich cia
anten. Phan ndng luong quay nguoc tré lai bo chidu xa sé Hinh 275
truyén vao hé théng fide. Hién tuong nay duge goi 1a su
“phan bitc xa”. D¢ khic phuc nhuge diém nay, trong thuc (€ ngudi ta thudng sir dung
guong khong dsi xung (hinh 27.5). Géc @, s€ duge chon thé nao dé céc tia phan xa s&
khong quay nguge trd lai bo chiéu xa.

&

Anten parabol try thueng duge g dung dé tao d6 thi phuong hudng hinh quat. Do
rong cua do thi phuong huéng trong cdc mat phang chinh clia anten ty 1& nghich véi kich
thude cha anten trong cdc mat phang 4y.

§27.5. ANTEN PARABOL TRON XOAY

So dé cau tric cha anten duge vé& & hinh 27.2b. Do tinh d6i xtng truc clia két c4u
nén d€ nhén duge trudng déng pha & miéng anten can sir dung bo chigu xa 12 ngudn tip
trung, dat & tiéu diém clia guong.

Ham phan bo bi¢n do cha truong & miéng parabol trong hé toa dé cue r, @, (xem
hinh 27.6) ¢6 thé dugc xdc dinh theo phuong phdp tuong tu nhu di trinh bdy ¢ muc trén,
nghia [a s dung di€u ki¢n bdo toan nang lugng cla céc tia chigu xa va cdc tia bic xa thit
cép. Trong truong hop nay ta nhin dugc:

Jr9)=F(D,p )eos(P/2) (27.15)

Trong d6 F(®,p,) 1a do thi phuong hudng ciia bo chi€u xa, con r, va O ¢d quan heé
v6i nhau bdt hé thie r, = 2ftg(D/2).

Trong trung hop chung, ham phan bs bién do thudng ¢6 dang phitc tap va khong
thé phan ly bién s6 duge.
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Dé tinh ham phuong hudng cla anten c¢6 thé ap dung cdc cong thic cia 1y thuyét
biic xa mat cho truong hgp mat bitc xa hinh tron. Vé&i bd chi€u xa ¢6 do thi phuong
hudng thudc loai doi ximg truc thi phan bd bién do cha trudng s€ khong phu thude vao
¢, va viéc tinh todn s& trd nén don gian. Truong hgp d6 thi phuong hudng cta bo chigu
xa c6 do rong khdc nhau trong hai mat phiang chinh thi phan bd bién do cta trudng &
miéng anten s& khong déng déu theo hudng bén kinh r, cling nhu theo géc phuong vi ..

Hinh 27.6.

He s6 dinh hudng cuia anten duge xac
dinh theo c¢ong thite twong ty nhu déi vai
parabol try, con hi¢u suat dugc xac dinh
boi.

?

gy, 3

F(®,9,)sin® dd do,

o

}?:

F (®D,p,)sin® d® do,

(]

e D e P

¢

@,

(27.16)

Tuong tu nhu déi véi parabol tru, &
anten parabol trdn xoay cling ¢6 gia tri ot
nhat clia géc mo (Dg),, phu thudc vao
dang cua gian do hudng ciia bd chiéu xa.
Vi bd chiéu xa ¢6 tinh déi xtmg truc thi
(D)o = 65 =+ 80", con [ p(®,)] =01

ot

P61 véi parabol tron xoay, ngoai thanh
phan treong cé hudng phan cue co ban con

X

Hinh 27.7.

€}

f)

Hinh 27.8.

¢6 thanh phan truong phan cuc phuy, vudng goéc véi thanh phan phan cye co ban. bo 1a
do mit anten [a mit cong, vi th€ dong dién chay trén mat anten s€ cé ca 3 thanh phan h
theo 3 truc toa do. Pé vi du, & hinh 27.7 ta vé cac dudng sitc dong dién khi guong duge
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kich thich bai dipol di¢n dat song song vdi truc x. Trong mat phang hinh v&, dong dién
mit ¢6 hat thanh phan J, va J,.

D¢ dang nhan thdy rang trong hai mat phang chinh xoz va yoz sé khong c6 thanh
phan phéan cuc phu vi trudng biic xa clia cdc thanh phan J, s& dat duge cuc dai trong mat
phing nghiéng £45” so véi mat xoz. ' -

B¢ chiéu xg cla anten guong parabol tron xoay cé thé dugce thuc hién theo nhiéu
phuong an khac nhau: chan ti ti€p dién bdi cap dong truc, ¢ k&m theo chan wr phin xa
hoac dia kim loai phan xa (hinh 27.8a,b), chan tir ti€p dién bdi 6ng dan séng, c¢6 kém
theo chan tir phan xa (hinh 27.8¢), cap anten khe dong pha trén héc cong hudng duoc
kich thich bai trudng cua 6ng dan song (hinh 27.8d), hodc anten loa (hinh 27.8e.1)...

§27.6. ANTEN MAU PARABOL

Tuy theo cdch cit ma phan gudng parabol duoc dung lam anten s& cé dd thi phuong
hudng khac nhau va duge sit dung véi cdc muc dich khic nhau.

Vidu, néu cat guong nhu & hinh 27.9a s& nhan duge d6 thi phueng huédng hinh gquat.
N¢u cat guong nhu & hinh 27.9b thi bo chi€u xa s& ndm 1ot ra ngoai chiim tia phan xa
ctia guong va tranh duge thuc hién trgng phan bic xa. Uu diém clia cdc loai guong nay
so vai guong tru khong doi xdng (hinh 27.5) 14 khi dién tich mi¢ng guong bing nhau thi
h¢ s0 tang ich cta loail anten guong nay dat duge cao hon.

Hinh 27.9,

§27.7. ANTEN NHIEU TIA

Anten nhiéu tia 13 anten ¢6 thé cung cap nhiéu (hodc ¢ thé ratl nhiéu) bip séng tir
mot guong phan xa don. Anten nhiéu tia duge sir dung trong thong tin vé tinh dugceé tao
ra cdc ving phi séng dang t€ bao t6 ong, gitp cho vige t6 chitc mang thong tin di dong
qua vé tinh. Hinh 27.10a 1a mét vi du vé viing phi séng dang 1€ bao t8 ong duoe tao bdi
mot $6 biip séng cd thiét di¢n tron.
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Loai anten nhicu tia don gian nhat va phé bi¢n nhat la anten mit phan xa cé nhiéu
b6 chigu xa dat xung quanh tieu di€ém. Méi bo chiéu xa s& tao ra mot bup song riéng ré
va s€ tao ra mét ving phtl séng riéng ré trén mat dat, goi 1a cic “dém”. Cic bip séng tao
ra cic “dom” nay dugc goi 1a cdc bip d6m. Viéc xé dich bo chigu xa khdi tieu diém
anten guong s€ tao ra cac bip dém khdc nhau va do dé tao ra cac d6m khic nhau trén
mat dat (hinh 27.10b). Tuy theo cdch 1i€p dién cho cde bo chiéu xa ta c6 thé nhan duge
blip song quét gan nhu quét lien tuc trong khong gian hodc bip séng “nhay” tir d6m nay
qua dom khiéc, ¢6 cich quang.

Hinh 27.10.

§27.8. ANTEN GUONG CO GIAN DO HUGNG DANG DAC BIET

Viéc thi€t lap anten guong c6 gian d6 hudng dang dac biét ¢6 thé duge thue hién
bang nhiéu bién phép khic nhau. & hinh 27.11 ¢6 trinh bay hai vi du vé hai cdch thiét lap
gian do hudéng dang cosecan. Theo hinh 27.11a, viéc tao thanh gian dé huéng cosecan
dugce thuc hién bdi guong 6 phuong phdptrinh profil dang dic biét, ¢6 kha nang bién
ddi séng so cdp vdi d6 thi phuong hudng don gian thanh séng thif cap véi dé thi phuong
huéng cho trude. Trong trudng hop nay, phan dudi cia guong (phan 1) I mét guong tru
cé profil dang parabol, c6 nhiém vu tao ra bo phan chinh cla dé thi phuong huéng véi
do rong 28, (hinh 27.11b). Phan trén cha guong (phan 2) 12 mot guong ¢6 profil dang
dac biét, véi do cong bi€n doi lién tuc cho phti hop v6i phan guong tru & phia dudi va tao
ra bg phan cha d6 thi phuong hudng ¢6 dang cosecan [f(8) = cosec]. Pinh luat bdo toan
ning lugng doi véi chiim tia chi€u xa va phan xa ¢é dang:

pl@)de = p(0)do (27.17)

Trong d6, p(¢), va p(8) 12 mat dd géc cha cong sudt chi€n xa va cong suat phan xa.
Su bién d6i d¢ cong clia guong s& dan t6i sy bign déi p(8) so véi p(o). Dicu dé ¢ nghia
la, biang cach chon profil ¢6 dang thich hop s& tao ra duge dé thi phuong hudng mong
mudn.
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a) C) d}

Hink 2711,

Theo phuong dn 2 (hinh 27.11c), viéc tao thanh gidn dé hudng cosecan duge thuc
hi¢n theo phuong phdp anten nhicu tia. & vi du nay ngudi ta diing 3 bo chiéu xa, trong dé
mot bo chi€u xa ducc dat tai tiéu diém cha guong (néi mét cdch chinh xé4c 1a tam pha
ciia bo chigu xa duge dat tai tieu di€m cla guong), cdn cdc bo chi€u xa khic duoc dat
léch tieu diém. Mbi bo chiéu xa s& tao ra mot dé thi phuong hudng ricng (hinh 27.11d).
Bang cdch chon thich hop cac géc pha ti€p dién, ty 1€ phan phéi cong suat vi khodng
cach gifta cdc bo chiéu xa sé€ tao ra duge dé thi phuong hudng theo yéu cau.

Trong thong tin v¢ tinh, d€ tao ra anten trén vé tinh ¢6 viing phtt séng dang dac biét
c6 thé dp dung ca hai cdch, twong tu nhu da trinh bay & trén.

Cdch thir nhit 12 ding anten nhiéu tia. Hé théng gém ¢6 mot guong phan xa, mot sé
bo chi€u xa va mot “mach tao dang bip séng”. Mach tao dang bup séng l1a mét hé diéu
khien viéc 1i€p dién cho cdc bo chigu xa dé xdc dinh céc bo chi€u xa nio cdn duoc tiép
dién, xdc dinh quan hé bién d¢ va pha cla dong kich thich cho cdc bo chigu xa ay
(hinh 27.12). T6 hgp viing phil séng cla cdc biip séng sé tao ra viing pht séng ¢6 dang
dac biét.

Mal puomg ofF by hidn <ang

Mach s

o~————— tao dung

buip sdng <

L <N M
Cac bf‘ s chidy gu
chicu xa

Myl paratl

" 4
Iy Tucmg

Guong phan xa

) by

Hinh 27.12 Hinkh 27.13
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Hinh 27.13a mé ta viing phu séng dang dac biét duge 1ao ra bdi cdc bip dom tron.

Cdch thd hai fa diing mat phan xa guong ¢6 profit dac biét dé tao ra viing phi song
dang dic biet. Trong trudng hop nay, mit cong cta guong phan xa can dugc bién dang
thich hop theo ca ba chiu khong gian va né khong con chinh x4c 14 mat parobol nita
(hinh 27.13b). Hinh dang thich hop cia mit cong phan xa duge xdc dinh biang phuong
phdp tong hop anten guong theo dé thi phuong hudng cho trwée. Véi phuong phap niy.
chi can dung mot mat cong phan xa vi mét phan tir chiéu xa nén két cdu s& don gian
hon, ton hao it hon va trong lugng nhe hon. Viée ché tao anten ¢é thé duge thue hién
thong qua céc phan mém thiét k& va gia cong nr dong. Day 1a phuong phip dang dugc sir
dung ¢4 hiéu qua dé ché tao cic anten cho v¢ tinh thong tin

§27.9. DIEU KHIEN BO THI PHUONG HUONG CUA ANTEN PARABOL

Khi dich chuyén tam pha clia bo chiéu xa ra khoi tiéu diém cda guong theo huéng
vudng gbée vai true quang thi cdce tia phan xa tir puong s& truyén t6i miéng guong khong
déng thai (xem hinh 27.14). That viy, & hinh 27.14a ta thay tia 1 ¢6 dé dai dudng di
ngan nhat, tia 1° ¢6 duong di dai nhat. Tia 2 s&€ phin xa vi truyén t6i miéng guong cham
hon tia 1 va tia 27 cham hon tia 2... Do d6, matl phing miéng guong bay gir s& khong
con la mit déng pha nita. Co thé ching minh ring khi do xé dich Ax khong Ién va guong
cd tiéu cu khd dii (guwong nong) thi phan bd pha cha trutng ¢ miéng guong s€ ¢d dang
gan nhu dudng thang (hinh 27.14a). Vi vay, viée x¢ dich bo chiéu xa theo huéng vuong
gée vdi truc quang s€ lam cho do thi phuong hudng quay vé phia nguge véi hudng dich
chuyén clia bo chigu xa. Gée quay @, (hinh 27.14¢) d6i véi trudng hop bo chiéu xa xé
dich it s& duge xdc dinh gan ding bang gdc dich chuyén @, cia bo chicu xa. Géc ndy
dugie xde dinh tir cong thic:

e, :%‘_’ (27.18)

Trong d6 f1a tiéu cu cua guwong

Thuc ra, khi dich chuyén bé chiéu xa khoi tiéu diém thi phan bo pha cilta trudng trén
mat phiang miéng guong s& 1a phi tuyén. né cé dang dudng cong bac ba nhu vé & hinh
27.14b. Do dd ngoii viéc quay bip séng thi dang cla gidn dé hudng ciing ¢é thay déi va
xuat hi¢n thém bac xa phy. Suméo pha bac ba s& cang tang khi do xé dich Ax cang 19n
va khi tiéu cur cang ngin.

Phuong phidp quét biip séng bing cach dich chuyén bé chiéu xa quanh tiéu diém
duoc ng dung rong rdi trong k¥ thuit rada. D€ tranh gay méo pha bac 3, géc quay clia
do thi phuong hudng khong duge qui 16n. Thudng gée quay nay khong duge vuot qud 2
+ 3 lan d6 rong clia d6 thi phuong hudng. Vai géc quay bing 2 lan do rong cia dé thi
phuong hudng, ngudi ta thay ring do tang ich cia anten gidm di khodng 10%.
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a) b} <)

Hinh 27.14

§27.10. ANTEN GUONG KEP

Sa dé cta mot trong cac anten guong kép duge vé& & hinh 27.15. Anten gom ¢6 mot
guong 16n 1 (puong chinh), mot guong nho 2 (guong phu), va b chiéu xa 3 ¢6 tam pha
dat tai tiéu di€ém cha guong phu. vV3&i méi bo chiéu xa ¢6 mat séng di xdc dinh, ¢6 thé
chon vo 6 cap guong chinh phu khdc nhau dé tao thanh mat déng pha ¢ miéng cua
guong chinh.

Hinh 27.16 v€ anten guong kép véi guong chinh 1a guong parabol, girong phu la
guong hyperbol. Anten nay con o tén la anten Casségrén.

G hinh 27.135, tiéu diém cha guong phu hyperbol duge ba tri tring vdi ticu diém clia
girong chinh parabol. Tiéu cu ctia nhénh hyperbol thit hat (nhdnh a0) ndm & diém F trén
truc cla guong chinh. Bo chi€u xa s& duge bé tri thé nio dé tam pha clia né tring véi
diém F,. Song dién tir 1ao ra bdi bo chi€u xa s& truyén t¢i mat guong phu hyperbol va
sau khi phdn xa s& dap vao mat guong chinh, tiép tuc phin xa tn hai roi truyén di.

Hinh 27.15. Hinh 27.16
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Gia thi€t bo chi€u xa 12 ngudn séng cdu: cdc séng i v séng phan Xa tuan theo quy
luat quang hinh. Khi 4y, theo tinh chat clia hyperbol (hyperbol 14 qu¥ tich cta cdc diém
ma hiéu khoang cach dén hai tiéu diém 12 mot hing s6, ¢6 gid tri bing khoang cdch giia
2 dinh cua hai nhanh), va can cif theo hinh 27.15 ta ¢6 thé viét:

FoA-FA=FA'-FA'=2q
Ngoai ra, can ¢t vao tinh chat ciia parabol ta cé:
FA+AB+BC=FA+ A'B+B'C'=2f 1z,
Vi Ff,A=FA+2a nén
Fy{A+ AB+ BC=FA+AB+BC+2a=FA'+ A'B'+ B'C'+2a =
=2f+z,+2a=const

Trong d6, /' 1a tieu cur ciia guong parabol: 2a 1a khoang cdch giira hai dinh hyperbol;
2, ka khoang cdch tir tiéu diém parabol dén dudng thing vudng géc véi truc parabol.

Tir d6 ¢6 the thdy rang t6ng do dai dudmg di cha tia séng ké tir bo chiéu xa, phan xa
tai guong hyperbol, phan xa ldn 2 tai guong parabol va truyén t6i mot mat phang nio dé
song song v6i mat phang miéng guong s& 1a mot hing s6. NGi cach khac, mat phang
song song voi miéng guong c6 theé duge coi 1a mot mat bike xa déng pha. Nhu vay, antcn
guong kép ciing dat duge hiéu qua bién déi séng cdu thanh séng phing gidng nhu anten
guong don gidn. N6 c6 the duge coi nhu mot guong don ¢6 bo chigu xa 4o dit ai tieu
diém. Uu diém clia anten guong kép so vai guong don 1a kich thude anten theo hudng
truc nho hon so véi anten guong don. Déng thoi, do bo chidu xa dat gin dinh guong nén
ket cau s€ don gian va tién 1gi hon.

Khuye‘:’t diém cia anten girong kép 1a guong phu s& chin mat mot phan khong gian
phia trudc guong chinh gdy ra mét mién t6i, 1am phan b6 bién dé cla trudng khong
dong déu, dan t6i giam hé s6 dinh hudng cia anten. Hé 86 dinh huéng clia anten guong
kép duge xdc dinh gan ding theo cong thirc:

2
D;,zoo[r—zﬁ] (27.19)
R,

Trong d6, D), 1a h¢ s dinh huéng khi guong chinh khong bi che; R| va R, i bén
kinh cia miéng guong phu va miéng guong chinh.

Ngoai anten Casségrén, trong thuc t& con hay str dung mot so loai anten guong kép
khac. Vi dy anten c6 guong chinh 14 guong parabol, guong phu 134 mot phin cia
cllipsoit, hoac guong chinh la mot phan hinh ciu, guong phu ¢6 profil dang thich hop dé
hiéu chinh méo pha do guong chinh cé profil khac parabol.

Bé khac phuc hiéu ing che chan cdia guong phy déi véi guong chinh, nguoi ta ché
tao guong phu dudi dang ludi day dan song song, con bé mat guong chinh can duge ché
tao sao cho né ¢6 kha ning quay mit phing phan cuc clia séng phin xa di mot g6c 00°,
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Nguyén ly cha két cdu mat phan xa néi trén da duoc khao sat & chuo‘ng 165. Séng phan
xa tr mat guong chinh ¢6 mat phing phan cuc da quay di mot géc 90° so véi huéng ban
dau s¢ lot qua ludi day dan song song cilia mat guong phu ma khong bi guong phu che
chén.

O hinh 27.16 ¢6 minh hoa nguyén 1y hoat dong ctia loai guong nay, séng chicu Xa
c6 huéng cuia vecto £, song song véi cic day dan cua guong phu nén bi guong phu phan
Xa hoan toan. Sau khi phan xa tr mat guong chinh ta nhan duge séng phan xa ¢é E2
vudng goc vai cdc diy dan clha grong phu nén né lot qua duge guong phu.

§27.11. ANTEN PERISCOP

Anten gom c6 bo chi€u xa 1, guong cong 2 & phia dudi, vi guong phang 3 & phia
trén. Néu guong dudi 1a mot phdn cha ellipséit thi b chiéu xa s& duoc dat & mot trong
hai tiéu diém cua ellip, con tiéu di€m thi hai duge b tri triing v6i tam cia guong phang
(hinh 27.17b). Uu diém cha anten periscop 1a khong can ding fide dai dé tiép dién nén
dat dugc hiéu sudt cao trong mot dai tén rong.

2
7? ;Aff___
fl H
/I it 3
H
| B
& Y |
A, /“1//75 T 7 -
a) b)
Hinh 27.17, Hinh 2718,

§27.12. ANTEN LOA - PARABOL

Anten gém cé mét loa hinh thap I, & miéng ctia né duoe gdn v6i mot phan cia
guong parabol tron xoay 2. Tiéu diém cia guong duge bd tri tring véi tam cha loa.
Chuim tia hoi tu duge bic xa qua miéng 3 (hinh 27.18)

Uu diém ctia anten loa — parabol I chdm tia chigu xa khéng bi phan tin, do dé
anetn dat dugc hi¢u suét cao, mitc birc xa phy nhd. Ciing gidng nhu & truong hop anten
guong khong doi xing, trong trudng hop nay hi¢u ting phan xa clia bo chiéu xa 1 khong
ddng ké va anten c6 dai tin cong tdc rong.
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Chuong XXVIII
ANTEN SONG MAT

Anten séng mit la anten dugc thiét 1ap tir mot cdu tric dinh hudng séng mit ¢6 do
dai hituv han. Vi tr6 khdng bé mit cta cdc cdu triic nhu vay cd gid tri khac khong nén
anten séng mat con dugce goi 1a anten ¢6 trd khdng mdr, hay “anten Impedang™ (chir
Impeédang 6 nghia la trd khdng).

Anten séng mit ¢é nhiéu loai, duge goi én theo ciu tric dinh hudng cu thé ding
lam anten. Vige phén loai anten ¢6 theé dya vio tinh chat hinh hoc cila két ciu (vi du
anten phing hoic try). theo dac diém cua vat liéu ciu tric anten (vi du anten kim toal
hoac di¢n moi), hodac kél hop ca hai tinh chat trén (vi dy anten phang — kim loai, hoic
anten try - dién moi...).

Sau day. chiing ta s¢ lan luot khao sdt mdt s6 loai anten séng mat thong dung.

§28.1. ATEN IMPEDANG PHANG

Cau trdc cua anten gdm mor bo
kich thich (thudng ¢é dang anten loa)
va hé théng dinh huéng phing 1a mot
tam dién moi ¢é € >>1 dat rén nén
kim loal {antcn phang - dién moi) hoac
mét mat kim loai ¢é hé thong rianh
ngang (anten phang - kim loai). K¢t
ciu cta anten phang - dién méi va kim
loai duge v& & hinh 28.1. Dé nghién
ciu dac tinh bic xa clha anten ¢an xdc
dinh trude hét i cdu tric trudng cua
song mat va cdc thoéng so cua song ¢é
lién quan dén k€t cau dinh hudng. Biét
cau tric coa cdc thanh phian dién — tir
truong ti€p truyén trén bé mat két can
s€ xdc dinh duge cdc dong dién va
mat tuong duong, sau dé khao sdt birc
Xa cba arnten theo |y thuyét anten séng Hinh 28.1
mat da biét.
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Truong clia s6ng m3t trén két ciu séng cham phing.
a. Két cdu Impéddang dién moi;

He thong dinh hudng séng cham trong trudng hop nay 1a tdm di¢n moi dat trén nén
kim loai phing (hinh 28.1a). Gia siy song cham truyén lan trén mat két cau 1a loai
song =

Trudng cua séng trong moi truong khong khi ¢6 thé duge xdce dinh theo cong thiic:

H = He " (28.1)
} - .
E. =l i1, :EWOHUE”"‘”’-‘
Towe, Tk
(28.2)

E =ilpp =ilw, H e
we, Tk

Vai quan hé gitta p va b
p=yN -k (28.3)
Trudng cua séng trong moi truting dién moi can thoa min diéu kien bd trén mat kim
loai va di¢u kién bo trén mat phan giéi.
D¢ ding thay rang trudng trong moéi trudng dién moi s& 13 téng trudng clia séng 16i

truyén lan theo hudng = am va trudng clia séng phan xa truyén lan theo hudng - duong
{xcm hinh 28.2) ‘

pA

0 ni2 b 3ai2
Hinh 28.2. Hink 26.3,

Biéu thitc cba thanh phan cudng do tir trudng cha séng trong moi truong dién moi

¢ thé viét dusi dang:
H_ = Hycosq(z + Aye™™ (28.4)

A- do day cua I6p dién moi.

Cac thanh phan con lai cha truong ¢6 the tim duge & phuong trinh Maxwell thi
nhat, trong tr nhu khi xdc dinh céc biéu thic (28.2). Ta nhan duge:
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ko . h : .
E.=—H,cosq(z+A)e™ = —W,H,cosg(z + Aye™™
WE k,

| (28.5)
E, = fé Hysing(z + Aye™ = ;:—]mﬁg sing(z+ A)e ™™
& day, £ 1a hé s6 dién moi cia 16p dién moi; &, va W, la hé s6 pha va trd khdng séng
clia moi trudng dién moi; ¢ 1a hé s6 séng ngang trong moi trudng dién moi, né cé quan
hé véi k; va k boi
g=Jk -1 (28.6)
Cic biéu thitc (28.5) thod min diéu kién by rén mit vat dan 1y tudng, nghia la diéu
kién bing khéng cia thanh phan tiép tuyén dién trudng trén bé mat kim loai . That vay
khi cho z = - A ta s& duge E, =0. Ngodi ra, céc thanh phin nay cin thod man diéu ki¢n
b trén mat phan gidi dién moi - khong khi.
Ho=H.| .
' Crtarz=0 (28.7)
Ey = Eu
Str dung cdc bidu thirc (28.1) + (28.5) va diéu kién (28.7) ta cé:
H, = I cosgA (1)

P H, =L H, singA (2)
e, we

Chia phuong trinh 2 cho | ta cé

pA = gAtg gA (28.8)
£

=% 1 hé s6 dién maéi wong ddi clia moéi trudng 2. Phuong trinh (28.8) bicu thi
&

quan hé gilta p va g, duge goi la phuong trinh dac tinh ca két cdu cham.

Tir cac hiéu thire (28.3) va (28.6), ta ciing ¢6 thé nit ra mot phuong trinh nita biéu
thi quan hé giira p va q. _

(pAY + (gAY = A2k -k =d’ (28.9)

Giai hé thong hai phuong trinh (28.8) va (28.9) s€ nhan duge thong s6 cua cdc song
¢ thé truyén lan doc theo 16p dién moi. Don gian hon cd la gidi hé phuong trinh trén
theo phuong phip dé thi (xem hinh 28.3).

Khi ¢ < 7 thi dudng cong (28.8) vi (28.9) chi ¢6 mot giao diém, d6 12 10i gidi duy
nhat chia phuong trinh dac tinh. Diéu ndy ¢6 nghia 1a trong truong hop dang khao st chi
tdn tal mot séng truyén lan doc theo 16p dién moi. Néu @ nam trong gidi han tr 1 + 2=
thi cdc dudng cong sé& 6 hai giao diém, nghia la ¢6 hai cap nghiém cla phuong trinh
(28.8) vi (28.9). Hai 13 gidi nay trong éng véi hai séng truyén lan theo két cau, nhu vay
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moi gid tri « s& xdc dinh mot s6 séng nao d6, khi tang tan s6 thi s6 song s€ tang nhung
luén luon 1a mot s6 hitu han.

Tr6 khdng bé mat cia két cau trong trudng hop niy duge xac dinh bdi

z, =2 =i T yo(qa) =i Lwug(ag) (28.10)
H,  we k,

Tur (28.10) chiing ta thay rang tro khdng bé mat ciia két c&u mang dac tinh canm
khéng thuan va gid tri cia né phu thudc vao do day cha 16p dién méi trén mat Kim loai.

b. Két cdu Impédding kim loai

Trong trudng hop nay hé théng dinh huéng séng cham 13 mot mat kim loai ¢6 ranh
(hinh 28.4). Mbi trudng trong ranh c6 thé 1 khong khi hoac mot vat liéu dién moi nao
d6. Do sy ¢6 mat cla cdc ranh nén cu tric trudng cla séng s& phu thude vao huéng
truyén séng. Theo hudng doc cdc ranh c6 thé truyén lan séng H con theo huéng vudng
gbe v6i cdc rinh cé thé truyén lan séng E.

Néu lua chon cdc thong s6 cua két cdu thich hop thi séng E truyén lan theo két ciu
s€ tvong t nhu séng E truyén lan trén két cau Impédang dién moi. Gia sir séng E ¢6 cac
thanh phén E., £, H, khong phu thudc vio x, nghia 1a trugng khong bien déi doc theo x.
D¢ xdc dinh cdc dac tinh clia séng mat, trude hét can xdc dinh truong trong ranh va thue
hién dicu kién lién tyc cla cdc thanh phan tiép tuyén clia £, H & trén bé mat ranh, tuong
tr nhur khi khao sdt cau tric Impédang dién méi. Biéu thic clia cic thanh phéan trudng
trong moi trudng nam phia trén cdc ranh ¢6 thé viét theo (28.1) va (28.2) béi vi khi riit ra
cic biéu thic nay khong can dua vio mot gia thiét nao déi véi tinh chat cia trudng trong
moi trudng 2. Bay gid ta xdc dinh trudng trong ranh. D€ don gian, ta coi bé rong cha
ranh (T - t) nho hon A/4. Trong trudng hop
ndy néu trong ranh ¢6 dién trudng gém céc
thanh phan E' va E" thi trudng nay chi
c6 thé ton tai trong ranh dudi dang trudng
cita cdc séng bac cao khong lan truyén, bai
vi dé ¢6 thé lan truyén duge séng H,, la
song ¢6 budc séng tdi han 16n nhat thi bé
rong cua ranh cing phai Ién hon 2/2. Vi
trudng cta cdc s6ng bac cao ¢ gid tri nhod
nén ta cé thé boé qua khong xét dén. Hinh 28.4,

Nhu vy, v6i cdc gia thiet da néu & uen, trong khodng khéng gian clia ranh duge coi
14 chi t6n tai séng TEM truyén lan theo truc z, ¢ thanh phan dién trudmg theo truc y.,
(E,) va tir trudmg theo x, (H,). Theo gia thiét, trudng ndy khong bién déi theo x nhung
n¢u vay thi né cling khong bién déi theo y vi tir phuong trinh:
divE'=0,

509



Néuw E.=E, =

=0
oy
bién truong E. trong khoang khong gian cla rdnh cén thodo min phuong trinh
song:

L+ kE, =0

dz

Loi giai cha phuong trinh nay c6 dang tong quat

E =A™ 1 Be™ (28.11)
A’, B’ la cdc hdng s6 tich phan.
Theo diéu kién b cha vat dan 1y wdng E’, =0, tai z = -A. Thay z = -A vao (28.11)

ta rit ra duge

A'=—_B'e¥h (28.12)
Thay (28.12) vao (28.11) s€ c6

E, =2iB'¢"*sink(z+A)
Dat 2B'e** = E,ta nhan duogc (28.11) dudi dang:

E_v =iEysink(z+A) (28.13)
Tir phuong trinh Maxwell thir hai

rotE' = —i(u,uDEh'

Ccé thé xéac dinh duge biéu thire ctia cudng do tir trudng trong ranh. Tir trudng nay cé
thanh phan H _bang:
i 8E'1.

H. =- L Eycosk(z +A) (28.14)
' wry, Oz W“

Ta nhédn thay (28.13) va (28.14) ¢6 dang cua séng ding dién trudng va tir trudng.
Tai mat kim loai 1a nit cua séng dimg dién truong nhung 13 bung cla séng ding tir
trudmg.

Bay gi& can thuc hién diéu kién b& trén bé mat két cdu (tai z = 0). Gia s cdc rinh
c6 thanh rdt méng (t—0). Khi dy chiing ta cin tinh dén di€u kién lién tuc cha £, va L7,

trén mat z = 0 ma khong can chd y dén thanh phén dién trucmg tiép xdc vdi canh trén
cua cdc thanh kim loai, ta cé
E,=F', (khiz=0) (28.15)

Xem xét hai v& cia (28.15) ta thdy vé trdi c6 dang mot séng chay, biéu thi bdi thira
s6 pha ™™ con v€ phai la mot séng dimg, pha clia né khong bién ddi trong khoang
khong gian gilra hai thanh cta ranh nhung ¢6 thé bién déi nhdy vot khi chuyén ranh. D¢
gidi gan diing bai toan, cé thé gid thiét pha clia trudng trong cédc rinh khong bién doi
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nhiy vot ma bi€n doi lién tuc giéng nhu su bi¢n ddi pha cha trudng phia bén trén mat
cac ranh, nghia la gia thiét:
E, =iE,sink(z + A)e™

Co e (28.16)
H,=—F cosk(z+ A"
W,
Bay gitr ta c6 the viét diéu kién bd ddi véi cdc thanh phin E,vaH taiz=0.
. P —pA .
E =F =W He™ =E kA) (1
v =T Moee T S Rasin(kd) () (28.17)
H =H =W,He ™ = E,cos(kA) (2)
Chia phuong trinh (1) cho (2) ta nhan dugc:
f:!g(kA) (28.18)

Véi p=vh -k’

Nhur truge day dé phan tich p la mot s6 thue duong nén tg(k4) cin phai ¢6 gid i
duong. Do d6 A khong duge vugt qua A/4, nghia la diéu kién t6n tai chia séng chim trén
k€t cau ranh la do sau clia cdc rinh khong duoc vuot qud 0,254,

He s6 pha clia séng mat trong truong hop nay c6 gid tri bing:

h= p2 +k% = k
cos(kA)

Van t6c pha cua séng mat bang:

@
r=—=c¢.cos(kA
vy (kA)

Con hé s6 cham N
v cos(kA)

Tré khang bé mat ctia két cau c6 thé xdc dinh béi
E,
7z :(}}—} = iWtg(kA) (28.19)
o

Cong thic (28.19) xdc dinh 16 khang bé mat cita két cau khi khong tinh dén anh
hudng cia bé day thanh ranh (t—>0). Trudng hop 1 #0 thi Impédang trén mat thanh ranh
bing khong (Z, = 0}, cdn trong khoang gifta hai thianh ranh dugc xdc dinh bai:

IF-r

Z =it I W g(ha) (28.20)

He s6 suy gidm theo huéng phép tuyén

-7
= ——kte(kA
P== g(KA)
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Hé s6 cham

"}' 122 (kA)

D6 thi phuong huéng cha anten Impéding phing

Nhur trén da néi, mdi anten séng mat thuong gém hai bo phan 14 bo kich thich va he
thong dinh hudng séng cham. Bg kich thich tao ra trudng trén mat két cau cham (séng
mit) truyén lan trén két cadu va bic xa. Tuy nhién bén canh tredng bitc xa clta séng miit
(1a truong bitc xa cg ban) con ¢6 trong bitc xa phu clia ban than thiét bi kich thich.
Thudmg thi trudng phu niy khong Jam bién déi dang d6 thi phuong hudng cha trudng
bic xa co ban. Néu gidta thiét bi kich thich va hé¢ thong dinh hudng duge phoi hop u¢
khéng t6t thi anh hudng nay sé nho.

Nhu vay, két cu cham déng vai trd ¢g ban trong viéc hinh thanh d6 thi phuong
huéng chia anten. Ta khio st mot két cau cham phing c6 kich thudc hitu han. duoc dat
trong khéng gian ty do hodc trén mat tam kim loai ¢é kich thudc kha 16n. Gia thiét trong
cdc trudng hop ching ta khao sat déu khong ¢6 séng phéan xa tir dau cudi két cdu, nghia
1a trén k&t cdu chi ¢6 séng chay. Mudn vy phai lam sao cho van toc pha cla séng mat &
phia ddu cuéi phai ¢6 gid tri gan bang van tdc séng trong khong gian tu do (v=c). Diéu
nay c6 thé thuc hién duge bang cdch giam dan bé day cla I9p dién moi hoic do sdu cha
ranh (hinh 28.5).

Hinh 28.5.

Vi mot sal s6 khong t6n, ¢ thé cho rang trudng trén bé mat két ciu cham kich
thude hitu han ciing duoc x4c dinh bai cdc bi€u thiic nhu di khio sdt trude day, d6i véi
két cdu vo han.

Trudng bic xa cia anten s& duge xdce dinh theo céng thite sau:
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—rkit

—ik e [ . in. 1
E, =T al W, H, cosé‘—ﬂjsmgosm ¥ sinU
R k X

4r U
2
—ik e sin X sinlJ (28.21)
E,=— al W | 1— Jcosqo -
47 R kcos& U

Trong dé

X = ;%asinﬁcosga
/= %{{% —sindsin go}

Can cit vao (28.21), chiing ta ¢6 thé khao st hAm phuong huéng clia anten trong hai
mat phang riéng & E va H. Trong mat phang E (ing véi ¢ = 90%) truong chi ¢6 mat
thanh phan £4 Ly médun cua Egva goi thita s& phu thudce véi géc 0 1a f{ 6), ta ¢é:

sinlJ/

f(8)= e —sin’ @

(28.22)

O day da sir dung quan hé p° = K- &%, Néu chi ¥ rang 1§ 86 ik = c/v = § thi

|sin//U/) trong biéu thitc (28.22) ¢6 dang gidng nhu him s6 t8 hop doi v6i hé théng buc
Xxa cO goc phd bién doi theo quy luat séng chay. O diy cin chi y dén biéu thifc

(h!k) —sin” & . Biéu thitc nly ¢6 gid tri khic khong tai 6 = 90°, nghia 1a & anten song
mat ¢6 ton tai bic xa theo hudng truc (khdc vdi trudng hop day dan dong dién séng chay
khong bic xa theo huéng truc). 10
Clng vi ly do ay, hudng cuyc dai o9k
ctia d6 thi phuong hudng anten
song mat s€ léch khoi huéng truc
mot géc nho hon so vdi trudng
hop day dan séng chay.

R
0.7+

LR o

b6 thi phuong hudng cua
anten dugc vé & hinh (28.6). Dé
nhan duge bi€u thic ham phuong
hudng anten trong mat phang H,
ta thay 0 = 90° vao cdc cong thic
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|
|
|
|
|
|
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|
|
|
|
|
|
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I
!
|
|
0= |
|
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dd nhan dl.l'Q'C. Khi ‘fi')‘ s€ [hfl:y réng 0 180 130 10 9w o s s 10 o aw O
trong mat phang nay dién trudng
¢6 ca hai thinh phin Epva E, Hinh 28.6.

nhung c¢6 thanh phdn E, bang

khong theo truc anten (hudng vy, @ = 90”). Ham bitc xa trong mat phang nay duge xdc
dinh béi ca hai 56 hang trong (28.21). S8 hang thit nhét (sinX)/X ¢6 lién quan dén bé rong
cla anten con 6 hang thit hai ¢6 quan hé véi s6 cham clla séng mit (rén anten.
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§28.2. ANTEN IMPEDANG TRU

Trudng cua séng mat trén két cau hinh tru

Két ciu séng chim hinh tru duge ing dung trong k¥ thuat anten ¢6 thé 1a truc dién
mél, truc kim loai ¢6 pha 16p dién méi, hoac truc kim loai rang tuge (hinh 28.7).

() ) _3

a) b)
)
Hink 28.7.

Néu mot ddu két cdu duge dit vao ngudn kich thich, con dau kia mic tai thi k&t cau
cham s& trd thanh dudng truyén séng mat. Khi ddu cuéi két cdu hd mach thi song mat sé
bitc xa va két cau song cham tr& thanh anten séng mit.

D¢ phan tich nguyén 1y 1am viéc clia anten, cin biét cé nhimg séng nio cé thé
truyén lan trén dudng truyén nhu vay. Tuong tu nhu trudng hop két cau Impédang, trong
hé théng nay cling ¢ thé t6n tai va lan truyén cdc séng dién (séng E vahay TM) va sOng
tr (séng H hay TE).

Gid st thanh phén doc clia cdc vecto the dién A4 va vecto the tir 4¥ duge biéu thi
dudi dang:

AE — A{.’ . - thz
= = Ap(rp)e™ (28.23)

A = 4 (r, )™
A4 va A* 1a bien dé chia vecto the dién va thé tir.
Ta s& nhan dugc biéu thifc clia cdc thanh phdn trudng trong hé toa do tru:
a. Boi voi song E

E = _in P e = ﬁWHW

2 k
hOAL 4 h
Bp=—is=, ¢ = "H. (28.24)

Hr

E_ — I})E EA“ e—!ﬁ'.’
- k

H. =
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b. Boi véi séng H

M
H, :_;h%*_g—f’” :_JLE
or kw ¢
hoaY .. ok
H =—i=n oo " p
T e ¢ Taw (28.25)
H. :_KA::fe—ih:
kW
E.=0

Biét cac ham s6 4 (r,@)vd A4} (r,¢)s€ xdc dinh duge cdc thinh phin trudong cla
song £ va séng ff theo cong thife (28.24) va (28.25). D€ tim cdc ham s& trén, can biétl
dac tinh cla loai dudng truyén séng mit ma ta nghién citu. Vi du khi dudng truyén la
truc dién moi thiét di¢n tron (ng dan séng dién moi) thi trong trudng hop séng E vecte
thé dién A’ ¢6 thé biéu thi nhur sau:

béi véi truong bén ngoai truc dién moi ¢6 thé biéu thi phan b6 theo r qua ham
Macdoénal vi ham nay ¢6 gid tri bing khong khi r-»co, con phan b6 theo ¢ biéu thi qua
ham luong gidc. Ta c6: '

AL CK, (prcosnpe™™ (28.26)

DO1 v6i trucmg bén trong tric dién moi, ¢6 thé biéu thi phan bé theo r qua ham
Bessel vi ham nay ¢6 gid tri hitu han tai r = 0, con phén bé theo ¢ cling biéu thi qua ham
luong giac. Ta ¢é:

A% DJT (gr)cosnpe ™ (28.27)

Véin=0,1,2..

o day K, (x) 1a ham s6 Macdonal bac n, con J,(x) 12 ham s Bessel bac ». Cic hing
s0 C, D duge xdc dinh khi thoa mén diéu kién bo trén mat phén gisi dién moi — khong
khi (di¢u kign lién tuc cha thanh phdn tiép tuyén dién trudmg). Khi argumen cia ham
Macdonal ¢é gid tri 16n thi ¢6 the bi€u thi ham ndy theo cong thitc gan ding:

K. (pr)=, /Le"’”
2pr

Dicu nay chitng t6 ham K (pr) c6 vai rd giong nhu ham e d6i véi truding hop he
thong Impédang phang. Bidu thinic doi v6i vecto thé tir 4" ciing c¢6 thé viét tvong tw nhu
trén.

Trong trudng hop tong quit, trén truc dién moi c6 thé t6n tai nhiing séng dién va
song tir dang khéc nhau, tng vé6i cdc gid tri n= 0, 1, 2... (tuong (mg 14 séng doi xing va
cac séng khong déi xing bac 1, 2...).

Trude hét ta khdo sdt séng d6i xing truyén lan doc theo truc dién méi (khi n=0).
Trong trudng hop nay trudng khong phy thude vao gée ¢. Do trudng c6 tinh déi xitng

515



truc nén bitc xa theo hudng truc clia h¢ théng s& bang khong. D6 (2 ly do ma ngudi (a
khong su dung két cdu cham vdi séng doi xing dé 1am anten biic Xa truc. Muén thiét lap
anten bifc xa truc cin sit dung séng khong déi xing, vi du séng bac 1. Néu n = / thi
ngodi cdc thanh phan truong E,, E., H, 14 cdc thanh phin ma séng déi xing co, con xuit
hién céc thanh phin £, H,. Cdc thanh phdn nay phai lién tuc tai boy phan gidi giita hai
moi trudng dién moi — khong khi.
Tuy nhién, néu chd ¥ dép quan hé giita ching
kE,=—hWH, (28.28)

thi néu £, lién tuc, s& cd H, dot bit va nguoc lai (do su bign déi cia k va W), Déi vai
cdc 6ng dan séng kim loai thi khong xay ra diéu mau thudn trén vi & trén thanh ong E,
vi H, déu bang khong.

bicu mau thuan trén ching 6 khi # # 0 trong 6ng dan séng dién moi chi ¢6 thé
truyén lan mot 16 hop séng £ va séng 1. Ty s& cha truong ctia cac séng dy duoc xic
dinh boi cdc thong s6 clia 6ng dan séng dién moi, bdi bude séng va phuong phap kich
thich. C6 thé thdy rang cdu trdc trudng trong Sng dan song dién moi cé dang giéng nhu
cdu triic trudng clia mot trong cdc séng E hoac séng H. Dé vi du, hinh 28.8 v& nhu cdu
tric truong cua song khong déi ximg HE;,; (song thod man diéu kién biic xa truc). Cau
triic nay cho phép ta lien tuong dén cau tric truong cia séng #H,, trong 6ng din séng
tron ¢6 thanh kim loai. Sy khéc nhau ¢6 thé thdy dugc 1a & trudng hop 6ng din séng dién
moi, veetd cudng do dign truong khong hudng vuong géc véi thanh 6ng ma nghiéng mot
goc nao d6. Do d6 da xuat hién thanh phan doc theocla £ trong 6ng, nghia 13 di xuél
hién dac tinh cita séng E.

i 2

2 — a -
ot Rl
o|lol® oo el ®|gle
\%ﬂ‘ ok ola L L X I
- o] -
/7 VA

Hinh 28.8,

D6 thi quan h¢ cha van téc pha (biéu thi qua ti s6 v/c) va ban kinh trong déi cha
&ng dén séng di¢n moi tng vdi cdc hé s6 dien moi khdc nhau duoc vé & hinh 28.9. Tir d6
thi hinh 28.9 ta thay rang khi tang «/4, van téc pha clla séng cang gan vdi vin toe séng
trong di¢n moi dong nhat, c6 he s6 dién moi bang hé s6 dién meéi clia 6ng din séng.
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afi

1,0
0.8 g =25
W 0.6 /
i ™. -
% \ . —-_-__.___ 0,4 g =10
3 \ 4 /
2 L 0.2 leng
ol e 0 ngciii
13 (LX) 06 0 L0 0.0,01 0,0I 0.,1 1 10 100
Hinh 28,9, Hinh 26.10.

D6 thi hinh 28.10 bi€u thi sy phu thuge cha ty s6 cong suat truyén bén trong va
truyén bén ngoai 6ng dan s6éng dién moi v6i ban kinh tuong d6i ciia 6ng dan séng, tng
vGi céc hé s6 di¢n moi khdc nhau. Tir hinh 28.9 va 28.10 ta thdy ring, khi giam van t6c
pha (tang €’ hay ting a/2) thi ty s6 cia cong sudt dich chuyén bén trong v bén ngoai
ong dan séng s& tang.

Anten truc Impédang dién moi

Anten truc Impédang dién moi (goi tat 12 anten dién méi) ¢6 két cdu duge vémo ta &
hinh 28.11. Anten gém truc dién moi (thuding 12 thiét dién tron) va bo kich thich 13 mot
doan 6ng dan séng trdn, ben trong ¢6 dit tham kich thich giéng nhu mot chan tir khong
do6i ximg duge tiép dién bang fide dong truc. Truc dien moi thusng duge ché tao tir cc
vat [i¢u dién moi cao tan ¢6 hé s6 tdn hao nhéd (nhu Trolitum, polistiron, fiberglas...). Do
cach kich thich nhu trén, trong doan éng dan séng s& hinh thinh séng H,;. Séng H,,
truyén vao truc dién moi s& bien dang thanh séng HE;,. Dac di€ém cua séng HE,, 1a
khong c6 tan s6 16i han, do d6 song ndy c6 thé truyén lan trong thaanh dién moi khéng
bi rang budc boi cic dicu kién v€ kich thude truc dién moi, budc séng va he s dién moi
¢. Tuy nhién gid tri 16t nhat cta kich thudc thiét dién ngang cia truc dién moi duoc xédc
dinh tir diéu ki¢n kich thich séng va hé s& cham can thiét cla két ciu chim dé ¢é dugc
dac tinh phuong hudng t6t nhat. Néu giam a/A, van toc pha clia séng tang, phin ning
luong truyén trong 161 dién moi giam va truc dién moi s& mat tinh dinh huéng. Diéu d6
chitng 16 doi véi truc dién moéi c6 dudng kinh bé s& khé kich thich séng mat. Phan Ion
cong suat s& birc xa tir b kich thich ra ngoai. Thyc nghiém cho bi¢t ring dé kich thich
c6 hi€u qua séng HE,; trong truc dién méi thi thi€t dién ngang cla 16i cdn cé gia tri
trong khoang.

0132 < ra? <0,28 % (28.29)
e'—1 g'—1
Vidu, déi véi polistirdn ¢o £°=2,5 thi
2a =~ (0,35 +0,5)A (28.30)
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rs el L o i / | drrira al

< ' e

o i oy Py e <4
© Tham
kich thich | | [ Phi de ddng truc

) b)
Hinh 28,11,

Néu truc dién moi c6 chicu dai hitu han thi séng truyén t6i ddu cusi sé biic xa phan
16n vao khéng gian, con mét phan phan xa lai, truyén nguoc rd vé bo kich thich. Dé
giam séng phan xa, truc dién moi ¢dn ¢6 thiét dién bién d6i dan nhu & hinh 28.11b. Theo
hinh 28.129 thi @/A giam, van t3c pha s& tang. Nhu vay, viéc gidm dudng kinh anten vé
phia cudi s€ lam cho van tSc pha truyén trén anten bién déi din nr van téc trong trumoi
truong dién méi dén van téc trong khong gian tr do. Pong thoi véi viée gidm séng phan
Xa, ciing nhén thdy d6 thi phuong huéng hep lai v mic bitc xa phu giam di.

Bay gi¢ chiing ta khdo sat mdt s6 vin dé cé lién quan dén viéc chon kich thudc
anten dién moi. Trude hét ta xem xét vé doan ong dan séng dé kich thich séng H,,.
Muén chio séng nay ¢6 thé truyén lan duge trong 6ng dan séng chita dién mai thi dudng
kinh cla &ng cdn thod mén diéu Kién.

A
N (28.31)

Mat khic, dudng kinh dng din séng cdn dugc chon thé nao dé trong &ng khong ton
tai cac song khong doi xing lan can v6i nd. Doi véi dng dan séng tron thi d6 1a diéu
kién d€ khong phét sinh séng E,, . Mudn vay

2a20,585

A
2a<1,22—— 28.32)
N (
Tur (28.31) va (28.32) s€ xac dinh duoc kich thude cho phép cla thiét bi ddién 6ng
dan séng.

Trong truong hop truc dién moi hinh ¢6n, dudng kinh cuc dai va cuc ti€u cha truc
thudng cé céac gia tri sau;

2amax = 0,|6i
-1 (28.33)
0,44
2am'm =
g'—1

Dé nghién citu dac tinh phuong huéng clia anten dién moi, ¢6 thé coi anten nhu mot
hé théng thing vdi céc phén tir bic xa phan b lién tuc (bai toan bifc xa cua day déin
phén cuc ngang). Cac nguyén 16 bic xa & day 1a cac phan tir cha truc dién moi ¢6 bé day
rit nhd, dugc cit song song véi thiét dién cha truc (hinh 28.12) '

518



Hudmg khdao sat

;\\ 1ih=2

Z I / QT“

%
/ 4
ol /

E d N2 w02 pd ng L
A

|
|
‘ I
1
I\J_
RN
AN
%

- h

Hinh 28.12. Hinh28.13.

Mbi nguyén t6 bic xa ¢6 thé duge coi [ mot phin tir bitc xa bé mat, hinh tron.
Trudng bic xa cla nguyén t& bé mit nay (v6t gid thi€t phan bs trudng déng déu) dé
duce xdc dinh theo cong thic cha 1y thuyét bifc xa mat, trong d6 ham phuong huéng ¢6 dang
J,(kasin 6) '

1 &
( *eos ) kasiné

(28.34)
Ham phuong huéng cha anten bang tich clia ham phuong huéng riéng (28.34) va

ham t6 hop dang
sin {%—(g‘ - 0056’)}

Jo(@)= 7 - (28.35)
5 (& —cosB)

trong d6, L - chiéu dai anten

C e - P _ " .. ar
& =—- hé s6 cham cua séng mat trén truc dién moi.
v

Nhu dé khao sit trong 1y thuyét anten, ham 6 hgp (28.35) ¢6 cuc dai chinh theo
huéng 6 = 0° va 180°. Nhung néu chi ¥ ring ham phwong huéng riéng (28.34) chi ¢6
cuc dai theo huéng 6 = 0°, bing 0 theo huéng 6 = 180°, thi thdy ring dé thi phuong
huéng clia anten s& chi ¢6 mot cuc dai chinh theo hudng z (6 = 0Y).

He s dinh hudng cla anten dién méi cé thé tinh theo cong thic gin ding d6i véi
cac anten bic xa truc:

D=4 A% (28.36)

A- A- hé s6 phu thudc vao do dai anten va vén tc pha clia song truyén d;_)c theo
anten.

3

Hinh 28.13 v& d6 thi phu thugc ca hé s6 A véi %(.5"1); img v6i cic gid tri %

. . a & . - Y C et 3 [ e
khdc nhau. Cyc dai cha do thi cing twong ng véi gid tri t6t nhat cta —, gid tri nay duoc
’ v

xac dinh tr cong thixc.
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[%) :”;E (28.37)
(’P.r

Cuc dai cha A nhin duge (theo d6 thi) vao khodng 1,8 +2. Ta ¢6 hé s6 dinh hudng
cia anten bifc xa truc véi v=v,,, bing:

D -.z(?,z+3)% (28.38)

Do dai cla anten dién moi thudmg duge chon trong khoang:
L
—={2+0)
I (2+0)

Trong thue 1€ ngudi ta khong dung anten c6 do dai 16n hon nita vi khi L 1én thi ty s6

[E] lai nh6 va anh hudng it dén hé s6 dinh hudéng anten.
v opt

Hinh 28.14 v& d6 thi phuong hudng clia anten dién moi hinh con véi céc thong s6
sau: g'=2,52a,,, =0,454;2a,,, =0,34. Cic duong chidm la d3 thi phuong huéng thuc
nghiém, con dudng lién la d6 thi phuong hudng tinh todn.

-~ -~ T e -

La2A L=3A L=4A

Hinh 28.14.

D6 rong d6 thi phuong hudng anten tinh theo mitc nira cong sudt ¢6 thé duge xdc
dinh theo cong thiic gan dang:

26,,, ~ 60‘/% (28.39)

D¢ nhan duge anten ¢6 d6 thi phuong hudng hep ¢6 thé ding he thong anten dién
mo1 phitc tap.

Hinh 28.15 v& h¢ thong gom 4 anten dién moi cdp dién déng pha. D4 thi phuong
hudng cta anten c6 thé duge xdc dinh dya vao Iy thuyét nhan dé thi phurong huéng.

L Sp—

Hinh 28.15. Hinh 28.16.
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Anten di¢n moi trong thuc 1€ ¢6 thé duge ché tao tir truc dién moi thiét dién tron
hoac vudng, déng thai truc diénmoi c6 thé dac hoic réng. Véi cic anten dién moi truc
rong, khi chon kich thudc cha anten thich hgp ciing s& nhan dugc bic xa cuc dai theo
hudng truc. D6 day cua thanh 6ng dién méi trong trudng hop anten truc réng duge xdc
dinh theo cong thitc kinh nghiém:

' A

A= (10+15)Je=1 (25.40)

Vidu, véi €’ =6 ta nhdn duge A =~ (0,03 +0,04).)

Anten dién moi ¢6 uu diém 1a két cdu don gian. N6 thuoc loai anten bitc Xa trug
nhung kich thude thi€t dién ngang twong déi nhd. Khuyét diém cha anten dién mai 1a
t6n hao nang lugng trong truc dién moi tuong d6i Ién. Hidu suat cta anten do dd s& giam
di chimg 20 +30%. Khi budc séng cong tic 16n (A= 15+20cm), dudng kinh va do dai
anten cing kha Ién.

Anten truc Impédang kim loai

Dé tranh nhugc di€ém 16n hao nang lugng cha anten dién méi ¢6 thé ding anten truc
Impédang kim loai. K&t cdu anten dugc vE& & hinh 28.16.

Anten g&m bo kich thich hinh loa va hé thdng cham 1a truc kim loai rang lugc. Séng
kich thich trong 6ng dan séng ¢é dang séng H,;. Kich thuéc cha loa dugc chon theo
diéu kién ph6i hop tréy khdng gilfa Sng dan séng cdp dién vi ket ciu cham.

Nguyén Iy clia két cau tryc Impédang kim loai cling giéng nguyén 1y vacha két cau
phing. Doc theo két cau truc Impédang kim loai c6 thé truyén lan séng mat véi hé s6
cham duge xdc dinh bdi do sau twong ddi cla rinh [A=(a,-a,)/A]. Tinh toin céc thong s&
cO ban cla anten kim loai ciing khong khédc véi trudng hop anten dién méi. Su khdc
nhau & day chi 12 mic tén hao nang lugng déi vai anten kim loai nhé hon nhiéu so véi
truong hgp anten dién moi. -

§28.3. ANTEN SONG MAT BUGC PIEU BIEN VAN TOC PHA

Mot trong nhiing van dé co ban cha 1y thuyét anten séng mit bitc xa truc 1 xdc dinh
cdc thong s6 t6t nhat (van toc pha séng mat, do dai anten) dé nhan dugc hé s& dinh
huéng cyc dai.

D¢ dai 16t nhat clia anten ¢6 quan hé vdi van tdc¢ pha séng mat bai cong thitc (28.37)

L 1

L) . (28.41)
[/11,,), 2[5 - ]}

Néu cho trudc do dai anten thi van t6c pha 6t nhat va cdn thiét dé nhan duogc hé s
dinh huéng cuc dai 13
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A
apt

H¢ s6 dinh hudng cha anten khi thoa man cdc diéu kién trén duoc xdc dinh béi
(28.38)

p~glm
A

Tu (28.38) va (28.41) ta thdy rang dé nhan dugc anten c6 hé s6 dinh huéng cao, do

dai tot nhét cha anten cin ¢ gid tri 16n, nghia 1a séng mat c¢dn cé hé s6 cham nhd (&
_ Ny
nho)

Mat khic n€u xét ham phuong hudng 6 hop (28.35) thi tir biéu thirc niy c6 thé rit
ra van t6¢ pha t6i han cha séng mit ma ing v4i gid tri Ay bitc xa theo huéng truc bit ddu
bang khong (nghia 1a khi anten khéng thda mén diéu kién bic xa tryc nita). Van t6c pha
t6i han duoc xic dinh bai |

: A
[‘—J =1+= (28.43)
t.h L

v

Thuc hi¢n anten séng cham véi hé s6 cham nhé (nghia 1a ¢6 van téc pha gin véi van
toc dnh sdng) s€ cho phép tang do dai t6t nhat cia anten. Nhung néu chii y dén (28.43)
thi thay rang khi % 160, hé¢ $6 cham t&i han cling ¢6 gid tri rat nhé, gan véi hé s§ cham
tot nhat xdc dinh theo (28.42)

Vigc thi¢t lap anten séng mat v6i hé s6 cham nhoé thyc € giip rat nhiéu khé khan,
chli y€u 1a vé mit k¥ thuat trong viéc kich thich séng mit. Ngoai ra véi su bién déi nhd
cla bg kich thich va véi sai s6 khong 16n khi ché tao két cdu cham ciing ¢6 thé 1am cho
van t6¢ pha cia séng mit kich thich roi vao gid tri t6i han khién d6 thi phuong hudng
anten s& bién déi.

Tuy nhién dé thuc hién anten séng mat véi hé s6 dinh huéng cao c6 thé cé cdc cich
sau;

a) Thuc hién hé¢ thong cham véi hé s6 cham bign déi chu k¥ doc theo két céu.

b) Téng hop hé théng cham, bién déi séng mat kich thich (séng so cap) vdi hé 6
cham 16n thanh séng thit cap véi hé s6 chim nhd theo yéu cau.

Sau day ta lan lugt khio sdt noi dung cia cac phuong phap trén.

Khi thuc hién phuong phédp thit nhat, do hé s& cham cha két cau bién déi theo chu
ky nén séng mat truyén lan theo két cau ¢6 thé duge phan tich thanh 3 nhém séng chinh
v0i h¢ s6 cham khic nhau. Nhém séng thit nhét ¢ hé s6 cham trung binh, twong ting véi
gia tri trung binh cta cdc thoéng s& két cdu. Nhém séng thit hai ¢6 hé s6 cham 16n va
nhom thit ba ¢6 hé s6 cham nho so véi gia tri trung binh. bBang cidch chon chu ky két
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cau thich hgp ¢6 thé nhan dugc nhém séng thit ba ¢6 hé s6 cham nhd bao nhiéu tuy ¥,
trong khi d6 h¢ s6 cham cua nhom séng thi nhat c6 thé khd 16n va diéu trd ngai neu &
trén ¢6 thé khic phuc duoc.

That vay gia st he thong cham la hé théng thang, ¢6 dong dién phan bd theo quy
tuat f(z)e***). Ham phuong huéng t& hgp cda he thdng c6 dang;
L
2
f(e) — jf(z)e—ew(:]efhcosﬂdz (28.44)
5
B - gbc hop boi hudng khao sét va truc diy déan (truc z);
L- do dai day dan.

Ham phuong huéng chudn héa ciia hé théng bang:
1.

f(t?):% [ r@eerenog, (28.45)
=1
1

Truong hop anten séng chay thi w{z} = hz, trong d6 £ la hé s6 pha clia song chay

=+

Neéu dong dién cliatrong hé thdng cham ¢6 géc pha bién ddi theo chu k¥ (& day Ia
chu ky theo khong gian chir khong phai theo thai gian), vi du thi

w(z)=k<z-asin?2 ; (28.46)
v L
trong d6, a - hé g, xdc dinh mitc bi€n déi van 16c pha trén anten trong khoéng moét chu
k¥ khéng gian (d6 sau diéu ché)

m - 80 nira chu ky bién ddi van téc pha trén anten.
Neu gia thiét bién do kich thich khéng phuc thudc z, (z) = 1) s€ ¢cé:

] 5 [ ws& +asin%:i|
F(O)=— Ie dz (28.47)
L -4
2
M o _
C6 thé trién khai e L theo chudi Fourier
WA (28.48)

H=—a

J (@) -~ ham s6 bessel bac #
Thay (28.48) vao (28.47) s& c6:
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F(9)= ZJ,,(a)% f L (28.49)
H= - -f.
2
_ : y)
&da =L n — 0,410,472,
y - ST n=0,

Sau khi thyc hién tich phan (28.49) s& nhan duoc:

- sin kzé (cosO-¢&,)
F(8)= Y Jta— -
H=—m 21 (COSO - gn )

Tir cong thic trén ta thdy ring dé thi phuong hudng clia anten ma hé s6 cham bién
ddi theo chu ky s& duge hinh thanh khong phai chi béi mot séng chay ma bsi mot tap
hgp cic séng chay voi hé s6 cham khac nhau.

Truong & khu xa chu y&u 1a duge tao bdi céc séng nhanh, hoac nhimng séng cé hé s6
cham nho. V&i nhimg séng c¢6 hé s6 cham 16n thi nang lugng séng phan 16n tap trung &
gan bé mat két cau va nhitng séng nay thuc sy chi 1am nhiém vu cung cap nang luong
cho anten. Trudng & gan anten duge quyét dinh chi y&u bdi nhiing séng c6 hé s6 cham
I6n. V1 vay ch€ d6 cua anten s& khong bién ddi néu anten dugc ché tao v6i mot sai s6
nao do.

Theo phuong phdp trén c6 thé thi€t 1ap anten séng mit véi hé s dinh hudng cao,
nhung 16 rang la thyc hién anten theo quan diém trén khong ¢6 uu viét gi vé mar kich
thuGe anten vi kha nang tang D cé lién quan dén vén dé tang d6 dai tot nhat ciia anten
(LM )gpn-

Phuong phdp thif hai 1a phuong phap thiét 1ap anten ¢é hé s6 dinh huéng cao dua
trén két qua tdng hop k&t cdu séng mit bién déi séng kich thich cé hé s6 cham 16n thanh
séng tha cdp c6 he $6 cham nhé. Phuong phdp nay duge khao sdt trong phan 1y thuyét
anten, & day s& khong trinh bay lai. Cic két qua phéan tich vé phan 1y thuyét va thue
nghiém cho thay theo phuong phdp ndy ¢6 thé thiét 1ap anten séng mat bife xa truc ma
do dai ciia n6 nho hon so véi d¢ dai cha anten ¢6 chiéu dai t6t nhat khi chiing ciing c¢é hé
dinh huéng giéngnhu nhau.

That viy, n€u chon cdc thong sd cia két ciu thich hop (dang bién déi bé mat, phan
bo tré khing bén mat) ¢6 thé thye thuc viéc bién doi séng kich thich ¢6 hé s6 cham rat
I6n thanh séng thif cdp cé hé s cham rdt nho, hinh thinh mot mat déng pha cé kich
thude 16n & dau cudi anten va gidm séng phan xa tir ddu cudi anten. Néu phan tich theo
quan diém cua phuong phdp mat bic xa tuong duong thi ¢6 thé thay thé téc dung bitc xa
cua anten béi mot mat twong duong & ddu cudi ¢d phan béd trudng dong pha ¢ moi
diem, con bién do gidm theo hudng phip tuyén v6i bé mat. Vi hé s6 cham ca song thi
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c4p rit nho nén kich thudc cia mit dong pha

s€ 16n, hé s6 dinh hudng do do s& cao, tuong

duong véi truong hop anten ¢6 do dai I6n pign mol
nén dé kich thich va ¢6 do én dinh cao.

2=, oo iP P T T A AT T T

Dé bién déi hé s6 cham cila séng mat ¢é
thé thay doi céc thong s6 dién hay thong s6
hinh hoc cua két cdu. Vi du d6i véi két cau
dién mo6i — kim logi hinh (28.1a), ¢6 thé thay
doi hé s6 dien moi ctia 16p dién mai phil trén H 0of H [0 ﬂ ﬂ (Lo ”
mat kim loai hoac thay déi do day cia lop b)
dién moi (hinh 28.17a),

boi v6i két cau kim loai rang luge hay :@[@:@@:@@:@:@m@:@j@:@:@ﬂ
truc kim loai rang lugc, ¢6 thé thay déi hé s¢

cham bing cdch bién doi do siu cia ranh 2
{(hinh 28.17b). Vi du v¢ anten truc kim loat
rang luge dicu bién van 8¢ pha ducc vE &
hinh 28.17¢.

Kim loai a)

Hinh 28.17.

§28.4 UNG DUNG KET CAU SONG MAT DE CAI THIEN BAC TiNH BUC XA
CUA ANTEN. PHUONG PHAP TAO TRO KHANG BE MAT BANG CAU
TRUC ROI RAC

D¢ cai thien dac tinh bic xa chia mot s6 loai anten, ¢6 thé k&t hgp céc anten Ay véi
cdu tric séng mat ¢6 hinh dang va thong s6 thich hop. Dé vi du ta khdo sit trudng hop
chan tir khong d6i xting dit thang dung trén nén kim loai din dién 1y tudng. Gia sit chin
tr ¢6 do dai nhd, séng bic xa bdi chan tir s& ¢6 dang gan vdi séng cdu nhur di khao sét
trudc day. D6 thi phuong hudng clia chan tir trong mat phang ditng ¢6 dang nia s6 8, véi
cuc dai hudng doc theo mat dan dién, va d rong ctia dé thi phuong hudng kha 16n. Néu
thay th¢ mét kim loai béi mot mat 1am cham séng (hinh 28.18), vi du mat kim loai trén
c6 phu 16p dién moi (a), mat kim loai ¢6 ranh (b) thi nhitng séng birc xa theo hudng nim
ngang (hodc theo nhitng hudng ¢6 gdoc ngang bé), s& cé van toc pha cham hon so véi
nhiing séng bitc xa cé goc ngdng 16n hon. Do d6 mat dong pha chia séng s& duge “nén’
lai gan v6i mat phang, nang lugng bitc xa duge tang cudng theo hudng mit phing song
song véi mat dan dién, va gidm nhé & cdc huéng khic. DS thi phuong hudng ctia anten
trong mat phang ding s& hep lai. Ldp dién moi phil trén nén kim loai vé& & hinh 28.18
¢ d¢ day giam vé phia mép dé thuc hién phoi hop dan dan giita méi trudng va khong
khi, gidm nhé séng phan xa tir ngoai mép két cau.
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Hinh 28.18.

Hinh 28.19 v& su bién dang mat séng khi c6 anh hudng cliia mat Jam cham. Dudng
li€n nét [a mat séng cdau, con dudng cham 1a mit séng dd duge “nan” lai. Hinh 28.19b
12 d6 thi phuong hudng cia chin tir khi khong ¢6 mat 1aam cham (dudng xién0lién), va
khi ¢6 mat lam cham (dudng chdm). Kha nang ing dung két cdu séng cham dé cai thién
dac tinh biic xa clia anten c6 thé dp dung cho nhiéu loai anten khic nhau. Déi véi cic
anten Impédang phéing va try ma ching ta da khdo sdt & cac phan trudc clia chuong nay
ciing c6 thé d4p dung quan diém trén dé phan tich nguyén 1y 1am viéc cda ching. Nhu da
biét, moéi anten séng mat déu gdém hail bo phan chinh 1& bB6 kich thich va hHé thong
chdm. Thudng thi bd kich thich ciing ¢é dang ciia mot anten hoan chinh (doan éng dan
séng, anten loa, anten chdn tr...) Nnhung ¢é hudng tinh kém. Tdc dung cha hé théng
cham frong cac trudng hop nay ciing 12 bign d6i mat séng kich thich dé cai thién dac
tinh bc xa cfa ngudn va nhan duge dé thi phuong hudéng hep. Ap dung hé thdng cham
két hop vdi anten, ngoai viéc cai thién diac tinh bitc xa clia anten con cho phép ng dung
phuong phdp tdng hop két cdu séng cham
dé thiét lap anten ¢6é dé thi phuwong huéng
dang dac biét. Trong cic truong hop nay
h¢ théng cham khong chi tham gia vao
viée “nan” lai mat séng ma con bién doi
séng so cdp thanh cdc séng tha cap cé
thong s6 thich hgp, tao thanh d6 thi
phuong huéng theo yé&u cau (anten séng

mat diéu bién van téc pha).

Pé c6 hé thong cham véi két cau don {A
gian, nhe nhang, tién st dung két hop vé e
cdc anten. , Ccé thé thay thé hé théng cau
trdc lién tue bdi hé thdng véi cdu tric ron
rac. Vi du hé théng cham kiéu mit kim Hinh 28.13.
loai rang luge (mét cé ranh) hinh 28.20a,
c6 thé dugc thay thé béi tap hop cdc tdm ring luoc dit song song nhau (hinh 28.20b),
hoac béi tap hop ciia cdc rang luoce roi rac phan bod trong khéng gian.

Dai vdi nhitng hé théng cham ¢6 kich thude ngang (kich thudce theo truc y) 16n thi
dong dién trong hé thdng chi ¢é thanh phan theo z va viéc thay th€ cau tric lién tuc boi
cdu trdc rdi rac s&€ khong anh hudng gi dén d6 thi phuong hudng anten. Tré khing bé
mat cta hé théng chim ¢ cau tric 1o rac duge xac dinh theo cong thitc

b)
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Z. =i T; LW tgh(A +a)

(28.51)
g day, o = ]nﬁ
Fia

d- 1a khoang cach gita cic
tam rang lugce.

Pé ¢6 cdc hé théng cham sir
dung duoc ¢ cac dai song véi
budc séng 16n ¢6 thé thay thé cac
ciu tric r&i rac hinh 28.20b va
28.20c boi cdu tric day dan dich
dic ¢hinh 28.21)

Trong trudng hop nay dong
dién chdy trén cdc day din dich
dic s& ¢6 d6 dai dudng di 16n. Do
dé tac dung cia diy dan dich dic
lam giam vin t6c¢ pha clia séng
truyén lan doc theo hé théng.

Trén hinh 2822 v¢ trudng
hop anten thap séng dai va séng
trung duge két hgp vdi hé thdng
cham duéi dang céc duong day
dich dic trén mat dat xung quan

Hinh 28.20,

d€ anten dé ci thién dé thi phuong hwéng anten trong mat phing ding, giam nhéd phan
lugng séng troi (chong pha dinh) ma khong doi héi thdp anten ¢ do cao 16n (8]

i
B B

TR

M- I

Hinh 28.21,

- _ «7"\“
. Y e
FIE}L_ . 4 ! \‘\ f.l ‘\\ (\ Jf\(\
o
/ I!ﬁ\ ll

Hinh 28.22.
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PhulucI
CAC CONG THUC CO BAN CUA PAI SO
VA GIAI TiCH VECTO

a) Cac céng thirc dai sé vecto

Tich vo huong
Goi @ va b 1a hai vecto. Ta ¢6 tich vo hudng cta @ vi b duge xéc dinh boi:
@.b =abcos(@,b) (P1.1)
Néu (a,, a, a3); (b, b,, b3) 12 cdc thanh phdn ctia @,b trong hé toa do vuong géc
thi:

d.b =ab, +ab, +ab,

Tinh chat:
a.b=b.7
Tich vecto
[
axb=la a a (P1.2)
b, b, b -
Gid tri tuyét doi cha tich vecto bing:
|ax5|=absm(a, b) (P1.3)

Hudng clia vecto tich vuong géc véi mat phing clia hai vecto @ b va tao thanh tam
dién thuin doi vai @ , b .

Tinh chat:

(@xb)=—-(bxa)
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