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TOM TAT

Bai bao nay trinh bay mot mo hinh toan hoc mo phong quy dao cua tén lwa dan dao, co xét
dén cac yéu 16 vat ly quan trong nhu lyc can khi dong hoc, sy thay déi mat dg khi quyén theo do cao
va anh huong cia lue Coriolis do sw quay ciia Trdi Pat. Hé phwong trinh chuyén déng dwoc gidi
bang phwong phdp sé Euler dé mé phéng quy dao bay trong khéng gian hai chiéu va ba chiéu. Két
qud cho thdy e can khéng khi lam giam ddng ké tam bay va do cao ciee dai, trong khi luc Coriolis
gady ra sai léch phwong ngang ciia quy dao. M6 hinh dé xudt c6 wu diém vé tinh don gian, hiéu qua

tinh toan va phu hop cho cdac bai toan mo phong.
Tw khéa: Quy dao bom,; Hé 56 xcfp xi; Lyc can khong khi; Ban dao; M6 phong $0.
ABSTRACT

This paper presents a comprehensive mathematical model for the trajectory of ballistic
missiles. The model considers gravitational variation with altitude, aerodynamic drag with
exponential atmospheric density, and Coriolis effects due to Earth's rotation. A numerical solution
based on the Euler method is applied to simulate missile motion in two and three dimensions. The
results demonstrate that aerodynamic drag significantly reduces range and altitude, while Coriolis
force introduces lateral deviation. The proposed model provides a balance between computational

efficiency and physical realism, making it suitable for simulation and educational purposes.

Keywords: Ballistic missile; Trajectory modelling; Drag force; Coriolis effect; Numerical

simulation.
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1. PAT VAN PE

Mo phoéng quy dao tén Itra dan dao la
mot bai toan quan trong trong linh vuc k¥ thuat
hang khong vii tru va co hoc ung dung. Quy dao
cua mdt tén lra dan dao thuong dugc chia thanh
ba giai doan chinh: Giai doan ting toc (boost
phase); Giai doan bay tu do (midcourse phase);
Giai doan roi xuéng muc tiéu (terminal phase).

Trong nghién clru nay, trong tam la giai
doan bay tu do, khi tén Itra chuyén dong dudi
tdc dung cua céc luc tu nhién ma khong con
lIuc déy tor dong co. Khéc vai bai todn ném xién
don gian, mo hinh thyc té can xét dén: Luc can
khong khi phi tuyén; Mat d6 khi quyén thay doi
theo d6 cao; Anh hudng ctia chuyén dong quay
cua Trai Dat.

Muc ti€u cua bai bao 1a xdy dung mot
mo hinh todn hoc c6 do chinh xac cao nhung
van dam bao tinh don gian trong tinh toan.

2.CO SO LY THUYET

Trong qué trinh chuyén dong cua tén
Itra, cac lyc tac dung 1€n tén Itra bao gém: trong
luc, luc can khong khi va lyc Coriolis.

- Trong luc:

O=mg (1)
- Luc can khong khi:

R, = % p(h)C,SV ?)

Trong do: p(h) - Mat do khong khi tai
do cao h; C_-H¢ s6 can; S - Dién tich can; V -
Van téc.

Theo [1], mat d6 khong khi tai d cao h
dugc tinh theo cong thirc sau:
p(h)=pe™" 3)

Trong d6: p, - Mat do tai muc nude
bién; H - Chiéu cao dic trung khi quyén.

- Luc Coriolis:

Luc nay Coriolis xuat hién do hé quy
chiéu quay cua Trai bit, theo [1], luc nay dugc
tinh theo cong thic dudi day:

—

F.=-ma.

. 4)
a.=QxV

3. MO HINH TOAN HQC

Str dung hé toa do xuat phat, theo [1],
[2] m6 hinh toan hoc cua tén Itra dan dao dudi
tac dung cua cac lyc nhu da trinh bay & trén
dugc mo ta qua h¢ phuong trinh sau:

e
mYV
: RV
V =g 2 5)
' & mV
V.=a,

4. KET QUA VA THAO LUAN

Giai hé phuong trinh (5), st dung céac
diéu kién ban dau cho loai tén lra dan dao
chién thuat tim ngin SRBM (twong ty nhu tén
Itra Scub), v6i cac théng sb cu thé dugce cho
nhu trong bang 1: Thong s tén lira.
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Bdng 1. Cdc tham sé co ban cua tén lita SRBM

Tham sb Ky hiéu Gia tri DPon vi
Khdi lugng ban dau m 5860 kg
Téc d6 tiéu hao nhién liéu dm 60 kg/s
Lyc day P 133000 N
Duong kinh Prum 0.88 m
Hé s6 can C, 0.3 -

Tuy thudc vao cac giai doan khac nhau cua
quy dao tén Ira ma tén ltra duogc di€u khién theo
cac quy luat khac nhau cta goc nghiéng 0 [3]:

Giai doan 1: Bay thang dimg (voi thoi
gian bay tir 1 dén 3 giay): 0(t) = 90°;

Giai doan 2: Lay goc nghiéng (goc
nghiéng gidm tuyén tinh trong khoang thoi gian
tur 3 dén 8 gidy): 0(t) = 90-kt;

Giai doan 3: Go6c nghiéng dugc tinh
theo da thirc bac 5:

O =A,+A t+A, C+A C+A A

Trong do, theo [2], gi4 tri ciia cac hé¢ )
c6 thé dugc tinh mot cach gan dung nhu sau:

A, =50.50448806; A, = 17.77062;
A,=-3.21136; A, =0.22179;
A, =-0.0059105; A, = 0.000030864.

vy ]
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Hinh 1. Két qua mé phong quy dao cia tén hira
trong khong gian

Két qua mo phong quy dao cua tén lira
dugc mo ta trén hinh 1, tr d6 thi nay cho thay:

- Quy dao thyc té khong ddi xtmg nhu
parabol 1y tuong, d0 cao cuc dai bi gidm dang
ké va tdm bay ngan hon so véi truong hop
khéng c6 luc can. Piéu nay ching to luc can
khong khi dong vai tro chi phdi hinh dang quy
dao.

Hinh 2. Két qua mé phong sw thay déi vin téc ciia
tén lira theo tam bay

Két qua mo phong van tbc cua tén lira
theo tim bay cuia tén Itra dugc thé hién nhu trén
hinh 2, cho thiy: van téc giam nhanh trong giai
doan dau, sau dé giam cham dan khi mat do
khong khi giam. Tir dy c6 thé thy lyc can phu
thuoc manh vao vén téc va mat do khong khi,
day la nguyén nhan chinh lam suy gidm nang
luong cua tén lua.
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Tam bin [m] L
Hinh 3. Két qua mo phong do léch cua tén lia theo
tam bay

Két qua mo phong do 1éch cua tén lia
theo tim bay duoc thé hién tai hinh 3, két qua
nay cho thdy: Quy dao bi léch theo phuwong
ngang va d¢ 1éch phu thudc vao cac tham sb
vén tbc, thoi gian bay va vi d§ phong. B 1éch
cia quy dao chu yéu giy ra do tac dong cua
luc Coriolis. Tir két qua md phong co thé rut ra
nhén xét vé anh huong cua luc Coriolis 1én do
léch ctua quy dao tén lira dan dao nhu sau:

- Véi tam ban ngan: Luc Coriolis anh
huong nhé dén do 1éch cua quy dao;

- Vi tén ltra tim xa: Luc Coriolis anh
huong dang ké dén do 1€ch cua quy dao.

5. KET LUAN

Két qua mo phong cho thiy quy dao
thuc cua tén lira dan dao khéac dang ké so v&i md
hinh ly tuéng do anh hudng cua luc can khong
khi va su thay d6i mat do khi quyén. Ngoai ra,
lyc Coriolis gay ra sai 1éch phuong ngang, rd
rét dbi voi cac quy dao tim xa. Phuong phap
Euler mic du don gian nhung van cho két qua
phu hop trong pham vi nghién ctru.

Bai bao da xay dung m6 hinh mé phéng
quy dao tén lira dan dao c6 xét dén cac yéu
td thuc t& nhu luc can khong khi, mat do khi
quyén va luc Coriolis. Két qua cho thy: Luc
can 1am giam dang ké tam bay, luc Coriolis gy
le::ch quy dao va phuong phap sb cho hiéu qua
tot. «
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