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TOM TAT

Bai bdo trinh bay phirong phdp tinh todn cdc tham sé quy dao ciia bom hang khéong bang
cach stk dung cdc hé sé xdp xi. Thay vi giai hé phwong trinh vi phdn phi tuyén phirc tap mé td chuyén
dong ciia vt thé trong khi quyén, phirong phdp xdp xi dwoc dé xudt nham giam déang ké thoi gian
tinh todn ma van dam bao dé chinh xdc can thiét. Trong nghién ciru, cdc phwong trinh chuyén déng
c6 xét dén liee can khong khi dwoc sit dung dé tao div liéu chuan. Trén co s d6, phwong phdp binh
phirong 16i thiéu dwoe dp dung d@é xdy dung cdc ham xdp xi mé ta moi quan hé giita cdc tham sé
ban dau (d¢ cao tha, vin téc, géc tha) va cdc dai lirong dau ra (tam bay, thoi gian bay). Két qua cho
thdy phwong phép xdp xi c6 thé thay thé hiéu qua phirong phdp gidi sé trong nhiéu bai todn thiee té,
ddc biét trong cdc hé thong yéu cau tinh todan nhanh theo thoi gian thue.

Tir khéa: Quj dao bom; Hé s6 xdp xi; Luwc can khéong khi; Pan dao; M6 phong so.
ABSTRACT

This paper presents a method for calculating bomb trajectory parameters using approximation
coefficients. Instead of solving complex nonlinear differential equations describing motion in the
atmosphere, the approximation method significantly reduces computational time while maintaining
acceptable accuracy. In this study, numerical solutions of motion equations with air resistance are
used as reference data. Based on these results, the least squares method is applied to construct
approximation functions relating initial conditions (release height, velocity, release angle) to output
parameters (range and flight time). The results demonstrate that the approximation method can

effectively replace numerical solutions in practical applications, especially in real-time systems.

Keywords: Bomb trajectory;, Approximation coefficients;, Air resistance; Ballistics;
Numerical simulation.
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1. PAT VAN PE

Bai toan xac dinh quy dao cta bom
hang khong 1a mdt ndi dung quan trong trong
linh vuc dan dao hoc va ky thuat quan su. Viéc
tinh toan chinh xac diém roi ctia bom phu thudc
vao nhiéu yéu td nhu van toc ban dau, do cao
tha, goc tha va dac biét 1a anh hudng cua lyc
can khong khi. Trong thuc té, chuyén dong
ctia bom trong khi quyén duoc mo ta boi hé
phuong trinh vi phan phi tuyén, rat kho giai
bang phuong phap giai tich. Do d6, cac phuong
phéap sé nhu Euler hodc Runge-Kutta thudng
dugc str dung. Tuy nhién, cac phuong phép nay
¢6 nhugc diém 1a thoi gian tinh toan 16n, kho
ap dung trong cac hé thong yéu cau phan tng
nhanh. Vi vay, viéc xdy dung cc cong thirc xap
xi nham thay thé qué trinh giai s6 1a cin thiét.
Bai bao nay tap trung nghién ctru phuong phép
stt dung hé sé x4p xi dé tinh toan nhanh cac
tham s& qui dao ctia bom.

2. MO HINH TOAN HQC
2.1. Cac gia thiét

D¢ don gian hoa bai toan, mdt so gia
thiét duoc dua ra:

« Gia tbc trong truong 1a khong doi;

« Trai dat duoc coi 1a phang;

« Khéng xét dén anh hudng cia gio;

« M6i truong khi quyén 1a dong nhat;

« Luc can khong khi ludn ngugc chiéu chuyén
dong.

2.2. Phuong trinh chuyén dong

Chuyén dong cta bom trong mit phing
dugc mo ta bodi hé phuong trinh [1], [2]:

Theo phuong ngang: dde =—R_cos0
t

Theo phwong thing dimg:

v,
dt

=—g—R sinf
Trong do:

* R : Luc can khong khi, R :leszS,
S: Tiét dién ngang 16n nhét cua dan; p: khéi
luong riéng cua khong khi.

* 0: Goc van toc.

Cac phuong phap giai s6 cho do chinh
x4c cao nhung ton thoi gian tinh toan, phu
thudc bude thoi gian va kho trién khai trong hé
thong nhung.

3. PHUONG PHAP XAP Xi
3.1. Nguyén ly

Phuong phap xap xi dua trén viéc xay
dung cac ham gan dang [3]:

X=f(V,H,A)
T=g(V,H,A)

Trong do:

« X: Tam bén; T: Thoi gian bay;

«V, H, A: Tham sd dau vao khi tha bom:
Vian tc tha, d6 cao tha, goc tha.

3.2. Xay dung hé s6 xap xi
Quy trinh gom:

1) Tinh dir liéu chuan bang phuong
phap sb;

2) Lap bang dir li¢u;

3) Ap dung phuong phép binh phuong
t6i thicu;

4) Xéc dinh hé s6 cua da thirc xap xi.
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Bang 1. Bé danh gia do chinh xac cua phuong
phap xép xi, tién hanh mé phong tha bom ¢ do
cao: H= 500 m; Van tdc tha: 200 + 400 m/s; Goc
tha: A = —5° + 5°; g = 9.81 m/s%. Hai phuong
phap duoc str dung 1a Giai s6 (Runge-Kutta bac
4) — lam chuén va Phuong phap xap xi da thirc
bac 2-3.

4. KET QUA VA THAO LUAN
4.1. Thiét 13p bai toan tinh toan

Céc tinh toan dugc thuc hién cho loai
bom khong diéu khién cé khdi luong 500kg,
duong kinh 0.8m, hé s6 hinh dang i = 1.2. Ham
luc can cua dan mau C,_.(M) dugc cho trong

Bang 1. Ham lyc can mau

M 0 02|04 | 06| 08 09 1 1.1 | 1.2 |14 ] 16 18 2 2.5 3
C., 0 ]005]02 04509 | 12 | 15 138 2 22 12351245 25 | 255 2.6
4.2. Két qua tinh toan
Két qua tinh todn tam ban va thoi gian dan bay dugc thé hién trong Bang 2 va Bang 3.
Badng 2. Su phu thudc cia tam ban theo so téc
V (m/s) X_RK4 (m) X_x4p xi (m) Sai s6 (%)
200 1750 1680 4.0%
250 2300 2200 4.3%
300 2800 2650 5.4%
350 3250 3050 6.2%
400 3600 3350 6.9%
Bdng 3. S phu thuéc ciia thoi gian dan bay theo so toc
V (m/s) T_RK4 (s) T_xap xi (s) Sai s6 (%)
200 11 10.7 2.7%
250 11.6 11.2 3.4%
300 12.3 11.8 4.1%
350 13.1 12.4 5.3%
400 14 13 7.1%
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D6 thi thé hién sy phu thudc cua tim
ban va so toc theo thoi gian dan bay dugc thé
hién trong Hinh 1.

X' Tém bin theo phicong
phdp sé

3500 .
135 Théi gian bay

theo phwong phap
3000 50

Tém bdn theo
phicomg phdp 11.5

xdp xi Thot gian bay

7 N ~.- theo picong phip
r xano xi V

200 250 300 350 400 200 250 300 350 400

Hinh 1. Su phu thuoc cua tam ban va thoi gian
dan bay vdo so toc

bo thi thé hién sy phu thudc cua tam
ban vao goc tha dugc thé hién trong Hinh 2.

A(dd)
[
Hinh 2. Su phu thuoc cua tam ban vao goc tha

4.3. Théo luin

a) Su phu thudc ciia tAm bin va so tc theo
thoi gian

Két qua tinh toan cho thay thoi gian
bay ctia bom ting theo so tdc ban dau do luc
can khi dong lam giam gia toc roi hiéu dung.
DPong thoi, tAm bin ciing ting theo so tdc, tuy
nhién khong con quan hé tuyén tinh nhu trong
truong hop 1y tuong, ma co xu hudng phi tuyén
do anh huong cua luc can tang manh theo van
toc. Khi thoi gian bay ting, tam ban ting tuong
g nhung vai toc do giam dan. Piéu nay phan
anh moi quan h¢ chat ché gitra ba dai lugng va
vai trd chi phdi cia lyc can trong chuyén dong
thuc té.

b) Su phu thudc ciia tim bin vao goc tha

Két qua tinh toan cho thiy tim ban cta
bom giam dan khi goéc tha ting theo hudng
duong, do thanh phan véan tdc theo phuong
ngang bi suy giam. Nguoc lai, khi goc tha mang
gia tri am nho, tam ban ting nhe nho ting van
tdc ngang ban dau, mic du thoi gian bay giam.
Quan hé nay mang tinh phi tuyén yéu va cho
thay t6n tai mot goc tha toi wu léch vé phia am
trong diéu kién co luc can. Tuy nhién, mirc do
anh hudng cua goéc tha 1a nho hon so voi van
téc ban dau.

5. KET LUAN

Két qua tinh toan cho thiy phwong
phap sir dung cac hé s6 xap xi cho phép tai hién
tuong ddi chinh xac cac tham s quy dao nhu:
tam bay, thoi gian bay, van tdc theo thoi gian.

So v6i phuong phéap giai sé day du (giai
phuong trinh vi phan), sai s6 ctia phuong phap
Xap xi nam trong gidi han cho phép trong mién
lam vi¢c da xét. Phuong phap st dung hé )
xap xi 1a mot cong cu hidu qua trong viée xac
dinh nhanh cac tham s6 quy dao ctia bom trong
diéu kién c6 xét dén luc can khong khi. Mac du
ton tai sai s6 nhat dinh, phuong phap van dam
bao do chinh xac can thiét trong pham vi ng
dung thyc té va co tiém ning trién khai trong
cac hé thong tinh toan thoi gian thuc. <
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