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TOM TAT

Bai bao trinh bay gidai phap thuc thi phan tir bin cho he théng diéu khién hoa lyc khi bé
pan-tilt cia dai quan sat dwoc bé tri truc tiép trén kénh tam cua phao va bé phao dat trén
phirong tién co dong. O trmfng hop nay goc léch giita duang ngam va duo‘ng bén chinh la géc
ndng va goc don trong phan tir ban trong hé toa do thanh phan c¢é dinh mat ddt. Bai bdo da xdy
dung co s6 todn hoc dé tinh todn géc quay cia hé pan-tilt sao cho théa man géc ning va géc
dén cho trude. Cac két qua cua bai bdao dwoc chirtng minh toan hoc chat ché va dwoc thé hién
trén mét s6 vi du va sé duoc ung dung trong cdac hé thé'ng diéu khién héa luc c¢6 hé pan-tilt dat
trén kénh tam cia phdo.

Tir khéa: Goc O le; Hé théng didu khién hoa Iyc; Tham sé bén.
1. PAT VAN PE

Céc hé thong diéu khién hoa luc sir dung trinh sat quang dién tr (QDT) thudng c6 mot sb cau
hinh nhu: dai quan sat (PQS) bd tri doc 1ap nhu cac hé thdng diéu khién tran dia PPK 37 mm va
57 mm [1]; QS bd tri trén thap phéo nhu cac loai kinh ngim trén xe ting [2]; hé QDT bd tri gin
chat trén nong phao nhu phao phong khong (PPK) Zu23-2N ML do Israel cung cap hién dang
dugc trang bi trén tau cua luc luorng canh sat bién [3]. Du dugc bd tri nhu thé nao thi nhiém vu
ctia PQS 14 x4c dinh cac tham sé muc tiéu dé tinh toan phan tir bin don. Phan tir bin (PTB) duoc
xé4c dinh bao gdm hai thanh phan: goc hudng va gbc tim mong mudn ciia phéo. PTB theo hudng
dugc xac dinh bang goc hudng téi muc tiéu va goc don, PTB theo tam duogc xac dinh bang goc
tam clia muc tiéu va goc nang. Trong truong hop DQS gan lién v6i nong phao, kh01 tinh toan
phan tir ban chi can tinh toan goc don va goc nang cho phao, con goc hudng va 86c tam cta muc
tiéu chinh 1a goc hudng va goc tim cua PQS. D6 chinh 1a mot vu diém cua cdu hinh nay. Nhu
vay, dé phao c6 goc huong va goc tam nhu mong mudn, chi can ludn diéu khién sao cho chir
thdp ngam cua hé quang dién tir luén bam sat muc tiéu, con tryc cua nong phao léch voi tryc cia
chit thap ngim mot goc bang goc don va gbc nang theo chiéu ngang va chiéu thiang dimg. Tuy
nhién diéu nay chi dang véi diéu kién phéo ludn & trang thai thang bang. Trong truong hop phéo
dat trén cac phuong tién co dong, do anh huong cua dd nghiéng ctia phuong tién, do 1éch theo
kénh tam va kénh hudng giira chir thap ngdm voi nong phéo chi thé hién goc 1éch trong hé toa do
nong phao ma s€ khac vdi goc 1éch trong hé toa do ¢ dinh mat dat. Piéu nay dan dén sai sb cua
goc ban, 1am giam hiu qua tiéu diét muc tiéu. Ngoai ra, trong trudng hop muc tiéu bay véi vén
tc 10n, goc don va goc nang s& 1on va cd thé nam ngoai truong nhin ctia hé QDT. Dé khic phuc
nhuoc diém nay, hé QDT can dugc gin 1én mot DQS véi chit thap ngim cb dinh theo truc quang
ctia h¢ QDT, con goc tam va goc hudng ctia bé sé& 1a goc 1éch giira dudong ngdm va goc truc nong
phao trong hé toa d6 nong phao. Bé dam bao didu nay can xay dung co so 1y luan dé dua luong
bu phan tir bin vao tao goc 1éch gitta PQS va nong phao. Bao co ndy s& giai quyét van dé nay,
tap trung vao viéc tinh toan goc léch gitra truc nong phao véi truc cia hé QDT sao cho thoa man
goc nang va goc don do khéi tinh toan PTB dua ra.
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2. GIAI QUYET VAN PE
2.1. So lwge vé phwong phap tinh toan PTB

Hinh 1. So d6 tinh todn phan tir bin (PTB).

Phén tir bén tai thoi diém to dugc xac dinh sao cho thoa man diéu kién néu phat bin duoc thuc
hién tai thoi diém to thi dén thoi diém t; dan phéo s& bay tdi vi tri My trong khong gian, trong khi
d6 tai thoi diém to muc tiéu ndm & vi tri Mo (Xo,Yo,20) V6i van tdc v, Vy,V; thi dén thoi diém t; muc
tiéu cling s€ bay tdi vi tri M1, No6i cach khac, muc tiéu va dan phao gap nhau tai diém M; vao thoi
diém t1. Biém M; va t; déu la an s6. Bang ban cung cap cac thong tin co ban nhu sau:

- Pau vao: Khoang cach va do cao cua diém dan di qua ( diém M, ) so voi diém dit phao Po
ky hiéu la D va H.

- Pau ra: Do léch goc clia nong phio so voi goc cua dudng Po M trong hé toa do mit dat;
khoang thoi gian dan bay tir diém Py dén diém M (t4).

Vi nhitng thong tin tir bang bén, ta ¢6 thé dir dung phuong phép nhich dan dé xac dinh phan
tr ban cho thoi diém to theo thuat toan sau:

1/ Doc thong s6 dau vao: Mo (Xo,Y0,20); Vx,Vy,Vz vOi gid thiét vy, Vy,V; 14 hing s6

2/ Chon mot thdi diém t1 bat ky x4c dinh At =t, —t,

+ Xéc dinh toa d6 muc tiéu tai thoi diém ty:
X =X +V, (t, 1))
Yi=Yo +Vy(t'l —t)
2, =2,+V,(t 1)
+ X4c dinh D va H:

D= \/xl X, yl Y, )2+(zl—zp)2
H i
3/ Tu D va H ta xac dinh dugc thoi gian dan bay theo bang ban t4. S0 sanh t4 véi At dé thay
doi t1
lt, — At|< o Diém dan gap muc tiéu la diém My, ding tinh todn va chuyén sang budc 4;
|ty — At| > o Chon thoi diém t; = to+ tsva quay lai thuc hién budc 2.
4/ Tinh todn gbc phéao

- Xéc dinh d9 1¢ch cuia nong phao so voi dudng PoM1 S, va ¢, .

- Tinh toan goc cua duong PoMy:
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. H
&=arcsin—
D

S =arctan 2[(2p —zl),(xl—xp)]
- Tinh toan phén tir ban:
ﬁptbzﬁ_’_ﬂ ; gptb:‘9+€y

Gia tri o dugc chon sao cho thoa man diéu kién:

1 NP .
4/V5+V§+VZZ*GSEL, L la do dai muc tiéu

Trong truc‘mg hop phao di dong, phﬁn tir ban ciing duoc tinh toan tuong ty véi toa o phao xp,
Yp, Zp dugc xac dinh theo ting thoi dlem tinh toan. Viéc dam bao goc phao hudng theo PTB trong
truong hop dai quan sat dit trén kénh tAm ctia phao s& dugc trinh bay dudi déy.
2.2. Tinh toan cac goc mong mudn ciia PQS dit trén nong phao

Nhu d trinh bay ¢ muc trén, dé dam bao kha ning bin muc tiéu di dong, truc quang cia hé
QbT phal luén hudng vao muc tiéu, trong luc d6 truc cua nong phdo phai ludn 1éch véi tryc
quang cua hé¢ QDT mot goc don va goc nang do hé thong tinh toan phéan tir bin dua ra. Tuy
nhién, cac goc nay dugce tinh trong h¢ toa do mat dat cd dinh, trong khi do cac goc cua BQS ma
hé QPT duoc gin 1én lai nim trong hé toa d6 nong phao, do do, cac goc tam va goc hudng cua
DPQS khong phan anh dung goc nang va goc don mong mudn.

Goi f,, &, thtr ty la goc phuong vi va goc tam cua bé pal-tilt ciia DQS, B, &, thu tu la don

va goc nang cua phan tir ban. Khi d6, trong diéu kién phao & trang thai thing bang, chung thoa
man dang thirc sau:

_ )
&g =€

Tuy nhién, trong trucmg hop b¢ phdo khong thang béang, do anh hudng cua cac goc O le gitra
bé phdo va h¢ toa do co dinh mat dat, goc 1éch gitra truc quang cua hé¢ QDT so voi goc cua truc
nong phao trong hé toa d6 ¢b dinh mat dét s& khac voi cac gia tri goc phuong vi va tim cia bé
pan-tilt. Nhu vay, can xac dinh cac goc B, €, cua bé pan-tilt sao cho goc 1€ch gitra truc quang

cua hé QDT so voi goc cua truc nong phao trong hé toa do ¢ dinh mat dat s& la B, &, Pé xac
dinh dugc cac goc nay, xem xét trong cac hé toa do sau:

H¢ toa do co dinh mit dat O, X,Y,Z, 1a hé toa do gan v6i tam phdo, co truc O, X, hudng vé
phia Bong, truc O.Y huéng veé phia Bac, truc O.Z, huéng 1én trén.

Heé toa do bé phdao O, X,Y,Z, 1a hé toa 40 nhan duoc tir hé toa do cd dinh mat dat sau khi
quay theo cac goc O le (¢, 6, w, )T .

H¢ toa d phwong vi phao O, X Y ,Z  la h¢ toa 4o nhan dugc tir h¢ toa 4o bé phao sau khi
quay theo cac goc O le (0 0 vy, )T .

Hé toa do ta phao O,X.,Y,Z, 1a hé toa d6 nhan duoc tir hé toa do phuong vi phdo sau khi quay
theo cac goc Gle (0 6, 0)'.

H¢ toa d6 phuong vi bé pan-tilt O, X,Y,Z, 1a h¢ toa d6 nhan duoc tir hé toa do ta phio sau khi
quay theo cac goc O le (0 0 A, )T .
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H¢ toa do ta bé pan-tilt O,X,Y,Z, 1a h¢ toa do nhan dugc tir h¢ toa d6 phuong vi bé pan-tilt
. ., T
sau khi quay theo cac goc O le (O & 0) .

B, 6, thir tu la goc phuong vi va goc tam cua muc tiéu trong hé toa do ¢ dinh mat dat, phﬁn
ttr ban duogc xac dinh 1a B, e,. Vay can phai xac dinh cac goc f3,, &, sao cho khi tryc quang cua
hé QPT hudng vao muc tiéu thi truc cua nong phdo s€ Iéch so voi truc quang cic goc
B, &, trong h¢ toa do c6 dinh mat dat, su dung cac veéc to don vi sau:

7, 1a véc to don vi cua duong nbi truc toa d6 voi muc tiéu, trong hé toa do ta bé pan-tilt nd c6
gié tri nhu sau:

=1 0 o) )
Déng thoi trong hé toa do mat d4t n6 co gia tri nhu sau:
n =(cos@ cosp, cos@sing —sing,) ©)

N 12 véc to don vi cua truc nong phdo khi trung voi phén tir bén, trong hé toa do mat dat no

¢6 gia tri nhu sau:

i . . T
T =(C0S(6, +£,)COS(B, + B,)  cos(6, +&,)sin(B, +B,) —sin(g, +¢,)) ()
Ddng thoi, trong hé toa do ta nd 6 gia tri nhu sau:
.
Ty =(1 0 0) 5)

Goéc quay clia hé truyén dong phuong vi va hé truyén dong tam sao cho goc cia nong phéo
trong hé toa do ¢o dinh mat dat trung véi goc ban don, thyc hién cac budc ti€p theo.
Xac dinh gia tri véc to 77, trong h¢ toa do bé phao. Vi h¢ toa do bé phdo c6 cac goc O le so

véi hé toa do cd dinh mat dat tha tu 1a ¥,, 6, va ¢, nén ta nhan duoc phuong trinh sau:

1 0 0 |/cosg, O =—sing, || cosy, siny, O
Myp=|0 cosg, sing || 0 1 0 | -siny, cosy, O|n, (6)
0 -sing, cosg ||sing, 0 cosd, 0 0o 1

Voi 77:)&, xac dinh theo (4).
Trong phuong trinh (6), tit ca cac bién déu xac dinh nén Iyﬁtb cling hoan toan xac dinh. Dé

tién trinh bay, dit cac thanh phan cua nztb la X: , y,t,’ , Zf; :

Ta=(% v, %) )
Gia tri véc to 77, trong hé toa dd ta duge trinh bay trong cdng thirc (5). Vi h¢ toa df ta co cac
goc O le twong ddi voi hé toa do bé phéo la v, va 6, nén tuong tu nhu (6) ta c6 phuong trinh sau:
cos¢y, 0 —sing, || cosy, siny, O

me=| 0 1 0 | =siny, cosy, Oy (8)
sing, 0 cosé, 0 0 1

Trién khai (8) nhan dugc:
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1] |cos@,cosy, cosgsiny, —sing, | x;
— i b
0|=| -siny, cosy, 0 Y, 9)
0] |singcosy, singsiny, cos ||z,
Phuong trinh (9) ¢6 hai an. Tiép tuc bién ddi ta nhan duoc hai phwong trinh sau:
—siny X, +cosy y, =0 (10)
sin@, cosy X, +sing,siny,y> +co0s6,z; =0 (11)
Tu phuong trinh (10) xac dinh duge goc phuong vi cua phao w,:

b b

gy, =¥ hay y, =arctg % (12)
n n
Sau mot s6 phép bién doi (11) ¢o tinh dén (12) nhan duoc:
sin&tx +C0S 6, coswpz =0 (13)
Tur (13) xac dinh 6, :
Zb yb Zb yb
tgé, = ——Lcos| arctg = | hay 6, =arctg| ——-cos| arctg —- (14)
Xl] X’? X” X"

Nhu vy, goc tam va goc hu0’ng cua phao hoan toan xac dinh bang céac cong thirc (4), (6) ),
(12) va (14), n6 phu thudc vao phan tir ban va cac goc O le cia bé phio so véi hé toa d cd dinh
mat dat.

Van dé tiép theo 1a xac dinh cac goc hu’c’rng va goc tﬁm clia bé pan-tilt. D& xac dinh cac goc
nay ta coi truc quang cua h¢ QDT trung véi duong ngam té1 muyc tiéu. Tuong ty nhu xac dinh
goc cua phao, cac budce sau s& duoc thuc hién dé xac dinh cac goc quay cua bé pan-tilt. Trude
tién xac dinh cac thanh phan cua véc to 7, trong hé toa do bé phao:

1 0 0 |[cosg, 0 -—sing, || cosy, siny, O
7 =|0 cosg sing | O 1 0O | -siny, cosy, Oy (15)
0 -sing, cosg, ||sing, 0 cosd, 0 0 1

Vi hé toa do ta c6 cac goc O le tuong dbi voi hé toa do bé phao 1a ¥, Va 6, nén twong tu nhu
(15) ta c6 phuong trinh sau:

cosf, 0 —sing, || cosy, siny, 0 X,
m= 0 1 0 | -sing, cosy, Oln =Y, (16)
sing, 0 cosé, 0 0 1 z

n
Cac gbc O le ctia cac ma tran cosin dinh hudng trong (16) da dugc xac dinh trong (12) va (14)
nén cac thanh phan ctia véc to 7 hoan toan xac dinh.
Vi hé toa do ta bé pan-tilt c6 cac goc O le twong ddi v6i hé toa do ta phao 1a B, va g, nén
tuong tu nhu (6) ta cd phuong trinh sau:
cosg, 0 —sing || cosp, sing, 0O
m=| 0 1 0 |-sing, cosp, O|n 17)
sing, 0 cosg, 0 0 1
Trién khai (17) nhén dugc:
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1
0=
0

Cos &, CoS f,

—sin g3,

sing, €os 3,

cos&, sin 3,
cos f3,
sing, sin 3,

—=SIn &,

0
coseg,

b
X,

b
Yy

b
Z77

Phuong trinh (18) ¢6 hai an. Tiép tuc bién doi ta nhan duoc hai phuong trinh sau:
—sin g,x, +cos By, =0

H t H H t to_
sing, cos S, X, +sing,sin By, +cosg,z, =0

Tt phuong trinh (19) xac dinh duge géc phuong vi cua b¢ pan-tilt 43,

194, =

” hay B, =arctg yt
X! X

t

n

Sau mot s6 phép bién ddi (20) co tinh dén (21) nhan duoc:

Tir (22) xéc dinh g, :

tge, =—

t

n

—-cos ( arctg

t

n

%j hay &, = arctg L—

: t t_
sing, x, +cos¢g, cos .z, =0

t

n

n
S eos {arctg

?)
X

(18)

(19)
(20)

(21)

(22)

(23)

Nhu vy, goc tam va goc hu’ong cua b¢ pan-tilt cia DQS hoan toan duge xac dinh theo cac
cong thic (21) va (23). Khi truc ciia hé¢ QDT hudng téi muc ti€u voi cac goc huong va goc tam
xéc dinh theo (21) va (23) thi nong phao s& hudng dung theo phan tir bin mong mudn. Tong hop
céc ngi dung trén thanh cac budce xac dinh cac gia tri B, va &, nhu sau:

Nap céc tham sé dau vao tir hé théng do ludong va tinh todn phan tir bin theo cac cong thirc &

trén: 4,

0., ¢, 6,, vy, B,, &, Cactham s6 dugce tinh toan theo cac cong thic, n Véniptb theo

(), (4), n}, va 7, theo (6), (15), w,va 6, theo (12), (14), n theo (16), B, va ¢, theo (21),
(23). Bua B, va &, ra, két thic mét chu ky tinh.
2.3. Mt s6 vi du

Duéi déy s& trinh bay mot s6 két qua tinh toan xac dinh B, va g, theo cac gia trj dau vao:
B 6, &, 6, v, By &, Két qua tinh duoc thé hién trén bang 1 dudi day.

Bing 1. Két qua tinh todn B, va &,

STT | B, &y 2t 6 4, 4, ) by €q Ap Ag
1 0.262| -0.157 0] -0.523] 0.349| -0.174 0| -0.259| 0.061]-0.003 | -0.096
2 0.262| -0.157 0] -0.523] -0.349| 0.174 0| -0.141] 0.227|-0.121 | 0.070
3 0.262| -0.157 0] -0.523] -0.349| -0.174 0| -0.145| 0.224]-0.117 | 0.040
4 0.262| -0.157 0] -0.523] 0.349] 0.174 0| -0.266| 0.013|0.004 |-0.144
5 0.262| -0.157 0| -0.523| 0.349] 0.174] 1.047| -0.255| 0.078/-0.007 | -0.079
6 0.262| -0.157 0] -0.523] 0.349| -0.174| -1.047] -0.218| 0.154/-0.044 | -0.003
7 0.262| -0.157| 1.047| -0.523| 0.349| 0.174 0] -0.256| 0.074/-0.006 | -0.083
8 0.262| -0.157 0] -0.785] 0.349| -0.174 0| -0.222] 0.067]-0.040 | -0.090
9 0.262| -0.157 0| -0.523] 0.349 0 0] -0.263] 0.040/0.001 |-0.117
10 | 0.262] -0.157 0| -0.523 0| -0.174 0] -0.221] 0.150/-0.041 | -0.007
11 | 0.262| -0.157 0] -0.523 0 0 0| -0.228] 0.138]-0.034 | -0.019
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Két qua tinh toan bang 1 cho thiy, v6i ciing mot goc don va goc nang, véi cing mot toa do
muc tiéu, déi véi cac goc O le ciia hé toa dd bé phao khac nhau, cac goc léch can c6 giita truc
quang cua h¢ QDT voi goc cua nong phao dé dam bao cho nong phio c6 goc dung bang goc ban
don ciing khac nhau, d6 khac nhau nam trong dai tir vai don vi cho dén hang trim phan nghin
radian, trong duong tir vai li gidc t6i hang trdm 1i gidc theo ca kénh hudng va kénh tim ciia bé
pan-tilt. Néu khong tinh t6i sai 1éch nay thi d tan mat ctia dan khi ban s& rat 1n, hiéu qua tiéu
diét myc tiéu s€ khong cao.

3. KET LUAN

Bai bao di giai quyét van dé tinh todn goc cua bé pan-tilt QS khi dat trén kénh tam cia
phéo. Két qué da duogc chung minh toan hoc chat ché va da dugc kiém chung béng mdt sd vi du
mo phong. Céac két qua nay sé 1a co sd dé cai tién cac hé thong didu khién hoa lyc PPK Zu23-2N
dit trén tau canh sat bién, khi chung phai hoat dong trong diéu kién song gio, bé phao lic lu theo
dao dong cua san tau.
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ABSTRACT

Solution to create elevation and reception angles for anti-aircraft defenses
when the observatory is placed on the gun's range channel

The article presents a solution for implementing the firing part for the fire control
system when the observation post's pan-tilt platform is arranged directly on the artillery's
range channel and the artillery platform is placed on a mobile vehicle. In this case, the
angle of deviation between the line of sight and the line of fire is the elevation angle and
pickup angle in the firing element in the ground fixed component coordinate system. The
article has built a mathematical basis to calculate the rotation angle of the pan-tilt system
to satisfy the given elevation and pickup angles. The results of the article are rigorously
mathematically proven and shown on a number of examples and will be applied in fire
control systems with pan-tilt systems placed on the gun's range channel.

Keywords: Euler angles; Fire control systems; Firing parameters.
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