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TOM TAT: Tir qud trink nghién citu ché tao cdc vat liéu hdp thu séng radar, mét s6 két qud
nghién citu da dugc diic két. Hai két qud nhdn dugc la: Ban chdt sy hdp thu song radar cua vdt
ligu thé hién dudi dang cdc t&n that dién tix; Pa ché tao dugc mét logi composite trén cd 54 vdi
— tdc nhdn hdp thu ddp iing yéu cdu nguy trang va cdc ung dung tang hinh.

1. PAT VAN BE:

Séng radar 1a loai séng dién tif siéu cao fan vdi cdc dai tan L (1+2GHz), § (2+4GHz),
C(4+8GHz), X(8+12GHz), Ku(12+18GHz) thim chi hi¢n nay da ¢ nhitng thiét bi radar ¢6
dai tan xdp xi 100GHz, Radar ding d& dd tim v x4c dinh muc tiéu trong k¥ thudt quén sy
ciing nhu dén su. Vi vdy viéc bio vé cdc muc tidu khéi sy phét hién cla radar 12 mdt nhu ciu
thye t& d6i véi nhigu qudc gia. -

Ky thuit nhim tranh sy phét hién cia radar d6i phudng goi 1a “K¥ thuét tang hinh”
hay “Ky thudt nguy trang”. Sy nguy trang ¢6 thé & cdc moi trudng khdc nhau:

- Nguy trang trén mat dat trong moi trudng cay cd, dit, c4t dd cho cdc phudng tién

cd gidi xe ting, xe vdn tdi, phdo cao xa, cdn cit, tram thu phét tin hiéu ..

- Nguy trang trén mit nudc cho tau thuvén ...

- Nguy trang trong mdi trudng khong khi cho médy bay, vé tinh, tén I¥a ..

Mot s& vat liéu nguy trang thudng dude ché tao bing cdch k&t hdp hai hiéu @ng:

- Hiéu ting hap thy s6éng radar cla vét liéu.

- Hiéu tng tdn xa song radar do két c4u cia vit liéu.

MGt vit lidu nguy trang trong mdt méi trudng nao d6 nhat thiét phai c6 do hdp thu
s6ng radar bing do hap thu ciia méi trudng d6. Trén cd s& de tai cdp bd B2000 -20 -26,
chiing toi xin trinh bay tém tdt mot 56 k&t qud nghién cifu vé vat liéu hip thu séng radar. Vi
inh chat ciia d& @i hau nhu khdng c6 cong b khoa hoc, viée nghién cifu bao gbm tif cdc van
de 1y thuyét cd ban dan tdi viéc ché tao cdc hé vit liéu, do dac cdc thong s6 hap thy, phdn xa
séng radar dudc trinh bay hét sic co dong.

2. BAN CHAT Sy HAP THU SONG RADAR CUA VAT LIEU:

Ning lugng séng dién tir (radar) dudc bidu diZn bing phudng trinh Mdcxoen [1]
W= j(E.D +B.H)v (1)
v

Trong d6:
E - Cudng do dién trudng
D - Cam iing di€n
B — Cdm 1dng tit
" H - Cudng do tiY trudng
Tix (1) cho thdy séng radar gdm hai thanh phin, séng dién va tir tryc giao vdi nhau va
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vdi cd phudng truyén,

Cudng d6 clia cdc séng thanh phin khi tudng tdc vdi vt liéu s& chia lam ba thanh
phin: '

I=Ig+H A+t (2)
I: Cudng dd song téi, I, Ia, It 12 cudng d¢ séng phdn xa, cudng d6 séng bi hdp thu va
cudng d6 séng truyén qua tuong iing. D6 v6i muc tiéu biing kim loai thi thianh phin I;=0, ltc
doé:
I=lg+Ia (3)

Thanh phan Ig bao gdm phén xa hinh hoc va phdn xa thi c4p do t4i hop dién ti - 16
tréng phét ra bifc xa c6 ciing tin s nhung ngudc chigu (phan xa) véi séng t6i. Thanh phin
hép thu I, phu thudc vao khd ning bit giit va chuyén ning lugng dién tir cia séng radar
thanh dang ning lugng khéc (t6n that dién tiY cia vat liéu) Tén that ning lugng séng radar khi
wdng tdc vdi vat liéu bao gdm: '

- Tén that nhiét do dong dién cdm Wng xudt hién khi vét liéu 1a vat din dién. Tén
hao nhiét tudn theo dinh luit Joule — Lentz, c6 nghia phu thudc vao cuding d6 dong
cam tng (I*) va dién trd vat liéu.

Dong cdm tng siéu cao tin chi xuit hién trén bé mit vat din mot 16p mdng A [2].
Ien=loxe ™ (4)
Icy: cudng d6 dong dién cdm dng
Ip: Cudng dd dong dién phat.
A: Chiéu day 16p xudt hién dong cdm tng.

A =5030x |—P - xem (5)

M x
p,p: Dién trd sudt va do tir thim cda vat liéu; f — tin s6 séng radar.

Tir (4) va (5) cho thdy tdn sd s6ng radar cang 16n, chieu day 16p hap thu cAng méng,
mic dd tén hao 16n do phdt nhiét, nhung do 16p hdp thu qui mdng lugng hip thu s& khong
16n, d6 ciing 12 1y do tai sao radar c6 tin s8 cing cao thi khd ning ph4t hién muc tiéu cing
16n.

- Tén hao do phan cyc; trong khodng tin s§ <100GHz dang phén cuc chd yéu 1a

phan cuc xoay. Sy xoay cdc vector dién, ti¥ trong cdc viang “domen” theo chiéu
clia dién, ti¥ trudng ngoai gy ra sy ma sat, din tdi ton that dudi dang nhiét. 3]
P=K><E2><fxexlg6 (6)

P: Tén that dién méi.

E: Cutng dd dién trudng.

F: Tan s& s6ng radar.

¢: Hing s6 dién moi.

d: Géc léch pha giita dong dién va dién dp.

Ngoai hai dang t6n hao k€ trén con ¢6 cdc hiéu tng khdc dong gép vao cd ch hdp thu
séng dién tir ciia vat liéu nhu tir gido, 4p dién (chuvén dién ning thanh cd nang), bién sic
(dién — quang), hiéu ng bit gii ludng tir cia cdc hat nano va hiéu @ng tdn xa [4][5][6].

M3t vat liéu nguy trang radar it nhat phdi k&t hop tif hai hiéu dng chuyén héa ning
lugng trd 1én. '
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3. THUC NGHIEM:
a. Ché'tao mdu:

Dua trén nhitng nghién ctiu V& tudng tdc gilta vat liéu va séng radar ndi trén, hang
loat thi nghiém da dudc tién hanh dé xdc dinh 4% h4p thu séng radar ciia nhigu hé vat liéu
chon loc theo dinh hu6ng. P2 tim duge va ché tao thanh cong cdc loai bt hip thu dat yéu
Giu cho muc dich nguy trang radar. Vi tinh chit cda dé tai,bai bdo nay khong de cip dén
nhitng nghién cttu thanh phin, t8 chic, tinh chit va ché& tao bdt hdp thu, xin chi dirng lai &
muc ché tao cdc miu vai nguy trang. ‘

Céc miu thi nghiém 13 cdc miu vdi nguy trang dudc ch& tao theo ba loai mau khdc
nhau, duge phoi ché& thanh phin vét liéu x4c dinh, do dd hap thu lip lai nhiéu lan trong céc
khodng thdi gian khdc nhau trong ndm va méu dugde dé trong méi truding nang, mua lién tuc.

Loat mAu thit nhat trén cd s& vai bat kich thudc 150mmx100mmx lmm, trén b& mat
phit 16p son hdp thu séng radar trén cd s3 Poliuretan bién tinh bing cao su butadienitdrin va
céc bot hap thu.

Loat miu tht hai 12 composite trén cd s8 cdc t&m vai bat — cao su x6p lién két vdi
nhau theo kiéu sandwich ¢6 kich thudc 150mmx100mmx2,5mm. B2 mit composite dudc phi
16p son hap thy nhu loat mau thit nhat.

Loat miu thit ba ciing 12 composite vdi — cao su x6p nhu loat thdt hai nhung b& mét
dudc phi 18p son epoxi — bt hap thu.

T4t c4 cdc nguyén vt liéu ding dé€ ché tao ba loat mau trén déu c6 sin va ty ché tao
dudc & Viét Nam. Céc loat méu dudc do d6 hap thy theo cling mot quy trinh, cting digu kién.

b.. Quy trinh do

Phuong phép do va thiét bj do

Phuong phédp do nhu hinh v&. Antenna phit va antenna thu dudc dit sao cho tryuc biip
séng bitc xa cit nhau tai tdm clia gé d8. Céc truc ndy hop thanh mot goc xdc dinh trude song
song v6i mit phing ngang.

Antenna phét s& phat di mot séng dudc dieu ch&. Antenna thu sé& thu thanh phan phdn
xa. Diode tdch séng s& tdch séng tin hiéu thu dudc dé& cho vao bod hién thi. Thiét bi do la h¢
th6ng Radar siéu cao tin ciia B Mon Vi&n Théng — Pai hoc Ky Thuat TpHCM nhédp ¥
Cong Hoda Lién Bang Piic,1999.

Heé thdng nay duge dung xdc dinh mifc dd hap thu cta vét liéu va cho phép xdc dinh
nhanh hé s& phan xa dudi moi diéu kién séng téi va moi diéu kién phén cuc.

K&t qua do dugc so sdnh véi mau vt li¢u hédp thu s6ng radar ciia Han Quéc ciing nhry

Antenna phat
TX

Vich hip thu
Tam kim loai toan song dién
tir, chéng

r ‘ phdn xa
Miu
[ HiénThi HDesegfj@ P

Antenna thu i
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mdi trudng nguy trang bing 14 ciy, cd dat.

Hé s6 phan xa

Cdc tdm kim loai dugc thay thé€ biing vit liéu cin kiém tra. Thay déi suy hao, XdB,
cho phép tinh hé sd phdn xa nhu sau:
X =101og,(P;/P,) (7
trong d6 P, =c6ng sudt phdn xa ti¥ vat liéu cin kiém tra vd P,=c6ng sudt phan xa tir tim kim
loai.

Vi thé [R|” 1 hé s6 phan xa cong sust = P, /P, =10%/10)
Phin trim cong suit phdn xa = |R[2 x 100 (8)

4. MQT SO KET QUA PO PO HAP THU SONG RADAR VGI F=10GHZ, A=3CM
CUA CAC MAU TRONG PHONG THI NGHIEM:

Miu Suy hao (db) Hap thu (%) Ghi chi
Ban | 6thdngsau | Ban | 6thdng sau
diu diu

L4 cidy non -6 gis

Li ciy gia -7 79

Co rAim+dit+im -9 88

Nudc -20 08 Mifc tdi da
Han Quéc 1 -8 82

Han Qudc 2 -9 88

Loat miu Nyl

1-1 -6 -6 75 75| Son2ldp
1-2 -6 -6 75 75| Son3lép
1-3 . -5 -5 71 71| Sonll6p
Loat miu N2

Sl 12 %) 94 94| San 2 16p
2-2 -12 -12 94 94 | Son31dp
2-3 -8 -8 82 82| Sanll16p
Loat miu Ny3

3-1 -15 -15 97 97| Son3ldp
3-2 -15 -15 97 97| Son2ldp
33 -8 -8 82 82| Son 1 1dp

Nhin vao bang két qua do d6 hap thu séng radar cla cdic mau trong phong thi nghiém
ta c6 mdt s& nhan xét: '

7 L4 cdy, tiy mifc d§ va digu kién c6 d6 suy hao tir -6 dé€n —9dB tuong dng d hip thu
tit 75% dén 88%. Hai miu Han Qudc 1 va 2 ¢6 d6 hap thu séng ra twong Wng 1a 82% va 88%
nim trong dai hdp thu cia 14 cdy. Cdc miu 1-1, 1-2, 2-3, 3-3 do chiing t6i tu ché tao ¢ dd
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hap thu séng radar twong Ung 1a 75%, 75%, 82%,82% nim trong dai hap thu cia ld cdy. Cdc
mau 2-1, 2-2, 3-1, 3-2 c6 dd hép thu séng radar tudng ng 12 94%, 94%, 97%, 97% déu trén
mitc hdp thu cta 14 cdy do d6 co thé 4p dung nguy trang trong moi truding nude hodc khong
khi. Tuy nhién dé dép Gng mic do hap thu séng radar bing do hdp thu ctia nude (98%) cén
thay déi k&t cdu thi€t bi nhdm tao ra bé mit tdn xa séng radar.

V.KET LUAN
Tir nhitng nghién cttu va thyc nghiém da néu rit ra mdt sd két ludt nhu sau:
- B4n chat su hdp thu séng radar cla vit liéu la su chuyén héa niing lugng dién tir
thanh c4dc dang ning lugng khdc.
- Di ché tao dugc mdt loai composite trén cd s6 vdi — tdc nhén hap thu ddp ing yéu

cau nguy trang. Tir d thy vao diéu kién dia hinh, moi truGng mat dat, hai déo ..
Chiing ta hoin toan c6 thé ché tao loai bat nguy trang theo yéu cu. '

SOME OF THE RESULTS OF THE RESEARCH FOR RADAR
ABSORBENT MATERIALS

Nguyen Van Dan — Nguyen Khac Khoa — Nguyen Minh Hai
Hoang Ninh Chien — Nguyen Duong The Nhan

Abstract: Radar absorbent materials have been studied and manufactured. Some of the results
of research are obtained as follow: Radar absorbent materials are formulated by electro —
magnetic loss; A cloth — absorber based composite has been manufactured for radar
camouflage and stealth applications.
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