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Tém tat:

Bai bao trinh bay két qua nghién ctu, thiét ké, ché tao va thr nghiém vé thiét bi vi séng dai tan dén

2,4GHz, tich hgp dén phat cao tan, ché tao bo phoi hgp va ang-ten loa nén, thit nghiém cdéng cong suat

clia cac thiét bi, nham tién tGi ché tao siing dién tir ché ap cac thiét bi dién t& tam gan.

T khoa:

Thiét bi vi séng; B6 phoi hop va ang-ten loa nén cho dai vi séng.

Abstract:

The paper presents a research on electromagnetic waves with frequency up to 2.4GHz, integration of

microwave emitting tube, antenna development, emission control and monitoring,and then development

of electronic guns for electronic attacks on electronic devices on close range.
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1. GIGI THIEU CHUNG

Trong giai doan hién nay ché 4p cac thiét bi
dién tir, cac phuong tién cia cac ddi tuong
pham phép da dugc dat ra, dién hinh nhu céac
thiét bi pha hity cac may nghe 1én, pha huy cac
con rép dién ti dugc giéu kin trong cac vat li¢u
khéac nhu gach, gb..., pha huy cac dir liéu, vat
mang tin cia chiing ta khi khong su dung nira

va khong mudn cho cac ddi twong khéc trich
suat duoc. Ngoai ra con duoc sir dung dé dimg
xe cac phuong tién gay r6i, bao loan....
Song dién tir cao tan ciing da dugc ung dung &
cac nudc dé gay gian doan hoat dong cua thiét
bi dién tir, [am hu hong hodc pha huy mach,
tao ra mat kiém soat diéu khién déng mo van
dién tir, hu hong dit liéu, mét kiém soat truyén
thong, ngat dién. Trong bdi canh chién tranh
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hién dai str dung ché ap dién tir dé gy nhidu
duong truyén vo tuyén va dinh vi vé tinh hién
nay dugc cho 1a phuong an hiéu qua nhét. Tuy
vay, cac ky thuat chong ché ap dién tir ciing
ngay cang tréd nén hi¢u qua khi ung dung céac
cong nghé thu chéng nhidu, xir Iy anh két hop
tri tu¢ nhan tao gitp céc thiét bj dién tir van
c¢6 thé hoat dong hiéu qua trong méi trudng
nhiéu cao [3],[4].

Viéc nghién ctru va phat trién ky thuat vii khi
dién tir trudng dé ché ap cac thiét bi dién tu
thay thé va bo sung cho cic phuong phap
truyén thong, dang tré thanh mot chi dé quan
trong trong bdi canh an ninh va qudc phong
hién dai. Vi khi EMP tao ra xung dién tu
truong tap trung nang lugng, c6 kha nang gay
hong hoc hodc tam thoi vo hiéu hoa cac linh
kién dién tir trén c4c thiét bi dién tir khién cho
phuong tién khong thé tiép can muc tiéu va bi
t6n hai nghiém trong.

Trén co s¢ do, nhdm nghién ctiru thyc hi¢n
phét trién ky thuat dién tir truong ché ap cac
thiét bi dién tir tap trung nghién ctru giai phap
ung dung xung di€n tr truong tac dong truc
tiép 1én cac co ciu dién tir cia phuong tién bay
trong cu ly gan, 1am co s& dé nghién ctru hoan
thién thiét bi ché ap dién tir truong tap trung
nang lugng c6 thé Gmg dung trong thuc té.

Ngoai nudce c6 cong trinh nghién ctru [2] cling
dua ra két qua nghién ctu sir dung thiét b
vi song ché ap thiét bi bay khong nguoi 14i.
Nhung trong nghién ctru nay chi str dung mot
dén phat, chua c6 bo phdi hop va dng ten cho
nhiéu dén phat.

Trong nudc trudc day da co cong trinh [7]
nghién ctru vé van dé ché tao thiét bi ché ap
dién tur truong véi 3 dén phat, Bai bao nay
dong gop cac tinh méi hon nhu sau: Pa ché
tao, thir nghiém bo phéi hop tdng thanh 5
dén phat cing dng-ten, tim ra cac tham sé d,
L1, L cta bo phdi hop méi va dm va Ling ten
cua ang ten loa;Thir nghiém kha ndng cong
cong suét cua cac thiét bi vi song, tim ra
dugc khoang cach dat hai thiét bi, dé ché ap
dén vi tri mong mubn; Thu nghiém do thuc té
bang may do R&S TS-EMF, nho d6 ¢6 thém
cac két qua vé truong dién tir tai diém can
ché ap nhu tan sb, cuong do dién truong,
mat d cong suét.

2. THIET KE BO PHOI HOP VA ANG TEN
LOA HiNH NON

Dbi v6i sung dién tir yéu cau dat ra 1a can thiét
ké mot ang ten loa hinh nén gon nhe vdi cac
dic tinh bic xa mong mudn tir dén phat cao
tan. Ang ten loa hinh nén can c6 duong kinh
cang nho cang t6t va c6 kha ning khuéch dai
16n, d6 rong chum hep va han ché tdi da cac
bup soéng phu phia sau ang ten. Str dung 5 den
magnetron dé cung cip ning luong cho ing
ten yéu cau phai phdi hop hiéu qua dé tao ra
cong suit phat 16n hon. Do d6 ng ten duoc
thiét ké gébm 2 phan: dng dan séng hinh tru va
phéan loa nén. Ong dan song ¢6 chirc nang phoi
hop cac dén phat cao tan véi nhau va truyén
song tir cac dén magnetron ra loa nén. Phan
loa nén ctia dng ten s& lam ting hé s khuéch
dai va dinh hudng song vé phia trude hiéu qua
v6i d6 rong chim hep. Trong phan nay bai béo
trinh bay vé viéc phdi hop cong cong suit cac
dén magnetron va phan ang-ten loa non.
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2.1. Thiét ké phan phdi hop céng céng
suat

Phén phdi hop cong cong suit 1a dng dan song
hinh try. Ong dan song c6 thé bang dong hoic
thép ma ké€m, mdt dau hé va mot dau duogce bit
kin [1],[2].Viéc chon bng din song co
duong kinh pht hop hét stiic quan trong, véi
mot dai song s& co mot ong din song véi
duong kinh phu hop. Trong pham vi thiét bi
stt dung dén phat cao tan ¢ tan sb 2,45GHz
chung t6i di st dung 6ng dan song c6 duong
kinh d. Theo tai liéu [1],[2],[6].[7] gia tri cac
tham s6 cua bo phdi hop va ang-ten cho 5
dén phai thda man cac cong thirc trong dng
dan song dudi day.

HEF

V6i A =12,2cm va Ac = 1,076 X d

L,=

Do do:

1 2

Lg:\/ l 2- 1 2
12,2 1,076 X d

Chiéu dai ctia ong dan song:

L:EXL :éx 1

S T o A T €
12,2 1,076 xd

Soéng dugce dua vao dng dan song thong qua

5 que do va tao thanh séng diing nho phan xa
tai dau kin cua ong dan song. Bén trong Ong
dan séng sé& c6 cac diém la bung song va nut
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song. Pau do dugc dua vao ong dan song tai
vi tri bung song dau tién tur dau kin cua ong
dan song.

Khoang cach tir que do dén dau kin 6ng dan
song:

L :le :lx !

AT T 1 T @
12,2] | 1,076xd

Chiéu dai cua que do dat bén trong 6ng dan

song:

Ly=—= =3,05cm

4

A 12,2 -
4

Két qua nhom tinh toan véi 5 dén phat sé co d
=11,8 cm, L1 =4,1 cm, L = 19,3 cm, cac dén
duogc dat tai cac vi tri tao vdi nhau cac goc 72°

nhu trén Hinh 1.

Ll=Lg4

Li=3Lg'4

—
g

Hinh 1. Phan phéi hgp va phan dng-ten loa
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2.2. Thiét ké phan dng-ten loa

Giai doan dau tién phat trién hé thong 14 thiét
ké mot ang ten loa hinh nén nho gon tao ra céac
dic tinh blrc xa mong mudn tir cic ngudn vi
song. Yéu cau thiét ké dng-ten loa hinh nén ¢6
kich thudc cang nho gon cang tt, phat xa hi¢u
qua ché 6 TE11, c6 hé s6 dinh hudéng khoang
10-15 dB va truyén ning lugng tir ngudn vao
khong gian cang nhiéu cang tot. Phan nay mo
ta 1y thuyét vé thiét ké dng ten loa hinh non.

Thiét ké cua ang ten loa hinh nén duoc dicu
chinh boi kich thudc hinh hoc va cac rang
budc dinh huéng. Qua trinh thiét ké da tham
khao tir tai liéu Ang tenna Theory: Analysis
and Design cua C. A. Balanis, trong d6 c6 mot
phan vé& mé rong dng ten loa [6]. Viéc thiét ké
phan loa nén duge gin vao dau ho cia 6ng
dan song tron da duoc néu & trén va tai lidu [6
7]

D(dB)=10log,, [5@ %(ﬁamz)} =10log,, (%j -L(s) (6)

Trong phuong trinh (6), biéu thirc dau bicu
thi hé sé dinh hudng ctia miéng loa tron déng
nhét, con biéu thirc thit 2 duge thé hién trong
phuong trinh (7) va duoc goi 1a hé sb suy hao,
1a su diéu chinh dé giai thich viéc suy hao
trong hé s6 dinh huéng do hiéu suit 46 mo.
Hé s suy hao, dugc tinh béng decibel theo
cong thuec:

L(s)=(0.8-1,71s+26,255 -17,795") (7
Trong d6 a_ 1a ban kinh ctia mi¢ng loa nén, A
1a budc song cia song burc xa.

®)

Hinh 2. Mt cit ngang cta ang ten loa
hinh nén véi cac théng s6 thiét ké

Trong do6 s 1a d6 1éch pha cuc dai, tinh theo budc
song

)

Kha ning dinh hudng ctia loa non sé& tdi wu khi

duong kinh cua n6 bang:
d, =~3I4 (10)

va gid tri nay tuong Gmg voi do 1éch pha khau

do t6i da 3/8 budc song va hé sd suy hao
khoang 2,9 dB.

Hé sb dinh hudng cua loa hinh nén 1a mot ham
ciia duong kinh khau do, d_ va chiéu dai truc
g ten' Mbi quan hé dugc thé hién trong hinh
2. Vi thiét bi mong mubn 1a nho gon, c6 hé $6
dinh hudng cao do do can lua chon ang ten loa
nén ¢6 kich thuée toi uvu la tot nhat. Tan so
birc xa mong mudn 1a 2,45 GHz twong tng voi
budc séong 12,2 cm. Tir Hinh 2 ta c6 thé
thdy khi chiéu dai truc L, tang thi kha
ning dinh huéng tdi da c6 thé ting. Nhoém
thuc hién thtr nghiém véi quy trinh tht va
phuong phap lua chon nhu trong tai liéu [7],
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dalvachonral. =103 cmvadm=26,5

dng ten

cm 1a phu hop nhét.
3.THU NGHIEM DO THUCTE

3.1. Gi6i thiéu hé théng do cudng do dién
tu truong TS-EMF.

Nhém nghién ctru dd st dung hé thdng do
cudng do dién tir truong TS-EMF,hé thong
gom cac thanh phan co ban sau:

- Ang ten do: Ang ten R&S TSEMF B1 dai tan
30MHz-3GHZ;

- May thu do va phan tich: May phan tich pho
R&S FSL1S;

- My tinh chay phan mém do cuong do truong
RFEX;

- Cac két ndi: Ang ten TSEMF-BI va
TSEMEF-B3 c6 hai day két ndi;

+ Day cap dit liéu: day RF, dau két ndi loai N;
+ Day cép diéu khién: ddy mong, dau 7 chén,

dau nay s€ két noi vdi day cap chuyén doi tur 7
chan sang USB va noi vao may tinh;

Hinh 3. Ang ten do TSEMF-B1 30M-3GHz
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3.2. Phan tich danh gia két qua do.

Thiét bi |

An ten may do

?
o 0
5

B=5m

Thiét bi 2
Hinh 4. Khoang cach giiia hai thiét bi phat a,
khoang cach dén vi tri dat may do B.

Thiét bi 2 gdm ang ten va bd phdi hop véi ba
deén phat [7], Thiét bi 1 gdm ang ten va bd phodi
hop véi nam dén phat, thir nghiém lan 1, do
tai diém B, chi bat thiét bj 1, két qua do nhu
bang 1. Thir nghiém lan2 batca hai thiét bi.
Nhu vay khi so sanh két qua do gitta hai
lan thir nghiém dua ra két qua 1a thiét bi 1
v6éi 5 dén phat co cong suit cao hon thiét
bi 2 v6i 3 dén phat véi con b cu thé.

Muc dich do tai diém B cach thiét bi
5m la dé danh gia mat do cong suit, cuong
do dién truong tai, co6 du dé ché ap duogc cac
thiét bi dién tir hay khong. Po tai diém C
dé khang dinh xem phia sau dng ten c6
mat do6 cong suat hay khong va khang
dinh ddm bdo an toan cho nguoi thao tac.

Thir nghiém 1: Khi chi bat thiét bi 1: Po tai
diém B. Cuong do dién truong trung binh
cao nhit 1a 31.3864 [V/m], mat d6 cong suét
trung binh cao nhat 13 149.9348 [pW/cm?], tai
tan s6 2457 MHz va tong cudng d6 dién truong
do trong 1 phut (RMS) 1a 81.3340 V/m. Gia
tri hi€u dung trung binh (RMS) duoc tinh la
can bac 2 cua trung binh binh phuong dién ap
xoay chiéu, tong 1a tinh trong 1 phut va chia
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cho cac diém tan sé do. Tong cudong do dién
truong (RMS) 1a 117.8998 V/m.

Khi bat thiét bi 1 va thiét bi 2 dong thoi: Po tai
diém B. Cuong do dién truong trung binh cao
nhat 13 35.3718 [V/m], mat do cong suat trung
binh cao nhit 1a 331.8730 [pW/cm?], tai tin
sO 2454 MHz va tong cuong do dién truong
(RMS) do trong 1 phut 1a 117.8998 V/m.

Nhu vy c6 thé nhan thdy c6 sur cong cong suat
tai diém do thé hién trén Hinh 5a, thé hién qua
mat d6 cong suit cao nhat va téng cudng do
dién truong trung binh RMS tang 1én 30% khi
bat thém thiét bi 2, diéu d6 khang dinh viéc
thiét bi 1 (5 dén phat) c6 cong suit ting so Vi
thiét bi 2 (3 dén phat). Trén hinh 5b 1 cuong
do dién truong do tai diém C & phia sau ang
ten, két qua do cuong do dién truong la rat
nho, 16n nhét 1a 0,4 V/m, qua d6 khang dinh
phia sau dng ten khong xuét hién truong dién
tr 1on, ddm bao an toan cho ngudi van hanh
thiét bi.
Bang 1. Két qua khi thuc hién thir nghiém 1
Bat chi thiét bi 1

2455.0000 21.1796 146.5184 |27.5000| 118.9856
2456.0000 24.3148 147.7174 |27.5000| 156.8192
2457.0000 31.3864 149.9348 |27.5000| 261.3014
2458.0000 26.2731 148.3902 |27.5000 | 183.0967
2459.0000 22.3709 146.9937 |27.5000 | 132.7474
2460.0000 21.0582 146.4684 |27.5000| 117.6260
Téng cuong d6 dién trudong (RMS) 81.3340

Bang 2. Két qua khi thuc hién thir nghiém 2
Bat ca Thiét bi 1 va Thiét bi 2.

Tén sb Cuong do Mirc Giéi Mat do
dién truong E | truong han L | cOng suat

[MHz] [V/m] [dBuV/m] | [V/m] | [uW/em?]

2446.0000 5.6739 135.0777 |27.5000| 8.5394

2447.0000 5.9702 135.5197 [27.5000| 9.4543

2448.0000 15.5909 143.8574 |27.5000| 64.4763

2449.0000 22.7498 147.1395 [27.5000| 137.2820

2450.0000 28.7684 149.1783 [27.5000| 219.5273

2451.0000 15.3323 143.7121 {27.5000| 62.3552

2452.0000 13.2956 142.4741 |27.5000| 46.8893

2453.0000 21.5557 146.6713 |27.5000 | 123.2492

Tansd | Cuongdddién | Muc Gi6i | Mat do cong
truong E truong han L suat
[MHz] [V/m] [d/]?n*iv [Vim] | [uW/em?]
2446.0000 26.1994 148.3658 | 27.5000 | 182.0714
2447.0000 34.2607 150.6959 | 27.5000 | 311.3517
2448.0000 28.8183 149.1934 | 27.5000 | 220.2896
2449.0000 32,7542 150.3053 | 27.5000 | 284.5727
2450.0000 34.9483 150.8685 | 27.5000 | 323.9747
2451.0000 32,6352 150.2737 | 27.5000 | 282.5084
2452.0000 253676 148.0856 | 27.5000 | 170.6931
2453.0000 28.6805 149.1517 | 27.5000 | 218.1883
2454.0000 353718 150.9731 | 27.5000 | 331.8730
2455.0000 25.1510 148.0111 | 27.5000 | 167.7915
2456.0000 28.8713 149.2093 | 27.5000 | 221.1019
2457.0000 22.1221 146.8965 | 27.5000 | 129.8105
2458.0000 23.2788 147.3392 | 27.5000 |  143.7407
2459.0000 26.2141 148.3707 | 27.5000 | 182.2759
2460.0000 27.0281 148.6363 | 27.5000 | 193.7711
Téng
g:g:‘i 117.8998
truong V/m
(RMS)

2454.0000 19.5869 145.8393 [27.5000| 101.7634
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a) 4, KET LUAN

Average: 2440-2450 Bai bdo da trinh bay két qui nghién clu
(Spectrum) tinh toan, ché tao va thu nghiém bo phéi
hop va ang-ten loa ndn voi cac tham s6 d, L1,

__50.000 S - . ,
£ : : :::: L cua bd phoi hop va 1a dm va Lang en cua
2 00.000 ¢4 #FFT e ang ten loa cho 5 dén phat dai vi song, cong
= D Al A 4D 2D A Lo e AL 1 s . ,
a AL A M A A A suat tang 30% so vai thiét bi ¢ 3 dén phat,
2 £/ MHz tim ra khoang cach dit cac thiét bi ché ap dé
- / T T R ,
cong cong suat cua cac thiét bi véi nhau. Thu
nghiém va so sanh két qua v6i cac nghién ciru
b) truéc day, dua ra minh chimg vé tdi uu céac
- - tham s6 thiét ké dya trén 1y thuyét va kiém
Average: 2440-2450 nghiém thuc té. Két qua nghién ciru nay s& 1a
(Spectrum) nhiing co s& thyc tién dé chung t6i nghién ctru,
__ 00.400 phat trién hoan thién thiét bi tmg dung trong
§ 00.200 W ché ap céc thiét bj dién tir trong tam gan.
.:'00-000 \: T \: T \: T \: T \: T \: T \: T \: 1
& I IT T I
-] o~ N N N N N N N
2 f / MHz
- /

Hinh 5. Cuéng do dién trudng trong khi
thi nghiém 1, a- thi nghiém 2 do tai vi tri
B=5m, b- do tai vi tri phia sau c=0,2m.
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