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TOM TAT
Bai bdo nghién citu, tinh toan, lia chon va xdy dung bang bdn tinh sdn cho phéo phong khong
23 mm dya trén cdc quy ludt van dong cua dau dan trong méi truong khong khi trong dzeu kién
tiéu chudn thong qua viéc so sanh két qud nghién civu véi do thi va bang ban mdt dat 6 san trong

tai liéu. Két qua nghién ciru duoc tinh toan, mo phong trén MATLAB va duwoc trién khai trén cdc
hé thong ZU23 cdi tien.

Tir khoa: Phao phong khong; ZSU23; Bang bén.
1. MO DAU

Hién nay, trong quén doi thuong xuyén thyc hién cac nhiém vy nghién ctru thiét ké, ché tao va
cai tién hé thong chi huy, diéu khién hoa luc cho céc loai phao va t6 hop vii khi phong khong tam
thap. Mot ndi dung quan trong cua cac nhiém vu nay 1a thlet ké, xay dung chuong trinh phan mém
tinh toan phan tir ban. Hau hét cac chuong trinh phan mém tinh toan phan tir bin cho muc tiéu di
dong da xay dung déu dua trén co so thuat toan nhich dan dé tinh lugng don vé tim va hudng. Di
lidu can thiét cho thuat toan nay 1a cac tham sb vé goc nang va thoi gian dan bay duoc tra ra tir
bang ban [12-14]. Déi véi cac loai phao phong khong nhu 37 mm, 57 mm, hay tham chi 14 14,5
mm,... déu ¢ cac bang tinh sin trong diéu kién tiéu chuén [9, 11]. Khi c6 thong s6 muc tiéu (cu
ly, d6 cao, goc ta,...), c6 thé tra bang dé tinh goc nang va thoi gian dan bay. Vi vdy, viéc tinh toan
céc thong sé dé dua vao thuat toan nhich dan 14 rat thuan loi. Riéng ddi voi cac loai vii khi phong
khong sur dung ¢ dan 23 mm nhu ZU23, ZSU23, médc du hién nay van duoc trang bi nhiéu trong
quan doi, nhung cac tai liéu ky thuat cung cip kém theo vii khi, khi tai hién chi c6 bang ban mit
dat va cac do thi duong dan g v61 mot s6 goc ban quy chin khac nhau. Cac hé thong vii khi nhu
nay thuong sir dung may ngim co khi, kinh ngam quang hoc, hodc theo may tinh dudng dan c6
san [7, 8, 10]. Vi vay, viéc cai tién, ché tao cac hé thdng chi huy diéu khién hoa luc gip rt nhiéu
kho khin trong viéc tinh toan cac thong s phan tir bin cho truong hop muc tidu trén khong.

Bai bao nghién ciru, tinh toan, lya chon va xay dung bang ban phong khong tinh sdn cho phéo
phong khong 23mm dua trén cac quy luét van dong cia dau dan trong moi truong khong khi trong
diéu kién tiéu chuin [1-4] thong qua viée so sanh két qua nghién ciru voi do thi va bang ban mat
dét c6 sén trong tai liéu [7, 8, 10], nhim dua vao st dung trong cac hé thong tinh toan, chi huy
diéu khién hoa luc cta vii khi st dung loai dan 23 mm.

2. NOI DUNG CAN GIAI QUYET

2.1. Thiét 1ap quy dao bay cho dan ZU23
Viéc thiét 1ap quy dao bay cua dan 1a viéc xac dinh yi tri cua vién dan theo thoi gian dua vao
cac phuong trinh vi phan c6 dugc tir cac phuong trinh vé luc tdc dung 1én vién dan khi bay.
Quy dao bay cua dan dugc thiét lap tr phuong trinh chuyén ddng co ban cta vat ran.
F R +P R
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Trong do: a la gia toc cta dan; R 1a lyc can khong khi theo gia thiét c6 phurong tring v6i phuong
cua van toc va glagia toc trong trudng.

Ft

"
Hinh 1. Phan tich lyc tac dung lén vién dan.
Luc F khi chiéu 1én phuong van tdc va phuong vudng goc voi né ta duge hé phuong trinh:
F; = —R — Psinf
{ F, = Pcosf 2
Hay:
a, = —J — gsinf
{ a, = gcosf )
Trong dé: J = R/q 1a gia toc luc can, ¢ la goc tao boi phuong cia van tbc v6i phuong ngang,
a; va a, la cac gia tri gia toc thanh phan:
a; 1a thanh phan gia tbc tiép tuyén co phuong trung voi tiép tuyén cua quy dao va dic trung
cho su thay ddi vé& do 16n cta véc to van tc. Do 16n ciia né duge tinh la:
dv
=— 4
ag dt (4)
a, la thanh phan gia tbe phép tuyén (gia toc hudng tam) n6 c6 phuong vudng goc v6i tiép tuyén
clia quy dao chuyén dong va dic trung cho su thay ddi vé phwong cia véc to van toc. Do 16n cua
no6 duogc tinh 1a:

= w?R = =wl/=—V 5
ap = w R-Y It (5)
Trong cong thirc (5) gia tri w 1 van tdc gbc. Thay cac gia tri a, va a,, tir cong thirc (4) va (5)
vao cong thuc (3) ta co:

o ) - gsine =)~ gsing = Veoso

— = —/ —gsin — =—/—gsin ——- = VoS

dt .. ) dt dt
do . , Hay la: 40 g . Trong do dy e (6)
dt geos dt VCOS dt S

Gidi h¢ phuong trinh vi phén (6) Ta sé& tinh dugc cac gia tri x, y va xay dung duoc quy dao
chuyén dong cua dan. HE vi phan (6) duoc giai bang phuong phap sd. Cac phuong trinh viét boi
phuong phap s ¢6 dang:

Vi1 =V
f%tn = —J, — gsind,
Opi1—0n g Viir = Vo — (Jn + gsingy,) x At
) At V, c0Stn Hay 1a: Ops1 =6y + Vcosan X At o
X —X : n
mtTn V,,cos6, Xne1 = X, + Vycos0, X At
Y, At_ Y Yoi1 =Y, + Vsing, X At
| L ysing,
At
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Véi cac diéu kién ban dau 1a: Vi =930 m/s (Tdc d6 dau nong cua dan ZU-23); 6, goc bian ban
dau; va cac toa dg vi tri ban dau Xy = 0; Y, = 0.

Nhu vy, cac dai lugng trong cong thire (6) hay dang s6 1a cong thie (7) ngoai trir gia tri J, cac
gia tri khac deu da biét trudc. Gia tri J dugce xac dinh nho vao cong thic J = R/q. Trong do, R 1a
luc can khong khi phu thude vao cac yéu td van tdc, cao do va hé so hinh dang cta vién dan va
duoc cho bdi cong thirc:

R =C.F(V).H(Y)

Trong do:

- F(V) la thanh phén chinh ctia lyc can khong khi, phu thudc vao van tdc cua dan, s& dugc trinh
bay trong muc ti€p theo;

- C 1a hé s6 hinh dang cua vién dan, dugc lya chon dya vao cac gia tri bién va gia tri dinh cua
do6 thi quy dao duong dan dugc cho trong tai liéu. Phuong phap cu thé d€ xac dinh “C” s€ dugc
trinh bay trong muc (2.3);

- H(y) duogc dua ra boi thye nghiém va duoc xac dinh gan dung véi cac cong thirc khac nhau
qua tung thoi ky. Trong ndi dung bai bao nay, ham H(y) dugc sir dung v6i cong thirc méi nhét vé
ap sudt khong khi theo chuan 4401-81:

H(y) = (1 —0,00002256 x y)*256
2.2. Cac cong thirc vé lwe can khong khi
2.2.1. Cong thurc Siacci

Trén co s¢ nhitng nghién ciru ciia Maievsky-Zabudsky va bang thuc nghiém vao cudi thé ky
XIX, mdt nha nghién ciu ngudi Y Francesco Siacci da dua ra mot ham lyc can méi F(V) mang
tén minh. Vi ham lyc can nay Siacci d@ lam min dugc cac di€ém nhon trén d6 thi, dong thoi cong
hién to 16n hon cua Siacci la da dua ra dugc mot ham xap xi gan ding vé€ luc can cua khong khi
theo nhu cong thure (8).
0,0442V(V —300)

v 10 (8)
371+ (557)

Cong thirc nay di duoc thir nghiém nhiéu 1an trong thuc té va dugc st dung rong rii trong viée
tinh toan quy dao, vGi cac gia tri tuong ung cia céac loai dan ¢ hinh dang khac nhau. O toc do
thap, cong thuc Siacci gan v6i ham béc hai va ¢ toc do cao, nd gan véi tuyen tinh.

2.2.2. Cong thirc 1943

Trong cudc chién tranh thé gi6i thir 2, do yéu cau cua viée sir dung cac loai phdo tim xa nhiéu
hon. O Lién X6 da bat dau céng viéc thiét 1ap mot phuong trinh méi vé luc can khong khi dua trén
viéc xtr ly két quéa ban bang dan phao tam xa hi¢n dai. Cong trinh nay do hoc vién phao binh cta
Nga xay dung va duge hoan thanh vao nam 1943 dugc dat theo tén cua F.E. Dzerzhinsky hoac
don gian 1a “Cong thirc 1943”. N6 dugc thé hién dudi dang bang dua trén cac nghién ctru va cai
tién tir cong thirc Siacci va cong thirc 1930. Trong cong thirc 1943 F(V) dugc tinh la:

poV?

F(V) = 0,2002V — 48.05 + /(0,1648V — 47,95) + 9.6 +

F(V) = sC, (M) )

Trong do:

- po 12 khéi luong riéng cta khong khi ¢ didu kién tiéu chuan;
- s 1a dién tich mit cét cua vién dan.

Gia tri C4x (M) dugc tinh theo cong thirc (10):
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( 0,157 : M < 0,73
0,033M + 0,133 : 0,73 <M < 0,82
0,161+ 3,9(M — 0,823)%: 0,82 < M < 0,91
1,5-M—1,176: 0,91 < M < 1,00
0,384 — 1,6(M — 1,176)2: 1,00 < M < 1,18
/1,85 (10)
0,384 sin (7) : 1,18 <M < 1,62

0,29
T +1,72: 1,62 <M < 3,06

0,316 — 0,016M : 3,06 <M < 3,53
\ 0,259 : M = 3,53

Nhu vay, trong cong thiic 1943 duoc chia th?mh 9 doan véi cac ham s khac nhau phu thudc
vao gia tri M 1a ty 1€ gitra van toc cua dan va van téc am thanh: M = V/a.
2.2.3. Cong thirc 1956

Sau chién tranh thé gidi thir 2, mot thir nghiém maoi duqc dua ra va mot cong thirc méi vé luc
can khong khi dugc xac 1dp vao ndm 1956, va dugc goi ngan ngon 1a “Cong thuc 1956”.

Ciing giéng nhu cong thirc 1943, cong thic 1956 cling dugc chia lam cac doan voi cac ham sO
khéac nhau phu thudc vao gia tri ty I¢ gifta van toc ciia dan va van toc &m thanh (M = V/a).
Trong d0, gia tri C,,(M) dugc tinh theo cong thirc (11) dudi day:
0,308: M < 0,61
0,505(M — 0,61)%31 + 0,308 : 0,61 <M < 1,00

C,= 0,4485(M — 1)0'5056_5’68(M_1) +0551: 1<M<14 "
. M ()
: <
0356 M2t 2247 M—14° LASM<40
0,302: M >4

2.3. Quy dao bay ctia dan ZU23 x4y dung tir cic cong thirc luc cin

Nhu véy, ta da co cac phuong trinh vi phan dang sé dé c6 thé xay dung duoc quy dao chuyén
dong cua vién dan. Tuy nhién, gia trj “C” trong cong thirc R = CF(V)H(y) van chua duoc xdc
dinh. Gia tri “C” sé€ duoc )}éc dinh dya vao cac gia tri bién va dinh cua do thi so vai do thi mau co
trong tai liéu. Cac budc dé thyc hién nhu sau.

~ Chon gbc quy dao chuan. Trong d6 thi mau ta :théy & goc ban 45°, cu ly dan dat xa nhat va goc

ban tir 30° dén 60° ciing 1a goc ban thong dung nhat voi cac loai vii khi phong khong tam thap. nén
ta chon goc 45° 1am goc chuan.

Chon mot gia tri “C” bét ky va v& quy dao cua dan. Tang hodc giam gia tri “C” sao cho quy
dao cé dugc sat vai quy dao mau. Sau khi xac dinh duoc gia tri “C” phu hop ta thuc hién xay dung
quy dao véi cac goc khac.
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Hinh 2. Quy dao ¢ goc ban 45 do voi cac hé so “C” khac nhau.
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Trong hinh 2 mé ta quy dao ctia dan ZU23-2N & goc bin 45° bang cong thire luc can Siacci voi
cac hé s6 “C” khac nhau. Trong hinh 2a v6i hé sb C = 0,3 ta thay cu ly dan roi 16n hon 7 km (16n
hon so véi quy dao mﬁu). Nhu vay, véi gia tri “C” nay luc can khong khi 1a nhé, bdi vay can phai
tang hé 6 “C”. Trong hinh 2b véi hé s6 C=0,35cu ly dan roi & khoang céach 6,5 km va nhé hon
so voi gid tri trong quy dao mau cho thiy voi gia tri ndy luc can khong khi 14 16n va ta can phai
giam h¢ s6 “C”. Hinh 2c¢ véi gia tri C = 0,317 la gia tri dugc chon vi dd thi voi gia tri nay sat voi
quy dao mau.

Sau khi di xac dinh duoc hé sb hinh dang “C” ta s€ xay dung quy dao ctia dan voi cac goc khac.
Chuong trinh dugc xay dung bdi phén mém Mathlab, két qua quy dao dugc thé hién qua hinh 3
bang cong thirc Siacci, hinh 4 bang cong thirc 1943, hinh 5 bang cong thirc 1956 va hinh 6 1a quy
dao cuia dan ZU-23 trong tai li€u di kem vii khi, khi tai.
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Hinh 3. Quy dao xay dung baoi Siacci. Hinh 4. Quy xay dung boi cong thire 1943.
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Hinh 5. Quy dao xdy dung boi 1956. Hinh 6. Quy dao trong tai liéu.
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a) Quy dao trong tai liéu. b) Quy dao xdy dung.

Hinh 7. Quy dao dan ZU-23 ¢ 5 gidy dau tién.
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Hinh 7 mé ta quy dao cua ZU23-2 & 5 gidy dau tién. Hinh 7a 12 quy dao c6 trong tai liéu va
hinh 7b 1a quy dao xay dung boi cong thire Siacci vdi cac goc duge xay dung tir -5° dén 85°.

Qua dd thi ta thay, quy dao duoc xay dung bing cong thire Siacci sat v6i quy dao co trong tai
liéu nhat, dac biét ¢ 5 gidy dau tién tuong ung voi cu ly khoang 2500 m gan nhu khong c6 sai so.

Nhu vay, do dan ZU-23 c6 van tdc nho, nén trong 3 cong thirc duoc st dung, ta thiy cong thirc
Siacci cho két qua giong voi ket qua thyc nghiém trong tai liéu hon. Do d6, cong thic Siacci s&
duoc chon d€ xay dung bang ban phong khong cho phao ZU-23.
2.4. Xy dung bang ban phong khong cho phio ZU23

Viéc thiét 1ap bang ban 1a tim ra goc nang a can thiét dé‘quy dao cua dan roi trang muyc tiéu.
Trong bang ban cuia ZU23 duogc thiét 1ap véi hé truc toa do cau, bao gom goc ta muyc tiéu va cu ly.

Trong ndi dung trudc, chiing ta (jé xay dung dugc quy dao ctia dan la dé thi cua dan theo 2 trye
X,va'Y. Trong do, truc Y la tryc thang ding va truc X trung v61 hudng ban. Nhu vay, voi moi goc
nang a, ta s€ tim dugc diém roi ciia dan trén mat dat. Khi do, goc a chinh la géc ban don voi muc
tiéu mit dat. P6i v6i bang bin phong khong, dé thuan loi cho viée xdy dung ta chi viéc quay h¢
truc toa do mot goc -e. Khi do, bai toan tinh todn bang ban phong khong tré vé twong tu nhu bai
toan bang ban mat dat. Cong thirc chuyén hé truc toa do v6i phép quay mot goc -¢ 1a:

{X’ = X cos(—¢) — Ysin (—¢) (12)
Y’ = X sin(—¢) + Ycos (—¢)

Bai toan thiét 1ap bang bén 1a bai toan nguoc lai véi bai toan xay dung quy dao, khi biét trudce
vi tri muyc tiéu va phai xac dinh goc ban don. Luu do thuét toan thiét 1ap bang ban mat dat dugc
thé hién trong hinh 8.

Gia sir can xay tinh toan goc ban cho muc
tiéu voi goc tala gy vacu ly la D. Lan dau tién
cua vong lap ta bat dau xay dung quy dao cua

£ =g, dan véi goc bén 1a €9, sau do, xoay hé truc toa
§=0 d6 mot goc ciing 1a g, va tim giao diém cua
¥ dd thi v6i truc hoér}h (tc 1a tinh gia tri x khi
P y = (). Lac nay, két qua nhan duoc la x = 0,
ET e t8 % va sai s6 A = D 1a rat 16n. Trong céc lan tiép
Xay dung qui dao bay ciia theo cua vong lap gia tri goc ¢ s€ dugc tang
dan véi géc nghiéng & hodc giam tuy thuge vao sai sO cua A cua cu
¥ ly yéu cau va cu ly tinh toan hién c6. Neu sai
| Xoay hé truc toa do mot | _ sé A cang 16n thi budc tang cho goc € cang cao
¥ 5 = KA d& dam bio cho bai toan nhanh dugc hoi tu.
| Tinhgidtrixkhiy=0 | Khi sai s6 nho hon gid tri & dat ra, vong ldp
v duoc kcf:t thuc. D€ bao dam tinh chinh xac cua
A=D —x bang ban, gia tri ¢ ¢ day dugc chon 1a 0,1 m.
A Sau khi vong lap két thuc, gia tri tra vé 1a goc
N bén don a = € — &,.
¢ Béng bin phong khong cho phio ZU23-
v 2N duoc xay dung voi cac goc ban tir -5° dén
| a=¢&—¢g | 85° v6i d6 gidn cach 1a 5° twong tmg véi moi

goc béan 1a cac cy ly tir 100 m dén 2000 m va
d6 dan cach 1a 100 m. Bang bin ciing mé
- ~ rong voi céc cu ly 16n hon dé thuan tién cho
Hinh 8. Luu do thudt toan xdy dung bang ban.  vigc bam bt tir xa.
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Trong béng 1 dudi ddy mé ta mot phn cia bang bin ZU23 véi cc goc ban 0 do, 30 do va 60
dd véi don vi ciia goc ban duogc tinh 1a ly giac, thoi gian dan bay 1a gidy.
Bing 1. Bang bin & géc ban 0 do, 30 dé, 60 do.

0° 30° 60°
D o t o t o T
100 0.60 0.11 0.50 0.11 0.30 0.11
200 1.20 0.23 1.00 0.23 0.60 0.23
300 1.80 0.35 1.60 0.35 0.90 0.35
400 2.50 0.48 2.10 0.48 1.20 0.48
500 3.20 0.61 2.80 0.61 1.60 0.61
600 4.00 0.75 3.50 0.75 2.00 0.75
700 4.90 0.90 4.20 0.90 2.40 0.90
800 5.80 1.06 5.00 1.06 2.90 1.06
900 6.80 1.23 5.90 1.23 3.40 1.23
1000 7.90 1.41 6.80 1.41 3.90 1.41
1100 9.00 1.60 7.80 1.60 4.50 1.60
1200 10.30 1.80 8.90 1.80 5.10 1.80
1300 11.70 2.02 10.10 2.01 5.80 2.01
1400 13.20 2.24 11.40 2.23 6.60 2.23
1500 14.80 248 12.80 2.47 7.30 2.46
1600 16.60 2.73 14.30 2.72 8.20 271
1700 18.60 3.00 15.90 2.98 9.20 2.97
1800 20.70 3.28 17.80 3.25 10.20 3.24
1900 23.00 3.57 19.70 3.54 11.30 3.53
2000 25.50 3.87 21.80 3.85 12.50 3.83
3. KET LUAN

Tir nhitng nghién ctru cac phwong trinh vé luc can khong khi, két hop cung bang béan va do thi
quy dao co trong cdc tai liéu, bai bao da dua ra phuong phap xay dung bang ban phong khong tinh
san cho phao phong khong 23 mm. Céc két qua tinh toan dugc so sanh voi d6 thi va bang ban mit
dat co trong tai liéu. Két qua so sanh bang bin mat dat dugc tinh toan v4i bang ban mat dat c6
trong tai liéu cho thay sai s6 vé goc ban nho hon 1,2 do phl’lt, va sai sO vé thoi gian dan bay 1a nho
hon 0,01 s. Ngoai ra, dé kiém ching két qua, nhom tac gia da thir nghiém vdi cac bang bén c6 sin
nhu 37 mm, 57 mm va déu cho két qua tuong dong vGi bang ban ¢ sin trong tai liéu. Két qua cua
nghién ciru da duge Gmg dung trong cac phan mém ban dén sir dung loai dan 23 mm ciia Vién Ty
dong hoa Ky thuat quan su.

TAI LIEU THAM KHAO

[1]. Benrtuens [.A., Hanupo A.M. “Buewnss 6ariucmuxa’, B 3-x 4. Y. 1. M.; JI.: O6oponrns. 210 c, (1939).

[2]. Hanmpo AM. “Buewnas 6arnucmuxa’. M.: O6oporrus. 408 c, (1946).

[3]. Konosanos A.A. Huxonaes Y0.B. “Brewnsaa 6arnucmuxa”. M.: THUW undopmarmn. 228 c, (1979).

[4]. JleBamoB B.®. “Buewnss 6arnucmuxa u meopus cmpenvdvl xomniekcoé PAB”. U.2. OcHo- BHI
cTpenbOBI M yIIpaBIIeHUs] OTHEM CTBOJIbHOM apTuiuiepud. [lensa: [TAWU. 376 c, (2004).

[5]. “Tabruyvi cmpenvbbl RO HA3ZEMHBIM Yeasam U3 CmpenKo8o2o opyicus kamuopa 5,45 u 7,62mm (TC T'PAY
Ne61)”, 2-e uzn., non. M.: Boenusnar. 263 ¢, (1977).

[6]. “Tabauyvt cmpenvObl NO HAZEMHBIM YENAM U3 CHIPETKOB020 OPYAHCUL OO 8UHMOosouHbIl nampon (TC
TAY Ne55)”, M.: Boeansaar. 76 c, (1948).

[7]. “Hocobue no uzyuenuio npasun cmpenvowvt bamapeu, 63600a, ycmanosku 3CY-23-4” Mockaa, (1969).

[8]. “Thao tdac phdo cao xg 23mm hai nong”, BO Tu 1énh Phong khong — Khong quéan, (1973).

Tap chi Nghién citu KH&CN qudn su, S6 DS “Ky thudt diéu khién va Tw dong héa”, 4-2024 103



K7 thudt diéu khién va Tw dpng héa

[9]. “Eounvie mabauysl cmpenvbbbi o HA3eMHbIM U BO30VULHBIM Yeaam U3 14,5-mm 00uHOUHbIX, CRAPeHHbIX
U cuemeepeHHbIX 3eHUMHbIX nyiememuslx yemanosox (3I1Y-1, 3I1V-2, 3V-1, 311V-4) u no nazemnvim
yenam u3z 14,5-um nynememos nxkn u ckn’” Mocksa, (1957).

[10]. “Tabauysr cmpenvowr 23-mm cnapennoti ycmanosku 3Y-23 no nasemuvim yeram” Mocksa, (1957).

[11]. “Lotablazat AZ 57 mm-es SZ-60 tipusu konnyu legvedelmi agyuhoz” (tiéng Hungary), (1962).

[12].Lé Qudc Binh, Nguyén Hong Son, Nguyen Quy Khang, “M¢t gidi phdp tir dong tinh todn phan tir bin
cho vii khi - dan khéng diéu khién”, Tuyén tap cac bao céo khoa hoc hoi nghi khoa hoc nganh vii khi,
Trung tam KH&CNQS, p.p 145- 152 (2007).

[13].Nguyén Vi, Vii Minh Khiém, Nguyén Hong Son, “Gidi phdp cho hé thong 12,7mm téc chién ngdy va
dém”, Tap chi Nghién ctru Khoa hoc va Cong ngh¢ quan sy, (2009).

[14]. “Ly thuyét kich xa phdo cao xa”, B6 Tu 1énh Phong khong — Khong quan, (1975).

ABSTRACT

Building a pre-calculated parameters table for 23 mm air defense artilleries
based on the equations of air resistance

This article researches, calculates, selects, and builds a pre-calculated anti-aircraft
firing parameters table for 23 mm anti-aircraft guns based on the laws of warhead
movement in the air environment under standard conditions by comparing research results
with graphs and ground firing parameters tables available in the literature. Research
results are calculated, simulated on MATLAB, and deployed on improved ZU23 systems.

Keywords: Anti-aircraft artillery; ZSU23; Firing parameters tables.
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