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Tom tat:

Bai bdo trinh bay két qua nghién ctu, thiét k&, ché tao va thir nghiém vé thiét bi vi song dai tan dén

2,AGHz, tich hgp dén phat cao tan, ché tao bé phoi hop va ang-ten loa nén, thir nghiém cong cong suat
cla cac thiét bi, nham tién tGi ché tao suing dién tur ché dp cac thiét bi dién t& tam gan.

Tu khéa:

Thiét bi vi song; b6 phoi hgp va ang-ten loa nén cho dai vi song.

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 tu, cac phuong ti€n cua cac ddi tuong
pham phéap da dugc dat ra, dién hinh nhu cac
thiét bi pha hay cdc may nghe 1én, pha hiy
cac con rép dién tr duoc gidu kin trong cac
vat li¢u khac nhu gach, gS. .., pha huy céac dir
li¢u, vat mang tin cua chung ta khi khong st
dung nira va khong mudn cho cac dbi tugng
khac trich suét duoc. Ngoai ra con dugc st
dung dé dimg xe cic phuong tién giy rdi,
bao loan. ... Séng dién tir cao tan ciing da duoc
tmg dung & cac nudc dé gy gian doan hoat
dong cua thiét bi dién tor, lam hu hong hoic
pha htty mach, tao ra mat kiém soat diéu khién
dong mo van dién tur, hu héng dir liu, mét
kiém soat truyén thong, ngit dién. Trong bdi

canh chién tranh hién dai st dung ché ap dién
tir dé gy nhiéu dudng truyén vo tuyén va dinh
vi v€ tinh hién nay dugc cho l1a phuong an hi¢u
qua nhat. Tuy vy, cac k¥ thuat chdng ché ap
dién tr cling ngay cang tréd nén hiéu qua khi
g dung cic cong nghé thu chong nhiéu, xir
ly anh két hop tri tué nhén tao gitp cac thiét
bi dién tir van c6 thé hoat dong hi¢u qua trong
moi truong nhiéu cao [3,4].

Viéc nghién ctru va phat trién k¥ thuat vii khi
dién tir truong dé ché ap cac thiét bi dién tir
thay thé va bd sung cho cac phuong phap
truyén thong, dang tré thanh mot chu dé quan
trong trong bdi canh an ninh va qudc phong
hién dai. Vi khi EMP tao ra xung di¢n tr
trrong tap trung nang lugng, c6 kha nang gay
hong héc hodc tam thoi vo hiéu hoa cac linh
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kién dién tir trén cac thiét bi dién tir khién
cho phuong tién khong thé tiép can muc tiéu
va bi ton hai nghiém trong.

Trén co s& do, nhom nghién clru thuc hién
phét trién k¥ thuat dién tir truong ché ap cac
thiét bi dién tir tdp trung nghién clu giai
phép tng dung xung di¢n tur truong tac dong
truc tiép 1én céc co cu dién tir cia phuong
tién bay trong cu ly gan, lam co sé dé nghién
ctru hoan thién thiét bi ché ap dién tir truong
tap trung ning luong c6 thé Gmg dung trong
thuc té.

Ngoai nudc c6 cong trinh nghién cuu [2]
cling dua ra két qua nghién ctu st dung thiét
bi vi song ché ap thiét bi bay khong ngudi
lai. Nhung trong nghién ctru nay chi str dung
mot dén phat, chua co bo phdi hop va ang-
ten cho nhiéu dén phat.

Trong nudc trude day da co cong trinh [7]
nghién ctru vé van dé ché tao thiét bi ché ap
dién tur truong voi 3 den phat, Bai bao nay
dong gop cac tinh mdi hon nhu sau: Pa ché
tao, thir nghiém bo phdi hop ting thanh 5
dén phat cung dng-ten, tim ra cac tham s d,
L1, L cta bo phoi hop méivad , L, . cla
ang-ten loa; Thu nghiém kha nang cong
cong sudt ciia cac thiét bi vi song, tim ra
dugc khoang cach dat hai thiét bi, dé
ché ap dén vi tri mong mudn; Thir nghiém
do thyuc té bang may do R&S TS-EMF, nho
doco thém cac két qua vé truong dién tir
tai diém can ché ap nhu tan sé cuong do
dién truong, mat do cong suét, trude do cong
trinh [7] chi ¢6 két qua vé mat do cong suét.
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2. THIET KE BO PHOI HOP VA ANG-TEN
LOA HiNH NON

Dbi véi sung dién tir yéu cau dat ra 1a can thiét
ké mot ang-ten loa hinh non gon nhe véi cac
dic tinh birc xa mong mudn tir dén phat cao
tan. Ang-ten loa hinh nén can c6 dudng kinh
cang nho cang t6t va c6 kha nang khuéch dai
16n, d¢ rong chum hep va han ché t6i da cac
bup song phu phia sau ang-ten. St dung 5 dén
magnetron dé cung cip ning luong cho dng-
ten yéu cau phai phdi hop hiéu qua dé tao ra
cong suat phat 16n hon. Do d6 dng-ten duoc
thiét ké gdm 2 phan: dng dan song hinh try va
phan loa nén. Ong dan séng ¢ chirc ning phdi
hop cac dén phat cao tan v6i nhau va truyén
song tir cac dén magnetron ra loa non. Phan
loa nén ciia ang-ten s& 1am ting hé s6 khuéch
dai va dinh hudng song vé phia trude hidu qua
v6i do rong chum hep. Trong phan nay bai bao
trinh bay vé viéc phdi hop cong cong suét cac
dén magnetron va phan dng-ten loa non.

2.1. Thiét ké phan phéi hop céng céng
suat

Phén phdi hop cong cong suat 1a 6ng dan song
hinh tru. Ong dan song c6 thé bang dong hodc
thép ma kém, mdt dau ho va mot dau duoc bit
kin [1,2]. Viéc chon dng dan song c6 dudng
kinh phu hop hét sirc quan trong, voi mot dai
song s& co mot dng dan song véi duong kinh
phtt hop. Trong pham vi thiét bi sir dung dén
phat cao tan co tan s6 2,45GHz chung toi da
sir dung 6ng dan song co dudng kinh d. Theo
tai liéu [1,2,6,7] gia tri cac tham sd cia bo
phéi hop va dng-ten cho 5 dén phai thoa man
cac cong thirc trong 6ng dan song dudi day.
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(1)

V6i A =12,2cm va Ac = 1,076 Xd

Do doé:
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Chiéu dai ctia 6ng dan song:
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12,2] [1,076xd

Song dugce dua vao ong dan song thong qua

5 que do va tao thanh song dung nho phan xa
tai dau kin ctia dng dan song. Bén trong 6ng
dan song s& co cac diém 1a bung song va nut
song. Pau do duoc dua vao 6ng dan song tai
vi tri bung song dau tién tir dau kin cta 6ng
dan song.

Khoang cach tir que do dén dau kin ong din
song:

AT T @
122] | 1,076xd

Chiéu dai cua que do dit bén trong dng dan
song:

L =

2

= =3,05¢

A 122 “
4 4

Két qua nhom tinh toan véi 5 dén phat s& co
d=11,8cm,L1=4,1cm,L=19,3cm,cacdeén

duogc dat tai cac vi tri tao véi nhau cac goc 72°
nhu trén Hinh 1.

L=23Lgz'4

gk

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

Giai doan dau tién phat trién hé thong 13 thiét
ké mot ang-ten loa hinh nén nho gon tao ra céc
dic tinh blirc xa mong mudn tir cac ngudn vi
song. Yéu cau thiét ké ang-ten loa hinh nén ¢
kich thudc cang nho gon cang tot, phat xa hiéu
qua ché do TE, ,
10-15dB va truyén ning luong tir ngudn vao

c¢6 hé sb dinh hudéng khoang

khong gian cang nhiéu cang tt. Phan nay mo
ta 1y thuyét vé thiét ké ang-ten loa hinh nén.

Thiét ké cta ang-ten loa hinh nén dugc diéu
chinh boi kich thudc hinh hoc va cac rang
budc dinh hudng. Qua trinh thiét ké da tham
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khdao tr tai liéu Ang-tenna  Theory:
Analysis and Design cia C. A. Balanis, trong
d6 c6 mot phan vé mo rong ang-ten loa
[6]. Viéc thiét ké phan loa noén duoc
gin vao dau ho cia 6ng din séng tron da

duoc néu & trén va trong tai liéu [6,7].
4r, cY
D(dB)=10log,, eap?(zmm ) |=101og,, = -L(s) (6)

Trong phuong trinh (6), biéu thic dau biéu
thi hé s dinh hudng cua miéng loa tron déng
nhat, con biéu thire thir 2 duoc thé hién trong
phuong trinh (7) va dugc goi 1a hé s6 suy hao,
la sy diéu chinh dé giai thich viéc suy hao
trong h¢ s6 dinh hudng do hi¢u sudt do mo.
Hé s6 suy hao, dugc tinh béng decibel theo
cong thuec:

L(s)=(0,8-1,71s+26,25" ~17,795)  (7)
Trong d6 a_ la ban kinh ctia miéng loa nén, A
la budc soéng cua song buc xa.

®)

Lamen
Hinh 2. Mat cat ngang ctia dng-ten loa hinh nén

vé6i cacthéng sé thiét ké

Trong doé s 1a d§ 1éch pha cuc dai, tinh theo budc
song
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2
§ = &n
82

)

Kha nang dinh huéng cta loa nén sé t6i uu khi

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

va gid tri nay twong tmg voi do 1éch pha khau

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

Hé s6 dinh hudng cua loa hinh nén 1a mdt ham
cua dudng kinh khau d¢, d_ va chiéu dai truc
La,ng_ o Mbi quan h¢ duoc thé hién trong hinh
2. Vi thiét bi mong muodn la nho gon, c6 h¢ so6
dinh hudng cao do do can lua chon ang-ten
loa nén cé kich thude tdi wu 1a tét nhat. Tan
s6 burc xa mong muén 1a 2,45GHz tuong tng
v6i budc song 12.2cm. Tur hinh 2 ta ¢ thé
thiy khi chieu dai truc L,
dinh hudng t61 da c6 thé tdng. Nhém thyc hién

., tang thi kha nang
thir nghiém véi quy trinh thir va phuong phap
lya chon nhu trong tai li€u [7], da lua chon ra
L. =103cmvad_=26,5cmla phthop nhét.

ang-ten
3. THU NGHIEM DO THUC TE

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

Nhom nghién ctru di st dung hé théng do
cuong do6 dién tir trudng TS-EMF, hé thong
gdm cac thanh phan co ban sau:

- Ang-ten do: Ang-ten R&S TSEMF B1 dai
tan 30MHz-3GHZ;
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- May thu do va phan tich: M4y phan tich pho
R&S FSL1S;

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

- Cac két ndi: Ang-ten TSEMF-Bl va
TSEMF-B3 ¢6 hai day két ndi;

+ Day cap dit li¢u: day RF, dau két ndi loai N;
+ Day cap diéu khién: Day mong, dau 7 chan,

dau nay s€ két noi voi day cap chuyén doi tir 7
chan sang USB va n6i vao may tinh;

Hinh 3. Ang-ten do TSEMF-B1 30M-3GHz

3.2. Phan tich danh gia két qua do

Thiét bi 1
An ten may do
et =
i B=5m
Thiét bi 2

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

Thiét bi 2 gdm dng-ten va bd phdi hop véi ba
dén phat [7], Thiét bi 1 gdm dng-ten va bd
phéi hop véi ndm dén phat, thir nghiém 1an 1

do tai diém B, chi bat thiét bi 1, két qud do
nhu bang 1. Thir nghiém 1an 2 bét ca hai thiét
bi. Nhu vay, khi so sanh két qua do gitra hai
lan ther nghiém dua ra két qua 1a thiét bj 1
v6i 5 dén phat c6 cong sudt cao hon bao
nhiéu phan trim so vé6i thiét bi 2 v6i 3 dén
phat.

Muc dich do tai diém B cach thiét bi Sm la dé
danh gia mat do cong suit, cuong dd dién truong
tai, c6 du dé ché ap dwoc cac thiét bj dién tir hay
khong. Po tai diém C dé khang dinh xem phia sau
ang-ten c6 mat do cong sudt hay khong va khang
dinh ddm bao 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 nhat 1a 31.3864[V/m], mat do cong suat
trung binh cao nhat 13 149.9348[uW/cm?], tai
tan s6 2457MHz va téng cuong do dién
truong do trong 1 phat (RMS) 1a  81.3340
V/m. Gid tri hiéu dyng trung binh (RMS)
dugc tinh Ia can bac 2 cua trung binh binh
phuong dién ap xoay chiéu, tong 14 tinh trong
1 phat va chia cho cac diém tin sb do.
Tong cuong do dién truong(RMS) 1a 117.8998
V/m.

Khi bat thiét bi 1 va thiét bj 2 déng thoi: Po tai
diém B. Cuong d6 dién truong trung binh cao
nhat 1a 35.3718[V/m], mét do cong suét trung
binh cao nhét 14 331.8730[uW/cm?], tai tan sd
2454MHz va tong cuong do dién truong
(RMS) do trong 1 phat 1a 117.8998V/m.

Nhu vdy c6 thé nhan thiy, co sy cong cong
suét tai diém do thé hién trén Hinh 5a, thé hién

qua mat do cong suat cao nhat va tong cuong
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do dién truong trung binh RMS ting 1én 30%
khi bat thém thiét bi 2, diéu d6 khang dinh viéc

Bang 2. Két qua khi thuc hién thi nghiém 2:

Bat ca Thiét bi 1 va Thiét bi 2

thiét bi 1 (5 dén phat) c6 cong suat tang so voi Tinsé | Cubmg dp dién | Mirc Gioi | Mat dg cong
thiét bi 2 (3 dén phat). Trén hinh 5b 13 cuong truomg B | truomg | han L) suat
do dién truong do tai diém C 6 phia sau ang- |y, [V/m] [d/l?n;iv [Vim] | [uW/em]
ten, két qua do cuong do dién truong la rat
., N L2 ) 2446.0000 | 26.1994 | 1483658 | 27.5000 | 182.0714
nho, 16n nhat 1a 0.4 V/m, qua d6 khang dinh
, . . A . . 2447.0000 | 342607 | 150.6959 | 27.5000 | 3113517
phia sau ang-ten khong xuat hién truong dién
o \ \ ) e 24480000 |  28.8183 149.1934 | 27.5000 | 220.2896
tr 1on, ddm bdo an toan cho nguoi van hanh
AL 24490000 | 327542 | 1503053 | 27.5000 | 284.5727
thiét bi.
2450.0000 | 34.9483 150.8685 | 27.5000 | 323.9747
Bang 1. Két qua khithuchién thirnghiem 1:Bat 1,5, 00| 556350 |1502737] 27.5000 | 282.5084
chi thiét bi 1
2452.0000 | 253676 | 148.0856 | 27.5000 | 170.6931
Tinsé | Cuwongdd Mire Gi6i | Matdp 2453.0000 | 28.6805 149.1517 | 27.5000 | 218.1883
dién trwong | truong han L | cong suat
E 24540000 | 353718 | 1509731 | 27.5000 | 331.8730
24550000 | 25.1510 148.0111 | 27.5000 | 167.7915
[MHz] [V/m] [dBuV/m] | [V/m] | [uW/cm?]
24560000 |  28.8713 149.2093 | 27.5000 | 221.1019
2446.0000 5.6739 135.0777 |27.5000| 8.5394
2457.0000 | 22.1221 146.8965 | 27.5000 | 129.8105
2447.0000 [ 5.9702 1355197 (27.5000|  9.4543 24580000 | 232788 | 1473392 | 27.5000 | 143.7407
2448.0000 | 15.5909 | 143.8574 |27.5000| 64.4763 2459.0000 | 26.2141 148.3707 | 27.5000 | 182.2759
2449.0000 | 22.7498 | 147.1395 |27.5000| 137.2820 | |2460.0000 1~ 27.0281 | 148.6363 | 27.5000 | 193.7711
Téng
2450.0000 | 28.7684 | 149.1783 [27.5000| 219.5273 cuom
£ 117.8998
d6 dién v
2451.0000 | 153323 | 143.7121 |27.5000| 62.3552 wrong m
(RMS)
2452.0000 | 132956 | 142.4741 [27.5000| 46.8893
2453.0000 | 21,5557 | 1466713 [27.5000| 123.2492 | g)
2454.0000 | 19.5869 | 145.8393 |27.5000| 101.7634 p N
2455.0000 | 21.1796 | 1465184 [27.5000| 118.9856 Average: 2440-2450
2456.0000 | 243148 | 147.7174 |27.5000| 156.8192 (Spectrum)
2457.0000 | 313864 | 149.9348 [27.5000| 261.3014 T 50.000 W
S~
2458.0000 | 262731 | 148.3902 |27.5000| 183.0967 2, 00.000 A S
— v.-' b(.-’ v." v." v." v." v.-’
2459.0000 | 223709 | 146.9937 |27.5000| 132.7474 g vy A vy
° f/ MHz
2460.0000 | 21.0582 | 146.4684 |27.5000| 117.6260 @
\_ J
Téng cudng do6 dién truong (RMS) 81.3340
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b) ang-ten loa nén vai cac tham sd d, L1, L cia
p N b6 phdi hop va 1a dm va Langten clia dng-ten
Average: 2440-2450 loa cho 5 dén phat dai vi song, cong suat tang
(Spectrum) 30% so v6i thiét bi c6 3 dén phat, tim ra

khoang cach dat cac thiét bi ché ap dé cong

00.400
£ 00.200 W cong suat cua cac thi€t bi voi nhau. Thu
>

00.000

- T T T T T T T nghiém va so sanh két qua vai cac nghién ciu
8 d & & & < 1 o
g 9§ 9 9 9 9 9 < r A . ’ A LA 7
o NN 8NN NN trude day, dua ra minh chung veé to6i uu céc
(]
el f/ MHz A1 s A £ A , A v 1A
Y = / ) tham soO thiet ké dua trén ly thuyét va kiém

nghiém thyc té. Két qua nghién ctru nay sé& 1a

Hinh 5. Cuong dd dién trudng trong khi thu

nghiém 1, a- thit nghiém 2 do tai vi tri B=5m,
b- do tai vi tri phia sauC=0,2m

nhimg co so thyc tién dé chung t6i nghién
clru, phat trién hoan thién thiét bi ung dung

. trong ché ap cac thiét bi dién tir trong tim gan.
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