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Tém tit: Bai bdo gidi thiéu vé mot phwong phdp thiét ké, ché tao khoi mdy thu cho
thiét bi trinh sat vé tuyén dién bang X. Phwong phdp thiét ké sit dung cdc linh kién thé hé
moi, dwa trén két qua khao sat, phdan tich chirc nang, va tinh toan cdc tham s6 cua khoi
nguyén ban cé anh hudng trie tiép dén viéc hinh thanh nén chirc nang cia khoi. Khoi may
thu co chirc nang thu nhdn tin hiéu bang tan X tir anten hodc kénh kiém tra, loc, khuéch
dai cao tan, tach song va khuéch dai xung thi tan dén giad tri nhat dinh dé dwa dén tﬁng
lam viéc tié}) theo cua thiét bi trinh sat vé tuyén dién.

Tir khéa: Trinh sat vo tuyén; May thu; Bing X.
1. PAT VAN PE

1.1. Tinh nang [1]

Thiét bi trinh sat v6 tuyén dién trén tau Hai quan (sau day goi 1a PO) c6 cong dung:

-Pé phét hi~én cac nguén tin ’hiéu cua cac dai ra da trén tau, may bay, hé théng diéu khién vii
khi va giéu tu dan cua tén Itra ’chﬁng tau vai cac tin hiéu phat xa dang xung;

- bé xéc dinh cac thong s6 cia cac tin hiéu phat xa.

1.2. Pac tinh k¥ thuét [1]

Thiét bi PO dam béo:

- Vung suc sao theo goc phuong vi dén 360°, theo goc ta tir 0° dén 30° (khong tinh dén cac
goc lac) trong dai tan C, X, Ku;

- D6 nhay thuc t€ theo cong suat khong nho hon 3,2*%102 W = - 45 dBm;

- Dai dong ture thoi cua phép do muc tin hi€u dau vao khong nho hon 40 dB;

- Do d6 rong xung tir 0,1 ps dén 150,0 us véi sai so trung binh binh phuong khong 16n hon
80% so v6i gia tri danh dinh khi d6 rong xung tr 0,1 ps dén 2,0 ps va khong 16n hon 10% so véi
gia tri danh dinh khi d6 rong xung tir 2,0 ps den 150,0 ps;

- Phat hién cac tin hiéu xung trong dai tan s6 C, X, Ku véi xac suat khong nho hon 0,75 khi
thong lwong dau vao khong 16n hon 200.000 xung/gidy v&i d rong trung binh xung 1,7 us;

- Xac dinh phuong vi theo géc man cia nguon phat xa vdi sai sO trung binh binh phuong
khong 16n hon 5% )

- Do gia tri cac tan s6 song mang voi sai so trung binh binh phuong khéng 16n hon 0,65%, ¢
dai tan X, Ku; ) )

- Tuong tl}ich dién tu truong véi cac thiet bi vo tuyén dién trén tau;

- Cong suat tiéu thu cua thiet bi PO khong 16n hon 1000 W.

Céc bang tan cua thiét bi PO bao gom: Bang t?lp C: Dinh vi theo phurong vi; Bang tan X, Ku:
Dinh vi theo phuong vi véi viéc xac dinh cac tan so.

1.3. Thiét bi va hoat dong [1]

So dd chire nang thiét bi thé hién trén hinh 1.

Nguyén 1y hoat dong cua thiét bj trén co s¢ sir dung phuong phap bién d6 xac dinh phuong vi
va st dung phuong phap do tic thoi tan sb song mang trén co s& bd chon loc tan sb da kénh
(UUC). Trong khoang thoi gian, vuot qua do rong tin hiéu thu nhan khong 16n hon 3 s, dong thoi
xac dinh dugc cac thong so cua tin hi¢u goém: hudng; do rong; bién do va tan s song mang (dai
tan X, Ku).

Dic diém xur 1y tin hiéu nhan dugc (hién thoi) trong bat ky bang tan, ngoai trir kha ning xir 1y
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lai tin hiéu nhan duoc, dén khi két thuc viéc xir Iy tin hiéu hién thoi. Sau khi két thuc viée xir 1y,
cac thong s6 tin hiéu dugc duara & dang mo ta ho so ma hod va dugc truyén téi ACY cua to hop.
Viéc truyén duoc thuc hién theo hai kénh lién lac, mot kénh truyén cac hd so & bang tan X, Ku,
mot kénh truyén cac ho so ¢ bang tan C.
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Hinh 1. SO dé chire nang thiét bi dién hinh.

Khéi x4c dinh phuong vi cho m&i mét bang tin trong may thu tin hiéu siéu cao tan (SCT) 1a
nhu nhau, trong bing tin C c6 8 kénh, trong bang tan X va Ku c6 16 kénh.

Céc anten thu ciia bd xac dinh phwong vi dinh huéng duoc trong mit phing bién d bang cac
gian do hudéng cua cac kénh lan cin tuong quan v6i nhau theo mic 3 dB, cho phép xac dinh
hudng cua tin hi¢u dau vao vai hudng bat ky, so sanh bién d¢ tin hi€u véi kénh bén canh.

Do rong tin hiéu thu la khoang thoi gian trong d6 muc tin hi€u vuot qua do nhay cia kénh thu
voi bién d6 cuc dai trong bo xac dinh phuong vi.

Bo phat hién trong mdi bing tan X va Ku bao gdm cac bo khuéch dai han ché va thiét bi do
tan sd, duoc xay dung trén co sd cac bd loc phém chét th?ip. Tan sb song mang dugc tinh toan
béng céch so sanh bién do tin hiéu & tin sd cac kénh bén canh.

Viéc kiém tra chirc ning cac khdi dién tir cua thiét bi PO dugc thuc hién khi bat thiét bi va
lam viéc trong ché d6 kiém tra. Cac thiét bi tram anten PTO (1PO) duogc bd tri trén mat phéng
mo cua boong thugng ¢ man trai va man phdi cia tau.

1.4. Chirc niing va nguyén ly hoat dong ciia khdi may thu [1]

So d6 khéi clia may thu thé hién é hinh 2.
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Hinh 2. So do khéi ciia may thu.

Cac thlet bi cta tram anten PTO (1PO) dung dé thu nhan va khuéch dai s0 bo tin hi¢u SCT
trong dai tan tr 8 GHz dén 12 GHz trong tuyen phat hién. Str dung tinh chét dinh hudng cia
anten thu 1am co s¢ xay dung nguyén ly xac dinh huéng dén cua tin hiéu.

Céc tin hiéu SCT, da duogc khuech dai boi anten ADP-U dugc dua dén dau Vao cua cac mo
dun hai kénh thu tuong tmg. Khi cép cac tin hi¢u xung SCT trén céc dau vao “Pau vao 17/ “Piu
vao 2” hodc cac dau vao “Kiém tra 17/ “Kiém tra 2” cua cac khdi may thu, phu thudc vao trang
thai cta chuyén mach dau vao, tin hiéu duoc loc bai khdi YB2- n. 0 dau ra cia YB2-M, tin hi¢u
SCT dugc dua den khdi thu YHI -UK thong qua bd suy giam dé lam dong déu hé so phat 0 cac
khéi may thu. Khéi thu VIT1-UK khuéch dai va tach song bién do tin hiéu SCT. O diu ra bd tach
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song, tin hi¢u video nhéan dugc trén b khuéch dai thi tan logarit JIBY2, dam bao hoat dong trong
dai dong khong nho hon 40 dB. Cudi cung, cac tin hiéu khuéch dai nhan duoc trén dau ra “Diu
ra1”/“Paura2”.

Vé cau truc, ting khéi may thu thiét ké dang lap ghép tir cac khbi SCT nho, bd tri trong mot
vo chung c6 nap chan. Toan bo glac cim b tri trén panel phla trudc. VO ciia mo dun co ray dinh
huong de dat trong khung gia cac hop catset. Dién ap nguon nudi dugc dua dén méd dun thong
qua giac nguon «[IMTAHHUE». Kich thude cta khdi may thu khong 16n hon (372 x 150 x 47)
mm. Khéi may thu 13 cc phan tir thay thé, trong truong hop cac md dun hong thi phai ca khi.

Qua khao st thyc té, chung toi nhan thdy mot s nhuoc diém cta khdi may thu nguyén ban
nhu sau:

- Cac bo chuyen mach SCT sir dung didt chuyen mach PIN khong c6 ky hi¢u, dang tinh the,
kich thude rat nho, khong thé thay thé va khong con san xuét;

- Bo tach song str dung didt tach song khong ¢6 ky hi¢u, dang tinh thé, kich thudc rat nho,
khong thé thay thé va khong con san xuat;

- Céc linh kién thu dong (tu, tré, cudn cam,...) trong bo khuéch dai thi tin dang logarit JIBY?2
khong c6 gia tri cu thé.
2. THIET KE, CHE TAO KHOI MAY THU
Bai toan thiét ké, ché tao méi khéi may thu dya trén co s¢ cac tham s6 k§ thuat cua khoi may
thu nguyén ban. Céc chi ti€u k¥ thuat chinh ctia khoi may thu duogc liét ké trong bang 1.
Bdng 1. Chi tiéu ky thuat.

Tén chi tiéu Yéu ciu k¥ thuat
1. Dai tan lam viéc, GHz 8+12
2. B6 nhay toan tuyén, dBm (Xung d6 rong =10 ps) <-45
3. Dai dong, dB (Xung d6 rong =10 pus) >40
4. D6 cach ly giira dau anten va ki€ém tra, dB >30
5. Dai thong bd loc, GHz 75+125
6. Dién ap di€u khién chuyén mach, V Ova+3,3
7. Pau giac RF vao/ra SMA-F
8. Kich thuéc co khi (dai x rdng x cao), mm (372 x 150 x 47)

So dd chirc ning cua khéi may thu nguyén ban va ché tao méi thé hién ¢ hinh 3 va hinh 4
tuong lrng Tin hiéu dau vao tir anten hodc kénh kiém tra duoc liwa chon thong qua chuyén mach
cao tan su dung vi mach HMC347ALP3E [2] voi dO cach ly gilta cac kénh 1én dén 30 dB. Tin
hi¢u sau d6 dugce dua qua tang loc _bang rong (BPF ) va khuech dai tap thip (LNA) sir dung vi
mach tap thap HMC516LCS [3] de dat dugc muc tin hi¢u can thiét. Tin hiéu sau khuéch dai
dugc dua dén tang tach song cao tan toc dd cao (su dyng vi mach LTC5564 [4]) tao ra tin hi¢u
thi tan. Tin hi¢u thi tan qua tang khuéch dai logarlt dé dat duoc xung dau ra theo yéu cau. bé
dleu chinh do dong déu gilta cac kénh, str dung cac bo suy giam co dinh tir 0 dB dén 6 dB giira
tang loc va khuech dai. Tang khuéch dai thi tan dung khuéch dai logarit dé dam bao ting dai
dong cho khoi.

Céac m6 dun si€u cao tan (chuyen mach, loc dai thong, khuech dai tap thap, tach song) dugc
mo phong, thiét ke bang phan mém thiét ke mach siéu cao tin ADS va ché tao trén mach dai
Roger 4350B (hang sé dién moi 3,66; do day 0,254 mm). M6 dun khuech dai loga che tao trén
mach in FR4. Nho lrng dung cong nghe thiét ke ché tao tién tién nén khdi may thu ché tao moi
so v6i cac khdi nguyén ban cé cac uu diém sau:

Vit tu, linh kién ché tao chu yéu nhap tir cic nude tu ban, khong phu thude vao ngudn cung
cép linh klen tr Nga;

CAc linh kién dién tir dam bao do 6n dinh, tin cdy cao;

Dé dang khoanh viing phat hién, thay thé linh kién khi xay ra héng héc do sir dung cac linh
kién tich hop;
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Viéc st dung linh kién tich hop cua cac nude tu ban nén cac khoi ché tao mai tiéu thy nguon
it hon so véi cac khoi nguyén ban cua Nga.
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Hinh 3. So do chite ning ciia khéi mdy thu nguyén ban.
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Hinh 4. So do chire néing ciia khéi mady thu ché tao méi.
3.MOT SO KET QUA PO PAC

Anh khéi may thu ché tao m&i duge thé hién tai hinh 5. Anh thiét lap bai do cac tham sb cua
khoi may thu ché tao méi dugc thé hién tai hinh 6

vamm,

Hinh 5. Anh khoi mdy thu ché tao méi. Hinh 6. Hinh anh bai do.

Céc diéu kién thir nghiém va tham sé thiét 1ap thiét bi do nhu sau:
+ Piéu kién méi trudong thir nghi€m: nhiét do 25°C, do am 90%;
+ Méy phat E8267D: Tén sb phat 8/10/12 GHz; d6 rong xung phat 10 [s; chu ky lap 100 [s;

+ May hién song DSO6052A: phép do 2 kénh, kénh 1 do tin hiéu xung d4u ra, kénh 2 do tin
hiéu kiém tra E2.
Mot s6 két qua do trong Phong thi nghiém thé hién tai hinh 7.

Keysight Technologles: IN9918A, S: MYS310533
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a. Két qua do déc tuyén BPF + LNA b. Két qua do tin hi¢u dau ra (kér;h 1) va
o tin hiéu kiem tra E2 (kénh 2).
Hinh 7. Mot so ket qua do trong phong thi nghiém.
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Bing 2. Két qua do cdc tham sé chinh.

Thn s6 (GHz) | P nhay (dBm) | Dii dong (dB) | E2 tai mitc (dBm) Dgg‘oaﬁbg?{‘;a
8.0 -60 42 -46 1,68
8.5 -58 40 -43 1,70
9.0 57 40 -41 1,72
9.5 53 41 -39 1,70
10.0 51 43 -37 1,70
105 -58 43 -42 1,62
11.0 -58 41 -44 1,68
115 -48 42 -33 1,70
12.0 51 40 -36 1,66

4. KET LUAN

Khdi may thu cho thiét bi trinh sat vo tuyén dién da dugc do dac trong Phong thi nghiém va
thir nghiém thyc té trén tau Hai quan. Két qua khéi c6 chie nang trong duong khdi nguyén ban
va dap ung duoc yéu ciu chién ky thuat cua thiét bi trinh sat vo tuyén dién bang X. Ngoai ra,
khéi duoc thiét ké dua trén cac linh kién thé hé mai, thong dung hién nay nén c6 thé thay thé va
sira chita khi can thiét, diéu khong thé thuc hién trén khbi nguyén ban. Cac két qua thu dugc co
thé mé rong cho thiét bj trinh sat vo tuyén dién trén tau Hai quan & cac bing tan khac nhu C, Ku.
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ABSTRACT

DESIGNING, FABRICATING RECEIVER MODULE
FOR ELECTRICITY RECONNAISSANCE EQUIPMENT IN NAVAL VESSELS

The article introduces a method of designing and fabricating a receiver module for
electricity reconnaissance equipment. The design method using new generation
components, based on survey results, functional analysis, and calculation of the original
module's parameters have a direct influence on the functional formation of the module.
The receiver module has the function of receiving X-band signals from an antenna or test
channel, filtering, microwave amplifying, detecting, and amplifying frequency pulses to
certain values to lead to the next working floor of the electricity reconnaissance
equipment.

Keywords: Electricity Reconnaissance; Receiver; X-band.
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