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TOM TAT
Bai bdo trinh bay mét phwong phdp tinh todn diém cham muc tiéu trén co sé xdc dinh quy

dao ban don va quy ludt tan mat cua dan phdao phong khong khong diéu khién. Voi phwong phap
nay, khong can nhdp nhiéu dir liéu roi rac tie bang ban nhw phuwong phdap truyén thong ma van
moé phong dwoc day du cdc tinh huong hudn luyén, phu hop voi cdac ung dung so cua dai doi
phéo phong khéng 37mm-2N GLLADS hién nay (PPK 37mm-2N). Phuong phap mé phong duoc
dam bdo todn hoc chit ché, dwoc kiém chirng trén Matlab va thir nghiém thyc té. Phan mém mé
phong hudn luyén va danh gid hiéu qua ban cia PPK 37mm-2N cung cdp céng cu truc quan,
giup danh gia huan luyén sw dung khi tai thyc té tai don vi.
Tir khoa: M6 phong; Huén luyén; GLLADS.

1. MO PAU

Hién nay, trén thé gidi, cong nghé mé phong la phuong tién quan trong trong hoat dong huén
luyén, dao tao, nghién ctru, ché thir cac loai vii khi trang bi,... Pai d61 PPK 37mm-2N GLLADS
la san phém tién tién trong nudc st dung khi tai quang dién tu dé dinh vi muc tiéu, hién dang
dugc nghién ctru mé phong voi muc dich hudn luyén can bd chién si 1am quen nhanh véi khi tai
moi, qua d6 gitip danh gia cong tac huan luyén bo doi ma khong can trién khai dién tap phirc tap.

Trong [1], hé thng mé phong muyc tidu bay cho ¢cPPK 37mm-2N di dugc xdy dyng, nhung
chua c6 kha nang mo phong danh gia ket qué ban ciia dai doi phdo. Mot sé nghién ctru vé md
phong sy anh huéng cua két cdu mot s loai dan phao dén quy dao duong dan [4, 6]; nghién
ctru mé phong quy luat tan mat dan [5] cling d3 duoc cong bd, tuy nhién, cac nghién ctu dé
déu thyc hién theo huong mo phong ché thir, kiém nghiém va dugc xay dung trong moi trudng
phan mém tng dung sin c6, khong co kha nang tich hop chay trén cac thiét bi nhung. Mat
khéc, két qua nghién ciru chi hudng t6i mét s6 loai dan phéo nhit dinh, khong hudng t6i dbi
tuong PPK 37mm, von dang duogc trang bi sb lugng 16n trong nudc. Péi voi PPK 37mm-2N,
cling da c6 nhiéu cong trinh nghién ciru lién quan, nhung da phan dua trén 1y thuyét bang bin,
lay d6 1am co s6 tinh toan. Cac phuong phap nay c6 uu diém 1a d& thuc hién nhung phai nhap
nhiéu dir liéu roi rac, khong thuan tién khi xay dung thuat toan tinh toan duong dan va khong
day du cac khoang gia trj.

Bai b4o trinh bay mot phuong phap md phong huén luyén trén co so xay dung mé hinh toan
hoc cho bai toan ban dén muyc tiéu va ving tan mat dan. Tir d6, ung dung cong nghé moé phong
3D dé xay dung cac tinh hubng dién tap xa kich, tich hop trong phin mém mé phong huin luyén
va danh gi4 hiéu qua ban cia PPK 37mm-2N.

2. MO HINH TOAN VA PHUONG PHAP GIAI QUYET

Hiéu qua ban PPK phu thudc vao nhiéu yéu td, vé mat 1y thuyét ban, hiéu qua ban chu yéu la
phu thugc vao sai s6 phan ti ban va do tdn mat dan ban. Trong do, sai so phan tir ban 1a yéu to
chu quan, bi tac dong tryc ti€p boi yeu linh, dong tac bam bat myc ti€u va chon thoi di€m khai
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hoa cia sy quan diéu khién, con do tan mat dan ban 1a yeu to khach quan, dac trung bdi sai so
ngau nhién toa dé di€m roi ctia dan.

2.1. Sai s6 phén tir bin

Phéo phong khong ban dan khong diéu khién nén mudn ban trang muc tiéu di chuyén thi phai
bdn don vao mot diém & phia trude, trén dudng muc tiéu s& bay qua, sao cho dan va muc tiéu gip
nhau & mot diém. Dé giai quyét bai toan md phong xa kich muc tiéu can phai giai quyét hai bai
toan sau:

2.1.1. Xdc dinh diém ban don

Gia thiét dat ra 1a trong hé toa do Descartes voi géc toa do O, muc ti€u dang ¢ vi tri hién tai la
diém A, va bay theo quy dao duong théng véi toe do, hudng bay, do cao khong ddi. Mubn dan
trang muc tiéu phai cin ctr vao phuong, chiéu, toc do van dong va cu ly muc tiéu dé bin vao mot
diém Ay 6 phia truéc duong bay ctia muc tiéu, sao cho cung thoi gian t, dan gdp muc tiéu & A,
cach A, mot doan S=V,, -t .Ba diém O, Ay, A, tao thanh mot tam gidc, goi 1a tam gidc bin don

(hinh 1.a). Piém A, goi 1a diém ban don [2].

Ay S=Vmdt, Ay Y
12 ] Ay Ap
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! L
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Dy Ds

a) b)
Hinh 1. Tam gidc ban don (a), tam gidc dwong dan (b).
2.1.2. Xac dinh quy dao dwong dan
Pau dan bay trong khong gian chiu tdc dong cua nhiéu ngoai luc, trong d6 chu yéu la trong
lue nén c6 quy dao duong cong. Mudn cho dan gip muc ti€u ¢ Ay phai nang nong phao 1én mét
goc phu hop, tire 13, hudéng nong phao vao diém C cao hon Ay d€ ban (hinh 1.b). Ba diém O, A,,
C tao thanh mot tam giac goi la tam giac duong dan. B¢ xac dinh dugc diém C, ta can xac dinh
duogc quy dao dudng dan trong toa do khong gian (hinh 2).

)

Hinh 2. Quy dao duong dan trong hé toa do Descartes Oxyz.
Trong hinh 2 biéu dién véc to van téc dau nong cua dan \70 , goc ban ta 6, , goc ban phuong vi
w . Gia sir gia tri goc ban phuong vi w =0, ¢6 hé phuong trinh tong quat mo ta chuyén dong ciia
khéi tam dan phao duoc xac dinh nhu sau:
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a9 =900
dt

ﬂ =Vsiné
dt

% =V cosé.
dt

Trong do: V - Van tdc dan bay, a - Gia tdc do luc can khong khi, g - Gia tde trong trudng; @ -
GOc ban ta; X, y — Toa d cua tim dan trong hé truc toa do mat dat;

—gsiné

M)

Luc can khong khi tac dung 1én dan duoc xac dinh béng phuong trinh khi dong luc hoc [8]:

FC:%py V2.S.C (M) @)

2

Voi Py la mat d6 khong khi tai d6 cao y; S = 7d - Tiét dién ngang cua dan, d - C& dan, q -

Khéi lwong dan; C (M) 1a ham hé s6 Iuc can khong khi phu thudce vao M (s6 Mach).

V2.72d%-C. (M
akzﬂzpy 7d”-C, (M) @)
q 8q

Luc can khong khi tac dung Ién dan con bi &nh hudng bdi hinh dang, két cau cua loai dan.
Béng thuc nghiém ngudi ta xac dinh dugc hé s6 hinh dang dan béng ti s6 luc can khong khi tac
dung 1&n no chia cho lyc can khong khi tac dung Ién khéi dan mau c6 kich thudc tiéu chuan. Mot
trong nhiing cong trinh nghién ctru thuc nghiém dugc tmg dung rong rai trong cac ly thuyét ban

dan phao cua F.E. Dzerzhinsky [9]:

_ &M

C, (M), @

V6i i 14 hé s6 hinh dang dan; C,(M),, 1a ham hé s6 luc can dugc xac dinh bang dinh luat
1943. Thay (4) vao (3), tinh dugc gia tri gia toc ay:

_m-p,-id?

3, _T-VZ ‘C,(M). (5)

Céc gia tri ham sb C,(M),; ¢ dudi dang roi rac [9], khong thé hién duoc day du cac gia tri theo
thoi gian dan bay thuc té va kho khan trong viéc nhap dit li¢u va tinh toan dudng dan cia may tinh
0. D€ thuan tién cho viéc xdy dung thuét toan mo phong quy dao duong dan, ta tim phuong trinh
xap xi h¢ so lyc can khong khi C, phu thugc vao tham s6 M. Doi vai khoang gia tri 0,8M c¢o the coi
nhu gia tri hé sb luc can khong khi khong d6i C,(M),, =0,158. Ddi voi khoang gia tri 16n hon
0,8M, cac gia tri C, bién d6i phi tuyen Str dung cong cu Curve Fitting trong Matlab dé xac dinh
ham C,(M)as. Két qua thu dugc thé hién & hinh 3 va cong thirc xap xi hé s6 lyc can khong khi (6).

C,(M),,=0,158,M <0,8
0,215M* —0,237M +0,073 (6)

C.(M ' =2 M>0,8.
(Mo = M?—-17M +0,85
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Hinh 3. Do thi biéu dién hé sé lwc can phu thudc vao ti s6 vin toc dan.

Nhu vy, tir cong thire (1), (5), (6), ta xac dinh duoc quy dao dan bay trong hé toa d6 Oxyz va
xéac dinh duoc diém ngim ban C twong tng véi thoi gian t,. Ban chit clia sai s6 phan tur bén la
sai sO trong tinh toan tam giac ban don va tam giac dudng dan. Pé danh gia duoc sai s6 phan tir
ban ta xac dinh d6 I¢ch dudng ngam ban thuc t€ OC’ so vi dudng ngdm ban theo tinh toan ly
thuyet OC.

2.2. D) tan mat dan bin

Tan mat dan ban do sai s ngau nhién trong qua trinh bin giy ra. Mdi mot diém cham cta dan
trén mot mat phang nao d6 dugc goi 1a mot phan luong ngau nhién. Quy luit phan bo cua phan
lugng ngau nhién dic trung cho tan mat diém cham cua dan goi la quy luat tdn mat di€ém cham.
Gia s, quy luat ndy tuan theo quy luat phan b6 chuan.

Méi khoang 1éch tan mat tng v&i mot sai sb trung gian [11], nén c6 hé sb phu thude vao vi tri
trong ludi tdn mat nhu hinh 4.

e | 2%
® ® 7%
¢ le s *\[16%
(o] »[*e% 25%
K e |* ® .'o. ® 25%
. 2 16%
o| ° 7%
L__[e [ o 2%

2% 7% [16% |25%(25% |16%|7% |2%

Hinh 4. Biéu dién hwoi tan mat dan.
Tinh tr trung tAm tan mat ra ta co:
+ Khoang 1éch thur nhét chiém 50% s dan, mdi bén 25%.
+ Khoang l1éch thi hai chiém 32% s6 dan, mdi bén 16%.
+ Khoang 1&ch thu ba chiém 14% sb dan, mdi bén 7%.
+ Khoang 1éch thtr hai chiém 4% s6 dan, mdi bén 2%.

Hé sb tan mat da chi rd xac suit xuét hién s dan & cac pham vi. Khi xac dinh dugc hé sb tan
mat ta s€ tinh dugc xac suat trang muc ti€u trén cac pham vi, bang cadch nhan xac suat cua mot
khoang léch tam va mét khoang Iéch hudng véi nhau. BE tinh dugc xac suat trung muc tiéu,
thuong str dung lud6i tan mat va bang tan mat cua cac loai phao. Ky thuat xac dinh d¢ tan mat dan
ban dua trén phuong phap thir nghiém théng ké. Bang cach 1ap lai cac phat ban véi su phan bd
ngau nhién cac yéu té anh huéng dén quy dao dudng dan, thu duogc tap hop cac diém roi cua dan
trén mat dat c6 hinh dang elip. Phuong phap nay cho d¢ tin cdy cao khi so luwgng thir nghiém du
l6n (rat ton kém). Nghién ctru nay st dung phuong phap Monte Carlo d€ xac dinh cac dai luwong
déc trung tan mat cia dan phao khong diéu khién bao gom do 1¢ch chuan vé tam (o,) va vé

hudng (o,) theo cong thic [7].
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Oy = ﬁg()(i - ?
()

o, :\/ﬁ_g(Zi -

- nla sd phat ban trong mot loat ban;

Trong do:

- X, Zlatoadd diém roi cta dan tai phat ban thi i;
- my, m, la toa do trung binh diém roi cua dan trong mot loat bén.

13 1 3
mx=ﬁgxi'mz:ﬁgzw (8)

Theo 1y thuyét xac suét, néu bién ngiu nhién X tuan theo quy luat phan phdi chuan thi ham
phéan phoi xéc suat co dang:

D(X) = 2t 9)

7= j e
Gia st sai 50 trung gian vé tam la E, va vé hudng 1a E,. Theo tinh chat ctia ham phén phdi
d(x), xac suat phan bo lugng dan trong khoang 1éch thir nhat (hinh 4) dugc tinh theo cong thirc:

E E E
P[ o <—XJ=2CD(—XJ—1=l = CD[—*JzO,?S (10)
o, o, 2 o,
Tir (8) va (9), tinh duogc gia tri sai sd trung gian vé tam E,; gi tri sai s6 trung gian vé hudng
E, cling tinh tuwong tu:

X—m

Oy

E,=0,6750,; E,=0,6750, (11)

Nhu véy, dua vao cac thong sé muc tiéu nhu kich thude, toe do, cu ly, do cao, goc bén phao,
thoi gian dan bay, st dung ly thuyét tan mat dan phao ta c6 thé tinh duoc xac suét bin tring muc
tiéu cho mdi phat bén va cho cé loat ban.

3.MO PHONG VA THAO LUAN
3.1. S6 liéu déau vao
'Céc thong s6 cuia dan PPK 37mm-2N va cac dai luong tiéu chuan sir dung trong mo phong
kiém chirng dugc trinh bay dudi bang 1.
Bdng 1. So liéu dau vao mé phang.

TT Théng sb Ky hiéu | Pon vi do | Giatri
1 | Codan d mm 37
2 | Trong luong q kg 0,73
3 | So tdc dan Vo m/s 875
4 | Hé sb hinh dang dan i - 1,12
5 | Giatdc trong truong g m/s® 9,81
6 | Mat do khong khi tai muc nudc bién | o, kg/m?® 1,206
7 | Van téc am thanh Va m/s 343,2
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3.2. Két qua tinh toan, mé phéng

Bai bao su dung cac giai thuét da trinh bay ¢ trén dé tinh toan trong mdi trudng Matlab, sau
do6 doi chiéu két qua tinh todn vai bang ban, bang tan mat caa PPK 37mm hién c6 lam dir liéu so

sanh dbi chimg va danh gia.

Buc 1: Tinh todn théng s6 qui dao dwong dan

St dung thudt toan Runge-Kutta dé giai h¢ phuong trinh quy dao duong dan (1). Két qua tinh
toan thong so quy dao dan trong diéu kién ban khac nhau thé hién ¢ hinh 5 va hinh 6.

Bién ddi van toc theo tam xa
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Hinh 5. Théng s6 quy dao dan khi ban ¢ dg cao 200 m, cw ly 1000 m, géc bin 196 ly giac.
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Hinh 6. Théng s6 quy dao dan khi bdn ¢ dg cao 200 m, cu ly 2000 m, géc bin 113 ly gidc.
Tir nhitng két qua tinh toan 1ap bang so sanh két qua (bang 2) v6i bang ban:
Bdng 2. Vdn toc va thoi gian cham ciia dan theo tinh to4n va theo bang ban.

Di¢u ki¢n ban Diéu kién ban
STT | Thong sd tai | Pon goc ban 6=196 Sai goe bin §=113 Sai
didm cham vi ly giac, cu ly 1000 m lach ly giac, cu ly 2000 m lach
: : Tinh Bang i Tinh Bang :
toan ban toan ban
1 | Vantocdan | m/s 680 683 0,44% | 500 504 0,8%
2 | Thoi gian s 13 1,31 0,8% 3,01 3,04 0,7%

Nhgn xét: Tuy thay doi diéu kién ban khac nhau nhung két qué tinh toan cac thong s6 quy
dao cua dan voi thong s6 trong bang ban nam trong sai 1éch cho phép, tir d, c6 thé khang dinh
tinh ding dan cta thuat toan mé phong quy dao duong dan PPK 37mm-2N.

Buoc 2: M6 phong tan mat dan
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Chon s6 lwong phat bén trong mot loat bén 1a 1000 phat. Diéu kién ban 1a ¢ do cao 200 (m),
cu ly 2000 (m), goc ban 113 (ly gi&c). Két qua phan bo luong dan roi theo toa do tam va hudng
duoc the hién ¢ bang 3 va hinh 7.

Bdng 3. Phan bo liong dan theo cac khodng chia hidi tan mét.

STT Tan mét tam . Tan mat phuong vi -
Gia tri khoang Iéch (m) | Tan so | Gia tri khoang léch (m) | Tan so
1 1930,4+1950,2 6 (-25,36)+(-18,95) 5
2 1950,2+1969,9 55 (-18,95)+ (-12,53) 58
3 1969,9+1989,6 169 (-12,53)= (-6,11) 170
4 1989,6+2009,4 241 (-6,11)+0,314 283
5 2009,4+2029,1 316 0,314+6,73 255
6 2029,1+2048,8 139 6,73+13,16 163
7 2048,8+2068,5 62 13,16+19,58 53
8 2068,5+2088,3 12 19,58+25,99 13
m, = 2009,4 (m) m,= 0,314 (m)
0,= 29,23 (m) o,=9,51 (m)
Ex=19,73 (m) E,=6,42 (m)
Phén b6 dan theo toa do tam Phén b6 dan theo toa do huéng
350 300

300
o 250

250
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Q
(=}

150

S6 hrong phét ban

100

50
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1900 1950 2000 2050 2100 40 -20 0 20 40
Toa dd tam Toa do hudng

Hinh 7. Quy ludt tan mat dan phdo 37mm.

Nhdn xét: Tir két qua ¢ bang 3 va hinh 7 cévthé khang dinh quy ludt phan b diém roi cta dan
PPK 37mm-2N tuan theo quy luat phan bo chuan, phu hop voi gia thiét & muc 2.2.
3.3. Kiém chirng trong diéu kién huin luyén thyc té

Tir két qua giai quyét bai todn tinh sai s6 phan tir ban va tan mat dan, nhom téc gia xay
dung thuét toan cho phan mém mod phong, danh gia ket qua ban cua dai doi PPK 37mm-2N cai
tién. Phan mém nay cho phép si quan chi huy c6 thé huin luyén va ty danh gia ky nang dién
tap dua vao cac yeu t6 nhu sai s6 bAm sat muc tiéu cua si quan diéu khién, sai s6 bam sét cac
khau doi phqo voi phan tir ban, lugng ’ban don, thoi gian dan bay ¢ thoi diém ban, 46 tan mat
theo ly thuyé:[ cua dan phéo 37mm. Két qua sorsénh toa do bam b{at muc tiéu tai thoi diém xa
kich trong dieu ki¢n huan luyén mo phong va ket qua do dac thuc te (dit liéu ghi luu) tai don vi
dai doi 74, trung doan 280, su doan 361, Quan chung Phong khdng — Khong quén, dugc thé
hién trong bang 4:
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Bdng 4. Dir liéu tinh toan tir phan mém md phang va diz liéu do dac thuc nghiém.

, Toa do diém xa kich trong | Toa do diém xa kich do Sai $0
STT boi tugng huan luyén mé phong dac thuc nghiém danh gia
danh gia ‘ (ly giéc) ] (ly gié&c) ‘ (ly giac)
Tam Hudng Tam Hudng Tam | Hudng
1 | Sy quan 437 1718 437 1719 0 1
diéu khién

2 L(r:go”fc thi | 5o 1813 501 1813 1 0
3 :;h'gotrzac thi | 4gq 1850 481 1851 1 1
4 ;:2;?0 thi | 440 1833 442 1832 0 1
5 ;]'gc)t'fc thi | 539 1795 530 1794 1 1
6 5:2;?0 thi | 57 1763 508 1764 1 1
7 :;h'gotrgc thi | 57 1749 517 1748 0 1

Sai léch gitta cac tham s6 cua muc tiéu duoc tinh toan mé phong va do dac thuc nghiém 1a rat
nho (nho hon 1 ly giac). Bé thuan tién cho viéc danh gia anh huong céc sai léch nay Ién xéac suat
tiéu diét muc tiéu, nhém tac gia lva chon giai phap lién tuc thu thap sb liéu sai s6 bam sat khau
d6i phao vai phan tir ban chi dinh tir d6 tinh toan diém toi caa dan tai thoi diém hét thoi gian dan
bay theo tinh toan. Vi tri diém ti cia dan, két hop véi xac suat phan bd, kich thude viing tan mét
dan s& tao thanh vang phan bd xé&c suat dan trong khdng gian trong madi vién dan trong loat ban.
Dong thoi muc tiéu bay van dugc md phong quy dao bay lién tuc trong giai doan bin. Thuat toan
danh gia két qua ban lién tuc kiém tra kha ning va cham cua muc tiéu véi ving phan b xéac suat
dan trong khdng gian ¢ truéc va sau thoi diém dan bay t, cua phat bin d6. Co so dit liéu trén may
tinh s& luu trit X4c suat trang mdi vién dan cua ca 6 khau doi phao cho ca loat ban, tir d6 tinh ra
X4c suat trang dan caa mdi khau doi trong ca loat ban va xac suat trang dan cua tat ca cac khau
doi trong ting dot bin 6 khau dong thoi va ca loat ban.

Hinh 8 thé hién giao dién cia phan mém thiét Iap, quan ly bai tip va danh gia két qua mo
phong huan luyén.

Tip TRl

Trge 108 83 min

nnnnnnnnnnn

Hinh 8. Giao di¢n phan mém thiét Idp va qudan Iy bai tap hudn luyén.
Két qua md phong cac tinh hubng xa kich muc tiéu duoc thé hién trén hinh 9.
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Hinh 9. Mé phéng viing tan mdt dan trong mét sé tinh huong xa kich.

Nhgn xét: Phuong phap d& xuat di danh gia xac suat muc tiéu bi trang dan trong qua trinh
luyén tap, dong thoi ghi nhan so liéu hai sai Iéch anh huong la sai léch bam sat muc tiéu cua si
quan diéu khién trén dai quan sat va sai 1éch bdm sat pho vai goc ban don cua Kip trac tha. Tu
nhitng dit liéu nhan duoc cé thé sir dung trong huan luyén, chinh stra thao tac cho lan tiép theo.

4. KET LUAN

Trén co so nghién ctru thudt toan tinh toan diém cham muyc tiéu ciia qua trinh ban phao phong
khong sir dung dan khong diéu khlen nhom tac gia da xdy dung phuong phap danh gia chat
luong huan luyén ban dya trén sai So phan tu ban lién quan dén ky ndng xac dinh phan tar myc
tidu cua si quan diéu khién va sai sé tan mat dan ban. Déi chiéu két qua md phong quy dao bay
cta dan phao vai bang ban va do tan mat so véi luat phan bé chuin cho thiy, thuat toan mo
phong du tin cay, thir nghiém thuc té dat két qua tét. Thuét toan thé hién duoc wu diém so véi
phuong phép nhdp dir liéu bang ban truyén thong dé xac dinh quy dao ban dén, phi hop voi cac
mg dung may tinh s6 cua cac dai doi PPK 37mm-2N cai tién hién nay, giup ning cao chét lugng
huan luyén, tiét kiém chi phi va giam d6 hao mon cho cac khi tai.
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ABSTRACT

Researching and evaluating the effectiveness of firing command of
anti-aircraft artillery company 37mm-2N GLLADS

The article presents a method to calculate the target hit point based on determining
the trajectory of the interception and the scattering of anti-aircraft artillery shells. With
this method, there is no need to enter as much discrete data from the firing table as the
traditional method, but still fully simulate the training situations, suitable for the digital
applications of the current GLLADS 37mm-2N anti-aircraft artillery company. The
simulation method is guaranteed to be mathematically rigorous and evaluated on
Matlab as well as in practice. The PPK 37mm-2N's training simulation and firing
evaluation software provides a visual tool to help evaluate training using actual
weapons at the company.

Keywords: Simulation; Training; GLLADS.
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