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Abstract

An approximate method for estimating the accuracy of bomb release of new methods solving
the problem of targeting compared to existing ones is proposed. A comparative analysis of the Root
mean square deviation, the expected value and the second starting point of the bomb release error for
new and existing methods of the targeting task was performed.

Introduction

In certain areas of use of different methods for solving the targeting problem,
it is possible to perform a comparative analysis of the accuracy of bomb release of
these methods by the probable deviations of the drop points of the bombs.

The probable deviation is calculated according to the formula [3]:

1)  E=8H+0,08Vy(1+sink)

where: H is the height of bomb release, km,
V1 — speed of bomb release, km/h,
A —diving angle.

The following expressions (method 1, existing and method 2, new) are used
to perform a comparative analysis of the probabilistic characteristics of the bomb
release errors of different methods:

AcAx = cAx]1 — cAX2
2) AM[AX] = M[Ax1] — M[AX2]
Aa2x = 02x1 — 02x2
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where: - oAx1, M[Ax1], a2x1 are the standard deviation, the mathematical
expectation and the second starting point of the bomb error for method 1.
- 0Ax2, M[Ax2], a2x2 are the standard deviation, the mathematical
expectation and the second starting point of the bomb error for method 2.

Results

To calculate the probable deviation E of Method 2, the following formula is
proposed:

3) Ex=P,E;+ Py Eun,

Where: - E, u E,, are probable deviations during bomb release during or exiting
diving;

- P, u P, — probabilities for bomb release during or exiting diving.

Probable deviations are calculated by a formula (1) where H, V1 and A are
the average values taken for the respective bomb-dropping areas.

Release probabilities are defined as the ratio of the area to the total area of
the bomb-dropping area for a given method.

To determine the percentage increase in the accuracy of bomb release when
using method 2 compared to method 1, the following ratio is used:

ECM -E M

CM

Based on the resulting areas [4] of possible bomb release conditions for method 2
and method 1, the average values for the bomb release conditions
(Ho, V1,0, Ao) Of the respective areas are determined (Fig. 1, 2, 3, 4). The same figures
also determine the probabilities of during or exiting diving release Pn and Rip (Table
1).
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Table 1

=-30° =-50°

Diving Exit diving Diving Exit diving

M2 M1 M2 M1 M2 M1 M2 M1
V1 800 900 850 900 900 | 900 950 950
H 0,7 1,8 0,5 0,7 15 2 1 1,3

-300 | -30° -120 -120 500 | 500 | -20° -20°
Py 094 | 094 0,88 | 0,72
Pun 0,06 0,06 0,12 0,28
En 33,6 50,4 28,8 | 328
Eun 48,4 62,63 58,01 60,40
E: 34,5 32,34
E1 51,13 40,56

E%=ﬁ100=32.% E%=¥100=20, %

1 1

It can be seen from Table 1 that the accuracy of the bomb release of method
2 at o= —30° is with 32% greater than that of method 1, and at A= —50° — by 20%.

Table 1 shows that the circular probable deviation of Method 2 for solving
the targeting task is closer to the required E = 30 m [4]. The resulting percentage
increases of accuracy calculated by the proposed formula (1) and by the root mean
square deviations (2) are close in value (for Ao = —-30°, oax% = 28.63%;
for Ao =-50°, 6ax% = 19.55%).

As a result of the mathematical modeling of the aiming process, the
probabilistic characteristics of the bomb release error are determined. (cax, M[AX])
from diving.

The differences Acax are given in Table 2 during bomb release at diving
angle of A=-30°. The difference Acax varies within the limits of 1.9 m and 5.3 m.
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Table 2

Acaxm, A= -30°
V1= 170 m/s 200 220 240 270
H=650m 2.7 3.15 3.4 3.65 3.9
1000 1.9 2.4 3.2 4.30 4.8
1350 2.2 2.2 2.7 3.8 5.3
1700 3.4 2.6 2.6 3.5 5.2
2100 5.7 3.5 2.5 2.8 4.4

The difference AM[Ax] varies within the limits of 2.00 and 14.60 m for
observed bomb release conditions (Table 3).

Table 3
AM][Ax] m, A= -30°

V1=170 m/s 200 220 240 270

H=650 m 6.18 5.36 441 3.32 2.00
1000 6.86 6.56 5.82 4.65 3.04

1350 8.47 7.73 6.66 5.30 3.62

1700 11.02 8.86 6.93 5.27 3.84

2100 14.60 9.95 6.64 4.55 3.70

The difference Aonx assumes its maximum value in the range of conditions
under which the method 1 is used — MRD “moment of release display”
(Acax = 684 m?), and its minimum value (Aoxx = 124 m?) is assumed in the range of
conditions, under which the method 1 is used — DPD “drop point display”
(Table 4). At heights H = 1700-2100 m, Aaxx assumes minimal effect within the
range of speeds, at which method 1 is changed from DPD to MRD. With the increase
of height H, the second initial moment of the error o« decreases in relation to ooyi.
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Table 4

Adazx m?, A= -30°
V1=170 m/s 200 220 240 270
H=650m 139.99 136.56 133.01 128.88 | 123.77
1000 154.91 169.24 183.50 197.95 | 212.65
1350 223.60 219.63 228.03 251.86 292.46
1700 383.56 302.31 265.77 278.66 | 344.56
2100 683.95 431.35 295.03 266.87 | 351.15

The difference Aoax varies within the limits of 1.95 to 4.60 m (Table 5) at A= -50°.

Table 5
AcGaxm, A = -50°

V1=170 m/s 200 220 240 270

H=650m 2.26 221 2.13 2.03 1.95
1000 2.27 2.73 2.99 3.06 2.92

1350 2.28 3.06 3.55 3.79 3.69

1700 231 3.18 3.79 4.13 421

2100 2.36 3.11 3.71 4.16 4.60

The expected value M[Ax;] of the bomb release error M[Ax;] for the
considered conditions of bomb release, where the difference AM[Ax] varies within
3.20 and 8.90 (Table 6). With the increase of speed Vi of bomb release AM[Ax]
decreases, and with the increase of the height H the difference AM[AX] increases.
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Table 6

AMJAX] m, A= -50°
V1=170 m/s 200 220 240 270
H=650m 5.32 4.56 3.93 3.43 3.20
1000 6.45 5.77 5.20 4.73 4.38
1350 7.41 6.78 6.25 5.81 5.47
1700 8.20 7.61 7.08 6.66 6.32
2100 8.90 8.22 7.71 7.27 6.91

The second starting point Ao of the bomb release error is smaller than
Ao (Table 7).

Table 7
Aox Mm%, h=-50°
V1=170 m/s 200 220 240 270
H=650m 87.23 77.50 69.68 63.21 57.64
1000 132.06 132.63 131.51 127.93 120.53
1350 176.04 188.29 196.48 198.72 | 193.33
1700 216.49 237.79 254.46 26513 | 267.72
2100 251.69 274.12 296.65 31758 | 335.62

For the full range of conditions, the accuracy of method 2 for bomb release
is higher than that of existing methods 1. The relative increase of bomb release
accuracy of method 2 varies between 34% and 56%.

Conclusion

A formula for calculating the probable deviation of the bombing error is
proposed for newly developed methods for solving the targeting problem. As an
example, the probabilistic characteristics of the dive bomb release error were
calculated and a comparative analysis was performed for different methods solving
the task of bomb release targeting.
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CPABHUTEJIEH AHAJIN3 HA TOYHOCTTA HA BOMBOIIYCKAHE
N HA BEPOSITHOCTHUTE XAPAKTEPUCTUKH HA T'PEIIIKATA
HA BOMBOITYCKAHE HA PA3JIMYHU METO/IHU, PEHTIABAIIIN
3AZJAYATA HA IIPULIEJIBAHE

C. Cmoikos

Pe3rome

Ilpemnara ce mnpuOIM3KUTENIEH METOJ 3a OICHSIBAaHE HA TOYHOCTTA Ha
OoMOoITycKaHe MPU HOBHM METOJW, PElIaBalld 3a/layaTa Ha TPHUIEeNIBaHE CHPSIMO
CBIIECTBYBAIUTE TakuBa. V3BBpIIEH € CpaBHUTENECH aHAJIW3 Ha CPEIHO KBajpa-
THUYHOTO OTKJIOHCHHEC, MAaTEMAaTHYCCKOTO OYaKBAaHC U BTOpI/ISI HAa4YaJICH MOMCHT Ha
TpeIkara 3a HOB 1 CBIIIECTBYBAIl] METOT Ha 3ajadaTa Ha MpHUIle/IBaHE.

PesynraTtute mMoraT na ce U3MON3BAT U MPU MPOCKTUPAHE HA MIEHETPATOPU
3a €KOJIOTMYHHU H3CJIEIBAHMS.
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