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В.1. Stoykov S.O., Monograph, "Effect of the forced separation of aviation 

bombs on technical dissipation", BAFA "G. Benkovski ”, 2022, ISBN 978-954-

713-112-5, p. 143. 

 

The conclusions from the performed research of the literature on the 

influence of the forced separation of the aviation bombs on the technical 

dissipation are formulated as follows: 

- there is no information in the open press about the vertical initial and 

angular velocities of forcibly released AB from beam holders. To determine the 

technical dissipation of forced-release AB, it is necessary to calculate these 

velocities; 

- there is no information the open press on the methods and specifics of 

calculating the technical dissipation of forced and freely released aerial bombs; 

- there is no information on the share of the technical dispersion error (in 

both the case of forced or free release) in the total bombing error; 

The first chapter presents: the types of causes of bombing errors; methods 

for investigating the accuracy of the bombing and the model of the error of the 

bombing. 

In the second chapter the laws for the movement of the aviation bomb and 

its technical dissipation are developed and analyzed. An analysis of the 



   

possibilities of the methods for forced separation of the bombs was performed. A 

method for determining the gas-dynamic parameters of a pyrotechnic mechanism 

is presented. 

In the third chapter the total error of technical dissipation in free and forced 

separation of bombs for a type of bomber aircraft with the corresponding bombing 

conditions for different types of aircraft bombs is calculated by analytical 

formulas. The forced vertical initial velocity of a bomb for a specific multi-closed 

beam holder is calculated by: the coefficient of the ejection force, accounting for 

the operation of the pyrotechnic system, gas-dynamic calculation of the 

pyrotechnic system. The probabilistic characteristics of the accuracy of bombing 

with and without forced separation of a bomb and the probabilistic characteristics 

of the technical dissipation of an aircraft bomb with and without forced separation 

are calculated. The forced vertical separation of the P-50-75 bomb reduces the 

technical distraction from horizontal flight and diving. The probability 

characteristics of the accuracy of the methods of indication of the point of fall and 

indication of the moment of launching with and without forced separation of the 

practical bomb are calculated. The probabilistic characteristics of technical 

scattering are not affected by the methods of solving the aiming task. 

 

6.1 Stoykov S.O., "Technical dissipation of aviation bombs", NMU "V. 

Levski ”, Faculty of Aviation, 2019, ISBN 978-954-713-133-0, p. 161 

The book is written on the basis of a defensive dissertation. The main questions 

about the accuracy of the combat use of unguided aerial bombs and the reasons for 

the technical dissipation are presented. Mathematical models have been proposed 

to determine the technical dissipation for freely and forcibly released bombs. The 

probabilistic characteristics of the accuracy of bombing for different conditions are 

calculated. 

 

7.1 Stoykov S. O, „Determining the ballistic characteristics of space 

penetrator“, Bulgarian Academy of Sciences. Space Research and Technology 



   

Institute. Aerospace Research in Bulgaria. 31, 2019, Sofia, DOI: 

https://doi.org/10.3897/arb.v31. e10, p-ISSN 1313-0927, e-ISSN 2367-9522. 

 

To model the motion of a space penetrator, it is necessary to know the 

coefficient of drag and the coefficient of lift. The article proposes a method for 

their calculation using the geometric dimensions of the penetrator. The obtained 

values of the coefficients are compared with those obtained by flowing air through 

the penetrator model in a wind tunnel. The degree of damping of the penetrator 

oscillations is determined by the stability criteria. The results obtained from 

modeling the movement of the penetrator show that the mathematical model of 

movement can be used to solve the aiming problem. 

 

7.2  Stoykov S. O, Comparative analysis of the accuracy of bomb 

release and the probability characteristics of the error of bombing of different 

methods solving the problem of aiming,  Bulgarian Academy of Sciences. 

Space Research and Technology Institute. Aerospace Research in Bulgaria. 

DOI: https://doi.org/10.3897/arb.v34.e13, 34, 2022, Sofia, 

 

An approximate method is proposed for estimating the accuracy of bombing in 

new methods, solving the problem of targeting compared to existing ones. A 

comparative analysis of the standard deviation, the mathematical expectation and 

the second starting point of the error for a new and existing method of the aiming 

problem is performed. The results can also be used in the design of environmental 

penetrators. 

 

8.6 Stoykov S. O, Atanasov M., A., „Determination bombing accuracy from 

level delivery using the ejection practical bomb“, International Conference of 

Scientific, Scientific Research and education in the air force-afases 2016, 

Brasov, p. 361-366, ISSN –L: 2247-3173. 

 



   

Based on the proposed structural scheme of the aiming process, mathematical 

modeling was performed to determine the error of technical scattering in the forced 

separation of a typical aviation bomb. Mathematical modeling is done at different 

heights and velocities of horizontal flight for a given initial vertical velocity of the 

bomb for existing methods - indication of the point of fall and indication of the 

moment of dropping the bomb. The standard deviation and the mathematical 

expectation of the error in the forced separation of the bomb adopt minimum 

values for speeds at which the methods for solving the targeting problem change. 

 

8.7 Stoykov S.O., Atanasov M., A., Lilov I.N., "Determination of the ballistic 

elements of the practical aviation bomb", IV International Scientific and 

Technical Conference, Engineering, Technology, Education, Safety, pp. 31-34 

, Veliko Tarnovo, 2016, ISSN 1310-3946 ISSUE 10 (196). 

 

A mathematical model of the motion of a practical aviation bomb has been 

created. As a result of the mathematical modeling of the motion of a practical 

aircraft bomb, the range of the bomb when bombing from horizontal flight and 

diving was calculated. As the speed and height of the bomb increase, the range 

of the bomb increases. The values of the range of the bomb for different 

conditions of bombing from horizontal flight and diving differ slightly from 

those in the ballistic tables. 

 

8.8 Stoykov S. O. , "Effect of the angle of attack of the bomb on the accuracy 

of bombing", IV International scientific technical conference, Technics, 

technology, education, safety, p. 35-37, Veliko Tarnovo, 2016, ISSN 1310-3946 

ISSUE 10 (196) 

 

A mathematical model of the aiming process has been created, which includes 

models of the bomb, the plane, the targeting system, the sources of information and 

their errors. Based on these models, the accuracy for different bombing conditions 



   

was determined. The influence of the angle of attack in the presence of zone of 

disturbance zone around the aircraft on the accuracy of the bombing was studied. 

The accuracy of a horizontal flight bomb in the presence of disturbed airflow 

decreases with increasing speed, altitude and angle of attack. 

  

8.9 Stoykov S.O., Stoykov O.S., Atanasov M., A., "Determination of the 

probabilistic characteristics of the error of bombing the methods of indication 

of the point of fall and indication of the moment of launch", NMU "V. Levski 

”, Faculty of Aviation, DM, UNC, 100 years since the birth of Captain Dimitar 

Spisarevski, 2016, pp. 46-53, ISBN 978-954-713-109-5. 

 

Mathematical modeling of the targeting process determines the probabilistic 

characteristics of the bombing error (standard deviation and mathematical 

expectation) of horizontal flight and diving for speeds and altitudes used in 

existing methods for solving the targeting problem in aviation targeting systems. 

The calculated standard deviations of the error of bombing from horizontal flight 

and diving are within the accuracy characteristics of existing aviation targeting 

systems. 

 

8.10 Stoykov S.O., Atanasov M., A., "Accuracy of bombing of the methods 

indication of the point of fall, indication of the moment of launch and the 

unified method", NМU "V. Levski ”, Faculty of Aviation, DM, UNC, 100 

years since the birth of Captain Dimitar Spisarevski, pp. 54-59, 2016, ISBN 

978-954-713-109-5. 

 

The areas of possible initial conditions (heights, speeds and diving angles) at 

which the aiming task is solved are determined. The areas of possible initial 

conditions under which the methods of indication of the point of fall and indication 

of the moment of release are used are also determined. 



   

8.11 Stoykov SO, "Calculation of the forced vertical initial velocity of an 

aviation bomb", NМU "V. Levski ”, Faculty of Aviation, DM, Penal Code,“ 

Modern Trends in Aviation Training ”, pp. 52-55, 2017, ISBN 978-954-713-

710-1. 

 

A pyrotechnical mechanism is installed in the construction of the beam holder, 

in which a pyropatron is used as a source of energy. The forced vertical initial 

speed of two specific types of aviation bomb is calculated through the expulsion 

coefficient and by taking into account the operation of the pyrotechnic system. For 

this purpose, a beam holder with four locking mechanisms was used. The forced 

vertical initial speed of the two types of bombs calculated by taking into account 

the operation of the pyrotechnic system was carried out for various overloads of 

the aircraft and the power of the gunpowder. As the gunpowder increases and the 

normal overload of the aircraft, the forced vertical speed increases. 

 

8.12 Stoykov S. O., "Analysis of the capabilities of the methods for the forced 

separation of aviation bombs", NMU "V. Levski ”, Faculty of Aviation, DM, 

NK, Contemporary Aviation Training Trends, pp. 56-60, 2017, ISBN 978-954-

713-710-1. 

 

At flight speeds around 600 km/h, the aerodynamic forces and moments 

operating on the aviation bomb have a slight effect on its trajectory. At flight 

velocities about 1100 km/h, aerodynamic forces have a significant effect on the 

initial movement of bombs, which may be dangerous for the carrier aircraft, as it is 

possible to collide with another separating bomb or with the aircraft. For these 

reasons, beam holders are used with forced vertical bombing. An analysis of the 

mechanical, pneumatic, pyrohydraulic and pyrotechnical methods for forcing 

aviation bombs has been carried out. 

 



   

8.13 Stoykov S. O., Stoilkov A., "Calculation of probable characteristics of 

bombing accuracy without forced release bombing", VI International 

Scientific and Technical Conference, Engineering, Technologies, Volume, 

Proome, Proceed p. 30-32, Veliko Tarnovo, 2018, ISSN 2535-0315. 

 

As a result of mathematical modeling of the aiming process, the probable 

characteristics of the aiming error and the complete error of bombing without 

forced separation of the aviation bomb for speeds V = 180 - 260 m/s and height 

h = 500-1500 m per bombing from Horizontal flight and dive (λ = -300). With 

horizontal flight bombing and dive with increasing the height of bombing, 

mathematical expectation and average square deviation of the aiming error 

increase. Under the same conditions, with an increase in air velocity, 

mathematical expectation and the average square deviation of the aiming error 

decrease. 

 

8.14 Stoykov S. O., Stoykov OS, "Calculating the probability characteristics 

of the bombing accuracy with forced bomb release", VI International 

Scientific and Technical Conference, Engineering, Technologies, Education, 

Security, Proceration, Proceration and Security, p. 27-29, Veliko Tarnovo 

2018, ISSN 2535-0315. 

 

To clarify the influence of the forced separation of aviation bombs on the 

accuracy of the bombing, the likelihood characteristics of the aiming error and 

the complete error of bombing in forced the discharge of an aviation bomb at a 

set vertical speed are determined. The forced separation of an aviation bomb 

reduces its distraction and reduces the systematic error of horizontal flight and 

dive. 

 

 



   

8.15 Stoykov S. O. "Analysis of information on the impact of technical 

scattering on the accuracy of bombing", "V. Levski ”, Faculty of Aviation 

D.M., Annual International Scientific Conference, pp. 280-282, 2018, ISBN 

978-954-713-114-9. 

 

To increase the efficiency of the combat use of aviation bombs, it is necessary 

to increase the accuracy of solving the targeting task and to reduce the error of 

technical scattering. The main causes of increasing technical scattering are: 

deterioration of ballistic characteristics of bombs, suspension of aircraft bombs at 

some distance from each other, and not in the mass center of the aircraft, the 

hetering unlocking of the locking mechanisms, the presence of an embarrassment 

area around The aircraft. From the analysis of the discovered seal on the subject, 

the conclusions follow that there are no systematic approaches to calculate the 

technical scattering of free and forced bombs and there is no evidence of the share 

of the error of technical scattering in the full error of the free and forced separation 

of aviation bombs S In order to calculate the technical distraction of forced 

aviation bombs, it is necessary to determine the vertical initial and angular speeds 

of these bombs. 

 

8.16 Stoykov S. O. Levski ”, Faculty of Aviation D.M., Annual International 

Scientific Conference, pp. 283-286, 2018, ISBN 978-95. 

 

For mathematical modeling of the movement of a practical aviation bomb, it is 

necessary to determine its drag coefficient. The calculation of the coefficient of the 

front resistance is performed by an analytical formula. The calculated coefficient 

of the bomb resistance, depending on its geometric dimensions, is slightly different 

from the coefficient determined by blowing the bomb model in an aerodynamic 

tube and the coefficient calculated by the characteristic time of the bomb. The 

proposed method for calculating the front resistance coefficient by the geometric 

size of the bomb can be used to determine the coefficient of the shape (according 



   

to a reference factor) and the characteristic time of the fall of the bomb when the 

creation of new samples of aviation bombs. 

 

8.17 Stoykov S. O., "Analysis of the reasons affecting the efficiency of the 

combat use of aviation bombs", "V. Levski ”, Faculty of Aviation D.M., 

Annual International Scientific Conference, pp. 300-303, 2019, ISBN 978-954-

713-123-1. 

 

The error of combat use of aviation bombs is determined by the error of solving 

the task of targeting and the error of technical dissipation. In order to increase 

the efficiency of the combat use of aviation bombs, it is necessary to increase 

the precision of solving the targeting task and to reduce the error of technical 

scattering. The reasons for the precision of solving the targeting task and the 

error of technical scattering are analyzed. Increasing the accuracy of bombing is 

carried out in: Developing an accurate mathematical description of the targeting 

task, development of methods and algorithms for the management of the 

aircraft and the aviation weapons complex in targeting, development of 

methods and algorithms for complex processing of targeting information about 

The phase coordinates of the aircraft and the weapon. In order to reduce 

technical scattering, technology is developed to account for the individual 

characteristics of the resistance coefficient, the real mass by radio frequency 

identification of bombs and a method for taking into account the characteristics 

of aerodynamic interference in ballistic characteristics. 

 

8.18 Stoykov S. O., "Method of Study of the Aiming process", "V. Levski ”, 

Faculty of Aviation DM, Annual International Scientific Conference, pp. 304-

307, 2019, ISBN 978-954-713-123-1. 

 

For the study of the proposed aviation targeting system, the method of 

mathematical modeling is used in the "flowchart" principle of the creation of 



   

models, ie. The system is discharged into functionally connected boxes between 

itself, each of which performs a particular task. In this case, each box is modeled 

separately, with the input information for each box is the exit of the other boxes. 

The studied targeting system is a dynamic system, while non -linear and non-

stationary. The structure of the system is known and only its parameters are subject 

to optimization. The proposed method of examining the aiming process allows to 

determine the accuracy of solving the task of targeting and the accuracy of the hits 

when bombing with unguided aviation bombs. 

 

8.19 Stoykov S. O., „Determining the error of bombing methods indication of 

the fall point and indication of the moment of release, ", с. 316-317, 2019, VII 

International scientific conference, Engineering Technologies Education 

Security, Proceedings, Volume IV, Military Science ISSN 2535-0315(Print), 

ISSN 2535-0323. 

 

On the basis of the algorithm, the second starting point of the bombing error is 

determined for the methods of indication of the starting point and the indication 

of the falling moment. The likelihood characteristics of the bombing error are 

less influenced by the change in speed than the change in the height of the 

bombing. The accuracy of bombing decreases with the increase in the speed 

and height of the bombing. Тhe height has a greater influence оn the value of 

the second starting point of the bombing error than the speed of bombing. 

 

8.20 Stoykov S. O., " Technical dissipation of aviation bombs", pp. 314-315, 

2019, VII International Scientific Conference, Engineering, Technologies, 

Education, Security, Proceedings, Volume IV, Military Science ISSN 2535-

0315 (Print) 

 

The combat use of aviation bombs is a complex process that depends on a 

variety of factors. One of the important factors is the conditions of combat use, 



   

ie. The conditions for separating the bomb from the aircraft, the nature of the 

bomb movement of the flight trajectory from the aircraft to the purpose, the 

conditions of the bomb meeting with the target. The main characteristic 

containing ballistic information about the mass, the area of the cross -section 

and the aerodynamic qualities of the bomb, in the movement model is the 

ballistic characteristic. However, it does not reflect the real properties of the 

bomb as it moves and as a consequence the trajectory of its movement changes. 

It is necessary to find a way (analytical or experimental) to determine the 

ballistic characteristic used in the ballistic algorithms of aviation target systems, 

taking into account the influence of aerodynamic interference from the aircraft. 

This will reduce the error of technical scattering and increase the accuracy of 

bombing. 

 

8.21 Stoykov S. O., "Effect of the forced separation of aviation bombs on the 

accuracy of bombing", BAFA "G. Benkovski ", Faculty of Aviation, D.M.," 

Annual International Scientific Conference ", p.122-130, 2020, ISBN 2738-

716X. 

 

The main causes of the error increase of technical scattering are in the presence 

of a disturbed airflow area around the aircraft, the deterioration of the ballistic 

properties of the bombs, the suspension of the bombs under the aircraft at a 

distance from each other, and not in the mass center of the aircraft and not 

simultaneous unlocking of locking mechanisms. The determination of rational 

conditions for the separation of bombs and the reduction of technical scattering can 

be carried out by thoroughly studying the causes of errors and their weight in 

technical scattering and by analyzing the conditions for the safe separation of 

aviation bombs. 

 



   

8.22 Stoykov S.O., "Analysis of methods for forced separation of bombs", 

BAFA "G. Benkovski ”, Faculty of Aviation, D.M.,“ Annual International 

Scientific Conference ”, pp.131-138, 2020, ISBN 2738-716X. 

 

An analysis of the methods of forced separation was performed and the forced 

vertical initial velocity of an aircraft bomb was calculated based on the gas-

dynamic estimation of the pyrotechnic system. The calculations are made for a real 

pyrotechnic system with one pusher used on an existing beam holder. Existing 

single-pusher load separation systems have a limited ejection speed and do not 

provide safe separation for some flight modes. Safe separation can be ensured by a 

pyrotechnic mechanism with two pushers, but the design of the pyromechanism 

should not lead to a significant increase in the mass of the holder. 

 

8.23 Milen Atanasov, Stoyko Stoykov, Slav Mitev and Ivan Ivanov, 

Peculiarities of the acquisition of higher military and aviation education in the 

republic of Bulgaria, Proceedings of ADVED 2020- 6th International 

Conference on Advances in Education, 5-6 October 2020, ISBN: 978-605-

06286-0-9. 

 

The peculiarities of acquiring higher military and aviation education in the 

Republic of Bulgaria are indicated. Obtaining a higher education by cadets and 

servicemen is carried out in accordance with the requirements of the Ordinance on 

educational qualification degree (ACS) "bachelor" in the professional field 

"Military Affairs" in the specialty of the regulated profession "tactical management 

officer" and the Ordinance on state requirements for acquiring higher education of 

Bachelor's degree in specialties from professional fields in the field of higher 

education "Technical Sciences". Both specialties are included in one plan with a 

total teaching time of about 5400 academic hours for full-time form. There are 8 

specializations in the military specialty. For each specialization in the unified 

curriculum there is a corresponding civil specialty. 



   

The student program for obtaining education for the education-qualification 

"Bachelor" and "Master" degrees is by the accredited professional direction of the 

"Technical Sciences" department. 

For better efficiency, it is proposed that when occupying higher technical 

positions, the candidates should have acquired the Master's degree in aviation 

technical specialty from the Technical Sciences department in addition to the 

Educational qualification Master's degree in military specialty. 

 

8.24 Stoykov S.O., "Capabilities of the methods for forced separation of 

aviation bombs", BAFA "G. Benkovski ”, Faculty of Aviation, DM,“ Annual 

International Scientific Conference ”, pp. 170-173, 2021, ISBN 2738-716X. 

 

 Modern aircraft have high combat capabilities at high speeds and overloads. 

But high speeds and overloads cause significant disturbances in the airflow in the 

vicinity of the aircraft, resulting in aerodynamic interference of the aircraft and 

aviation bombs in the vicinity of the aircraft. As a result, the bomb released by the 

aircraft is affected by these aerodynamic and inertial effects. They affect the bomb 

assembly setup and the process of its movement in the initial section in the vicinity 

of the aircraft, ie. in the area of the disturbed airflow. All this leads to linear and 

angular disturbances in the movement of the aviation bomb. These disturbances 

can cause the bomb to come into contact with the aircraft or other detached aircraft 

bombs. An analysis of the methods for forced separation of aviation bombs was 

performed, indicating their advantages and disadvantages. The used bomb mount 

cannot ensure the safe separation of aircraft bombs from aircraft, ie. ensuring that 

the bomb does not collide with the aircraft and other bombs during a salvo and 

ensuring the stability of its movement in all ranges of combat use of the aircraft. 

Long-term benefit is to create and use bombing systems with an autonomous 

energy source with an adaptive system for forced separation with a closed loop for 

control with feedback on the parameters of the movement of the bomb. 

 



   

11.07.2022г.                          ch. Assistant Professor                      Stoyko Stoykov 

Town of Dolna Mitropoliya 


