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(54) HE THONG ANG TEN KET HOP HE MAY HOI PHUC VU HANG KHONG DAN
DUNG VA QUAN SU

(57) Sang ché trinh bay vé hé thong dng ten c6 két hop hai hé dng ten c6 tan sb hoat dong
riéng biét vao chung bang cach thiét ké timg modun bd chia dai rong va ang ten chan tur
hoat dong hai bang tén bao gom ba bd phan chinh: bo chia tong hiéu, bd chia bay va chan
to ang ten. BO chia tong hiéu dat duoc bang thong dai rong nho s dung phuwong phap phéi
hop tro khang nhiéu tang, con dng ten loga mach in dat duoc hoat dong hai bang tan nho
thiét ké cac thanh xuong ca tng voi tan sd hoat ddng mong mudn. Ting chan tr duge si
dung 16p nhua tong hop bao vé riéng, chup 1én dng ten va bat é¢ vao mit co khi ang ten.




34600

Linh vue ky thuit dwgc dé cap

Sang ché dé cap dén hé thong ang ten két hop hé may héi phuc vu hang khong
dan dung va quan su. Hé thong ang ten dugc dé cap & day két hop chung hai hé may
héi phuc vu hang khong dan dung (ICAO) va hé may hoi phuc vu quan su (Parol) thanh
mdot hé théng dng ten (bao gom ang ten va hé thdng bé chia) hoan chinh, sang ché dugc
sit dung trong linh vuc nhan dang, phan loai muc tiéu trén khong, ng dung trong he¢
théng rada canh giéi phong khong va hé théng kiém soat khong luu.

Tinh trang ky thuit ciia sang ché

DPéi véi may hoi sir dung v6i muc dich quan su, phén 16n may hoi dugc st dung
dé nhan biét va cung cip thong tin voi cac may bay chién d4u nhu Su-22, Su-30MK,...
Con dbi véi may hoi st dung v&i muc dich dan sy, ching lam nhiém vu phat hién, nhan
biét, kiém so4t thong tin may bay dan su trong ving troi quén ly.

Do su khac nhau vé rt nhidu phuong dién nhu ciu tric ma hay phuong thirc
truyén, may hoi quan su dit tai cac tram rada phong khong khong thé giao tiép duoc
vGi bd phan tra 161 gén trén cdc may bay thudc dan sy, va nguoc lai.

Vi vay, viéc két hop hai hé may hoi quan su va dan sy dugc dit ra, trong do co
hé théng ang ten. Dé giai quyét van dé nay, phuong an st dung hai hé thdng ing ten
riéng biét co thé dugc st dung. Tuy nhién, diéu nay dan dén viéc khoi lugng cho ca hé
théng ang ten 12 qua 16n va cdng kénh, kéo theo su phirc tap ctia cac hé théng khac, dic
biét la co khi.

Pé khéc phuc van dé néu trén, sang ché dua ra giai phap két hop ang ten may hoi
hé dan su va quén sy vao chung mot hé théng hoan chinh. Sang ché xoay quanh viéc
két hop gitra bo chia tdng hiéu, bo chia bay va chén tir ang ten.

Ban chit k§ thuit ciia sang ché

Muc dich ctia sang ché 13 d& xuat hé thdng ang ten co thé hoat dong & hai bing
tAn, bing tAn th(r nhdt tr 1030-1090 MHz (ICAO) va bang tan tht hai tir 1458-
1532MHz (Parol), bao gdom ca kénh tdng va kénh hiéu dé ting do phan giai bat muc

tiéu.
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Pé dat dugc muc dich trén, hé théng ang ten duogc dé xuat bao gff)m mot bo chia
tdng hiéu (BCTH) néi véi hai bd chia bay (BC7), va sau d6 ndi ra mudi bbn chan ti
ang ten. Trong do:

B6 chia tong hiéu: tré khang nhiéu ting duoc st dung dé dam bao tan sb hoat
dong bao phu ca bang tan clia hang khong dan dung va quén su (vi néu str dung phuong
phap phéi hop tré khang mét tAng thi chi c6 thé dap ting hoat dong trong bing tan cta
mdt trong hai dbi tuong trén). Chirc niing cua b chia tdng hiéu ding dé chia déu cong
sudt cho hai bo chia bay.

B chia bay: st dung phdi hop tré khang mot tAng d3 dat di bang théng yéu cau
nén trong sang ché nay s& khong dé cap dén. Bo chia bay c6 chic nang chia cong sudt
dAu ra dén cac chin tir ang ten don. Dé dat dugc mirc bup phu thap, cac chan tir don
can dugc cip cong suat tuan theo phén bb Taylor. Do d6, bd chia bay dugc thiét ké
phan bb dau ra tuan theo phan b Taylor.

Chén tir ang ten: chan tir dng ten loga chu ky mach in dugc st dung ghép mang
dé thu duoc hé sb tang ich (Gain) va géc nira cong suét (HPBW) nhu mong mudn. Céc
chan tr dugce thiét ké nhu nhau va c6 thé 1ap 1an. Moi chén ttr riéng biét duge dong goéi
bang v6 boc vat liéu nhya tong hop (compozit) véi tiéu chuén chdng nudc nghiém ngit
tranh cac tdc dong moi trudng, dic biét la nuéc mua voi ap sudt 16n. D41 v6i chan tir
ang ten loga chu ky mach in, kich thudc va khoang cach cua cac thanh xuong ca quyét
dinh tAn s6 hoat dong ctia chan tir dng ten.

Pé dat duoc dic tinh hoat dong hai bang tan, timg mddun con (bao gdm b chia
tong hiéu, bd chia bay va chén tir ang ten) phai dam bao dugc tan sb hoat dong phu
duge hai bang tan ICAO va Parol trude khi ghép vao hé thong.

MO ta vin tit cac hinh vé

Hinh 1: 1a so dd ghép ndi hé thong ang ten may hoi két hop ICAO va Parol;

Hinh 2: 14 mé hinh chén tr dng ten loga mach in;

Hinh 3: 1a m6 hinh phuong phap phéi hop tro khang hai tang ap dung cho bd
chia tong hiéu;

Hinh 4: 13 két qua séng dimg (VSWR) kénh téng va hiéu ctia hé thong dng ten
may hoi két hop ICAO va Parol;

Hinh 5: la gian d6 huéng mit phing phuong vi & tan s6 phat hé ICAO 1030 MHz;

Hinh 6: 1a gian d6 huéng miit phang phuong vi & tan sb thu hé ICAO 1090 MHz;
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Hinh 7: 1a gian d huéng mait phing phuong vi & tan s6 thu hé Parol 1458 MHz;

Hinh 8: 14 gian do huéng mait phing phuong vi & tan sb thu hé Parol 1470 MHz;

Hinh 9: 12 gian d6 hudng mit phéng phuong vi & tan s6 phat hé Parol 1532 MHz;
MG t4 chi tiét sang ché

Phén sau day mo ta chi tiét hé thdng ang ten két hop hé may héi phuc vu hang
khong dan dung dan dung va quén su thong qua dién giai va cac hinh v& kém theo.
Trong d6 c6 st dung mot s6 thuat ngit chuyén biét va dugc hiéu nhu sau:

May hoi hé dan dung: la thiét bi duoc st dung dé cung cdp cho nhan vién khai
thac k§ thuat mat dat hoac kiém so4t vién khong luu thong tin vé nhan dang, vi tri tau
bay (theo cu ly, phuong vi), thong tin vé do cao khi ap, s6 hiéu chuyén bay, véc to van
téc, huéng di chuyén va mét s6 thong tin khac (nhu ky ma hiéu dic biét va/hodc cac
thong tin khac qua duong truyén dit liéu) ctia cac mdy bay dan sy.

May héi hé quan su: la thiét bi duoc lép dit & cac tram rada, hoat dong déng bo
vGi dai rada canh gidi dé nhan biét dich/ta, cung cép thong tin vé sb hiéu, do cao, murc
nhién liéu,... di tuong trén khong cho hé théng quan ly ving trdi nham tranh tiéu diét
nham.

Bang tan: 1a mot khoang trong mién tan s6, gioi han bdi mot gia tri tan s6 thap
va mot gia tri tan s cao.

Trd khang: 13 dai lugng dac trung cho su can tré dong dién khi c6 hi€u dién thé
dat vao.

Bang thong: d§ rong cua mot dai tan sb.

Kénh tong: 1a kénh cap nguon ddng pha cho tat ca cac chén tir ang ten, dam bao
bup song tdng hop mang tap trung cong sut vao hudng yéu cau.

Kénh hiéu: 1a kénh cip ngudn nguoc pha cac chén tur ang ten (tham chiéu Hinh
1, cac chin tir tir vi tri thir nhat dén vi tri thir bay (A1-A7) dugc cAp ngudn ngugc pha
v6i cac chin tir tir vi tri tha tm dén vi tri tht mudi bon (A8-A14)). Bup song hiéu thu
duogc c6 hinh dang tach doi, gitp tang kha nang phan biét muc tiéu khi két hop voi bap
song kénh tong.

Hé sd tang ich: 1a ty 1& cudng do buc xa theo hudng burc xa 16n nhét cua ang ten
so v6i cuong do buc xa co duge khi ang ten birc xa tht ca cong suét va dugc phan phéi

bang nhau theo moi huéng.
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Géc ntra cdng suit: 13 géc dugc xac dinh béi hai diém bién c6 miic cong suat
bang mot nira (-3dB) so v6i cong suét tai diém 16n nhét.

Mtrc bup phu: 1a cuong do ctia bup séng phu 16n nhét trir bap chinh.

Mt phing phuong vi: 1a mit phing theo phuong ngang, di qua &ng ten va song
song v&i mat dat.

Nhu duge thé hién trén Hinh 1, hé thong ang ten két hop may hoi hé dan dung
va quan su bao gém bo chia téng hiéu 1, bd chia bay 2 va chin tur ang ten 3. Déi véi bd
chia bay 2, do viéc str dung phéi hop tré khang mot tAng da dat di bang thong yéu cau
nén trong sang ché nay sé& khéng dé cap dén.

Dé dat duge mirc bap phu thap, cac chén tir dng ten duoc cip ngudn bién do dbi
xng tuan theo phan b Taylor (chan tir Al cAp ngudn dong bién voi chén tr A14, chan
t&r A2 cAp ngudn dong bién véi chén tir A13, chin tr A3 cip ngudn dong bién véi chin
tr A12,...). Tir d6, tong cong sudt dugc cip cho cac chén ttr tir A1 dén A7 bang véi
tbng cong suét duoc cip cho cac chin tir tir A8 dén A14. Vi bo chia bay tht nhat 21
phu trach cép cong suit cho cac chin tir A1 dén A7, b chia bay thtr hai 22 phu trach
cAp cong sudt cho cac chan tir tir A8 dén A14, thé nén cong suat vao mdi bo chia by 2
la bang nhau. Do dé, bo chia téng hiéu 1 phai dugc thiét ké hai dau ra cong suét déu.
DPé dat dugc muc dich bo chia bing rong, bd chia téng hiéu 1 duoc thiét ké phéi hop
tr& khang hai tAng véi hai tang dudng mach (tham chidu Hinh 3), tré khang dau vao 50
Ohm. Vi vay, tré khang dAu vao tai nhanh r& chia d6i ctia bd chia tong hiéu 1 ¢6 tro
khang 100 Ohm. Bai toan duoc quy vé viéc thiét ké phdi hop tré khang gifta tai Z;=50
Ohm va tré khang dac tinh Z=100 Ohm. Di véi cach thire phdi hop tré khang nhiéu
tang ap dung vé6i bo chia (trong thiét ké sir dung hai tang), trd khang ctia duong mach
tAng thtr nhat 11 va mach tang thir hai 12 (kénh tbng) dugc xac dinh bang cong thic
sau:

A
InZy+2"Nc2inZk
Zl =e 0 0 Zo; (El)

Z, = eanﬁZ“”Cfln% (E.2)
Trong d6: Zy=100, Z;=50, N — la s6 tang phdi hop trd khang, Z; 1a tré khang
dudng mach phdi hop tang tht nhat 11, Z, 1 tr& khang dudng mach phéi hop tang thir
hai 12. D6 rong duong mach kénh hiéu duoc xac dinh bé‘mg cach tuong tu. Bang thong

dat duogc c6 thé dugc tinh todn bang cong thirc:
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A _ o4 1|l (m ”N].
L =2~ cos [2 (w) : (E.3)
Trongdo: _9-NZL=% o _1 ZL,

. A=2 Z +Z 2N+t In Zy’ (E4)

I, hé s phan xa mong mubn thiét ké.

Tham chiéu Hinh 2, ddi véi chin tir dng ten 3, chan tir ang ten loga chu ky mach
in (PCB) dugc str dung ghép mang. Viéc ghép mang nhdm muc dich ting cudng do
truong bup song tong clia dng ten, hay noéi cach khac 1a tang hé s6 tang ich. Cuong d6
truong bup séng tong khi ghép mang xac dinh boi cong thirc:

Etsng = Echan twdon X AF
N

. 2T
—1)(—-dcosf
= Enin tivdon X _S_ g/ (M rdcos e (E.5)

n=1

Trong do:

N: sb lugng chén tir ghép mang;

d: khoang cach gitra cac chén tir khi ghép mang;

6: goc dang xét trong mat phéng ghép mang;

B: do léch pha gitra cac chén tir khi ghép mang;

C6 thé thay khi sé luong chén tir N va khoang cach gitta cac chén tir d khi ghép
maéng tang s& khién hé s6 AF ting 1én, do d6 cuong do trudng bup séng tdng ghép mang
sé tang 1én. Hay noi cach khac, viéc ghép mang gitip cho hé sd tang ich dugc cai thién.
DPéi véi nguyén ly thiét ké cua chén tr loga PCB, mdi thanh xuong ca 31 dai dién cho
mot tan s6 hoat dong. Ta c6 bdn thanh chén tir xwong ca L1, L2, L3, L4 duoc thiét ké
bao phu tan sb quén su 1458-1532 MHz, con bdn chan tt L5, L6, L7, L8 duogc thiét ké
bao phu tan s6 ICAO 1030-1090 MHz. T4n s6 hoat dong cua mdi thanh xuong ca dugc

xac dinh theo cong thuec:
c

fn:\/E.LL.Ln

(E.6)

Trong do:
f, — tan sb hoat dong tuong mg cua chén tir xuong ca thi tu n;
€ — héng s6 dién méi cua vat liéu PCB lam #ng ten loga mach in;

L, — chiéu dai cua thanh chan tir xuong ca thit tu n;
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¢ — van tc anh sang (=3.108 m/s).
Pé chan tir ing ten 3 loai loga PCB phéi hop tro khang tbt, khoang cach giira cac
thanh chén t&r xwong ca 31 ciing phai dap ung ty 1é:
Lyyq _ dn1 (E.7)

Ln dTL
Tham chiéu Hinh 1, vé co khi 32 tir vat liéu nhua tong hop c6 do day 1,5mm

= k = hangso

dugc chup vao tung chén tir 3ng ten loga mach in dé d& xu ly timg chén tir thay vi sir
dung vo boc nhua tdng hop cho ca hé ing ten, tiéu chuén chéng nuéc IP nghiém ngat
giap tranh tac dong tir moi truong, ddc biét 1a nudc mua vaoi ap suét 16n.

V&i nguyén ly thiét ké nhu trén, két qua dat dugc dugc nhu sau:

STT Tham s Pon vi Két quéa dat dugc Ghi cha
Hé s6 song dung >
1 - < 1,98 Tham chiéu Hinh 4
(VSWR)
f=1,03 GHz: 20,3 | Tham chiéu Hinh 5
, f=1,09 GHz: 20,6 | Tham chiéu Hinh 6
Hé so tang ich _ ~
2 g dBi f=1,458 GHz: 21,5 | Tham chiéu Hinh 7
(Gain) kénh tong 7
f=1,47 GHz: 21,3 | Tham chiéu Hinh 8
f=1,532 GHz: 23 | Tham chiéu Hinh 9
f=1,03 GHz: 25 | Tham chiéu Hinh 5
f=1,09 GHz: 27 Tham chiéu Hinh 6
Mire bip phu ST
3 X dB f=1,458 GHz: 31 | Tham chiéu Hinh 7
(SLL) kénh tong —
f=1,47 GHz: 31 Tham chiéu Hinh 8
£=1,532 GHz: 29 | Tham chiéu Hinh 9
f=1,03 GHz: 8,8 | Tham chiéu Hinh 5
, f=1,09 GHz: 8,2 | Tham chiéu Hinh 6
Goéc ntra cong suat . e
4 X do f=1,458 GHz: 6,1 | Tham chiéu Hinh 7
(HPBW) kénh tong —
f=1,47 GHz: 6 Tham chiéu Hinh 8
f=1,532 GHz: 5,8 | Tham chiéu Hinh 9

V6i chu tao va cac théng so nhu trén, hé thong ang ten két hop hé may héi phuc
vu hang khéng dan dung dan dung va quan sy c6 nguyén ly hoat dong theo ché d6 ban
song cong. Tai mot thoi diém bét ky, hé thong chi hoat dong & ché @6 hang khong dan

dung hodc quén su. Khi hé théng ang ten dugc dung cho tram rada, hoat dong thuong
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truc & ché do quéan sy, khi c6 muc tiéu dan su kha nghi cAn bét bam, tric thi 4n chuyén
mach sang ché d6 hang khong dan dung dé hoi dap va lay thong tin tir may bay dan su.
Khi da co thong tin, ché do quan sy lai duoc chuyén nguoc lai. Tuong tu, khi hé théng
ing ten duoc dung tai noi ma hoat dong thuong truc la ché d6 hang khong dan dung,
néu mudn 14y thong tin tir muc tiéu may bay quén su, tréc thu An chuyén mach sang ché
d6 quéan su. Sau khi co6 thong tin, chuyén lai sang ché d6 hang khéng dan dung.

Sang ché dua ra giai phap két hop ang ten hai hé may héi c6 tan s6 hoat dong
khéac nhau vao chung mot hé dng ten thay vi str dung hai hé ang ten chién d4u dbc lap,
giup giam tai dang ké (xap xi 50%) khéi luong so véi thuc hién phuong 4n hai hé ang
ten riéng biét.

Lép vo boc nhya téng hop duoc st dung véi ting chén tir ang ten loga mach in
riéng biét, giup viéc kiém tra, stra chita chén tir néu c6 hong héc don gian hon. Thay vi
phai thao 16p vé nhua tbng hop cta ca hé théng, gid chi can thao 16p vo nhua téng hop
cua mot chén tu.

MO ta ctia sang ché khong chi géi gon cho viéc ap dung v6i hé may hoi phuc vu
hang khéng dan dung va quan su, no co thé duogc ap dung véi cac hé thdng da bang tin
khac nhau.
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Yéu ciu bao hé

1. Hé théng ang ten két hop hé may hoi phuc vu hang khong dan dung va quan su
bao gdbm mdt bd chia tong hiéu ndi v6i hai bd chia bay, va sau d6 ndi ra mudi bdn chan
tr dng ten, khac biét & cho:

bd chia téng hiéu: tré khang nhiéu téng dugc st dung dé dam bao tan sb hoat
dong bao phu ca bang tan ctia hang khong dan dung va quén sy, chirc ning cia bd chia
tdng hiéu dung dé chia déu cong sudt cho hai b chia bay;

chén tir Ang ten: chan tir dng ten loga chu ky mach in duoc st dung ghép mang
dé thu dugc hé sb tang ich va goc nira cong sudt nhu mong mudn, cic chan tir duoc
thiét ké nhu nhau va c6 thé lap 14n, mdi chén tir riéng biét duge dong géi bang vé boc
vat liéu nhua tong hop (compozit) véi tidu chuén chéng nudc nghiém ngit tranh céc tac
dong moi truong, dédc biét 1a nude mua voi ap sut 16n, dbi voi chén tir dng ten loga chu
ky mach in, kich thudc va khoang cach cta cic thanh xuong ca quyét dinh tan s hoat
dong ctia chén tir dng ten;

moi thanh xuong c4 dai dién cho mot tan sb hoat dong; ta co bdn thanh chan tir
xuong cé duoc thiét ké bao pht tan sb6 quan sy 1458-1532 MHz, con bbn chén tir dugc
thiét ké bao phu tan s6 ICAO 1030-1090 MHz; tan s6 hoat dong ctia mdi thanh xuwong

ca dugc xac dinh theo cong thurc:

fn

B C
- Ved.l,
trong do:
f, — tAn sb hoat dong tuong tng cla chén tir xuong ca thi tu n;
£ - hﬁng s6 dién méi cua vt liéu PCB lam #ng ten loga mach in;
L, — chidu dai cta thanh chén tir xuong cé tht tu n;
¢ — vén tdc anh sang (=3.10% m/s);
dé chén tir ang ten loai loga loai chu ky mach in phdi hop tré khang tot, khoang
cach gitta cac thanh chén tir xwong c4 cling phai dap mg ty 1&:
Lnyr _ dnia

= 21 = k = hangso.
Ln dTL
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