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Abstract. The paper presents a study of the physical aspects of the collision of two bodies. The direct depend-
ences of the rebound velocities on the coefficient of restitution for an off-center collision were obtained for the first 
time, and the conditions were determined under which there is no rebound in a perfectly inelastic collision. The 
MathCAD 15 symbolic processor for deriving complex formulas made it possible to simplify this time-consuming pro-
cess, avoid possible manual derivation errors and increase the reliability of the results obtained. 
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Abstract. The paper presents studies on the possibility of using computer vision algorithms for blood cells 

recognition in biomedical images. Artificial neural networks are used as the main tool. The analyzed images were la-
beled and augmented, data for training neural networks were prepared, and a comparison of various neural network ar-
chitectures was presented. An algorithm for intersecting objects recognition were developed. It is based on dividing the 
contour of an object into segments using key points. The results of the algorithms operation on real blood microscopy 
images are presented. Their effectiveness is compared and their advantages and disadvantages are highlighted. The 
highest recognition accuracy rates were achieved using the YOLOv8 model. Experiments showed the effectiveness of 
using a neural network approach for biomedical images analysis. 

 Key words: artificial neural network, image recognition, key points, microscopy. 
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 . 2.       Faster R-CNN  
    

 Fig. 2. An example of a blood cells recognition network based on the Faster R-CNN architecture 
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. 4.       YOLOv4    
 Fig. 4. An example of a blood cells recognition network based on the YOLOv4 architecture  
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 Fig. 5. An example of a blood cells recognition network based on the YOLOv8 architecture 
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Table 1.
Metrics used to measure the performance of neural network architectures 

in the task of blood cells recognition

 
 
 

 
 

 
 mAP, % 

FasterR-CNN 10 + 4 1  87,3 
YOLOv3tiny 250 48 0,00001 46,1 

YOLOv4 250 32 0,001 90,7 
YOLOv8n 300  0,01 93,7 
YOLOv8s 600  0,01 95,7 
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 Abstract. The article proposes a new approach to modeling and analyzing surface waves of an ideal fluid. This 

approach is based on stochastic surface wave modeling, which allows the generation of surface profiles without solving 
the dynamic equations of hydrodynamics of an ideal fluid with a free surface. Stochastic modeling of surface wave pro-
files is used to study the statistics of the occurrence of extremely large waves   rogue waves. Statistical modeling of 
surface waves allows to estimate the probability of rogue waves occurrence. The obtained probabilities were compared 
with results of numerical solution of the complete equations of hydrodynamics of an ideal fluid with a free surface. It is 
shown that the proposed approach can also be effectively used to study extreme three-dimensional surface waves in the 
ocean. 

 Key words: anomalously large surface waves, rogue waves, computational experiment, hydrodynamics of an 
ideal fluid. 
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AN ANALYTICAL APPROACH TO ASSESSMENT THE AFFECTED AREA 

FROM FLYING OBJECTS AT NUCLEAR POWER PLANTS 
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Abstract. The paper presents the results of a comprehensive analytical study of the assessment of the affected 
area created by flying objects at a nuclear power plant, caused by the destruction of an element with high potential or 
kinetic energy. Explicit formulas for constructing both partial flight trajectories and the envelope of all possible 
trajectories, taking into account the dynamic impact of the jet and aerodynamic drag forces, were obtained within the 
framework of conservative and realistic approaches. An evaluation calculation was performed for high-energy fitting.

The relevance of the work is that, in accordance with the proven methodology for analyzing the influence of 
internal influences, the assessment of the list of failures due to the impact of flying objects is carried out based on the 
affected area. The geometric dimensions of the affected area directly affect the volume of dependent failures, which must 
be taken into account when justifying the safety of nuclear facilities in accordance with federal standards and regulations 
of the Russian Federation. The results obtained are recommended for use within the framework of performing a safety 
justification for nuclear facilities, in particular, when performing analyzes of internal and external impacts, analyzes of 
design basis and beyond design basis accidents. 
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 Fig. 1. Initial velocity of jet release [13] 
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. 2.  

 Fig. 2. General view of the flight path of the fitting cover 
 mg < 

R2PT mg R2PT 
dz/dt = Wz  

L
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. 3.
Fig. 3. An example of how to determine speed and distance where the flow ceases to operate

mg R2PT << 1, L
,

, dz(L)/dt = Wz(L)
(L = R u):

u = M 0,5065 L = 0,6187R M 0,5065.
V0 = Wz(L), y0 = h + L , x0 = L .

P = 0.

                                                                                                 (5)
dy/dx = Vy/Vx, d2y/dx2 = -g/Vx2, 

:

s ds/dt = V y(x
                                                                (6)
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Abstract. The paper presents the concept modernization project of heat removal system (HRS) from steam gen-

erators, operating in the following modes of operation of the nuclear power plant (NPP) with pressurized water reactor: 
normal operation violations accidents and beyond design basis accidents. HRS modernization project is developed to 
adapt Russian design NPP projects to the requirements of international Regulators regarding NPP level of autonomy and 
to increase autonomy of NPP. The article presents results of thermal and hydraulic processes modeling, LCOE economic 
evaluation, assessment of HRS modernization project impact on the NPP availability factor. Results of HRS moderniza-
tion project elements reliability analysis, assessment of the achievement of the target safety performance of the system 
operation for its intended purpose are also shown. The analysis of corresponding requirements of international Regulators 
was carried out, capital costs for the implementation of the HRS modernization project in current NPP projects were 
evaluated. 

 
Key words nuclear power plant, passive safety system, residual heat emission, cooldown, requirements of inter-

national Regulators, reliability indicators, availability factor, probabilistic safety analysis, reliability, failure probability.
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steam generators for Russian design nuclear power plants of large capacity project. Transactions of NNSTU n.a. R.E. 
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 Fig. 1. Schematic diagram of the upgraded passive heat removal system from the steam generators: 1  steam generator, 2  thermoelectric generator, 3  gas collector, 4  ice heat exchanger, 

5  circulation pump, 6  air heat exchanger, 7  air-shutter, 8  air duct,  
9  cooled medium supply pipeline, 10  cooled medium outlet pipeline, 11  shut-off valves 
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 1        

7     
 

 Fig. 2. Technological scheme of the proposed system channel: 1  steam generator, 2  thermoelectric generator, 3  air heat exchanger, 4  ice heat exchanger, 
5  ice machines, 6  condensate pumps, 7  meltwater pump, 8  batteries, 9  converting inverter, 

10  air-shutter electromagnets control cabinet, 11  electric drives control panel 
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 Fig. 4. Power graph of passive heat removal system from the steam generators  
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System reliability assessment results
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 Fig. 5. Reliability assessment results made in the Risk Spectrum PSA  
for the modified passive heat removal system from the steam generators  
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Operation and maintenance costs
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 Abstract. The design of the pickup trucks load-bearing systems, the statistics of accidents with pickup trucks 

and test load conditions in according to different rules of passive safety assessment are analyzed. A load condition devel-
oped and justified specifically for cargo-passenger pickup trucks is presented, taking into account the impact of cargoes on the rear wall of the vehicle body in frontal collision. The advantages and disadvantages of two modeling methods for 
this load condition, frontal collision and sled tests, were compared. The modeling was performed using the LS-DYNA 
software package. The peak acceleration of the cargo during deceleration is about 12 g. Based on the results of the virtual 
test, the cargo invaded the cabin by more than 1500 mm and completely destroyed the living space for passengers near 
the wall. It is required to develop the cab and cargo platform designs by using different materials including composite 
materials and new joining technologies to ensure the strength, stiffness of the rear wall of the pickup truck cab as well as 
passive safety. 

 
Key words: finite element method, cargo-passenger cars, light automobiles, pickups, LS-DYNA, load condition. 
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Abstract. The paper presents modeling of a complex process of soil deformation under a wheel. A numerical 

simulation method based on discrete elements to improve the accuracy of calculations in simulation of soil strength prop-
erties was chosen. The interaction of a rigid wheel (the tire has a tread pattern, but does not deform upon contact with the 
soil) with non-cohesive soil such as dry sand is presented. Two jointly occurring physical processes under a moving wheel 
are distinguished: soil sinkage and its planar shift. The wheel contact patch is imitated in the form of a rigid stamp with 
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equal areas (round and elliptical). Two cases are considered: a smooth stamp surface and a contact surface with a geo-
metric pattern. The calculations take into account different ratios of the shift Px and vertical Pz loads acting on the stamp 
(0.1 ... 0.8). Discrete element method allows to calculate the contact parameters and to visualize the real physical processes 
occurring in the contact patch of the wheel-stamp with the soil. 

 
Key words: rigid wheel, stamp, stress-strain state of the soil, sinkage, shift, adhesion coefficient, discrete element 

method. 
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 Fig. 1. Simulation of the physical processes of stamp sinkage 
and shift on sand soil (the positions of the stamp at moments are recorded):a) visualization of the processes of determining the trajectory of the center  

of mass of the stamp and the formation of the rut depth during its movement (compression forces  
acting on discrete particles of artificial soil are recorded); 

) dynamic picture of changes in the stress-strain state of the soil during the process of shift the stamp\
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 Fig. 2.  Characteristics of round stamp 
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 Fig. 3.  Characteristics of  elliptical stamp 
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4.  
 Fig. 4. Change in stress in a particle (virtual sensor under the center of a round stamp)
  

5. 
 Fig. 5. Example of sensor installation (beginning of interaction of a round stamp with the soil)
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        6.  
 

 Fig. 6. Position of the sensors in steady state (interaction of a round stamp with the soil)
 
 

 
. 7.  

 
 Fig. 7. Change in stress in a particle (virtual sensor under the center of an elliptical stamp)  
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 Fig. 8.  3D solid model of a stamp-wheel 
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Table 1. 
Geometric parameters of the wheel-stamp
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Table 2. 
Boundaries of strength loading along the x and y axes

  
 

     
  

 
  

Px/Pz 
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, 

 
1 

500 4905 
490.5 0.1 63.7 10.3 74 0.45 0.42 

2 981 0.2 63.7 12 75.7 0.45 0.42 
3 1962 0.4 63.7 19 82.7 0.45 0.42 
4 2452.5 0.5 63.7 25 88.7 0.45 0.42 
5 3924 0.8 63.7 57.4 121.1 0.45 0.42 
6 

1500 14715 
1471.5 0.1 105.03 16.5 121.53 0.45 0.55 

7 2943 0.2 105.03 19.76 124.79 0.45 0.55 
8 5886 0.4 105.03 34.85 139.88 0.45 0.55 
9 7357.5 0.5 105.03 50.38 155.41 0.45 0.55 
10 11772 0.8 105.03 104.16 209.19 0.45 0.55  

 

9.   
 Fig. 9.  Graph of the absolute speed of the wheel center  
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10. z  
 Fig. 10. Graph of changes in the position of the center of mass of the stamp along the z axis
 

  
x 

 Fig. 11. Graph of changes in the position of the center of mass of the stamp along the x axis
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 Fig. 12. Graph of changes in the vertical reaction of artificial soil under the influence 

of the weight of the wheel in addition to the specified vertical load on the wheel 
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 Fig. 13. Graph for simulating the application  

of active longitudinal force to the wheel-stamp during movement 
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 Fig. 14. Predicting rut depth  
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 Fig. 15. Prediction of free planar shift characteristics 
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 Fig. 16. Prediction of the realized adhesion coefficient  
of a wheeled propulsion device with non-cohesive soil 
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 Fig. 17. Assessment of the stress-strain state of the supporting surface under the wheel propulsion device  
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. 18.  

 Fig. 18. Visualization capabilities of artificial soil load-bearing capacity meters 
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Abstract. The paper presents the results of the development of a prototype of a hybrid three-axle all-terrain 
vehicle based on a serial one. The selection and justification of design and technical solutions for the implementation of 
a hybrid drive of an all-terrain vehicle due to adding a third axle of a modular design with a loading platform was carried 
out. The advantages of the selected drive scheme related to improved cross-country ability, ease of operation and control 
are substantiated. The mathematical equations of transmission diagram for modeling, control algorithms and the results 
of a study of the influence of a hybrid diagram on the energy efficiency of an all-terrain vehicle are presented. The results 
of the practical implementation of the design of a 6x6 all-terrain vehicle and an electric drive module, which provides 
increased cross-country ability, load capacity and an increased range are reflected. 

 
Key words: hybrid ATV, third axle electric drive, axle module, hybrid drive, efficient energy use. 
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  Fig. 1. Removable cargo platform module  
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All-Terrain Vehicle (ATV) 

 Can-Am (BRP) [https://www.brp-world.com/int/en/brands/can-am-off-road/models-
2022/outlander.html Polaris [https://www.polaris.com/] ( . 1).  
 1.

      6 6
Table 1.

Technical characteristics of 6x6 all-terrain vehicles
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Fig. 2. Prototype of a hybrid 6x6 all-terrain vehicle 
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Table 2.
Technical characteristics of the electric drive of a hybrid all-terrain vehicle
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 Fig. 3. All-terrain vehicle transmission diagram (version 1)  
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                                             Fig. 4. All-terrain vehicle transmission diagram (version 2) 
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Fig. 5. All-terrain vehicle transmission diagram (version 3) 
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 Abstract. The paper presents the theoretical basis for development an algorithm for single pedal control of the 
movement of an electric bus and the results of a virtual study confirming its energy efficiency. The patterns of deter-
mining the torque settings of a traction electric drive using only the accelerator pedal were studied using the method of 
mathematical simulation modeling. The settings for the requested electric motor torque were formulated taking into 
account the speed of movement, as well as other conditions and characteristics of the vehicle. The implementation of 
this law allows the driver to reduce energy consumption by controlling the vehicle, allowing it to move by inertia 
(coasting) and make maximum use of regenerative braking with minimal use of the braking system. The study was car-
ried out using the Matlab Simulink. The proposed law of traction and regenerative torque of a traction electric drive, 
coasting mode for the development of a traction drive control system can be used to increase the energy efficiency of 
electric vehicles. 
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1  [18]:  

   
 Fig. 1. Basic control principles [18]:    vehicle driving modes depending on the degree of pressure on the accelerator pedal; 

  when pressing the pedal;   when releasing the pedal 
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 Fig. 2. Dependence for setting the torque on the traction electric motor shaft [18]: 

  maximum value of regenerative torque;   maximum value of traction torque; 
  accelerator pedal position at which the request for maximum traction torque becomes available 
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 Fig. 3. Dependence of the requested torque on the position of the accelerator pedal  

at various vehicle speeds [18] 
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4 ]: 1   
4    

   
11    

 Fig. 4. General view of the simulation mathematical model [18, 19]: 1  support base; 2  motion dynamics block; 3  traction electric motors; 4  movement cycle; 5 traction 
inverters; 6  transmission; 7  climatic conditions; 8  electrical energy storage system; 9  wheel; 10  

front suspension; 11  rear suspension; 12  control system; 13  rear axle beam 
 

 -2011] 
 Fig. 5. Motion cycle diagram [GOST R 54810-2011] 
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 6  
  

 Fig. 6. Probability density of the accelerator pedal position  
for the option with direct torque control (two pedal control) 

 

7  
 

 Fig. 7. Probability density of the brake pedal position  
for the option with direct torque control (two pedal control) 

8  
  

 Fig. 8. Probability density of torque on the drive wheel  
for the option with direct control (two-pedal control) 



 . 2024.  1 (144) 
 

 

114

 
 

 Fig. 9. Probability density of regenerative torque on the drive wheel  
for the option with direct torque control (two pedal control) 

 

0  
  

 Fig. 10. Probability density of the braking torque on the drive wheel  
for the option with direct torque control (two pedal control) 

 

1  
  

 Fig. 11. Probability density of the accelerator pedal position for the single pedal control option
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2
Fig. 12. Probability density of the torque on the drive wheel for the single pedal control option

3
Fig. 13. Probability density of the regenerative torque 
on the drive wheel for the single pedal control option
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  1    

 Fig. 14. The total specific power spent on movement in the studied cycle per kilometer of travel: 1  with single pedal control; 2  with direct torque control 
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1     

 Fig. 15. Regenerative specific power spent on movement in the studied cycle per kilometer of travel:1  with single pedal control; 2  with direct torque control 
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