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The fuze is the heart of the artillery shells and contains many of the
manufacturer's technological secrets. In particular, the radio proximity
fuse utilizing the doppler effect has always received special attention
from many weapons experts because it ensures the technical
requirements and is not too expensive to manufacture. This paper
presents the theoretical basis for a mathematical model to determine the
dependence of the doppler frequency of the radio proximity fuse utilizing
the doppler effect on the miss distance of artillery shells. On that basis,
the authors have evaluated the change in the value of Doppler frequency
when changing relative velocity and miss distance of artillery shells using
Matlab software. The results have shown that when the miss distance of
artillery shells increases, the value of doppler frequency also decreases
and approaches 0. The Doppler frequency reaches the maximum value
when the miss distance of artillery shells is zero. The results obtained can
be applied to calculate and design the radio proximity fuse utilizing the
doppler effect for artillery shells to destroy aircrafts.
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Ngoi n6 1a trai tim ciia qua dan va chtra nhiéu bi mat cong nghé cua nha
san xuit. Trong d6 ngoi nd khong tiép xuc st dung hiéu ing Doppler
luén nhan duoc sy quan tdm dic biét cua nhiéu chuyén gia vii khi do
dam bao duoc cac yéu cau ki thuat va c6 gia thanh san xuét khong quéa
cao. Bai béo trinh bay co s 1y thuyét xay dung mé hinh toan hoc xéac
dinh sy phy thudc tan sé Doppler cua ngoi nd khong tiép xuc vao do
truot muc tiéu cua dan phdo. Trén co so d6 nhom tac gia da tién hanh
danh gia su thay doi gia tri cua tan sb Doppler khi thay doi van tdc
tuong ddi va d¢ truot cuia dan phao bang phan mém Matlab. Két qua
nghién ctru da chi ra rﬁmg khi d6 trugt cua dan phéao tang thi gié tri cua
tan s6 Doppler ciing giam theo va tién t&i 0. Khi d6 truot cua dan phao
bang khong thi tin sé Doppler dat gia tri I6n nhit. Két qua thu dwoc co
thé dugc 4p dung trong giai doan tinh toan va thiét ké ngoi dan khong
tiép xuc Doppler ding cho dan phéo dé tiéu diét may bay.
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1. Gi6i thiéu

Nhiém vu chinh cua dan dugc la ti€u diét hodc sat throng muc tiéu cua dbi phuong. bay ludn
la nhiém vu v6 cung kho khan va phic tap, dac blet 1a dbi voi dan phiao phong khong nd pha sat
thuong bang manh vang su dung ngoi nd khong tiép xtic Doppler.

Ngoi khong tiép xtc di bat dau dugc quan tim tir nhimg nam 1940 va dat dugc nhiéu tién bo
vao nhitng ndm 1946 [1] XUt phat tir sy hoat dong khong hiéu qua cua dan phdo phong khong st
dung ngdi cham no co khi [2]. Dé dam bao bi mat vé cong ngh¢ quan sy nhiéu cong trinh nghlen
ctru di khong duoc cong bd rong ral trong tai liéu “Nguyén tic ciu tao va van hanh ngoi nd vo
tuyén tén lira phong khong tim xa” clia nhom téc gia ngudi Nga [3] ra doi da hé 16 nhiéu két qua
nghién ctru, song khong trinh bay cu thé cac mod hinh toan hoc dé dat duoc cac két qua do. bén
nam 2005 tac gia nguoi Nga S. Veksin dé cho ra doi Cuén sach “Xir 1y tin hiéu radar trong dau ty
dan Doppler” da dé cap va cing dua ra két qua mot s nghién ciru dén viée ap dung hiéu tng
Doppler trong ngoi n6 khong tiép xuc [4]. Ngoai ra, chuyén gia vii khi dan M. A. Kolodny di c6
cong trinh nghién ctru ban vé lich sir phat trién 1au dai va lién tuc clia ngoi vo tuyén khong tiép
xtc [5]. Viée phat trién cam bién danh cho ngoi n6 khong tiép xuc dé phat hién Muc tiéu va kich
nd dan dung thoi diém ‘ngdy cang dugc ap dung nhiéu thanh tuu khoa hoc tién tién nham giai
quyét triét dé hon cac van de ma trude do chura tirng duoc giai quyet hoan toan [6 - 8].

Tai Viét Nam hién nay van chua c6 cong trinh nghién ciru ndo vé vin d& nay duoc cong bd cu
thé. Trong khi d6 yéu cau lam cha cong nghé dam bao kha nang bao dudng, sua chira, cai tién vii
khi trang bi lu6n la nhiém vy hang dau va ngay cang tré nén cap bach hon bao gio hét. Vi thé,
van dé xac dinh sy bién thién tan s6 Doppler cua ngoi khong tiép xic Doppler nhan dugc sy quan
tam cua rat nhidu nha khoa hoc trong va ngoai nudc song do tinh bao mat thong tin lién quan dén
bi mat vé cong nghé vii khi quan su nén cac cong trinh nghién cttu cu thé vé né hau nhu khong
dugc cong bd cong khai.

Chinh vi véy, viéc nghién ctru xac dinh tin s6 Doppler cia ngoi khong tiép xac Doppler ¢ ¥
nghia c4p thiét va khoa hoc. Trong nghién ciru ndy tac gia da trinh bay mé hinh toan hoc xac dinh
su phu thugc cua tan sb Doppler vao do truot gitra dan phao va muc tiéu khi st dung ngoi nd
khong tiép xtuc Doppler.

Céu tric bai bao bao gdm: Phan 1 trinh bay cac nghién ctru qudc té ndi bat, thuc trang van dé
nghién cuu tai Viét Nam tir d6 lam nol bat tinh cap thiét cua noi dung nghién cuu. Phan 2 trinh
bay mé hinh toan hoc xac dinh tan sé Doppler cua ngoi n6 khong tiép xuc st dung hiéu tng
Doppler theo thoi gian khi véan téc twong dbi va do trugt muc tiéu ciia dan phéo phong khong.
Phan 3 trinh bay két qua nghién ctu, pham vi 4p dung cta n6 va cac huéng mé can tiép tuc duoc
nghién ctu.

2. Hé truc toa do

Chuyén dong tuong ’dc”')i cua myc tiéu duge md ta la vi tri hign tai khdi tim cta no trong h¢ toa
d6 quy chieu. Vi hé thong rada gan va phan chién dau hoat dong dua trén cac nguyén tac vat ly
khac nhau, nén vi€c xay dung cac mo hinh toan hoC cua chung cling can str dung cac hé toa do
riéng. D€ xay dung moé hinh toan hoc cua tan s6 Doppler ching ta sir dung hé toa d6 hinh tru lién
két V(yi‘ hé toa do van téc thang OX,Y,Z, véi gbc toa do dat tai vi tri ang ten phat xa cta hé thér]g
rada gan va do6 ciing chinh 1a vi tri ctia dan, véi gia thiét muc tiéu tai vi tri T va hudng chuyén
dong tuong ddi ciia myc tiéu véi dan 1a huong cia véc to Ve (Hinh 1). Truc OX, song song véi
vector van toc twong d6i dan — muc tiéu Vs, mat phang toa do OX,y, tring véi mat phang tam giac
van toc duoc tao thanh tir cac vecto van toc: Ves Voo V. Vi tri cua diém T duoc xac dinh boi
cac dai luong: X, h, €, trong d6 X - 1a toa do DPé-cat; h- 1a khoang cach tur géc toa do O dén
hinh chiéu T cua diém T trén mat phing OY,Z,, dic trung cho do chinh xac dan va duoc goi la
do truot; Goc cuc &- 1a pha cua do truot. h, &- goi la toa dd cuc cua diém T'.
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Hinh 1. Hé toa dé hinh tru va hé toa dé vén téc

Trén hinh 1 thé hién quy dao chuyén dong cua muc tiéu tuong ddi so véi hé théng rada gan
Vv6i hudng cua vector van toc twong ddi hudng tir phai sang trai. Trong d6, gbc toa do O 1a vi tri
dat rada, muc tiéu tai vi tri T.

Do thoi gian tuong tic cua hé thong rada voi muc tiéu 1a rat nho nén co thé coi chuyén dong
tuong ddi gitra chiing 14 thang déu.

3. Xay dung md hinh toan hoc x4c dinh tin sé Doppler ciia ngoi né khong tiép xiic Doppler

Gia sr rang dan va muyc tiéu chuyen dong nguoc chiéu nhau va chuyén dong cia muc tiéu 1a
thing déu so vé6i dan, khi d6 tan s6 Doppler ddi véi ngoi vo tuyén chu dong duoc xac dinh theo
cong thuc [4]:

fy=Af =5, — f o= \icose +\icose (1)
A A
Suy ra:
2V
f, =—"cosO 2
¢ = )

Trong d6, A -d6 dai budc song tham do; 0 -gdc phat hién muc tiéu (hinh 1); Vy - van tdc tuong
ddi cua dan — muc tiéu.

Theo cong thirc (1) rd rang gia tri f; c6 thé nhan gia tri 4m hodc dwong. Do d6 khi xét vé gia tri
do 16n cua fata phai ldy gi4 tri tuyét déi cia né. Trong khuon khd bai bao nay tac gia thé hién ca
d6 16n va huéng (chiéu) ddi véi truong hop muc tiéu va dan tién lai gan nhau va khi di xa nhau.

Khi muc tiéu va dan con & cach xa nhau, tan sd Doppler dugc str dung dé danh gia d6 16n
vector van toc tuong dbi.

f.A
e = . (3)
2co0s0
Goc kich nd dau dan O duogc xac dinh theo cong thuc:
0 = arcos——>~__ )

Jh? +x2
Trong ngoi dan v tuyén cha dong c6 bd phan phat tin hi¢u (chiéu xa) toi muc tiéu va bd phan
thu tin hiéu phan xa tir myc tiéu. Vi ngoi vo tuyén chu dong thuong ap dung ddi véi phuong
phap tu dan t6i myc tiéu hay con goi la ban quén. Song khong gian trong ngoi dan rat nho tao nén

nhiéu kho khan trong viéc bd tri dong thoi hai bo phan thu va phat ciing nhu cac thiét bi phu tro
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dic biét 1a ngudn nudi cho ching. Tir d6 1am ting muc do phic tap khi san xuit va van hanh,
cling nhu chi phi ting cao 1én nhiéu lan. Chinh vi Iy do d6 ngoi vo tuyén ban chi dong di ra doi
dé khic phuc cac kho khan ké trén. Trong ngoi vo tuyén ban chu dong chi bé tri bo phan thu tin
hiéu duoc phan xa tir muc tiéu. Bo phan phat tin hiéu (chiéu xa) téi muc tiéu dugc dit bén ngoai
ngoi dan, co thé duoc dat trén may bay hay rada mat d4t. Vi thé bai toan dat ra sé khong mat di
tinh tong quat khi tap trung nghién ctru ddi voi ngoi vo tuyén ban chu dong.

Tir cong thie (2) ta c6 thé xac dinh duoc tan s6 Doppler d6i V&i ngdi vo tuyén ban chu dong:

V
f, =—TtcosO 5
a= )

Nhu vy, rd rang rdng tan so Doppler ti 1& thuan véi ban kinh V_cos6, phu thuoc vao van

téc duong ddi gitra dan va muc tiéu V. va ti I& nghich véi bude song.
Cong thirc (2) va (5) duoc st dung trong trudng hop muc tidu diém, tic 1a kich thudc cia no
nhé hon nhiéu so véi dién tich cua canh song.
Theo hinh 1 thi cong thuc (5) ¢6 thé viét lai dudi dang sau:
Vi X%

fo=Yn A
4= ,—hz N Xf (6)
Trong do, x, = X, (t) 1a hoanh d§ myc tiéu tai thoi diém t va dugc xac dinh theo cong thic:
X, =X, =Vt @)
O day, X, - hoanh toa d¢ ban dau ciia muc tiéu tai thoi diém t =0 trén quy dao twong dbi. Va
tinh tir thoi diém nay muc tiéu nam trong ving hoat dong cua ngoi hay con goi la vang can dich.
Khi muyc tiéu ¢ gan dan hay con goi la can dich, tan s6 Doppler dugc stir dung dé xac dinh gia
tri do truot h theo cong thic:

(8)

Thay (8) vao (7) ta dugc:
fd (t)=

\ﬁ Xo _Vrt 1

| 2 2 )
A%+ (% =V, b)

Cong thic (9) dac trung cho dai thay déiﬂcﬁa tan sé Doppler trong vung cdn dich va xac dinh
gia tri tirc thoi cua tan s6 Doppler tai thoi diém t. T cong thuc (9) ta thay rang, quy luat thay doi
tan s6 Doppler theo thai gian phy thude vao cac tham sé V,, va h. Dé thuc hién dugc diéu do,
ngoai thong tin vé van téc tuong ddi V., can thiét phai danh gia dai lugng N trén co s& phan tich
mdi quan hé phu thuoe f, = f, (t).

Theo cong thirc (9) gia tri tin s6 Dopple f dat gia tri 16n nhat khi do trugt h=0:

V
f =" —const,
dooMax /1

. . X
va c6 gid tri nho nhat T, =0 khi X, =Vt =0, tuc la tai thoi diém t = =2
rt
Vi du: v6i h=20m, V,, =1000m /s, A =20m va x, =40m thi su thay doi gia tri
f, theo thoi gian trong vang cén dich d6i v6i muyc tiéu diém duoc thé hién trén hinh 2.
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Hinh 2. Si thay doi tan sé Doppler theo thoi gian déi Véi muc tiéu diém trong ving cdn dich

Tir hinh 2 nhan thdy rang f 4 (O) thay d6i dang ké khi dan trong ving can dich. f 4 (1) >0 khi
dan va muyc tiéu di chuyén lai gan nhau trong khoang thai gian tir 0 dén 0,04 giay, va f,(t) <O
khi dan va muc tiéu di chuyén dan xa nhau trong khoang thoi gian tir 0,04 dén 0,08 gidy. ’

Tai thoi diem © = 7t/ 2, thi tan so Doppler dat gia tri nho nhat f, , . =0 nghia la toc do
thay do6i tan s Doppler 1a 16n nhat, liic nay khoang cach giita dan va muc tiéu 1a nho nhat va
bang do truot h. Khi dan va muc tiéu bay ngang qua nhau thi gia trj cua fd (t) tang dan. Nhiing
tinh chat dong dac biét nay cua tan sé Doppler trong hé théng rada gan duogc sir dung dé giai cac

bai toan khac nhau. 7
Véi h=20m, v, =500m /s, 2 =20m va x, =40m thi su thay doi f, theo thoi

gian trong ving can dich déi véi muyc tiéu diém duoc thé hién trén hinh 3.

2 : : ! ! ! ! !

RS NS O S S N ——
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1M0F-------- [ [ [Ap— [ — [ — [ W — [ —
' ' ' ' ' ' '
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ts)

Hinh 3. Si thay déi tan sé Doppler theo thoi gian doi véi muc tiéu diém trong vimg cdn dich
Vé6i @6 truot 20 m, van tdc trong dbi ting dan tir 500 m/s dén 1000 m/s, bude song A =20m
va X =40M thij sy thay d6i s theo thoi gian va van téc twong déi gitra dan va muc tiéu trong
vung cén dich doi vai muc tiéu diém dugc thé hién trén hinh 4.
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Hinh 4. Si thay déi tan sé Doppler theo thoi gian ~ Hinh 5. Su thay déi tan sé Doppler theo thai gian
doi V6i Muc tiéu trong viing cdn dich doi V6i muc tiéu diém trong vung cdn dich khi d¢
khi vén téc rong doi thay doi theo thoi gian trueot thay doi h
Theo hinh 4 ta thiy rang fd tdng khi V,, tang. Ngoai ra ta dé dang xéc dinh dugc f, tng voi
ting gid tri ciia van tc twong d6i tai moi thoi diém. Ung voi dai van tc tuong d6i di cho ta c6
thé xac dinh duoc chinh xé4c thoi diém ma tai d6 d0 truot 1a nho nhat khi f, = 0.

Tu hinh 4 va cong thirc (9) ta nhan thay rang, khi van tdc twong ddi giita dan va myc tiéu giam
thi gia tri cua tan s6 Doppler cling giam theo, va nguoc lai.

Voi @0 truot 1an luot 14 0 m; 20 m va 40 m, v, =500m/s, A=20m va x,=40m thi sy
thay doi f 4 theo thoi gian trong ving can dich dbi v6i muyc tiéu diém duoc thé hién trén hinh 5.

'
Tir hinh 5 va cong thic (9) ta nhan thdy ring, khi h=o0, thi fo = foe =—"=CONSt. K
h=30mva h=60m, thi f, giam dan theo thoi gian va giam manh khi gia trj cua do truqt h

tang 1én.
Tir cong thuc (9) ta nhan thiy f ; khong phu thudc vao &. Trong khong gian ba chiéu, khi cho

trudc cac gia tri V., A va 0 chi nhan dugc mot va chi mot gia tri f,; va dugc minh hoa trén hinh
1. B& mit hinh try (hinh 1) déc trung cho tap hop céac gia trj cua f 4+ Tin hi€u tuong ting Véi céac
diém trén cling mot mat cat cia hinh try (hinh 1) vudng géc véi truc X, khong thé phan bit
duoc theo tan sé fd . Bidu d6 c6 nghia 13, tin hiéu dau vao cua bd thu tir hai hay nhiéu muc tiéu
duoc coi la mot.

4. Két luan

Trén co s¢ nghién ctru 1y thuyét, c6 thé rat ra mot sé két luan co ban sau:

- Bai bao di trinh bay co s6 1y thuyét xdy dung m hinh toan hoc tinh toan tan sé Doppler ciia ngoi
nd khoéng tiép xuc theo thoi gian khi c6 tinh dén su thay d6i cua van tde tuong ddi va gia tri trugt myc
tiéu cua dan phao phong khong sur dung ngoi n6 Doppler. Két qua nghién ctru da chi ra rang, gia tri
tan sb f, ty I thuan vei van téc twong dbi gitra dan va muc tiéu, ti 1& nghich véi do truot, budc

song cua hé théng rada gan. Khi do truot h tang thi gia tri cua tan sb Doppler ciing giam theo va

tién t6i 0. Khi do trugt h =0 thi tan sb Doppler dat gia tri I6n nhat fau Va phu hop vai két
l

qua trong tai liéu [2], [5].
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- Nghién ctru su thay ddi tan sb Doppler khi cin dich 1a co s& quan trong dé xac dinh thoi
diém kich nd dan. Can ctr vao tinh chat phan manh cua dan phéo phong khong va cong suit téi da
ctia bo thu phat tin higu trén ngoi dan dé xac dinh khoang cach t6i da kich nd dau dan cho phép
xéc sudt tiéu diét muc tiéu cao nhat. Két qua nghién ctru co gia tri trong giai doan thiét ké ngoi
dan phao phong khong sir dung ngoi nd khong tiép xtc Doppler.

- Két qua thu dugc mo ra mot s6 van dé can tiép tuc nghién ctru nhu xay dung mo hinh toan
hoc xac dinh ving sat thwong bang manh cta dau dan dbi véi gia tri pha truot va van toc tuong
ddi gitra dan va muc tiéu cho trude, xay dung mo hinh toan hoc xac dinh goc kich nd dau dan,
thoi diém kich nd dau dan...
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