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TOM TAT

Nghién cibu dé chinh xdc bdn cia vii khi néi chung va ciia phdo ¢ nong Ién nhw phdo
152mm néi riéng luén cé ¥ nghia quan trong trong viéc thiét ké ché tao vii khi phuc vu qud trinh
hién dai hoa quan doi. Thuc 1é ¢é rat nhiéu yéu 16 anh hwong dén dé chinh xdc ban cia cac loai
phdo, tuy nhién bai bdo chi dé cdp dén dnh hwong ciia mot sé théng sé két cau ciia dan né pha sat
thwong OD-540 ban trén phdo 152mm-D20. Pdy la van dé can thiét, trong mede hién nay chiea cé

cong trinh nao dé cdp dén cu thé.
Tiur khéa: DPan phdo; P chinh xdc ban; Mé phong Monte Carlo.
ABSTRACT

Researching the firing accuracy of weapons in general, and large-caliber artillery such as
152mm systems in particular, plays a vital role in weapon design and manufacturing to support
military modernization. In practice, numerous factors influence the firing accuracy of artillery,
however, this paper focuses specifically on the effects of certain structural parameters of the O®-
540 high-explosive fragmentation shell when fired from the 152mm D-20 gun-howitzer. This is a

critical issue that has not yet been specifically addressed by any domestic studies.
Keywords: Artillery projectile; Firing accuracy, Monte Carlo simulation.
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1. PAT VAN PE

Sai s6 chuan bi phén tir bin (SSCBPTB)
va tan mat cua dan la hai thanh phﬁn xac dinh
nén do chinh xac ban (PCXB) cua hé thong
phéo dan. SSCBPTB la sai I¢ch gilra trung tam
tan mat so voi trung tAm muc tiéu, n6 c6 nguyén
nhan tir cac sai s6 xuat hién trong qua trinh
chuin bi phén tr ban nhu sai sb do dac toa do
muc tiéu, toa do tran dia phdo, sai s6 xac dinh
khoang céch dich-ta, sai s6 vé xac dinh diéu
kién ban, diéu kién khi tuong... Con tan mat
cua dan la sai 1éch gitra cac diém cham phan bd
trén mot vung nhét dinh c6 cung phan tr bin
so V&1 trung tdm tan mat, c6 nguyén nhan tr su
khong 6n dinh cta cac thong s trong hé thong
phéo, dan, lidu phong va diéu kién khi tuong.
Viéc nghién ctru nhdm xac dinh ngudn gdc,
nguyén nhan, quy luat va mac d§ anh hudng
ctia cac yéu td dén DCXB thong qua hai thanh
phan cta né 1a rat quan trong, qua d6 cé co so
khoa hoc dé nang cao chat luong trong thiét ké,
ché tao.

Hién nay di c6 mot s6 cong trinh nghién
ctru duoc cong bd vé anh hudng cua mot sd
thong sb két cau cua dan dén chi tiéu tan mat.
Tuy nhién, cac cong bd chi gidi han vé cac cd
dan nho va vira. Diéu quan trong 13 cic cong bd
chua cho thdy mot mo hinh mé phong xuyén
sudt dé mo ta hién tuong ban dbi voi ¢ dan
16n. Piéu nay dan téi mé hinh danh gia mirc do
anh hudng riéng phan cua ting sai s6 trong két
cAu cua phao dan dén muc do tan mat caa dan
chua du tinh lién tuc.

Dé c6 mo hinh mé phong tong quat hon
d6i voi dan cd 16, bai bao tap trung nghién ciru
anh huong cua thong sb két cau cua dan nd pha
sat thuong O®-540 khi ban trén phao 152mm —
D20 xuyén sudt tir giai doan dan chuyén dong
trong nong dén thoi diém dan cham muc tiéu.
Lay chi tiéu tan mat vé tam ban L, huéng ban

L, lam két qua cudi cung. Khi c6 thong tin vé
L , L dé dang xac dinh dugc xac suat trung
dlch hay do chlnh xéc khi ban [1]. Thuc té, cac
thong s6 két cdu ciia hé théng vii khi cing nhimng
yéu t6 nhiéu loan khac quyét dinh dén tan mat
thong qua ca mot qué trinh chuyén dong cta
dan bao gom 4 giai doan [1], [2]. Trong bai bao
s& ké thira cac md hinh toan hoc mé ta chuyén
dong cua dan trong céc thoi ky da dugc nghién
clru va trinh bay trong [2], [4]. X4y dung cac
thong sb dau vao cho timg giai doan. Tao b sd
gia ngau nhién theo cac tham sé va quy luat cho
trude [5] dé dwa vao mo hinh mé phong Monte
Carlo. Két qua béli toan dugc xur 1y théng ké
thong qua phan mem R glup udc lu:(mg muc do
anh huong cua sé thong sb két cdu dén chi tiéu
tan mat cua dan.

2. CO SO THUAT PHONG PE PANH GIA
PQ CHINH XAC BAN

2.1. Tinh toan giai doan dan chuyén dong
trong nong

Tinh toan thuat phong trong dugc thuc
hién giai bang phuwong phap s6 hé phuong trinh
(1) véi bién so thoi gian (t) [2].

rd_"l" z l1 + s

dt - Iy p,'ql A

dw _ B

dt  @g bs

d
‘o~ ¥ (D)

]
| fuy-2eT
P = e(ly+1)
i 1

by =104 15 (-]

Trong dé: y — Luong thudc phong da
chay twong ddi; v — Tdc do chuyén dong cua
dan trong nong; 1 — Quang dudng chuyén dong
cta dan trong nong; p — Ap sut khi thudc; q —
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Trong lugng dan; ® — Trong lugng lidu thudc;
f— Lyc thudc phong; o — Cong tich; k — Chi sd
mil doan nhiét s — Tiét dién ngang ctua nong;
o — Hé s6 cong thtr yéu; I = 2e, /2u la xung
lwong thubc phong; 2e, — Be day thuoc phong,
u, - Téc do chay cua thuoc phong; 1, — Chiéu
dal quy doi cuqa buong‘ dét, (’iu()’c xac dinh 10‘—
W /s; W —Theé tich buong dot; A — Mat do nhoi
duoc xac dinh A = w/W ; 6 — Mat do cua thude
phong; g — Gia toc trong truong; x — Dac trung
hinh dang cua thudc phong.

H¢ phuong trinh (1) dugc giai véi cac
diéu kién dau: t=0, v=0, e, =0, y=vy,p=
Py Trong do, p, - Ap suit tong dan, Yy~ Lucrng
thudc da chay cta lidu vao thoi diém dan bét
dau chuyén dong.

Két qua khi g1a1 bai toan thuat phong
trong thu dugc bao gom van toc Vv, ap suét p
theo thoi glan dan chuyén dong trong nong, ap
suat 1on nhit trong ca qua trinh P,
2.2. Tinh toan giai doan dan chuyén dong
trong khong khi

Khi coi dan nhu mot chat diém chuyén
dong trong khong khi. H¢ phuong trinh dong
hoc mo ta chuyén dong cua dan duoc xac dinh
theo (2) trong [1].

1. .. G
— In(1—3
(2 _ ¢,eRe™eep(v,) — g- sin(6)
E _ g-cos( @)
dt
Tax ’ 2)
L=V sin(B)
d

l’*d_:: = v -sin(0)

Trong d6: v — Van tdc cta dan; 0 — Goc
tiép tuyen voi quy dao va phuong ngang; y —
D9 cao cua quy dao dan; x — Khoang céach cua

quy dao dan theo phuong ngang; C, — H¢ 5O
luc can chinh di¢n; d — Puong kinh cua dan;
R — Hing sb chét khi cua khong khi kho; G —
Gradien nhiét do; t_  — Nhiét d§ ao trén mat dat
tmg v6i nhiét 4o 15°C; F(v) — Ham lyc can
khong khi. Trong do, C = 1id*10*/m, R = 29,27
m/do, G = 0,00654 do/m, t = 288 K.

Hé phuong trinh mé ta chuyén dong
cua dan trong khong khi duoc gidi véi cac dicu
kiéndau =0, v=v, (so toc dan),x =0,y =0.

Goc phong 0, n6 bao gbm goc bin P, va
g6c nay theo phuong thang dimg Yo VO1 0, =@,
+ 7, Goc ndy dugc hinh thanh do ton ta1 khe
ho hudng tam gitra dai dinh tdm dan va nong
phao A'=(d —d)2, cung vGi sy mét can bang
khéi luong ciia dan dan dén viéc khoi tim cua
n6 dich chuyén khoi truc nong. Ngoai chuyén
dong tinh tién doc theo truc nong, dan con tham
gia chuyén dong quay quanh truc nong phao.
Khi d6 tao nén sy quay cta khdi tim dan quanh
truc nong va diéu nay dan dén xuit hién thanh
phﬁn van tdc bén cua khdi tim dan. Bén canh
do, tai thoi diém khi dai dinh tim cua dan thoat
khoi miéng nong cho dén khi dai dan roi nong,
dai dinh tam khong con bi han ché boi thanh
nong ma dan chi con lién két véi nong thong
qua dai dan, diéu nay dan dén cac phan luc tac
dung 1én phia dau cua dan mat can bang dot
ngdt va diéu nay dan dén su xuét hién van tde
bén cua dan. Nhu vay, cidc nguyén nhan sinh
ra van tc bén cua dan ciing 1a nguyén nhan
dan dén sy hinh thanh goc nay khi ban. Sy hinh
thanh goc nay dugc thé hién trong hinh 1.

Hinh 1. S hinh thanh géc nay khi bdn
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Do 16n goc ndy theo phuong ding va
ngang dugc xac dinh bang cong thure [4]:

Ys = arcsin(v, /vy). v, = arcsin(v,_/v,) (3)

|

v, = v " cos(ay). v, = v - sinfa,). v, = N ve — vl

Vi a,— Goc phén‘bé qéu trong khoang
tl‘g: 0 + 2m; A Thanh phan tong hop ‘cﬁa Va:m
toc bén khoi tam dan, dugc xac dinh bang bicu
thire: vs = y/vi+vZ; v, — Van téc bén cia
khéi tdm dan sinh ra do sy quay cua khdi tim
dan qugnh truc ctia nong phao; v, — Van tdc bén
cta khoi tdm dan sinh ra do viéc giai phong tlrc
thoi cac phan lyc tai dai dinh tdm, xay ra tai
thoi diém dan thoat khoi miéng nong.

Thanh phan v, duoc xac dinh nhu sau:
m, + m, A'-b
at+b

vy =( Jwg
Trong d6: q — Trong lugng dan; R — Ban
kinh tir tam dén vi tri dat khoi luong mat can
bang m, m; o, — Vén toc goc, dugc xac dinh
= 2% y — Budc ranh xodn; a, b lin
uq-d ) )
luot 1a khodng céch tir khoi tam C dén dai dinh
tam va dai dan.

Wy

Thanh phén van toc bén v, duge xéac dinh:
F(a+b)®b

' (B'—F%)h:

v, sinh ra do su quay khi dai dinh tam
trude va thanh nong mat lién két dot ngét. F la
luc phan lyc tirc thoi ciia nong tac dong lén dai
dinh tam, xac dinh nhu sau:

my + m, nR* m, 5
()Tt Red

v2=

., oa. .\ Awej nR*A'b
+(B A +—h‘) +P

Trong do, A', B' lan luot 14 md men
quén tinh truc va xich dao hi¢u chinh khi tinh
dén sy mat can bang khoi luong m , m,,.

A=A+ (m, + m,)R%;

B' =B + m, (a* + R%sin’a,) + m,(b? + R*sin’a,)

Véi: A, B tuong ung 1a mé men quéan
tinh truc va xich dao cua dan; a,, o, trong ung
la goc xéc dinh vi tri cua cac khoi lugng khong
can béng m,, m, so voi truc dirng tai cac mat
phéang cua dai dinh tdm trude va dai dan.

3.ANHHUONG CUAMOT SO THONG SO
KET CAU PAN O®-540 PEN PQ CHINH
XAC BAN CUA PHAO 152MM-D20

Dé d6i chimg cho mé hinh dé xuat, bai
bao lwa chon bo thong sé dan OD-540 cung
v6i gia tri tham sb, quy luat phan phdi x4c suat
dung dé danh gia mirc 46 anh huong ciia ching
dén d6 tan mat khi ban trén phéo trén 152mm-
D20 trinh bay trong [5], dugc md ta trong bang
1. Thyc hién mé phong véi n lan trong clng
diéu kién khi tuong tiéu chuan. Cac dic trung
théng ké tan mat cua dan gé)m X,z L, L, dugc
xac dinh nhu sau [1]:

_ _ELx — _ Lo
X=—=1 g ==
n n
Ly = 0,6745 |m=i®
-1
Ly = 0,6745_[Z=a®17D
-1

Trong do: x,, z tuong ung la tam va
huéng ciia phat ban mo phong thir i. Véi cac
thong sé dau vao duoc cho trong bang 1. Tién
hanh md phong véi ¢ mau n = 400. M6 hinh
mo phong xac dinh x,, z, L, L, dugc mo ta

= (a+b)? ' 9(ath) trén hinh 2.
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| Nhip n., tao bj sé gid ngdn nhign véi quy ludt, tham sé (bing 1)

[ Mo phénglan:i = 1,1 = 0 |

Bin tigpi =i + 1
Griai hié pt}um:gt:-inll (1) Vi ciie bé gid tr d_:'m vao teong img
Két qua: bao gdm vin toc vy, Ap sudt P, Pray

Tinh todn (3) dé xie dinh dién kién dau cho (2).
Giai hé phwong trinh (2) xée dinh x;, 2,

Lura: xg, 2
Xir 1i thng ké Ly, Ly

Bring

Hinh 2. So d6 xdc dinh L,L,

Bdng 1. Bang gid tri cdc théng sé két cau dan va cdc ddc tring thong ké ciia chiing.

R oz o . Cic dic trung thong ké
STT Tén goi thong so két cau Ky hiéu, don vi N
Quy lugt n 6 (%)
1 | Cddan d m Chuan | 0,1524 | 0,03
2 | Khdi luong dan q kg Chuén 43,56
3 | Khdi luong liéu phong ® kg Chuan 7,56 0,09
4 | Bé day chay cua thude 2e, m Chuan 0,0015 1,1
5 | Téc do chay cua thudc u, m3/Ns Chuan | 7.5x107° 1
6 | Thé tich budng dbt W, m’ Chuén | 0,012087 | 0,2
7 | Ap suit tong dan P, MPa Chuan 30 1,1
2 GAoc Xlac dinh vi tri cua khoi lwong khong Q, rad Péu 0= i
can bang m , m, a,
9 | Hé s6 hinh dang dan i Chuan 0,956 0,5
10 G?C dullh huo?g véc to vén toc‘ dan trong N rad Péu 0= i
mat phang vudng goc miéng nong 0

N AL A1 . m, . 0,096 30
11 | D6 mat can bang khoi lugng m , m, m, kg Rayleigh 0.036 30

A o <o , A ) 2 0,0146 1
12 | M6 men quan tinh tryc va xich dao cua dan B kgms Chuan 0.1252 1
13 | Khoang cach tur dai dinh tam dén trong tam a m Chuan 0,102 1
14 | Khoang cach tir dai din dén trong tam b m Chuan 0,145 1
15 | S6 1an mo phong n 400
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Xac dinh céc gia tri trung binh miu X, Z,
sai sO trung gian tan mat vé tim va huéng L,
L, , kiém dinh quy luat phan bd toa d6 diém roi
cua dan va muc do tuong quan cho thdy mirc 46
pht hop t6t, ddc biét 1a vé tam ban nhu trén hinh
3 do su phu thudc cua tam ban tr cac thong $6
két cu da dugc mo ta mot cach day du. Poi voi
hudng ban hinh 4, mé hinh mé phong méi chi
dua vao muc do anh huong cua goc nay ngang
Xuét phat tr anh hu:0'ng cua thong s6 mat can
bang khdi lugng. Cac yéu td khac xay ra trong
qua trinh ban md hinh chwa mé ta duoc nhu su
rung lac, dao dong cta nong phao khi bin. Do
do, sai s6 trung gian uéc luong duoc vé hudng
L,, nho hon so v6i bang ban.

e e (5]
L oy Db b g e by Dinbres it By 8 £y 355 LW

r
- -'-F-F'-.

Hinh 3. L, xac dinh tir bang bdn va mé phong

L e | —
ik e ki i gy LS g Do rod Wk na g e e g B4%, LW

Hinh 4. L, xac dinh tir bang bén va mé phong

Tiéu chuan Shapiro — Wilk duoc st
dung dé kiém tra quy luat phan phéi tim bin
X va huéng ban Z. Két qua xir 1y théng ké trén
phan mém thu dugc cac thong sd dic trung sau:
Déi voi tam ban X c6 p — value = 0.6819, va
huéng bin Z c6 p — value = 0.8325.

V61 muc y nghia o = 0.05, gid tri p —
value thu dugc 16n hon rat nhiéu so véi a. Do
do, chua co du co so thong ké dé bac bo gia
thuyét H, (gia thuyét cho rang tam ban X va
huong ban Z tuén theo quy lut phan b chuan)
biéu nay khang dinh tap dir liéu toa do tam ban
X, huéng bin Z tuan theo quy ludt phan bd
chuan mot cach tin cay.

Biéu d6 phan phdi thuc nghiém tam ban
X va huéng ban Z nhu trén hinh 5.

Bl 05 Phiin 55 Tin Sudt Theo Tim Bin X Bidu 00 Phin B4 Thn Sust Theo Musng Bén

ol bl X kvl oty b2

s DB P T Tom DS Db Rt 0 v 1)

The it mallt i
Tie st malt N

Hinh 5. Biéu dé tan sé thuc nghiém tam ban X(m)
va huong ban Z(m)

Kiém dinh twong quan Pearson hai bién
tam ban X, huéng bin Z véi muc ¥ nghia o =
0.05, gia tri p — value = 0.1924 thu dugc l6n
hon rit nhiéu so v6i a. Do d6, chua c6 du co
SO thong ké de bac bo gia thuyet H, (gla thuyét
cho rang hé sb twong quan tuyen t1nh bang 0).
Khoang tin cdy 95% cua h¢ s6 tuong quan chira
gia tri 0 va gia tri tuyét ddi cia hé sb tuong
quan thuc nghlem dat muc rat thap (lr|=0 065)
Diéu nay khang dinh ring mdi lién hé tuyén
tinh gitra hai bién 1a khong dang ké.

Déi chimg véi bang ban [4], so sanh két
qua trong tai liéu [5] véi cfmg dir liéu dau vao.
Kiém dinh quy luat phan phdi, mirc do tuong
quan cua diém roi vé tdm va hudng cho thiy
két qua nhan duoc tir mo hinh mé phéng hoan
toan tin cdy dé sir dung trong viéc nghién ctru
vé anh huong cia cac tham sb két cAu dén tan
mat ddi dan 6n dinh bang quay nhanh.

Mirc do anh hudng ctia mdi thanh phan
thong so riéng dén do tan mat trung gian tong
duoc xac dinh nhu trong biéu thuce (3) [3].
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ElinE
AH =¥

;= =—100% 3)

Tién hanh mo phong khao sét ciia timg
tham s6 dén muc dd suy gidm cua sai sO trung
gian tong. Két qua duogc trinh bay trén hinh 6.

R b B 1 ACWD ]
A hurmeg cus o ham v kit iy dén LD

Hinh 6. Anh hurong ciia céc théng sé két cau dan
den mirc suy giam L, L,

Tir d6 thi trén thiy ring, khi cac thong
s6 thuat phong trong dat dén gia tri tiéu chuan
theo tai liéu thiét ké s& lam giam sai sb trung
gian vé tdm ban 16n hon ca. Piéu nay dé dang
giai thich vi v6i cac gia tri ctia thong sd thuat
phong trong dat chuan thi s& lam cho gia tri cua
van toc dau nong cua dan s& on dinh, tan mat vé
van toc dan giam xudng véi mirc khoang 45%
dén 55%. Vé mat ly thuyét, tir hé phuong trinh
(2) d& thay vén toc dan anh huong truc tiép dén
tdm bin cua dan. Khi thiét ké dan va loai bo
duoc do mat can béng vé khéi luong m, m,
s€ giam dugc tan mat géc bay ra theo phuong
ngang, lam cho dan chum hon vao trung tam.
Diéu nay dan t6i giam duoc sai s6 trung gian vé
huéng mot cach hiéu qua so véi cac thong sd
khac cua két cau dan. Nghién ctru tir mo hinh
cho thay c6 thé giam dén 87% sai s6 trung gian
vé huéng khi khong ké dén cac dao dong cua
nong trong qua trinh ban néu dan dat tiéu chuin
thiét ké va triét tiéu dugc d6 mat can bang khbi
luong. Cac két qua nhan duoc tir md hinh mo
phong cho thdy su trang khép voi cac nghién
ctru 1y thuyét ciing nhu thuc nghiém da chi ra
vé mirc d anh hudng ciia mot sd thong sb két
cAu dan.

4. KET LUAN

Tir md hinh mé phong hién tugng ban
khi ap dung dbi v6i dan OD-540, bai bao da xay
dung mbi quan hé giita cac thanh phan thong sb
két cau dan anh huong dén tdm ban ciing nhu
do tan mat khi ban.

Mo hinh m6 phong bai bao xay dung
cho phép khao sat anh hudng cia cac thong sb
két cau cua dan dén do tan mat khi ban. Diéu
ndy tao ra buc tranh tong thé trong qua trinh
nghién ctru thudt phong cua dan.

Két qua bai bao 1a mot phan ndi dung
cua dé tai ma s6 25.01.26 do Hoc vién Ky thuat
quan sy quan ly. <
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