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Tém tit: Bai bdo trinh bay nghién ciru phat trién hé théng trinh sat va ché ap dong
thoi nhiéu ngoi né vé tuyén (NNVT) hoat dong theo nguyén Ly Doppler. Viéc nay doi hoi
thoi gian va bg trinh sat phai hoat dong o toc dg cao, ddc biét trong trwong hop c6 nhiéu
qua dan phao dong thoi can phai tlen hanh ché dp, bdi todn xir Ly tro nén phirc tap. pé
gidi quyet van dé nay, tdc gia da tién hanh nghién ciru va phat trién mét hé thong trinh sat
va ché dp duwa trén phwong dn trinh sat thoti gian thirc va ché ap dong thoi 16i cac qua
dan. Cdc két qua thir nghiém thuc té da cho thdy kha nang trinh sat va che dp cua hé
thong lam viéc tot khi cung mot luc co thé ché ap kich no dwoc 3 NNVT co tan sé lam viéc
khac nhau.

Tir khéa: Radio Proximity Fuse; Chebyshev bandpass filter; RF Amplifier.
1. PAT VAN PE

Vi sy phat trién cta cong nghé hién dai, cac vii khi cling tré' nén thong minh hon véi viéc
tich hop cac hé dién tir va cam bién vao trong hé co khi cta cua céc loai dan ph4ao, bom min hay
tén ltra. Bom, dan chu dong hoat dong dya trén cac ngoi nd vo tuyén da duoc nghién ctru st dung
trong cac loai dan phao véi cac muc dich khac nhau nhim ting kha ning sat thuong hodc ting
hi€u qua ti€u diét muyc ti€u [1-3]. Cac NNVT hoat ddng dua trén nguyén 1y phat va thu séng vo
tuyén dé xac dinh thoi diém kich nd cta qua dan [4]. Nhém ché ~ap dugc cac loai ngoi nd vo
tuyén nay, bai toan thu va phan tich tin hiéu vo tuyén can duogc tién hanh nham phat di tin hiéu
gia ché ap gy nd som qua dan da dugc cac nghién ctru tién hanh [5]. Tuy nhién, voi dai tan sb
ché ap rong va viéc phai ché ap dong thoi nhleu qua dan hoat dong & nhiéu tan s khac nhau nén
doi hoi viéc xir Iy phtc tap do giéi han vé thoi gian dap tmg. Bai bao nghién ctru giai phap sir
dung truc tiép tin hiéu thu dugc tur cac qua dan vao viéc tao tin hiéu ché ap. Tin hi€u thu cac qua
dan s& dugc khuéch dai 1én dii mirc cong suat dé dong vai trod tin hiéu LO (Local Oscillator) cho
b0 tron tan tao tin hiéu ché ap. Cac b loc thong giai dugc sir dung dé loai bo cac tan s6 khong
nam trong ving tin hiéu cia NNVT trudc khi di vao bo tron tan.

2. NNVT VA HE THONG TRINH SAT, CHE AP NNVT

Ngoi nd vo tuyen hién dai M514 cua My, nd bao gom day du tinh nang, dung cho phao mat
dét. Khi ngoi nd vo tuyén lam viéc, no s€ kich nd, khi ddu nd cach mat dat mot khoang tir 4m dén
8m. Bang cach tinh toan do 1éch tan sd giita tin hiéu phat ra va tin hiéu thu duoc (tan sé Doppler)
dé xac dinh khoang cach t6i muc tiéu, NNVT co thé dua ra quyét dinh c6 gdy nd hay khong.
Muc tiéu can trinh sat 1a ngoi n6 vé tuyén c6 toc do di chuyén rat nhanh, kich thude nho, sir dung
nguyén |y Doppler va phat song CW(Continuous Wave) lién tuc. Do do, thoi gian dép g cua
hé thong trinh sat cling nhu dua ra tin hiéu ché ap 1a rdt nhé (c& ms), dic biét trong trudng hop
phai tién hanh ché 4p nhiéu NNVT tai cling mot thoi diém.

3. NGHIEN CUU GIAI PHAP THIET KE BQ TRINH SAT
VA CHE AP NNVT PA MUC TIEU

Hinh 1 mo ta so dd nguyén Iy thlet ke clia b trinh sat va ché ap NNVT da muc tiéu. Gia sir tai
mot thoi diém c6 ba NNVT cung tién vé phia muc tiéu mat dat noi dit bo ché ap. Trong truong hop
NNVT Ia ba loai khac nhau thi sé& ¢6 ba tin hiéu c6 tan s6 khac nhau tuong tng 1a fy,f,,f;. Tin hiéu
tir NNVT phat dén anten thu, dugc anten thu lai va cho qua bd khuéch dai tap am thép trudce khi di
qua b loc thong dai. Bo loc thong dai dong vai trd quan trong trong viéc lay tin hiéu trong dai tin
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nao Umg voi tan s phat cia NNVT va loai nhitng thanh phan tin hiéu phat ra tir nhitg ngudn khac.
Nham tién hanh phan ung tic thoi va ché ap, dap ung thoi gian thyc, nhom tin hi€u s& duoc tién
hanh tron voi tan s6 doppler dé tao ra cac tin hiéu gia di dich tan doppler nham danh Iira cac
NNVT géy kich nd chung. Mot bd tron dugc st dung dé tron cac tin hiéu vé6i cac tin hiéu gia
doppler & tan sé doppler (fp). Gia st tin hiéu Doppler Vp dau vao c6 dang:

Vp=Vpg .COS(WDt) (1)
Tin hiéu khuéch dai tir anten véi 3 tan sd fy, f,f; co dang:
V=V +Vip+Via=V10C0S(W1t+¢1)+Vo0C0S (Wt +¢7) + 2
+V30C08(W3t+¢3)
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Hinh 1. So' d6 nguyén Iy bé trinh sdt va ché dp NNVT da muc tiéu.

Trong d6, Wp 1a tdn s6 goc cua tin hiéu gia Doppler, Wy W, W 13 tin sb goc cia ba tin hiéu
tuong tmg vai fy, f,,f;cia NNVT, g3 @3 @3la pha cta ba tin hiéu. Tin hi¢u sau khi di qua bd tron
s& c6 dang:

Vinixer=Vb.Vs=Vp0.COS(Wpt). [V10C0S(Wi£+1)+V20C08(Wat +¢02) + 3
*+V30C0S(Wat +3)]

Xét ting thanh phan tin hiéu Gmg v6i mdi tan s6 f; [fy, f,, fs] ta c6 tin hiéu sau qua bd tron cla
ting tan s c6 dang:

Vii = Vpyp .COS(Wpt).VigCOS(Wit+¢1) 4)

Trién khai tir biéu thirc 4 két hop v6i phuong trinh 3 ta dugc:

Viber = ZS:VDOVio (COS[(Wi —Wo )t —¢ —;COS[(Wi +Wp )t +¢])

Phuong trinh 5 mo ta tin hiéu sau khi qua bo tron s& bao gom cac thanh phan tin hiéu véi cac
tan s6 f; fD.‘ Céc tin hi€u sau khi di qua b tron nay s¢€ dgqc khpéch giai cong suat dé dua ra
anten phat. Bang nguyén 1y nay, thoi gian dap ing cta hé thong ché ap gan nhu rat nho.

4. KET QUA THU'C NGHIEM

Dé kiém tra kha nang dap ung cua bo khuéch dai va bo tron tin hiéu, tao ra tin hiéu gia
doppler nham danh Itra NNVT, hé thong trinh sat va ché ap dugc tién hanh thir nghiém bang viéc
tao ra mot tin hiu gia voi tan s6 165 MHz. H¢ thong sau lghi khuéch dai va tron tan vdi tan so
doppler da cho thay hai dinh tach tan so tuong Gmg véi tan s6 165 MHz + 574 Hz (hinh 2).

®)
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Hinh 2. Phé tan sé sau khi tin hiéu dwoc khuéch dai va trén véi tan sé Doppler.
He¢ thdng trinh sat va ché ap NNVT ciing dugc thiét ké giao dién diéu khién nham quan sat va
ché ap cac qua nd khac nhau. Ti€p d6, hé thong trinh sat va ché ap NNVT dugc dua ra thyc dia
dé tién hanh thyc nghiém ché ap kich n6 cac qua dan & cac vi tri khac nhau (hinh 3).

Noi diit hé théng Ngoi nd vo tuyén
ché 4p trung tAm __ T .

Hinh 3. Anh thuc nghiém tién hanh ché ap NNVT tai thuc dia.

Hinh 4 md ta phd tan s6 ché ap 3 NNVT hoat dong tai cac tan so: 163 MHz, 165 MHz va
169,7 MHz. Ba NNVT vai tan s6 hoat dong lan luojt la 163 MHz, 165 MHz va 169 MHz d}IQC
dat & cac khoang qéch khéc nhau cach xa tir 350 m dén 550 m so v6i hé thong trinh sat va ché ap,
dugc tien hanh che ap dong thoi.

Bing 1. Két qua thir nghiém véi ba NNVT ¢6 tan sé khdc nhau.

Khoang cach NNVT1 NNVT2 NNVT3
ché ap (f;=165 MHz) (f,=163 MHz) (f;=169.7 MHz)
(m)
350 No
420 N6
550 N6

Bang 1 mo ta két qua thuc nghiém ché ap va kich nd cac NNVT dit tai cac khoang cach
khach nhau Ian luwot 1a 350 m, 420 m, 550 m. Ba NNVT véi ba tﬁp sO khac nhau da duoc tién
hanh ché ap thanh cong khi ching hoat dong trong dai tin hiu tan so tir 90+450 MHz.
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Hinh 4. Phé tan sé thu duogc trong qua trinh thir nghiém danh chan 3 NNVT
hoat dong voi cac tan so: 163 MHz, 165 MHz, 169,7 MHz.

5. KET LUAN
Bai bao da nghién ctru, khao sat cac ngoi pé) vO tuyén va danh gia tin hiéu cta chung nhim dua
ra bai toan xay dung trinh sat phat hién va ché ap. Giai phap da duoc nghién ctru xay dung thanh hé

thong va cac két qua thir nghiém da thdy hé thong hoan toan ¢ thé dap g duogc nhiém vy trong
viéc trinh sat va ché ap da muc tidu cac ngodi nd vo tuyén & trong dai tan sé 90+450 MHz.
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ABSTRACT

RESEARCHING AND DEVELOPING OF TRACKING AND SUPPRESSING SYSTEM
FOR DOPPLER- EFFECT RADIO PROXIMITY FUSE

This paper presents development of a system for tracking and suppressing missiles or
shells which using Doppler effect Radio Proximity Fuse (RDF). Working in real-time to
suppress RDFs requires the system to operate at high speeds and fast response time. To
solve this problem, we has proposed a development of the tracking and suppression system
based on real-time monitoring and parallel suppression to shells. The actual test results
have shown the ability of tracking and suppression to RDFs when it is successful to
intercept 3 RDFs with different working frequencies at the same time.

Keywords: Radio Proximity Fuse; Chebyshev bandpass filter; RF Amplifier.
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