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Abstract. In the context of coronavirus (COVID-19), the imposition of restrictions for political, religious or cultural 

reasons, as well as due to the increased dynamics in transport services, and the complexity of the movement of 

people around the world, it is very possible that some professionals will not be able to reach their working places. 

Concerning the above mentioned, this presentation offers a way for pilotage of a vessel, approaching for mooring by 

use of navigational simulator during a real maneuver, implementation of a simulation of the maneuver in advance 

and training of the participants in the procedure. The benefits of the experiment will present a method for remote 

steering and will remove boundaries in the pilotage services offered around the world, regardless of the area of 

navigation, the presence of conflict in the certain area, type of cargo, type of ship, etc. 

INTRODUCTION  

This paper provides information on telemetry control of the maneuvers of Motor Vessel (MV) Salomʝ, 

during her mooring operations on Rubis Terminal in Stubbs Bay, USA [1]. The management of the ship was 

performed remotely by the pilot due to the fact that it was not possible for him to move to the ship, in 

accordance with the restrictive travel measures [2], rised due to the growing pandemic of COVID-19. The 

maneuver was performed in several stages: 

1. Creating a model of the vessel in a navigational simulator [3, 4]. 

2. Creating a suitable environment [5], identical to this in which the vessel will sails and will be moored. 

3. Creation of suitable meteorological conditions, similar to those of the actual environment in which the 

ship will sail and will be moored: waves, wind, current, fog, rain. 

4. Creating a model of the location of the buoys by coordinates to which the ship will be tied. 

5. Carrying out a risk assessment of possible unpleasant situations that may arise during the maneuver. 

6. Training of the ship's crew and all participants, using a navigation simulator and simulating the 

maneuver in different conditions of weather and water surface. 

7. During the maneuver, use of an internet connection with a video image and a telephone line for 

communication of the pilot with the captain and his mates [6]. 

8. When performing the maneuver in real time, all the orders of the Master of the MV Salome were 

transferred to the navigational simulator and followed, during the use of the created model of the ship, 

sailing in the created surrounding environment. 

9. Assessment of the correct conduct of the maneuver and the berthing of the ship. 
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PREPARATION OF THE N AVIGATIONAL SIMULATOR  

The mentioned preparation consist preparation of the ship’s model and creation of the environment in which 

the vessel will sail and will be moored. The technical specifications of the real vessel are used [7], (Fig. 1) and 

entered in the simulator and also information for the ship’s machinery and propulsion [8], (Fig. 3) and also for 

ship’s thrusters [9], (Fig. 2). 

 

 
 

       FIGURE 1. Technical specifications of the ship. FIGURE 2. Stern thrusters information. 

 

 

FIGURE 3. Information about shipôs propulsion system. 

 
Using the above mentioned information, the existing model of a ship from the navigational simulator (Fig. 4) 

was tuned to the existing real vessel [10]. The deadweight of the real vessel is set in the simulator according to 

the technical specifications of the ship and the simulator calculates automatically the draught of the vessel’s 

model of MV Salome. Also, maximum speed which vessel could reach is 12.5 corresponding to 13 kn according 

to the ship’s technical specifications, which matches minimum requirement for such simulation. 
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FIGURE 4. Image of the shipôs model, matching the technical specifications of the real vessel. 

 
MV Salome has two 360 degrees turning “Shottel” Thrusters, located on the stern, each of them with 400 kW 

power and main engine with propeller and rudder, the simulated vessel has also two 360 degrees turning thrusters 

each with 400 kW power, reached it at 1747 rpm, same as these of the real ship, (Fig. 5). 

 

 

FIGURE 5. Image of the shipôs model, matching the technical specifications of the thrusters of the real vessel. 

 

 

FIGURE 6. Image of the Shipôs Model, matching the technical specifications of the engine of the real vessel. 
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MV Salome was equipped with bow thrusters ñRolls-Royceò and 365 bhp, the diameter of the propeller is 1.3 

m. Simulated shipôs model is adapted to have bow thruster with 1.3 m propeller in diameter and power of 284 kW. 

Bearing in mind all mentioned above, the created shipôs model in navigational simulator, fully matches the 

technical specifications of the real vessel MV Salome, including the propulsion system of the mentioned vessel 

(Fig. 6), which means that the model of the ship is ready for the operation. 

PREPARATION OF THE STATIC PART OF THE ENVIRONMENT  

For the performance of the procedure of mooring, the preliminary prepared environment of the simulator is 

used, created by the producer of the software of the navigational simulator and electronic charts (Fig. 8). Only 

the dynamic part of the environment was created by the team for implementation of the procedure, which 

means, location of the buoys for mooring (Fig. 7) and meteorological conditions of the environment (Fig. 9). 

 

 

 

 

 

 

 

FIGURE 7. Calculation about the buoysô 

position. 

FIGURE 8. Position of the buoys on the electronic chart. 

 
According to the position of the buoys, given by the portôs authorities, the necessary calculations were 

performed for matching the correspond position of them on the electronic charts (in accordance with World 

Geodetic System 1984: WGS84) and by use of appropriate tool of ECDIS (Electronic Chart Display and 

Information System), their location was fixed on the simulator [11]. 

 

 

FIGURE 9. Image of the surrounding environment in the navigational simulator. 
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PREPARATION OF THE DYNAMIC PART OF THE ENVIRONMENT  

For better readiness of the crew, an evaluation of the risk was prepared for different conditions of the 

meteorological environment, during the manoeuvring operations, the evaluation has the following criteria: 

¶ Frequency of appearance. 

¶ Probability of appearance. 

¶ Result of appearance. 

For a simulation of the mooring procedure with different level of difficulty, the following conditions were used: 

¶ Appearance of rain and rain force. 

¶ Appearance of wind and wind force. 

¶ Appearance of fog and fog dense. 

¶ Appearance of swell and its force. 

¶ Appearance of current and its force. 

¶ Different combinations of the above mentioned. 

The evaluation of the different meteorological conditions is based on the information given in the Pilot Book 

for the region [12], after that the appropriate training of the crew was performed. 

TRAINING OF THE SHIP'S CREW AND ALL PARTICIPANTS, USING A 

NAVIGATION SIMULATOR AND SIMULATING THE MANEUVER IN 

DIFFERENT CONDITIONS OF WEATHER  AND WATER SURFACE 

Before performance of the real maneuvering, the training of the shipôs crew and the team members was 

performed for mooring of the vessel by use of the certain navigational simulator ï Kelvin Hughes, the weather 

conditions were simulated according to the created risk evaluation for the most inappropriate condition for 

sailing and mooring [13]. 

For instance, several successful approaches to the mooring position were performed by the Captain of MV 

Salome and the Pilot for the region, using simulator with worst case scenarios of weather conditions, for 

approval of safe berthing: 

¶ Wind: Direction ï SE, Force ï 20 kn; Wave: Direction ï SE, Height ï 2 m; Swell: Direction ï SE, Height 

ï 3 m. 

¶ Wind: Direction ï SE, Force ï 20 kn; Wave: Direction ï SE, Height ï 2 m; Swell: Direction ï SE, Height 

ï 3 m; presence of dense fog and heavy rain. 

¶ Wind: Direction ï SW, Force ï 20 kn; Wave: Direction ï SW, Height ï 2 m; Swell: Direction ï SW, 

Height ï 3 m. 

¶ Wind: Direction ï SW, Force ï 20 kn; Wave: Direction ï SW, Height ï 2 m; Swell: Direction ï SW, 

Height ï 3 m; presence of dense fog and heavy rain. 
Before the operation a preliminary discussion with the tug master was kept, about the specific moments of 

the maneuvering, concerning the certain technical specifications of MV Salome. 

The following essential conclusions were reached, taking into account the severity of the weather conditions, 

during the training operation, for provision of safe berthing: 

¶ It is always better to approach the ñStubbsò Bay Terminal during calm weather, in each other case, the 

operation will be complicated and the safety of the operation will be in danger. 

¶ The final approach should be done with the dropping of the anchor at about 150 m a beam of the 

forward Starboard side buoy [14]. 

¶ The tug master have to keep close conversation with the Master about the position of the anchor, 

according to the position of the mooring buoys, considering the weather conditions for safe shipôs 

position. 

¶ The tug should remain inside buoys area and ready to assist to stop the vessel in case of fast approach to 

the mooring area. 

¶ It was checked by simulation, if the safety depths around the area are appropriate for the tug to go out of 

ñStubbsò Bay Terminal in case of change of position of the tug for support of operation. 

¶ For most of the cases the ropes were fixed as follow: first two lines to Starboard Forward Buoy, at same 

time two lines were handed to Starboard Stern Buoy, after that two lines were handed to Port Forward 

Buoy and at the end two lines were given to Port Stern Buoy and to Forward Brest Buoy. 

¶ During the berthing of the vessel, it is recommended the tug to remain on board (Port or Starboard Side, 

depending on the weather conditions) till the ship was safely berthed. 
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¶ In emergency situation, it is better always a tug to be available to assist, despite the dropped anchor. 

¶ During the mooring operation is always useful the thrusters of the vessel to be used by experienced 

staff, depending on the weather conditions. 

 

 

FIGURE 10. Image of the simulated procedure of mooring of the vessel. 

 

Figure 10 presents the position of the vessel, fastened for the buoys, after performance of the procedure on 

the shipôs navigational simulator, according to the static and dynamic conditions of the environment. 

After the performance of the training, all participant of it, found it very useful and gave agreement with the 

above mentioned conclusions, concerning the certain vessel, environment and weather conditions. 

PERFORMANCE OF THE REAL MOORING OPERATION  

For the implementation of the operation, the following means for navigation and communication were used, 

part of these installed on board the vessel: 

¶ Navigational Simulator with ECDIS Console, the used was produced by Kelvin Hughes. 

¶ Stable Internet Connection. 

¶ Stable Phone Connection. 

¶ Stable Video Connection. 

¶ Stable Connection with the CCTV System of the vessel via Internet. 

During the operation the pilot has constant communication with the Master of the vessel via reliable 

telephone line, the internet is used for the video conference with the crew and for video surveillance of the 

position of the vessel according to the surrounding environment. The communication was created between the 

ECDIS, located on board the vessel and ECDIS, which is part of the navigational simulator used for the remote 

control of the procedure, this is for comparison of the information, received from the means of navigation on 

board the vessel with this [15], entered in the navigational simulator. 

The team which is needed for implementation of such an operation, includes the following specialists: 

¶ Research Team Leader for observing the requirement of the operation: vessel, environment, conditions, 

etc. 

¶ Trainer for preliminary training of the crew and all participants. 

¶ Master and Crew of the vessel. 

¶ Pilot. 
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¶ Ship and Environment Creator. 

¶ Technical Support for the both sides. 

The conduction of the operation goes through the following stages [16]: 

¶ Pilot available at appropriate time and date. 

¶ Vessel heading to the Appropriate Way Point for mooring, close to the buoys, the Pilot is online, 

observing the situation. Fig. 11 below shows the correspondence between the image of the ECDIS on 

board of the ship and the image of the ECDIS on the navigation simulator. 

¶ The operation was followed on the navigational simulator in front of the Pilot. 

 

 

FIGURE 11. Proceeding of the vessel to the mooring position. 

¶ Vessel reached the mooring position, the starboard anchor was dropped in position ï 6 shackles in to the 

water, the Pilot is online, observing the situation.  

¶ The operation was followed on the navigational simulator in front of the Pilot. 

¶ At first, two lines to Starboard Forward Buoy were send, at same time two lines were handed to 

Starboard Stern Buoy, after that two lines were handed to Port Forward Buoy and at the end two lines 

were given to Port Stern Buoy and to Forward Brest Buoy, the Pilot is online, observing the situation. 

¶ The operation was followed on the navigational simulator in front of the Pilot. 

¶ During the operation, all the staff was very careful for the crossing of the rope lines. 

¶ The tug boat and mooring boats were in position, available for assistance. 

¶ After the vessel has been berthed, the depth under and around the vessel was measured by ships echo 

sounder and it was compared with this on the simulator for assurance the safety of operation. 

Considering the activities, mentioned above, the operation was performed without any complications, 

incidents and according to all local and international regulations, the following conclusions were made: 

¶ Always two pilots were needed to be online during the operations, one is engaged with the maneuvering 

operations with the Captain, but the second pilot is engaged with mooring boats crew and with tug 

coordination. 

¶ Always is better, weather buoy for data transmission to be installed in the area for actual weather 

information, because it is recommended vessel not to enter the mooring area with Wind with force over 

18 kn (Gusts of Wind, with force more than 20 kn) and with Swell more than 3 m in height. 

¶ It is always better such kind of mooring operations to be applied for vessels, which are equipped with 

bow and stern thrusters. 

¶ It is better, mooring buoys to be equipped with ladder, quick release device and Racon for increasing 

safety. 

¶ For safety of the operation, all mooring boatsô crew should carry life jackets during the performance of 

the procedure. 

¶ For safety precautions, the tug boat has to be equipped with firefighting capabilities and oil booms on 

board.  

¶ The way of approach of the moored vessel and the tug position to be discussed, before the operation, the 

vessels with high maneuvering capabilities not to be connected with ropes to the tug in advance. 

¶ The dropping position of the anchor has to be monitored, in order not to be obstruction for the mooring 

operation and for the rope lines. 
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FIGURE 12. Mooring operation of the vessel. 
 

Figure 12 represents photos from the real mooring operation of the vessel at birth in real conditions. 

 

 

FIGURE 13. Berthing position of the vessel on the simulator, following the information from MV Salome. 

 

Figure 13 represents information about the berthing of the vessel in the area on the simulator, according to 

the information received from m/v Salome on live, in this case, considering the weather conditions, the 

simulator calculated that the ropes to the starboard side buoys are very tight, but the ropes to the port side buoys 

are sagged. The service team recommends, in this case the position of the buoys to be relocated for better 

positioning of the ropes and for increase the safety of the operation. 
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FIGURE 14. New suggested positions of the buoys for better distribution of the tension of the headlines of the ship. 

Figure 14 gives better location (in green) of the buoys for mooring, which gives better distribution of the 

tension of the headlines of the vessel [17]. 

CONCLUSION 

To sum up all mentioned above, the certain presentation gives directions for management of the vesselsô pilotage 

remotely, when an appropriate team of specialists and suitable equipment are used. These methods will be very useful 

when in the context of coronavirus (COVID-19), the imposition of restrictions for political, religious or cultural 

reasons, as well as due to the increased dynamics in transport services, and the complexity of the movement of people 

around the world, some professionals will not be able to reach their working places, then the methods for remote 

control and operation  will remove boundaries in the pilotage services offered around the world, regardless of the area 

of navigation, the presence of conflict in the certain area, type of cargo, type of ship, etc. 
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ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʷ 

ʤʦʜʝʣ ʥʘ ʈʠʡʟʲʥ ʟʘ ʘʚʠʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ  

ʈʘʣʠʮʘ ʍʨʠʩʪʦʚʘ ʠ ʂʨʘʩʠʥ ɻʝʦʨʛʠʝʚa) 

ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ʙʫʣ. Ăʂʣ. ʆʭʨʠʜʩʢʠñ ˉ8, 1756 ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ 

 
a) krasin@tu-sofia.bg 

ʈʝʟʶʤʝ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʷʪ ʤʦʜʝʣ ʥʘ ʧʨʦʠʟʰʝʩʪʚʠʷʪʘ ʥʘ ʈʠʡʟʲʥ ʝ ʤʦʜʝʣ ʥʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʠʪʝ ʚʨʲʟʢʠ 

ʧʨʠ ʧʨʦʠʟʰʝʩʪʚʠʝ, ʢʦʡʪʦ ʝ ʜʦʙʨʝ ʠʟʚʝʩʪʝʥ ʚ ʘʚʠʘʮʠʦʥʥʘʪʘ ʠʥʜʫʩʪʨʠʷ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʚʦʜʷʪ ʜʦ 

ʣʘʪʝʥʪʥʠ ʫʩʣʦʚʠʷ (ʬʘʢʪʦʨʠ), ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘʪ ʛʨʝʰʢʠ ʠ ʜʘ ʚʣʦʰʘʪ ʟʘʱʠʪʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʊʦʟʠ 

ʤʦʜʝʣ ʝ ʬʫʥʜʘʤʝʥʪʘʣʝʥ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ, ʥʦ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʤʫ ʥʘ ʧʨʘʢʪʠʢʘ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ. ʅʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʨʘʚʥʷʚʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʝʟʘʚʠʩʠʤʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʦʜʝʣʘ ʟʘ 

ʜʚʘ ʧʨʠʤʝʨʥʠ ʩʣʫʯʘʷ ʥʘ ʘʚʠʘʮʠʦʥʥʠ ʧʨʦʠʟʰʝʩʪʚʠʷ ʦʪ ʪʨʠ ʩʪʫʜʝʥʪʩʢʠ ʝʢʠʧʘ. ʆʛʨʘʥʠʯʝʥʦʪʦ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʣʘʪʝʥʪʥʠ ʠ ʘʢʪʠʚʥʠ ʬʘʢʪʦʨʠ ʜʝʤʦʥʩʪʨʠʨʘ ʚʘʞʥʦʩʪʪʘ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪ ʟʘ ʧʦʩʪʠʛʘʥʝ 

ʥʘ ʥʘʜʝʞʜʥʠ ʟʘʢʣʶʯʝʥʠʷ. 

ɺʒɺɽɼɽʅʀɽ 

ɸʚʠʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ ʨʷʜʢʦ ʩʘ ʩʣʝʜʩʪʚʠʝ ʦʪ ʝʜʥʘ ʝʜʠʥʩʪʚʝʥʘ ʧʨʠʯʠʥʘ. ɼʞʝʡʤʟ ʈʠʡʟʲʥ 

ʚʲʚʝʞʜʘ ʧʦʥʷʪʠʝʪʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ [1, 2, 3] ʟʘ ʜʘ ʨʘʟʛʨʘʥʠʯʠ ʩʠʩʪʝʤʥʠʪʝ ʦʪ ʣʠʯʥʦʩʪʥʦ 

ʦʧʨʝʜʝʣʝʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ. ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʲʣʥʘ ʢʘʨʪʠʥʘ ʥʘ ʨʠʩʢʘ, ʢʦʷʪʦ ʦʪʯʠʪʘ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ 

ʦʧʘʩʥʦʩʪʠ, ʧʨʠʯʠʥʠ ʠ ʬʘʢʪʦʨʠ, ʝ ʙʠʣʦ ʦʙʝʢʪ ʥʘ ʤʥʦʞʝʩʪʚʦ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʛʦʣʝʤʠʷ ʙʨʦʡ ʤʝʪʦʜʠ, ʪʝʭʥʠʢʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ [4], ʦʮʝʥʢʘʪʘ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʝ 

ʥʘʫʯʥʦ ʠ ʥʘʫʯʥʦ-ʧʨʠʣʦʞʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ. ʀʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤʥʠʪʝ ʦʙʣʘʩʪʠ (ʦʧʘʩʥʦʩʪʠ, 

ʟʘʧʣʘʭʠ ʠ ʥʘʨʫʰʝʥʠ ʟʘʱʠʪʠ) ʝ ʦʩʥʦʚʝʥ ʝʣʝʤʝʥʪ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʨʠʩʢʘ. ʉʠʩʪʝʤʘʪʠʯʥʦʪʦ ʠʤ ʠʟʩʣʝʜʚʘʥʝ ʟʘ 

ʚʲʟʥʠʢʥʘʣʠ ʩʲʙʠʪʠʷ ʝ ʯʘʩʪ ʦʪ ʨʝʘʢʪʠʚʥʠʪʝ ʘʥʘʣʠʟʠ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ. 

ʆʧʨʝʜʝʣʷʱ ʬʘʢʪʦʨ ʧʨʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʘʚʠʘʮʠʦʥʥʘʪʘ ʙʝʟʦʧʘʩʥʦʩʪ ʝ ʯʦʚʝʰʢʠʷʪ. ʂʦʥʮʝʧʪʫʘʣʝʥ ʤʦʜʝʣ, 

ʢʦʡʪʦ ʩʠʩʪʝʤʘʪʠʟʠʨʘ ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʦʪ ʬʘʢʪʦʨʠ, ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʯʦʚʝʢʘ, ʝ ʤʦʜʝʣʲʪ 

SHELL. ɺ ʮʝʥʪʲʨʘ ʤʫ ʝ ʧʦʩʪʘʚʝʥ ʯʦʚʝʢʲʪ, ʢʦʡʪʦ ʠʟʧʲʣʥʷʚʘ ʟʘʜʘʜʝʥʘ ʟʘʜʘʯʘ, ʘ ʦʢʦʣʦ ʥʝʛʦ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ 

ʚʲʟʜʝʡʩʪʚʘʱʠʪʝ ʯʦʚʝʰʢʠ, ʪʝʭʥʠʯʝʩʢʠ, ʧʨʦʮʝʜʫʨʥʠ ʠ ʚʲʥʰʥʠ ʦʙʝʢʪʠ (ʌʠʛ. 1) [5]. ʇʨʠ ʪʦʚʘ ʩʝ ʦʪʯʠʪʘʪ 

ʩʚʦʡʩʪʚʘʪʘ ʢʘʢʪʦ ʥʘ ʦʪʜʝʣʥʠʷ ʠʥʜʠʚʠʜ, ʪʘʢʘ ʠ ʥʘ ʛʨʫʧʠ ʦʪ ʭʦʨʘ. ʇʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʠʪʝ ʚʨʲʟʢʠ, ʚʦʜʝʱʠ 

ʜʦ ʘʚʠʘʮʠʦʥʥʠ ʧʨʦʠʟʰʝʩʪʚʠʷ, ʩʝ ʤʦʜʝʣʠʨʘʪ ʚ ʧʦ-ʷʚʥʘ ʬʦʨʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ ʟʘʱʠʪʥʠʪʝ 

ʙʘʨʠʝʨʠ (ʌʠʛ. 2). ʇʨʠʤʝʨ ʟʘ ʧʦʜʦʙʝʥ ʤʦʜʝʣ ʝ ʤʦʜʝʣʲʪ ʥʘ ʰʚʝʡʮʘʨʩʢʦʪʦ ʩʠʨʝʥʝ ʥʘ ɼʞʝʡʤʟ ʈʠʡʟʲʥ ʚ 

ʨʘʟʣʠʯʥʠʪʝ ʤʫ ʬʦʨʤʠ [ɻʣʘʚʘ 5 ʦʪ 6] (ʌʠʛ. 3).  

ʆʩʥʦʚʝʥ ʘʢʮʝʥʪ ʥʘ ʤʦʜʝʣʘ ʥʘ ʈʠʡʟʲʥ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ ʝ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ ʠ ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ ʚʲʨʭʫ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʠʟʧʲʣʥʠʪʝʣʠʪʝ ʠ 

ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʟʘʱʠʪʥʠʪʝ ʙʘʨʠʝʨʠ. ʄʦʜʝʣʲʪ ʥʘ ʈʠʡʟʲʥ ʝ ʠʟʧʦʣʟʚʘʥ ʚ ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʟʘ ʛʨʘʞʜʘʥʩʢʘ ʘʚʠʘʮʠʷ (ʀʂɸʆ) ʧʨʠ ʠʟʷʩʥʷʚʘʥʝ ʥʘ 

ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʧʨʠʯʠʥʥʘʪʘ ʦʙʫʩʣʦʚʝʥʦʩʪ ʥʘ ʧʨʦʠʟʰʝʩʪʚʠʷʪʘ [7, 8]. ʅʘ ʙʘʟʘ ʥʘ ʤʦʜʝʣʘ ʥʘ ʈʠʡʟʲʥ, ʐʘʧʝʣ 

ʠ ɺʠʛʤʘʥ ʩʘ ʨʘʟʨʘʙʦʪʠʣʠ ʩʠʩʪʝʤʘ ʟʘ ʘʥʘʣʠʟ ʠ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʯʦʚʝʰʢʠʪʝ ʛʨʝʰʢʠ HFACS (Human 

Factors Analysis and Classification System) [9]. ʅʦʤʝʥʢʣʘʪʫʨʘʪʘ HFACS ʝ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʧʨʠ ʨʘʟʩʣʝʜʚʘʥʝ ʥʘ ʘʚʠʘʮʠʦʥʥʠ ʩʲʙʠʪʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʥʘʩʦʯʚʘʥʝ ʢʲʤ ʫʩʠʣʠʷʪʘ ʟʘ 

ʦʙʫʯʝʥʠʝ ʠ ʧʨʝʚʝʥʮʠʷ. 

  

ʉ. ʎʩʡʪʫʧʛʙ ʡ ʃ. ɼʞʧʩʜʡʞʛ, ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʷ ʤʦʜʝʣ ʥʘ ʈʠʡʟʲʥ ʟʘ ʘʚʠʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ 
R. Hristova and K. Georgiev, Evaluation of the effectiveness of the Reason's organizational accident model 
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ʌʀɻʋʈɸ 1. ʂʦʥʮʝʧʪʫʘʣʝʥ ʤʦʜʝʣ ʥʘ ʯʦʚʝʰʢʠʷ 

ʬʘʢʪʦʨ SHELL [5]. 

ʌʀɻʋʈɸ 2. ʂʦʥʮʝʧʪʫʘʣʝʥ ʤʦʜʝʣ ʥʘ ʟʘʱʠʪʘ ʚ ʜʲʣʙʦʯʠʥʘ. 

 

ʄʦʜʝʣʲʪ ʥʘ ʈʠʡʟʲʥ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʢʘʪʦ ʨʲʢʦʚʦʜʩʪʚʦ ʟʘ ʘʥʘʣʠʟ ʢʘʢʪʦ ʥʘ ʨʝʛʫʣʘʪʦʨʥʠʪʝ ʚʣʘʩʪʠ, ʪʘʢʘ ʠ 

ʥʘ ʜʦʩʪʘʚʯʠʮʠʪʝ ʥʘ ʫʩʣʫʛʠ, ʢʘʪʦ ʚʥʠʤʘʥʠʝʪʦ ʩʝ ʧʨʝʥʘʩʦʯʚʘ ʦʪ ʣʠʮʘʪʘ, ʫʯʘʩʪʚʘʱʠ ʚ ʠʥʮʠʜʝʥʪ ʠʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʘ ʦʧʘʩʥʦʩʪ, ʢʲʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʦʙʩʪʦʷʪʝʣʩʪʚʘ, ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʘ ʧʦʟʚʦʣʠʣʠ 

ʩʠʪʫʘʮʠʷʪʘ ʜʘ ʩʝ ʧʨʦʷʚʠ [8]. ʇʨʠʣʦʞʝʥʠʷʪʘ ʚʢʣʶʯʚʘʪ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ, ʥʘʙʣʶʜʝʥʠʝ 

ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ, ʚʲʪʨʝʰʝʥ ʦʜʠʪ, ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʤʝʥʠʪʝ ʠ ʨʘʟʩʣʝʜʚʘʥʝ ʥʘ ʩʲʙʠʪʠʷ, ʩʚʲʨʟʘʥʠ ʩ 

ʙʝʟʦʧʘʩʥʦʩʪʪʘ. ɼʦʢʦʣʢʦ ʦʙʘʯʝ ʟʘʧʦʟʥʘʚʘʥʝʪʦ ʩ ʦʩʥʦʚʥʠʪʝ ʢʦʥʮʝʧʮʠʠ, ʟʘʣʦʞʝʥʠ ʚ ʤʦʜʝʣʘ ʥʘ ʈʠʡʟʲʥ, ʝ 

ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʫʩʧʝʰʥʦʪʦ ʤʫ ʧʨʠʣʘʛʘʥʝ ʟʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʧʨʦʙʣʝʤʠ, ʢʘʢʚʠʪʦ ʩʘ ʘʚʠʘʮʠʦʥʥʠʪʝ 

ʦʨʛʘʥʠʟʘʮʠʷ, ʧʨʦʮʝʩʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʥʝ ʝ ʠʟʩʣʝʜʚʘʥʦ ʠʟʯʝʨʧʘʪʝʣʥʦ. 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʜʘ ʦʮʝʥʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʤʦʜʝʣʘ ʥʘ ʈʠʡʟʲʥ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʧʨʠʯʠʥʠʪʝ ʠ ʬʘʢʪʦʨʠʪʝ ʟʘ ʘʚʠʘʮʠʦʥʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ. ʆʙʭʚʘʪʲʪ ʝ ʦʛʨʘʥʠʯʝʥ ʜʦ ʘʥʘʣʠʟʠ ʦʪ ʘʚʠʘʮʠʦʥʥʠ 

ʩʧʝʮʠʘʣʠʩʪʠ, ʢʦʠʪʦ ʩʘ ʙʠʣʠ ʚʲʚʝʜʝʥʠ ʚ ʤʝʪʦʜʠʢʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʘʪʲʢ 

ʢʫʨʩ ʠʣʠ ʩʘʤʦʦʙʫʯʝʥʠʝ, ʦʙʘʯʝ ʥʝ ʩʘ ʝʢʩʧʝʨʪʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪ. 

ʄʆɼɽʃ ʅɸ ʈʀʁɿʒʅ ʅɸ ʆʈɻɸʅʀɿɸʎʀʆʅʅʀʊɽ ʇʈʆʀɿʐɽʉʊɺʀʗ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʤʥʦʞʝʩʪʚʦ ʧʨʠʯʠʥʠ, ʩʚʲʨʟʘʥʠ ʩ ʤʥʦʛʦ ʣʠʮʘ, 

ʨʘʙʦʪʝʱʠ ʥʘ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. ʀʟʧʲʣʥʠʪʝʣʠʪʝ ʥʘ ʜʝʡʥʦʩʪʠʪʝ ʠ ʧʦʩʪʨʘʜʘʣʠʪʝ 

ʦʪ ʩʲʙʠʪʠʝʪʦ ʥʘʡ-ʯʝʩʪʦ ʥʝ ʩʲʚʧʘʜʘʪ. ʉʠʩʪʝʤʘʪʘ ʝ ʟʘʱʠʪʝʥʘ ʦʪ ʝʜʠʥʠʯʥʠ ʦʪʢʘʟʠ ʠ ʛʨʝʰʢʠ, ʥʦ ʚʨʲʟʢʠʪʝ 

ʤʝʞʜʫ ʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʩʝ ʨʘʟʤʠʚʘʪ.  

ʄʦʜʝʣʲʪ ʥʘ ʈʠʡʟʲʥ, ʥʘʨʠʯʘʥ ʦʱʝ Ăʤʦʜʝʣ ʥʘ ʰʚʝʡʮʘʨʩʢʦʪʦ ʩʠʨʝʥʝñ, ʝ ʩʧʝʮʠʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥ ʟʘ ʘʥʘʣʠʟ 

ʥʘ ʧʦʜʦʙʥʠ ʩʠʩʪʝʤʠ. ɿʘʱʠʪʥʠʪʝ ʬʫʥʢʮʠʠ ʩʘ ʨʘʟʜʝʣʝʥʠ ʦʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ. ʄʦʜʝʣʲʪ ʩʝ ʝ 

ʨʘʟʚʠʚʘʣ ʚʲʚ ʚʨʝʤʝʪʦ ʠ ʩʲʱʝʩʪʚʫʚʘ ʚ ʥʷʢʦʣʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: 

¶ ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʟʘʱʠʪʠ (ʙʘʨʠʝʨʠ) ʤʝʞʜʫ ʦʧʘʩʥʦʩʪʪʘ ʠ ʟʘʛʫʙʠʪʝ (ʌʠʛ. 3ʘ, 3ʙ) [1, 3, 10]. 

ʇʨʦʧʫʩʢʠʪʝ ʚ ʟʘʱʠʪʠʪʝ ʩʠʤʚʦʣʠʯʥʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ ʦʪʚʦʨʠ. ʉʣʫʯʘʡʥʦʪʦ ʧʦʜʨʘʚʥʷʚʘʥʝ ʥʘ 

ʦʪʚʦʨʠ ʧʦ ʚʩʠʯʢʠ ʙʘʨʠʝʨʠ ʦʟʥʘʯʘʚʘ ʧʨʦʠʟʰʝʩʪʚʠʝ. ʊʦʚʘ ʝ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʠ ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ 

ʦʢʦʥʯʘʪʝʣʥʘʪʘ ʚʝʨʩʠʷ ʥʘ ʤʦʜʝʣʘ. ʈʘʟʣʠʢʘʪʘ ʝ, ʯʝ ʚ ʦʢʦʥʯʘʪʝʣʥʘʪʘ ʚʝʨʩʠʷ ʥʝ ʩʝ ʢʦʥʢʨʝʪʠʟʠʨʘʪ 

ʟʘʱʠʪʥʠʪʝ ʥʠʚʘ, ʢʘʢʪʦ ʠ ʯʝ ʚʤʝʩʪʦ ʧʦʥʷʪʠʝʪʦ ʣʘʪʝʥʪʝʥ ʦʪʢʘʟ ʩʝ ʧʦʣʟʚʘ ʧʦʥʷʪʠʝʪʦ ʣʘʪʝʥʪʥʦ 

ʩʲʩʪʦʷʥʠʝ. 

¶ ʄʦʜʝʣ, ʧʨʝʜʩʪʘʚʷʱ ʦʩʥʦʚʥʠʪʝ ʝʪʘʧʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʪʦ ʧʨʦʠʟʰʝʩʪʚʠʝ [2, 10] (ʌʠʛ. 3ʚ). 

¶ ʄʦʜʝʣ ʩ ʦʙʦʩʦʙʝʥʠ ʜʚʝ ʧʘʨʘʣʝʣʥʠ ʥʠʰʢʠ, ʝʜʥʘʪʘ ʥʘ ʯʦʚʝʰʢʠʪʝ ʛʨʝʰʢʠ, ʘ ʜʨʫʛʘʪʘ ï ʥʘ 

ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʟʘʱʠʪʠʪʝ [2, 6, 7] (ʌʠʛ. 3ʛ ʠ ʌʠʛ. 3ʜ). 

ʆʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʦʜʝʣʘ ʥʘ ʈʠʡʟʲʥ, ʠʟʦʙʨʘʟʝʥʠ ʥʘ ʌʠʛ. 3ʜ, ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ [7, 11]: 

¶ ʆʨʛʘʥʠʟʘʮʠʦʥʥʠ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʚʣʠʷʷʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʜʝʡʥʦʩʪʠ ʠ ʢʦʠʪʦ ʩʘ ʙʠʣʠ ʧʦʜ 

ʜʠʨʝʢʪʝʥ ʢʦʥʪʨʦʣ ʥʘ ʚʠʩʰʝʪʦ ʨʲʢʦʚʦʜʩʪʚʦ ï ʠʟʛʦʪʚʷʥʝ ʥʘ ʧʦʣʠʪʠʢʠ, ʧʣʘʥʠʨʘʥʝ, ʢʦʤʫʥʠʢʘʮʠʷ, 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʝʩʫʨʩʠʪʝ, ʥʘʜʟʦʨ. 

¶ ʃʘʪʝʥʪʥʠ ʫʩʣʦʚʠʷ ï ʫʩʣʦʚʠʷ, ʢʦʠʪʦ ʩʘ ʙʠʣʠ ʥʘʣʠʮʝ ʧʨʝʜʠ ʧʨʦʠʟʰʝʩʪʚʠʝʪʦ ʠ ʢʦʠʪʦ ʩʘ ʩʪʘʥʘʣʠ 

ʦʯʝʚʠʜʥʠ ʩ ʧʦʷʚʘʪʘ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʠʪʝ ʧʨʠʯʠʥʠ. ʅʘʡ-ʦʙʱʦ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʜʚʝ ʛʨʫʧʠ ï ʧʨʦʧʫʩʢʠ 

ʚ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪʠʪʝ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ ʠ ʥʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ ʦʪʢʣʦʥʝʥʠʷʪʘ 

(ʠʟʢʣʶʯʝʥʠʷʪʘ ʩʪʘʚʘʪ ʧʨʘʚʠʣʘ). 

¶ ɿʘʱʠʪʠ ï ʨʝʩʫʨʩʠ ʟʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʨʠʩʢʦʚʝʪʝ, ʥʘ ʢʦʠʪʦ ʝ ʠʟʣʦʞʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. ʄʦʛʘʪ ʜʘ ʩʘ ʩʝ 

ʧʨʦʚʘʣʠʣʠ ʟʘʨʘʜʠ ʧʨʦʙʣʝʤʠ, ʥʝʜʦʩʪʘʪʲʯʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠʣʠ ʧʨʦʩʪʦ ʣʠʧʩʘ. ʈʘʟʜʝʣʝʥʠ ʩʘ ʥʘ ʪʨʠ 

ʛʨʫʧʠ ï ʪʝʭʥʠʯʝʩʢʠ, ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʠ ʨʝʛʫʣʘʪʦʨʥʠ. 
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(ʘ) [1] (ʙ) [3,8,10] 

 

 
(ʚ) [10, 12] 

 
 

 

(ʛ) ʇʲʨʚʦʥʘʯʘʣʝʥ ʚʘʨʠʘʥʪ ʚ [2] 

 

(ʜ) ɺʘʨʠʘʥʪ, ʠʟʧʦʣʟʚʘʥ ʚ ʢʫʨʩʘ ʥʘ ʀʂɸʆ [7, 11] 

 
ʌʀɻʋʈɸ 3. ʄʦʜʝʣ ʥʘ ʈʠʡʟʲʥ (ʘ) ʚʨʲʟʢʘ ʤʝʞʜʫ ʦʧʘʩʥʦʩʪʠ, ʟʘʱʠʪʠ ʠ ʟʘʛʫʙʠ; (ʙ) ʤʦʜʝʣ ʥʘ ʰʚʝʡʮʘʨʩʢʦʪʦ ʩʠʨʝʥʝ, 

ʢʲʜʝʪʦ ʧʦʨʝʜʠʮʠʪʝ ʦʪ ʙʘʨʠʝʨʠ ʠʤʘʪ ʦʪʚʦʨʠ, ʠʟʨʘʟʷʚʘʱʠ ʧʨʦʧʫʩʢʠ ʚ ʟʘʱʠʪʘʪʘ; (ʚ) ʦʩʥʦʚʥʠ ʝʪʘʧʠ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʪʦ ʧʨʦʠʟʰʝʩʪʚʠʝ; (ʛ, ʜ) ʤʦʜʝʣ, ʩ ʜʚʝ ʥʠʰʢʠ, ʥʘ ʣʘʪʝʥʪʥʠʪʝ ʠ ʥʘ ʘʢʪʠʚʥʠʪʝ ʦʪʢʘʟʠ. 
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ʨʝʰʝʥʠʷ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʠ 
ʧʨʦʮʝʩʠ 

ʂʦʨʧʦʨʘʪʠʚʥʘ 
ʢʫʣʪʫʨʘ ʠ ʜʨ. 

 

ʋʩʣʦʚʠʷ, 
ʧʨʝʜʨʘʟʧʦʣʘʛʘʱʠ 
ʢʲʤ ʛʨʝʰʢʠ 

ʋʩʣʦʚʠʷ, 
ʧʨʝʜʨʘʟʧʦʣʘʛʘʱʠ 
ʢʲʤ ʥʘʨʫʰʝʥʠʷ 

 

ɻʨʝʰʢʠ 

 

ʅʘʨʫʰʝʥʠʷ 

 

ʆʨʛʘʥʠʟʘʮʠʷ 
 

ʈʘʙʦʪʥʦ ʤʷʩʪʦ 
 

ʇʝʨʩʦʥʘʣ ɿʘʱʠʪʠ 
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ʋʩʣʦʚʠʷ 
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ɿʘʱʠʪʠ 

 

ʆʪʢʘʟʠ 

 

ʃʘʪʝʥʪʥʠ 
ʦʪʢʘʟʠ 

ʉʲʙʠʪʠʝ 
 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʠ 
ʧʨʦʮʝʩʠ 

 

ʋʩʣʦʚʠʷ 
 ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ 

 

ʃʘʪʝʥʪʥʠ 
ʫʩʣʦʚʠʷ 

 

ʆʪʢʘʟʠ 

 

ɿʘʱʠʪʠ 
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¶ ʋʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ ï ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʘ ʧʦʚʣʠʷʣʠ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ 

ʜʝʡʩʪʚʠʷʪʘ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʷ ʧʝʨʩʦʥʘʣ ï ʝʨʛʦʥʦʤʠʷ, ʜʦʚʝʨʠʝ ʚ ʨʲʢʦʚʦʜʩʪʚʦʪʦ, ʤʦʨʘʣ, 

ʢʚʘʣʠʬʠʢʘʮʠʷ ʠ ʦʧʠʪ, ʠ ʪ.ʥ. 

¶ ɸʢʪʠʚʥʠ ʦʪʢʘʟʠ ï ʜʝʡʩʪʚʠʷ ʠʣʠ ʙʝʟʜʝʡʩʪʚʠʷ ʦʪ ʭʦʨʘ (ʧʠʣʦʪʠ, ʨʲʢʦʚʦʜʠʪʝʣʠ ʥʘ ʚʲʟʜʫʰʥʦʪʦ 

ʜʚʠʞʝʥʠʝ, ʪʝʭʥʠʮʠ, ʥʘʟʝʤʝʥ ʩʲʩʪʘʚ), ʢʦʠʪʦ ʠʤʘʪ ʥʝʟʘʙʘʚʥʠ ʥʝʛʘʪʠʚʥʠ ʧʦʩʣʝʜʩʪʚʠʷ. ɼʝʣʷʪ ʩʝ ʥʘ 

ʛʨʝʰʢʠ ʠ ʥʘʨʫʰʝʥʠʷ. 

ʄʝʨʢʠʪʝ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʚʢʣʶʯʚʘʪ ʩʣʝʜʝʥʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʩ ʮʝʣ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʣʘʪʝʥʪʥʠ ʩʲʩʪʦʷʥʠʷ ʠ ʧʦʜʩʠʣʚʘʥʝ ʥʘ ʟʘʱʠʪʠʪʝ; ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʨʘʙʦʪʥʘʪʘ ʩʨʝʜʘ ʠ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʧʦʩʣʝʜʩʪʚʠʷʪʘ ʦʪ ʘʢʪʠʚʥʠʪʝ ʦʪʢʘʟʠ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ 

ʚʲʟʥʠʢʚʘʪ ʧʨʠ ʩʲʯʝʪʘʥʠʝʪʦ ʥʘ ʘʢʪʠʚʥʠ ʦʪʢʘʟʠ ʠ ʢʦʤʧʨʦʤʝʪʠʨʘʥʠ ʟʘʱʠʪʠ. 

ʄɽʊʆɼʆʃʆɻʀʗ 

ɸʥʘʣʠʟʠʨʘʥʠ ʩʝ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʥʘ ʈʠʡʟʲʥ ʟʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ 

ʦʪ ʢʫʨʩʠʩʪʠ, ʧʨʝʤʠʥʘʣʠ ʢʫʨʩ ʥʘ ʦʙʫʯʝʥʠʝ ʥʘ ʀʂɸʆ ʟʘ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ [11, 13]. 

ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʜʘʥʥʠ ʟʘ ʘʥʘʣʠʟʠ ʦʪ ʪʨʠ ʥʝʟʘʚʠʩʠʤʠ ʛʨʫʧʠ. ɼʚʝ ʦʪ ʛʨʫʧʠʪʝ ʩʘ ʫʯʘʩʪʚʘʣʠ ʚ ʢʫʨʩʘ ʥʘ ʀʂɸʆ 

[13], ʘ ʪʨʝʪʘʪʘ ʛʨʫʧʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʝʜʠʥ ʩʪʫʜʝʥʪ ʧʦ ʘʚʠʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʡʪʦ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʩʝ ʝ 

ʟʘʧʦʟʥʘʣ ʩ ʤʘʪʝʨʠʘʣʠʪʝ ʦʪ ʢʫʨʩʘ [11]. ɺʩʷʢʘ ʛʨʫʧʘ ʨʘʙʦʪʠ ʧʦ ʜʚʘ ʩʮʝʥʘʨʠʷ ʥʘ ʘʚʠʘʮʠʦʥʥʠ ʧʨʦʠʟʰʝʩʪʚʠʷ, 

ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ ʫʧʨʘʞʥʝʥʠʷ ʢʲʤ ʛʦʨʝʩʧʦʤʝʥʘʪʠʷ ʢʫʨʩ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʩʫʨʦʚʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚʢʣʶʯʚʘ 

ʦʙʱʦ ʰʝʩʪ ʥʘ ʙʨʦʡ ʘʥʘʣʠʟʠ. ɸʥʘʣʠʟʠʪʝ ʥʘ ʪʨʠʪʝ ʛʨʫʧʠ ʝʢʩʧʝʨʪʠ ʟʘ ʚʩʷʢʦ ʝʜʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ ʩʝ 

ʩʨʘʚʥʷʚʘʪ ʧʦ ʜʚʦʡʢʠ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʦʩʨʝʜʥʷʚʘʪ ʟʘ ʚʩʷʢʘ ʝʜʥʘ ʛʨʫʧʘ ʬʘʢʪʦʨʠ. 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʪʥʠ ʤʥʝʥʠʷ 

ʀʟʛʦʪʚʷʥʝʪʦ ʥʘ ʘʥʘʣʠʟʠʪʝ ʥʘ ʘʚʠʘʮʠʦʥʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʩʪʲʧʢʠ: 

¶ ɿʘʧʦʟʥʘʚʘʥʝ ʩ ʦʧʠʩʘʥʠʝʪʦ ʥʘ ʘʚʠʘʮʠʦʥʥʦʪʦ ʧʨʦʠʟʰʝʩʪʚʠʝ ʠ ʜʦʢʣʘʜʘ ʦʪ ʨʘʟʩʣʝʜʚʘʥʝʪʦ ʤʫ; 

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ, ʩʢʨʠʪʠʪʝ ʩʲʩʪʦʷʥʠʷ, ʟʘʱʠʪʠʪʝ, ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ, ʘʢʪʠʚʥʠʪʝ ʦʪʢʘʟʠ; 

¶ ʇʦʧʲʣʚʘʥʝ ʥʘ ʬʦʨʤʫʣʷʨ (ʌʠʛ. 4) [13], ʚ ʢʦʡʪʦ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʘʣʠʟʘ ʩʲʛʣʘʩʥʦ 

ʢʘʪʝʛʦʨʠʠʪʝ ʚ ʤʦʜʝʣʘ ʥʘ ʈʠʡʟʲʥ. 

ʆʙʨʘʙʦʪʢʘ ʥʘ ʝʢʩʧʝʨʪʥʠʪʝ ʤʥʝʥʠʷ 

ɽʢʩʧʝʨʪʥʠʪʝ ʤʥʝʥʠʷ ʧʨʝʤʠʥʘʚʘʪ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʠʟʛʦʪʚʷʥʝ ʥʘ ʪʘʙʣʠʮʠ ʥʘ 

ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ ʧʦʩʦʯʝʥʠʪʝ ʦʪ ʝʢʩʧʝʨʪʠʪʝ ʬʘʢʪʦʨʠ. ɿʘ ʚʩʷʢʦ ʧʨʦʠʟʰʝʩʪʚʠʝ ʠ ʟʘ ʚʩʷʢʘ ʛʨʫʧʘ ʬʘʢʪʦʨʠ ʩʝ 

ʠʟʛʦʪʚʷ ʦʪʜʝʣʥʘ ʪʘʙʣʠʮʘ, ʚ ʢʦʷʪʦ ʚʩʝʢʠ ʨʝʜ ʝ ʨʘʟʣʠʯʝʥ ʬʘʢʪʦʨ, ʘ ʚʩʷʢʘ ʢʦʣʦʥʘ ï ʨʘʟʣʠʯʝʥ ʝʢʩʧʝʨʪ. ɺ 

ʦʪʜʝʣʥʠʪʝ ʢʣʝʪʢʠ ʩʘ ʜʘʜʝʥʠ ʬʦʨʤʫʣʠʨʦʚʢʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʝʢʩʧʝʨʪʠ ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʬʘʢʪʦʨ, ʟʘ ʜʘ ʤʦʞʝ 

ʧʨʠ ʥʫʞʜʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʩʲʦʪʚʝʪʩʪʚʠʝʪʦ ʥʘ ʛʨʫʧʠʨʘʥʝʪʦ. 

ʉʪʝʧʝʥʪʘ ʥʘ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ ʝʢʩʧʝʨʪʥʠʪʝ ʤʥʝʥʠʷ ʩʝ ʦʮʝʥʷʚʘ ʧʦ ʛʨʫʧʠ ʬʘʢʪʦʨʠ. ʀʟʯʠʩʣʷʚʘ ʩʝ 

ʦʙʱʠʷʪ ʙʨʦʡ ʢʦʥʩʪʘʪʠʨʘʥʠ ʬʘʢʪʦʨʠ ʦʪ ʝʜʠʥʠʷ ʝʢʩʧʝʨʪ X , ʦʪ ʜʨʫʛʠʷ ʝʢʩʧʝʨʪ Y , ʙʨʦʷʪ ʧʨʠʧʦʢʨʠʚʘʱʠ 

ʩʝ ʬʘʢʪʦʨʠ YX1  ʠ ʦʙʱʠʷʪ ʙʨʦʡ ʬʘʢʪʦʨʠ, ʢʦʥʩʪʘʪʠʨʘʥʠ ʦʪ ʜʚʘʪʘ ʝʢʩʧʝʨʪʘ YX8 . ʇʨʝʜʠ 

ʦʢʦʥʯʘʪʝʣʥʦ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʤʝʨʢʠʪʝ ʟʘ ʩʲʛʣʘʩʫʚʘʥʝ ʥʘ ʝʢʩʧʝʨʪʥʠʪʝ ʤʥʝʥʠʷ, ʨʝʟʫʣʪʘʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʧʦ 

ʜʚʦʡʢʠ ʝʢʩʧʝʨʪʠ, ʩʝ ʩʫʤʠʨʘʪ ʟʘ ʩʲʦʪʚʝʪʥʘʪʘ ʛʨʫʧʘ ʬʘʢʪʦʨʠ. 
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ʌʀɻʋʈɸ 4. ʌʦʨʤʫʣʷʨ ʟʘ ʧʦʧʲʣʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʘʣʠʟ ʥʘ ʘʚʠʘʮʠʦʥʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ ʩʲʛʣʘʩʥʦ ʤʦʜʝʣʘ ʥʘ 

ʈʠʡʟʲʥ ʠ ʤʝʪʦʜʠʢʘʪʘ, ʜʘʜʝʥʘ ʚ ʢʫʨʩ ʥʘ ʀʂɸʆ [13]. 

ʄʷʨʢʘ ʟʘ ʩʲʛʣʘʩʫʚʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʪʥʠʪʝ ʤʥʝʥʠʷ 

ʈʘʟʣʠʯʥʠ ʤʝʨʢʠ ʟʘ ʩʲʛʣʘʩʫʚʘʥʝ ʥʘ ʢʘʪʝʛʦʨʠʡʥʠ ʜʘʥʥʠ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʚ [14]. ʉʭʦʜʩʪʚʦʪʦ ʤʝʞʜʫ ʜʚʘ 

ʢʨʘʡʥʠ ʥʘʙʦʨʘ ʦʪ ʝʣʝʤʝʥʪʠ ʩʝ ʠʟʨʘʟʷʚʘ ʯʠʩʣʝʥʦ ʯʨʝʟ ʠʥʜʝʢʩʘ ʥʘ Jaccard [15], ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ Sßrensenï

Dice (ʦʮʝʥʢʘ F1)[16] ʠ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ SzymkiewiczïSimpson. ʂʦʝʬʠʮʠʝʥʪʠʪʝ ʩʝ 

ʠʟʤʝʥʷʪ ʤʝʞʜʫ ʥʫʣʘ ʠ ʝʜʠʥʠʮʘ, ʢʘʪʦ ʥʫʣʘ ʦʟʥʘʯʘʚʘ ʧʲʣʥʘ ʣʠʧʩʘ ʥʘ ʦʙʱʠ ʝʣʝʤʝʥʪʠ ʤʝʞʜʫ ʜʚʝʪʝ 

ʤʥʦʞʝʩʪʚʘ, ʘ ʝʜʠʥʠʮʘ ï ʧʲʣʥʦ ʩʭʦʜʩʪʚʦ ʠʣʠ ʧʨʠʧʦʢʨʠʚʘʥʝ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʷʨʢʘʪʘ.  

ʀʥʜʝʢʩʲʪ ʥʘ ɾʘʢʘʨʜ, ʠʟʚʝʩʪʝʥ ʦʱʝ ʢʘʪʦ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʩʭʦʜʩʪʚʦ ʥʘ ɾʘʢʘʨʜ, ʜʘʚʘ ʦʪʥʦʰʝʥʠʝ ʥʘ ʙʨʦʷ 

ʥʘ ʩʲʚʧʘʜʘʱʠʪʝ ʤʥʝʥʠʷ ʢʲʤ ʦʙʱʠʷ ʙʨʦʡ ʨʘʟʣʠʯʥʠ ʤʥʝʥʠʷ: 
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      (1) 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʉʦʨʝʥʩʝʥïɼʘʡʩ ʜʘʚʘ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʩʲʚʧʘʜʘʱʠʪʝ ʢʲʤ ʦʙʱʠʷ ʙʨʦʡ ʠʟʢʘʟʘʥʠ 

ʤʥʝʥʠʷ. ʀʟʯʠʩʣʷʚʘ ʩʝ ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ F1, ʢʦʡʪʦ ʝ ʧʦʧʫʣʷʨʥʘʪʘ ʤʷʨʢʘ ʟʘ ʪʦʯʥʦʩʪ ʧʨʠ ʙʠʥʘʨʥʘ 

ʢʣʘʩʠʬʠʢʘʮʠʷ. 

 

YX

YX
YXDSC

+
=
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),(        (2) 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʨʠʧʦʢʨʠʚʘʥʝ ʠʣʠ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʐʠʤʢʝʚʠʯïʉʠʤʧʩʲʥ ʠʟʤʝʨʚʘ ʩʪʝʧʝʥʪʘ ʥʘ 

ʧʨʠʧʦʢʨʠʚʘʥʝ ʠ ʝ ʝʜʠʥʠʮʘ, ʢʦʛʘʪʦ ʤʥʝʥʠʷʪʘ ʥʘ ʝʜʠʥʠʷ ʝʢʩʧʝʨʪ ʩʘ ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʪ ʤʥʝʥʠʷʪʘ ʥʘ ʜʨʫʛʠʷ: 
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ʈɽɿʋʃʊɸʊʀ 

ʄʝʪʦʜʲʪ ʥʘ ʈʠʡʟʲʥ ʟʘ ʘʥʘʣʠʟ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠ ʧʨʦʠʟʰʝʩʪʚʠʷ ʝ ʧʨʠʣʦʞʝʥ ʟʘ ʧʨʠʤʝʨʥʠ ʘʚʠʘʮʠʦʥʥʠ 

ʧʨʦʠʟʰʝʩʪʚʠʷ ʩʲʛʣʘʩʥʦ ʤʝʪʦʜʠʢʘʪʘ, ʦʧʠʩʘʥʘ ʚ ʧʨʝʜʭʦʜʥʘʪʘ ʪʦʯʢʘ. ʌʦʨʤʫʣʷʨʠʪʝ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʨʲʯʥʦ ʠ 

ʩʘ ʠʟʛʦʪʚʝʥʠ ʪʘʙʣʠʮʠ ʥʘ ʩʲʦʪʚʝʪʩʪʚʠʝ. ʇʨʠʤʝʨʥʘ ʪʘʙʣʠʮʘ ʥʘ ʩʲʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʤʥʝʥʠʷʪʘ ʥʘ 

ʝʢʩʧʝʨʪʠʪʝ ʟʘ ʝʜʠʥʠʷ ʦʪ ʘʚʘʨʠʡʥʠʪʝ ʩʮʝʥʘʨʠʠ ʦʪʥʦʩʥʦ ʛʨʫʧʘ ʬʘʢʪʦʨʠ Ăʋʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦñ ʝ 

ʜʘʜʝʥʘ ʚ ʊʘʙʣʠʮʘ 1. ʀʟʛʦʪʚʝʥʠ ʩʘ ʜʝʩʝʪ ʪʘʙʣʠʮʠ ʥʘ ʩʲʦʪʚʝʪʩʪʚʠʝ, ʩʲʱʥʦʩʪʪʘ ʥʘ ʢʦʠʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ 

ʌʠʛ. 5. 

 

ʊɸɹʃʀʎɸ 1. ʇʨʠʤʝʨʥʘ ʪʘʙʣʠʮʘ ʥʘ ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ ʤʥʝʥʠʷʪʘ ʥʘ ʝʢʩʧʝʨʪʠʪʝ (ʩʪʫʜʝʥʪ, ʛʨʫʧʘ ɸ ʠ ʛʨʫʧʘ ɹ) ʟʘ ʛʨʫʧʘ 

ʬʘʢʪʦʨʠ Ăʋʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦñ ʠ ʧʨʠʤʝʨʝʥ ʩʮʝʥʘʨʠʡ ʟʘ ʘʚʠʘʮʠʦʥʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ. 

ʋʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ 

ʌʘʢʪʦʨʠ, ʢʦʠʪʦ ʚʣʠʷʷʪ ʚʲʨʭʫ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʭʦʨʘʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʠʪʝ ʨʘʙʦʪʥʠ ʤʝʩʪʘ 

ʉʪʫʜʝʥʪ ɻʨʫʧʘ ɸ ɻʨʫʧʘ ɹ 

ʅʘʩʲʙʨʘʣʘ ʩʝ ʚʦʜʘ ʧʦ ʧʠʩʪʘʪʘ ʅʘʩʲʙʨʘʣʘ ʩʝ ʚʦʜʘ ʧʦ ʧʠʩʪʘʪʘ ʅʘʩʲʙʨʘʣʘ ʩʝ ʚʦʜʘ ʧʦ ʧʠʩʪʘʪʘ 

ʃʦʰʦ ʚʨʝʤʝ ʃʦʰʦ ʚʨʝʤʝ ɻʨʲʤʦʪʝʚʠʯʥʘ ʘʢʪʠʚʥʦʩʪ 

ʆʩʚʝʪʣʝʥʠʝʪʦ ʥʘ ʧʠʩʪʘʪʘ ʝ ʩ ʥʠʩʢʦ 

ʥʘʧʨʝʞʝʥʠʝ 

  

ʅʷʤʘ ʦʩʚʝʪʣʝʥʠʝ ʟʘ ʟʘʭʦʜ   

ʅʷʤʘ ʚʠʟʫʘʣʥʠ ʧʦʤʦʱʥʠ ʩʨʝʜʩʪʚʘ   

 ʄʦʨʘʣ ʥʘ ʝʢʠʧʘʞʘ  

 ʅʝʦʧʠʪʝʥ ʝʢʠʧʘʞ ʧʦ ʦʧʨʝʜʝʣʝʥ 

ʤʘʨʰʨʫʪ 

 

 ɽʨʛʦʥʦʤʠʯʥʦʩʪ ï ʩʘʤʦʣʝʪʲʪ ʥʝ ʝ 

ʧʦʜʭʦʜʷʱ ʟʘ ʤʘʨʰʨʫʪʘ 

 

 ʅʝʦʧʠʪʥʦʩʪ ʥʘ ʚʪʦʨʠʷ ʧʠʣʦʪ  

  ʃʠʧʩʘ ʥʘ ʥʘʜʝʞʜʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʤʘʷʢʘ ʠ ʩʠʣʘʪʘ ʥʘ 

ʚʷʪʲʨʘ 
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ʉʪʝʧʝʥʪʘ ʥʘ ʩʲʛʣʘʩʫʚʘʥʝ ʥʘ ʤʥʝʥʠʷʪʘ ʥʘ ʝʢʩʧʝʨʪʠʪʝ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʯʨʝʟ ʠʥʜʝʢʩʘ ʥʘ ɾʘʢʘʨʜ, J (1), 

ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʉʦʨʝʥʩʝʥïɼʘʡʩʨ DSC (2) ʠ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ ʐʠʤʢʝʚʠʯïʉʠʤʧʩʲʥ, S 

(3). ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʝʩʤʷʪʘʥʝʪʦ ʥʘ ʪʨʠʪʝ ʢʦʝʬʠʮʠʝʥʪʘ ʧʦ ʛʨʫʧʠ ʬʘʢʪʦʨʠ ʠ ʦʙʱʦ ʟʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 2. ʉʪʝʧʝʥʪʘ ʥʘ ʩʲʛʣʘʩʫʚʘʥʝ ʝ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʦ ʥʠʩʢʘ, ʢʘʪʦ ʝ ʚ ʛʨʘʥʠʮʠʪʝ 0.2 ʜʦ 

0.6, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʧʦʣʟʚʘʥʘʪʘ ʤʷʨʢʘ ʠ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʛʨʫʧʘ ʬʘʢʪʦʨʠ. ʅʘʡ-ʜʦʙʨʠ ʩʘ ʨʝʟʫʣʪʘʪʠʪʝ 

ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʣʘʪʝʥʪʥʠʪʝ ʦʪʢʘʟʠ ʠ ʥʘʨʫʰʝʥʠʪʝ ʟʘʱʠʪʠ, ʢʲʜʝʪʦ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʉʦʨʝʥʩʝʥïɼʘʡʩ ʝ 

ʥʘʜ 0.4. 

ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʥʷʤʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʩʧʠʩʲʢ ʩ ʬʘʢʪʦʨʠ, ʦʪ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʠʟʙʝʨʘʪ ʪʝʟʠ, ʢʦʠʪʦ ʩʘ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʧʨʦʠʟʰʝʩʪʚʠʝʪʦ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʛʦʚʦʨʠ ʟʘ 

ʩʪʘʥʜʘʨʪʥʘ ʟʘʜʘʯʘ ʟʘ ʢʘʪʝʛʦʨʠʟʘʮʠʷ. ʅʝʦʙʭʦʜʠʤʠ ʩʘ ʟʥʘʯʠʪʝʣʥʠ ʝʢʩʧʝʨʪʥʠ ʧʦʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʘʚʠʘʮʠʷʪʘ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʣʝʢʘʪ ʥʘʡ-ʩʲʱʝʩʪʚʝʥʠʪʝ ʚʟʘʠʤʦʚʨʲʟʢʠ, ʦʧʨʝʜʝʣʠʣʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʘʚʘʨʠʡʥʠʷ ʩʮʝʥʘʨʠʡ. 

 

     
(a) ʧʲʨʚʠ ʩʮʝʥʘʨʠʡ ʟʘ ʘʚʠʘʮʠʦʥʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ 

     
(ʙ) ʚʪʦʨʠ ʩʮʝʥʘʨʠʡ ʟʘ ʘʚʠʘʮʠʦʥʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ 

ʌʀɻʋʈɸ 5. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʩʲʙʨʘʥʠʪʝ ʜʘʥʥʠ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ. ɺʩʝʢʠ ʨʝʜ ʠʟʦʙʨʘʟʷʚʘ ʨʘʟʣʠʯʝʥ ʬʘʢʪʦʨ, ʧʦʩʦʯʝʥ ʦʪ 

ʧʦʥʝ ʝʜʥʘ ʦʪ ʝʢʩʧʝʨʪʥʠʪʝ ʛʨʫʧʠ. ɺʩʷʢʘ ʢʦʣʦʥʢʘ ʝ ʝʢʩʧʝʨʪʥʘ ʛʨʫʧʘ. ʇʨʘʟʥʘ ʢʣʝʪʢʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʩʲʦʪʚʝʪʥʠʷʪ ʬʘʢʪʦʨ ʥʝ 

ʝ ʦʪʯʝʪʝʥ ʦʪ ʩʲʦʪʚʝʪʥʘʪʘ ʝʢʩʧʝʨʪʥʘ ʛʨʫʧʘ. 
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ʊɸɹʃʀʎɸ 2. ʉʪʝʧʝʥ ʥʘ ʩʲʦʪʚʝʪʩʪʚʠʝ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʬʘʢʪʦʨʠʪʝ, ʚʦʜʝʱʠ ʜʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʧʨʦʠʟʰʝʩʪʚʠʝ ʦʪ 

ʨʘʟʣʠʯʥʠ ʦʙʫʯʘʝʤʠ ʝʢʩʧʝʨʪʠ. ʆʮʝʥʢʘʪʘ ʝ ʥʘʧʨʘʚʝʥʘ ʧʦ ʢʘʪʝʛʦʨʠʠ ʬʘʢʪʦʨʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʨʠ ʤʝʨʢʠ ʟʘ 

ʩʲʦʪʚʝʪʩʪʚʠʝ 

ʌʘʢʪʦʨʠ Jaccard DSC Simpson 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʠ ʧʨʦʮʝʩʠ 0.200 0.333 0.417 

ʋʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ 0.224 0.367 0.458 

ʉʢʨʠʪʠ (ʣʘʪʝʥʪʥʠ) ʫʩʣʦʚʠʷ 0.300 0.462 0.500 

ɸʢʪʠʚʥʠ ʦʪʢʘʟʠ 0.228 0.371 0.433 

ɿʘʱʠʪʠ 0.231 0.375 0.545 

ɺʩʠʯʢʦ 0.228 0.371 0.464 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʥʘʧʨʘʚʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʩʨʘʚʥʝʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʝʟʘʚʠʩʠʤʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʷ 

ʤʦʜʝʣ ʥʘ ʈʠʡʟʲʥ ʟʘ ʜʚʘ ʧʨʠʤʝʨʥʠ ʩʣʫʯʘʷ ʥʘ ʘʚʠʘʮʠʦʥʥʠ ʧʨʦʠʟʰʝʩʪʚʠʷ ʦʪ ʪʨʠ ʩʪʫʜʝʥʪʩʢʠ ʝʢʠʧʘ. 

ʆʛʨʘʥʠʯʝʥʦʪʦ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʣʘʪʝʥʪʥʠ ʠ ʘʢʪʠʚʥʠ ʬʘʢʪʦʨʠ ʜʝʤʦʥʩʪʨʠʨʘ ʚʘʞʥʦʩʪʪʘ ʥʘ 

ʦʙʫʯʝʥʠʝʪʦ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʥʘʜʝʞʜʥʠ ʟʘʢʣʶʯʝʥʠʷ. 
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Abstract. The Reason's organisational accident model is a model of accident causation that is well known in the 

aviation industry. The organizational processes result in latent conditions that can cause errors and degrade the 

defences of the system. This model is fundamental for safety management but it's practical implementation could be 

a challenge. The results of independent application of the model on two sample aviation accident cases by three 

student teams were compared. The limited overlap of the output latent and active conditions demonstrates the 

importance of the safety training for achieving consistent conclusions. 
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 ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʥʘʫʯʥʦ ʨʘʟʚʠʪʠʝ ʥʘ 

ʩʪʫʜʝʥʪʠ ʯʨʝʟ ʧʨʦʝʢʪʠ 

ʇʘʤʝʣʘ ʂʫʮʘʨʦʚʘʘ), ɺʠʢʪʦʨ ɻʝʥʦʚʙ) ʠ ɼʠʤʠʪʲʨ ɻʠʥʯʝʚʚ) 

ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ - ʉʦʬʠʷ, ʙʫʣ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠ ˉ 8, ʉʦʬʠʷ 1000, ɹʲʣʛʘʨʠʷ 

 
ʘ) thrustdragliftweight@gmail.com 

ʙ) priateli97@abv.bg 
ʚ) dimginchev@tu-sofia.bg 

ʈʝʟʶʤʝ. ʅʘʩʪʦʷʱʠʷ ʜʦʢʣʘʜ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʨʝʜʩʪʘʚʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʠʟʷʚʘ ʥʘ ʩʪʫʜʝʥʪʠʪʝ, ʯʨʝʟ ʧʨʦʝʢʪ, ʢʦʡʪʦ 

ʩʘʤʠ ʠʥʠʮʠʠʨʘʭʘ ʠ ʟʘʧʦʯʥʘʭʘ ʜʘ ʠʟʧʲʣʥʷʚʘʪ. ʂʨʘʡʥʠʷ ʨʝʟʫʣʪʘʪ ʝ ʩʚʲʨʟʘʥ ʩ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʟʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʮʝʣʠ. ʉʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʧʲʨʚʠ ʝʪʘʧ ʩʝ ʦʙʫʯʘʚʘʪ, ʘʥʛʘʞʠʨʘʪ ʠ ʛʦ 

ʜʦʫʩʲʚʲʨʰʝʥʩʪʚʘʪ ʥʦʚʠ ʩʪʫʜʝʥʪʠ. ʇʨʝʟ 2019 ʛ. ʟʘʧʦʯʥʘ ʜʘ ʩʝ ʠʟʛʨʘʞʜʘ ʩʠʩʪʝʤʘ ï ɸʚʠʘʮʠʦʥʝʥ ʩʠʤʫʣʘʪʦʨ ʟʘ 

ʜʝʤʦʥʩʪʨʘʪʠʚʥʠ ʮʝʣʠ ʢʲʤ ʫʧʨʘʞʥʝʥʠʷ ʧʦ ʧʨʝʜʤʝʪ ɸʚʠʘʮʠʦʥʥʠ ʧʨʠʙʦʨʠ ʠ ʘʚʪʦʤʘʪʠʯʥʠ ʩʠʩʪʝʤʠ. ʉʣʝʜ ʪʦʚʘ ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʨʘ ʚ ʧʨʦʝʢʪ ʥʘ ʢʘʪʝʜʨʘ Ăɺʲʟʜʫʰʝʥ ʪʨʘʥʩʧʦʨʪñ. ʉʣʝʜʚʘʱʘʪʘ ʛʦʜʠʥʘ ʙʝʰʝ ʬʠʥʘʥʩʠʨʘʥ, ʢʘʪʦ 

ʩʪʫʜʝʥʪʩʢʠ ʧʨʦʝʢʪ ʦʪ ʅʀʉ ʢʲʤ ʊʋ-ʉʦʬʠʷ ï 2020 ʛ. ʋʥʠʚʝʨʩʠʪʝʪʘ ʧʦʜʢʨʝʧʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʟʘ 2021 ʛ., ʢʘʪʦ 

ʚʩʠʯʢʦ ʪʦʚʘ ʜʦʚʝʜʝ ʜʦ ʦʙʦʩʦʙʷʚʘʥʝ ʥʘ ʩʪʫʜʝʥʪʩʢʠ ʢʣʫʙ ʂʦʩʤʦʩ, ʢʲʜʝʪʦ ʜʨʫʛʠ ʩʪʫʜʝʥʪʠ ʤʦʛʘʪ ʜʘ ʨʝʘʣʠʟʠʨʘʪ 

ʪʝʭʥʠ ʠʜʝʠ. ʋʯʘʩʪʚʘ ʩʝ ʚ ʥʘʫʯʥʠ ʧʨʦʝʢʪʠ ʩ ʜʦʢʣʘʜʠ, ʨʘʟʣʠʯʥʠ ʬʦʨʫʤʠ, ʢʘʢʪʦ ʠ ʚ ʦʪʨʘʟʷʚʘʥʠʷ ʜʝʡʥʦʩʪʠʪʝ ʚ ʊʋ ʚ 

ʤʝʜʠʠʪʝ. 

ɺʒɺɽɼɽʅʀɽ 

ʇʨʝʟ 1998 ʛʦʜʠʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʥʘʫʢʘʪʘ ʠ ʅʘʮʠʦʥʘʣʥʠʷʪ ʠʥʩʪʠʪʫʪ ʧʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʠʭʘ Ăʉʪʨʘʪʝʛʠʷ ʠ ʥʘʮʠʦʥʘʣʥʘ ʧʨʦʛʨʘʤʘ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʪʦ 

ʦʙʱʝʩʪʚʦ ʚ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷñ. ɺ ʉʪʨʘʪʝʛʠʷʪʘ ʟʥʘʥʠʝʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʨʝʩʫʨʩ, ʘ 

ʫʯʝʥʝʪʦ ï ʢʘʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʧʨʦʮʝʩ. ʂʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʩʪʠʛʘʥʝ ʮʝʣʠʪʝ ʥʘ ʪʘʟʠ ʩʪʨʘʪʝʛʠʷ ʩʝ ʧʦʩʦʯʚʘʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʛʨʘʤʦʪʥʦʩʪ, ʢʦʛʥʠʪʠʚʥʦʪʦ ʠ ʠʥʪʝʣʝʢʪʫʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝ ʠ ʫʤʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʢʘʧʘʮʠʪʝʪ ʟʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʫʯʝʥʝ ʧʨʝʟ ʮʝʣʠʷ ʞʠʚʦʪ [1].  

ɺ ʧʨʦʮʝʩʠʪʝ ʥʘ ʦʙʫʯʝʥʠʝ ʠʤʘ ʨʘʟʣʠʯʥʠ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ. ɿʘ ʧʦʥʷʪʠʝʪʦ Ăʤʝʪʦʜʠʢʘñ ʚ ʨʝʯʥʠʢʘ ʥʘ 

ʙʲʣʛʘʨʩʢʠʷ ʝʟʠʢ ʝ ʜʘʜʝʥʦ: Ă2. ʆʧʠʩʘʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʦʧʝʨʘʮʠʠ ʠ ʩʨʝʜʩʪʚʘ ʚ ʪʷʭʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʤʝʨʚʘʥʠʷ, ʝʢʩʧʝʨʠʤʝʥʪʠ, ʦʮʝʥʢʠ ʠ ʜʨ. ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ, ʣʝʯʝʙʥʠ 

ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʜʝʡʥʦʩʪʠñ [2]. 

ʇʨʝʟ 2000 ʛ. ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʧʨʠʝʤʘ ʃʠʩʘʙʦʥʩʢʘ ʩʪʨʘʪʝʛʠʷ, ʢʦʷʪʦ ʝ ʧʨʦʛʨʘʤʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʜʦ 2010 ʛ. ɺ ʥʝʷ ʝ ʬʦʨʤʫʣʠʨʘʥʘ ʮʝʣʪʘ, ʢʦʷʪʦ ʩʪʦʠ ʧʨʝʜ ʉʲʶʟʘ ï Ăɽʚʨʦʧʝʡʩʢʠʷʪ ʩʲʶʟ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʚʲʨʥʝ ʚ ʥʘʡ-ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘʪʘ ʠ ʜʠʥʘʤʠʯʥʘ ʠʢʦʥʦʤʠʢʘ ʥʘ ʟʥʘʥʠʝʪʦ ʚ ʩʚʝʪʘñ [3]. ʇʦ-

ʢʲʩʥʦ ʩʝ ʧʨʠʝʤʘ ʉʪʨʘʪʝʛʠʷ Ăɽʚʨʦʧʘ 2020ñ ï ʜʦʢʫʤʝʥʪʲʪ, ʢʦʡʪʦ ʦʧʨʝʜʝʣʷ ʥʘʩʦʢʠʪʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʟʘ ʧʝʨʠʦʜʘ 2010ï2020 ʛ. ɺ ʥʝʛʦ ʩʲʱʦ ʩʝ ʦʪʯʠʪʘʪ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, 

ʧʦʩʪʠʛʥʘʪʠ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʚ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʃʠʩʘʙʦʥʩʢʘʪʘ ʩʪʨʘʪʝʛʠʷ ʦʪ 2000 ʛ. ɺ ʉʪʨʘʪʝʛʠʷ 

Ăɽʚʨʦʧʘ 2020ñ ʩʝ ʬʦʨʤʫʣʠʨʘ ʠʥʠʮʠʘʪʠʚʘ Ăʇʨʦʛʨʘʤʘ ʟʘ ʥʦʚʠ ʫʤʝʥʠʷ ʠ ʨʘʙʦʪʥʠ ʤʝʩʪʘñ, ʢʦʷʪʦ ʝ ʩʚʲʨʟʘʥʘ ʩ 

ʧʨʦʬʝʩʠʦʥʘʣʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʯʝʥʝʪʦ ʧʨʝʟ ʮʝʣʠʷ ʞʠʚʦʪ. ʊʷ ʮʝʣʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʫʩʣʦʚʠʷ, ʢʦʠʪʦ ʱʝ 

ʜʘʜʘʪ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʛʨʘʞʜʘʥʠʪʝ ʜʘ ʨʘʟʚʠʚʘʪ ʫʤʝʥʠʷʪʘ ʩʠ ʧʝʨʤʘʥʝʥʪʥʦ, ʧʨʠʜʦʙʠʪʠ ʯʨʝʟ ʥʝʬʦʨʤʘʣʥʦʪʦ 

ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦʪʦ ʫʯʝʥʝ [3]. 

В съвременните методики и програми за обучение, както и самото преподаване е важно да се 

използват възможностите на модерните компютри, както и средствата за визуализация. Това ще даде по-

обективна представа на обучаемите за особеностите и етапите от работата на дадена система или процес. 

В авиацията, подготовката, контрол на кадри и особено обучението на пилоти, са свързани с 

безопасността. За пряк ʢʦʥʪʨʦʣ ʦʪ ʦʙʫʯʘʚʘʱ ʠʣʠ ʠʟʧʠʪʚʘʱ ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʠ. ʊʦʚʘ ʚʢʣʶʯʚʘ 

ʪʝʦʨʝʪʠʯʥʦ ʦʙʫʯʝʥʠʝ. ʉʣʝʜ ʫʩʧʝʰʥʦ ʟʘʚʲʨʰʚʘʥʝ ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʧʨʘʢʪʠʯʝʩʢʦ, ʢʦʝʪʦ ʝ ʩʚʲʨʟʘʥʦ 

ʈ. ʃʬʯʙʩʧʛʙ, ɻ. ɼʞʦʧʛ ʡ ɽ. ɼʡʦʰʞʛ, ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʥʘʫʯʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ʩʪʫʜʝʥʪʠ ʯʨʝʟ ʧʨʦʝʢʪʠ 
P. Kutsarova, V. Genov and D. Ginchev, Opportunities for scientific development and training of students through projects 
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ʧʦʩʪʦʷʥʝʥ ʢʦʥʪʨʦʣ ʦʪ ʠʥʩʪʨʫʢʪʦʨʘ, ʥʦ ʥʝʛʦʚʠʪʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʘ ʦʛʨʘʥʠʯʝʥʠ. ʆʪʜʝʣʥʦ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʨʝʤʝ, ʟʘ ʜʘ ʩʝ ʧʦʜʛʦʪʚʠ ʃɸ ʟʘ ʥʦʚ ʧʦʣʝʪ, ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʜʦ ʟʘʜʘʜʝʥʘʪʘ ʟʘʜʘʯʘ ʠ ʪ.ʥ. ʅʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ 

ʦʩʲʱʝʩʪʚʠ ʫʯʝʙʝʥ ʧʨʦʮʝʩ ʩʲʩ ʩʪʫʜʝʥʪʠ ʚ ʧʠʣʦʪʩʢʘʪʘ ʢʘʙʠʥʘ. ʇʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʩʘ ʩʣʝʜʥʠʪʝ: ʣʠʧʩʘ ʥʘ 

ʜʦʩʪʘʪʲʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʧʠʣʦʪʠʪʝ, ʙʝʟʦʧʘʩʥʦʩʪ ʠ ʜʨ. ɽʜʠʥʩʪʚʝʥʦʪʦ 

ʙʝʟʦʧʘʩʥʦ ʦʙʫʯʝʥʠʝ, ʢʦʝʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʝ ʩ ʥʠʩʢʘ ʮʝʥʘ ʟʘ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʝ ʯʨʝʟ ʩʠʤʫʣʠʨʘʥʝ ʥʘ 

ʩʨʝʜʘʪʘ, ʧʦʢʘʟʘʥʠʷʪʘ ʥʘ ʧʨʠʙʦʨʠʪʝ ʠ ʜʨ. ʈʠʩʢʦʚʠ ʩʠʪʫʘʮʠʠ, ʠʟʧʠʪʠ, ʢʦʥʪʨʦʣ ʠ ʪ.ʥ. ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ ʯʨʝʟ 

ʘʚʠʘʮʠʦʥʥʠʪʝ ʩʠʤʫʣʘʪʦʨʠ (ɸʉ). 

ʆʙʫʯʝʥʠʝʪʦ ʯʨʝʟ ʧʠʣʦʪʠʨʘʥʝ ʟʘ ʥʦʚʠʪʝ ʩʠʩʪʝʤʠ ʝ ʤʥʦʛʦ ʩʢʲʧʦ. ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʝʜʠʥ ʣʝʪʘʪʝʣʝʥ ʯʘʩ ʩ 

ɸʉ ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʩʘʤʦʣʝʪ ʝ ʦʪ 1/3 ʜʦ 1/30 ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʦʣʝʪʘ, ʢʘʪʦ ʝ 1/10 ʟʘ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʢʦʤʧʣʝʢʩʥʠ ʩʠʤʫʣʘʪʦʨʠ. ʏʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ɸʉ ʩʝ ʥʘʤʘʣʷʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʨʘʟʭʦʜʠʪʝ, ʢʘʢʪʦ ʠ ʩʝ 

ʧʦʜʧʦʤʘʛʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚʠ ʧʨʠʙʦʨʠ ʠ ʩʠʩʪʝʤʠ ʥʘ ʃɸ. ʉ ʪʷʭʥʘ ʧʦʤʦʱ ʩʝ ʦʧʪʠʤʠʟʠʨʘʪ 

ʧʨʦʮʝʜʫʨʠ ʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʩʦʙʝʥʠ ʟʘʜʘʯʠ, ʢʘʢʪʦ ʠ ʧʦʣʝʪʠ ʚ ʦʩʦʙʝʥʠ ʩʠʪʫʘʮʠʠ [4]. 

ʆɹɿʆʈ ʅɸ ʉʒʉʊʆʗʅʀɽʊʆ 

ɼʦʙʨʝ ʠʟʚʝʩʪʝʥ ʬʘʢʪ ʝ, ʯʝ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʠʥʬʦʨʤʘʮʠʷʪʘ ʩʝ ʚʲʟʧʨʠʝʤʘ ʦʪ ʦʯʠʪʝ. ɼʨʫʛ ʧʦʜʭʦʜ ʝ ʜʘ ʩʝ 

ʦʙʷʩʥʠ ʠ ʥʘʧʨʘʚʠ, ʟʘ ʜʘ ʩʝ ʥʘʫʯʠ ʦʙʫʯʘʝʤʠʷ. ʀʤʝʥʦ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʘ ʥʘʤʝʨʠʣʠ ʧʨʠʣʦʞʝʥʠʝ ʠ ʱʝ ʩʝ 

ʚʲʚʝʞʜʘʪ ʩʠʤʫʣʠʨʘʥʠʪʝ ʩʨʝʜʠ. 

ɸʉ ʩʘ ʨʘʟʣʠʯʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʫʞʜʠʪʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘ ʦʧʨʝʜʝʣʝʥʠ ʚʠʜʦʚʝ 

ʩʘʤʦʣʝʪʠ ʠ ʭʝʣʠʢʦʧʪʝʨʠ, ʟʘ ʨʲʢʦʚʦʜʩʪʚʦ ʚʲʟʜʫʰʥʦ ʜʚʠʞʝʥʠʝ ʠ ʜʨ. ɺʲʟʤʦʞʥʠʪʝ ʠʟʧʲʣʥʝʥʠʷ ʩʘ ʜʠʥʘʤʠʯʥʠ 

ʌʠʛ. 1 ʠ ʩʪʘʪʠʯʥʠ ʌʠʛ. 2, ʢʘʪʦ ʜʠʥʘʤʠʯʥʠʪʝ ʧʨʝʩʲʟʜʘʚʘʪ ʝʜʠʥ ʥʘʧʲʣʥʦ ʨʝʘʣʝʥ ʧʦʣʝʪ (6 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ), ʘ 

ʩʪʘʪʠʯʥʠʪʝ ʧʨʝʜʠʤʥʦ ʧʦʟʚʦʣʷʚʘʪ ʧʨʦʮʝʜʫʨʥʦ (ʧʦʣʝʪʥʦ ʠ ʥʘʟʝʤʥʦ) ʠ ʘʚʘʨʠʡʥʦ ʧʨʦʠʛʨʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʩʮʝʥʘʨʠʠ. 

 

  
(ʘ) (ʙ) 

ʌʀɻʋʈɸ 1. ɼʠʥʘʤʠʯʥʠ ʩʠʤʫʣʘʪʦʨʠ (ʘ) ʠʟʛʣʝʜ ʦʪ ʚʲʪʨʝ (ʙ) ʚʲʥʰʝʥ ʠʟʛʣʝʜ. 

 

  
(ʘ) (ʙ) 

ʌʀɻʋʈɸ 2. ʉʪʘʪʠʯʥʠ ʩʠʤʫʣʘʪʦʨʠ (ʘ) ʠʟʛʣʝʜ ʦʪ ʚʲʪʨʝ (ʙ) ʚʲʥʰʝʥ ʠʟʛʣʝʜ. 
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ɺʩʷʢʘ ʦʨʛʘʥʠʟʘʮʠʷ ʩʝ ʚʲʟʧʦʣʟʚʘ ʦʪ ɸʉ ʪʘʤ, ʢʲʜʝʪʦ ʧʝʨʩʦʥʘʣʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʜʧʦʤʦʛʥʘʪ ʚ 

ʦʙʫʯʝʥʠʝʪʦ ʠ ʩʣʝʜ ʪʦʚʘ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ. ʊʦʚʘ ʜʘʚʘ ʧʦ-ʜʦʙʨʘ ʢʚʘʣʠʬʠʢʘʮʠʷ ʠ ʢʘʯʝʩʪʚʦ, ʘ ʦʪʪʘʤ ʠ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ. ʊʦʟʠ ʧʨʦʝʢʪ ʝ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʯʝʥ ʩʠʤʫʣʘʪʦʨ, ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʧʦʣʝʪʝʥ ʠ ʥʘʚʠʛʘʮʠʦʥʝʥ ʪʨʝʥʘʞʦʨ, ʢʦʡʪʦ ʚʲʟʧʨʦʠʟʚʝʞʜʘ ʢʘʙʠʥʘ ʥʘ ʜʘʜʝʥ ʢʣʘʩ ʠʣʠ ʪʠʧ 

ʚʲʟʜʫʭʦʧʣʘʚʘʪʝʣʥʦ ʩʨʝʜʩʪʚʦ (ɺʉ), ʚʢʣʶʯʚʘʡʢʠ ʭʘʨʜʫʝʨʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ ʠ ʩʦʬʪʫʝʨʘ ʟʘ ʧʨʝʩʲʟʜʘʚʘʥʝ ʥʘ 

ɺʉ ʥʘ ʟʝʤʷʪʘ ʠ ʚ ʧʦʣʝʪ, ʢʘʢʪʦ ʠ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʤʫ ʚ ʠʤʠʪʠʨʘʥʘ ʨʝʘʣʥʘ ʩʨʝʜʘ. ʈʘʙʦʪʘʪʘ ʧʦ ʧʨʦʝʢʪʘ 

ʱʝ ʙʲʜʝ ʥʘʩʦʯʝʥʘ ʢʲʤ ʙʲʜʝʱʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʷ, ʠʟʧʲʣʥʷʚʘʡʢʠ ʩʪʘʥʜʘʨʪʠʪʝ ʟʘ 

ʩʝʨʪʠʬʠʮʠʨʘʥʝ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʘʛʝʥʮʠʷ ʧʦ ʘʚʠʘʮʠʦʥʥʘ ʙʝʟʦʧʘʩʥʦʩʪ (ɽɸɸɹ, (EASA)) ï ñCS-FSTD(A)ò. 

ʇʨʠ ʧʨʦʮʝʩʘ ʥʘ ʩʝʨʪʠʬʠʢʘʮʠʷ ʩʝ ʦʮʝʥʷʚʘʪ ʪʝʟʠ ʦʙʣʘʩʪʠ, ʢʦʠʪʦ ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʦʙʫʯʝʥʠʝʪʦ 

ʥʘ ʝʢʠʧʘʞʘ, ʪʝʩʪʚʘʥʝʪʦ ʤʫ ʠ ʧʨʦʚʝʨʢʘʪʘ, ʩʧʦʨʝʜ ʜʘʜʝʥʠʷ ʩʣʫʯʘʡ. ɸʉ ʱʝ ʙʲʜʝ ʧʦʜʣʦʞʝʥ ʥʘ 

ʚʘʣʠʜʘʮʠʦʥʥʠ, ʬʫʢʮʠʦʥʘʣʥʠ ʠ ʩʫʙʝʢʚʠʪʥʠ ʪʝʩʪʦʚʝ. ʂʨʘʡʥʠʷʪ ʧʨʦʜʫʢʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʠʜʨʫʞʝʥ ʩ 

ʜʦʢʫʤʝʥʪ ʟʘ ʩʲʦʪʚʝʪʩʪʚʠʝ, ʢʘʪʦ ʪʦʡ ʪʨʷʙʚʘ ʜʘ ʦʧʠʩʚʘ ʥʘʯʠʥʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ 

ʩʲʦʪʚʝʪʩʪʚʠʝ ʠ ʜʘ ʩʲʜʲʨʞʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʪʝʩʪʦʚʝʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘʪʘ. ɿʘ ʮʝʣʪʘ ʱʝ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʬʪʫʝʨʝʥ ʧʨʦʜʫʢʪ, ʢʦʡʪʦ ʜʘ ʧʨʝʩʲʟʜʘʚʘʪʝ ʚʲʟʜʫʰʥʘʪʘ ʩʨʝʜʘ, ʣʝʪʠʱʘʪʘ, ʤʝʪʝʦʨʦʣʦʛʠʯʥʘʪʘ ʦʙʩʪʘʥʦʚʢʘ, 

ʭʘʨʜʫʝʨʝʥ ʧʨʦʜʫʢʪ ï ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʢʦʢʧʠʪʘ, ʦʨʛʘʥʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʨʘʟʣʠʯʥʠʪʝ ʙʫʪʦʥʠ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, ʩʨʝʜʩʪʚʘ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʢʦʤʧʶʪʲʨ, ʢʲʤ ʢʦʡʪʦ ʜʘ ʩʝ ʩʚʲʨʞʝ ʮʷʣʘʪʘ 

ʫʩʪʘʥʦʚʢʘ ʠ ʥʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ ʟʘʪʚʦʨʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʝʪʦ ʜʘ ʠʤʠʪʠʨʘ ʬʦʨʤʘ ʥʘ ʢʘʙʠʥʘ ʠ ʢʲʜʝʪʦ 

ʱʝ ʩʝ ʧʦʩʪʘʚʠ ʮʷʣʦʪʦ ʦʙʦʨʫʜʚʘʥʝ. ʉʨʝʜʩʪʚʘʪʘ, ʢʦʠʪʦ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʩʠʤʫʣʘʪʦʨʘ ʩʲʱʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʙʘʟʠʨʘʥʠ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʷ: 

 

1. ʉʠʤʫʣʘʪʦʨʘ ʪʨʷʙʚʘ ʜʘ ʧʨʝʩʲʟʜʘʚʘ ʢʣʘʩʘ ɺʉ ʠʣʠ ʪʠʧʘ ï ʦʩʥʦʚʥʦ ʦʬʦʨʤʣʝʥʠʝ, ʩʝʜʘʣʢʠ, 

ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʘʚʠʦʥʠʢʘ, ʚʠʜ ʢʦʨʤʠʣʘ, ʣʝʪʘʪʝʣʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʚʝʜʝʥʠʝ, ʩʠʣʦʚʠ 

ʫʩʪʘʥʦʚʢʠ. 

2. ʂʘʙʠʥʘʪʘ ʪʨʷʙʚʘ ʜʘ ʝ ʥʘʧʲʣʥʦ ʟʘʪʚʦʨʝʥʘ, ʜʘ ʥʷʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʟʩʝʡʚʘʥʝ ʧʦ ʚʨʝʤʝ ʥʘ 

ʦʙʫʯʝʥʠʝ, ʢʦʥʪʨʦʣʝʨʠʪʝ ʠ ʙʫʪʦʥʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʘ ʩʘ ʧʦʜʭʦʜʷʱʠ ï ʜʦʢʦʩʚʘʥʝ, ʫʩʝʱʘʥʝ, 

ʦʬʦʨʤʣʝʥʠʝ, ʮʚʝʪʦʚʝ, ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠ ʝʬʝʢʪʠ, ʢʦʠʪʦ ʱʝ ʥʘʧʨʘʚʷʪ ʧʦʟʠʪʠʚʥʘ ʩʨʝʜʘ ʟʘ ʦʙʫʯʝʥʠʝ. 

3. ʂʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʢʘʙʠʥʘʪʘ, ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʘʪ ʯʘʩʪʠ ʦʪ ɺʉ, ʘʢʦ ʩʘ ʯʘʩʪʠ ʦʪ ɺʉ, ʪʨʷʙʚʘ ʜʘ 

ʧʦʩʪʠʛʥʘʪ ʢʨʠʪʝʨʠʠʪʝ; ʧʨʝʜʚʠʜ ʥʘʧʨʝʜʥʘʣʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʝ ʩʝ ʜʦʧʫʩʢʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʝʣʝʢʪʨʦʥʥʦ-ʣʲʯʝʚʠ ʪʨʲʙʠ, ʘ ʤʦʜʝʨʝʥ Ăʛʣʘʩ ʢʦʢʧʠʪñ ʠʣʠ ʘʥʘʣʦʛʦʚʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʘʪʦ ʠ ʚ ʜʚʘʪʘ 

ʚʘʨʠʘʥʪʘ, ʪʘʢʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʨʘʟʧʨʝʜʝʣʝʥʠ, ʯʝ ʜʘ ʟʘʝʤʘʪ ʪʦʯʥʦʪʦ ʤʷʩʪʦ, ʢʘʪʦ ʚ ʨʝʘʣʝʥ ʩʘʤʦʣʝʪ. 

4. ɼʘʥʥʠʪʝ ʟʘ ʣʝʪʘʪʝʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʠʣʦʚʠʪʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʨʝʩʲʟʜʘʚʘʥʦʪʦ ɺʉ, ʥʝ ʪʨʷʙʚʘ 
ʜʘ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʪ ʨʝʘʣʥʦʪʦ, ʚ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ, ʥʷʤʘ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʞʝʣʘʥʦʪʦ ʦʙʫʯʝʥʠʝ. 

5. ɿʘʜʲʣʞʠʪʝʣʥʘ ʝ ʦʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ ʚʲʚ ʚʝʨʠʛʘʪʘ ʢʦʨʤʠʣʦ-ʫʧʨʘʚʣʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʷʪʦ ʜʘ ʩʝ 

ʠʟʤʝʥʷ ʩ ʧʨʦʤʷʥʘʪʘ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʠ ʨʝʞʠʤʠʪʝ ʥʘ ʧʦʣʝʪ (ʩʢʦʨʦʩʪ, ʟʘʜʨʢʨʠʣʢʠ, ʪʨʠʤʫʚʘʥʝ). 

 

ʉʦʬʪʫʝʨʘ ʟʘ ʠʟʦʙʨʘʟʷʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʠ ʢʘʨʪʠʥʘʪʘ ʠʟʚʲʥ ʢʘʙʠʥʘʪʘ, ʪʨʷʙʚʘ ʜʘ ʜʘʚʘ ʪʘʢʦʚʘ 

ʟʨʠʪʝʣʥʦ ʧʦʣʝ, ʢʦʝʪʦ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʢʦʥʢʨʝʪʥʠʪʝ ʟʘʜʘʯʠ, ʢʘʢʪʦ ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʛʨʝʰʢʘ 

ʦʪ ʚʨʝʤʝʟʘʢʲʩʥʝʥʠʝʪʦ ʧʨʠ ʠʟʦʙʨʘʟʷʚʘʥʝʪʦ. 

ɺ ɹʲʣʛʘʨʠʷ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʩʠʤʫʣʘʪʦʨʠ ʠʤʘ ʚ ʀʥʩʪʠʪʫʪʲʪ ʧʦ ʚʲʟʜʫʰʝʥ ʪʨʘʥʩʧʦʨʪ ï ʉʦʬʠʷ (ʀɺʊ) ʠ 

ɺʠʩʰʝ ʚʦʝʥʥʦʚʲʟʜʫʰʥʦ ʫʯʠʣʠʱʝ Ăɻʝʦʨʛʠ ɹʝʥʢʦʚʩʢʠñ (ɺɺɺʋ). ʋʯʝʙʥʠʷʪ ʮʝʥʪʲʨ ʚ ʀɺʊ ʨʘʟʧʦʣʘʛʘ ʩ 6 

ʧʦʣʝʪʥʠ ʩʠʤʫʣʘʪʦʨʘ, ʦʪ ʢʦʠʪʦ 4 ʧʲʣʥʦʧʦʣʝʪʥʠ ʩʠʤʫʣʘʪʦʨʘ (Full Flight Simulators), 4 ʪʨʝʥʠʨʦʚʲʯʥʠ 

ʫʩʪʘʥʦʚʢʠ ʟʘ ʢʘʙʠʥʝʥ ʩʲʩʪʘʚ, 3 ʫʯʝʙʥʠ ʨʘʙʦʪʠʣʥʠʮʠ, ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʘʚʠʘʮʠʦʥʝʥ ʩʦʬʪʫʝʨ ʟʘ ʢʦʤʧʶʪʲʨʥʦ 

ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ, 15 ʫʯʝʙʥʠ ʟʘʣʠ ʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʢʘʙʠʥʝʪʠ ʟʘ ʘʚʠʘʮʠʦʥʥʦ ʦʙʫʯʝʥʠʝ. ʉʲʩ ʩʚʦʷ 

ʚʠʩʦʢʦʢʚʘʣʠʬʠʮʠʨʘʥ ʩʲʩʪʘʚ ʠ ʢʘʧʘʮʠʪʝʪ ʦʪ ʩʛʨʘʜʠ, ʟʘʣʠ ʠ ʦʙʦʨʫʜʚʘʥʝ. ʎʝʥʪʲʨʲʪ ʝ ʚʘʞʥʘ ʩʪʨʫʢʪʫʨʘ ʦʪ 

ʩʠʩʪʝʤʘʪʘ ʟʘ ʦʙʫʯʝʥʠʝ ʚ ʛʨʘʞʜʘʥʩʢʘʪʘ ʘʚʠʘʮʠʷ ʥʘ ɹʲʣʛʘʨʠʷ ʠ ʨʝʛʠʦʥʘ [5]. ɺʲʚ ɺɺɺʋ ʩʝ ʩʲʟʜʘʜʝ  ʫʯʝʙʥʘ 

ʙʘʟʘ, ʢʦʷʪʦ ʨʘʟʧʦʣʘʛʘ ʩʲʩ ʩʠʤʫʣʘʪʦʨ ʥʘ ʚʦʝʥʝʥ ʩʘʤʦʣʝʪ. ʉʲʱʝʩʪʚʫʚʘʪ ʥʷʢʦʣʢʦ ʩʠʤʫʣʘʪʦʨʘ ʥʘ ʧʦ-ʥʠʩʢʦ 

ʥʠʚʦ. ʊʝ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʣʶʙʠʪʝʣʠ ʥʘ ʣʝʪʝʥʝʪʦ ʠ ʠʤʘʪ ʟʘ ʮʝʣ ʦʙʫʯʝʥʠʝ ʠʣʠ ʟʘʙʘʚʣʝʥʠʝ. 

ʋʩʧʝʰʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ɸʉ ʱʝ ʜʦʚʝʜʝ ʜʦ ʨʘʟʰʠʨʷʚʘʥʝ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʢʘʪʝʜʨʘ 

Ăɺʲʟʜʫʰʝʥ ʪʨʘʥʩʧʦʨʪñ ʚ ʦʙʫʯʝʥʠʝʪʦ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʯʨʝʟ ʠʥʪʝʨʘʢʪʠʚʥʠ ʟʘʥʷʪʠʷ ʧʦ ʦʪʜʝʣʥʠʪʝ 

ʜʠʩʮʠʧʣʠʥʠ, ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʙʦʪʘ ʧʦ ʨʘʟʣʠʯʥʠ ʘʚʠʘʮʠʦʥʥʠ ʧʨʦʙʣʝʤʠ, ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʜʠʧʣʦʤʥʠ 

ʨʘʙʦʪʠ ʠ ʧʨʦʝʢʪʠ. ʊʦʚʘ ʱʝ ʙʲʜʝ ʤʦʜʝʨʥʠʟʘʮʠʷ, ʢʘʢʪʦ ʚ ʦʙʫʯʠʪʝʣʥʠʷ ʧʨʦʮʝʩ, ʪʘʢʘ ʠ ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ 

ʧʨʦʝʢʪʠ. 
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ʈɽɸʃʀɿɸʎʀʗ ʅɸ ʇʈʆɽʂʊɸ 

ɿʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ɸʉ ʩʝ ʟʘʧʦʯʥʘ ʩ ʧʲʨʚʦʥʘʯʘʣʝʥ ʘʥʘʣʠʟ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʠʜʝʷʪʘ ʩ 

ʥʘʣʠʯʥʠʪʝ ʨʝʩʫʨʩʠ ï ʣʠʯʥʠ ʠ ʥʘ ʢʘʪʝʜʨʘ Ăɺʲʟʜʫʰʝʥ ʪʨʘʥʩʧʦʨʪñ. ʇʨʝʜʦʩʪʘʚʠ ʩʝ ʩʪʘʷ, ʚ ʢʦʷʪʦ ʜʘ ʩʝ 

ʨʘʙʦʪʠ. ʉʣʝʜ ʧʲʨʚʦʥʘʯʘʣʥʦ ʧʨʦʝʢʪʠʨʘʥʝ, ʦʨʘʟʤʝʨʷʚʘʥʝ ʠ ʯʝʨʪʘʥʝ, ɸʉ ʜʦʙʠ ʩʣʝʜʥʠʷ 3D ʚʠʟʫʘʣʠʟʠʨʘʥ 

ʤʦʜʝʣ ʌʠʛ. 3: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʌʀɻʋʈɸ 3. ʄʦʜʝʣ ʥʘ ʩʠʤʫʣʘʪʦʨ ʩ ʨʘʟʣʠʯʥʠ ʠʟʛʣʝʜʠ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʤʫ. 

 

ʉʣʝʜ ʘʥʘʣʠʟ ʠ ʤʘʣʢʠ ʜʦʨʘʙʦʪʢʠ, ʩʝ ʚʟʝ ʨʝʰʝʥʠʝ, ʪʦʚʘ ʜʘ ʙʲʜʝ  ʢʨʘʡʥʠʷʪ ʚʘʨʠʘʥʪ ʠ ʩʝ ʟʘʧʦʯʥʘ 

ʩʲʱʝʩʪʚʝʥʘʪʘ ʨʘʙʦʪʘ. ɺʩʠʯʢʠ ʧʨʦʮʝʩʠ ʩʝ ʜʚʠʞʝʭʘ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʥʠʷ ʧʣʘʥ. ʉʣʝʜ ʧʲʨʚʦʥʘʯʘʣʝʥ ʪʝʩʪ ʥʘ 

ʩʦʬʪʫʝʨ ʩʝ ʝʚʝʥʪʫʘʣʥʦʪʦ ʤʫ ʢʦʥʬʠʛʫʨʠʨʘʥʝ, ʚʲʨʭʫ ʦʩʥʦʚʘ ʟʘʧʦʯʥʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʨʘʤʢʘʪʘ ʥʘ ʮʷʣʘʪʘ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʤʦʥʪʠʨʘʥʝ ʥʘ ʩʝʜʘʣʢʠ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʧʝʜʘʣʠʪʝ ʟʘ ʧʦʧʲʪʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʠʟʨʷʟʚʘʥʝ ʠ 

ʦʬʦʨʤʷʥʝ ʥʘ ʪʘʙʣʦʪʦ, ʟʘʪʚʘʨʷʥʝ ʥʘ ʢʘʙʠʥʘʪʘ ʠ ʜʦʚʲʨʰʠʪʝʣʥʠ ʨʘʙʦʪʠ ʌʠʛ 5. ʎʝʣʠʷ ʧʨʦʮʝʩ ʦʪ ʠʜʝʷ ʧʨʝʟ 

ʧʨʦʝʢʪʠʨʘʥʝ ʜʦ ʠʟʛʨʘʞʜʘʥʝ ʜʦ ʧʲʨʚʦʥʘʯʘʣʥʦ ʟʘʜʘʜʝʥʠʷ ʚʠʜ ʦʪʥʝ ʦʢʦʣʦ 45 ʜʥʠ. ʊʨʫʜʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʩʝ 

ʧʦʷʚʠʭʘ, ʙʷʭʘ ʙʲʨʟʦ ʦʪʨʘʙʦʪʝʥʠ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʝʢʠʧʥʘʪʘ ʨʘʙʦʪʘ ʠ ʙʲʨʟʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʢʦʣʝʛʠʪʝ. ʉʣʝʜ 

ʟʘʚʲʨʰʚʘʥʝʪʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʙʝʰʝ ʥʘʧʨʘʚʝʥ ʢʨʘʝʥ ʪʝʩʪ, ʢʦʡʪʦ ʧʨʝʤʠʥʘ ʫʩʧʝʰʥʦ ʠ ʧʲʨʚʠʷ ʝʪʘʧ ʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʙʝʰʝ ʟʘʚʲʨʰʝʥ. 

ɺʧʦʩʣʝʜʩʪʚʠʝ ʩʝ ʚʟʝ ʨʝʰʝʥʠʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʩʲʩʝʜʥʦʪʦ ʧʦʤʝʱʝʥʠʝ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʚʪʦʨʘ ʩʝʢʮʠʷ 

ʦʪ ɸʉ ʌʠʛ. 4. ɺ ʥʝʷ ʙʝʰʝ ʠʟʛʨʘʜʝʥʘ ʩʪʘʥʮʠʷ ʟʘ ʨʲʢʦʚʦʜʠʪʝʣ ʥʘ ʧʦʣʝʪʠ ʠ ʪʨʝʥʠʨʦʚʢʘ ʠ ʦʙʫʯʝʥʠʝ ʟʘ 

ʣʝʪʝʥʝ ʩ ɹʃɸ. 
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ʌʀɻʋʈɸ 4. ɺʪʦʨʦ ʧʦʤʝʱʝʥʠʝ ʥʘ ʩʠʤʫʣʘʪʦʨʘ. 

 

  

ʌʀɻʋʈɸ 5. ʈʘʙʦʪʘ ʧʦ ʩʠʤʫʣʘʪʦʨʘ ʥʘ ʨʘʟʣʠʯʥʠ ʝʪʘʧʠ. 

 

ʇʘʥʜʝʤʠʯʥʘʪʘ ʦʙʩʪʘʥʦʚʢʘ ʟʘʙʘʚʠ ʨʘʙʦʪʘʪʘ ʧʦ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʨʦʝʢʪʘ, ʥʦ ʚ ʦʪʜʘʣʝʯʝʥʦʪʦ ʧʨʠʩʲʩʪʚʠʝ, 

ʩʝ ʧʣʘʥʠʨʘ ʠ ʨʘʟʨʘʙʦʪʠ ʩʣʝʜʚʘʱʠʷ ʝʪʘʧ ʦʪ ʥʝʛʦ, ʘ ʠʤʝʥʥʦ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʮʷʣʦʩʪʥʘʪʘ ʩʠʩʪʝʤʘ ʩ 

ʜʦʙʘʚʷʥʝ ʥʘ ʥʦʚʠ ʢʦʤʧʦʥʝʥʪʠ, ʥʦʚ ʩʦʬʪʫʝʨ, ʥʦʚʠ ʨʘʙʦʪʥʠ ʩʪʘʥʮʠʠ.  

ɿʘʧʦʯʚʘʡʢʠ ʨʘʙʦʪʘ ʧʨʠʩʲʩʪʚʝʥʦ, ʥʘʩʪʲʧʠʭʘ ʦʩʥʦʚʥʠ ʧʨʦʤʝʥʠ ʩ ʮʝʣ ʛʦʨʝʦʧʠʩʘʥʠʷ ʚʪʦʨʠ ʝʪʘʧ ʦʪ 

ʧʨʦʝʢʪʘ, ʧʦ-ʢʦʥʢʨʝʪʥʦ ʚʲʚ ʚʪʦʨʦʪʦ ʧʦʤʝʱʝʥʠʝ ï ʥʦʚʘ ʨʘʙʦʪʥʘ ʤʘʩʘ, ʥʦʚʠ ʩʨʝʜʩʪʚʘ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʥʦʚ 

ʭʘʨʜʫʝʨ, ʥʦʚ ʩʦʬʪʫʝʨ. ʊʝʟʠ ʥʦʚʠ ʝʣʝʤʝʥʪʠ ʧʦʤʦʛʥʘʭʘ ʟʘ ʨʘʟʰʠʨʷʚʘʥʝ ʜʝʡʥʦʩʪʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ɸʉ, 

ʠʤʠʪʠʨʘʡʢʠ ʧʦʚʝʯʝ, ʧʦ-ʨʝʘʣʠʩʪʠʯʥʠ ʩʨʝʜʠ ʟʘ ʪʨʝʥʠʨʦʚʢʘ ʠ ʦʙʫʯʝʥʠʝ. ʂʘʪʦ ʧʨʠʤʝʨ ʱʝ ʜʘʜʝʤ ʧʦʣʝʪ ʚ 

ʦʙʣʝʜʝʥʠʪʝʣʥʠ ʫʩʣʦʚʠʷ ʢʘʪʦ ʦʩʥʦʚʥʘʪʘ ʧʨʦʤʷʥʘ ʩʧʨʷʤʦ ʧʨʝʜʠʰʥʠʪʝ ʦʧʠʪʠ ʝ, ʯʝ ʦʩʚʝʥ ʛʣʘʚʥʠʪʝ 

ʩʲʧʲʪʩʪʚʘʱʠ ʧʦʩʣʝʜʠʮʠ ʦʪ ʦʙʣʝʜʝʥʷʚʘʥʝʪʦ, ʘ ʠʤʝʥʥʦ ʟʘʛʫʙʘ ʥʘ ʤʦʱʥʦʩʪ, ʪʨʫʜʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʧʦ-ʚʠʩʦʢʘ 

ʩʨʠʚʥʘ ʩʢʦʨʦʩʪ, ʫʩʧʷʭʤʝ ʜʘ ʜʦʙʘʚʠʤ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʦʢʘʟʘʪʝʣʠ ʟʘ ʦʙʣʝʜʝʥʠʪʝʣʥʠʪʝ ʫʩʣʦʚʠʷ ï 

ʥʘʙʣʶʜʘʚʘʥʦ ʦʙʣʝʜʝʥʝʥʠʝ ʧʦ ʘʪʘʢʫʚʘʱʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʥʘ ʢʨʠʣʦ/ʦʧʘʰʢʘ, ʢʘʢʪʦ ʠ  ʧʨʦʟʦʨʮʠʪʝ.  

ʂʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʨʦʝʢʪʘ ʝ ʜʦʩʪʠʛʥʘʣ ʪʦʟʠ ʚʠʜ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʚʦʜʝʥʠ ʦʪ 

ʞʝʣʘʥʠʝʪʦ ʟʘ ʨʘʟʚʠʪʠʝ ʠ ʜʦʠʟʛʨʘʞʜʘʥʝ ʥʘ ʢʦʤʧʦʟʠʮʠʷʪʘ, ʢʘʢʪʦ ʠ ʦʪ ʧʦʢʘʯʚʘʱʠʷ ʩʝ ʠʥʪʝʨʝʩ ʢʲʤ ʧʨʦʝʢʪʘ, 

ʚ ʩʣʝʜʚʘʱʠʷ ʝʪʘʧ ʠʩʢʘʤʝ ʜʘ ʜʦʩʪʠʛʥʝʤ ʥʠʚʦ ʚʠʨʪʫʘʣʥʘ ʨʝʘʣʥʦʩʪ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʩʠʭʠʯʝʩʢʦʪʦ ʠ 

ʬʠʟʠʯʝʩʢʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʦʙʫʯʘʝʤʠʷ. ɺʠʨʪʫʘʣʥʘʪʘ ʨʝʘʣʥʦʩʪ ʱʝ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʘ ʯʨʝʟ ʩʧʝʮʠʘʣʠʟʠʨʘʥ 

ʩʦʬʪʫʝʨ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʧʨʠʣʝʞʘʱʠʪʝ ʤʫ ʭʘʨʜʫʝʨʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

ʦʙʫʯʘʝʤʠʷ ʯʨʝʟ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ï ʧʫʣʩ, ʦʯʠ, ʢʨʲʚʥʦ ʥʘʣʷʛʘʥʝ ʠ ʜʨ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʙʦʪʘʪʘ ʠ ʟʘʚʲʨʰʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʝʪʘʧʠ ʜʦʚʝʜʝ ʜʦ ʟʘʧʠʩʚʘʥʝ ʥʘ ʤʘʛʠʩʪʨʘʪʫʨʠ ʥʘ ʪʨʠʤʘʪʘ 

ʠʥʠʮʠʘʪʦʨʠ, ʚʢʣʶʯʚʘʥʝ ʥʘ ʝʜʠʥ ʦʪ ʪʷʭ ʚ ʦʙʫʯʠʪʝʣʥʘʪʘ ʠ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʜʝʡʥʦʩʪ ʚ ʢʘʪʝʜʨʘʪʘ. 

ʊʷʭʥʘʪʘ ʠʥʠʮʠʘʪʠʚʘ ʜʦʚʝʜʝ ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʪʫʜʝʥʪʠ, ʢʦʠʪʦ ʩʝ ʘʥʛʘʞʠʨʘʭʘ ʩ ʜʨʫʛʠ ʧʨʦʝʢʪʠ. ʂʘʪʦ ʨʝʟʫʣʪʘʪ 

ʦʪ ʪʦʚʘ ʠʤʘʤʝ ʤʝʜʠʡʥʠ ʫʯʘʩʪʠʷ ʚ ʪʨʠ ʥʘʮʠʦʥʘʣʥʠ ʪʝʣʝʚʠʟʠʠ, ʫʯʘʩʪʠʝ ʥʘ YouTube ʢʘʥʘʣʘ ʥʘ ʊʋ-ʉʦʬʠʷ, 

ʥʘʜ 15 ʧʫʙʣʠʢʘʮʠʠ ʚ ʝʣʝʢʪʨʦʥʥʠ ʤʝʜʠʠ, ʧʫʙʣʠʢʘʮʠʠ ʚʲʚ ʚ. ʊʝʭʥʠʯʝʩʢʠ ʘʚʘʥʛʘʨʜ, ʥʘʛʨʘʜʝʥʠ ʩʘ 

ʩʪʫʜʝʥʪʠʪʝ ʩ ʛʨʘʤʦʪʘ ʟʘ ʫʯʘʩʪʠʝ ʚ ʩʪʫʜʝʥʪʩʢʠ ʍʒɹ ʢʲʤ ʅʀʉ, ʢʘʢʪʦ ʠ ʜʦʧʲʣʥʠʪʝʣʥʘ ʥʘʛʨʘʜʘ ʦʪ ʈɺɼ. 

ʋʯʘʩʪʠʷ ʚ ʥʘʫʯʥʠ ʢʦʥʬʝʨʝʥʮʠʠ, ʬʦʨʫʤʠ ʟʘ ʧʦʧʫʣʷʨʠʟʠʨʘʥʝ ʥʘ ʥʘʫʢʘʪʘ, ʩʲʩʪʝʟʘʥʠʷ ʠ ʜʨ. ɼʘʜʝ ʩʝ ʦʩʥʦʚʘ 

ʟʘ ʥʘʧʠʩʚʘʥʝ ʥʘ ʝʜʠʭ ʂʫʨʩʦʚ ʧʨʦʝʢʪ, ʝʜʥʘ ɼʠʧʣʦʤʥʘ ʨʘʙʦʪʘ ʠ ʥʘʯʘʣʦ ʥʘ ɼʠʩʝʨʪʘʮʠʷ, ʢʦʷʪʦ ʱʝ ʩʣʝʜʠ 

ʧʦʚʝʜʝʥʠʝ ʠ ʙʠʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʨʝʰʘʚʘʥʝ ʥʘ ʩʣʦʞʥʠ ʟʘʜʘʯʠ. ɼʦʧʲʣʥʠʪʝʣʥʦ ʩʝ 

ʟʘʧʦʯʥʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʨʘʢʝʪʝʥ ʜʚʠʛʘʪʝʣ, ʢʦʡʪʦ ʦʪʥʦʚʦ ʝ ʧʦʜʢʨʝʧʝʥ ʦʪ ʅʀʉ, ʧʨʠʪʝʞʘʚʘʤʝ ʣʠʮʝʥʟ ʟʘ 

ʩʠʤʫʣʘʪʦʨ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ FreeFlyer, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ NASA, NOAA, USAF, NRO ʠ ʜʨʫʛʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʠʨʤʠ ʩʚʲʨʟʘʥʠ ʩ ʧʣʘʥʠʨʘʥʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ. ʅʘ ʥʝʛʦ ʩʪʫʜʝʥʪʠ ʨʝʘʣʠʟʠʨʘʪ 

ʩʦʙʩʪʚʝʥʠ ʧʨʦʝʢʪʠ ʩʚʲʨʟʘʥʠ ʩ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ. ʋʯʘʩʪʚʘʭʘ ʚ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʜʦʢʫʤʝʥʪʘʮʠʷʪʘ ʠ 

ʥʘʙʣʶʜʘʚʘʭʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʪʘ ʨʘʙʦʪʘ ʧʦ ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʝʢʪʠ. ɺ ʊʋ ʩʝ ʩʲʟʜʘʜʦʭʘ ʩʪʫʜʝʥʪʩʢʠ ʢʣʫʙ 

Ăʂʦʩʤʦʩñ, ʢʘʢʪʦ ʠ ʢʣʫʙ ĂDron & AIò. ʊʘʟʠ ʘʢʪʠʚʥʦʩʪ ʧʦʜʛʦʪʚʷ ʙʲʜʝʱʠʪʝ ʠʥʞʝʥʝʨʠ ʟʘ ʧʨʝʜʩʪʦʷʱʘʪʘ ʠʤ 

ʜʝʡʥʦʩʪ. 

ʉ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʪʘʟʠ ʠʜʝʷ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʤʦʜʝʣʠ, ʢʘʪʦ ʧʨʦʙʣʝʤʥʦ-ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ, 

ʧʨʦʝʢʪʝʥ ʧʦʜʭʦʜ ʚ ʦʙʫʯʝʥʠʝʪʦ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ ʚ ʦʙʫʯʝʥʠʝʪʦ 

ɼʨʫʛ ʚʘʞʝʥ ʧʨʦʮʝʩ ʝ ʧʨʷʢʦʪʦ ʠ ʘʢʪʠʚʥʦ ʫʯʘʩʪʠʝ ʥʘ ʩʪʫʜʝʥʪʠ ʚ ʧʨʦʝʢʪʠ, ʢʦʠʪʦ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʚ 

ʫʯʝʙʥʠʪʝ ʟʘʚʝʜʝʥʠʷ, ʘ ʪʦʚʘ ʠʤ ʜʘʚʘ ʝʜʥʘ ʜʦʙʨʘ ʦʩʥʦʚʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʠʜʝʠʪʝ ʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʠʤ ʯʨʝʟ 

ʨʘʟʣʠʯʥʠ ʬʠʥʘʥʩʠʨʘʱʠ ʤʝʭʘʥʠʟʤʠ. ʉʣʝʜʚʘʱʘ ʩʪʲʧʢʘ ʝ ʜʘ ʩʝ ʧʦʤʠʩʣʠ ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʨʦʛʨʘʤʠ ʠ 

ʬʠʥʘʥʩʠʨʘʥʝ, ʢʘʢʪʦ ʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʪʘʨʪʠʨʘʱʠ ʢʦʤʧʘʥʠʠ. 

ʅʘʤʠʨʘʤʝ ʟʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘʪ ʠ ʧʦʜʢʨʝʧʷʪ ʩʪʫʜʝʥʪʩʢʠʪʝ ʠʥʠʮʠʘʪʠʚʠ, ʟʘʱʦʪʦ ʩʝ 

ʜʘʚʘ ʝʜʥʘ ʧʣʦʜʦʪʚʦʨʥʘ ʥʘʩʦʢʘ ʥʘ ʚʠʩʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʪ ʢʦʷʪʦ ʠʤʘ ʥʫʞʜʘ ʙʠʟʥʝʩʘ, ʠʥʜʫʩʪʨʠʷʪʘ ʠ 

ʭʦʨʘʪʘ ʚ ɹʲʣʛʘʨʠʷ. 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ɽʢʠʧʘ ʥʘ ʧʨʦʝʢʪʠʪʝ ʞʝʣʘʝ ʜʘ ʠʟʢʘʞʝ ʙʣʘʛʦʜʘʨʥʦʩʪ ʥʘ ʊʋ-ʉʦʬʠʷ, ʅʀʉ, ɺʆ, ʌʊ, ʂɺʊ, ʬʠʨʤʠ, 

ʧʨʠʷʪʝʣʠ, ʧʦʟʥʘʪʠ ʟʘ ʬʠʥʘʥʩʦʚʘʪʘ ʠ ʤʦʨʘʣʥʘ ʧʦʜʢʨʝʧʘ, ʢʦʠʪʦ ʧʦʣʫʯʘʚʘʭʤʝ. 
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Abstract. This report aims to present opportunities for students to express through a project they themselves 

initiated and started to implement. The result is related to supporting the learning process and its use for research 

purposes. After completing the first stage, new students are trained, engaged and further perfected. In 2019 began to 

build a system - Aviation simulator for demonstration purposes to exercises on the subject Aviation instruments and 

automatic systems. It was then transformed into a project of the Department of Air Transport. The following year it 

was funded as a student project from R&D TU-Sofia ï 2020 University supported the development for 2021, all of 

which led to the establishment of the Cosmos Student Club, where other students realized their ideas. Participate in 

scientific projects with reports, various forums, as well as in media coverage. 
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Abstract. Bi-propellant rocket engines are amongst the most complex machines created by humans. However, their 

complexity is due to the expectation that these machines endure extraordinary temperatures, pressures, and forces, 

and unbeknownst to many, the underlying physics principles of rocket engines are surprisingly simple. The goal of 

the project documented in this paper is to demonstrate these principles with a small scale, functioning model of a 

pressure fed liquid-gas rocket engine, consisting of an injector, combustion chamber, and CD nozzle, and which can 

facilitate a sustained combustion reaction in a high pressure environment, choke the combustion gases at the nozzle's 

throat, and create supersonic exhaust. Ultimately, the engine should create an amount of thrust approximate to our 

estimates for the thrust. 

INTRODUCTION 

Rocket Engines is non-airbreathing propulsion systems are characterized by the fact that they carry both fuel 

and the oxidizer within the aerospace vehicle. Such systems thus may be used anywhere in space as well as in 

the atmosphere [4]. 

Liquid propellant engines are more complex and less reliable than solid rocket motors. However, they have 

many advantages. They can be tested on the ground prior to launch and can be throttled down, stopped and 

restarted. They usually have the highest specific impulse or Isp rating of any form of propellant [5].  

The project described in this paper is still ongoing development as a multitude of fabrication challenges in 

constructing the engine remain to be solved. The primary focus of this paper is therefore the experiments 

conducted to design the engineôs injector, and future progress will be followed up by another paper. 

Most liquid propellant engines are bi-propellant, that is, they use two separate liquids, a fuel and an oxidiser 

[5]. Out of all variations of bi-propellant rocket engines, designing a pressure fed system requires solving for 

relatively few variables, especially if maximal performance isnôt a requirement, as would be the case with an 

engine not intended for flight. The relevant variables for this project are the nozzle throat and exhaust areas, the 

lengths of the converging and diverging portions of the nozzle, the combustion chamber volume (characterised 

by its diameter and length), and mass flow rates of the propellants.  Furthermore, appropriate materials and an 

injector design have to be chosen. By assuming that the fluid flow from the combustion chamber to the exit area 

of the nozzle is perfectly isentropic, applying the equations for isentropic fluid flow yields good estimates for 

the nozzle geometry with respect to combustion chamber pressure and temperature.  Estimating the combustion 

temperature and selecting a chamber pressure as high as possible, in order to maximize thrust, in turn yields 

specific values for the variables describing the nozzle geometry. The combustion chamber volume and related 

parameters canôt be solved for with equations and therefore, as per Modern Engineering for Design of Liquid-

Propellant Rocket Engines [3] it is recommended to refer to engines of similar sizes and propellant 

combinations - thankfully, the book contains useful data in this regard. The mass flow rate is limited by the rate 

at which the selected propellants can be discharged from their respective reservoirs and depends on the 

oxidizer/fuel ratio the engine should run on. After considering various propellant combinations, ethanol and 

compressed gaseous oxygen was chosen due to offering the best in overall storability, safety, availability and 

performance. The mass flow rate of the oxygen is constricted by the pressure regulator used to dispense it from 

its tank and is a known spec of the regulator. Furthermore, it was decided to use the stoichiometric O/F ratio to 

ensure maximum heat release during combustion (a rare design decision in actual rocketry, as designing 

flightworthy engines to withstand the energetic release of stoichiometric combustion is too difficult. Further, it 

can be beneficial to load a volumetrically constrained rocket with more of the denser - or lighter - propellant to 
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improve mass flow - or exhaust velocity - and therefore thrust, which implies a non-stoichiometric O/F ratio. 

These considerations arenôt relevant to the small scale engine, not intended for flight, of this project). Estimation 

of the combustion temperature was done by calculating the adiabatic flame temperature of ethanol and oxygen 

and multiplying by a conservative safety coefficient to account for combustion incompleteness and losses of 

heat after combustion, and the chamber pressure was chosen to be 10atm - a value well below the feed pressure 

of the oxygen (15atm), and which includes suitable headroom in case the above estimates are too conservative, 

resulting in a greater than expected pressure in the combustion chamber. Most of the parameters of the engineôs 

components are thereby covered, except for those of arguably the most important one - the injector determines 

how well the propellants mix and thereby how well the engine performs. Thatôs why designing a good injector is 

paramount to every engine, though doing so isnôt particularly straightforward as there isnôt a set of equations 

one can follow that delivers the optimal injector parameters. There are many injector types that engine designers 

can choose from and modelling an injector can only be done with advanced, and expensive, CFD software, or 

through experimentation. The latter approach was deemed more feasible in the scope of this project, and 

ultimately led to the design presented in the results section. 

EXPERIMENT 

Determining the injector parameters and geometry required a system to simulate the propellant feed of the 

rocket engine, using inert fluids with otherwise similar properties as the propellants. The system would test for 

the ability of 3D printed plastic injector prototypes to mix these fluids, with the results being judged by visual 

analysis of the droplet size of the fluid mixture. The goal was to arrive at an injector design which could create 

droplets as small as possible, as this would result in a greater overall area of liquid fuel exposed to the oxidizing 

gas, aiding combustion efficiency. The experiments would take place in atmospheric conditions, however, so to 

reflect the pressure of the combustion chamber, into which the propellants would exit the injector, the injector 

inlet pressures of the simulating fluids had to be appropriately downscaled. There was unfortunately no way to 

simulate the combustion chamber temperature. Needless to say, injectors tested under these conditions wouldnôt 

perfectly replicate the actual propellant mixing that would occur during a hot fire, but these experiments would 

nonetheless establish a minimum expectation of the mixture quality from a given injector design, as the higher 

pressure and temperature in the combustion chamber would only affect mixing positively. The injector designs 

would be inspired from the impinging injector type, where numerous streams of propellant collide together and 

break up, thereby mixing with each other. Streams of gaseous propellants have the inherent advantage that their 

molecules arenôt bound together and therefore spread out upon departing the injector face, so it isnôt necessary 

to break them up. This, however, isnôt the case for liquid propellants, and therefore the impinging injector must 

be designed in such a way that the stream of gas breaks up the liquid. 

SETUP 

It was decided that water and compressed air would be suitable for simulating the propellants chosen for the 

engine, mostly due to possessing relatively similar properties and being readily available, enabling tests to be 

carried out frequently and rapidly. Further, water has a greater surface tension and density than ethanol, meaning 

that it should be harder to break up and impart momentum on, justifying the assumption that results from the 

experiment would be on the conservative side. 

A testing rig was built which could feed compressed air from an air compressor and water pressurized with 

nitrogen. Delivery rates were controlled manually through valves and pressure regulators, monitored through 

pressure gauges and a stopwatch, and, in the case of the water, verified before each test by measuring the 

amount of water dispelled into a bucket in a given period of time. 

The injector designs were created in Autodesk Fusion 360 and 3D printed in PLA with an FDM printer with 

a 0.05 mm layer height. 
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a)                                                                                   b) 

FIGURE 1. Testing setup, rear (a) and front (b) view respectively. 

 

 

FIGURE 2. Test of first injector design. The water streams are clearly intact, mixing is poor. 

RESULTS 

The decision to use an impinging injector was made primarily due to its comparative geometric simplicity, 

making this type ideal for FDM 3D printing and allowing it to be rapidly prototyped and perfected.  The first 

such design consisted of a cone in the center of the water outlet, which in turn was enclosed by the gas outlet. 

The idea was that this cone would deflect the stream of water into the stream of gas, causing it to break up. The 

experiment was conducted, though breakup of the water stream was negligible, due to the compressed air 

pressure dropping markedly ahead of the injector outlet. The cause of this was that the injector outlet area was 

too big, meaning that downstream of the injector there mustôve been an orifice with an even smaller area 

constricting the flow of air (likely in the air compressorôs pressure regulator). The solution was to reduce the 

scale of the injectorôs outlets by a factor of four, which as further tests showed eliminated the aforementioned 

pressure drop. Nonetheless, the propellant simulators still wouldnôt mix well, even after making the inner cone 

angle more obtuse in later prototypes. The likely culprit was found by printing an injector halfway, then pausing 

the print, revealing that the conical section of the print was what can best be described as a definitively non-

conically shaped blob of plastic. Since the cone was small, whenever the printerôs extruder passed over it to add 

another layer, the entire structure would melt - therefore a completely new, fabrication oriented design of the 

injector was necessary. 

The new injector design featured converging fluid inlets as opposed to cones, which circumvented the 

aforementioned problem with the 3D printer, along with a design characteristic unencountered in the research 

for this project - rectangular propellant outlets, which purpose was to discharge the fluids in a shape with a 

greater surface area, hopefully facilitating mixing.  Tests yielded much better results with this kind of opening - 

the fluid mixture was made up of generally consistent small droplets. Further design iterations led to the 

rectangular openings becoming increasingly long and slim, with the exiting water stream resembling a thin film, 

until once again the printerôs accuracy limits were reached. There was a persistent issue which affected all 

iterations, no matter how they were tweaked - the center of the water stream still contained mostly large 

droplets. This was presumably caused by the compressed air streams impinging on the water stream in the same 
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point, cancelling their lateral momentum. As a result, it was decided to alter the angles that the gas streams 

impinge on the water stream, thereby breaking up the stream in different points, imparting their full momentum 

during every collision. This injector design yielded the most satisfactory results - the mixture consisted 

completely of tiny droplets, resembling a misty cloud, precisely the objective of the experiments. 

 

 

FIGURE 3. Test of final injector design. The propellant simulants mix very well. 

 

FIGURE 4. Injector CAD models, displaying design evolution (left to right). 

 

CONCLUSION  

The iterative, trial and error approach for designing an optimal injector led to a design highly unconventional 

and divergent from those used in the aerospace industry.  In retrospect this makes sense, as the rocket engine 

pursued for this project by far doesnôt have the same pressure, temperature, and endurance requirements as 

proper, flightworthy engines. Furthermore, the design philosophy for this project isnôt geared towards the 

development of a maximally efficient and powerful engine, given the resources at our disposal, but rather to 

ensure that the engine has enough margin in its specifications that would allow it to produce thrust despite the 

coarse estimations of many parameters. Consequently, the experiments conducted in this study will likely bear 

little utility to the aerospace industry, but could be useful for applications where mixing of a gas and liquid at 

relatively low pressures is required. It should be noted that, as stated in the introductory section, this projectôs 

culmination hasnôt yet been realized and that administrative adjuration delivered a substantial impetus for this 

paper. 
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Abstract. Transport is a field with a lot of potential to explore and evolve, especially with the rapid grow of new 

technologies and especially artificial intelligence (AI). The article will explore the concept of ñsmart cityò and how 

AI is key to the whole future of transportation. We will take a closer look at into new technologies powered by AI in 

automobile and other transportation fields and how the Internet of Things connects them, as our purpose is to present 

the current and future state of technologies. We will also examine examples such as the distronic sensor and how it is 

dependent on new developments in the industry. 

INTRODUCTION  

Computer systems are nothing more than data flowing from one place to another with strictly predetermined 

purpose. This data transportation is the way these systems communicate. The phenomenon ñeconomyò is one of 

the driving forces of our world and in the core of it is the transportation of its production. The word comes from 

ñmanageò and it represents exactly that ï managing resources just like a computer system. The world economy 

is based on production transport, whether it would be a worldwide supply or an ordinary website delivery, and 

for the wealth of humanity, we should strive to create a fast developing environment in which it can only grow 

in our benefit. Following this exact argument, this type of working area can be easily created by implementing 

the newest wave of computer networks and amenities of artificial intelligence. A prime example of the necessity 

of new developments is the most recent Suez Canal situation where a single transport ship costed huge 

percentage losses of the world economyôs income. Calamities like these can be easily avoided and prevented by 

a technological path like the use of wind sensors and a regulation system, which will alter the shipôs course and 

slow it, but overcome this obstacle. 

INTELLIGENT TRANSPORT  

The idea and need for intelligent transport comes from the concept ñSmart Cityò, a place with interconnected 

all main factors for one city to be efficient, modern and safe. The field is quite dynamic and progressive. It 

attracts a lot of investors to invest in this idea because it is quite exciting and promises a lot of revenue and 

prosperity. As shown below the industry from 2018 is forecast that the growth rate and revenue to increase 

substantially by 2025 (Fig.1). 

The concept relays heavily on industry 4.0 [2] and more particularly on Internet of Things (IoT), because the 

data for one smart city to be ñaliveò, we need to collect information from everything and everyone), just like the 

browser ñcookiesò that show the userôs preferences, in order to provide a safe network that will response to all 

needs of everyone attached. 

Our focus is on the transport. Intelligent transport is actually a very big field with a lot of possibilities and 

ways to achieve it. It started just with automatic traffic control and information, but it can be used for so much 

more. Thanks to a now more connected world with a robust network system we can introduce new ideas to this 

concept never before even imaginable, itôs a fact that the term ñartificial intelligenceò was invented several 

decades ago, but the perception of it from then to now is a world apart. It can be achieved through IoT. With 

new cars already on the market, they have the ability to connect and communicate with a lot of cloud based 

servers and services so that they can be smarter and safer on the road. 
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FIGURE 1. Inteligent transport forecast [1]. 

   

There are several examples that this system can provide impressive results: 

¶ In one advanced traffic management, the system collects location data from all vehicles connected to the 

city network and through AI it can adjust the traffic lights so jams are avoided or if there is an accident 

on the road to reroute incoming traffic through another route to save time on people who are trying to 

get to their job Monday morning. 

¶ Thanks to this field we can finally explore the idea of autonomous cars. Before this couldôve never been 

achieved because the lack of processing power and more importantly the communication needed for this 

to be safe and efficient. 

¶ Flying taxi cabs is also humanityôs goal, the idea to fly  everyday safely and efficiently has been around 

for ages, but thanks to new technology it is a goal we are close to more than ever. 

The methodology for the data to be processed is quite universal. It needs to be collected, transmitted, 

processed and fed back where it is needed. The gathering is done by many sensors (proximity, temperature, 

pressure, etc.), the transmission is handed by the network to the remote server for processing, precisely that in 

the last 10-15 years has evolved dramatically, we can have enormous speed for data transferring and we need it, 

because the amount of data is actually quite a bit. 5G networks [3] allow this, except the needed speed, we also 

need a little to no latency so that the information will be received at the needed millisecond (thatôs critically 

important in autonomous cars). 

ARTIFICIAL INTELLIGENCE IN TRANSPORTATION  

Artificial intelligence is critical in the new generation of transportation. It relies heavily on interconnection 

on all participants in the traffic network, so the data is quite large and a human worker could never process it 

efficiently. Here comes the different AI technics [1], for example fast data processing and analysis which can 

help take important decisions in critical situations. The main transport sectors are aviation, road and railway as 

well as cargo ship transports which can benefit from the new technology in many innovative ways. 

Railway transport may be the easiest type of transport that can easily implement the new type of computer 

networks and artificial intelligence means. This sector is suitable for easy integration in the new technology 

trends because it faces the fewer number of threats in its progress. Such factors can be unpredictable road 

obstacles, climate change, electricity errors, etc. In the railway roads case they are less likely to happen which is 

why people are more likely to trust a fully automated train or subway. These type of transportation machines 

have a specific road made for them in the means of railway, so they are the only ones in the road at any time and 

the harmful factors are lesser. Although there is a possibility and some real life successful tests, people will not 

trust the new developments right away, so there is a compromise variant in the face of having an assistant driver 

who will respond in emergency situations where the AI canôt execute its function in the needed time. This type 

of automation can protect social interests like drivers keeping their work as well as providing experience for 

future research. Trains are a very efficient way of transporting goods all over the world due to the possibility of 

large loads and the perspective of future AI controlled operations, including lowered manufacturing costs 

(which will give us more resources used for future development), fast and precise maintenance, safe and 

environmental friendly high speed travels. For the realization of such an advanced automated system there is a 

need of combining artificial intelligence and computer networks to create the main core of functionality. Data 

transmission is the key operation which makes our system work [7]. The realization of such a setup would 

require for example a processing unit integrated in the train or subway, that will collect information from the 

outside and assimilate it accordingly with previously set road maps and infrastructure information, also there 

should be precise sensors providing real time data of the travelling environment and communication via satellite 
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or another type of network between the train itself and control points (like train stations). As social friendly it is 

to automate this type of vehicles they can be the target of malicious intends due to the large amount of 

production and goods they are carrying and it and they may be more vulnerable than ever. For this reason, AI 

can come in further assistance as creating another type of system which will be based on new technologies with 

the purpose to defend the automated railway transportation sector, which will arise even more possibilities for 

new researches. 

 
FIGURE 2. Average flights [4]. 

 

The fastest transport known to mankind is currently by airplane, although it may face competition with some 

newly developed trains. Thatôs why most of the people choose it as an option when they have to travel long 

distances. Many people use airplanes particularly for this reason, as shown in Fig. 2 how much they are used. 

Aviation is a fertile ground for AI implementation, because of the many components it consists of. From 

convenience (this is will be very difficult thanks to the sheer amount of people that travel by air) for the 

passengers to automated flight to self-navigation the possibilities are providing enough starting points which AI 

can be built upon. 

In spite of the fast travelling, people are demanding more out of airplanes and delay times in airports are a 

big drag in the sector. Modern computer networks combined with artificial intelligence can create a safe 

network for data exchange that will eliminate such factors which are only slowing down the industryôs progress. 

Forecasting the climate precisely and analyzing possible risk situations while comparing them to existing 

solutions and preparedness for vast adaptation will be a key task for AI apparatus. Air traffic is a complex 

matter and the new technologies meant for its improvement will help us reach new skies. An interconnected 

structure like this should consist of the already existing, but improved, control towers and satellites combined 

with onboard AI and cloud services. Unlike the possibility for semi-fully automated railway transport, such an 

innovation will be more difficult in aviation. The presence of a pilot will be mandatory, but their work can be 

relieved by multiple times. The manufacturing and maintenance parts of the sector can benefit greatly from new 

additions to their present state, mechanized production and deep level analysis of malfunctions supplemented by 

fast response and guaranteed safety are key headways in technological growth. Beside standard passenger 

airplanes, aviation provides medical and cargo aircrafts alongside helicopters and drones. All of those are great 

perspectives for the application of artificial intelligence, carrying out common and complex tasks, answering 

human needs and allowing alteration guided by user preferences. 

In modern day the preferred way of travelling from point A to point B over short distances are automobile 

vehicles. They have become the most convenient option for transportation when it comes to personal 

preferences, easier and faster movement as well as free will in driving. That is why it is one of the most 

cherished and fastest growing sectors in the industry. Introducing AI to road transport has many initial points to 

begin with [8]. The latest innovations include numerous amenities in cars and the introduction to electric 

mobiles, both of which can be fused with artificial intelligence brilliantly. Extras in cars can be easily achieved 

by various sensors which will transmit information to a wide network called the Internet of Things form where 
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we control the AI in the most suitable for us way. From heating systems to adjusting the seats softness to 

driverless road trips the possibilities only grow and that just motivates further researchers. Common problem in 

all transport sectors is pollution. Electrical mobiles are a great perspective for halving hazardous emissions and 

contamination, combined with AI the effectiveness will be granted. The already present cruise control in cars is 

a good option for maintaining constant speed and reducing fuel consumption, but what if you have the 

possibility for one smarter and even more ecofriendly driving experience. With cruise control you still have to 

think about when to stop it or which path you should take for more efficient time saving travelling and time is 

one of the most valuable resources. With the Internet of things, we will be able to save a lot more of it for 

ourselves, family and more scientific activity aimed toward expanding the new born computer networks. The 

idea of such a complex, but at the same time comfortable, data transmission grid covers not only the transport 

sector, but electric devices in your own home, personal computers and smart phones as well the ones in your 

office or workplace. A much talked about innovation in the automobile industry is automated vehicles which is 

more close to achieving than ever. AI can take the role of the driver and perform the task of finding the shortest 

and most convenient way to your destination, that will be even easier if you are driving an electric car because 

there will be more options in choosing the right path and also charging stations for such automobiles can serve 

as information beacons for communication between various receivers (meaning other cars in the traffic). Unlike 

the other sectors transporting goods, here the object of transportation is us and we will be present in the car that 

is driving us so we will be able to maintain safety and prevent possible AI mistakes. To build trust in people, in 

a time where they are scared of losing their social network passwords, there should be a separate high level 

security system servicing the purpose of detecting and eliminating any threats like taking control over the 

automated vehicles or breaching in their communication networks and filling them with wrong information 

about tracks and the surroundings of the car. The Internet of things as a whole should be the most protected part 

of this infrastructure because reaching one of the devices attached could lead to the others and this will be a 

main point in constructing the newest defensive arrangements [9-11]. 

All of those creative and innovative thoughts and ideas about a future with automated transport and smart 

technology wonôt be possible without the use of artificial intelligence.  Based on research done from 

FutureBridge (Fig. 3) they concluded by 2030 AI will be fundamental part for the automobile industry. Here is a 

graph that shows how will the penetration develop in the next 10 years: 

 

 
FIGURE 3. AI perspective [5]. 

 

Mercedes through their new driving assistance package offer a new active distance assist distronic. It can 

automatically accelerate or hit the brakes in the speed range of 0 ï 210 km/h. This thanks to a new machine 

learning technique in the distronic makes it a complex structure that combines data from several radars and 

cameras. Its history goes a long way, as the first type of such systems dating back to 1992, and the term 

distronic back to 1999 presented by Mercedes. Its mainframe is the internet of things [6] through which the 

collected data is transferred, which is driven by machine learning. A single camera will not be enough to 

provide efficient ñintelligence eyesò so an implementation of radars and cameras with different coverage is the 

right way to go. All the data is fed back to a control unit which sorts the data and passes it to the appropriate 

subsystem like the Speed Limit or the Steering Assist ones. This is achieved through machine learning by using 

various algorithms that analyze the received data and manipulate the breaks or steering systems of the car. A 

great positive trait of using AI of this type is that it learns from its learning meaning that with every new 

situation faced it will obtain new knowledge and shape out an algorithm serving as the backbone for faster and 

coherent trouble solving in the future. The cameras used in such systems are three-dimensional in the sense of 

having wide range of seeing and provide spatial vision of their surroundings. Radars being the other half of the 

idea are equally purposed for providing different coverage span, that is why there are multi-mode and long-

range radars which supply the AI with save information for its needs. Knowing its surroundings, it has full 

control on the road. Subsystems are created with the intent to have multiple units responsible for the different 

tasks. For example, there should be one for the wheel steering, a unit for maintaining speed limits, unit 
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controlling the breaks etc. The distronic sensor will adjust the speed depending on any limit signs, traffic jams 

or sudden fast thinking required situations. Automatic steering is one of the bigger challenges as it is the hardest 

to control and predict, but the innovation provided by the AI systems can deal with it greatly. By using data 

stored in the modern networks about streets, highways and most importantly road pavement it will easily 

determine the right maneuvers for save and efficient driving. Keeping distance from other road users is another 

obstacle overcome thanks to the distronic sensor and its fast data perceiving periphery. Talking about safety 

everything about a carôs movement should be happening in the moment of seconds. That is why to maintain 

adequate driving behavior on the road automated vehicles should be able to achieve sudden break hits, slow 

down and speed up when needed, make precise turns and a lot more other things all becoming possible through 

machine learning. 

CONCLUSION 

Artificial intelligence is rapidly introducing itself in the transport sector and it will continue to be involved in 

almost every aspect of it, this is thanks to new technologies that allow more computational power in smaller 

silicon and the next generation of networks, especially 5G. Those two will allow smart cities to become more 

widespread and more affordable, because governments and investors will see that this sector can grow even 

larger and the investments in it will be fruitful . 
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ʈʝʟʶʤʝ. ɺ ʥʘʩʪʦʷʱʠʷʪ ʜʦʢʣʘʜ ʝ ʧʨʝʜʩʪʘʚʝʥ ʩʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʩʧʠʨʘʯʥʠʷ ʧʲʪ ʥʘ ʚʣʘʢʦʚ 

ʩʲʩʪʘʚ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʨʘʟʣʠʯʝʥ ʙʨʦʡ ʪʦʚʘʨʥʠ ʚʘʛʦʥʠ. ʄʦʜʝʣʲʪ ʝ ʨʘʟʨʘʙʦʪʝʥ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ Simulink, 

ʯʘʩʪ ʦʪ ʧʨʦʛʨʘʤʥʠʷ ʧʨʦʜʫʢʪ MATLAB.  ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʩʧʠʨʘʯʥʠʷʪ ʧʲʪ ʩʝ ʦʧʨʝʜʝʣʷ ʩʣʝʜ ʨʝʰʘʚʘʥʝ ʥʘ 

ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʣʘʢʘ (ʋɼɺ), ʢʘʪʦ ʥʝʦʙʭʦʜʠʤʠʪʝ ʟʘ ʪʦʚʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʘ ʟʘʣʦʞʝʥʠ ʚ ʥʝʛʦ. 

ʄʦʜʝʣʲʪ ʧʦʟʚʦʣʷʚʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʠʨʘʯʥʠ ʧʲʪʠʱʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʢʦʨʦʩʪʠ ʥʘ ʜʚʠʞʝʥʠʝ, ʥʘʢʣʦʥ ʥʘ ʧʲʪʷ, 

ʥʘʪʦʚʘʨʚʘʥʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʚʘʛʦʥʠʪʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʠʟʚʝʞʜʘʪ ʚ ʯʠʩʣʦʚ ʠ ʛʨʘʬʠʯʝʥ ʚʠʜ.  

ɺʒɺɽɼɽʅʀɽ 

ɺʩʷʢʦ ʪʨʘʥʩʧʦʨʪʥʦ ʩʨʝʜʩʪʚʦ ʚ ʦʧʨʝʜʝʣʝʥ ʤʦʤʝʥʪ ʦʪ ʜʚʠʞʝʥʠʝʪʦ ʩʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʩʧʨʷʥʦ. ɺ 

ʞʝʣʝʟʦʧʲʪʥʠʷ ʪʨʘʥʩʧʦʨʪ, ʧʨʝʜʚʠʜ ʚʠʩʦʢʠʪʝ ʤʘʩʠ ʥʘ ʚʘʛʦʥʠʪʝ ʠ ʥʘ ʚʣʘʢʘ ʢʘʪʦ ʮʷʣʦ, ʪʦʚʘ ʝ ʦʩʦʙʝʥʦ ʚʘʞʥʦ. 

ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʢʲʤ ʩʧʠʨʘʯʥʠʪʝ ʩʠʩʪʝʤʠ ʥʘ ʞʝʣʝʟʦʧʲʪʥʠʪʝ ʚʦʟʠʣʘ ʩʝ ʧʨʝʜʷʚʷʚʘʪ ʩʪʨʦʛʠ 

ʠʟʠʩʢʚʘʥʠʷ, ʮʝʣʷʱʠ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪ ʧʨʠ ʜʚʠʞʝʥʠʝ ʥʘ ʚʣʘʢʦʚʝʪʝ. 

ʉʧʠʨʘʯʥʠʷ ʧʲʪ ʝ ʝʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʢʨʠʪʝʨʠʠ ʩʚʲʨʟʘʥ ʩ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʣʘʢʦʚʝʪʝ. 

ʏʨʝʟ ʥʝʛʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʨʦʚʝʨʢʘ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʠʟʤʝʨʠʪʝʣʠ ʥʘ ʩʧʠʨʘʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʉʪʦʡʥʦʩʪʠʪʝ ʤʫ 

ʩʘ ʥʦʨʤʠʨʘʥʠ ʠ ʚʩʝʢʠ ʚʣʘʢ ʪʨʷʙʚʘ ʜʘ ʤʦʞʝ ʜʘ ʩʧʨʝ ʚ ʦʧʨʝʜʝʣʝʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ. ɺʲʨʭʫ ʩʧʠʨʘʯʥʠʷ ʧʲʪ 

ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʠ ʬʘʢʪʦʨʠ ʢʘʪʦ:  

- ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʣʘʢʘ;  

- ʧʦʣʦʞʝʥʠʝ ʥʘ ʢʨʘʥ-ʤʘʰʠʥʠʩʪʘ;  

- ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʩʠʛʥʘʣ;  

- ʪʝʭʥʠʯʝʩʢʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʧʠʨʘʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ;  

- ʥʘʢʣʦʥ ʥʘ ʧʲʪʷ; 

- ʤʘʩʘ ʥʘ ʚʣʘʢʘ. 

ɽʜʥʘ ʦʪ ʦʩʥʦʚʥʠʪʝ ʟʘʜʘʯʠ, ʢʦʠʪʦ ʩʝ ʨʝʰʘʚʘʪ ʚ ʧʨʘʢʪʠʢʘʪʘ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʲʪ, ʢʘʪʦ ʩʘ 

ʠʟʚʝʩʪʥʠ ʥʘʯʘʣʥʘʪʘ ʩʢʦʨʦʩʪ, ʧʨʠ ʢʦʷʪʦ ʟʘʧʦʯʚʘ ʩʧʠʨʘʥʝʪʦ, ʥʘʢʣʦʥʘ ʥʘ ʧʲʪʷ ʠ ʥʷʢʦʡ ʦʪ ʩʧʠʨʘʯʥʠʪʝ 

ʠʟʤʝʨʠʪʝʣʠ, ʥʘʡ-ʯʝʩʪʦ ʩʧʠʨʘʯʥʠʷʪ ʧʨʦʮʝʥʪ. ʈʝʰʘʚʘʥʝʪʦ ʥʘ ʪʝʟʠ ʟʘʜʘʯʠ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ. 

ɺ ʜʦʢʣʘʜa ʝ ʧʨʝʜʩʪʘʚʝʥ ʩʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ, ʯʨʝʟ ʢʦʡʪʦ ʣʝʩʥʦ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩʧʠʨʘʯʥʠʷʪ ʧʲʪ 

ʥʘ ʚʣʘʢʦʚ ʩʲʩʪʘʚ, ʩʲʩʪʘʚʝʥ ʦʪ ʚʘʛʦʥʠ, ʦʙʦʨʫʜʚʘʥʠ ʩ ʢʦʥʢʨʝʪʝʥ ʚʠʜ ʩʧʠʨʘʯʥʘ ʩʠʩʪʝʤʘ. ʄʦʜʝʣʲʪ ʧʦʟʚʦʣʷʚʘ 

ʟʘʜʘʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʥʘʯʘʣʥʠ ʩʢʦʨʦʩʪʠ ʥʘ ʜʚʠʞʝʥʠʝ ʠ ʥʘʢʣʦʥ ʥʘ ʧʲʪʷ. ʉʲʱʦ ʪʘʢʘ ʧʦʟʚʦʣʷʚʘ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʲʪ, ʢʘʢʪʦ ʚ ʨʝʞʠʤ ʧʨʘʟʝʥ ʚʘʛʦʥ, ʪʘʢʘ ʠ ʚ ʨʝʞʠʤ ʥʘʪʦʚʘʨʝʥ ʚʘʛʦʥ. 

ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʝ ʠʟʚʲʨʰʝʥʦ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ Simulink, ʯʘʩʪ ʦʪ ʧʨʦʛʨʘʤʥʠʷ ʧʨʦʜʫʢʪ 

MATLAB. ʇʨʦʛʨʘʤʘʪʘ Simulink ʝ ʠʥʪʝʨʘʢʪʠʚʥʘ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ ʠʥʪʝʛʨʠʨʘʥʘ ʚ MATLAB, ʧʨʠ ʢʦʷʪʦ ʩʝ 

ʤʦʜʝʣʠʨʘʪ, ʩʠʤʫʣʠʨʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʜʠʥʘʤʠʯʥʠ ʩʠʩʪʝʤʠ, ʠʟʩʣʝʜʚʘʪ ʩʝ ʣʠʥʝʡʥʠ ʠ ʥʝʣʠʥʝʡʥʠ ʩʠʩʪʝʤʠ ʠ 

ʜʨ. ʆʪ ʩʪʘʥʜʘʨʪʥʘ ʙʣʦʢʦʚʘ ʙʠʙʣʠʦʪʝʢʘ ʩʝ ʩʲʟʜʘʚʘ ʤʦʜʝʣ. ʏʨʝʟ ʣʦʛʠʯʝʩʢʦ ʩʚʲʨʟʚʘʥʝ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ 

ʙʣʦʢʦʚʝ ʩʝ ʠʟʚʲʨʰʚʘʪ ʠʟʯʠʩʣʝʥʠʷʪʘ. ɺʨʲʟʢʠʪʝ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʙʣʦʢʦʚʝ ʩʝ ʥʘʨʠʯʘʪ ʩʠʛʥʘʣʠ. ʇʦ ʚʨʝʤʝ 

ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʦʮʝʩʠʪʝ ʥʘ ʠʟʯʠʩʣʝʥʠʝ ʯʨʝʟ ʩʧʝʮʠʘʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ 

ʥʘʙʣʶʜʝʥʠʝ, ʚʢʣʶʯʝʥʠ ʚ ʙʠʙʣʠʦʪʝʢʘʪʘ ʥʘ Simulink. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʯʠʩʣʝʥʠʷʪʘ ʩʝ ʠʟʚʝʞʜʘʪ ʚ ʛʨʘʬʠʯʝʥ 

ʠʣʠ ʚ ʪʘʙʣʠʯʝʥ ʚʠʜ. 

ʊ. ʃʩʳʪʫʞʛ, ʃ. ɻʞʤʣʧʛ ʡ ʇ. ʃʩʳʪʫʞʛ, ʉʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʲʪ ʥʘ ʚʣʘʢʦʚ ʩʲʩʪʘʚ 
S. Krastev, K. Velkov and O. Krastev, Simulation model for defining brake distance of rail vehicle 
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ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʀɿʏʀʉʃʗɺɸʅɽʊʆ ʅɸ 

ʉʇʀʈɸʏʅʀʗ ʇʒʊ ʅɸ ɺʃɸʂʆɺ ʉʒʉʊɸɺ 

ʀʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦ ʤʝʪʦʜʘ ʙʘʟʠʨʘʥ ʥʘ ʬʠʟʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʧʨʠ 

ʩʧʠʨʘʥʝ. ʇʨʠ ʥʝʛʦ ʩʝ ʨʝʰʘʚʘ ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʚʣʘʢʘ (ʋɼɺ) ʠʤʘʱʦ ʚʠʜʘ: 

 

 ‚Ὢᶸ‫ ὦ̒ ̐ ‚Ὢ (1) 

 

ʢʲʜʝʪʦ: 

ɝ  ï ʫʩʢʦʨʝʥʠʝ ʥʘ ʚʣʘʢʘ, ʧʦʨʦʜʝʥʦ ʦʪ ʩʧʝʮʠʬʠʯʥʘ ʫʩʢʦʨʷʚʘʱʘ ʩʠʣʘ ʩʲʩ ʩʪʦʡʥʦʩʪ 1 N/kN, km/h2; 

fk  ï ʩʧʝʮʠʬʠʯʥʘ ʪʝʛʣʠʪʝʣʥʘ ʩʠʣʘ, N/kN; 

ɤk  ï ʩʧʝʮʠʬʠʯʥʘ ʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʠʣʘ, N/kN; 

bʩʧ ï ʩʧʝʮʠʬʠʯʥʘ ʩʧʠʨʘʯʥʘ ʩʠʣʘ, N/kN; 

fy  ï ʩʧʝʮʠʬʠʯʥʘ ʫʩʢʦʨʷʚʘʱʘ ʩʠʣʘ, N/kN. 

ʇʨʠ ʨʝʞʠʤ ʩʧʠʨʘʥʝ ʚ ʩʧʝʮʠʬʠʯʥʘʪʘ ʫʩʢʦʨʷʚʘʱʘ ʩʠʣʘ ʫʯʘʩʪʚʘʪ ʩʘʤʦ ʩʲʧʨʦʪʠʚʠʪʝʣʥʘʪʘ ʠ ʩʧʠʨʘʯʥʘʪʘ 

ʩʠʣʠ. ʉʧʝʮʠʬʠʯʥʘʪʘ ʪʝʛʣʠʪʝʣʥʘ ʩʠʣʘ ʝ ʨʘʚʥʘ ʥʘ ʥʫʣʘ. ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʩʠʣʠ, ʦʪ 

ʬʦʨʤʫʣʘ (1), ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʣʝʜʥʠʪʝ ʫʨʘʚʥʝʥʠʷ. 

ʉʧʝʮʠʬʠʯʥʘʪʘ ʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʠʣʘ [2]:  

 

 ‫ ὥ ȟ (2) 

 

ʢʲʜʝʪʦ: 

a ʠ b  ï ʦʪʨʘʟʷʚʘʪ ʬʨʠʢʮʠʦʥʥʠʪʝ ʟʘʛʫʙʠ; 

c  ï ʦʪʨʘʟʷʚʘ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʚʲʨʪʷʱʠʪʝ ʤʦʤʝʥʪʠ; 

d  ï ʦʪʨʘʟʷʚʘ ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ; 

V  ï ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ, km/h. 

q ï ʩʨʝʜʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʢʦʣʦʦʩ, kN; 

ɿʘ ʯʝʪʠʨʠʦʩʝʥ ʪʦʚʘʨʝʥ ʧʲʣʝʥ ʚʘʛʦʥ ʩʝ ʦʧʨʝʜʝʣʷ ʩʲʛʣʘʩʥʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

 

 ‫ πȟω τ πȟρψὠ πȟππσὠ ȟ.Ë.ϳ Ȣ (3) 

 

ɿʘ ʧʨʘʟʥʠ ʯʝʪʠʨʠʦʩʥʠ ʪʦʚʘʨʥʠ ʚʘʛʦʥʠ ʬʦʨʤʫʣʘʪʘ ʠʤʘ ʚʠʜʘ: 

 

 ‫ ρȟψ πȟπρὠ πȟπππυσὠȟ.Ë.ϳ Ȣ (4) 

 

ʉʧʝʮʠʬʠʯʥʘʪʘ ʩʧʠʨʘʯʥʘ ʩʠʣʘ ʟʘ ʨʝʞʠʤ P ʥʘ ʬʫʥʢʮʠʦʥʥʠʷ ʚʝʥʪʠʣ ʩʝ ʠʟʨʘʟʷʚʘ ʩ ʬʦʨʤʫʣʘʪʘ: 

 

 ὦ̒ ̐ φȟχᾀ‗ ‘ ȟ.Ë.ϳ ȟ (5) 

 

ʢʲʜʝʪʦ: 

z ï ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʥʘ ʩʧʠʨʘʥʝʪʦ. ʇʨʠ ʝʢʩʪʨʝʥʦ ʩʧʠʨʘʥʝ ʩʪʦʡʥʦʩʪʪʘ ʤʫ ʝ ʨʘʚʥʘ ʥʘ 1; 

ɚp ï ʩʧʠʨʘʯʝʥ ʧʨʦʮʝʥʪ ʟʘ ʨʝʞʠʤ ñPò; 

ɛk0 ï ʫʩʣʦʚʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʨʠʝʥʝ. ʉʪʦʡʥʦʩʪʪʘ ʤʫ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 

 

 ‘ πȟσυ  (6) 

 
ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʨʦʮʝʥʪ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ. ʀʟʭʦʞʜʘ ʩʝ ʦʪ ʜʘʥʥʠʪʝ ʧʦʣʫʯʝʥʠ 

ʦʪ ʩʪʝʥʜʘ ʟʘ ʛʘʟʦ-ʜʠʥʘʤʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʚʣʘʢʦʚʠ ʩʧʠʨʘʯʥʠ ʩʠʩʪʝʤʠ ʥʘʤʠʨʘʱ ʩʝ ʚ ʣʘʙʦʨʘʪʦʨʠʷʪʘ ʢʲʤ 

ʢʘʪʝʜʨʘ ɾʝʣʝʟʦʧʲʪʥʘ ʪʝʭʥʠʢʘ ʚ ʊʋ-ʉʦʬʠʷ. ʆʪ ʥʝʛʦ ʩʝ ʩʥʝʤʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʟʘ ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ 

ʩʧʠʨʘʯʥʠʪʝ ʮʠʣʠʥʜʨʠ ʦʪ ʚʨʝʤʝʪʦ pc=pc(t). ʉʪʝʥʜʲʪ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʤʝʥʷ ʙʨʦʷ ʥʘ ʚʘʛʦʥʠʪʝ ʚʢʣʶʯʝʥʠ 
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ʚʲʚ ʚʣʘʢʦʚʠʷ ʩʲʩʪʘʚ ʦʪ 0 ʜʦ 45 ʚʘʛʦʥʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ 

Microsoft Excel ʠ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚ ʪʘʙʣʠʯʝʥ ʚʠʜ, ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʚ MATLAB . 

ʆʪ ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʩʧʠʨʘʯʥʠʪʝ ʮʠʣʠʥʜʨʠ ʧʨʠ ʩʧʠʨʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʝʬʝʢʪʠʚʥʘʪʘ ʩʠʣʘ ʚ 

ʩʧʠʨʘʯʥʠʷ ʮʠʣʠʥʜʲʨ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ [1]: 

 

 Ὂ ὴ Ὂ Ὂȟ   Ë.ȟ (7) 

 

ʢʲʜʝʪʦ: 

F  ï ʧʣʦʱ ʥʘ ʙʫʪʘʣʦʪʦ ʚ ʩʧʠʨʘʯʥʠʷ ʮʠʣʠʥʜʲʨ (ʉʎ), cm2; 

FF  ï ʩʠʣʘ ʥʘ ʧʨʫʞʠʥʘʪʘ ʚ ʉʎ, kN. 

ʆʧʨʝʜʝʣʷ ʩʝ ʩʫʤʘʨʥʘʪʘ ʥʘʪʠʩʢʦʚʘ ʩʠʣʘ ʚ ʢʘʣʦʜʢʠʪʝ ʧʨʠ ʥʘʪʦʚʘʨʝʥ ʠ ʧʨʘʟʝʥ ʚʘʛʦʥ [1]: 

 

 ВὊ̅̉Ȣ̎ Ὂ Ὥ̎́Ȣ̓ Ὥ Ὂ ȟË.Ƞ (8) 

 ВὊ̅̉Ȣ̎ Ὂ Ὥ̐ Ȣ̑ Ὥ Ὂ ȟË.ȟ (9) 

 

ʢʲʜʝʪʦ: 

iʥʘʪ. ï ʦʙʱʦ ʧʨʝʜʘʚʘʪʝʣʥʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʣʦʩʪʦʚʘʪʘ ʧʨʝʜʘʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ (ʃʉʉ) ʚ ʨʝʞʠʤ ʥʘʪʦʚʘʨʝʥ 

ʚʘʛʦʥ; 

iʧʨ.  ï ʦʙʱʦ ʧʨʝʜʘʚʘʪʝʣʥʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʣʦʩʪʦʚʘʪʘ ʧʨʝʜʘʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ (ʃʉʉ) ʚ ʨʝʞʠʤ ʧʨʘʟʝʥ ʚʘʛʦʥ; 

iR  ï ʧʨʝʜʘʚʘʪʝʣʥʦ ʦʪʥʦʰʝʥʠʝ ʩʣʝʜ ʨʝʛʫʣʘʪʦʨʘ ʥʘ ʃʉʉ; 

FR  ï ʩʠʣʘ ʦʪ ʧʨʫʞʠʥʘʪʘ ʥʘ ʨʝʛʫʣʘʪʦʨʘ ʥʘ ʃʉʉ, kN; 

Л  ï ʢ.ʧ.ʜ. ʥʘ ʃʉʉ. 

ʆʧʨʝʜʝʣʷ ʩʝ ʩʧʠʨʘʯʥʘʪʘ ʤʘʩʘ, ʘ ʦʪ ʥʝʷ ʩʲʦʪʚʝʪʥʦ ʠ ʩʧʠʨʘʯʥʠʷ ʧʨʦʮʝʥʪ ʧʦ ʬʦʨʤʫʣʠ (10) ʠ (12) [1]: 

 

 ὄ
В̅̉̎ȟ   Ôȟ (10) 

 

ʢʲʜʝʪʦ: 

Ὣ ï ʟʝʤʥʦ ʫʩʢʦʨʝʥʠʝ, m/s2; 

k ï ʢʦʝʬʠʮʠʝʥʪ, ʢʦʡʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʬʦʨʤʫʣʘʪʘ: 

 

 Ὧ ὥ ὥВὊ̅̉Ȣ̎ ὥВὊ̅̉Ȣ̎ ὥВὊ̅̉Ȣ̎ (11) 

 

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ὥ, ὥ, ὥ ʠ ὥ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʥʘ ʬʨʠʢʮʠʦʥʥʠʪʝ ʚʲʟʣʠ ʠ ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʦʪ ʪʘʙʣʠʮʘʪʘ ʚ ʛʣʘʚʘ 2.2.2.1 ʦʪ [1]. 

 

 ‗ ρππȟ   Ϸȟ (12) 

 

ʢʲʜʝʪʦ: 

ά ï ʤʘʩʘʪʘ ʥʘ ʚʘʛʦʥʘ, t. 

ʉʧʠʨʘʯʥʠʷʪ ʧʲʪ ʩʝ ʠʟʯʠʩʣʷʚʘ ʩʣʝʜ ʜʚʦʡʥʦ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʋɼɺ. 

ʉʀʄʋʃɸʎʀʆʅɽʅ ʄʆɼɽʃ 

ɺ ʩʠʤʫʣʘʮʠʦʥʥʠʷ ʤʦʜʝʣ ʢʘʢʪʦ ʩʪʘʥʘ ʷʩʥʦ ʝ ʟʘʣʦʞʝʥʦ ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʣʘʢʘ, ʦʪ ʢʦʝʪʦ 

ʩʣʝʜ ʜʚʦʡʥʦ ʠʥʪʝʛʨʠʨʘʥʝ ʧʦʣʫʯʘʚʘʤʝ ʩʧʠʨʘʯʥʠʷ ʧʲʪ. ʌʦʨʤʫʣʠʪʝ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʦʯʢʘ 2 ʩʘ ʚʢʘʨʘʥʠ ʚ 

ʧʨʦʛʨʘʤʘʪʘ ʢʘʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʝʣʝʤʝʥʪʠ ʦʪ ʙʣʦʢʦʚʘʪʘ ʙʠʙʣʠʦʪʝʢʘ. 

ɼʘʥʥʠʪʝ ʦʪ Microsoft ɽxcel ʦʪʥʦʩʥʦ ʥʘʣʷʛʘʥʝʪʦ ʚ ʉʎ ʩʝ ʚʢʘʨʚʘʪ ʚ MATLAB  ʚ ʪʘʙʣʠʯʝʥ ʚʠʜ ʯʨʝʟ 

ʙʫʪʦʥʘ ñImport Dataò. ʇʨʠ ʪʦʚʘ ʪʝʟʠ ʜʘʥʥʠ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʨʘʙʦʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ. ɿʘ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ Simulink ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʚʠʢʘʥʠ ʢʘʪʦ ʩʝ ʚʲʚʝʜʝ ʥʘʠʤʝʥʦʚʘʥʠʝʪʦ ʠʤ, ʢʘʢʪʦ ʝ 

ʟʘʧʠʩʘʥʦ ʚ ʨʘʙʦʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ MATLAB . 
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ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʚʩʠʯʢʠ ʧʦʩʪʦʷʥʥʠ ʚʝʣʠʯʠʥʠ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʯʠʩʣʝʥʠʷʪʘ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʢʦʤʘʥʜʥʠʷ 

ʧʨʦʟʦʨʝʮ  ʥʘ MATLAB, ʧʨʠ ʢʦʝʪʦ ʪʝ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʝʤʠʥʘʚʘʪ ʠ ʚ ʨʘʙʦʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ 

ʧʨʦʛʨʘʤʘʪʘ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ Simulink ʝ ʩʲʱʦʪʦ ʢʘʪʦ ʠʟʧʦʣʟʚʘʱʦʪʦ ʜʘʥʥʠʪʝ ʦʪ Excel. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʪʝʟʠ ʚʝʣʠʯʠʥʠ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 1. 

 

 

ʌʀɻʋʈɸ 1. ɺʭʦʜʥʠ ʚʝʣʠʯʠʥʠ ʟʘʜʘʜʝʥʠ ʚ ʨʘʙʦʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ MATLAB.  
 

ʆʙʱʠʷʪ ʚʠʜ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʧʨʦʛʨʘʤʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛ. 2. 

 

ʌʀɻʋʈɸ 2. ʆʙʱ ʚʠʜ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʧʨʦʛʨʘʤʘ. 
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ʄʦʜʝʣʲʪ ʩʲʜʲʨʞʘ ʰʝʩʪ ʦʪʜʝʣʥʠ ʥʘʧʲʣʥʦ ʠʜʝʥʪʠʯʥʠ ʢʣʦʥʘ. ɺʲʚ ʚʩʝʢʠ ʢʣʦʥ ʯʨʝʟ ʙʣʦʢʘ ʟʘ ʬʦʨʤʠʨʘʥʝ 

ʥʘ ʛʨʘʬʠʢʠ ʩʝ ʟʘʜʘʚʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʥʘʣʷʛʘʥʝʪʦ ʚ ʉʎ ʦʪ ʚʨʝʤʝʪʦ t, ʚʲʚʝʜʝʥʠ ʦʪ MS ɽxcel. 

ʆʪʜʝʣʥʦ ʟʘ ʚʩʝʢʠ ʢʣʦʥ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʧʦʜʩʠʩʪʝʤʘ, ʩʲʜʲʨʞʘʱʘ ʬʦʨʤʫʣʠʪʝ ʦʪ ʪʦʯʢʘ 2, ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʚ 

ʚʠʜ ʥʘ ʙʣʦʢʦʚʝ ʠ ʩʠʛʥʘʣʠ. ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚ ʧʦʜʩʠʩʪʝʤʘʪʘ ʢʘʪʦ ʝ 

ʟʘʣʦʞʝʥʦ ʜʘ ʨʝʰʘʚʘ ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʣʘʢʘ ʯʨʝʟ ʝʣʝʤʝʥʪʠ ʦʪ ʪʠʧʘ Integrator. ʉʪʨʫʢʪʫʨʘ ʥʘ 

ʧʦʜʩʠʩʪʝʤʘʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ. 3. 

 

 

ʌʀɻʋʈɸ 3. ʉʪʨʫʢʪʫʨʘ ʥʘ ʧʦʜʩʠʩʪʝʤʘ ʦʪ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʧʨʦʛʨʘʤʘ. 

ʈɽɿʋʃʊɸʊʀ ʆʊ ʉʀʄʋʃɸʎʀʗʊɸ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʠʤʫʣʘʮʠʦʥʥʠʷ ʤʦʜʝʣ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚʲʚ ʚʠʜ ʥʘ ʛʨʘʬʠʢʠ, ʢʦʠʪʦ ʚ ʩʣʫʯʘʷ ʠʟʨʘʟʷʚʘʪ 

ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʧʲʪʷ ʦʪ ʚʨʝʤʝʪʦ S=S(t) ʠʣʠ ʩʢʦʨʦʩʪʪʘ ʦʪ ʚʨʝʤʝʪʦ V = V(t). ʊʦʚʘ ʩʪʘʚʘ ʩ ʙʣʦʢʘ ñScopeò ʦʪ 

ʙʠʙʣʠʦʪʝʢʘʪʘ. ɺ ʪʦʟʠ ʩʠ ʚʠʜ ʛʨʘʬʠʢʠʪʝ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʠʟʚʲʥ MATLAB  ʠ ʟʘʪʦʚʘ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʟʘʜʘʜʝ ʢʦʤʘʥʜʘ ʚ ʢʦʤʘʥʜʥʠʷ ʧʨʦʟʦʨʝʮ ʥʘ MATLAB, ʧʦʟʚʦʣʷʚʘʱʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ 

ʠʟʚʲʥ ʧʨʦʛʨʘʤʘʪʘ. ɻʨʘʬʠʢʠʪʝ ʥʘ  S= S(t) ʠ V = V(t) ʟʘ ʥʘʪʦʚʘʨʝʥ ʚʘʛʦʥ, ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ V0 = 60 km/h, 

ʥʘʢʣʦʥ i = 0 ă ʩʘ ʧʦʢʘʟʘʥʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʌʠʛ. 4 ʠ ʌʠʛ. 5. 

 

  

ʌʀɻʋʈɸ 4. ɿʘʚʠʩʠʤʦʩʪ S=S(t). 

 

ʌʀɻʋʈɸ 5. ɿʘʚʠʩʠʤʦʩʪ V=V(t). 

 

 

ʉʲʱʦ ʪʘʢʘ ʟʘ ʫʜʦʙʩʪʚʦ ʚ ʦʙʱʠʷ ʚʠʜ ʥʘ ʤʦʜʝʣʘ, ʢʘʢʪʦ ʠ ʚ ʧʦʜʩʠʩʪʝʤʠʪʝ ʩʘ ʧʦʩʪʘʚʝʥʠ ʙʣʦʢʦʚʝ ʦʪ ʪʠʧʘ 

ñDisplayñ, ʯʨʝʟ ʢʦʠʪʦ ʜʠʨʝʢʪʥʦ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʤʘʢʩʠʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʯʠʩʣʷʚʘʥʠʪʝ 

ʚʝʣʠʯʠʥʠ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʟʨʘʙʦʪʝʥ ʝ ʩʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʲʪ ʥʘ ʚʣʘʢʦʚ ʩʲʩʪʘʚ. ɹʨʦʷʪ ʥʘ 

ʚʘʛʦʥʠʪʝ ʚʣʠʟʘʱʠ ʚ ʩʲʩʪʘʚʘ ʤʫ ʝ ʥʝʦʛʨʘʥʠʯʝʥ.   

ʄʦʜʝʣʲʪ ʧʦʟʚʦʣʷʚʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʢʘʢʪʦ ʥʘ ʧʨʘʟʥʠ ʚʘʛʦʥʠ, ʪʘʢʘ ʠ ʥʘ ʧʲʣʥʠ (ʥʘʪʦʚʘʨʝʥʠ) ʚʘʛʦʥʠ. ʇʨʠ 

ʧʲʣʥʠ ʚʘʛʦʥʠ ʪʨʷʙʚʘ ʬʦʨʤʫʣʘ (3) ʜʘ ʙʲʜʝ ʟʘʤʝʥʝʥʘ ʩ ʬʦʨʤʫʣʘ (4). ʆʩʚʝʥ ʪʦʚʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʚʝʣʠʯʠʥʠʪʝ: ʧʨʝʜʘʚʘʪʝʣʥʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʃʉʉ; ʤʘʩʘ ʥʘ ʚʘʛʦʥʘ; ʢʦʝʬʠʮʠʝʥʪʘ ñkñ ʪʨʷʙʚʘ ʜʘ ʩʝ ʟʘʤʝʥʷʪ ʩʲʩ 

ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ ʩʪʦʡʥʦʩʪʠ.   

ʊʘʢʘ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʤʦʜʝʣ ʧʦʟʚʦʣʷʚʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʩʧʠʨʘʯʥʠʷ ʧʲʪ ʩ ʨʘʟʣʠʯʥʠ 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʠ ʥʘʢʣʦʥʘ ʥʘ ʧʲʪʷ. ʈʝʞʠʤʘ ʥʘ ʬʫʥʢʮʠʦʥʥʠʷ ʚʝʥʪʠʣ ʠ ʧʦʣʦʞʝʥʠʝʪʦ 

ʥʘ ʢʨʘʥ-ʤʘʰʠʥʠʩʪʘ ʩʝ ʦʪʯʠʪʘʪ ʦʪ ʜʘʥʥʠ, ʢʦʠʪʦ ʩʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠ ʚʲʚ ʬʦʨʤʘʪ MS Excel. 
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Abstract. In this study is presented an introduction of a simulation model for defining brake distance of railway 

vehicle, consisting of different number of freight wagons. The model is done in a Simulink, part of MATLAB. 

Mathematically, the brake distance is defined once by solving the train motion equation. The necessary equation for 

this is embedded in it. This model allows defining the brake distance in relation to the different speed of rail vehicle 

and track gradient. Also the model allows examination of brake distance both empty and full wagons. The result can 

be seen in numerical or graphical form. 
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ʃʦʛʠʩʪʠʯʝʥ ʤʦʜʝʣ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠ 

ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʝʥ 

ʞʝʣʝʟʦʧʲʪʝʥ ʪʝʨʤʠʥʘʣ 

ʉʚʝʪʦʩʣʘʚ ʄʘʨʪʠʥʦʚ 

ʂʘʪʝʜʨʘ Ăɾʝʣʝʟʦʧʲʪʥʘ ʪʝʭʥʠʢʘñ, ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ʙʫʣ. Ăʂʣ. ʆʭʨʠʜʩʢʠñ ˉ8, 

1000 ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ  

 
s.martinov@tu-sofia.bg 

ʈʝʟʶʤʝ. ɺ ʧʨʘʢʪʠʢʘʪʘ ʩʝ ʥʘʣʘʛʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʪʦʚʘʨʥʠ ʞʝʣʝʟʦʧʲʪʥʠ ʪʝʨʤʠʥʘʣʠ ʩ ʦʙʱʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʜʘ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ. ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʚ ʥʝʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʟʘ 

ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪ ʪʦʚʘʨʥʠ ʪʝʨʤʠʥʘʣʠ ʜʘ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʣʦʛʠʩʪʠʯʝʥ ʤʦʜʝʣ ʥʘ ʨʘʙʦʪʘ ʥʘ ʪʝʨʤʠʥʘʣʘ. ʄʦʜʝʣʲʪ ʪʨʷʙʚʘ ʜʘ ʦʪʨʘʟʷʚʘ 

ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ʚ ʪʝʨʤʠʥʘʣʘ ʠ 

ʤʘʪʝʤʘʪʠʯʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʯʨʝʟ ʢʦʠʪʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʢʦʠʪʦ ʥʠ ʠʥʪʝʨʝʩʫʚʘʪ. ɺ ʜʦʢʣʘʜʲʪ ʝ 

ʧʨʝʜʣʦʞʝʥ ʣʦʛʠʩʪʠʯʝʥ ʤʦʜʝʣ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʝʥ ʥʘʟʝʤʝʥ 

ʪʝʨʤʠʥʘʣ. ʄʦʜʝʣʲʪ ʝ ʧʨʠʣʦʞʝʥ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ, ʩʚʲʨʟʘʥʠ ʩ ʤʘʥʠʧʫʣʠʨʘʥʝʪʦ ʠ 

ʩʢʣʘʜʠʨʘʥʝʪʦ ʥʘ ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ ʚ ʪʝʨʤʠʥʘʣ ɼʦʣʥʦ ɽʟʝʨʦʚʦ (ɹʲʣʛʘʨʠʷ) ï ʩʢʣʘʜʦʚʘ ʚʤʝʩʪʠʤʦʩʪ, 

ʧʨʝʨʘʙʦʪʚʘʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ, ʧʝʨʠʦʜ ʟʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʨʝʜʩʪʚʘ ʠ ʜʨ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠ ʟʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʚ ʪʝʨʤʠʥʘʣʘ ʜʘ ʩʝ ʦʙʩʣʫʞʚʘʪ ʢʦʥʪʝʡʥʝʨʥʠ ʚʣʘʢʦʚʝ. ʆʧʠʩʘʥʠʷʪ ʚ ʜʦʢʣʘʜʘ ʤʦʜʝʣ 

ʝ ʧʨʠʣʦʞʠʤ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʠ ʩʢʣʘʜʦʚʠ ʧʨʦʮʝʩʠ ʩ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ, 

ʢʘʢʪʦ ʚ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʥʘʟʝʤʥʠ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ, ʪʘʢʘ ʠ ʚ ʪʦʚʘʨʥʠ ʪʝʨʤʠʥʘʣʠ ʩ ʦʙʱʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. 

ɺʒɺɽɼɽʅʀɽ 

ɺ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʷʣʘ ʥʘ ʪʦʚʘʨʠʪʝ, ʪʨʘʥʩʧʦʨʪʠʨʘʥʠ ʩ ʠʥʪʝʨʤʦʜʘʣʝʥ 

ʪʨʘʥʩʧʦʨʪ. ʇʦ ʜʘʥʥʠ ʥʘ UIRR [1] ʧʨʘʪʢʠʪʝ, ʧʨʝʚʦʟʚʘʥʠ ʩ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪ ʩʘ ʙʠʣʠ 1183361 ʧʨʝʟ 

1990 ʛ., 3030865 ʧʨʝʟ 2010 ʛ. ʠ 4558111 ʧʨʝʟ 2020 ʛ. ʊʦʚʘ ʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʦʪ 

156% ʢʲʤ 2010 ʛ. ʩʧʨʷʤʦ 1990 ʛ. ʠ 285% ʢʲʤ 2020 ʛ. ʊʫʢ ʩʘ ʚʢʣʶʯʝʥʠ ʧʨʘʪʢʠ ʧʨʝʚʦʟʝʥʠ ʩ 

ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ, ʩʤʝʥʷʝʤʠ ʥʘʜʩʪʨʦʡʢʠ, ʤʘʥʠʧʫʣʠʨʫʝʤʠ ʧʦʣʫʨʝʤʘʨʢʝʪʘ ʠ Ro-La ʪʨʘʥʩʧʦʨʪ ʦʪ 

ʦʧʝʨʘʪʦʨʠ, ʯʣʝʥʦʚʝ ʥʘ UIRR. ɼʝʣʲʪ ʥʘ ʢʦʥʪʝʡʥʝʨʠʪʝ ʠ ʩʤʝʥʷʝʤʠʪʝ ʥʘʜʩʪʨʦʡʢʠ ʚ ʦʙʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʘʥʩʧʦʨʪʠʨʘʥʠ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ʝ ʥʘʨʘʩʥʘʣ ʦʪ 61% ʧʨʝʟ 1990 ʛ. ʥʘ 75% ʧʨʝʟ 2010 ʛ. 

ʠ ʥʘ 80% ʧʨʝʟ 2020 ʛ. ɼʝʣʲʪ ʥʘ ʧʨʝʚʦʟʝʥʠʪʝ ʠʥʪʝʨʤʦʜʘʣʥʠ ʤʘʥʠʧʫʣʠʨʫʝʤʠ ʧʦʣʫʨʝʤʘʨʢʝʪʘ ʝ 20% ʦʪ 

ʦʙʱʠʷ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʨʘʬʠʢ ʧʨʝʟ 1990 ʛ., ʢʘʪʦ ʪʦʡ ʥʘʤʘʣʷʚʘ ʜʦ 10% ʧʨʝʟ 2010 ʛ. ʠ ʜʦ 15% ʧʨʝʟ 2020 ʛ. 

ʊʝʥʜʝʥʮʠʷʪʘ ʧʨʠ ʧʨʠʜʨʫʞʝʥʠʪʝ Ro-La ʧʨʝʚʦʟʠ ʝ ʟʘ ʫʩʪʦʡʯʠʚʦ ʥʘʤʘʣʝʥʠʝ ʦʪ 18% ʧʨʝʟ 1990 ʛ. ʜʦ 15% ʠ 

5% ʩʲʦʪʚʝʪʥʦ ʧʨʝʟ 2010 ʛ. ʠ 2020 ʛ. ʀʟʚʲʨʰʝʥʘʪʘ ʧʨʝʚʦʟʥʘ ʨʘʙʦʪʘ ʥʘʨʘʩʪʚʘ ʦʪ 18,68 ʤʣʨʜ. tkm ʧʨʝʟ 1990 

ʛ. ʥʘ 42,37 ʤʣʨʜ. tkm ʧʨʝʟ 2010 ʛ. ʜʦ 89,60 ʤʣʨʜ. tkm ʧʨʝʟ 2020 ʛ., ʢʘʪʦ ʧʨʝʟ 1990 ʛ. ʩ ʤʘʢʩʠʤʘʣʝʥ ʜʷʣ 

(35%) ʩʘ ʧʨʝʚʦʟʠʪʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ 300 ʠ 600 km. ʋʚʝʣʠʯʝʥʠʝʪʦ ʧʨʠ ʧʨʝʚʦʟʥʘʪʘ ʨʘʙʦʪʘ ʩʧʨʷʤʦ 

1990 ʛ. ʝ 127% ʧʨʝʟ 2010 ʛ. ʠ 380 % ʧʨʝʟ 2020 ʛ. ʇʨʝʟ 2010 ʛ. ʠ 2020 ʛ. ʧʨʝʦʙʣʘʜʘʚʘʪ ʧʨʝʚʦʟʠʪʝ ʥʘ 

ʨʘʟʩʪʦʷʥʠʝ ʩʲʦʪʚʝʪʥʦ ʤʝʞʜʫ 600 km ʠ 900 km (42%) ʠ ʥʘʜ 900 km (50%). 

ʆʯʘʢʚʘʥʠʷʪʘ ʟʘ ɹʲʣʛʘʨʠʷ ʩʘ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʧʨʝʚʦʟʠʪʝ ʩ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪ. ʇʨʦʛʥʦʟʘʪʘ [2] ʝ 

ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʜʘ ʥʘʨʘʩʥʘʪ ʩ 13% ʢʲʤ 2027 ʛ. ʠ ʩ 21% ʢʲʤ 2034 ʛ. ʩʧʨʷʤʦ ʧʨʝʚʦʟʠʪʝ ʧʨʝʟ 2018 

ʛ. ɿʥʘʯʠʪʝʣʝʥ ʨʲʩʪ ʩʝ ʦʯʘʢʚʘ ʧʨʠ ʢʦʤʙʠʥʠʨʘʥʠʪʝ ʧʨʝʚʦʟʠ, ʢʦʠʪʦ ʩʝ ʪʨʘʥʩʧʦʨʪʠʨʘʪ ʩ ʞʝʣʝʟʦʧʲʪʝʥ 

ʪʨʘʥʩʧʦʨʪ ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʥʟʠʪ, ʠʟʥʦʩ ʠ ʚʥʦʩ ʠ ʤʠʥʠʤʘʣʝʥ ʨʲʩʪ ʧʨʠ ʧʨʝʚʦʟʠʪʝ ʚʲʚ ʚʲʪʨʝʰʥʦ 

ʩʲʦʙʱʝʥʠʝ. ʇʨʦʛʥʦʟʘʪʘ ʝ ʦʪʥʦʩʠʪʝʣʥʠʷ ʜʷʣ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠʷ ʪʨʘʥʩʧʦʨʪ ʜʘ ʜʦʩʪʠʛʥʝ 3,8% ʧʨʝʟ 2027 ʛ. ʠ 

5,8% ʧʨʝʟ 2034 ʛ. ʦʪ ʦʙʱʠʷ ʪʨʘʥʩʧʦʨʪ ʩʨʝʱʫ ʟʘʧʣʘʱʘʥʝ, ʢʘʪʦ ʟʘ ʩʨʘʚʥʝʥʠʝ ʧʨʝʟ 2018 ʛ. ʝ ʙʠʣ 3,7%. ɼʝʣʲʪ 

ʊ. ʅʙʩʫʡʦʧʛ, ʃʦʛʠʩʪʠʯʝʥ ʤʦʜʝʣ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʝʥ ʞʝʣʝʟʦʧʲʪʝʥ ʪʝʨʤʠʥʘʣ 
S. Martinov, Logistics model for handling of intermodal transport units in a multifunctional rail-road terminal 
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ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʠʪʝ ʧʨʝʚʦʟʠ ʩʝ ʦʯʘʢʚʘ ʜʘ ʩʝ ʧʦʢʘʯʠ ʦʪ 7,5% ʧʨʝʟ 2018 ʛ. ʜʦ 12,6% ʧʨʝʟ 2027 ʛ. ʠ ʜʦ 20,9% 

ʧʨʝʟ 2034 ʛ. 

ʇʨʠ ʘʥʘʣʠʟ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ [2, 3] ʝ ʢʦʥʩʪʘʪʠʨʘʥʦ, ʯʝ ʥʷʢʦʠ ʦʪ ʧʨʝʯʢʠʪʝ ʟʘ 

ʨʘʟʚʠʪʠʝ ʠ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪ ʚ ɹʲʣʛʘʨʠʷ ʩʘ ʣʠʧʩʘʪʘ ʥʘ ʨʘʙʦʪʝʱʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʩʪʨʘʥʘʪʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʢʦʥʪʝʡʥʝʨʠ ʠ ʥʝʜʦʩʪʘʪʲʯʥʠʷ ʙʨʦʡ 

ʜʝʡʩʪʚʘʱʠ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʠ ʞʝʣʝʟʦʧʲʪʥʦ-ʘʚʪʦʤʦʙʠʣʥʠ. ʏʘʩʪ ʦʪ ʧʨʝʜʣʦʞʝʥʠʷʪʘ, 

ʩʚʲʨʟʘʥʠ ʩ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʨʘʟʚʠʪʠʝ ʠ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʩʘ 

ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ ʠ ʞʝʣʝʟʦʧʲʪʥʦ-ʘʚʪʦʤʦʙʠʣʥʠ 

ʪʝʨʤʠʥʘʣʠ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʪʨʘʥʩʧʦʨʪʥʠ ʩʨʝʜʩʪʚʘ ʠ ʪʦʚʘʨʠ. 

ʄʨʝʞʘʪʘ ʦʪ ʬʫʥʢʮʠʦʥʠʨʘʱʠ ʥʘʟʝʤʥʠ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ ʚ ɹʲʣʛʘʨʠʷ ʢʲʤ ʤʦʤʝʥʪʘ ʥʝ ʝ 

ʜʦʩʪʘʪʲʯʥʦ ʨʘʟʚʠʪʘ. ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʪʦʚʘʨʥʠ ʛʘʨʠ ʠ ʞʝʣʝʟʦʧʲʪʥʠ ʪʝʨʤʠʥʘʣʠ ʚ ɹʲʣʛʘʨʠʷ 

ʩʘ ʠʟʛʨʘʜʝʥʠ ʧʨʝʜʠ ʰʠʨʦʢʦʪʦ ʥʘʚʣʠʟʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʧʨʝʟ 90-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ. 

ʇʦʨʘʜʠ ʪʦʚʘ, ʪʝ ʥʝ ʧʨʝʜʦʩʪʘʚʷʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʠʤʘʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʪʝ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ. 

ʏʘʩʪ ʦʪ ʠʟʛʨʘʜʝʥʠʪʝ ʧʨʝʟ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ ʢʦʥʪʝʡʥʝʨʥʠ ʪʝʨʤʠʥʘʣʠ ʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠʣʠ ʥʝ ʬʫʥʢʮʠʦʥʠʨʘʪ. ʂʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʚ ɹʲʣʛʘʨʠʷ ʬʫʥʢʮʠʦʥʠʨʘʪ ʥʘʟʝʤʥʠ 

ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ ʚ ʉʪʘʨʘ ɿʘʛʦʨʘ ʠ ʚ ʙʣʠʟʦʩʪ ʜʦ ʇʣʦʚʜʠʚ. ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ 

ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ ʩʲʱʝʩʪʚʫʚʘ ʠ ʚ ʪʝʨʤʠʥʘʣ ɼʦʣʥʦ ɽʟʝʨʦʚʦ ï ɹʫʨʛʘʩ. ʇʨʦʝʢʪʠʨʘʥʠʷʪ ʠ 

ʠʟʛʨʘʜʝʥ Ro-La ʪʝʨʤʠʥʘʣ ʚ ɼʨʘʛʦʤʘʥ ʥʝ ʬʫʥʢʮʠʦʥʠʨʘ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠ ʚ ʤʦʤʝʥʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ 

ʢʦʥʪʝʡʥʝʨʝʥ ʪʝʨʤʠʥʘʣ. 

ʅʝʜʦʩʪʘʪʲʯʥʦ ʨʘʟʚʠʪʘʪʘ ʤʨʝʞʘ ʦʪ ʥʘʟʝʤʥʠ, ʦʙʩʣʫʞʚʘʥʠ ʦʪ ʞʝʣʝʟʦʧʲʪʝʥ ʠ ʘʚʪʦʤʦʙʠʣʝʥ ʪʨʘʥʩʧʦʨʪ, 

ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ ʚ ɹʲʣʛʘʨʠʷ ʢʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʠ ʩʠʪʫʠʨʘʥʝʪʦ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ 

ʪʝʨʤʠʥʘʣʠ ʚ ʶʞʥʘʪʘ ʯʘʩʪ ʥʘ ʩʪʨʘʥʘʪʘ ʝ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʚʲʟʧʨʝʧʷʪʩʪʚʘʥʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ. ɺʲʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʟʘ ʢʦʤʧʝʥʩʠʨʘʥʝ ʥʘ ʣʠʧʩʘʪʘ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ 

ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ ʚ ʨʘʟʣʠʯʥʠ ʯʘʩʪʠ ʦʪ ʩʪʨʘʥʘʪʘ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʩʲʱʝʩʪʚʫʚʘʱʠ ʪʦʚʘʨʥʠ ʛʘʨʠ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʚ ʪʷʭ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ï 

ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ, ʩʤʝʥʷʝʤʠ ʥʘʜʩʪʨʦʡʢʠ ʠʣʠ ʠʥʪʝʨʤʦʜʘʣʥʠ ʧʦʣʫʨʝʤʘʨʢʝʪʘ. ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ 

ʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʨʦʫʯʘʪ ʪʝʭʥʠʯʝʩʢʠʪʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʫʩʣʦʚʠʷʪʘ, ʢʦʠʪʦ 

ʧʨʝʜʣʘʛʘ ʩʲʦʪʚʝʪʥʘ ʪʦʚʘʨʥʘ ʛʘʨʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʘ ʠ ʩʢʣʘʜʦʚʘ ʜʝʡʥʦʩʪ, ʩʚʲʨʟʘʥʘ ʩ 

ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ. 

ɺ ʜʦʢʣʘʜʘ ʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ, ʩʚʲʨʟʘʥʠ ʩ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʠ ʩʢʣʘʜʠʨʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ʚ 

ʥʝʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʟʘ ʠʥʪʝʨʤʦʜʘʣʥʠ ʧʨʝʚʦʟʠ, ʞʝʣʝʟʦʧʲʪʥʦ-ʘʚʪʦʤʦʙʠʣʥʠ ʪʝʨʤʠʥʘʣʠ [4]. 

ʄɽʊʆɼʀʂɸ ʅɸ ʀɿʉʃɽɼɺɸʅɽ 

ʇʨʝʜʣʦʞʝʥʘ ʝ ʤʝʪʦʜʠʢʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʚ ʪʦʚʘʨʥʘ ʛʘʨʘ ʠʣʠ ʞʝʣʝʟʦʧʲʪʥʦ-

ʘʚʪʦʤʦʙʠʣʝʥ ʪʝʨʤʠʥʘʣ ʟʘ ʦʙʱʦ ʧʦʣʟʚʘʥʝ ʜʘ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ (ʀʊɽ). 

ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʣʦʛʠʩʪʠʯʝʥ ʤʦʜʝʣ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ 

ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ, ʢʦʝʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʝʪʘʧʠ: 

ɽʪʘʧ 1. ʇʨʦʫʯʚʘʥʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʪʝʨʤʠʥʘʣʘ. ɺ ʪʦʟʠ ʝʪʘʧ ʩʝ ʠʟʚʲʨʰʚʘ 

ʧʨʦʫʯʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʪʝʭʥʠʯʝʩʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ [5, 6] ʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʞʝʣʝʟʦʧʲʪʥʠʷ 

ʪʝʨʤʠʥʘʣ ï ʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ. ʇʨʦʫʯʚʘʥʝʪʦ ʝ ʥʘʩʦʯʝʥʦ ʢʲʤ: 

ï ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ ʪʝʨʤʠʥʘʣʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ï ʨʘʟʤʝʨʠ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʩʢʣʘʜʦʚʠʪʝ ʠ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʟʦʥʠ; ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʧʦʣʘʛʘʥʝ ʠ 

ʧʦʜʨʝʞʜʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ ʚʲʨʭʫ ʩʢʣʘʜʦʚʠʪʝ ʧʣʦʱʘʜʢʠ; ʙʨʦʡ, ʚʠʜ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʤʘʰʠʥʠ; ʘʚʪʦʤʦʙʠʣʥʠ ʧʦʜʭʦʜʠ ʠ ʜʨ.; 

ï ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʞʝʣʝʟʦʧʲʪʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ï ʢʦʣʦʚʦʟʥʦ ʨʘʟʚʠʪʠʝ ʥʘ 

ʪʦʚʘʨʥʘʪʘ ʛʘʨʘ; ʙʨʦʡ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʧʦʣʝʟʥʘ ʜʲʣʞʠʥʘ ʥʘ ʢʦʣʦʚʦʟʠʪʝ ï ʪʦʚʘʨʥʠ, ʛʘʨʘʞʥʠ, ʤʘʥʝʚʨʝʥʠ, 

ʠʟʪʝʛʣʠʪʝʣʥʠ ʠʣʠ ʜʨ.; 

ï ʧʨʦʫʯʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʤʘʥʝʚʨʝʥʘʪʘ ʜʝʡʥʦʩʪ ʚ ʪʦʚʘʨʥʘʪʘ ʛʘʨʘ ʠ ʩʚʲʨʟʘʥʠʪʝ 

ʩ ʥʝʷ ʪʝʭʥʦʣʦʛʠʯʥʠ ʚʨʝʤʝʥʘ ʟʘ ʧʦʜʘʚʘʥʝ ʠ ʠʟʪʝʛʣʷʥʝ ʥʘ ʚʘʛʦʥʠʪʝ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʘ 

ʜʝʡʥʦʩʪ ʠ ʜʨ. 

ɽʪʘʧ 2. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʤʦʜʝʣ ʥʘ ʪʦʚʘʨʦʧʦʪʦʮʠʪʝ ʧʨʝʟ ʪʝʨʤʠʥʘʣʘ. ʎʝʣʪʘ ʥʘ ʪʦʟʠ ʝʪʘʧ ʝ ʜʘ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʦʩʥʦʚʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʦʚʘʨʦʧʦʪʦʮʠʪʝ ʦʪ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ, ʢʦʠʪʦ 

ʱʝ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ ʚ ʪʝʨʤʠʥʘʣʘ. ʊʦʚʘʨʦʧʦʪʦʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʧʦ ʧʦʜʭʦʜʷʱ ʥʘʯʠʥ ʩʧʦʨʝʜ 

ʝʜʠʥ ʠʣʠ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʥʷʢʦʣʢʦ ʧʘʨʘʤʝʪʨʠ ï ʚʠʜ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ 

(ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ, ʩʤʝʥʷʝʤʠ ʥʘʜʩʪʨʦʡʢʠ, ʧʦʣʫʨʝʤʘʨʢʝʪʘ), ʜʲʣʞʠʥʘ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ 

ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ, ʩʲʩʪʦʷʥʠʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ (ʟʘʧʲʣʥʝʥʠ ʩ ʪʦʚʘʨ ʠʣʠ 
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ʧʨʘʟʥʠ), ʪʦʚʘʨʦʜʘʪʝʣ, ʚʠʜ ʥʘ ʪʦʚʘʨʘ, ʦʯʘʢʚʘʥ ʧʝʨʠʦʜ ʥʘ ʧʨʝʩʪʦʡ ʚʲʨʭʫ ʩʢʣʘʜʦʚʘʪʘ ʟʦʥʘ, ʤʝʩʪʥʠ ʠʣʠ 

ʪʨʘʥʟʠʪʥʠ ʪʦʚʘʨʠ ʠʣʠ ʜʨ. 

ɽʪʘʧ 3. ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʥ ʤʦʜʝʣ. ʄʘʪʝʤʘʪʠʯʥʠʷʪ ʤʦʜʝʣ ʥʘ ʨʘʙʦʪʘ ʥʘ ʪʝʨʤʠʥʘʣʘ 

ʦʪʨʘʟʷʚʘ ʦʪʥʦʰʝʥʠʷʪʘ ʤʝʞʜʫ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʝʨʤʠʥʘʣʘ. ɿʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʥ 

ʤʦʜʝʣ, ʦʪʨʘʟʷʚʘʱ ʧʨʦʮʝʩʠʪʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʪʝʨʤʠʥʘʣʘ ʝ ʥʝʦʙʭʦʜʠʤʦ, ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʦʛʨʘʥʠʯʠʪʝʣʥʠ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʨʘʙʦʪʘʪʘ ʤʫ. ʄʦʜʝʣʲʪ ʪʨʷʙʚʘ ʜʘ ʝ 

ʧʦʜʯʠʥʝʥ ʥʘ ʘʣʛʦʨʠʪʲʤ, ʦʧʠʩʚʘʱ ʣʦʛʠʯʝʩʢʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ. ʄʦʜʝʣʲʪ ʟʘ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʪʝʨʤʠʥʘʣʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʜʚʘ ʪʠʧʘ ʧʘʨʘʤʝʪʨʠ: ʧʦʩʪʦʷʥʥʠ ʧʘʨʘʤʝʪʨʠ, 

ʢʦʡʪʦ ʩʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʟʘ ʪʝʨʤʠʥʘʣʘ ʠ ʚʲʨʭʫ ʢʦʠʪʦ ʥʝ ʤʦʞʝ ʩʝ ʚʣʠʷʝ ʠ ʧʨʦʤʝʥʣʠʚʠ ʧʘʨʘʤʝʪʨʠ ʚʲʨʭʫ 

ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʣʠʷʝ. 

ɽʪʘʧ 4. ʀʟʯʠʩʣʠʪʝʣʥʘ ʯʘʩʪ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʥ ʤʦʜʝʣ ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʚʝʣʠʯʠʥʠ. 

ʄʘʪʝʤʘʪʠʯʝʥ ʤʦʜʝʣ 

ʇʨʝʜʣʦʞʝʥʠʷʪ ʤʦʜʝʣ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʚ ʪʦʚʘʨʥʘ ʛʘʨʘ ʜʘ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ ʀʊɽ 

ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʝʨʤʠʥʘʣʘ: ʧʨʝʨʘʙʦʪʚʘʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ; ʥʝʦʙʭʦʜʠʤʠʷʪ 

ʙʨʦʡ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʤʘʰʠʥʠ; ʥʝʦʙʭʦʜʠʤʘʪʘ ʚʤʝʩʪʠʤʦʩʪ ʥʘ ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ; ʧʨʝʩʪʦʡ ʥʘ ʧʨʝʚʦʟʥʠʪʝ 

ʩʨʝʜʩʪʚʘ ʟʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʦʧʝʨʘʮʠʠ ʠ ʜʨ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʤʘʰʠʥʠ 

ʆʮʝʥʷʚʘʥʝʪʦ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʀʊɽ ʚ ʪʝʨʤʠʥʘʣʘ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʙʨʦʡʥʘʪʘ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʤʘʰʠʥʠʪʝ, ʦʧʨʝʜʝʣʝʥʘ ʧʦ: 
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ʢʲʜʝʪʦ: 
,ɽ ɼʀʈʇ  ʠ 

,ɽ ʀʅɼʇ  ʩʘ ʩʨʝʜʥʠʪʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʠ ʥʘ ʪʦʚʘʨʥʦ-

ʨʘʟʪʦʚʘʨʥʘʪʘ ʤʘʰʠʥʘ ʩʲʦʪʚʝʪʥʦ ʧʨʠ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʪʦʚʘʨʠ, ʙʨ./h; 
,ʎ ɼʀʈʊ  ʠ 

,ʎ ʀʅɼʊ  ï ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʝʨʠʦʜʘ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʝʜʥʘ ʀʊɽ ʚ ʪʝʨʤʠʥʘʣʘ 

ʧʨʠ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ, min; ɺʈK  ï ʢʦʝʬʠʮʠʝʥʪʲʪ, ʦʪʯʠʪʘʱ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʤʘʰʠʥʘʪʘ ʧʦ ʚʨʝʤʝ ( )0 1ɺʈK< ¢, ʢʦʝʬ. 

ʉʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʝʨʠʦʜʘ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʝʜʥʘ ʀʊɽ ʚʢʣʶʯʚʘ: 

ï ʧʨʠ ʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʤʝʩʪʥʠ ʀʊɽ ï ʧʝʨʠʦʜʲʪ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʧʨʝʪʦʚʘʨʚʘʥʝ ʥʘ ʝʜʥʘ ʀʊɽ ʦʪ 

ʚʘʛʦʥ ʥʘ ʘʚʪʦʤʦʙʠʣ ʠʣʠ ʦʙʨʘʪʥʦ; 

ï ʧʨʠ ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʤʝʩʪʥʠ ʀʊɽ ï ʩʫʤʘʨʥʠʷʪ ʧʝʨʠʦʜ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ 

ʝʜʥʘ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪʠʪʝ Ăʚʘʛʦʥ ï ʩʢʣʘʜñ ʠ Ăʩʢʣʘʜ ï ʘʚʪʦʤʦʙʠʣñ ʠʣʠ ʦʙʨʘʪʥʦ; 

ï ʧʨʠ ʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʪʨʘʥʟʠʪʥʠ ʀʊɽ ï ʧʝʨʠʦʜʲʪ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʧʨʝʪʦʚʘʨʚʘʥʝ ʥʘ ʝʜʥʘ 

ʀʊɽ ʦʪ ʚʘʛʦʥ ʥʘ ʚʘʛʦʥ; 

ï ʧʨʠ ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʪʨʘʥʟʠʪʥʠ ʀʊɽ ï ʩʫʤʠʪʝ ʦʪ ʧʝʨʠʦʜʠʪʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ 

ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʝʜʥʘ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪʠʪʝ Ăʚʘʛʦʥ ï ʩʢʣʘʜñ ʠ Ăʩʢʣʘʜ ï ʚʘʛʦʥñ. 

ɺ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 
, ( )ʎ ɼʀʈ ʀʅɼʊ  ʩʝ ʚʢʣʶʯʚʘ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʦʧʝʨʘʮʠʠ, 

ʠʟʚʲʨʰʚʘʥʠ ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʀʊɽ ʧʨʠ ʩʢʣʘʜʠʨʘʥʝ (ʪ. ʥʘʨ. Ăʜʚʦʡʥʠ ʦʧʝʨʘʮʠʠñ). 

ʉʨʝʜʥʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʝʜʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʘ ʤʘʰʠʥʘ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ: 

 

, , ,

.
. . , ,ɽ ʉʈ ɽ ɼʀʈ ɼʀʈ ɽ ʀʅɼ ʀʅɼ

ʙʨ
ʇ ʇ ʂ ʇ ʂ

h
= +                                             (2) 

 

ʢʲʜʝʪʦ: 
ɼʀʈʂ  ʠ 

ʀʅɼʂ  ʩʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ, ʦʪʨʘʟʷʚʘʱʠ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʠʪʝ ʀʊɽ 

ʚ ʪʝʨʤʠʥʘʣʘ ( ), 0, 1ɼʀʈ ʀʅɼ ɼʀʈ ʀʅɼʂ ʂ ʂ ʂ² + =, ʢʦʝʬ. 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʷ ʙʨʦʡ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʤʘʰʠʥʠ 

ɿʘ ʪʝʨʤʠʥʘʣʠ ʚ ʢʦʠʪʦ ʤʘʥʠʧʫʣʠʨʘʥʝʪʦ ʥʘ ʀʊɽ ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʝʜʥʦʪʠʧʥʠ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ 

ʤʘʰʠʥʠ ʩ ʝʜʥʘʢʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ, ʤʠʥʠʤʘʣʥʠʷʪ ʙʨʦʡ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʤʘʰʠʥʠ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ: 
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min 1
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, .,
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ʄ
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N ʙʨ
ʊ K

==
ä

                                                                         (3) 

ʢʲʜʝʪʦ: 
min

ʄN  ʝ ʤʠʥʠʤʘʣʥʠʷ ʙʨʦʡ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʤʘʰʠʥʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ 

ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʠ ʩʢʣʘʜʦʚʠ ʜʝʡʥʦʩʪʠ ʚ ʪʝʨʤʠʥʘʣʘ, ʙʨ.; mN  ʝ ʙʨʦʷʪ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ 

ʝʜʠʥʠʮʠ ʤʘʥʠʧʫʣʠʨʘʥʠ ʚ ʪʝʨʤʠʥʘʣʘ ʧʦ m-ʪʠ ʪʝʭʥʦʣʦʛʠʯʝʥ ʚʘʨʠʘʥʪ ʟʘ ʝʜʥʦ ʜʝʥʦʥʦʱʠʝ (m = 1, 2,...., M), 

ʙʨ./ʜʝʥʦʥ.; M  ï ʙʨʦʡ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʀʊɽ ʚ ʪʝʨʤʠʥʘʣʘ, ʙʨ.; mT  ï 

ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʝʨʠʦʜʘ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʝʜʥʘ ʀʊɽ ʧʦ m-ʪʠ ʪʝʭʥʦʣʦʛʠʯʝʥ 

ʚʘʨʠʘʥʪ ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʪʦ ʚʨʝʤʝ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʜʚʦʡʥʠ ʦʧʝʨʘʮʠʠ, min; ɸʊ  ï 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʧʝʨʠʦʜʘ ʧʨʝʟ ʢʦʡʪʦ ʪʝʨʤʠʥʘʣʘ ʨʘʙʦʪʠ ʚ ʜʝʥʦʥʦʱʠʝʪʦ ʠ ʩʝ ʠʟʚʲʨʰʚʘ ʪʦʚʘʨʥʦ-

ʨʘʟʪʦʚʘʨʥʘ ʠ ʩʢʣʘʜʦʚʘ ʜʝʡʥʦʩʪ, h. 

 

0 24, .AT h< ¢                                                                                (4) 

 

ɸʢʦ ʧʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ ʥʝʦʙʭʦʜʠʤʠʷ ʤʠʥʠʤʘʣʝʥ ʙʨʦʡ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʤʘʰʠʥʠ ʥʝ ʝ 

ʮʷʣʦ ʯʠʩʣʦ ʩʝ ʧʨʠʝʤʘ ʥʘʡ-ʙʣʠʟʢʘʪʘ ʧʦ-ʛʦʣʷʤʘ ʮʝʣʦʯʠʩʣʝʥʘ ʩʪʦʡʥʦʩʪ: 

( )min 1, .ʄ ʄN N ʙʨ ʮʷʣʦʯʠʩʣʦ² ²                                                           (5) 

ɹʨʦʷʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʀʊɽ ʚ 

ʪʝʨʤʠʥʘʣʘ ʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʪʦʚʘʨʦʧʦʪʦʢʘ. ʊʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ: 

ï ʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʤʝʩʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʘʚʪʦʤʦʙʠʣò ʠʣʠ Ăʘʚʪʦʤʦʙʠʣ ï ʚʘʛʦʥò; 

ï ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʤʝʩʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʩʢʣʘʜò, Ăʩʢʣʘʜ ï ʚʘʛʦʥò, Ăʘʚʪʦʤʦʙʠʣ 

ïʩʢʣʘʜò ʠʣʠ Ăʩʢʣʘʜ ï ʘʚʪʦʤʦʙʠʣò; 

ï ʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʪʨʘʥʟʠʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʚʘʛʦʥò; 

ï ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʪʨʘʥʟʠʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʩʢʣʘʜ ï ʚʘʛʦʥò;  

ï ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʤʝʩʪʥʠ ʀʊɽ ʤʝʞʜʫ ʜʚʝ ʩʢʣʘʜʦʚʠ ʟʦʥʠ ʚ ʪʝʨʤʠʥʘʣʘ ʠʣʠ ʜʨ. 

ʊʝʨʤʠʥʘʣʠ ʚ ʢʦʠʪʦ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʀʊɽ ʩʝ ʠʟʧʦʣʟʚʘʪ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʤʘʰʠʥʠ ʦʪ ʨʘʟʣʠʯʝʥ 

ʚʠʜ ʠʣʠ ʩ ʨʘʟʣʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʠ ʥʝʦʙʭʦʜʠʤʠʷ ʙʨʦʡ ʤʘʰʠʥʠ ʩʝ ʦʧʨʝʜʝʣʷ 

ʦʪʜʝʣʥʦ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʤʘʰʠʥʠ, ʢʘʪʦ ʩʝ ʦʪʯʝʪʘʪ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʢʦʠʪʦ ʩʝ ʦʙʩʣʫʞʚʘʪ ʦʪ 

ʤʘʰʠʥʘʪʘ. 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʩʢʣʘʜʦʚʘ ʚʤʝʩʪʠʤʦʩʪ 

ʆʙʱʘʪʘ ʥʝʦʙʭʦʜʠʤʘ ʚʤʝʩʪʠʤʦʩʪ ʥʘ ʩʢʣʘʜʦʚʘʪʘ ʟʦʥʘ ʥʘ ʪʝʨʤʠʥʘʣʘ ( ), .ʂɽ ʙʨ ʩʝ ʬʦʨʤʠʨʘ ʦʪ ʤʝʩʪʘʪʘ, 

ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʛʨʫʧʠ ʀʊɽ, ʧʨʝʩʪʦʷʚʘʱʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʚʲʨʭʫ ʩʢʣʘʜʦʚʘʪʘ 

ʟʦʥʘ: 

1

, .,
R

K r

r

ɽ E ʙʨ
=

=ä                                                                            (6) 

 

ʢʲʜʝʪʦ: rE  ʝ ʥʝʦʙʭʦʜʠʤʘʪʘ ʚʤʝʩʪʠʤʦʩʪ ʥʘ ʩʢʣʘʜʦʚʘʪʘ ʟʦʥʘ ʟʘ ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ ʀʊɽ ʦʪ r-ʪʘ ʛʨʫʧʘ, ʙʨ.; 

R  ï ʙʨʦʷʪ ʥʘ ʛʨʫʧʠʪʝ ʀʊɽ, ʦʙʨʘʙʦʪʚʘʥʠ ʚ ʪʝʨʤʠʥʘʣʘ ʠʥʜʠʨʝʢʪʥʦ ʠ ʧʨʝʩʪʦʷʚʘʱʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʚʲʨʭʫ 

ʩʢʣʘʜʦʚʘʪʘ ʟʦʥʘ, ʙʨ. 

ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ rɽ  ʩʝ ʠʟʚʲʨʰʚʘ, ʢʘʪʦ ʩʝ ʦʪʯʠʪʘʪ ʦʩʦʙʝʥʦʩʪʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ 

ʢʦʥʢʨʝʪʥʘʪʘ r-ʪʘ ʛʨʫʧʘ ʀʊɽ ʧʦ: 

 

. . , .,r r r rE N T ʙʨm=                                                                            (7) 

 

ʢʲʜʝʪʦ: rN  ʝ ʩʨʝʜʥʦʜʝʥʦʥʦʱʥʠʷʪ ʙʨʦʡ ʀʊɽ ʦʪ r-ʪʘ ʛʨʫʧʘ, ʢʦʠʪʦ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ ʠʥʜʠʨʝʢʪʥʦ ʠ 

ʧʨʝʩʪʦʷʚʘʪ ʚʲʨʭʫ ʩʢʣʘʜʦʚʘʪʘ ʟʦʥʘ ʥʘ ʪʝʨʤʠʥʘʣʘ, ʙʨ./ʜʝʥʦʥ.; rT  ï ʩʨʝʜʥʦʜʝʥʦʥʦʱʥʠʷʪ ʧʨʝʩʪʦʡ ʥʘ ʝʜʥʘ 

ʀʊɽ ʦʪ r-ʪʘ ʛʨʫʧʘ ʚ ʩʢʣʘʜʦʚʘʪʘ ʟʦʥʘ ʥʘ ʪʝʨʤʠʥʘʣʘ, ʜʝʥʦʥ.; rm  ï ʢʦʝʬʠʮʠʝʥʪʲʪ, ʦʪʯʠʪʘʱ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʪʘ ʥʘ ʪʦʚʘʨʦʧʦʪʦʮʠʪʝ ʦʪ r-ʪʘ ʛʨʫʧʘ ʀʊɽ (ʨʝʟʝʨʚ ʦʪ ʤʝʩʪʘ ʚʲʨʭʫ ʩʢʣʘʜʦʚʘʪʘ ʟʦʥʘ) ( )1rm²

, ʢʦʝʬ. 
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ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʨʝʩʪʦʷ ʥʘ ʚʣʘʢʦʚʝʪʝ ʟʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʦʧʝʨʘʮʠʠ 

ʉʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ [7] ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ: 

 

1 1 2 2 4 4 5 5. . . 2. .
, ,

60. .
ɺ ɺʃ

ʄ ɺʃ

N T N T N T N T
ʊ h

N N

+ + +
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ʢʲʜʝʪʦ: ɺʊ  ʝ ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ ʚ ʪʝʨʤʠʥʘʣʘ, h; ɺʃN  ï ʙʨʦʷʪ ʥʘ 

ʚʣʘʢʦʚʝʪʝ, ʦʙʩʣʫʞʚʘʱʠ ʪʝʨʤʠʥʘʣʘ ʧʨʝʟ ʜʝʥʦʥʦʱʠʝʪʦ, ʙʨ.; 
ɺʃ

ʄN  ï ʙʨʦʡ ʥʘ ʊʈʄ ʦʙʩʣʫʞʚʘʱʠ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʝʜʠʥ ʚʣʘʢ, ʙʨ.  

ɹʨʦʷʪ ʥʘ ʚʣʘʢʦʚʝʪʝ ʠʣʠ ʛʨʫʧʠʪʝ ʚʘʛʦʥʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʦʙʩʣʫʞʘʪ ʚ ʪʝʨʤʠʥʘʣʘ ʧʨʝʟ ʧʝʨʠʦʜ ɸʊ  ʩʝ 

ʦʧʨʝʜʝʣʷ ʦʪ: 

1, ., ( )ɺʃN ʙʨ ʮʷʣʦʯʠʩʣʦ²                                                                      (9) 
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ʢʲʜʝʪʦ: 
ʅ

ɺɸɻN  ʝ ʦʙʱʠʷʪ, ʥʝʦʙʭʦʜʠʤ ʙʨʦʡ ʥʘ ʚʘʛʦʥʠʪʝ ʦʪ ʩʲʩʪʘʚʘ ʥʘ ʚʩʠʯʢʠ ʚʣʘʢʦʚʝ, ʦʩʠʛʫʨʷʚʘʱ 

ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ ʀʊɽ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʚ ʪʝʨʤʠʥʘʣʘ ʧʨʝʟ ʜʝʥʦʥʦʱʠʝʪʦ, ʙʨ.; ɺɸɻn  ï ʩʨʝʜʥʠʷʪ 

ʙʨʦʡ ʥʘ ʚʘʛʦʥʠʪʝ ʚ ʝʜʠʥ ʚʣʘʢ, ʙʨ.; ɺɸɻK  ï ʢʦʝʬʠʮʠʝʥʪ, ʦʪʯʠʪʘʱ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʨʘʟʥʠ ʚʘʛʦʥʠ ʚ ʩʲʩʪʘʚʘ ʥʘ 

ʚʣʘʢʦʚʝʪʝ, ʢʦʝʬ. ( )1ɺɸɻK ² ; ɺʊ  ï ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ ʚ ʪʝʨʤʠʥʘʣʘ, h; 

ʄɸʅʊ  ï ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʧʦʜʘʚʘʥʝ ʠ ʠʟʚʘʞʜʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ ʥʘ ʠ ʦʪ ʪʦʚʘʨʥʦ-

ʨʘʟʪʦʚʘʨʥʠʪʝ ʢʦʣʦʚʦʟʠ ʚ ʪʝʨʤʠʥʘʣʘ (ʧʝʨʠʦʜ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʤʘʥʝʚʨʘ), h; 
ɽɼʅN  ï ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʡ ʥʘ 

ʚʣʘʢʦʚʝʪʝ (ʛʨʫʧʠʪʝ ʚʘʛʦʥʠ), ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʩʣʫʞʚʘʥʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʝʨʤʠʥʘʣʘ, ʙʨ. 

ɽʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʚʣʘʢʦʚʝ ʚ ʪʝʨʤʠʥʘʣʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʝʜʥʦʚʨʝʤʝʥʥʦ 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʘ ʜʝʡʥʦʩʪ ʥʘ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʠʥʪʝʨʤʦʜʘʣʝʥ ʚʣʘʢ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʝʪʦ: 

 

, .ʄ ɽɼʅN N ʙʨ²                                                                             (12) 

 

ʆʛʨʘʥʠʯʝʥʠʝʪʦ ʟʘ ʤʘʢʩʠʤʘʣʥʠʷ ʙʨʦʡ ʥʘ ʚʘʛʦʥʠʪʝ ( ), .MAX

ɺɸɻn ʙʨʚ ʝʜʠʥ ʚʣʘʢ (ʛʨʫʧʘ ʚʘʛʦʥʠ) ʧʦʜʘʚʘʥ ʥʘ 

ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʢʦʣʦʚʦʟʠ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 
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ʢʲʜʝʪʦ: ʂʆʃL  ʝ ʝʬʝʢʪʠʚʥʘʪʘ ʧʦʣʝʟʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʪʦʚʘʨʥʠʷ ʢʦʣʦʚʦʟ, m; ɺɸɻL  ï ʩʨʝʜʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ 

ʝʜʠʥ ʚʘʛʦʥ (ʜʲʣʞʠʥʘ ʥʘ ʫʩʣʦʚʝʥ ʚʘʛʦʥ), m. 

ʉʪʦʡʥʦʩʪʪʘ ʥʘ 
ʅ

ɺɸɻN  ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ: 
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ʢʲʜʝʪʦ: 
20 30 40, ,N N N  ʠ 

45N  ʝ ʩʲʦʪʚʝʪʥʦ ʙʨʦʷ ʥʘ 20ô, 30ô, 40ô ʠ 45ô ʀʊɽ, ʤʘʥʠʧʫʣʠʨʘʥʠ ʚ ʪʝʨʤʠʥʘʣʘ 

ʧʨʝʟ ʜʝʥʦʥʦʱʠʝʪʦ, ʙʨ.; 
,20ɺɸɻn  ʠ 

,30ɺɸɻn  ï ʙʨʦʷʪ ʥʘ 20ô ʠ 30ô ʀʊɽ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʦʣʦʞʘʪ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʚʲʨʭʫ ʝʜʠʥ ʚʘʛʦʥ, ʙʨ. 

ʃʆɻʀʉʊʀʏɽʅ ʄʆɼɽʃ 

ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʪʝʨʤʠʥʘʣʘ ʚ ɼʦʣʥʦ ɽʟʝʨʦʚʦ ʜʘ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ ʛʦʣʷʤʦʪʦʥʘʞʥʠ 

ʢʦʥʪʝʡʥʝʨʠ ʝ ʠʟʚʲʨʰʝʥʦ ʧʨʦʫʯʚʘʥʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʫʩʣʦʚʠʷ ʚ ʪʝʨʤʠʥʘʣʘ ʠ ʝ ʨʘʟʨʘʙʦʪʝʥ ʣʦʛʠʩʪʠʯʝʥ 

ʤʦʜʝʣ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʠʪʝ. ʇʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʧʨʦʫʯʚʘʥʝʪʦ 

ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʚʦʙʦʜʥʦʜʦʩʪʲʧʥʠ ʠʟʪʦʯʥʠʮʠ ʥʘ ʠʥʬʦʨʤʘʮʠʷ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʫʩʣʦʚʠʷ 

ʊʝʨʤʠʥʘʣ ɼʦʣʥʦ ɽʟʝʨʦʚʦ (ʬʠʛ. 1) ʝ ʤʫʣʪʠʬʫʥʢʮʠʦʥʘʣʝʥ ʞʝʣʝʟʦʧʲʪʥʦ-ʘʚʪʦʤʦʙʠʣʝʥ ʪʝʨʤʠʥʘʣ, 

ʨʘʟʧʦʣʦʞʝʥ ʚ ʙʣʠʟʦʩʪ ʜʦ ɹʫʨʛʘʩ. ʊʝʨʤʠʥʘʣʲʪ ʝ ʩʦʙʩʪʚʝʥʦʩʪ ʥʘ Ăɼʝʩʧʨʝʜñ ɸɼ. ʉʚʲʨʟʘʥ ʝ ʢʲʤ 

ʞʝʣʝʟʦʧʲʪʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʣʠʥʠʷʪʘ ʇʣʦʚʜʠʚ ï ʂʘʨʥʦʙʘʪ ï ɹʫʨʛʘʩ ʯʨʝʟ ʦʙʩʣʫʞʚʘʱʘ ʛʘʨʘ ɼʦʣʥʦ 

ɽʟʝʨʦʚʦ. ʊʝʨʤʠʥʘʣʲʪ ʨʘʟʧʦʣʘʛʘ ʩ ʦʪʢʨʠʪʠ ʠ ʟʘʢʨʠʪʠ ʩʢʣʘʜʦʚʠ ʧʣʦʱʘʜʢʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʛʝʥʝʨʘʣʥʠ 

ʪʦʚʘʨʠ ʠ ʯʝʪʠʨʠ ʝʜʥʦʩʪʨʘʥʥʦ ʩʚʲʨʟʘʥʠ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʢʦʣʦʚʦʟʘ. ʂʦʣʦʚʦʟʠʪʝ ʩʘ ʦʙʦʩʦʙʝʥʠ ʚ ʜʚʝ 

ʛʨʫʧʠ ʧʦ ʜʚʘ ʢʦʣʦʚʦʟʘ ʥʘ ʜʚʝʪʝ ʩʢʣʘʜʦʚʠ ʧʣʦʱʘʜʢʠ (ʩʢʣʘʜ 1 ʠ 2), ʢʦʠʪʦ ʩʝ ʦʙʩʣʫʞʚʘʪ ʩʲʦʪʚʝʪʥʦ ʦʪ 

ʨʝʣʩʦʚʠ ʝʣʝʢʪʨʠʯʝʩʢʠ ʢʦʟʣʦʚʠ ʢʨʘʥʦʚʝ ʩ ʪʦʚʘʨʦʧʦʜʝʤʥʦʩʪ 12 t ʠ 32 t. ʊʝʨʤʠʥʘʣʲʪ ʨʘʟʧʦʣʘʛʘ ʩ ʤʦʙʠʣʝʥ 

ʪʦʚʘʨʘʯ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ 20 ʠ 40 ʬʫʪʦʚʠ ʢʦʥʪʝʡʥʝʨʠ [2, 3, 8]. ʈʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʦʣʦʚʦʟʠʪʝ 

ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ ʧʨʝʪʦʚʘʨʚʘʥʝ ʥʘ ʤʝʩʪʥʠ ʠ ʪʨʘʥʟʠʪʥʠ ʠʥʪʝʨʤʦʜʘʣʥʠ 

ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ. 

ʈʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ ʚ ʪʝʨʤʠʥʘʣ ɼʦʣʥʦ ɽʟʝʨʦʚʦ ʝ ʧʦʩʦʯʝʥʦ ʥʘ ʬʠʛ. 1 [2]. ʋʩʣʦʚʥʦ 

ʥʦʤʝʨʠʨʘʥʠʪʝ ʩʢʣʘʜ 1 ʠ ʩʢʣʘʜ 2 ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʶʞʥʘʪʘ ʯʘʩʪ ʥʘ ʪʝʨʤʠʥʘʣʘ ʠ ʩʘ ʩ ʜʦʩʪʲʧ ʜʦ 

ʞʝʣʝʟʦʧʲʪʝʥ ʪʨʘʥʩʧʦʨʪ. ʉʢʣʘʜ 2 ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʜʦ ʧʦʢʨʠʪʠʪʝ ʩʢʣʘʜʦʚʝ. ʉʢʣʘʜ 3 

ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʥʘʪʘ ʯʘʩʪ ʥʘ ʪʝʨʤʠʥʘʣʘ ʧʨʝʜ ʧʦʢʨʠʪʠʪʝ ʩʢʣʘʜʦʚʝ ʠ ʩʝ ʦʙʩʣʫʞʚʘ ʦʪ ʘʚʪʦʤʦʙʠʣʝʥ 

ʪʨʘʥʩʧʦʨʪ. ɼʚʝʪʝ ʩʢʣʘʜʦʚʠ ʧʣʦʱʘʜʢʠ (ʩʢʣʘʜʦʚʝ 1 ʠ 2) ʩʘ ʩ ʧʦʣʝʟʥʘ ʜʲʣʞʠʥʘ ʟʘ ʩʢʣʘʜʠʨʘʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʠ 

ʦʢʦʣʦ 280 m ʥʘ ʩʢʣʘʜ 1 ʠ 330 m ʥʘ ʩʢʣʘʜ 2, ʢʘʪʦ ʰʠʨʦʯʠʥʠʪʝ ʠʤ ʤʝʞʜʫ ʦʧʦʨʠʪʝ ʥʘ ʢʦʟʣʦʚʠʪʝ ʢʨʘʥʦʚʝ ʩʘ 

ʩʲʦʪʚʝʪʥʦ 25 ʠ 16 m. ʊʦʚʘʨʦʧʦʜʝʤʥʦʩʪʪʘ ʥʘ ʢʦʟʣʦʚʠʪʝ ʢʨʘʥʦʚʝ ʥʝ ʧʦʟʚʦʣʷʚʘ ʩ ʪʷʭ ʚ ʪʝʨʤʠʥʘʣʘ ʜʘ ʩʝ 

ʤʘʥʠʧʫʣʠʨʘʪ ʢʦʥʪʝʡʥʝʨʠ ʩ ʙʨʫʪʥʘ ʤʘʩʘ ʥʘʜ 32 t. ʂʦʥʪʝʡʥʝʨʠ ʩ ʧʦ-ʛʦʣʷʤʘ ʤʘʩʘ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʦʪ ʤʦʙʠʣʝʥ 

ʪʦʚʘʨʘʯ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʯʠʥʘ ʥʘ ʩʢʣʘʜʠʨʘʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʠʪʝ, ʚʲʨʭʫ ʩʢʣʘʜʦʚʠʪʝ ʧʣʦʱʘʜʢʠ ʧʦʜ 

ʢʦʟʣʦʚʠʪʝ ʢʨʘʥʦʚʝ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʩʲʦʪʚʝʪʥʦ ʜʦ 344 ʩʣʦʪʘ (43 ʙʨʦʷ ʧʦ ʜʲʣʞʠʥʘ, 8 ʨʝʜʘ ʧʦ 

ʰʠʨʦʯʠʥʘ ʟʘ ʩʢʣʘʜ 1) ʠ ʜʦ 200 ʩʣʦʪʘ (50 ʙʨʦʷ ʧʦ ʜʲʣʞʠʥʘ, 4 ʨʝʜʘ ʧʦ ʰʠʨʦʯʠʥʘ ʟʘ ʩʢʣʘʜ 2) ʩ 20 ʬʫʪʦʚʠ 

ʢʦʥʪʝʡʥʝʨʠ, ʢʘʪʦ ʩʲʱʝʩʪʚʫʚʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʟʧʦʣʘʛʘʥʝ ʜʦ 100 ʩʣʦʪʘ ʩ 20 ʬʫʪʦʚʠ 

ʢʦʥʪʝʡʥʝʨʠ ʧʦʜ ʝʜʥʘʪʘ ʦʪ ʢʦʥʟʦʣʠʪʝ ʥʘ ʢʦʟʣʦʚʠʷ ʢʨʘʥ ʚ ʩʢʣʘʜ 2. ɺ ʜʦʧʲʣʥʠʪʝʣʥʘ ʩʢʣʘʜʦʚʘ ʟʦʥʘ 

ʦʙʩʣʫʞʚʘʥʘ ʦʪ ʤʦʙʠʣʝʥ ʪʦʚʘʨʘʯ, ʨʘʟʧʦʣʦʞʝʥʘ ʦʪ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ ʥʘ ʧʦʢʨʠʪʠʪʝ ʩʢʣʘʜʦʚʝ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʢʦʥʪʝʡʥʝʨʠ ʜʦ 40 TEU ʩʣʦʪʘ. ʂʦʥʪʝʡʥʝʨʦʚʤʝʩʪʠʤʦʩʪʪʘ ʥʘ 

ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ ʧʦʜ ʢʦʟʣʦʚʠʪʝ ʢʨʘʥʦʚʝ ʧʨʠ ʩʨʝʜʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʧʦʜʨʝʞʜʘʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʠʪʝ 1,5 ʨʝʜʘ ʝ 

ʩʲʦʪʚʝʪʥʦ 516 TEU ʟʘ ʩʢʣʘʜ 1 ʠ 300 TEU ʟʘ ʩʢʣʘʜ 2. ɺ ʟʦʥʘʪʘ ʦʙʩʣʫʞʚʘʥʘ ʦʪ ʤʦʙʠʣʥʠʷ ʪʦʚʘʨʘʯ (ʩʢʣʘʜ 3) 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʩʢʣʘʜʠʨʘʥʝ ʝ ʜʦ 60 TEU ʧʨʠ ʩʨʝʜʥʦ 1,5 ʢʦʥʪʝʡʥʝʨʘ ʧʦ ʚʠʩʦʯʠʥʘ (2 ʠʚʠʮʠ ʧʦ 20 TEU ʚ 

ʠʚʠʮʘ). ʆʙʱʘʪʘ ʢʦʥʪʝʡʥʝʨʦʚʤʝʩʪʠʤʦʩʪ ʥʘ ʪʝʨʤʠʥʘʣʘ ʧʨʠ ʦʧʠʩʘʥʠʪʝ ʫʩʣʦʚʠʷ ʝ 876 TEU ʙʝʟ ʚʢʣʶʯʝʥʠ 

ʜʦʧʲʣʥʠʪʝʣʥʠʪʝ ʤʝʩʪʘ ʧʦʜ ʢʦʥʟʦʣʘʪʘ ʥʘ ʢʦʟʣʦʚʠʷ ʢʨʘʥ ʥʘ ʩʢʣʘʜ 2. 

ʊʝʭʥʦʣʦʛʠʯʥʠ ʚʘʨʠʘʥʪʠ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ 

ʊʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ ʚ ʪʝʨʤʠʥʘʣʘ (ʬʠʛ. 2) ʩʘ: 

ï ʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ N1 ʙʨʦʷ ʤʝʩʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʘʚʪʦʤʦʙʠʣò ʠʣʠ Ăʘʚʪʦʤʦʙʠʣ ï 

ʚʘʛʦʥò; 

ï ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ N2 ʙʨʦʷ ʤʝʩʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʩʢʣʘʜò ʠʣʠ Ăʩʢʣʘʜ ï ʚʘʛʦʥò; 

ï ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ N3 ʙʨʦʷ ʤʝʩʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʘʚʪʦʤʦʙʠʣ ï ʩʢʣʘʜò ʠʣʠ Ăʩʢʣʘʜ ï

ʘʚʪʦʤʦʙʠʣò; 

ï ʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ N4 ʙʨʦʷ ʪʨʘʥʟʠʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʚʘʛʦʥñ; 

ï ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ N5 ʙʨʦʷ ʪʨʘʥʟʠʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʚʘʛʦʥ ï ʩʢʣʘʜñ ʠ Ăʩʢʣʘʜ ï ʚʘʛʦʥñ; 

ï ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ N6 ʙʨʦʷ ʤʝʩʪʥʠ ʠʥʜʠʨʝʢʪʥʠ ʀʊɽ ʤʝʞʜʫ ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ ʚ ʪʝʨʤʠʥʘʣʘ ʠ ʜʨ.; 

ï ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ N7 ʙʨʦʷ ʤʝʩʪʥʠ ʀʊɽ ʧʦ ʚʘʨʠʘʥʪ Ăʘʚʪʦʤʦʙʠʣ ï ʩʢʣʘʜò ʠʣʠ Ăʩʢʣʘʜ ï

ʘʚʪʦʤʦʙʠʣò. 
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ʌʀɻʋʈɸ 1. 

ʀʟʪʦʯʥʠʢ: [2] 

ʌʀɻʋʈɸ 2. 

 

 

ʈɽɿʋʃʊɸʊʀ 

ʇʨʝʜʣʦʞʝʥʘʪʘ ʤʝʪʦʜʠʢʘ ʝ ʧʨʠʣʦʞʝʥʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʚ ʪʝʨʤʠʥʘʣʘ ʜʘ ʩʝ 

ʤʘʥʠʧʫʣʠʨʘʪ ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ (ɻʊʂ). ʆʧʨʝʜʝʣʝʥʘ ʝ ʛʨʘʥʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʙʨʦʷ ʥʘ 

ʢʦʥʪʝʡʥʝʨʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʤʘʥʠʧʫʣʠʨʘʥʠ ʚ ʪʝʨʤʠʥʘʣʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ 

ʠʟʚʲʨʰʝʥʦ ʧʨʠ ʩʣʝʜʥʠʪʝ ʜʦʧʫʩʢʘʥʠʷ: ʚ ʪʝʨʤʠʥʘʣʘ ʩʝ ʤʘʥʠʧʫʣʠʨʘʪ ʤʝʩʪʥʠ 20 ʠ 40 ʬʫʪʦʚʠ ɻʊʂ ʚ 

ʩʲʦʪʥʦʰʝʥʠʝ 50:50; ʜʠʨʝʢʪʥʦ ʠ ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʠʪʝ 20 ʠ 40 ʬʫʪʦʚʠ ʢʦʥʪʝʡʥʝʨʠ ʚ ʪʝʨʤʠʥʘʣʘ ʩʘ 

ʚ ʩʲʦʪʥʦʰʝʥʠʝ ʩʲʦʪʚʝʪʥʦ 10% ʠ 90%; ʢʦʥʪʝʡʥʝʨʠʪʝ ʩʝ ʨʘʟʧʨʝʜʝʣʷʪ ʚʲʨʭʫ ʩʢʣʘʜʦʚʠʪʝ ʧʣʦʱʘʜʢʠ ʩʧʦʨʝʜ 

ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʪʦʚʘʨʦʧʦʜʝʤʥʦʩʪʪʘ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʤʘʰʠʥʠ, ʢʘʪʦ ʧʲʨʚʦ ʩʝ 

ʟʘʧʲʣʚʘʪ ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ 1 ʠ 2 ʧʦʜ ʢʦʟʣʦʚʠʪʝ ʢʨʘʥʦʚʝ; ʦʙʩʣʫʞʚʘʥʝʪʦ ʥʘ ʩʢʣʘʜ 3 ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʤʦʙʠʣʝʥ 

ʪʦʚʘʨʘʯ; ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʝʨʠʦʜʠʪʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʝʜʠʥ ɻʊʂ ʧʦ 

ʩʲʦʪʚʝʪʝʥ ʪʝʭʥʦʣʦʛʠʯʝʥ ʚʘʨʠʘʥʪ ʝ: T1=4 min, T2=6 min, T3=5 min, T6=8 min ʠ T7=4 min; ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ 

ʚʘʨʠʘʥʪʠ ʧʨʠ ʜʠʨʝʢʪʥʦ (N4) ʠ ʠʥʜʠʨʝʢʪʥʦ (N5) ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʪʨʘʥʟʠʪʥʠ ʢʦʥʪʝʡʥʝʨʠ ʥʝ ʩʝ ʨʘʟʛʣʝʞʜʘʪ 

ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ; ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʤʘʰʠʥʠ ʧʦ ʚʨʝʤʝ ʩʝ ʧʨʠʝʤʘ 0,9; 

ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʨʝʩʪʦʡ ʥʘ 20 ʠ 40 ʬʫʪʦʚʠʪʝ ʢʦʥʪʝʡʥʝʨʠ ʚ ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ ʝ 3 ʜʝʥʦʥʦʱʠʷ 

ʧʨʠ 10% ʨʝʟʝʨʚ ʦʪ ʢʦʥʪʝʡʥʝʨʦʤʝʩʪʘ ʚ ʩʣʘʜʦʚʠʪʝ ʟʦʥʠ; ʩʨʝʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʥʘ ʧʦʜʨʝʞʜʘʥʝ ʥʘ 

ʢʦʥʪʝʡʥʝʨʠʪʝ ʚ ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ ʝ 1,5 ʨʝʜʘ; ʩʨʝʜʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʝʨʠʦʜʘ ʟʘ ʧʦʜʘʚʘʥʝ ʠ 

ʠʟʚʘʞʜʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ (ʛʨʫʧʘ ʚʘʛʦʥʠ) ʥʘ ʠ ʦʪ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʢʦʣʦʚʦʟʠ ʚ ʪʝʨʤʠʥʘʣʘ (ʧʝʨʠʦʜ ʟʘ 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʤʘʥʝʚʨʘ) ʝ 30 min; ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʨʘʟʥʠʪʝ ʚʘʛʦʥʠ ʚ ʩʲʩʪʘʚʘ ʥʘ ʦʙʩʣʫʞʚʘʥʠʪʝ ʚʣʘʢʦʚʝ ʝ 

5%. 

ʈʝʟʫʣʪʘʪʠ ʟʘ ʥʘʣʠʯʥʘʪʘ ʩʢʣʘʜʦʚʘ ʚʤʝʩʪʠʤʦʩʪ ʥʘ ʩʢʣʘʜʦʚʠʪʝ ʟʦʥʠ ʚ ʪʝʨʤʠʥʘʣʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣ. 

1. ɺ ʩʢʦʙʠʪʝ ʟʘ ʩʢʣʘʜ 2 ʝ ʦʟʥʘʯʝʥʘ ʚʤʝʩʪʠʤʦʩʪʪʘ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʟʦʥʘ ʧʦʜ ʢʦʥʟʦʣʘʪʘ ʥʘ 

ʢʦʟʣʦʚʠʷ ʢʨʘʥ. 

 

ʊɸɹʃʀʎɸ 1. 

ʇʘʨʘʤʝʪʲʨ ʉʪʦʡʥʦʩʪ ʆʟʥʘʯʝʥʠʝ 

ɺʤʝʩʪʠʤʦʩʪ ʥʘ ʩʢʣʘʜ 1 516 TEU 

ɺʤʝʩʪʠʤʦʩʪ ʥʘ ʩʢʣʘʜ 2 300 (450) TEU 

ɺʤʝʩʪʠʤʦʩʪ ʥʘ ʩʢʣʘʜ 3 60 TEU 

 

ʇʨʦʚʝʜʝʥʦ ʝ ʠʟʩʣʝʜʚʘʥʝ ʧʨʠ ʩʨʝʜʥʦʜʝʥʦʥʦʱʝʥ ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ ʥʘ ʪʝʨʤʠʥʘʣʘ 200 ʢʦʥʪ./ʜʝʥʦʥ. 

ʄʘʢʩʠʤʘʣʥʠʷʪ ʙʨʦʡ ʚʘʛʦʥʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʦʣʦʞʘʪ ʥʘ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠʪʝ ʢʦʣʦʚʦʟʠ ʩʘ 14 ʠ 16 

ʙʨʦʷ ʩʲʦʪʚʝʪʥʦ ʚ ʩʢʣʘʜ 1 ʠ ʩʢʣʘʜ 2 ʧʨʠ ʩʨʝʜʥʘ ʜʲʣʞʠʥʘ 19,64 m ʤʝʞʜʫ ʙʫʬʝʨʠʪʝ ʥʘ ʝʜʠʥ 60 ʬʫʪʦʚ 

ʠʥʪʝʨʤʦʜʘʣʝʥ ʚʘʛʦʥ Sgns(s) [9]. ʈʝʟʫʣʪʘʪʠ ʟʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʩʢʣʘʜʦʚʘ ʚʤʝʩʪʠʤʦʩʪ ʟʘ ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ 

ʠʥʜʠʨʝʢʪʥʦ ʤʘʥʠʧʫʣʠʨʘʥʠʪʝ ʤʝʩʪʥʠ ʢʦʥʪʝʡʥʝʨʠ ʩʘ ʧʦʩʦʯʝʥʠ ʚ ʪʘʙʣ. 2. ʅʝʦʙʭʦʜʠʤʠ ʩʘ ʤʠʥʠʤʫʤ 100 

ʚʘʛʦʥʘ ʦʪ ʩʲʩʪʘʚʘ ʥʘ ʚʩʠʯʢʠ ʚʣʘʢʦʚʝ, ʦʙʩʣʫʞʚʘʱʠ ʪʝʨʤʠʥʘʣʘ ʟʘ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʩ ʞʝʣʝʟʦʧʲʪʝʥ 

ʪʨʘʥʩʧʦʨʪ ʥʘ ʜʝʥʦʥʦʱʥʠʷ ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ. 
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ʊɸɹʃʀʎɸ 2. 

ʇʘʨʘʤʝʪʲʨ ʉʪʦʡʥʦʩʪ ʆʟʥʘʯʝʥʠʝ 

ʉʨʝʜʥʦʜʝʥʦʥʦʱʝʥ ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ 200 ʢʦʥʪ./ʜʝʥʦʥ. 

ʅʝʦʙʭʦʜʠʤʘ ʩʢʣʘʜʦʚʘ ʚʤʝʩʪʠʤʦʩʪ 891 TEU 

ʅʘʣʠʯʥʘ ʚʤʝʩʪʠʤʦʩʪ ʥʘ ʪʝʨʤʠʥʘʣʘ 876 (1026) TEU 

ʄʠʥʠʤʘʣʝʥ ʙʨʦʡ ʚʘʛʦʥʠ 100 ʙʨ. 

 

ʇʨʠ ʥʝʜʦʩʪʠʛ ʥʘ ʢʦʥʪʝʡʥʝʨʦʤʝʩʪʘ ʚ ʩʢʣʘʜ 1 ʠ ʩʢʣʘʜ 2, ʦʩʪʘʚʘʱʠʪʝ ʢʦʥʪʝʡʥʝʨʠ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʚ ʩʢʣʘʜ 

3, ʘ ʧʨʠ ʥʝʛʦʚʦʪʦ ʟʘʧʲʣʚʘʥʝ ʠ ʚʲʨʭʫ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʩʢʣʘʜʦʚʘ ʟʦʥʘ ʧʦʜ ʢʦʥʟʦʣʘʪʘ ʥʘ ʢʦʟʣʦʚʠʷ ʢʨʘʥ ʦʪ 

ʩʢʣʘʜ 2. 

ɿʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʩʨʝʜʥʦʜʝʥʦʥʦʱʝʥ ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ 200 ʢʦʥʪ./ʜʝʥʦʥ. ʥʘ ʪʝʨʤʠʥʘʣʘ ʧʨʠ ʥʘʣʠʯʥʠ 

ʜʚʘ ʢʦʟʣʦʚʠ ʢʨʘʥʘ, ʢʦʠʪʦ ʦʙʩʣʫʞʚʘʪ ʚʘʛʦʥʠʪʝ ʝ ʥʝʦʙʭʦʜʠʤʦ, ʪʝʨʤʠʥʘʣʲʪ ʜʘ ʨʘʙʦʪʠ ʤʠʥʠʤʫʤ 17 h ʚ 

ʜʝʥʦʥʦʱʠʝʪʦ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʥʝʦʙʭʦʜʠʤʠʷ ʙʨʦʡ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʤʘʰʠʥʠ ʠ ʧʨʝʨʘʙʦʪʚʘʪʝʣʥʘʪʘ 

ʩʧʦʩʦʙʥʦʩʪ ʩʘ ʧʦʩʦʯʝʥʠ ʚ ʪʘʙʣ. 3. 

 

ʊɸɹʃʀʎɸ 3. 
ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 

ʥʘ ʨʘʙʦʪʘ ʥʘ 

ʪʝʨʤʠʥʘʣʘ, h/ʜʝʥʦʥ. 

ʄʠʥʠʤʘʣʝʥ ʙʨʦʡ 

ʢʦʟʣʦʚʠ ʢʨʘʥʦʚʝ, 

ʙʨ. 

ʆʙʱʘ ʧʨʝʨʘʙʦʪʚʘʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʢʦʟʣʦʚʠʪʝ 

ʢʨʘʥʦʚʝ, ɻʊʂ/ʜʝʥʦʥ. 

ʇʨʝʨʘʙʦʪʚʘʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ 

ʪʦʚʘʨʘʯʘ, ɻʊʂ/ʜʝʥʦʥ. 

16 3 185 72 

17 

18 

2 
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196 

208 

77 

81 

20 2 231 90 

22 

24 

2 

2 

254 

277 

99 

108 

 

ʈʝʟʫʣʪʘʪʠ ʟʘ ʙʨʦʷ ʥʘ ʚʣʘʢʦʚʝʪʝ ʧʨʠ ʩʨʝʜʥʦ 5% ʥʘʣʠʯʠʝ ʥʘ ʧʨʘʟʥʠ ʚʘʛʦʥʠ ʚ ʩʲʩʪʘʚ ʦʪ 14 ʚʘʛʦʥʘ ʠ 

ʩʨʝʜʥʠʷʪ ʧʝʨʠʦʜ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʪʦʚʘʨʝʥʝ ʠ ʨʘʟʪʦʚʘʨʚʘʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʠʪʝ ʦʪ ʝʜʠʥ ʚʣʘʢ (ʛʨʫʧʘ ʚʘʛʦʥʠ 

ʧʦʜʘʚʘʥʠ ʥʘ ʢʦʣʦʚʦʟʠʪʝ) ʝ ʧʦʩʦʯʝʥ ʚ ʪʘʙʣ. 4.  

 

ʊɸɹʃʀʎɸ 4. 
ʇʨʦʜʲʣʞʠʪʝʣʥʦʩ

ʪ ʥʘ ʨʘʙʦʪʘ ʥʘ 

ʪʝʨʤʠʥʘʣʘ, 

h/ʜʝʥʦʥ. 

ʄʠʥʠʤʘʣʝʥ 

ʙʨʦʡ 

ʚʣʘʢʦʚʝ, ʙʨ. 

ʄʘʢʩʠʤʘʣʝʥ 

ʙʨʦʡ ʚʣʘʢʦʚʝ 

(ʛʨʫʧʠ 

ʚʘʛʦʥʠ), ʙʨ. 

ʉʨʝʜʝʥ ʧʝʨʠʦʜ ʟʘ 

ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ 

ʧʨʠ ʤʠʥʠʤʘʣʝʥ ʙʨʦʡ 

ʚʣʘʢʦʚʝ, min/ʚʣʘʢ 

ʉʨʝʜʝʥ ʧʝʨʠʦʜ ʟʘ 

ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ 

ʧʨʠ ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʡ 

ʚʣʘʢʦʚʝ, min/ʚʣʘʢ 
17 8 29 145 40 

18 8 33 145 35 

20 8 41 145 28 

22 8 49 145 24 

24 8 57 145 20 

 

ʇʨʠ ʥʘʧʨʘʚʝʥʠʪʝ ʜʦʧʫʩʢʘʥʠʷ, ʩʢʣʘʜʦʚʘʪʘ ʚʤʝʩʪʠʤʦʩʪ ʥʘ ʪʝʨʤʠʥʘʣʘ ʩʝ ʠʟʯʝʨʧʚʘ ʧʨʠ ʜʦʩʪʠʛʘʥʝ ʥʘ 

ʩʨʝʜʥʦʜʝʥʦʥʦʱʝʥ ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ 230 ʢʦʥʪ./ʜʝʥʦʥ. ʈʝʟʫʣʪʘʪʠ ʦʪ ʠʟʯʠʩʣʝʥʠʷʪʘ ʟʘ ʪʦʟʠ ʚʘʨʠʘʥʪ ʩʘ 

ʧʦʩʦʯʝʥʠ ʚ ʪʘʙʣʠʮʠ 5, 6 ʠ 7. 

 

ʊɸɹʃʀʎɸ 5. 

ʇʘʨʘʤʝʪʲʨ ʉʪʦʡʥʦʩʪ ʆʟʥʘʯʝʥʠʝ 

ʉʨʝʜʥʦʜʝʥʦʥʦʱʝʥ ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ 230 ʢʦʥʪ./ʜʝʥʦʥ. 

ʅʝʦʙʭʦʜʠʤʘ ʩʢʣʘʜʦʚʘ ʚʤʝʩʪʠʤʦʩʪ 1025 TEU 

ʅʘʣʠʯʥʘ ʚʤʝʩʪʠʤʦʩʪ ʥʘ ʪʝʨʤʠʥʘʣʘ 876 (1026) TEU 

ʄʠʥʠʤʘʣʝʥ ʙʨʦʡ ʚʘʛʦʥʠ 115 ʙʨ. 
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ɿʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʩʨʝʜʥʦʜʝʥʦʥʦʱʝʥ ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ 230 ʢʦʥʪ./ʜʝʥʦʥ. ʥʘ ʪʝʨʤʠʥʘʣʘ ʧʨʠ ʥʘʣʠʯʥʠ 

ʜʚʘ ʢʦʟʣʦʚʠ ʢʨʘʥʘ, ʦʙʩʣʫʞʚʘʱʠ ʚʘʛʦʥʠʪʝ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʝʨʤʠʥʘʣʘ ʜʘ ʨʘʙʦʪʠ ʤʠʥʠʤʫʤ 20 h ʚ 

ʜʝʥʦʥʦʱʠʝʪʦ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʥʝʦʙʭʦʜʠʤʠʷ ʙʨʦʡ ʪʦʚʘʨʥʦ-ʨʘʟʪʦʚʘʨʥʠ ʤʘʰʠʥʠ ʠ ʧʨʝʨʘʙʦʪʚʘʪʝʣʥʘʪʘ 

ʩʧʦʩʦʙʥʦʩʪ ʩʘ ʧʦʩʦʯʝʥʠ ʚ ʪʘʙʣ. 6. 

 

ʊɸɹʃʀʎɸ 6. 
ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 

ʥʘ ʨʘʙʦʪʘ ʥʘ 

ʪʝʨʤʠʥʘʣʘ, h/ʜʝʥʦʥ. 

ʄʠʥʠʤʘʣʝʥ ʙʨʦʡ 

ʢʦʟʣʦʚʠ ʢʨʘʥʦʚʝ, 

ʙʨ. 

ʆʙʱʘ ʧʨʝʨʘʙʦʪʚʘʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʢʦʟʣʦʚʠʪʝ 

ʢʨʘʥʦʚʝ, ɻʊʂ/ʜʝʥʦʥ. 

ʇʨʝʨʘʙʦʪʚʘʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ 

ʪʦʚʘʨʘʯʘ, ɻʊʂ/ʜʝʥʦʥ. 
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ʈʝʟʫʣʪʘʪʠ ʟʘ ʙʨʦʷ ʥʘ ʚʣʘʢʦʚʝʪʝ ʧʨʠ ʩʨʝʜʥʦ 5% ʥʘʣʠʯʠʝ ʥʘ ʧʨʘʟʥʠ ʚʘʛʦʥʠ ʚ ʩʲʩʪʘʚ ʦʪ 14 ʚʘʛʦʥʘ ʠ 

ʩʨʝʜʥʠʷʪ ʧʝʨʠʦʜ, ʥʝʦʙʭʦʜʠʤ ʟʘ ʪʦʚʘʨʝʥʝ ʠ ʨʘʟʪʦʚʘʨʚʘʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʠʪʝ ʦʪ ʝʜʠʥ ʚʣʘʢ (ʛʨʫʧʘ ʚʘʛʦʥʠ 

ʧʦʜʘʚʘʥʠ ʥʘ ʢʦʣʦʚʦʟʠʪʝ) ʝ ʧʦʩʦʯʝʥ ʚ ʪʘʙʣ. 7. 

 

ʊɸɹʃʀʎɸ 7. 
ʇʨʦʜʲʣʞʠʪʝʣʥʦʩ

ʪ ʥʘ ʨʘʙʦʪʘ ʥʘ 

ʪʝʨʤʠʥʘʣʘ, 

h/ʜʝʥʦʥ. 

ʄʠʥʠʤʘʣʝʥ 

ʙʨʦʡ 

ʚʣʘʢʦʚʝ, ʙʨ. 

ʄʘʢʩʠʤʘʣʝʥ 

ʙʨʦʡ ʚʣʘʢʦʚʝ 

(ʛʨʫʧʠ 

ʚʘʛʦʥʠ), ʙʨ. 

ʉʨʝʜʝʥ ʧʝʨʠʦʜ ʟʘ 

ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ 

ʧʨʠ ʤʠʥʠʤʘʣʝʥ ʙʨʦʡ 

ʚʣʘʢʦʚʝ, min/ʚʣʘʢ 

ʉʨʝʜʝʥ ʧʝʨʠʦʜ ʟʘ 

ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʝʜʠʥ ʚʣʘʢ 

ʧʨʠ ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʡ 

ʚʣʘʢʦʚʝ, min/ʚʣʘʢ 
20 9 35 148 38 

22 9 43 148 31 

24 9 51 148 26 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʝʜʣʦʞʝʥʘʪʘ ʤʝʪʦʜʠʢʘʪʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʦʧʨʝʜʝʣʷʪ ʛʨʘʥʠʯʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 

ʤʘʥʠʧʫʣʠʨʘʥʝ ʠ ʩʢʣʘʜʠʨʘʥʝ ʥʘ ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʠ ʚ ʪʦʚʘʨʥʠ ʛʘʨʠ, ʢʦʠʪʦ ʥʝ ʩʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ 

ʢʘʪʦ ʠʥʪʝʨʤʦʜʘʣʥʠ ʪʝʨʤʠʥʘʣʠ. ʊʷ ʝ ʧʨʠʣʦʞʠʤʘ ʟʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʪʦʚʘʨʥʠ ʪʝʨʤʠʥʘʣʠ ʠ ʪʦʚʘʨʥʠ ʛʘʨʠ ʚ 

ʢʦʠʪʦ ʩʲʱʝʩʪʚʫʚʘ ʚʲʟʤʦʞʥʦʩʪ ʠ ʠʤʘ ʥʘʣʠʯʥʘ ʪʝʭʥʠʢʘ ʟʘ ʤʘʥʠʧʫʣʠʨʘʥʝ ʠ ʩʢʣʘʜʠʨʘʥʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠ 

ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ. ɿʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʝʪʦʜʠʢʘʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʨʦʫʯʘʪ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ 

ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʪʦʚʘʨʥʘʪʘ ʛʘʨʘ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʣʦʛʠʩʪʠʯʝʥ ʤʦʜʝʣ, ʩʲʦʪʚʝʪʩʪʚʘʱ ʥʘ ʫʩʣʦʚʠʷʪʘ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚ ʪʦʚʘʨʥʘʪʘ ʛʘʨʘ.   
ɿʘ ʦʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʤʝʪʦʜʠʢʘ ʝ ʨʘʟʨʘʙʦʪʝʥ ʣʦʛʠʩʪʠʯʝʥ ʤʦʜʝʣ ʟʘ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ, ʩʚʲʨʟʘʥʠ ʩ ʤʘʥʠʧʫʣʠʨʘʥʝʪʦ ʠ ʩʢʣʘʜʠʨʘʥʝʪʦ ʥʘ ʛʦʣʷʤʦʪʦʥʘʞʥʠ 

ʢʦʥʪʝʡʥʝʨʠ ʚ ʪʝʨʤʠʥʘʣ ɼʦʣʥʦ ɽʟʝʨʦʚʦ ï ɹʲʣʛʘʨʠʷ. ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ï ʩʢʣʘʜʦʚʘ 

ʚʤʝʩʪʠʤʦʩʪ, ʧʨʝʨʘʙʦʪʚʘʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ, ʧʝʨʠʦʜ ʟʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʨʝʜʩʪʚʘ ʠ ʜʨ., ʢʘʪʦ ʩʘ 

ʠʟʧʦʣʟʚʘʥʠ ʦʙʱʦʜʦʩʪʲʧʥʠ ʜʘʥʥʠ ʟʘ ʥʘʣʠʯʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʝʨʤʠʥʘʣʘ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʦʧʠʩʘʥʠʪʝ ʜʦʧʫʩʢʘʥʠʷ ʠ ʫʩʣʦʚʠʷ, ʪʝʨʤʠʥʘʣʲʪ ʚ ɼʦʣʥʦ 

ɽʟʝʨʦʚʦ ʝ ʩ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʦʙʨʘʙʦʪʚʘ ʜʦ 230 ʙʨʦʷ ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʢʦʥʪʝʡʥʝʨʘ ʟʘ ʜʝʥʦʥʦʱʠʝ. 
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ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʘʢʫʩʪʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʜʚʫʢʨʠʣʘ ʚʨʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʢʨʠʣʘʪʘ  

ʈʦʩʝʥ ʈʫʩʘʥʦʚʘ), ɺʘʣʝʨʠ ʊʨʠʬʦʥʦʚ ʠ ʂʨʘʩʠʤʠʨ ʅʝʜʝʣʯʝʚ 

ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ʂʘʪʝʜʨʘ ʄʝʭʘʥʠʢʘ, ʌʘʢʫʣʪʝʪ ʧʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʙʫʣ. Ăʂʣ. ʆʭʨʠʜʩʢʠñ ˉ8, 1000 ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ  

 
a) rusanov@tu-sofia.bg 

ʈʝʟʶʤʝ. ɺ ʨʘʙʦʪʘʪʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʨʠʣʘʪʘ ʥʘ ʜʚʫʢʨʠʣʘ ʚʨʘʪʘ ʥʘ ʧʦʣʫʙʝʟʝʭʦʚʘ 

ʢʘʤʝʨʘ ʚʲʨʭʫ ʘʢʫʩʪʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʦʭʦʜʥʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʚʨʘʪʘʪʘ. ʀʟʤʝʨʚʘʥʝʪʦ ʝ ʨʝʘʣʠʟʠʨʘʥʦ 

ʧʨʠ ʪʨʠ ʧʦʣʦʞʝʥʠʷ ʥʘ ʚʨʘʪʘʪʘ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʩʘ ʦʮʝʥʝʥʠ ʘʢʫʩʪʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʚʘʨʠʘʥʪʠ. 

ɺʒɺɽɼɽʅʀɽ 

ʇʨʠ ʩʲʚʨʝʤʝʥʥʠʪʝ ʞʠʣʠʱʥʠ ʠ ʥʝʞʠʣʠʱʥʠ ʧʦʤʝʱʝʥʠʷ ʠʤʘ ʨʝʜʠʮʘ ʩʧʝʮʠʬʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʦʩʠʛʫʨʷʚʘʥʝʪʦ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʠʤ ʟʚʫʢʦʠʟʦʣʘʮʠʷ. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ, ʯʨʝʟ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ 

ʚʠʩʦʢʠ ʰʫʤʦʠʟʦʣʠʨʘʱʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʯʝʪʠʨʠʪʝ ʩʪʨʫʢʪʫʨʥʠ ʝʣʝʤʝʥʪʘ ʥʘ ʞʠʣʠʱʘʪʘ: ʩʪʝʥʠ, 

ʧʨʦʟʦʨʮʠ, ʚʨʘʪʠ ʠ ʧʦʜ. ɿʘ ʧʦʩʪʠʛʘʥʝʪʦ ʠʤ ʩʝ ʧʨʘʚʷʪ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʠʟʤʝʨʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠ ʫʩʣʦʚʠʷ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ, ʢʦʠʪʦ ʩʝ ʚʛʨʘʞʜʘʪ ʚ ʩʪʨʫʢʪʫʨʥʠʪʝ ʝʣʝʤʝʥʪʠ [1-8]. ɿʘ ʧʦʜʦʙʨʷʚʘʥʝ 

ʥʘ ʰʫʤʦʠʟʦʣʠʨʘʱʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʝʣʝʤʝʥʪʠ ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ ʨʘʟʣʠʯʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ 

ʨʝʰʝʥʠʷ, ʢʦʠʪʦ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʦʮʝʥʷʚʘʪ ʩʲʩ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʤʝʪʦʜʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠ ʫʩʣʦʚʠʷ [9-12]. 

ʆʩʠʛʫʨʷʚʘʥʝʪʦ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʟʚʫʢʦʠʟʦʣʘʮʠʷ ʧʨʠ ʚʨʘʪʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʝʨʠʦʟʥʘ 

ʪʝʭʥʠʯʝʩʢʘ ʪʨʫʜʥʦʩʪ, ʟʘʱʦʪʦ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʠʤʘ ʛʝʦʤʝʪʨʠʯʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʪʷʭʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ, ʘ 

ʦʪ ʜʨʫʛʘ ï ʚʨʘʪʘʪʘ ʝ ʧʦʜʚʠʞʝʥ ʢʦʥʩʪʨʫʢʪʠʚʝʥ ʝʣʝʤʝʥʪ, ʧʨʠ ʢʦʡʪʦ ʚʲʟʥʠʢʚʘʪ ʧʨʦʙʣʝʤʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʘʢʫʩʪʠʯʥʘʪʘ ʭʝʨʤʝʪʠʟʘʮʠʷ ʚ ʤʝʩʪʘʪʘ ʥʘ ʢʦʥʪʘʢʪ ʠ ʩ ʥʝʡʥʘʪʘ ʢʘʩʘ. ɼʨʫʛ ʧʨʦʙʣʝʤ ʟʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʟʚʫʢʦʠʟʦʣʘʮʠʷ ʝ ʨʝʘʣʥʦ ʧʦʩʪʠʛʥʘʪʠʪʝ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠ 

ʫʩʣʦʚʠʷ, ʜʘ ʙʲʜʘʪ ʦʩʠʛʫʨʝʥʠ ʠ ʩʣʝʜ ʩʪʨʦʠʪʝʣʥʠʷ ʤʦʥʪʘʞ. ɺ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ ʪʝ ʩʘ ʩ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ 

ʦʪ ʜʝʢʣʘʨʠʨʘʥʠʪʝ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʨʝʘʣʠʟʠʨʘʥʠ ʧʨʠ ʠʟʧʠʪʚʘʥʝ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʣʘʙʦʨʘʪʦʨʥʠ 

ʫʩʣʦʚʠʷ. ʊʦʚʘ ʥʘʣʘʛʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʰʫʤʦʠʟʦʣʠʨʘʱʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʨʘʪʘ ʩʣʝʜ ʥʝʡʥʠʷ ʤʦʥʪʘʞ.  

ʎʝʣʪʘ ʥʘ ʨʘʙʦʪʘʪʘ ʝ ʦʧʠʪʥʦ ʜʘ ʩʝ ʦʮʝʥʠ ʟʚʫʢʦʠʟʦʣʠʨʘʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʤʦʥʪʠʨʘʥʘ, ʠʥʜʫʩʪʨʠʘʣʥʘ 

ʜʚʫʢʨʠʣʘ ʚʨʘʪʘ. ʂʘʪʦ ʧʘʨʘʤʝʪʲʨ ʟʘ ʦʮʝʥʢʘ ʩʝ ʠʟʧʦʣʟʚʘ Ăʠʥʜʝʢʩ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘñ. 

ʄɽʊʆɼʀʂɸ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

ʀʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʩʲʩʪʦʠ ʚ ʠʟʤʝʨʚʘʥʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʟʚʫʢʦʚʦ ʥʘʣʷʛʘʥʝ ʚ ʪʝʨʮʦʢʪʘʚʥʘ ʯʝʩʪʦʪʥʘ ʣʝʥʪʘ ʚ 

ʝʜʥʘ ʪʦʯʢʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ (ʙʝʟʝʭʦʚʘʪʘ ʢʘʤʝʨʘ) (LS) ʠ ʚ ʪʨʠ ʪʦʯʢʠ ʠʟʚʲʥ ʧʦʤʝʱʝʥʠʝʪʦ (LR) (ʬʠʛ. 1). 

ʉʣʝʜ ʪʦʚʘ ʩʝ ʦʧʨʝʜʝʣʷ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʥʠʚʦʪʦ ʥʘ ʟʚʫʢʦʚʦ ʥʘʣʷʛʘʥʝ ʚ ʧʦʤʝʱʝʥʠʝʪʦ (ʪ. 1, ʬʠʛ. 1) ʠ ʪʦʚʘ 

ʠʟʚʲʥ ʧʦʤʝʱʝʥʠʝʪʦ (ʪ. 2, ʬʠʛ. 1) ʦʪ ʧʦʣʫʯʝʥʠʷʪ ʨʝʟʫʣʪʘʪ ʩʝ ʠʟʯʠʩʣʷʚʘ Ăʀʥʜʝʢʩ ʥʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʟʚʫʢʘñ, ʠʟʯʠʩʣʝʥʠʷʪʘ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʩʲʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘ [9-12]. ʇʘʨʘʤʝʪʲʨʲʪ Ăʀʥʜʝʢʩ ʥʘ ʥʘʤʘʣʷʚʘʥʝ 

ʥʘ ʟʚʫʢʘñ ï Rw, ʩʝ ʧʦʣʫʯʘʚʘ ʚ dB ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʦʩʥʦʚʝʥ ʢʨʠʪʝʨʠʡ ʟʘ ʦʮʝʥʢʘ ʥʘ ʰʫʤʦʠʟʦʣʘʮʠʷʪʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ ï ʜʚʫʢʨʠʣʘ ʚʨʘʪʘ. ɸʢʫʩʪʠʯʥʠʷʪ ʩʠʛʥʘʣ ʦʪ ʠʟʪʦʯʥʠʢʘ, ʩ ʢʦʡʪʦ ʝ ʨʝʘʣʠʟʠʨʘʥʦ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʙʷʣ ʰʫʤ. 

  

ʉ. ʉʬʪʙʦʧʛ, ɻ. ʋʩʡʭʧʦʧʛ, ʃ. ʆʞʝʞʤʰʞʛ, ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʘʢʫʩʪʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʚʫʢʨʠʣʘ ʚʨʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʢʨʠʣʘʪʘ 
R. Rusanov, V. Trifonov, K. Nedelchev, Investigation of the acoustic characteristics of a double-leaf door at different wing positions 
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ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʠʟʧʦʣʟʚʘʥʘ ʩʣʝʜʥʘʪʘ ʘʧʘʨʘʪʫʨʘ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 

¶ ʇʨʝʥʦʩʠʤ ʰʫʤʦʤʝʨ XL2, SN: A2A-12928-E0 ʩ ʤʠʢʨʦʬʦʥ NTi Audio M2230, SNo. 6749, ʩʚʲʨʟʘʥ 

ʢʲʤ ʰʫʤʦʤʝʨʘ ʩ 5 m ʢʘʙʝʣ; 

¶ ɸʢʫʩʪʠʯʝʥ ʢʘʣʠʙʨʘʪʦʨ: SVANTEK SV 36, SN: 93277; 

¶ ʀʟʪʦʯʥʠʢ ï ʚʠʩʦʢʦʛʦʚʦʨʠʪʝʣ ʩ ʚʛʨʘʜʝʥ ʫʩʠʣʚʘʪʝʣ, ʠʟʣʲʯʚʘʱ ʥʘʩʦʯʝʥ ʙʷʣ ʘʢʫʩʪʠʯʝʥ ʰʫʤ ʚʲʚ 

ʚʩʠʯʢʠ ʧʦʩʦʢʠ: Thunder Model:THS-B801; 

¶ ʉʪʦʡʢʠ ʟʘ ʤʠʢʨʦʬʦʥ ʠ ʠʟʪʦʯʥʠʢ ʥʘ ʰʫʤ. 

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʜʚʫʢʨʠʣʘ ʚʨʘʪʘ ʩʲʩ ʩʣʝʜʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1. ʈʘʟʤʝʨʠ:  

a. ɺʠʩʦʯʠʥʘ: 2000 mm; 

b. ʐʠʨʠʥʘ: 2000 mm; 

c. ɼʝʙʝʣʠʥʘ: 60 mm. 

2. ʅʦʩʝʱʘ ʢʦʥʩʪʨʫʢʮʠʷ: ʩʪʦʤʘʥʝʥʘ ʣʘʤʘʨʠʥʘ. 

3. ʇʲʣʥʝʞ ʥʘ ʚʨʘʪʘʪʘ: ʛʠʧʩ. 

4. ʇʨʘʛ ʦʪ ʣʘʤʘʨʠʥʘ ʠ ʧʲʣʥʝʞ ʦʪ ʛʠʧʩ ʩ ʚʠʩʦʯʠʥʘ: 60 mm. 

5. ʋʧʣʲʪʥʝʥʠʝ: ʜʚʦʡʥʦ, ʝʜʥʦ ʥʘ ʚʨʘʪʘʪʘ ʠ ʝʜʥʦ ʥʘ ʢʘʩʘʪʘ ʥʘ ʚʨʘʪʘʪʘ. 

6. ʆʪʚʘʨʷʥʝ ʥʘ ʢʨʠʣʘʪʘ ʥʘ ʚʨʘʪʘʪʘ: ʥʘʚʲʥ. 

ʄʝʪʦʜʠʢʘ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ 

ʀʟʤʝʨʚʘʪʝʣʥʘ ʩʭʝʤʘ ʥʘ ʦʧʠʪʥʘʪʘ ʧʦʩʪʘʥʦʚʢʘ ʥʘ ʨʝʘʣʠʟʠʨʘʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. 1. 

ʀʟʤʝʨʚʘʥʝʪʦ ʝ ʨʝʘʣʠʟʠʨʘʥʦ ʧʨʠ ʦʙʱʦ ʜʝʚʝʪ ʠʟʤʝʨʚʘʪʝʣʥʠ ʩʭʝʤʠ, ʧʦʣʫʯʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ: 

1. ʈʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘ (1 ʦʪ ʬʠʛ. 1) ʠ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ. ʄʠʢʨʦʬʦʥʘ ʝ ʨʘʟʧʦʣʦʞʝʥ ʥʘ 

ʨʘʟʩʪʦʷʥʠʝ: 1, 2 ʠ 3 m ʦʪ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘʪʘ ʚ ʨʘʚʥʠʥʘʪʘ ʥʘ ʩʠʤʝʪʨʠʷ ʥʘ ʦʪʚʦʨʘ ʥʘ 

ʚʨʘʪʘʪʘ. 

2. ʇʦʣʦʞʝʥʠʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ (ʢʨʠʣʘʪʘ ʥʘ ʚʨʘʪʘʪʘ) ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ. ɿʘʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ 

ʚʨʘʪʘʪʘ (ʇʃ1-ʇɼ1); ʦʪʚʦʨʝʥʦ ʝʜʥʦ ʢʨʠʣʦ ʥʘ ʚʨʘʪʘʪʘ (ʇʃ2-ʇɼ1 ʠʣʠ ʇʃ1-ʇɼ2) ʠ ʦʪʚʦʨʝʥʠ ʜʚʝ 

ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ (ʇʃ2-ʇɼ2). 

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʜʝʡʩʪʚʠʷʪʘ ʧʨʠ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝ: 

1. ʇʦʩʪʘʚʷʥʝ ʥʘ ʠʟʪʦʯʥʠʢʘ ʥʘ ʰʫʤ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ (LS = 1.95 m) ʠ 

ʚʠʩʦʯʠʥʘ (hS = 1.4 m). 

2. ɿʘʪʚʘʨʷʥʝ ʥʘ ʚʨʘʪʠʪʝ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʟʘʣʘ (ɺʘʨʠʘʥʪ 1 ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʚʨʘʪʠʪʝ). 

3. ʂʘʣʠʙʨʠʨʘʥʝ ʥʘ ʧʨʝʥʦʩʠʤʠʷ ʰʫʤʦʤʝʨ ʩ ʤʠʢʨʦʬʦʥʘ ʠ ʩ ʧʝʪʤʝʪʨʦʚʠʷ ʢʘʙʝʣ. 

4. ʇʦʩʪʘʚʷʥʝ ʥʘ ʤʠʢʨʦʬʦʥʘ ʥʘ ʩʪʦʡʢʘ ʚ ʘʢʫʩʪʠʯʥʘʪʘ ʟʘʣʘ ʚ ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝ LRI 

= 1 m ʦʪ ʠʟʪʦʯʥʠʢʘ ʥʘ ʘʢʫʩʪʠʯʝʥ ʰʫʤ ʠ ʚʠʩʦʯʠʥʘ hS = 1.4 m ʦʪ ʧʦʜʘ. 

5. ʅʘʩʪʨʦʡʚʘʥʝ ʥʘ ʧʨʝʥʦʩʠʤʠʷ ʰʫʤʦʤʝʨ ʟʘ ʟʘʧʠʩ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʪʝʨʮʦʦʢʪʘʚʠ. 

6. ʇʫʩʢʘʥʝ ʥʘ ʘʢʫʩʪʠʯʥʠʷ ʠʟʪʦʯʥʠʢ ʩ Ăʙʷʣ ʰʫʤñ. ʈʝʛʫʣʠʨʘ ʩʝ ʝʢʚʠʚʘʣʝʥʪʥʦʪʦ ʥʠʚʦ ʥʘ ʟʚʫʢʦʚʦ 

ʥʘʣʷʛʘʥʝ ʥʘ ʛʝʥʝʨʠʨʘʥʠʷ Ăʙʷʣ ʰʫʤñ ʜʘ ʝ ʤʝʞʜʫ 90 ʠ 100 dB. ʉʣʝʜ ʪʦʚʘ ʥʘʩʪʨʦʡʢʠʪʝ ʥʘ ʠʟʪʦʯʥʠʢʘ ʩʝ 

ʟʘʧʘʟʚʘʪ ʩʲʱʠʪʝ ʧʨʠ ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ ʠʟʤʝʨʚʘʥʠʷ.  

7. ɿʘʧʠʩʚʘ ʩʝ ʥʠʚʦʪʦ ʥʘ ʟʚʫʢʦʚ ʥʘʣʷʛʘʥʝ ʧʦ ʪʝʨʮʦʦʢʪʘʚʠ ʟʘ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ ʧʦʥʝ 20 s, ʢʘʢʪʦ ʠ LAeq ʠ 

LZeq. 

8. ʇʨʝʤʝʩʪʚʘ ʩʝ ʤʠʢʨʦʬʦʥʘ ʦʪ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘ ʚ ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʚʠʩʦʯʠʥʘhR = 

1.4 m ʦʪ ʧʦʜʘ. ʇʦʩʪʘʚʷ ʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʨʘʟʩʪʦʷʥʠʝ (LRE) 1 m, 2 m ʠ 3 m (ʧʦʣʦʞʝʥʠʝ 1, ʬʠʛ. 1) 

ʦʪ ʚʨʘʪʘʪʘ (ʠʟʪʦʯʥʠʢʲʪ ʥʘ ʰʫʤ ʥʝ ʩʝ ʩʧʠʨʘ). 

9. ɿʘʧʠʩʚʘ ʩʝ ʥʠʚʦʪʦ ʥʘ ʟʚʫʢʦʚ ʥʘʣʷʛʘʥʝ ʧʦ ʪʝʨʮʦʦʢʪʘʚʠ ʟʘ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ ʧʦʥʝ 20 s, ʟʘ ʚʩʷʢʦ ʦʪ 

ʪʨʠʪʝ ʧʦʣʦʞʝʥʠʷ ʥʘ ʤʠʢʨʦʬʦʥʘ. 

10. ʉʣʝʜ ʪʦʚʘ ʩʝ ʦʪʚʘʨʷ ʝʜʥʦʪʦ ʢʨʠʣʦ ʥʘ ʚʨʘʪʘʪʘ ʠ ʩʝ ʠʟʚʲʨʰʚʘʪ ʩʣʝʜʚʘʱʠʪʝ ʯʝʪʠʨʠ ʠʟʤʝʨʚʘʥʠʷ, ʢʘʪʦ 
ʩʝ ʧʦʚʪʘʨʷʪ ʧʨʦʮʝʜʫʨʠʪʝ ʧʦ ʪʦʯʢʠ 4, 7, 8 ʠ 9. 

11. ʇʦʩʣʝʜʥʠʪʝ ʪʨʠ ʠʟʤʝʨʚʘʥʠʷ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʧʨʠ ʦʪʚʦʨʝʥʠ ʠ ʜʚʝʪʝ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ. ʇʦʚʪʘʨʷʪ ʩʝ 

ʧʨʦʮʝʜʫʨʠʪʝ ʧʦ ʪʦʯʢʠ 4, 7, 8 ʠ 9. 
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ʘ) ʙ) 

ʌʀɻʋʈɸ 1. ʆʙʱʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʩʭʝʤʘ ʥʘ ʧʨʦʚʝʜʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ (ʘ) ʠ ʩʥʠʤʢʘ ʥʘ ʦʧʠʪʥʘʪʘ ʧʦʩʪʘʥʦʚʢʘ ʠ ʦʙʝʢʪʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝ (ʙ). 

 

ʅʘ ʦʙʱʘʪʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. 1 ʘ) ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ɸɿ ï ʘʢʫʩʪʠʯʥʘ ʟʘʣʘ; 

ɺʇ ï ʚʲʥʰʥʦ ʧʦʤʝʱʝʥʠʝ; 

1 ï ʤʠʢʨʦʬʦʥ ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘʪʘ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʟʘʣʘ; 

2 ï ʢʨʠʣʦ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʚʨʘʪʘ ʚ ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ; 

3 ï ʤʠʢʨʦʬʦʥ ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʚʲʪʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘʪʘ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʟʘʣʘ; 

4 ï ʠʟʪʦʯʥʠʢ ʥʘ ʘʢʫʩʪʠʯʝʥ ʰʫʤ; 

5 ï ʨʘʚʥʠʥʘ ʥʘ ʩʠʤʝʪʨʠʷ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ (ʥʝ ʩʲʚʧʘʜʘ ʩ ʨʘʚʥʠʥʘʪʘ ʥʘ ʩʠʤʝʪʨʠʷ ʥʘ ʥʠʪʦ ʝʜʥʦ ʦʪ 

ʧʦʤʝʱʝʥʠʷʪʘ); 

hR = 1.4 m ï ʚʠʩʦʯʠʥʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʤʠʢʨʦʬʦʥʘ ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘʪʘ ʥʘ 

ʘʢʫʩʪʠʯʥʘʪʘ ʟʘʣʘ; 

hS = 1.4 m ï ʚʠʩʦʯʠʥʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʤʠʢʨʦʬʦʥʘ ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʚʲʪʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘʪʘ ʥʘ 

ʘʢʫʩʪʠʯʥʘʪʘ ʟʘʣʘ;  

LRE ï ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘ ʠ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘʪʘ: 1 m, 2 m ʠ 3 m;  

LRI = 1 m ï ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘ ʠ ʠʟʪʦʯʥʠʢʘ ʥʘ ʘʢʫʩʪʠʯʝʥ ʩʠʛʥʘʣ; 

LS = 1.95 m ï ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʟʪʦʯʥʠʢʘ ʠ ʚʲʪʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʚʨʘʪʘʪʘ;  

ʇʃ1 ï ʧʦʣʦʞʝʥʠʝ (1) ʥʘ ʣʷʚʦʪʦ ʢʨʠʣʦ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʚʨʘʪʘ, ʟʘʪʚʦʨʝʥʦ;  

ʇʃ2 ï ʧʦʣʦʞʝʥʠʝ (2) ʥʘ ʣʷʚʦʪʦ ʢʨʠʣʦ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʚʨʘʪʘ, ʦʪʚʦʨʝʥʦ ʥʘ 90°;   

ʇɼ1 ï ʧʦʣʦʞʝʥʠʝ (1) ʥʘ ʜʷʩʥʦʪʦ ʢʨʠʣʦ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʚʨʘʪʘ, ʟʘʪʚʦʨʝʥʦ; 

ʇɼ2 ï ʧʦʣʦʞʝʥʠʝ (2) ʥʘ ʜʷʩʥʦʪʦ ʢʨʠʣʦ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʚʨʘʪʘ, ʦʪʚʦʨʝʥʦ ʥʘ 90°. 

ʈɽɿʋʃʊɸʊʀ ʆʊ ʀɿʉʃɽɼɺɸʅɽʊʆ 

ɺ ʪʘʙʣʠʮʘ 1 ʩʘ ʧʦʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʤʝʨʝʥʠʪʝ ʠ ʠʟʯʠʩʣʝʥʠ ʠʥʜʝʢʩʠ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʧʦ 

ʪʝʨʮʦʦʢʪʘʚʠ ʨʘʟʣʠʯʥʠʪʝ ʧʦʣʦʞʝʥʠʷ ʥʘ ʢʨʠʣʘʪʘ ʥʘ ʚʨʘʪʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʤʠʢʨʦʬʦʥʘ ʦʪ ʪʷʭ. 

ɺ ʪʘʙʣʠʮʘʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

f1/3ʦʢʪʘʚʠ ï ʪʝʨʮʦʢʪʦʚʥʘ ʯʝʩʪʦʪʘ, Hz;  

LAeq ï ʝʢʚʠʚʘʣʝʥʪʥʦ ʥʠʚʦ ʥʘ ʟʚʫʢʦʚʦ ʥʘʣʷʛʘʥʝ ʧʦ ʩʢʘʣʘ ɸ, dB;  

LZeq ï ʝʢʚʠʚʘʣʝʥʪʥʦ ʥʠʚʦ ʥʘ ʟʚʫʢʦʚʦ ʥʘʣʷʛʘʥʝ ʧʦ ʩʢʘʣʘ Z, dB; 

Ri,j ï ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʧʦ ʪʝʨʮʦʦʢʪʘʚʥʠ ʯʝʩʪʦʪʠ, dB; 

i ï ʠʥʜʝʢʩ ʧʦʢʘʟʚʘʱ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʚʨʘʪʠʪʝ: 1 ï ʟʘʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ; 2 ï ʦʪʚʦʨʝʥʦ ʝʜʥʦ ʦʪ 

ʢʨʠʣʘʪʘ ʥʘ ʚʨʘʪʘʪʘ; 3 ï ʦʪʚʦʨʝʥʠ ʠ ʜʚʝʪʝ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ; 

j ï ʠʥʜʝʢʩ ʧʦʢʘʟʚʘʱ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʤʠʢʨʦʬʦʥʘ ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʚʨʘʪʘʪʘ: 1 ï ʥʘ 1 m 

ʦʪ ʚʨʘʪʘʪʘ; 2 ï ʥʘ 2 m ʦʪ ʚʨʘʪʘʪʘ; 3 ï ʥʘ 3 m ʦʪ ʚʨʘʪʘʪʘ; 

RW ï ʪʝʛʣʦʚʠ ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ, dB. 
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ʊʘʙʣʠʮʘ 1. ʀʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʧʦ ʪʝʨʮʦʦʢʪʘʚʠ ʧʨʠ ʨʘʟʣʠʯʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʢʨʠʣʘʪʘ ʥʘ ʚʨʘʪʘʪʘ ʠ 

ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʠʟʤʝʨʚʘʪʝʣʥʠʷ ʤʠʢʨʦʬʦʥ. 

f1/3ʦʢʪʘʚʠ 

Hz 

 

R11 

dB  

 

R 12 

dB 

 

R13 

dB 

 

R21 

dB  

 

R22 

dB 

 

R23 

dB 

 

R31 

dB  

 

R32 

dB 

 

R33 

dB 

 

50 19.6 20.2 14.9 4.4 4.3 8.3 3.7 7.0 11.1  

63 16.1 18.1 18.2 -4.8 -2.0 -0.2 -2.3 0.4 2.4  

80 12.6 13.9 16.0 -9.0 -7.6 -6.4 -3.4 -1.4 -0.2  

100 28.0 29.9 29.1 10.7 10.8 9.4 8.5 9.8 9.0  

125 30.8 35.4 32.1 11.1 16.6 12.5 12.0 12.1 7.3  

160 38.4 40.9 43.5 8.7 13.8 16.4 5.1 13.5 7.9  

200 32.0 36.7 39.9 8.0 11.8 17.4 6.4 9.4 10.9  

250 29.7 30.4 34.2 4.1 5.5 9.3 5.5 4.0 7.3  

315 33.2 30.3 32.4 7.9 5.2 7.4 7.6 3.6 5.1  

400 32.5 31.4 35.8 9.1 7.3 7.9 3.7 3.9 1.8  

500 32.0 33.5 36.5 8.0 11.8 11.9 4.7 8.3 7.5  

630 34.0 35.8 39.0 6.1 5.9 10.4 0.7 0.6 9.1  

800 30.2 30.2 33.6 10.1 0.9 7.1 8.6 -2.9 6.1  

1000 26.3 28.6 28.3 10.7 11.6 8.9 5.0 8.8 2.9  

1250 24.5 27.0 26.6 6.3 9.9 9.8 3.3 6.2 7.4  

1600 27.7 28.7 30.3 10.3 10.2 10.3 6.3 6.5 6.4  

2000 30.5 30.7 33.9 9.2 11.3 12.5 4.7 6.1 7.1  

2500 33.2 32.5 33.7 8.6 9.9 10.9 3.3 5.3 7.5  

3150 35.9 36.6 39.2 8.5 12.0 12.9 3.8 7.7 9.3  

4000 36.9 38.8 39.2 11.9 11.8 11.3 6.6 6.8 6.6  

5000 39.5 41.0 42.2 12.5 13.8 17.6 6.5 8.5 8.7  

6300 41.5 42.4 43.5 14.3 15.6 17.5 7.9 9.9 11.0  

8000 40.7 40.4 42.1 13.4 15.4 17.3 7.1 10.1 8.4  

10000 37.6 37.0 36.6 9.2 9.9 12.6 2.3 3.9 3.1  

Rw 31 32 33 10 10 12 6 6 8  

 

ʅʘ ʬʠʛʫʨʠ 2, 3 ʠ 4 ʩʘ ʧʦʢʘʟʘʥʠ ʛʨʘʬʠʢʠʪʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʢʨʠʣʘʪʘ ʥʘ ʚʨʘʪʘʪʘ ʠ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʤʠʢʨʦʬʦʥʘ ʦʪ ʥʝʷ. 

 

 

ʌʀɻʋʈɸ 2. ʇʨʠ ʟʘʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ. ʀʥʜʝʢʩ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʧʦ ʪʝʨʮʦʦʢʪʘʚʠ ï R1/3ʦʢʪʘʚʠ, ʧʨʠ 

ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʤʠʢʨʦʬʦʥʘ ʥʘ ʨʘʟʩʪʦʷʥʠʷ 3; 2 ʠ 1 m oʪ ʚʨʘʪʘʪʘ. 
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ʌʀɻʋʈɸ 3. ʇʨʠ ʦʪʚʦʨʝʥʦ ʝ ʝʜʥʦʪʦ ʢʨʠʣʦ ʥʘ ʚʨʘʪʘʪʘ. ʀʥʜʝʢʩ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʧʨʠ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ 

ʤʠʢʨʦʬʦʥʘ ʥʘ ʨʘʟʩʪʦʷʥʠʷ 3; 2 ʠ 1 m oʪ ʚʨʘʪʘʪʘ. 

 

 

ʌʀɻʋʈɸ 4. ʇʨʠ ʦʪʚʦʨʝʥʠ ʠ ʜʚʝʪʝ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ. ʀʥʜʝʢʩ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʧʦ ʪʝʨʮʦʦʢʪʘʚʠ ï R1/3ʦʢʪʘʚʠ, ʧʨʠ 

ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʤʠʢʨʦʬʦʥʘ ʥʘ ʨʘʟʩʪʦʷʥʠʷ 3; 2 ʠ 1 m oʪ ʚʨʘʪʘʪʘ. 

ɸʅɸʃʀɿ ʅɸ ʈɽɿʋʃʊɸʊʀʊɽ ʆʊ ʀɿʉʃɽɼɺɸʅɽʊʆ 

ɺ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʦʯʘʢʚʘʥʠʷʪʘ, ʚʠʜʥʦ ʦʪ ʜʘʥʥʠʪʝ ʧʨʠ ʧʦʯʪʠ ʚʩʠʯʢʠ ʠʟʤʝʨʚʘʪʝʣʥʠ ʩʭʝʤʠ ʠ ʯʝʩʪʦʪʠ, 

ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘ ʠ 

ʠʟʪʦʯʥʠʢʘ ʥʘ ʰʫʤ.  

ʇʨʠ ʟʘʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʪʨʠ ʷʩʥʦ ʠʟʨʘʟʝʥʠ ʤʘʢʩʠʤʫʤʘ ʠʥʜʝʢʩʘ ʟʘ 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ. ʊʝ ʩʘ ʧʨʠ  ʯʝʩʪʦʪʠ 160,  630 ʠ 6300 Hz, ʢʘʪʦ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ 

ʥʘ ʟʚʫʢʘ ʝ ʤʝʞʜʫ 38 dB ʠ 44 dB. 

ʆʪ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʚʠʞʜʘ, ʯʝ ʚ ʜʠʘʧʘʟʦʥʘ 630ï2500 Hz ʥʘʤʘʣʷʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʰʫʤʦʧʦʛʣʲʱʘʥʝʪʦ, ʢʘʪʦ ʥʘʡ-ʥʠʩʢʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ 

ʟʘʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ ʠ ʯʝʩʪʦʪʘ 1250 Hz (24 dB ʜʦ 27 dB).  

ʇʨʠ ʠʟʤʝʨʚʘʪʝʣʥʘʪʘ ʩʭʝʤʘ ʩʲʩ ʟʘʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ ʧʨʠ ʯʝʩʪʦʪʘ 80 Hz ʝ ʫʩʪʘʥʦʚʝʥʘ ʥʘʡ-

ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ (2-3 ʧʲʪʠ ʦʪ ʪʘʟʠ ʟʘ ʮʝʣʠʷ ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ) ʥʘ ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ 

(ʤʝʞʜʫ 12.6 dB ʠ 16 dB). 

ʇʦʨʘʜʠ ʝʬʝʢʪʘ ʥʘ ʦʪʨʘʟʷʚʘʥʝ ʠ ʥʘʩʣʘʛʚʘʥʝ ʥʘ ʚʲʣʥʠʪʝ ʧʨʠ ʯʝʩʪʦʪʠ 63 Hz ʠ 80 Hz ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʫʩʠʣʚʘʥʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʟʚʫʢʦʚʦ ʥʘʣʷʛʘʥʝ, ʢʦʝʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʥʠʩʢʠʪʝ ʠ ʦʪʨʠʮʘʪʝʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ 

ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ (ʪʘʙʣ. 1, ʦʪ -9 ʜʦ 0.4 dB). ɸʥʘʣʦʛʠʯʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʪʝ (ʦʪ -2.9 dB ʜʦ 0.6 

dB) ʧʨʠ ʯʝʩʪʦʪʠ 630 Hz ʠ 800 Hz ʠ ʜʚʝ ʦʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ (ʧʨʠ ʤʠʢʨʦʬʦʥ ʨʘʟʧʦʣʦʞʝʥ ʥʘ 2 m 

ʦʪ ʚʨʘʪʘʪʘ). ʇʨʠ ʦʪʚʦʨʝʥʦ ʝʜʥʦ ʢʨʠʣʦ ʥʘ ʚʨʘʪʘʪʘ ʪʦʟʠ ʝʬʝʢʪ ʝ ʩʠʣʥʦ ʠʟʨʘʟʝʥ ʧʨʠ 800 Hz (0.9 dB) ʠ ʧʨʠ 

ʤʠʢʨʦʬʦʥ ʨʘʟʧʦʣʦʞʝʥ ʥʘ 2 m ʦʪ ʚʨʘʪʘʪʘ.  

ʆʪ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʚʠʞʜʘ, ʯʝ ʪʝʛʣʦʚʠ ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ ʥʘʤʘʣʷʚʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʪʨʠ 

ʧʲʪʠ (30dB/10dB) ʧʨʠ ʦʪʚʘʨʷʥʝ ʥʘ ʝʜʥʦʪʦ ʢʨʠʣʦ ʥʘ ʚʨʘʪʘʪʘ ʠ ʦʢʦʣʦ ʧʝʪ ʧʲʪʠ (30dB/6dB) ʧʨʠ ʦʪʚʘʨʷʥʝ 

ʠ ʥʘ ʜʚʝʪʝ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ. 

ʇʨʠ ʠʟʤʝʨʚʘʪʝʣʥʘʪʘ ʩʭʝʤʘ ʩ ʦʪʚʦʨʝʥʦ ʝʜʥʦ ʢʨʠʣʦ ʥʘ ʚʨʘʪʘʪʘ ʧʦʨʘʜʠ ʝʬʝʢʪʘ ʥʘ ʦʪʨʘʟʷʚʘʥʝ ʠ 

ʥʘʩʣʘʛʚʘʥʝ ʥʘ ʚʲʣʥʠʪʝ ʧʨʠ ʯʝʩʪʦʪʠ 100, 315, 400, 800, 1000, 1600 ʠ 4000 Hz ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʩʠʣʚʘʥʝ ʥʘ 

ʥʠʚʦʪʦ ʥʘ ʟʚʫʢʦʚʦ ʥʘʣʷʛʘʥʝ, ʢʦʝʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʧʦ-ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʠʥʜʝʢʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ 

ʧʨʠ ʤʠʢʨʦʬʦʥʘ ʨʘʟʧʦʣʦʞʝʥ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 1 m (ʩ ʜʦ 4 dB) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʠʟʤʝʨʝʥʠ ʦʪ ʤʠʢʨʦʬʦʥʘ 

ʨʘʟʧʦʣʦʞʝʥ ʥʘ 3 m. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʣʫʯʝʥʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʟʘʪʚʦʨʝʥʠ ʢʨʠʣʘ ʥʘ ʚʨʘʪʘʪʘ ʪʝʛʣʦʚʠ ʠʥʜʝʢʩʘ 

ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʚʫʢʘ (Rw) ʠʤʘ ʩʪʦʡʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʘ 32ï33 dB, ʢʦʝʪʦ ʝ ʝʜʠʥ ʤʥʦʛʦ ʜʦʙʲʨ ʧʦʢʘʟʘʪʝʣ ʟʘ 

ʰʫʤʦʠʟʦʣʘʮʠʷʪʘ ʥʘ ʚʨʘʪʘʪʘ. 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ʇʫʙʣʠʢʘʮʠʷʪʘ ʝ ʨʝʘʣʠʟʠʨʘʥʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ ʧʨʦʝʢʪ ʢʲʤ ʌʅʀ: ʂʇ-06-ʇʅ37/45 ʦʪ 

06.12.2019ʛ. ï ñʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʘʢʫʩʪʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʰʫʤʦʟʘʱʠʪʥʠ ʧʨʝʛʨʘʜʠ ʯʨʝʟ 

ʉʲʚʨʝʤʝʥʥʠ ʀʥʞʝʥʝʨʥʠ ʊʝʭʥʦʣʦʛʠʠò /ʨʲʢ. ʧʨʦʬ. ʜʥ. ʠʥʞ. ʀʚʘʥ ʂʨʘʣʦʚ, 12.2019-2023/. 
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Investigation of the Acoustic Characteristics of a Double-

Leaf Door at Different Wing Positions 
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Technical University of Sofia, Department of Mechanics, Faculty of Transport, 

8 Kliment Ohridski Blvd., 1000 Sofia, Bulgaria  
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Abstract. The paper examines the influence of the position of the wings of a double-leaf door of a semi-aperture 

chamber on the acoustic characteristics of the passage section of the door. The measurement is performed in three 

positions of the door. The results were analyzed and the acoustic characteristics of the studied variants were 

evaluated. 
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ʀʟʩʣʝʜʚʘʥʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ 

ʭʠʜʨʘʚʣʠʯʥʦ ʩʧʠʨʘʯʥʦ ʟʘʜʚʠʞʚʘʥʝ ʚʲʨʭʫ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ 

ɽʚʛʝʥʠ ʉʦʢʦʣʦʚʘ), ɼʠʘʥʘ ɼʘʮʦʚʘ 

ʌʘʢʫʣʪʝʪ ʧʦ ʪʨʘʥʩʧʦʨʪʘ, ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ - ʉʦʬʠʷ, ʙʫʣ. Ăʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ 8, 

ʉʦʬʠʷ 1756, ɹʲʣʛʘʨʠʷ 

 
ʘ) evg_sok@tu-sofia.bg 

ʈʝʟʶʤʝ. ɺ ʨʘʙʦʪʘʪʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʭʠʜʨʘʚʣʠʯʥʦ ʩʧʠʨʘʯʥʦ ʟʘʜʚʠʞʚʘʥʝ, ʧʨʠ 

ʨʘʟʣʠʯʥʠ ʥʘʯʘʣʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʘʩʪʠ ʥʘ ʩʧʠʨʘʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ, ʚʲʨʭʫ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ. ʀʟʚʲʨʰʝʥʠ ʩʘ ʣʘʙʦʨʘʪʦʨʥʠ ʠʟʧʠʪʚʘʥʠʷ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ 

ʚʲʨʭʫ ʠʥʝʨʮʠʦʥʝʥ ʣʘʙʦʨʘʪʦʨʝʥ ʩʪʝʥʜ, ʦʙʦʨʫʜʚʘʥ ʩ ʥʝʦʙʭʦʜʠʤʘʪʘ ʢʦʥʪʨʦʣʥʦ-ʠʟʤʝʨʚʘʪʝʣʥʘ ʘʧʘʨʘʪʫʨʘ. 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʣʘʙʦʨʘʪʦʨʥʠʪʝ ʠʟʧʠʪʚʘʥʠʷ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ. 

ɺʒɺɽɼɽʅʀɽ 

ɺ ʩʲʚʨʝʤʝʥʥʠʷʪ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʱ ʩʝ ʩʚʷʪ, ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʟʘʧʘʟʚʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦ ʧʦʚʠʰʘʚʘʱʠʪʝ ʩʝ ʠʥʪʝʥʟʠʚʥʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʘʚʪʦʤʦʙʠʣʥʠʷ ʪʨʘʥʩʧʦʨʪ, ʤʘʩʘ ʠ ʩʢʦʨʦʩʪ ʥʘ 

ʜʚʠʞʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʨʝʜʩʪʚʘ. ʊʦʚʘ ʧʨʝʜʷʚʷʚʘ ʚʠʩʦʢʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʩʧʠʨʘʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ 

ʘʚʪʦʤʦʙʠʣʠʪʝ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ [1]. ʉʧʠʨʘʯʥʠʷ 

ʤʝʭʘʥʠʟʲʤ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʩʲʟʜʘʚʘʥʝ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʘʚʪʦʤʦʙʠʣʘ. 

ʅʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʩʘ ʬʨʠʢʮʠʦʥʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ, ʢʦʠʪʦ ʨʘʙʦʪʷʪ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʪʨʠʝʥʝʪʦ ʥʘ 

ʚʲʨʪʷʱʠ ʩʝ ʚ ʥʝʚʲʨʪʷʱʠ ʩʝ ʜʝʪʘʡʣʠ. ʇʦ ʬʦʨʤʘ ʥʘ ʚʲʨʪʷʱʠʪʝ ʩʝ ʜʝʪʘʡʣʠ ʩʧʠʨʘʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʩʝ ʜʝʣʷʪ 

ʥʘ ʙʘʨʘʙʘʥʥʠ ʠ ʜʠʩʢʦʚʠ. ʊʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʠʟʧʲʣʥʠʪʝʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʥʘ ʩʧʠʨʘʯʥʘʪʘ ʫʨʝʜʙʘ, ʢʦʠʪʦ 

ʧʨʝʦʙʨʘʟʫʚʘʪ ʢʠʥʝʪʠʯʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʜʚʠʞʝʱʦʪʦ ʩʝ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ, ʯʨʝʟ ʧʨʦʮʝʩʘ ʥʘ ʪʨʠʝʥʝ, ʚ 

ʪʦʧʣʠʥʘ. ɺ ʩʚʦʝʪʦ ʨʘʟʚʠʪʠʝ ʩʧʠʨʘʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʧʨʝʪʲʨʧʷʚʘʪ ʤʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʠ 

ʧʨʦʤʝʥʠ ʟʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʦʪʚʝʞʜʘʥʝʪʦ ʥʘ ʪʦʧʣʠʥʘ ʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʥʘʜʝʞʜʥʦʩʪ, ʠʟʜʨʲʞʣʠʚʦʩʪ ʠ 

ʧʦʩʪʦʷʥʥʠ ʩʠʣʠ ʥʘ ʪʨʠʝʥʝ ʧʨʠ ʥʘʡ-ʪʝʞʢʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʤʝʭʘʥʠʯʥʦ ʠ ʪʝʨʤʠʯʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ 

ʬʨʠʢʮʠʦʥʥʠʪʝ ʥʘʢʣʘʜʢʠ ʚ ʨʘʙʦʪʥʠ ʩʨʝʜʠ, ʢʲʜʝʪʦ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʤʦʛʘʪ ʜʘ ʥʘʜʚʠʰʘʪ 800 ÁC [2-4]. 

ʈʘʙʦʪʠʪʝ ʧʦ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʪʷʭʥʦʪʦ ʠʟʧʠʪʚʘʥʝ, 

ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʲʪʥʦ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʦ. ʃʘʙʦʨʘʪʦʨʥʦʪʦ ʩʪʝʥʜʦʚʦ ʠʟʧʠʪʚʘʥʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʘʡ-

ʧʲʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ, ʢʘʪʦ ʩʝ ʦʩʠʛʫʨʷʚʘ ʧʦʩʪʦʷʥʝʥ 

ʩʧʠʨʘʯʝʥ ʤʦʤʝʥʪ ʠ ʩʧʠʨʘʯʥʦ ʟʘʢʲʩʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʠʣʘʪʘ ʚʲʨʭʫ ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ï ʩʧʠʨʘʯʥʠʷ 

ʧʝʜʘʣ [5, 6]. ʉ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʝʢʦʣʦʛʠʷ ʠ ʯʠʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ ʩʘ ʥʘʩʦʯʝʥʠ ʧʨʝʜʠʤʥʦ ʢʲʤ: ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʦʚʠ 

ʬʨʠʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ; ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʩʧʠʨʘʯʥʠ ʜʠʩʢʦʚʝ ʩ ʧʦʜʦʙʨʝʥʦ ʪʦʧʣʦʦʪʚʝʞʜʘʥʝ; ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʥʘʧʨʝʯʥʠʪʝ ʠ ʪʘʥʛʝʥʮʠʘʣʥʠ ʚʠʙʨʘʮʠʠ ʧʨʠ ʩʧʠʨʘʥʝ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʰʫʤ, ʯʨʝʟ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʟʧʨʝʜʝʣʷʥʝ ʥʘ ʥʘʪʠʩʢʘ ʥʘ ʬʨʠʢʮʠʦʥʥʠʪʝ ʥʘʢʣʘʜʢʠ ʢʲʤ ʩʧʠʨʘʯʥʠʪʝ ʜʠʩʢʦʚʝ [7, 8]. 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʘ ʨʘʙʦʪʘ ʝ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʭʠʜʨʘʚʣʠʯʥʦ ʩʧʠʨʘʯʥʦ 

ʟʘʜʚʠʞʚʘʥʝ ʧʨʠ ʨʘʟʣʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʨʪʷʱʠʪʝ ʩʝ ʯʘʩʪʠ ʥʘ ʩʧʠʨʘʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʚʲʨʭʫ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ. 

  

ɾ. ʊʧʣʧʤʧʛ, ɽ. ɽʙʯʧʛʙ, ʀʟʩʣʝʜʚʘʥʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʭʠʜʨʘʚʣʠʯʥʦ ʩʧʠʨʘʯʥʦ ʟʘʜʚʠʞʚʘʥʝ ʚʲʨʭʫ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ 
ʤʝʭʘʥʠʟʤʠ 
E. Sokolov, D. Dacova, Study the impact of hydraulic brake actuation parameters on the efficiency of wheel brake mechanisms 
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ʄɽʊʆɼʀʂɸ ʀ ɸʇɸʈɸʊʋʈɸ 

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʮʝʣʪʘ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ ʠʥʝʨʮʠʦʥʝʥ ʣʘʙʦʨʘʪʦʨʝʥ ʩʪʝʥʜ ʟʘ ʠʟʧʠʪʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠ 

ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ ʦʙʦʨʫʜʚʘʥ ʩ ʥʝʦʙʭʦʜʠʤʘʪʘ ʢʦʥʪʨʦʣʥʦ-ʠʟʤʝʨʚʘʪʝʣʥʘ ʘʧʘʨʘʪʫʨʘ. 

ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʠʥʝʨʮʠʦʥʥʠʷ ʣʘʙʦʨʘʪʦʨʝʥ ʩʪʝʥʜ e ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ. 1. ʉʪʝʥʜʲʪ ʩʝ ʟʘʜʚʠʞʚʘ 

ʦʪ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 1, ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʣ ʜʚʠʞʝʥʠʝʪʦ ʩʝ ʧʨʝʜʘʚʘ ʥʘ ʨʝʜʫʢʪʦʨ 2, ʦʪ ʥʝʛʦ ʯʨʝʟ ʢʘʨʜʘʥʥʦ 

ʧʨʝʜʘʚʘʥʝ 3 ʩʝ ʟʘʜʚʠʞʚʘ ʤʘʭʦʚʠʢʲʪ 4. ʆʪ ʚʘʣʘ ʥʘ ʤʘʭʦʚʠʢʘ ʩʝ ʟʘʜʚʠʞʚʘʪ ʚʲʨʪʷʱʠʪʝ ʯʘʩʪʠ ʥʘ ʙʘʨʘʙʘʥʥʠʷ 

ʢʦʣʝʩʝʥ ʩʧʠʨʘʯʝʥ ʤʝʭʘʥʠʟʲʤ 5, ʦʪ ʪʷʭ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʜʘʥʥʦ ʧʨʝʜʘʚʘʥʝ 6 ʩʝ ʟʘʜʚʠʞʚʘʪ ʚʲʨʪʷʱʠʪʝ ʩʝ 

ʯʘʩʪʠ ʥʘ ʜʠʩʢʦʚʠʷ ʢʦʣʝʩʝʥ ʩʧʠʨʘʯʝʥ ʤʝʭʘʥʠʟʲʤ 7. ʂʘʨʜʘʥʥʦʪʦ ʧʨʝʜʘʚʘʥʝ 6 ʝ ʥʫʞʥʦ, ʪʲʡ ʢʘʪʦ ʟʘ 

ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʤʦʤʝʥʪ, ʩʲʟʜʘʚʘʥ ʦʪ ʜʠʩʢʦʚʠʷ ʢʦʣʝʩʝʥ ʩʧʠʨʘʯʝʥ ʤʝʭʘʥʠʟʲʤ ʩʣʫʞʠ 

ʙʘʣʘʥʩʠʨʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ 8. 

ʉʪʝʥʜʲʪ ʨʘʙʦʪʠ ʧʦ ʩʣʝʜʥʠʷʪ ʥʘʯʠʥ: ɿʘʜʚʠʞʚʘʱʠʷ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣ 1 ʩʝ ʨʘʟʚʲʨʪʘ ʜʦ ʦʧʨʝʜʝʣʝʥʠ 

ʦʙʦʨʦʪʠ. ʉʣʝʜ ʜʦʩʪʠʛʘʥʝ ʥʘ ʟʘʜʘʜʝʥʠʪʝ ʦʙʦʨʦʪʠ ʩʠʩʪʝʤʘʪʘ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ ʫʧʨʘʚʣʝʥʠʝ ʠʟʢʣʶʯʚʘ 

ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʜʚʠʞʝʥʠʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʪ ʠʥʝʨʮʠʦʥʥʠʷ ʤʦʤʝʥʪ ʥʘ ʤʘʭʦʚʠʢʘ 4. ʉʧʠʨʘʥʝʪʦ ʥʘ 

ʜʚʠʞʝʥʠʝʪʦ ʩʪʘʚʘ ʯʨʝʟ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʝʜʠʥ ʦʪ ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ. ʉʣʝʜ ʠʟʚʝʩʪʥʦ ʚʨʝʤʝ 

ʘʚʪʦʤʘʪʠʯʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʚʢʣʶʯʚʘ ʦʪʥʦʚʦ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʮʠʢʲʣʘ ʩʝ ʧʦʚʪʘʨʷ. 

 

 

ʌʀɻʋʈɸ 1. ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʠʥʝʨʮʠʦʥʝʥ ʣʘʙʦʨʘʪʦʨʝʥ ʩʪʝʥʜ ʟʘ ʠʟʧʠʪʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ. 

1 ï ʝʣʝʢʪʨʠʯʝʩʢʠ ʜʚʠʛʘʪʝʣ; 2 ï ʨʝʜʫʢʪʦʨ; 3, 6 ï ʢʘʨʜʘʥʥʦ ʧʨʝʜʘʚʘʥʝ; 4 ï ʤʘʭʦʚʠʢ; 

5 ï ʙʘʨʘʙʘʥʝʥ ʩʧʠʨʘʯʝʥ ʤʝʭʘʥʠʟʲʤ; 7 ï ʜʠʩʢʦʚ ʩʧʠʨʘʯʝʥ ʤʝʭʘʥʠʟʲʤ; 8 ï ʙʘʣʘʥʩʠʨʥʦ ʫʩʪʨʦʡʩʪʚʦ. 

ʂʦʥʪʨʦʣʥʦ-ʠʟʤʝʨʚʘʪʝʣʥʘʪʘ ʘʧʘʨʘʪʫʨʘ, ʩ ʢʦʷʪʦ ʝ ʦʙʦʨʫʜʚʘʥ ʠʥʝʨʮʠʦʥʥʠʷ ʩʪʝʥʜ ʟʘ ʠʟʧʠʪʚʘʥʝ ʥʘ 

ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ, ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʣʝʜʝʥʝ ʠ ʧʦʩʪʦʷʥʝʥ ʟʘʧʠʩ ʥʘ: ʦʙʦʨʦʪʠʪʝ ʥʘ 

ʟʘʜʚʠʞʚʘʱʠʷ ʚʘʣ ʥʘ ʙʘʨʘʙʘʥʘ ʠʣʠ ʜʠʩʢʘ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʤʝʭʘʥʠʟʲʤ; ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʨʘʙʦʪʥʠʷ 

ʬʣʫʠʜ ʚ ʩʧʠʨʘʯʥʦʪʦ ʟʘʜʚʠʞʚʘʥʝ; ʪʝʤʧʝʨʘʪʫʨʘʪʘ; ʩʠʣʘʪʘ ʚʲʨʭʫ ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʧʠʨʘʯʥʠʷ 

ʤʝʭʘʥʠʟʲʤ; ʩʧʠʨʘʯʥʠʷ ʤʦʤʝʥʪ. 

ʅʘ ʬʠʛʫʨʠ 2, 3 ʠ 4 ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʙʦʨʫʜʚʘʥʠʷ ʩ ʢʦʥʪʨʦʣʥʦ-ʠʟʤʝʨʚʘʪʝʣʥʘ ʘʧʘʨʘʪʫʨʘ ʠʥʝʨʮʠʦʥʝʥ 

ʣʘʙʦʨʘʪʦʨʝʥ ʩʪʝʥʜ ʟʘ ʠʟʧʠʪʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ. 

 

 
 

ʌʀɻʋʈɸ 2. ʆʙʱ ʚʠʜ ʥʘ ʠʥʝʨʮʠʦʥʥʠʷ ʣʘʙʦʨʘʪʦʨʝʥ 

ʩʪʝʥʜ ʟʘ ʠʟʧʠʪʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ. 

ʌʀɻʋʈɸ 3. ʊʘʭʦʛʝʥʝʨʘʪʦʨ (1), ʤʦʥʪʠʨʘʥ ʥʘ ʚʘʣʘ ʥʘ 

ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʠʥʝʨʮʠʦʥʥʠʷ ʣʘʙʦʨʘʪʦʨʝʥ ʩʪʝʥʜ. 
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ʌʀɻʋʈɸ 4. ʀʥʝʨʮʠʦʥʝʥ ʣʘʙʦʨʘʪʦʨʝʥ ʩʪʝʥʜ ʟʘ ʠʟʧʠʪʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ 

2 ï ʚʲʟʧʨʠʝʤʘʪʝʣ ʟʘ ʥʘʣʷʛʘʥʝ; 3 ï ʪʝʨʤʦʤʝʪʲʨ ʠʥʬʨʘʯʝʨʚʝʥ (ʙʝʟʢʦʥʪʘʢʪʝʥ); 

4, 5 ï ʚʲʟʧʨʠʝʤʘʪʝʣ ʟʘ ʩʠʣʘ ï ʪʝʥʟʦʤʝʪʨʠʯʝʥ (ʨʝʟʠʩʪʦʨʝʥ ʪʝʥʟʦʚʲʟʧʨʠʝʤʘʪʝʣ); 

6 ï DAQ (ʉʠʩʪʝʤʠ ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ); 7 ï ʪʝʥʟʦʤʝʪʨʠʯʝʥ ʫʩʠʣʚʘʪʝʣ; 

8 ï ʈʉ (ʧʨʝʥʦʩʠʤ ʢʦʤʧʶʪʲʨ); 9 ï ʪʝʞʝʩʪʠ ʟʘ ʢʘʣʠʙʨʠʨʘʥʝ ʥʘ ʚʲʟʧʨʠʝʤʘʪʝʣʠʪʝ ʟʘ ʩʠʣʘ; 

10 ï ʟʘʭʨʘʥʚʘʱ ʙʣʦʢ. 

 

ʉʣʝʜ ʦʙʦʨʫʜʚʘʥʝ ʥʘ ʩʪʝʥʜʘ ʩ ʢʦʥʪʨʦʣʥʦ-ʠʟʤʝʨʚʘʪʝʣʥʘ ʘʧʘʨʘʪʫʨʘ, ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʩʝ 

ʧʦʜʛʦʪʚʷʪ ʟʘ ʠʟʧʠʪʚʘʥʝ. ʇʨʘʚʠ ʩʝ ʧʨʦʚʝʨʢʘ, ʢʘʣʠʙʨʠʨʘʥʝ ʠ ʪʘʨʠʨʘʥʝ ʥʘ ʚʩʠʯʢʠ ʚʲʟʧʨʠʝʤʘʪʝʣʠ ʠ ʩʝ 

ʧʨʦʚʝʞʜʘʪ ʢʦʥʪʨʦʣʥʠ ʠʟʧʠʪʚʘʥʠʷ. 

ʀɿɺʒʈʐɺɸʅɽ ʅɸ ʃɸɹʆʈɸʊʆʈʅʀ ʀɿʇʀʊɺɸʅʀʗ ʅɸ ʂʆʃɽʉʅʀ ʉʇʀʈɸʏʅʀ 

ʄɽʍɸʅʀɿʄʀ ʉ ʍʀɼʈɸɺʃʀʏʅʆ ɿɸɼɺʀɾɺɸʅɽ ʅɸ ʀʅɽʈʎʀʆʅɽʅ ʉʊɽʅɼ 

ɺʢʣʶʯʚʘ ʩʝ ʟʘʭʨʘʥʚʘʥʝʪʦ ʥʘ ʩʪʝʥʜʘ ʠ ʘʚʪʦʤʘʪʠʯʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʤʫ. ʉʪʘʨʪʠʨʘ ʩʝ 

ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʟʘʧʠʩ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʚʲʟʧʨʠʝʤʘʪʝʣʠʪʝ. ʉʣʝʜ ʜʦʩʪʠʛʘʥʝ ʥʘ ʟʘʜʘʜʝʥʠʪʝ 

ʦʙʦʨʦʪʠ, ʘʚʪʦʤʘʪʠʯʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʠʟʢʣʶʯʚʘ ʟʘʜʚʠʞʚʘʱʠʷ ʝʣʝʢʪʨʦʜʚʠʛʘʪʝʣ ʠ ʩʝ ʟʘʜʝʡʩʪʚʘ ʦʨʛʘʥʘ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ, ʜʦʢʘʪʦ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʩʪʝʥʜʘ ʩʧʨʝ. ʉʣʝʜ ʢʘʪʦ ʜʚʠʞʝʥʠʝʪʦ 

ʥʘ ʩʪʝʥʜʘ ʩʧʨʝ, ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʟʘʧʠʩ ʥʘ ʜʘʥʥʠ ʩʝ ʩʧʠʨʘ ʠ ʩʝ ʧʨʘʚʠ ʟʘʧʠʩ ʥʘ ʧʦʣʫʯʝʥʠʪʝ 

ʜʘʥʥʠ. 

ʆɹʈɸɹʆʊʂɸ ʀ ɸʅɸʃʀɿʀʈɸʅɽ ʅɸ ʇʆʃʋʏɽʅʀʊɽ ʈɽɿʋʃʊɸʊʀ ʆʊ 

ʃɸɹʆʈɸʊʆʈʅʀʊɽ ʀɿʇʀʊɺɸʅʀʗ 

ʆʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʩʝ ʠʟʚʲʨʰʘ ʩ ʢʦʝʬʠʮʠʝʥʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʧʨʠ ʢʘʣʠʙʨʠʨʘʥʝʪʦ ʥʘ 

ʚʲʟʧʨʠʝʤʘʪʝʣʠʪʝ. ʊʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʨʝʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ 

ʭʠʜʨʘʚʣʠʯʥʦ ʩʧʠʨʘʯʥʦ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʢʦʣʝʩʥʠ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʧʠʨʘʯʥʠʷ ʜʠʩʢ. 

ʉ ʧʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʚʘʣʘ ʥʘ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ (ʦʙʦʨʦʪʠʪʝ), ʩʝ ʠʟʯʠʩʣʷʚʘ 

ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ, ʲʛʣʦʚʦʪʦ ʫʩʢʦʨʝʥʠʝ, ʣʠʥʝʡʥʦʪʦ ʩʧʠʨʘʯʥʦ ʟʘʢʲʩʥʝʥʠʝ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʘʚʪʦʤʦʙʠʣʘ, ʦʪ 

ʢʦʷʪʦ ʝ ʟʘʧʦʯʥʘʣʦ ʩʧʠʨʘʥʝʪʦ. ʅʘ ʬʠʛʫʨʠ ʦʪ 5 ʜʦ 12 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʛʨʘʬʠʢʠ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. 

ʅʘ ʬʠʛʫʨʠʪʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʦʟʥʘʯʝʥʠʷ: ,ï ʲʛʣʦʚʦ ʫʩʢʦʨʝʥʠʝ ‫ ;ʝ ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ, rad/s ‫ 

rad/s2; ʘʩʧ ï ʩʧʠʨʘʯʥʦ ʟʘʢʲʩʥʝʥʠʝ, m/s2; Mʩʧ ï ʩʧʠʨʘʯʝʥ ʤʦʤʝʥʪ, kNm; p ï ʥʘʣʷʛʘʥʝ, bar; tÜ ï ʪʝʤʧʝʨʘʪʫʨʘ, 

ºC; Fʧ ï ʩʠʣʘʪʘ, ʧʨʠʣʦʞʝʥʘ ʚʲʨʭʫ ʩʧʠʨʘʯʥʠʷ ʧʝʜʘʣ, kN; V ï ʩʢʦʨʦʩʪ, m/s; t ï ʚʨʝʤʝ, s. 
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ʌʀɻʋʈɸ 5. ʉʧʠʨʘʥʝ ʦʪ 25 ÜC ʩ ʙʲʨʟʦ ʥʘʪʠʩʢʘʥʝ ʥʘ ʦʨʛʘʥʘ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 
ʌʀɻʋʈɸ 6. ʉʧʠʨʘʥʝ ʦʪ 90 ÜC ʩ ʧʣʘʚʥʦ ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 

  

ʌʀɻʋʈɸ 7. ʉʧʠʨʘʥʝ ʦʪ 130 ÜC ʩ ʙʲʨʟʦ ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 
ʌʀɻʋʈɸ 8. ʉʧʠʨʘʥʝ ʦʪ 150 ÜC ʩ ʙʲʨʟʦ ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 

  

ʌʀɻʋʈɸ 9. ʉʧʠʨʘʥʝ ʦʪ 150 ÜC ʩ ʧʣʘʚʥʦ ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 
ʌʀɻʋʈɸ 10. ʉʧʠʨʘʥʝ ʦʪ 160 ÜC ʩ ʙʲʨʟʦ ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 

  

ʌʀɻʋʈɸ 11. ʉʧʠʨʘʥʝ ʦʪ 180 ÜC ʩ ʙʲʨʟʦ ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 
ʌʀɻʋʈɸ 12. ʉʧʠʨʘʥʝ ʦʪ 200 ÜC ʩ ʧʣʘʚʥʦ ʥʘʪʠʩʢʘʥʝ ʥʘ 

ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ. 
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ʆʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʛʨʘʬʠʢʠ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʣʘʙʦʨʘʪʦʨʥʠ ʠʟʧʠʪʚʘʥʠʷ ʩʝ ʚʠʞʜʘ, ʯʝ 

ʩʧʠʨʘʯʥʠʷ ʤʦʤʝʥʪ ʄʩʧ ʠ ʩʧʠʨʘʯʥʦʪʦ ʟʘʢʲʩʥʝʥʠʝ ʘʩʧ ʠʤʘʪ ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʧʨʠ ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʨʘʙʦʪʥʠʷ ʬʣʫʠʜ ʚ ʩʧʠʨʘʯʥʦʪʦ ʟʘʜʚʠʞʚʘʥʝ ʠ ʩʠʣʘʪʘ ʚʲʨʭʫ ʦʨʛʘʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ï 

ʩʧʠʨʘʯʥʠʷ ʧʝʜʘʣ. ɺʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʧʠʨʘʯʥʠʷ ʤʦʤʝʥʪ ʄʩʧ ʠ ʩʧʠʨʘʯʥʦʪʦ ʟʘʢʲʩʥʝʥʠʝ ʘʩʧ ʩʝ 

ʟʘʧʘʟʚʘʪ ʠ ʧʨʠ ʩʧʠʨʘʥʝ ʩ ʥʘʯʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 200 ÜC ʥʘ ʩʧʠʨʘʯʥʠʷ ʜʠʩʢ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʅʘʡ-ʛʦʣʷʤʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʢʦʣʝʩʥʠʪʝ ʩʧʠʨʘʯʥʠ ʤʝʭʘʥʠʟʤʠ ʩ ʭʠʜʨʘʚʣʠʯʥʦ 

ʟʘʜʚʠʞʚʘʥʝ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʘ ʩʝ ʩ ʧʦʩʪʦʷʥʝʥ ʩʧʠʨʘʯʝʥ ʤʦʤʝʥʪ ʠ ʧʦʩʪʦʷʥʥʦ ʩʧʠʨʘʯʥʦ ʟʘʢʲʩʥʝʥʠʝ, 

ʦʢʘʟʚʘ ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʨʘʙʦʪʥʠʷ ʬʣʫʠʜ ʥʘ ʢʦʣʝʩʥʠʷ ʩʧʠʨʘʯʝʥ ʮʠʣʠʥʜʲʨ, ʦʧʨʝʜʝʣʷʱʦ ʩʠʣʘʪʘ ʥʘ 

ʧʨʠʪʠʩʢʘʥʝ ʥʘ ʬʨʠʢʮʠʦʥʥʠʪʝ ʥʘʢʣʘʜʢʠ ʢʲʤ ʩʧʠʨʘʯʥʠʷ ʜʠʩʢ. ɺ ʠʟʩʣʝʜʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ 

ʦʪ 25õ200 ÁC ʩʝ ʟʘʙʝʣʷʟʚʘ ʟʘʧʘʟʚʘʥʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʤʦʤʝʥʪ ʠ ʨʝʩʧʝʢʪʠʚʥʦ ʥʘ ʩʧʠʨʘʯʥʦʪʦ ʟʘʢʲʩʥʝʥʠʝ 

ʧʨʠ ʩʧʠʨʘʥʝ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʥʘ ʢʘʪʝʜʨʘ Ăɼɸʊʊñ ʢʲʤ 

ʌʘʢʫʣʪʝʪʘ ʧʦ ʪʨʘʥʩʧʦʨʪ ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ - ʉʦʬʠʷ, ʧʦ ʜʠʩʮʠʧʣʠʥʠʪʝ Ăʀʟʧʠʪʚʘʥʝ ʥʘ 

ʘʚʪʦʤʦʙʠʣʘñ, Ăʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʘñ, Ăʊʝʦʨʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʘñ ʠ ʜʨ., ʠʟʫʯʘʚʘʥʠ ʚ ʥʷʢʦʣʢʦ 

ʩʧʝʮʠʘʣʥʦʩʪʠ. 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ʅʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʥʘʩʪʦʷʱʘʪʘ ʧʫʙʣʠʢʘʮʠʷ, ʩʘ 
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ʉʦʬʠʷ, 2021 ʛ. 
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Abstract. In this paper the impact of the parameters of hydraulic brake actuation system at different temperatures of 

the rotating parts of the brakes on the efficiency of the brake mechanisms is examined. Laboratory tests of wheel 

brake mechanisms on inertial laboratory test bench equipped with the control and measuring equipment are 

performed. The results of laboratory tests are processed and analyzed. 
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Abstract. There is one reason for the majority of cases on the road accidents ï inappropriate speed. The main factor 

for that is the increase of speed, not taking into account the condition of the road surface. This occurs mainly in cases 

where drivers are not professionals and drive vehicles that has the ability to easily accelerate to achieve critical 

values of the velocity. The main factors which affect the loss of traction, are the coefficient of friction between the 

tire and the road surface, tire condition, temperature, some profile characteristics as well as specifics in the car layout 

as a wheel formula (4x2, 2x4 and 4x4), weight of each of the axles and others. At the same time there are 

professionals whose job is basically to define the limits of the traction ï drives from the circuit car championships. 

ʊhis article shows an idea for learning artificial intelligence or defining more precisely the method of collecting data 

from real track tests, which will be able to recommend a safe speed on the road in vehicles driven by a real driver 

and choosing a safe speed for autonomously driven vehicles. Emphasis will be on the inputs required, the choice of 

road surfaces, the choice of car tires, the choice of cars. The data could be used to compile table for decisions, used 

by the main algorithm of the future system for determining the safe speed. A system like that would work in unison 

with other supplying systems, used for defining the required input data. 

INTRODUCTION 

Vehicle autonomous driving systems should make decisions based on numerous factors. Modern automatic 

solutions for correction of vehicle stability work after the initial moment of destabilization. In systems such as 

the ESP, the driver has already entered the vehicle in a situation of absolute loss or an increased trend for loss of 

stability, where the automatic assembly acts to reduce or prevent the loss of traction and the return of control. 

Sometimes this could be impossible. The responsibility for choosing the movement mode is entirely in 

driverôs hands. He is qualified, although in most cases he is a non-professional. The decisions taken by the man 

who is driving the machine are based on his experience, which in turn lies on a set of different circumstances, 

specific conditions, phenomena, situations and conditions. In autonomous control systems, the driver's 

experience factor should be replaced by a similar database or map to be used to determine the motion mode 

parameters. This happens preventively, not after the initial critical moment. One of the most important factors is 

the vehicle velocity. It as a parameter is sufficient choice for determining and simplifying the output data. 

The algorithm must determine a single value to be used by the rest of the automatic system as maximum 

permissible for a particular situation. In this case "situation" means the passage of the vehicle through a curve 

(turn), in a road lane with a width of 80% of the minimum width of the road lane determined by road standards 

in Europe. Here is offered a data collection algorithm with relative and absolute magnitudes that will serve to 

train such an algorithm. It itself is only part of a larger system containing a mechanism and algorithm to 

determine the type of road surface, base and algorithm to determine the tire, a system for determining the 

occurrence of slippage, stabilizing program, determination system for the type of the turn based on GPS and 

others. 

Such an algorithm may provide information for a maximum permissible speed, which subsequently serves to 

the common autonomous driving system, taking into account with a security coefficient and after assessing 

whether he exceeds or not the maximum speed permitted on the road section. In fact, this is a proposal to solve 

some of the problem associated with the so-called "inappropriate speed". And since the compliance is an ability 

inherent in human reason, it will be an inspiration for determining some of the main pillars in generating the 

algorithm to determine the maximum permissible speed without sliding. 

A. Mazgarev, Defining algorithm for gathering information of the traction limits 
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EXPOSITION OF THE IDEA 

Professional racing drivers from the track championships have a major task to driving on the traction 

boundaries. Of course, in racing conditions, professional drivers apply a number of master techniques in driving 

leading risk to themselves. For the study, only the component of normal movement will be used to identify the 

traction limit values. 

The idea lies on conducting a study of measurement sessions with different vehicles and different values of 

the input parameters. The output data will represent one value at the maximum speed after which the vehicle 

loses stability and become sliding or passes in slip angle mode [1]. The last gives an advantage from a racing 

perspective, but it is far from the sough-after movement under normal condition which is wanted to be achieved 

with the autonomous car. 

The study and real measurements should be carried out on several different tracks, with different properties 

of the asphalt coating, as well as several different road overlays. 

The collected data should be used to train a set of neural networks [2] using the Backpropagation method. 

The input and output data will be normalized in the range of 0 to 1. The algorithm should then be made to take 

into account the number of input parameters and one only output parameter. The algorithm will be used to train 

the neural network and creating the right weights of the links. The output data from the measurements will be 

passed and weights will be set so as to cover the probability of input parameters as maximum. After training of 

the neural network, through the opposite way, the maximum speed of movement will be determined on the back 

of the system and will be determined to reach the traction limit. Of course it can be able to achieve some 

accuracy that will be defined as an average square error of the system and will be tested again in a real 

environment. 

To be used in real autonomous vehicles, this speed should be taken, multiplied by a coefficient reflecting the 

error and multiplied by a safety coefficient.  

Here are the steps:  

1. To define the input parameters that will be measured and set in autonomous motion mode; 

2. To define the range and the type of variables; 

3. To define the road conditions in which the measurement sessions will have to be carried out; 

4. To define vehicle types; 

5. To define the situations and the shape of the road. 

An important clarification is that all input parameters involved in the test and which do not represent 

absolute physical quantities must be comparable and selected with numerical values that correspond in the low 

levels with slippery behavior and in the high levels with high level of traction. 

DETERMINATION OF THE TEST PROGRAM FOR REAL MEASUREMENTS 

Selection of the input parameters: 

ShR ï Shape of the road surface ï this parameter represents the type and condition of the road overlay. It is 

supplied by a system for determining the road surface. It uses optical analysis and provides a number 

corresponding to the friction coefficient between the road and a test wheel (with certain characteristics). 

The maximum range is determined and divided into 254 groups for each of which is used an average ɛ 

(coefficient). 

TrC ï Tire condition indicator ï this parameter again is a dimensionless quantity (coefficient) that reflects 

the state of automotive tires compared with their initial condition. According to research [3], human 

sensations and perceptions of the degree of wear and deterioration of the properties of automotive tires, 

they are divided into 6 groups. The tire status method uses optical analysis and sets a total of 62 = 36 

different scarred degrees. The same will be used as an input parameter - a coefficient of 0, reflecting an 

absolutely worn rubber, up to 1 ï new (not used) rubber. 

TW ï Treadwear ï this parameter is taken from the unified classification system UTQG ï Uniform Tire 

Quality Grading. The treadwear grade is a comparative rating based on the wear rate of the tire when it 

is tested under controlled conditions on a specified government test track. A tire graded 200 would last 

twice the distance on the government test course under specified test conditions as one which is graded 

100. The range of this parameter is between 0 and 300, dimensionless quantity. This parameter is in a 

non-linear relation to coefficient of friction µ [4]. 

WgV ï Weight of the vehicle ï this parameter represents the weight of the vehicle in the moment of motion 

and the dimension is kg. As the measurement and purposes of the method are related to light vehicles, 

the upper limit is 3500 kg according to category limitations.  
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WdF ï Weight distribution ï front axle ï this parameter represents the weight distribution between rear and 

front axle. It is a coefficient with a range between 0 and 1. Value of 1 corresponds to 100% weight 

distributed to the front axle. Zero value is 0% weight distributed to front axle. 

WdR ï Weight distribution ï rear axle ï this parameter represents the weight distribution between rear and 

front axle. It is a coefficient with a range between 0 and 1. Value of 1 corresponds to 100% weight 

distributed to the rear axle. Zero value is 0% weight distributed to rear axle. 

TrTf ï Tire temperature ï this parameter represents the instantaneous average value of inner temperatures of 

both front tires in K, measured simultaneously on the vehicle [5]. Lower range is 193 K and the upper is 

473 K.  

TrPf ï Tire pressure ï this parameter represents the instantaneous average value of inner pressure of both 

front tires in Pa, measured simultaneously on the vehicle [5]. Lower range is 0 Pa and the upper is 8·105 

Pa.  

TrTr ï Tire temperature ï this parameter represents the instantaneous average value of inner temperatures of 

both rear tires in K, measured simultaneously on the vehicle [5]. Lower range is 193 K and the upper is 

473 K.  

TrPr ï Tire pressure ï this parameter represents the instantaneous average value of inner pressure of both 

rear tires in Pa, measured simultaneously on the vehicle [5]. Lower range is 0 Pa and the upper is 8·105 

Pa. 

TWd ï Tire width ï this parameter represents the tire width in m. Lower limit is 0 m and the upper limit is 0.55 m. 

TPr ï Tire proportions ï this parameter represents the aspect ratio from tire formula. It is dimensionless quantity 

between 0 and 1. But in terms of the measurement it will be taken with inversed value (1-[aspect ratio]).  

RTmp ï Road temperature ï this parameter represents the temperature of the road. It could be taken by a 

spectral reflectance sensor installed on the vehicle. The dimension is K, measured simultaneously on the 

vehicle [6]. Lower range is 193 K and the upper is 373 K. 

Figure 1 represents the topology of the data acquisition system. Such architecture shall be included only in 

the vehicles used for the experiments. 

 

 

FIGURE 1. Block-diagram of the system for data collection: TPMS ï tire pressure monitoring system; ABS ï anti-lock 

braking system; NVM ï non-volatile memory. 

 

The organization of the measurements should be as follows: 

¶ Several sessions should be maintained on tracks: 

- Session on dry conditions on track with surface type 1 
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- Session on dry conditions on track with surface type 2 

- Session on dry conditions on track with surface type 3 

- Session on wet conditions on track with surface type 1 

- Session on wet conditions on track with surface type 2 

- Session on wet conditions on track with surface type 3 

- Session on icy conditions with massive ice on the road 

- Session on dry conditions on pavement type 1 

- Session on dry conditions on pavement type 2 

All 9 sessions will have determined ShR parameter for all of the measurements. It will be the same for each 

different session. 

¶ In each session 23 vehicles with different original tire sizes should be used. The ensemble of possible 

tire sizes is as follows:  

- 195/60R15, 195/65R15 

- 205/55R16, 215/55R16, 215/60R16, 215/65R16,  

- 205/50R17, 215/45R17, 215/55R17, 225/45R17, 225/50R17, 235/45R17, 245/50R17 

- 225/40R18, 225/45R18, 235/45R18, 235/50R18, 235/55R18 

- 225/45R19, 245/40R19 

- 245/35R20, 245/45R20, 275/40R20 

¶ These 23 vehicles will be separated in three different categories and the measurements will be separated 

by three groups: 

- Vehicles with increased tendency to understeer; 

- Vehicles with increased tendency to oversteer; 

- Vehicles with neutral characteristics in terms of oversteering and understeering.  

This means that these three groups will determine three packs of neural networks. For further usage, the type 

of the vehicle should be determined and then the proper pack of neural networks will be used. 

Vehicles should use lanes of 2.5 m width, according to European norms [7] for road construction. Then it 

will apply  80% bound and then the lane becomes of 2 m width. 

¶ Each group of previously mentioned should contain measurements for 16 curves with radiuses (in 

meters) as follows: 1 ï R = 40 m; 2 ï R = 60 m; 3 ï R = 80 m; 4 ï R = 100 m; 5 ï R = 120 m; 6 ï R = 

140 m; 7 ï R = 160 m; 8 ï R = 180 m; 9 ï R = 200 m; 10 ï R = 220 m; 11 ï R = 240 m; 12 ï R = 260 

m; 13 ï R = 280 m; 14 ï R = 300 m; 15 ï R = 320 m; 16 ï R = 340 m. 

These values correspond with high level of lateral jerk and lateral acceleration [8] for rural roads and 

motorways. Please, find below an example of table of measurements - Table 1: 

Vehicle type: [one of the possible options Vehicles with increased tendency to understeer/oversteer or neutral] 

Curve radius: [meters] 
TABLE 1. Example of a measurement for one testing session. 

Experiment 

Nr  

ShR TrC  TW WgV W

dF 

Wd

R 

TrT

f 

TrPf  TrT

r  

TrPr  TWd TPr RT

mp 

V 

max 

Tire size - - - kg % % K Pa K Pa m - K m/s 

195/60R15 A W 220 1400 60 40 200 20000 200 20000 0.195 60 200 10 
é.all from 
tire sizesô list 

A X 220 1400 60 40 200 20000 200 20000 0.205 55 200 13 

é.all from 

tire sizesô list 
A W 200 1400 60 40 210 30000 210 30000 0.205 50 210 11.5 

225/40R18 B Z 180 1400 50 50 210 25000 210 25000 0.225 40 210 12 
é.all from 

tire sizesô list  
B W 180 1600 50 50 200 21000 200 21000 0.225 45 200 11 

é.all from 

tire sizesô list 
B Y 180 1600 50 50 190 25000 190 25000 0.245 40 190 11 

195/60R15* C W 220 1600 60 40 220 25000 220 25000 0.195 60 220 12.5 
é.all from 

tire sizesô list 
C X 220 1500 50 50 190 26000 190 26000 0.205 55 190 13 

é.all from 

tire sizesô list 
C W 180 1600 40 60 220 24000 220 24000 0.205 50 220 13.5 

225/40R18* D Z 200 1500 10 90 230 24000 230 24000 0.225 40 230 14 
é.all from 
tire sizesô list 

D Y 200 1600 20 80 200 30000 200 30000 0.225 45 200 14 

é.all from 

tire sizesô list 
D W 240 1500 60 40 230 28000 230 28000 0.245 40 230 12.5 
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A, B, C, D ï are the values of ShR signal related to the surface. This represents the sessions on different 

tracks, mentioned before. X, Y, Z ï are the values of TrC signal related to the tire condition. Tire size, ShR, TrC 

and TW are parameters which will be predefined. WgV, WdF, WdR, TrTf, TrPf, TrTr, TrPr, TWd, TPr and 

RTmp are parameters that will be measured live during the test. 

Once the whole set of measurements is taken, all of the data column by column should be normalized in the 

range 0-1. After that 16x3 = 48 neural networks should be trained in order to determine the proper weights of 

the links. 

Measurements with mark ñ*ò (Test) will be not included in the measurement data and will be used for 

comparison with the outputs from the resulting algorithm and to determine the proper safety coefficient, based 

on the fault in percentage. All of the maneuvers should be executed and drove without applying brake or 

acceleration while cornering ï vehicle coasting / wheels are rolling by the inertia. 

In the following Fig. 2 is shown how the system for determining the maximum cornering speed is positioned 

among the other systems in the car. It represents the future partial topology of autonomous vehicles equipped 

with such system. 

 

 

FIGURE 2. Block-diagram of that how the system for determining the maximum cornering speed is positioned among the 

other systems in the car: TPMS ï tire pressure monitoring system; GPS ï Global Positioning System but in this diagram this 

block represents the navigation system integrated in the vehicle. 

CONCLUSION  

Trained neuron networks can be included as a module in the main algorithm for autonomous driving. They 

can be called by the main algorithm depends on the vehicle type and the curve radius of the following corner on 

the road. In addition, the provided parameter for the maximum vehicle speed without slip, should be multiplied 

by other coefficients like for instance: availability of inclination of the road, transverse angles, which will be 

part of another study. Neural networks are just one part from the whole system. First, from architecture 

perspective, the other systems for establishing road surface and tire wearing should be developed and tested and 

to be provided with the whole set of possible types with corresponds weighting factors. Such a system can be 

improved during operation. Algorithm and training programs can be extended and added to the neuron network 

training algorithm in order to make it more accurate. The module in the autonomous vehicle could be updated 

over the air and evolve over the service life. For primary integration in an autonomous vehicle, the system needs 

to be superior in terms of the decisions that can be made by a qualified driver. 
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Abstract. This article deals with the different alternative vehicle powertrain designs. It compares them by addressing 

their most prominent advantages and disadvantages based on the available literature research, and classifies them. 

The aim of this classification is to better understand the possible positive and negative sides of the wide adoption of 

such an alternative propulsion which is dictated by the strict emissions norms. Additionally, other technological 

means that can be implemented in the alternative powertrains (alternative fuels, ICE combustion strategies, 

propulsion topologies, and others) to further help in creating the transport sector climate neutral, are briefly 

discussed. 

INTRODUCTION 

In the context of strict CO2 emission regulations being applied in the European Union [1] the automotive 

branch found it necessary to look for alternative propulsion types for the new European fleet that guarantee low 

to zero onboard emissions. Indeed, following the trend, many electric vehicles and hybrid electric vehicles are 

currently designed and produced or planned to be produced for this particular market, which in 2020 became the 

biggest electric vehicle market in the world [2]. The expected results from the Green Deal in the spheres of 

clean energy and sustainable transportation however, are certainly not to be achieved by immediate actions [3, 

4] ï the transition to non-polluting and environmentally friendly transport is planned to be gradual with a 

number of different existing technologies being bettered and also emerging technologies being developed in the 

process. This most surely suggest that the internal combustion engine (ICE) should be advanced as it still has 

many positive aspects ï the excellent know-how available due to being the most widespread power generator in 

vehicles, the low production price and the high energy density, to name a few. Thus, ICE-based propulsion is 

going to remain an intrinsic vehicle component, especially in cases where electrification is for the near future 

hardly justified, such as in heavy-duty trucks and other heavy utility vehicles [5].  

At the same time along with battery and plug-in hybrid electric vehicles, the fuel cell (FC) hybrid is also 

gaining momentum on the market as hydrogen fuel and hydrogen delivery infrastructure are a crucial part of the 

plan for decarbonization of Europe [3]. Hydrogen produced by renewable energy is believed to be a good 

substitute for fossil fuels especially when electrification is not relevant, moreover it can be applied in electricity 

load balancing. For that reason, the aim of this article is to be as a contribution to the European efforts in 

lowering the vehiclesô emissions by reviewing the various alternative powertrains, describing their advantages, 

disadvantages, and most appropriate application, and also to briefly mention other technological means that can 

amplify the desired effect from the implementation of such powertrains in a wider range. 
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HYBRID ELECTRIC VEHICLES 

Hybridization is an important step in the development of vehicles toward lower fuel consumption, lower 

onboard emissions and more dynamic driving characteristics. The first mass-produced hybrid electric vehicle 

(HEV) and simultaneously the most successful one is the Toyota Prius, which was launched in Japan in the late 

nineties [6]. Obviously, it took a very long period of time since the inception of the automobile for the engineers 

and manufacturers around the globe to provide a viable hybrid model to the public. This is due to the higher 

complexity that such vehicles possess in comparison to conventional ICE-driven ones. The energy management 

strategy, the hybridization rate, and the hybridization topology are the features that all play a key role in 

unfolding the fuel-saving potential of HEVs. The various combinations of these three features define the 

strengths and weaknesses of each specific hybrid model. In this publication the HEVs are classified depending 

on the hybridization rate, the positions of the electric machine, and the hybridization topology. 

Hybridization Rate and Position of the Electric Machine 

Based on the hybridization rate HEVs can be divided in three main types, listed in Table 1. Micro hybrids 

have a small integrated starter motor which shuts down the engine when the vehicle stops and then starts it up 

when the vehicle moves again ï start/stop system. During motion the vehicle is propelled in all times by the ICE 

[7]. Mild hybrids on the other hand possess a more powerful electric motor which enhances the vehicle by 

adding not only the stop/start option to be used when idling, but also torque assistance when accelerating and 

energy regeneration when braking. Despite this, the electric system still does not enable the vehicle to move 

solely on electric mode. Mild hybrids utilize higher voltage electrical systems, typically of 48 or 90V, they 

incorporate a small battery pack, and the estimated benefit in terms of onboard CO2 reduction in comparison to 

ICE-driven vehicles is about 10% [8, 9]. As of 2021 the examples of mild HEVs are numerous and include 

models from the Mercedes C, E and S classes, Audi A3 to A8 series, and BMW 3 series among others. 

Full HEVs encompass all the functions of the mild hybrid but they have more powerful electric motors, 

significantly bigger battery capacity, and higher cost than micro and mild HEVs, as the motor can be used as the 

sole propulsion for very short trips up to 10 km. The ICE is downsized and the energy management strategy is 

generally more sophisticated, which ensures fuel efficiency increase of up to 40% compared to non-hybrid ICE-

driven vehicles. The Toyota Prius is the best example of such an automobile.  

A plug-in HEV (PHEV) is a type of full HEV that can be charged from the grid through a plug and has even 

larger electrical components, thus making them suitable for mid-length suburban trips. This makes the 

technology also applicable for buses and heavy-duty trucks. Depending on the used topology, the electrical 

powertrain system in PHEVs is used for range extending, or for the only vehicle propulsion at all times (series ï 

discussed later in the article) [10]. 

 

TABLE 1 . Different hybridization rate of HEVs and its important features [7-11]. 

Hybridization 

rate 

EV mode range, 

km 

Estimated reduction of 

CO2 emissions, % 

Electric motor  

Electric power, kW 

Micro HEV 0 approx. 5 belt 

2-5 kW 

Mild HEV 0 approx. 10 belt/crankshaft 10-15 

kW 

Full HEV 10 

>10 for PHEV 

15-20 

>20 for PHEV 

belt/crankshaft 15-100 

kW 

 

Hybrid architectures can also be classified into five groups from P0 to P4, depending on the position of the 

electric machine in the driveline of the vehicle ï Fig. 1. The P0 architecture, known as Belt-Integrated-Starter-

Generator (B-ISG), is realized mainly on micro and mild hybrids for the start/stop option and limited electric 

power assistance. The P1 configuration ï with a directly connected crankshaft ISG or a flywheel ISG that 

replaces the conventional starter and alternator ï incorporates a larger electric machine located between the 

flywheel and the transmission used for regenerative braking, acceleration assist, stop/start function, and also 

provides higher torque than P0 due to the lack of belt slip. Nevertheless, the integration cost is higher compared 

to P0 [12]. 

In configuration P2 the electric machine is mounted between the engine and the transmission and is 

decoupled from the ICE which allows for higher energy regeneration efficiency compared to P1 due to the lack 

of engine friction losses. The motor-generator is placed between the transmission and the final drive through a 

gear mesh in P3 configuration, while in the P4 one ï at the drive axle or at the wheel hubs, thus allowing for 
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even better efficiency as the amount of friction losses is lower. However, in P3 and P4 a larger and more 

expensive electric machine is necessary to achieve pure electric drive, since there is no torque amplification by 

the transmission [12]. 

 

 

FIGURE 1. Simple schematic of the motor-generator placement in HEV according to the P0-P4 classification. 

Hybridization Topology 

Based on the topology HEVs are divided in three main types: series, parallel, and parallel-series. Their most 

prominent features are shown in Table 2 and Fig. 2. 

Series HEVs use electric traction motors which can be placed on either of the axles or on all of them and are 

powered by the batteries and the generator ï Fig. 2 a). This allows the ICE to work in the best efficiency field, 

as it is not coupled to the drive shaft. The traction motor (motor/generator-MG in the figure) has a wider 

working range than the ICE, therefore the topology may not include a transmission. This, however, results in a 

need for good sizing of the traction motor, in order for it to well respond to the dynamical driving scenarios. 

Additionally, the electric motors may be more efficient than the ICE, but the energy transitions from the ICE to 

the final drive (mechanical-electrical-mechanical) lowers the overall efficiency [13].  

Series HEVs use smaller engines than those in conventional vehicles and are PHEV in terms of hybridization 

rate. Generally, the engine provides less than 50% of the peak power demand and it is rather used as a range 

extender to the pure electrical drive since the batteries have low energy density [7]. A good example of such a 

topology realized in a massively-produced vehicle is BMW i3 with a range extender. Currently, this type of 

HEV is still very unpopular with heavy-duty transportation due to the high weight and cost of the battery pack. 

 

TABLE 2.  Different HEV topologies and their advantages and disadvantages [9, 13, 14]. 

Topology Advantages Disadvantages 

Series ¶ No mechanical connection 

between ICE and drive wheels. 

¶ No need for multigear 

transmission. 

¶ Simple control strategy. 

¶ Twofold energy transition from the ICE to the 

drive wheels. 

¶ As the electric motor is the only source of 

propelling, it should be well-sized. 

¶ High weight and high cost of batteries. 

Parallel ¶ No energy form conversion in 

comparison to series hybrids. 

¶ Compactness, since no additional 

generator is needed and the 

traction motor is smaller than in 

series. 

¶ Wider speed and torque working region for the 

ICE since its mechanically coupled with the 

drive wheels, thus lower efficiency. 

¶ More complex design and energy management 

strategy than series. 

Parallel-series 

(power-split) 
¶ Combines the advantages of both 

the above-mentioned topology 

types depending on the operating 

mode. 

¶ The electrical path generates higher efficiency 

loses due to the energy transition. 

¶ Very high complexity of the design and the 

energy management strategy. Higher system 

weight. 
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In parallel HEVs both the ICE and the motor/generator are mechanically connected to the output shaft in 

such a manner that they can work both simultaneously to propel the vehicle ï Fig. 2 b). The powers from the 

ICE and MG are coupled together through a mechanical coupler. The electric machine works as a generator at 

low power demand and assisting the ICE as a motor at high power demand, hence enabling the engine to work 

with better efficiency than in conventional automobiles. The engine is generally bigger and the electric motor 

smaller than those used in the series configuration.  

The series-parallel (also known as power-split) configuration combines the advantages of both series and 

parallel topologies ï Fig. 2 c). A power split device (consisting of planetary gears) allows the vehicle to operate 

through the electrical or mechanical path, or when the energy management and state of charge of the battery 

enable it, operate through both paths [15]. Nevertheless, such a powertrain is significantly more complex than 

the parallel and series topologies alone. The available literature indicates that all three configurations of HEV 

consume less fuel and emit less onboard CO2 than standard ICE-driven vehicles [9, 13, 14, 16]. Power-split 

hybrids show better fuel economy in most of driving regimes than the other two topologies as well [17]. This is, 

of course, at the expense of higher propulsion complexity, higher vehicle weight, and higher price in comparison 

to ICE-driven vehicles of the same power range. 

 

 
FIGURE 2. Simple schematics of the hybridization topologies for hybrid electric vehicles: 

a) series, b) parallel, c) series-parallel. 

Other Hybridization Technologies 

There are other hybrid technologies that also utilize an ICE and also store the kinetic energy from braking 

thus offering lower fuel consumption than conventional automobiles. The flywheel hybrid vehicle (FHV) for 

example is a parallel topology hybrid which uses a flywheel energy storage system (FESS) instead of a battery. 

Such systems offer faster charging/deploying of energy in comparison to batteries since they do not transfer the 

regenerated energy into chemical form. Moreover, flywheels can discharge up to 97% of the stored energy, thus 

they do not have deep discharge limitations, they are less dependent on extreme temperatures, and cycle life as 

well [18]. Usually, such systems are mechanically coupled to the output shaft of the vehicle through a 

continuously variable transmission (CVT), but this topology is too heavy, large and costly. The company 

Williams Hybrid Power proposed an electrical configuration used in racing cars and public vehicle transport, 

where the MG harvests the energy from braking and transfers it into rotating kinetic energy to spin the flywheel 

ï Fig. 3 a). Such a novel system is more compact, light-weight and easy to build than the mechanically coupled 

one. The efficiency loss and financial cost are lower, and the flywheel may recover as much as half of the 

energy which is otherwise released as heat while braking. Certainly, FESS have disadvantages ï the stored 
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amount depends on the size and maximum rotating speed of the flywheel, and it cannot store the energy for long 

periods of time, unlike batteries [19]. 

In Figure 3 ï b) is illustrated a hydraulic hybrid topology. They hydraulic pump/motor (HPM) is used to as a 

pump to store high pressure working fluid (nitrogen gas or oil) in a high-pressure reservoir (accumulator) during 

regenerative braking [20]. Then the stored energy is applied during acceleration and driving at low vehicle 

velocities ï HPM works as a motor and the working fluid flows form the high-pressure to the low-pressure tank. 

The operation regimes of HPM as motor coincide with the low efficiency regions of the ICE, therefore 

improving the efficiency of the hybrid in the same manner as in HEV and FHV. Such a system has high power 

density, can regenerate up to 75% of the braking energy, in comparison to 30% for batteries, and has a long 

lifetime. The hydraulic components of HHV are also cheaper and easier to maintain than electric HEV 

components [21]. The system however, requires a lot of volume for the hydraulic reservoirs to store reasonable 

amounts of system working fluid, thus it is most suitable for large vehicle such as the heavy-duty ones. Similar 

to HEV, HHV can utilize a series, parallel or power-split topology, in Fig. 3 b) a parallel one is presented. 

 

TABLE 3 . Other hybridization technologies with ICE [18-21]. 

Technology Advantages Disadvantages Applicability  

Flywheel 

hybrid - 

FHV 

¶ Fast charging/discharging of 

energy, little maintenance. 

¶ Can dispense up to 97% of the 

stored energy. 

¶ Less dependent on deep discharge, 

extreme temperatures and number 

of cycles compared to batteries. 

¶ Storage amount dependent 

on size and rotating speed. 

¶ Inability to store energy for 

long periods of time due to 

eventually halting rotation. 

¶ Generally high price. 

 

Racing and public 

transport ï vehicles 

which brake and 

accelerate frequently. 

 

 

Hydraulic 

hybrid - 

HHV 

¶ Regenerates and dispenses up to 

around 75% of the energy from 

braking. 

¶ Fast charging/discharging of energy, 

little maintenance, low cost, long 

lifetime. 

¶ High noise and large 

system volume. 

¶ Lower energy density than 

batteries. 

Light-duty and heavy-

duty vehicles, military 

vehicles, buses ï larger 

vehicles that have more 

available volume for the 

hydraulic reservoirs. 

Alternative Technologies for Better ICE Ecology 

It is argued that some fuels need to be phased out, not ICEs. And indeed, there are many suitable 

replacements of conventional fuels ï biodiesels, methanol, ethanol, natural gas and hydrogen. Biodiesels made 

from vegetable oils and residues and animal fat residues for example are added to conventional diesel fuel in 

order to reduce soot and carbon oxide formation [22, 23]. Similarly, because of the possibility to be produced by 

renewable biomass resources, the biodegradability, and the lower lifecycle emissions due to consumption of 

CO2 by the feedstock crops, methanol and ethanol are other popular alternative fuels They are used particularly 

in spark-ignition engines owing to their similar characteristics to those of gasoline [24-26]. Hydrogen is also 

implemented in gas-fuel cycles by injecting it in the inlet manifold of the engine to improve its economic and 

ecological parameters [27]. Direct hydrogen injection (pure hydrogen engine) has also been extensively 

researched recently as it is considered more beneficial than gas-fuel cycles because it achieves higher efficiency 

and emissions only of nitrogen oxides [28]. Currently, all alternative fuels face obstacles for their widespread 

utilization mostly due to lack of sufficient amounts of production feedstock, hydrogen in particular suffers from 

absent delivery infrastructure and the complicated storage technologies.  

Other ICE enhancing technologies are such that process the exhaust gasses to further extract energy from 

their pressure or heat. In turbocompounding for example, the exhaust gasses are put through a power turbine 

which has its output shaft connected mechanically to the engineôs crankshaft, or to a generator, to achieve 

greater fuel economy. Mechanical turbocompounding has been used in commercial heavy-duty diesel engines 

for a long time already and is expected to grow in popularity in the next decade [29]. The power turbine can be 

added in series or parallel to the turbocharger, or alternatively, as a part of it. 
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About 40% of the energy of the fuel is lost as heat which makes waste heat recovery systems very intriguing. 

An example of such systems is the thermoelectric generator (TEG) system, working based on the Seebeck effect 

and taking advantage of silent operation, no moving parts and high reliability. It is mounted in the vehicleôs 

exhaust gas system and charges a battery by converting the temperature differences into electrical energy [11]. 

The Rankine cycle (RC) is the most promising means for energy recovery from exhaust heat ï a working fluid is 

evaporated and expanded to generate electricity, and then condensed and put through the cycle once again. The 

system is most notably used in heavy-duty diesel engines where there is enough space and waste heat for its 

realization. Up to around 14% cycle efficiency had been reported [30]. The main disadvantage of systems that 

regenerate energy from waste heat is the higher complexity and higher cost that they bring to the vehicle. 

The combustion process taking place inside the cylinders of ICEs can also be optimized for lower emissions 

of harmful chemicals, by adopting advanced combustion strategies ï homogenous charge compression ignition 

(HCCI) and reactivity-controlled compression ignition (RCCI). HCCI has the potential to lower and curb 

emissions of particular matter (PM) and nitrogen oxides (NOx), but it needs to adopt a multiple injection 

strategy and high EGR for best thermal efficiency. However, the high emissions of hydrocarbons (HC) and 

carbon oxide (CO) and the harsh combustion phase control makes for very scarce practical implementation of 

the technology. RCCI, on the other hand, is a dual-fuel method which similarly to HCCI reduces the level of PM 

and NOx, but also has higher thermal efficiency than diesel-fuelled engines and significantly better combustion 

phase control than HCCI. Nevertheless, the emissions in RCCI of HC and CO, even though lower in comparison 

to HCCI, are still higher than in conventional single-fuel combustion strategies [31]. These two advanced 

technologies have great potential and with the resolution of the difficulties they face, they could easily be 

applied in many types of vehicles, especially in such that operate in urban areas where the pollution of PM and 

NOx is the highest. 

 

 

FIGURE 3. Simple schematics of other hybridization technologies linked in a parallel topology: 

a) flywheel hybrid, b) hydraulic hybrid. 

BATTERY ELECTRIC VEHICLES 

Battery electric vehicles (BEVs), or also known as pure electric vehicles (PEVs) utilize only an electric 

propulsion powered by a battery pack, or alternatively by a hybrid storage system incorporating a battery pack 

and supercapacitors, or a battery pack and FESS. BEVs do not have an exhaust gas pipe, the electric powertrain 

occupies significantly less space than the powertrains of conventional and hybrid vehicles, and they also emit 

less vibrations and noise. They produce zero onboard emissions, thus are considered more ecological than 
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conventional and hybrid vehicles, yet the production of batteries leaves a serious carbon footprint. 

Nonetheless, the overall lifecycle well-to-wheels emissions of BEVs are lower when renewable energy is 

applied [32]. 

A simple schematic of the typical powertrain design for BEVs is shown in Fig. 4 a). The motor/generator 

can either be DC, or AC, therefore it is powered by the battery pack in motor mode either through a voltage 

converter, or an inverter. In generator mode the MG regenerates braking energy and charges the electrical 

storage system.  

Some of the drive schemes in modern passenger electric cars are the same as the ones in ICE-driven cars. 

The classical layout (front motor and rear-wheel drive) is used only in some hybrids and electric cars that are 

converted from vehicles having an engine. Front-wheel drive is mainly used in compact urban electric cars, 

with the electric motor, power and control electronics located in the front part and the battery, as it is with 

other modern electric cars, most frequently located in the floor of the chassis.  

Electric vehicles built on completely new platforms such as Volkswagen ID, if they are not in four-wheel 

drive variant, use a drive via a single electric motor located at the rear axle. This layout allows better 

utilization of the engine power during acceleration. The improved traction properties and stability when 

launching, cornering, and braking in regeneration mode determine the wide use of electric cars with a single 

rear axle electric motor. 

The topology with an ICE located centrally or at the rear axle of the vehicle is not applied in 

contemporary passenger cars, only occasionally in some sports cars. This is due to the low load on the front 

axle, and thus the resulting poor stability of the vehicle. Additionally, this topology eliminates the space of 

the back trunk and the back passenger seats. This is not the case with electric cars where the weight 

distribution along the length of the car is very good, as the battery is in the chassis floor, and the electric 

motor is more compact, which guarantees easier mounting and more free space compared to the ICE. The 

electric motor can be located at a lower level than the ICE so that there is enough place above it for the trunk 

and the rear seat arrangement. This type of propulsion topology has good traction performance on all road 

surface types and with different number of passengers.  

Particularly promising for electric cars is the usage of a distributed drive through separate (individual) 

motors for each wheel. The advantages of such a drive are expressed in a faster and more accurate response to 

the torque control and independent control of the electric motor of each wheel, thus ensuring better dynamics 

and energy efficiency of the electric vehicles [33, 34]. Moreover, if two MGs are connected through fixed 

gears to the wheels there is no need for a conventional final drive with a differential. Alternatively, the in-

wheel (hubmotor) drive almost entirely abandons mechanical gearing by installing the MG inside the wheel, 

in this way further simplifying the powertrain. Only a thin planetary gearset may be placed coupled with the 

motor to enhance its torque [13]. The MG in all electrical propulsions is controlled by a controller device that 

operates according to the energy management strategy and the driving conditions. 

FUEL CELL ELECTRIC VEHICLES 

Another alternative powertrain vehicle which is essentially a BEV, is the fuel cell electric vehicle (FCEV 

or FCHEV) that uses a FC instead of an ICE as main power generator. Fuel cells have high efficiency (up to 

65% electrical) and can process different types of fuels to generate electricity with low to no onboard 

emissions, low noise and vibrations, and relatively low maintenance. However, the major disadvantages of 

FCs are the very high cost because of the precious metals applied, the low power density, owing to slow 

response times in energy dispensing, and the hardships associated with hydrogen production and delivery 

when it is used as fuel [35]. 

The most widely used fuel cell in such a powertrain is the proton exchange membrane fuel cell (PEMFC). 

It has a compact design with a solid proton exchange polymer membrane for an electrolyte which has good 

mechanical and thermal stability. It also processes gaseous hydrogen with high purity (99.99 %) as fuel. It 

operates at low temperature and pressure and has relatively fast start-up times, hence it is ideal for automotive 

applications. A typical schematic of this powertrain is presented in Fig. 4 b). The fuel cell supplies DC 

voltage through a converter to a DC MG, or through an inverter to AC MG. Additional buck/boost DC/DC 

converters are used to charge the battery pack and the supercapacitors. Supercapacitors may be used in 

addition to the battery to assist the propulsion in transient dynamic regimes, as they have good power density. 

Yet again Toyota pioneered a new technology on the automotive market - the Toyota Mirai which is by 

far the most well-known commercially-available FCEV. Other models include the Hyundai Nexo and the 

Honda Clarity FC. They all utilize pure gaseous hydrogen stored in a carbon-fibre reservoir under 70 MPa 

pressure. There is also ongoing research for implementation of the technology in other vehicles such as 

forklifts, carts, buses and heavy-duty vehicles [36]. PEMFC is especially envisioned to be the main power 

generator of future road heavy-duty transportation, due to the comparable driving ranges and fuelling times of 
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systems incorporating a PEMFC to the ones of conventional ICE-driven vehicles. Nevertheless, the issues 

with hydrogen production, storage and delivery also need serious addressing. 

 

 

FIGURE 4. Simple schematics of electric vehicles: a) battery electric vehicle, b) fuel cell electric vehicle. 

Possibilities for FCEV with Other Types of FC 

Other FC technologies that can be applied in a vehicleôs powertrain are direct methanol FC (DMFC) and 

solid oxide FC (SOFC). DMFCs, that are a subcategory of PEMFC, are limited to about 40% efficiency and also 

have lower power density than PEMFC, but they use a widespread fuel ï methanol, which can be produced from 

a variety of methods, including environmentally friendly ones. DMFC systems are used in small vehicles such 

as forklifts. 

 

 

FIGURE 5. Schematic of a powertrain with SOFC-ICE combined cycle for main propulsion. 
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Of more serious interest are solid oxide fuel cells. They have a solid ceramic electrolyte and work at very 

high temperatures ï up to 1200 °C ï this provides them with the possibility to process internally conventional 

hydrocarbon fuels. The anode outlet gasses of the SOFC are combustible which also allows for an ICE or a gas 

turbine to process them and thus additionally increase the efficiency to reach 85% in cogeneration. In Figure 5 is 

shown a schematic of a concept SOFC-ICE hybrid vehicle. Such a powertrain makes it possible to significantly 

lower harmful emissions in comparison to conventional systems while having higher efficiency and applying a 

widespread fuel (diesel, gasoline, natural gas) [37]. The disadvantages of such a system are its complexity, very 

high cost and severe thermal management. It could be most beneficial in heavy-duty vehicles. SOFCs can also 

be utilized as auxiliary power units in heavy-duty transportation for power generation during idling [38]. 

CONCLUSIONS 

Based on the analysis of the available literature on various alternative powertrains and powertrain 

technologies for application in vehicles, Table 4 was prepared, emphasizing on the advantages and 

disadvantages of the most popular alternative propulsion systems over conventional ICE-driven powertrains. It 

is evident that all of them produce less or no onboard emissions, and also have higher efficiency, due to braking 

energy regeneration and dynamic energy management depending on the driving mode. HEVs and FCEVs have 

higher powertrain complexity than conventional vehicles, while all of the alternative technologies are generally 

more expensive. There are also concerns regarding the driving range and battery lifecycle of BEVs, while the 

better establishment of FCEVs on the market is hindered by the lack of infrastructure and storage facilities for 

hydrogen produced by renewable recourses. Generally, alternative powertrain technologies have a great 

potential to replace conventional ones as it is the intention in the plans of the European Commission, but a lot of 

research and development mostly of the BEV and FCEV technologies needs to be done in order to make them 

more competitive in terms of cost, range, and reliability, in order to penetrate deeper in the sector and become 

better suited for all types of vehicles. 

TABLE 4 . Advantages and disadvantages of alternative powertrains over conventional ICE powertrain. 

Type Advantages Disadvantages Applicability  

HEV ¶ Lower onboard emissions. 

¶ Utilizing regenerative braking. 

¶ High efficiency of the electric 

propulsion. 

¶ Possibility of applying different 

propulsion based on the driving 

conditions. 

¶ Higher weight due to batteries. 

¶ Higher system complexity and more 

complex energy management 

strategy. 

 

In all types of 

vehicles, 

preferably in 

urban-type 

passenger ones. 

BEV ¶ Zero onboard emissions. 

¶ High efficiency of the electric 

propulsion. 

¶ Lack of transmission or use of a 

smaller one. 

¶ Simple energy management 

strategy. 

¶ Higher weight due to batteries. 

¶ Long recharging times and limited 

driving ranges. 

¶ Performance more vulnerable in 

extreme conditions in comparison to 

ICEs. 

¶ Battery life concerns and high price. 

Can be applied in 

all types of 

vehicles, but most 

suitable for small 

urban-type 

passenger ones 

for small trips. 

FCEV ¶ Lower to zero onboard emissions. 

¶ High efficiency of the FC and the 

electric propulsion. 

¶ Fast fuel recharging and 

satisfactory drive ranges. 

¶ Higher system complexity and more 

complex energy management 

strategy. 

¶ Lack of facilities for fuel production, 

storage and delivery, complex fuel 

storage and handling. 

¶ High price. 

In all types of 

vehicles, 

preferably in 

heavy-duty ones. 
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ʈʝʟʶʤʝ. ʉʪʨʘʥʠʯʥʦʪʦ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʚʘ ʧʦ-ʚʠʩʦʢʠ ʩʢʦʨʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʝ ʚ 

ʟʘʚʦʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʧʲʪʫʚʘʥʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʨʠ ʥʘʢʣʦʥʷʚʘʥʝʪʦ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ 

ʟʘʚʦʷ, ʥʘʤʘʣʷʚʘ ʩʪʨʘʥʠʯʥʦʪʦ ʫʩʢʦʨʝʥʠʝ, ʜʝʡʩʪʚʘʱʦ ʚʲʨʭʫ ʧʲʪʥʠʮʠʪʝ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʦʤʬʦʨʪʘ 

ʧʨʠ ʧʲʪʫʚʘʥʝ. ʅʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʨʝʚʦʟʥʠʪʝ ʩʨʝʜʩʪʚʘ ʩ ʥʘʢʣʦʥʷʝʤʘ ʢʘʨʦʩʝʨʠʷ ʜʥʝʩ ʝ ʚ 

ʞʝʣʝʟʦʧʲʪʥʠʷ ʪʨʘʥʩʧʦʨʪ, ʥʦ ʩʘ ʩʲʟʜʘʜʝʥʠ ʠ ʧʲʪʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ, ʢʦʠʪʦ ʩʣʝʜʚʘʪ ʩʲʱʘʪʘ ʩʪʨʘʪʝʛʠʷ. ʆʪ 

ʪʷʭ ʧʦ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʩʘ ʪʨʠʢʦʣʝʩʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ, ʥʦ ʥʘʨʘʩʪʚʘʪ ʪʝʥʜʝʥʮʠʠʪʝ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʩʪʨʘʥʠʯʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʠ ʚ ʯʝʪʠʨʠʢʦʣʝʩʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʩ ʤʘʣʢʘ ʰʠʨʦʯʠʥʘ, ʘ ʩʲʱʦ ʠ ʚ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʘʚʪʦʤʦʙʠʣʠ. ʇʨʠ ʘʚʪʦʥʦʤʥʠʪʝ ʘʚʪʦʤʦʙʠʣʠ ʥʘʨʘʩʪʚʘʪ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʢʦʤʬʦʨʪ ʠ ʚ ʪʘʟʠ 

ʚʨʲʟʢʘ ʚʲʧʨʦʩʲʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ, ʢʦʠʪʦ ʜʘ ʢʦʤʧʝʥʩʠʨʘʪ ʜʦ ʥʷʢʘʢʚʘ ʩʪʝʧʝʥ 

ʩʪʨʘʥʠʯʥʠʪʝ ʫʩʢʦʨʝʥʠʷ ʝ ʦʩʦʙʝʥʦ ʘʢʪʫʘʣʝʥ. ɺ ʪʦʟʠ ʜʦʢʣʘʜ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʩʠʩʪʝʤʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʩʪʨʘʥʠʯʥʦ 

ʥʘʢʣʦʥʷʚʘʥʝ ʚ ʥʘʟʝʤʥʠʪʝ ʨʝʣʩʦʚʠ ʠ ʧʲʪʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ. 

ɺʒɺɽɼɽʅʀɽ 

ʇʨʠ ʜʚʠʞʝʥʠʝ ʚ ʟʘʚʦʡ, ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʩʨʝʜʩʪʚʘ ʠ ʧʲʪʥʠʮʠʪʝ ʚ ʪʷʭ ʩʘ ʧʦʜʣʦʞʝʥʠ ʥʘ ʜʝʡʩʪʚʠʝʪʦ ʥʘ 

ʮʝʥʪʨʦʙʝʞʥʘʪʘ ʩʠʣʘ. ʅʘʢʣʦʥʷʚʘʥʝʪʦ ʥʘ ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ ʟʘʚʦʷ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʮʝʥʪʨʦʙʝʞʥʘʪʘ ʩʠʣʘ, ʜʝʡʩʪʚʘʱʘ ʚʲʨʭʫ ʧʲʪʥʠʮʠʪʝ, ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʠ 

ʧʲʪʷ, ʢʘʪʦ ʟʘʧʘʟʚʘ ʢʦʤʬʦʨʪʘ ʧʨʠ ʧʲʪʫʚʘʥʝ ʠ ʧʦʟʚʦʣʷʚʘ ʜʚʠʞʝʥʠʝ ʩ ʧʦ-ʚʠʩʦʢʘ ʩʢʦʨʦʩʪ. ʇʨʠ ʞʝʣʝʟʦʧʲʪʥʠ 

ʪʨʘʥʩʧʦʨʪʥʠ ʩʨʝʜʩʪʚʘ ʩʝ ʥʘʤʘʣʷʚʘ ʥʘʧʨʝʯʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʤʝʞʜʫ ʢʦʣʝʣʘʪʘ ʠ ʚʲʥʰʥʘʪʘ ʨʝʣʩʘ, ʢʘʢʪʦ ʠ 

ʥʝʡʥʦʪʦ ʠʟʥʦʩʚʘʥʝ ʠ ʠʟʥʦʩʚʘʥʝʪʦ ʥʘ ʨʝʙʦʨʜʠʪʝ, ʘ ʩʲʱʦ ʠ ʩʠʛʫʨʥʦʩʪʪʘ ʩʨʝʱʫ ʜʝʨʘʡʣʠʨʘʥʝ [1]. 

ʉʲʱʝʩʪʚʫʚʘʪ ʧʘʩʠʚʥʠ ʠʣʠ ʘʢʪʠʚʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʧʨʝʚʦʟʥʠʪʝ ʩʨʝʜʩʪʚʘ. ʂʦʛʘʪʦ 

ʥʘʢʣʦʥʷʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʙʝʟ ʚʥʘʩʷʥʝ ʥʘ ʝʥʝʨʛʠʷ ʦʪʚʲʥ, ʘ ʟʘ ʩʤʝʪʢʘ ʥʘ ʮʝʥʪʨʦʙʝʞʥʘʪʘ ʩʠʣʘ ʧʨʠ 

ʜʚʠʞʝʥʠʝ ʚ ʟʘʚʦʡ (ʢʨʠʚʘ), ʩʠʩʪʝʤʠʪʝ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʩʝ ʥʘʨʠʯʘʪ ʧʘʩʠʚʥʠ. ɸʢʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʠʟʚʲʨʰʚʘʪ 

ʥʘʢʣʦʥʷʚʘʥʝʪʦ ʧʨʠʥʫʜʠʪʝʣʥʦ ʯʨʝʟ ʚʥʘʩʷʥʝ ʥʘ ʝʥʝʨʛʠʷ ʦʪʚʲʥ [1, 2]. 

ʇʘʩʠʚʥʠʪʝ ʠ ʘʢʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʦʪʜʘʚʥʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʞʝʣʝʟʦʧʲʪʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ 

ʩʨʝʜʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʚʠʩʦʢʦʩʢʦʨʦʩʪʝʥ ʧʲʪʥʠʯʝʩʢʠ ʪʨʘʥʩʧʦʨʪ. ʇʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʝ ʟʘʙʝʣʷʟʚʘ 

ʪʝʥʜʝʥʮʠʷ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʧʨʠ ʜʚʠʞʝʥʠʝ ʚ ʟʘʚʦʡ ʠ ʧʨʠ ʧʲʪʥʠʪʝ ʙʝʟʨʝʣʩʦʚʠ 

ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ï ʪʨʠ- ʠ ʯʝʪʠʨʠʢʦʣʝʩʥʠ ʘʚʪʦʤʦʙʠʣʠ ʩ ʤʘʣʢʘ ʰʠʨʦʯʠʥʘ. ʊʘʢʠʚʘ ʩʠʩʪʝʤʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ 

ʧʨʠ ʥʷʢʦʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʘʚʪʦʤʦʙʠʣʠ, ʢʘʪʦ ʥʘʜʛʨʘʞʜʘʥʝ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ ʘʢʪʠʚʥʦʪʦ ʠʤ ʦʢʘʯʚʘʥʝ. 

ʇʨʠ ʥʘʚʣʠʟʘʥʝ ʥʘ ʘʚʪʦʥʦʤʥʠʪʝ ʘʚʪʦʤʦʙʠʣʠ, ʚʦʜʘʯʲʪ ʥʷʤʘ ʥʫʞʜʘ ʜʘ ʩʣʝʜʠ ʧʲʪʥʘʪʘ ʦʙʩʪʘʥʦʚʢʘ 

ʧʦʩʪʦʷʥʥʦ ʠ ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʠ ʧʲʪʫʚʘʥʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʝʪ ʩ ʨʘʟʣʠʯʥʠ ʜʝʡʥʦʩʪʠ. ʇʨʠ ʚʲʟʥʠʢʚʘʥʝ ʥʘ 

ʢʦʥʬʣʠʢʪ ʚʲʚ ʚʲʟʧʨʠʷʪʠʷʪʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʝʪʠʚʥʠ ʩʠʩʪʝʤʠ ʩʝ ʫʚʝʣʠʯʘʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʧʦʷʚʘ ʥʘ 

ʥʝʧʨʠʷʪʥʠ ʫʩʝʱʘʥʠʷ ʠ ʧʦʷʚʘ ʥʘ ʩʠʤʧʪʦʤʠ ʥʘ ʙʦʣʝʩʪʪʘ ʥʘ ʧʲʪʫʚʘʥʝ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʠ ʟʘ 

ʩʪʨʘʥʠʯʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʢʦʤʧʝʥʩʠʨʘ ʩʪʨʘʥʠʯʥʠ ʫʩʢʦʨʝʥʠʷ ʠ ʚʦʜʠ ʜʦ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʦʤʬʦʨʪʘ. 

ʎʝʣʪʘ ʥʘ ʪʦʟʠ ʜʦʢʣʘʜ ʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʩʠʩʪʝʤʠʪʝ ʟʘ ʩʪʨʘʥʠʯʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʚ ʥʘʟʝʤʥʠʪʝ ʧʨʝʚʦʟʥʠ 

ʩʨʝʜʩʪʚʘ ï ʨʝʣʩʦʚʠ ʠ ʙʝʟʨʝʣʩʦʚʠ, ʪʝʭʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ 

ʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʠʤ. 

ʆ. ʈʙʛʤʧʛ, ɽ. ɽʙʯʧʛʙ, ɸʥʘʣʠʟ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʩʪʨʘʥʠʯʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʚ ʧʨʝʚʦʟʥʠʪʝ ʩʨʝʜʩʪʚʘ 
N. Pavlov, D. Dacova, Analysis of lateral tilting systems in vehicles 
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ʉʀʉʊɽʄʀ ɿɸ ʅɸʂʃʆʅʗɺɸʅɽ ɺ ɾɽʃɽɿʆʇʒʊʅʀʗ ʊʈɸʅʉʇʆʈʊ 

ʅʘʢʣʦʥʚ̫ʘʥʝʪʦ ʚ ʩʫʭʦʧʲʪʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʧʲʨʚʠ ʧʲʪ ʩʝ ʧʨʠʣʘʛʘ ʚ ʞʝʣʝʟʦʧʲʪʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ 

ʩʨʝʜʩʪʚʘ. ʂʦʥʮʝʧʮʠʷʪʘ ʟʘ ʥʘʢʣʦʥʷʝʤʠʪʝ ʚʣʘʢʦʚʝ ʝ ʨʘʟʛʣʝʞʜʘʥʘ ʦʱʝ ʦʪ ʢʨʘʷ ʥʘ 30-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ 

ʚʝʢ. ʇʨʝʟ 1938 ʛʦʜʠʥʘ Pullman ʧʦʩʪʨʦʷʚʘ ʧʲʨʚʠʷʪ ʥʘʢʣʘʥʷʱ ʩʝ ʚʘʛʦʥ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ [3]. ʂʦʰʲʪ ʥʘ ʪʝʟʠ 

ʚʘʛʦʥʠ ʝ ʧʦʩʪʘʚʝʥ ʥʘ ʚʠʩʦʢʠ ʧʨʫʞʠʥʥʠ ʦʧʦʨʠ, ʤʦʥʪʠʨʘʥʠ ʚʲʨʭʫ ʨʘʤʘʪʘ ʥʘ ʪʘʣʠʛʘʪʘ ʪʘʢʘ ʯʝ ʤʘʩʦʚʠʷʪ 

ʮʝʥʪʲʨ ʥʘ ʚʘʛʦʥʘ ʝ ʨʘʟʧʦʣʦʞʝʥ ʧʦʜ ʦʧʦʨʥʠʪʝ ʪʦʯʢʠ. ɺ ʨʝʟʫʣʪʘʪ ʧʨʠ ʜʚʠʞʝʥʠʝ ʚ ʢʨʠʚʘ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ 

ʢʦʰʘ ʩʝ ʥʘʢʣʦʥʷʚʘ ʥʘʚʲʪʨʝ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ ʟʘʚʦʷ. ʀʟʧʠʪʘʥʠʷʪʘ ʥʘ ʪʦʟʠ ʚʘʛʦʥ ʩʘ ʧʦʢʘʟʘʣʠ ʜʦʙʨʠ 

ʨʝʟʫʣʪʘʪʠ, ʥʦ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʩʣʦʞʥʦʩʪ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʪʘʣʠʛʠʪʝ ʠ ʦʢʘʯʚʘʥʝʪʦ ʥʝ ʩʘ ʧʦʟʚʦʣʠʣʠ 

ʰʠʨʦʢʦʪʦ ʤʫ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ [4]. 

ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʧʘʩʠʚʥʠʪʝ ʩʠʩʪʝʤʠ (ʥʘʨʠʯʘʥʠ ʦʱʝ ʩʠʩʪʝʤʠ ʩ ʝʩʪʝʩʪʚʝʥʦ ʥʘʢʣʦʥʷʚʘʥʝ) 

ʩʝ ʫʩʲʚʲʨʰʝʥʩʪʚʘʪ ʠ ʥʘʚʣʠʟʘʪ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʚ ʨʝʜʠʮʘ ʞʝʣʝʟʦʧʲʪʥʠ ʣʠʥʠʠ ʧʦ ʩʚʝʪʘ, ʘ ʥʘ ʧʦ-ʢʲʩʝʥ ʝʪʘʧ 

ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ ʠ ʚʥʝʜʨʷʚʘʪ ʠ ʘʢʪʠʚʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ. 

ʇʘʩʠʚʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʢʦʰʘ 

ʇʲʨʚʠʷʪ ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʝʞʜʘʥ ʚʣʘʢ ʩ ʧʘʩʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʠʪʝ ʝ 

ʷʧʦʥʩʢʠʷʪ ʝʣʝʢʪʨʠʯʝʩʢʠ ʤʦʪʨʠʩʝʥ ʚʣʘʢ ʩʝʨʠʷ 381, ʧʫʩʥʘʪ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʧʨʝʟ 1973 ʛ. ɺ ʪʝʟʠ ʚʣʘʢʦʚʝ 

ʩʠʩʪʝʤʘʪʘ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʢʦʰʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʥʘʜʨʝʩʦʨʥʘ ʛʨʝʜʘ ʥʘ ʪʘʣʠʛʘʪʘ (6) ʩ ʤʦʥʪʠʨʘʥʠ ʚʲʨʭʫ ʥʝʷ 

ʦʧʦʨʥʠ ʨʦʣʢʠ (5), ʧʦ ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʤʝʩʪʚʘ ʜʦʣʥʘʪʘ ʛʨʝʜʘ (4), ʢʦʷʪʦ ʠʤʘ ʧʨʦʬʠʣ, ʥʘʧʦʜʦʙʷʚʘʱ 

ʢʨʲʛʦʚ ʩʝʛʤʝʥʪ (ʌʠʛ. 1). ʇʨʠ ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ ʚʣʘʢʘ ʧʨʝʟ ʢʨʠʚʘ, ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʮʝʥʪʨʦʙʝʞʥʘʪʘ 

ʩʠʣʘ ʢʦʰʲʪ ʩʝ ʟʘʚʲʨʪʘ ʦʢʦʣʦ ʮʝʥʪʲʨʘ ʥʘ ʨʦʪʘʮʠʷ (2), ʪʲʡ ʢʘʪʦ ʤʘʩʦʚʠʷ ʮʝʥʪʲʨ ʥʘ ʚʘʛʦʥʘ ʩʝ ʥʘʤʠʨʘ ʧʦ-

ʥʠʩʢʦ. 

 

 

 

 

ʌʀɻʋʈɸ 1. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʤʘʭʘʣʥʘ ʩʠʩʪʝʤʘ ʟʘ 

ʥʘʢʣʦʥʷʚʘʥʝ: 1 ï ʢʦʰ ʥʘ ʚʘʛʦʥʘ; 2 ï ʮʝʥʪʲʨ ʥʘ ʨʦʪʘʮʠʷ 

ʥʘ ʢʦʰʘ; 3 ï ʧʥʝʚʤʘʪʠʯʥʠ ʨʝʩʦʨʠ; 4 ï ʛʨʝʜʘ; 5 ï ʨʦʣʢʠ; 6 

ï ʥʘʜʨʝʩʦʨʥʘ ʛʨʝʜʘ ʥʘ ʪʘʣʠʛʘʪʘ [ʘʜʘʧʪʠʨʘʥʘ ʦʪ 5]. 

ʌʀɻʋʈɸ 2. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ Talgo Pendular: 

1 ï ʢʦʰ ʥʘ ʚʘʛʦʥʘ; 2 ï ʮʝʥʪʲʨ ʥʘ ʨʦʪʘʮʠʷ ʥʘ ʢʦʰʘ; 

3 ï ʧʥʝʚʤʘʪʠʯʥʠ ʨʝʩʦʨʠ; 4 ï ʢʦʣʦʥʠ (ʦʧʦʨʥʠ); 

5 ï ʤʘʩʦʚ ʮʝʥʪʲʨ ʥʘ ʚʘʛʦʥʘ [ʘʜʘʧʪʠʨʘʥʘ ʦʪ https://www.trains. 

com/trn/train-basics/ask-trains/talgo-speed-comparison/]. 

 

ʆʪ 1980 ʛ. ʝ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʠʩʧʘʥʩʢʠʷʪ ʥʘʢʣʦʥʷʝʤ ʚʣʘʢ Talgo Pendular (ʦʪ ʠʩʧ. péndulo ï ʤʘʭʘʣʦ) 

(ʌʠʛ. 2). ʇʘʩʠʚʥʠʷʪ ʥʘʢʣʦʥ ʥʘ ʢʦʰʘ (1) ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʢʘʪʦ ʧʥʝʚʤʘʪʠʯʥʠʪʝ ʝʣʘʩʪʠʯʥʠ ʝʣʝʤʝʥʪʠ (3), ʥʘ 

ʢʦʠʪʦ ʝ ʦʢʘʯʝʥ ʩʝ ʥʘʤʠʨʘʪ ʚ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʚʘʛʦʥʘ ʠ ʨʘʚʥʠʥʘʪʘ ʥʘ ʦʢʘʯʚʘʥʝʪʦ ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʧʦ-ʚʠʩʦʢʦ 

ʦʪ ʤʘʩʦʚʠʷ ʮʝʥʪʲʨ ʥʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʘ (5). ʇʨʠ ʧʨʝʤʠʥʘʚʘʥʝ ʧʨʝʟ ʢʨʠʚʘ ʚ ʤʘʩʦʚʠʷ ʮʝʥʪʲʨ ʥʘ ʢʦʰʘ ʜʝʡʩʪʚʘ 

ʮʝʥʪʨʦʙʝʞʥʘʪʘ ʩʠʣʘ ʠ ʛʦ ʥʘʢʣʦʥʷʚʘ ʥʘ ʥʷʢʘʢʲʚ ʲʛʲʣ, ʟʘʚʠʩʝʱ ʦʪ ʩʪʨʘʥʠʯʥʦʪʦ ʫʩʢʦʨʝʥʠʝ. ʊʘʟʠ ʩʠʩʪʝʤʘ 

ʦʩʠʛʫʨʷʚʘ ʦʧʪʠʤʘʣʝʥ ʲʛʲʣ ʥʘ ʥʘʢʣʦʥʘ ʥʘ ʢʦʰʘ ʜʦ 3,5Ü ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʠ ʧʣʘʥʘ ʥʘ 

ʧʲʪʷ. ɺʣʘʢʦʚʝʪʝ Talgo ʤʦʛʘʪ ʜʘ ʨʘʟʚʠʚʘʪ ʩʢʦʨʦʩʪ ʩ ʦʢʦʣʦ 20% ʧʦ-ʚʠʩʦʢʘ ʦʪ ʪʘʟʠ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ 

ʚʣʘʢʦʚʝ, ʧʨʠ ʩʪʨʘʥʠʯʥʦ ʫʩʢʦʨʝʥʠʝ ʚ ʨʘʚʥʠʥʘʪʘ ʥʘ ʧʲʪʷ 1,6 m/s2. 

ʇʘʩʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʧʦʟʚʦʣʷʚʘʪ ʤʘʢʩʠʤʘʣʥʠ ʥʘʢʣʦʥʷʚʘʥʠʷ ʜʦ 4-5Ü ʠ ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ ʢʨʠʚʠʪʝ ʩ ʜʦ 

ʦʢʦʣʦ 20% ʧʦ-ʚʠʩʦʢʠ ʩʢʦʨʦʩʪʠ [2]. ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʪʝʟʠ ʩʠʩʪʝʤʠ ʝ ʟʘʙʘʚʷʥʝ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝʪʦ ʥʘ ʢʦʰʘ ʧʨʠ 

ʚʣʠʟʘʥʝ ʥʘ ʚʘʛʦʥʘ ʚ ʢʨʠʚʘ [4]. 
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ɸʢʪʠʚʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʢʦʰʘ 

ʉʣʝʜ ʜʲʣʲʛ ʧʝʨʠʦʜ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʥʝʟʘʚʠʩʠʤʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʧʨʦʪʦʪʠʧʠ ʥʘ ʘʢʪʠʚʥʠ ʩʠʩʪʝʤʠ ʟʘ 

ʥʘʢʣʦʥʷʚʘʥʝ ʦʪ ʤʥʦʛʦ ʩʚʝʪʦʚʥʠ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʚʘʱ ʧʨʦʪʦʪʠʧʠ ʢʘʢʪʦ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ 

ʢʦʰʘ, ʪʘʢʘ ʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʩʝʜʘʣʢʠʪʝ ʧʨʝʟ 1969 ʛ. Fiat ʨʘʟʨʘʙʦʪʚʘ ʧʲʨʚʠʷ ʨʘʙʦʪʝʱ ʧʨʦʪʦʪʠʧ 

ʥʘ ʩʠʩʪʝʤʘʪʘ Pendolino, ʢʦʷʪʦ ʨʘʟʚʠʚʘ ʠ ʦʪ 1988 ʛ. ʝ ʚʲʚʝʜʝʥʘ ʚ ʨʝʜʦʚʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʧʨʠ 

ʚʠʩʦʢʦʩʢʦʨʦʩʪʥʠʪʝ ʚʣʘʢʦʚʝ ETR 450 (ʌʠʛ. 3). ɺ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʩʝ ʠʟʧʦʣʟʚʘ U-ʦʙʨʘʟʥʘ ʥʘʜʨʝʩʦʨʥʘ ʛʨʝʜʘ 

ʥʘ ʪʘʣʠʛʘʪʘ (3) (ʩ ʯʝʨʚʝʥ ʮʚʷʪ) ʩʘ ʤʦʥʪʠʨʘʥʠ ʚʠʥʪʦʚʠ ʧʨʫʞʠʥʠ ʥʘ ʮʝʥʪʨʘʣʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʦʢʘʯʚʘʥʝʪʦ (4), 

ʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʘ ʝ ʦʢʘʯʝʥ ʢʲʤ ʥʝʷ ʥʘ ʥʘʢʣʦʥʝʥʠ ʧʦʜʚʝʩʢʠ (5). ɺʝʨʪʠʢʘʣʥʠ ʭʠʜʨʘʚʣʠʯʥʠ ʮʠʣʠʥʜʨʠ (2) ʩʘ 

ʤʦʥʪʠʨʘʥʠ ʥʘ ʥʘʜʨʝʩʦʨʥʘʪʘ ʛʨʝʜʘ, ʘ ʛʦʨʥʠʷ ʠʤ ʢʨʘʡ ʝ ʤʦʥʪʠʨʘʥ ʢʲʤ ʛʦʨʥʠʷ ʢʨʘʡ ʥʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʘ (1). 

ʇʨʠ ʨʘʟʪʷʛʘʥʝ ʥʘ ʭʠʜʨʦʮʠʣʠʥʜʲʨʘ ʦʪ ʝʜʥʘʪʘ ʩʪʨʘʥʘ ʠ ʩʚʠʚʘʥʝ ʥʘ ʪʦʟʠ ʦʪ ʜʨʫʛʘʪʘ ʢʦʰʘ ʩʝ ʟʘʚʲʨʪʘ ʩʧʨʷʤʦ 

ʥʘʜʣʲʞʥʘʪʘ ʩʠ ʦʩ. ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʪʘʟʠ ʩʠʩʪʝʤʘ ʝ, ʯʝ ʟʘʝʤʘ ʛʦʣʷʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʢʦʰʘ ʥʘ ʚʘʛʦʥʘ. ɺ 

ʩʣʝʜʚʘʱʠʪʝ ʧʦʢʦʣʝʥʠʷ ʥʘ ʚʣʘʢʦʚʝʪʝ Pendolino ʭʠʜʨʦʮʠʣʠʥʜʨʠʪʝ ʩʘ ʤʦʥʪʠʨʘʥʠ ʧʦʜ ʧʦʜʘ ʥʘ ʚʘʛʦʥʘ (ʌʠʛ. 

4). ʈʝʩʦʨʥʦʪʦ ʦʢʘʯʚʘʥʝ ʝ ʠʟʧʲʣʥʝʥʦ ʯʨʝʟ ʮʠʣʠʥʜʨʠʯʥʠ ʧʨʫʞʠʥʠ Flexicoil (5), ʧʦʜʜʲʨʞʘʱʠ ʥʘʜʨʝʩʦʨʥʘʪʘ 

ʛʨʝʜʘ (3). ʂʲʤ ʪʘʟʠ ʛʨʝʜʘ ʥʘ 4 ʧʦʜʚʝʩʢʠ (8) ʝ ʦʢʘʯʝʥʘ ʥʘʧʨʝʯʥʘʪʘ ʛʨʝʜʘ ʥʘ ʢʦʰʘ (2), ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʥʘʢʣʦʥʷʚʘ ʚ ʜʚʝʪʝ ʩʪʨʘʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʭʠʜʨʘʚʣʠʯʥʠʪʝ ʮʠʣʠʥʜʨʠ (6). ʅʘ ʪʘʣʠʛʠʪʝ ʩʘ ʤʦʥʪʠʨʘʥʠ 

ʧʥʝʚʤʘʪʠʯʥʠ ʮʠʣʠʥʜʨʠ (7), ʯʠʠʪʦ ʙʫʪʘʣʥʠ ʧʨʲʪʠ ʩʘ ʩʲʝʜʠʥʝʥʠ ʩ ʥʘʜʨʝʩʦʨʥʘʪʘ ʛʨʝʜʘ ʠ ʤʦʛʘʪ ʜʘ 

ʧʨʝʤʝʩʪʚʘʪ ʢʦʰʘ ʩʧʨʷʤʦ ʪʘʣʠʛʘʪʘ ʚ ʭʦʨʠʟʦʥʪʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ. ʏʨʝʟ ʝʣʝʢʪʨʦʥʥʦ ʫʧʨʘʚʣʷʚʘʱ ʙʣʦʢ ʩʝ 

ʦʩʠʛʫʨʷʚʘ ʮʝʥʪʨʠʨʘʥʝʪʦ ʥʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʘ ʩʧʨʷʤʦ ʪʘʣʠʛʘʪʘ ʦʪ ʧʥʝʚʤʘʪʠʯʥʠʪʝ ʮʠʣʠʥʜʨʠ (7) ʠ ʥʘʢʣʦʥʘ ʥʘ 

ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʢʦʰʘ ʥʘʚʲʪʨʝ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ ʢʨʠʚʘʪʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʭʠʜʨʘʚʣʠʯʥʠʪʝ ʮʠʣʠʥʜʨʠ (6). 

ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʲʛʲʣʘ ʥʘ ʥʘʢʣʦʥʘ ʠ ʭʦʨʠʟʦʥʪʘʣʥʦʪʦ ʧʨʝʤʝʩʪʚʘʥʝ ʩʝ ʟʘʜʘʚʘ ʦʪ ʮʝʥʪʨʘʣʝʥ ʧʨʦʮʝʩʦʨ, ʢʦʡʪʦ 

ʥʘ ʙʘʟʘ ʥʘ ʩʠʛʥʘʣʠʪʝ ʦʪ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʞʠʨʦʩʢʦʧʠ ʠ ʪʘʭʦʤʝʪʨʠ (ʥʘʤʠʨʘʱʠ ʩʝ ʥʘ ʥʷʢʦʣʢʦ ʦʪ ʪʘʣʠʛʠʪʝ ʥʘ 

ʚʣʘʢʘ), ʠʟʯʠʩʣʷʚʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʠ ʥʝʧʦʛʘʩʝʥʦʪʦ ʫʩʢʦʨʝʥʠʝ. ʇʨʦʮʝʩʦʨʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʚʲʚ 

ʚʘʛʦʥʠʪʝ ʫʧʨʘʚʣʷʚʘʪ ʥʘʢʣʦʥʘ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʚʘʛʦʥ, ʢʦʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʠ ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ: 1) 

ʦʧʨʝʜʝʣʷʥʝ ʤʷʩʪʦʪʦ ʥʘ ʧʨʝʭʦʜʘ ʦʪ ʧʨʘʚ ʫʯʘʩʪʲʢ ʚ ʢʨʠʚʘ ʠ ʦʪʥʦʚʦ ʚ ʧʨʘʚʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʨʘʜʠʫʩʘ ʥʘ 

ʢʨʠʚʘʪʘ; 2) ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘʜ 70 km/h; 3) ʥʝʜʦʩʪʘʪʲʯʥʦ ʥʘʜʚʠʰʝʥʠʝ ʥʘ ʚʲʥʰʥʘʪʘ ʨʝʣʩʘ; 4) 

ʥʝʢʦʤʧʝʥʩʠʨʘʥʦ (ʥʝʧʦʛʘʩʝʥʦ) ʥʘʧʨʝʯʥʦ ʫʩʢʦʨʝʥʠʝ ʥʘʜ ʜʦʧʫʩʪʠʤʦʪʦ [4, 6, 7]. 

 

 

 

 

 

 

ʌʀɻʋʈɸ 3. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ Pendolino, ETR 

450: 1 ï ʢʦʰ ʥʘ ʚʘʛʦʥʘ; 2 ï ʭʠʜʨʘʚʣʠʯʥʠ ʮʠʣʠʥʜʨʠ; 

3 ï ʥʘʜʨʝʩʦʨʥʘ ʛʨʝʜʘ ʥʘ ʪʘʣʠʛʘʪʘ; 4 ï ʧʨʫʞʠʥʠ ʥʘ 

ʮʝʥʪʨʘʣʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʦʢʘʯʚʘʥʝ; 5 ï ʥʘʢʣʦʥʝʥʠ ʧʦʜʚʝʩʢʠ; 

6 ï ʨʘʤʘ ʥʘ ʪʘʣʠʛʘʪʘ [ʘʜʘʧʪʠʨʘʥʘ ʦʪ 4, 6]. 

ʌʀɻʋʈɸ 4. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ Pendolino, ETR 

460 (Fiat Ferrovia): 1 ï ʢʦʰ ʥʘ ʚʘʛʦʥʘ 2 ï ʥʘʧʨʝʯʥʘ ʛʨʝʜʘ 

ʥʘ ʢʦʰʘ; 3 ï ʥʘʜʨʝʩʦʨʥʘ ʛʨʝʜʘ; 4 ï ʚʝʨʪʠʢʘʣʝʥ 

ʭʠʜʨʘʚʣʠʯʝʥ ʘʤʦʨʪʠʩʴʦʨ ʥʘ ʮʝʥʪʨʘʣʥʘʪʘ ʩʪʝʧʝʥ ʥʘ 

ʦʢʘʯʚʘʥʝʪʦ; 5 ï ʮʠʣʠʥʜʨʠʯʥʠ ʧʨʫʞʠʥʠ; 6 ï ʭʠʜʨʘʚʣʠʯʥʠ 

ʮʠʣʠʥʜʨʠ; 7 ï ʧʥʝʚʤʘʪʠʯʝʥ ʮʠʣʠʥʜʲʨ; 8 ï ʥʘʢʣʦʥʝʥʠ 

ʧʦʜʚʝʩʢʠ [ʘʜʘʧʪʠʨʘʥʘ ʦʪ 4, 7]. 

 

ɸʢʪʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʥʘʢʣʦʥʚ̫ʘʥʝ ʥʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʠʪʝ, ʨʘʟʨʘʙʦʪʝʥʘ ʦʪ ʬʠʨʤʘ Adtranze ʯʘʩʪ ʦʪ 

ʢʦʥʮʝʨʥʘ Bombardier ʠ ʠʟʧʦʣʟʚʘʥʘ ʚʲʚ ʚʣʘʢʦʚʝʪʝ ʍ2000 ʝ ʙʣʠʟʢʘ ʧʦ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦ ʩʠʩʪʝʤʘʪʘ Pendolino. 

ʇʨʠ ʪʝʟʠ ʚʣʘʢʦʚʝ ʣʦʢʦʤʦʪʠʚʘ ʥʝ ʩʝ ʥʘʢʣʦʥʷʚʘ. ʄʝʭʘʥʠʟʤʠʪʝ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʠʪʝ ʩʝ 

ʫʧʨʘʚʣʷʚʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʝʥʟʦʨʠ ʟʘ ʥʘʧʨʝʯʥʦ ʫʩʢʦʨʝʥʠʝ, ʤʦʥʪʠʨʘʥʠ ʥʘ ʧʲʨʚʘʪʘ ʪʘʣʠʛʘ. ʂʘʪʦ ʩʝ ʚʟʝʤʘʪ 

ʧʨʝʜʚʠʜ ʠ ʜʘʥʥʠʪʝ ʟʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʤʧʶʪʲʨ ʩʝ ʠʟʯʠʩʣʷʚʘ ʲʛʲʣʘ, ʥʘ ʢʦʡʪʦ ʝ 
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ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʥʘʢʣʦʥʠ ʢʦʰʘ ʥʘ ʚʩʝʢʠ ʚʘʛʦʥ. ʅʘʡ-ʛʦʣʝʤʠʷʪ ʲʛʲʣ ʥʘ ʥʘʢʣʦʥ ʝ ʜʦ 6,5Ü, ʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʩʢʦʨʦʩʪ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ 4º/s [4]. 

ʉʠʩʪʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 5 ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʚ ʗʧʦʥʠʷ ʠ ʩʝ ʩʲʩʪʦʠ ʦʪ ʧʥʝʚʤʘʪʠʯʝʥ ʮʠʣʠʥʜʲʨ, ʠʟʧʦʣʟʚʘʥ 

ʢʘʪʦ ʟʘʜʚʠʞʚʘʱ ʝʣʝʤʝʥʪ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ. ʂʦʰʲʪ ʥʘ ʚʘʛʦʥʘ (1) ʣʝʞʠ ʚʲʨʭʫ 

ʧʥʝʚʤʘʪʠʯʥʠ ʝʣʘʩʪʠʯʥʠ ʝʣʝʤʝʥʪʠ (ʚʲʟʜʫʰʥʠ ʚʲʟʛʣʘʚʥʠʮʠ) (2), ʘ ʪʝ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʘ ʚʲʨʭʫ ʥʘʢʣʘʥʷʱʘʪʘ 

ʩʝ ʛʨʝʜʘ (3). ɻʨʝʜʘʪʘ ʝ ʤʦʥʪʠʨʘʥʘ ʥʘ ʨʦʣʢʠ (6), ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʢʦʰʘ ʜʘ ʩʝ ʟʘʚʲʨʪʘ ʚ ʞʝʣʘʥʘʪʘ 

ʧʦʟʠʮʠʷ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ. ʉʠʩʪʝʤʘʪʘ ʠʟʧʦʣʟʚʘ ʝʜʠʥ ʠ ʩʲʱ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ ʩ ʧʥʝʚʤʘʪʠʯʥʘʪʘ ʩʧʠʨʘʯʥʘ 

ʩʠʩʪʝʤʘ. ʇʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʪʘʟʠ ʩʠʩʪʝʤʘ ʩʘ ʥʝʡʥʘʪʘ ʢʦʤʧʘʢʪʥʦʩʪ, ʣʝʩʥʘ ʧʦʜʜʨʲʞʢʘ ʠ ʥʠʩʢʘ ʩʝʙʝʩʪʦʡʥʦʩʪ. 

ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʪʘʟʠ ʩʠʩʪʝʤʘ, ʢʘʢʪʦ ʠ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʌʠʛ. 1, ʝ ʪʦʚʘ ʯʝ ʥʘʢʣʘʥʷʱʘʪʘ ʛʨʝʜʘ ʣʝʞʠ ʚʲʨʭʫ 

ʨʦʣʢʠ, ʧʨʠ ʢʦʝʪʦ ʠʤʘ ʧʦ-ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʧʨʝʜʘʚʘʥʠʪʝ ʚʠʙʨʘʮʠʠ ʦʪ ʪʘʣʠʛʘʪʘ ʢʲʤ ʢʦʰʘ ʥʘ ʚʘʛʦʥʘ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ, ʢʦʝʪʦ ʚʣʦʰʘʚʘ ʢʦʤʬʦʨʪʘ ʥʘ ʧʲʪʥʠʮʠʪʝ [7]. 

ɺ ʧʦ-ʥʦʚʠʪʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʷʧʦʥʩʢʠʪʝ ʚʣʘʢʦʚʝ Shinkansen ʦʪ ʩʝʨʠʠ 700, N700, E5, E6 ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʩʠʩʪʝʤʠ, ʧʨʠ ʢʦʠʪʦ ʧʥʝʚʤʘʪʠʯʥʠʪʝ ʝʣʘʩʪʠʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʮʝʥʪʨʘʣʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʦʢʘʯʚʘʥʝʪʦ ʠʟʚʲʨʰʚʘʪ 

ʥʘʢʣʦʥʷʚʘʥʝʪʦ ʥʘ ʢʦʰʘ ʥʘ ʚʘʛʦʥʘ. ʇʨʠ ʪʝʟʠ ʩʠʩʪʝʤʠ (ʌʠʛ. 6) ʤʘʢʩʠʤʘʣʥʦʪʦ ʚʲʟʤʦʞʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʝ ʜʦ 

1º [8, 9]. ɺʲʧʨʝʢʠ ʤʘʣʢʠʷ ʥʘʢʣʦʥ, ʥʘ ʣʠʥʠʠʪʝ Tokaido Shinkansen (ʩ ʤʠʥʠʤʘʣʝʥ ʨʘʜʠʫʩ ʥʘ ʢʨʠʚʠʪʝ 2 500 

m) ʠ Sanyo Shinkansen (ʩ ʤʠʥʠʤʘʣʝʥ ʨʘʜʠʫʩ 4 000 m), ʩʝ ʧʦʩʪʠʛʘ 10-15% ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʩʢʦʨʦʩʪ ʥʘ ʧʨʝʤʠʥʘʚʘʥʝ ʚ ʢʨʠʚʠʪʝ [4, 8, 10]. 

 

 

 

 

ʌʀɻʋʈɸ 5. ɸʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʩ ʧʥʝʚʤʘʪʠʯʝʥ 

ʮʠʣʠʥʜʲʨ: 1 ï ʢʦʰ ʥʘ ʚʘʛʦʥʘ; 2 ï ʧʥʝʚʤʘʪʠʯʥʠ ʝʣʘʩʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ; 3 ï ʥʘʢʣʘʥʷʱʘ ʛʨʝʜʘ; 4 ï ʩʛʲʩʪʝʥ ʚʲʟʜʫʭ; 

5 ï ʚʲʟʜʫʰʝʥ ʮʠʣʠʥʜʲʨ, ʢʦʥʪʨʦʣʠʨʘʱ ʥʘʢʣʦʥʷʚʘʥʝʪʦ ʥʘ 

ʢʦʰʘ; 6 ï ʨʦʣʢʘ; 7 ï ʨʘʤʘ ʥʘ ʪʘʣʠʛʘʪʘ [ʘʜʘʧʪʠʨʘʥʘ ʦʪ 7]. 

ʌʀɻʋʈɸ 6. ɸʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʝ ʥʘ ʥʘʣʷʛʘʥʝʪʦ ʚ 

ʧʥʝʚʤʘʪʠʯʥʠʪʝ ʝʣʘʩʪʠʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʮʝʥʪʨʘʣʥʦʪʦ 

ʨʝʩʦʨʥʦ ʦʢʘʯʚʘʥʝ: 1 ï ʢʦʰ ʥʘ ʚʘʛʦʥʘ 2 ï ʧʥʝʚʤʘʪʠʯʥʠ 

ʝʣʘʩʪʠʯʥʠ ʝʣʝʤʝʥʪʠ; 3 ï ʨʘʤʘ ʥʘ ʪʘʣʠʛʘʪʘ 

[ʘʜʘʧʪʠʨʘʥʘ ʦʪ https://web-japan.org/trends/09_sci-

tech/sci101209.html]. 

 

ʉʀʉʊɽʄʀ ɿɸ ʅɸʂʃʆʅʗɺɸʅɽ ʇʈʀ ʇʒʊʅʀʊɽ ʊʈɸʅʉʇʆʈʊʅʀ ʉʈɽɼʉʊɺɸ 

ʇʨʠ ʧʲʪʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʠʜʝʷʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ ʩʝ ʟʘʨʘʞʜʘ ʧʨʝʟ 

60-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ. ʇʨʠ ʣʝʢʠʪʝ ʘʚʪʦʤʦʙʠʣʠ ʪʦʛʘʚʘ ʩʝ ʧʨʝʜʣʘʛʘʪ ʥʷʢʦʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʘʢʪʠʚʥʠ 

ʦʢʘʯʚʘʥʠʷ, ʢʦʠʪʦ ʜʘ ʥʘʤʘʣʷʪ ʠʣʠ ʝʣʠʤʠʥʠʨʘʪ ʲʛʲʣʘ ʥʘ ʢʨʝʥ (ʥʘʢʣʦʥ ʢʲʤ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʟʘʚʦʷ) ʧʨʠ 

ʢʨʠʚʦʣʠʥʝʡʥʦ ʜʚʠʞʝʥʠʝ. ʊʲʡ ʢʘʪʦ ʣʝʢʠʪʝ ʘʚʪʦʤʦʙʠʣʠ ʠʤʘʪ ʦʪʥʦʩʠʪʝʣʥʦ ʥʠʩʲʢ ʤʘʩʦʚ ʮʝʥʪʲʨ ʩʧʨʷʤʦ 

ʪʷʭʥʘʪʘ ʰʠʨʦʯʠʥʘ ʠ ʧʨʠ ʜʚʠʞʝʥʠʝ ʚ ʟʘʚʦʡ ʧʨʠ ʪʷʭ ʢʨʠʪʠʯʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʧʣʲʟʛʘʥʝ ʝ ʧʦ-ʥʠʩʢʘ ʦʪ 

ʢʨʠʪʠʯʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʧʨʝʦʙʨʲʱʘʥʝ, ʨʘʟʨʘʙʦʪʢʠʪʝ ʚ ʪʦʚʘ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝ ʜʦʙʠʚʘʪ ʧʦʧʫʣʷʨʥʦʩʪ. ʇʨʝʟ 60-

ʪʝ ʛʦʜʠʥʠ ʩʝ ʧʦʷʚʷʚʘʪ ʥʷʢʦʣʢʦ ʚʠʜʘ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʩ ʤʘʣʢʘ ʰʠʨʦʯʠʥʘ, ʢʦʠʪʦ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʛʦʣʷʤ ʲʛʲʣ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ ʟʘʚʦʷ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʧʲʪʥʠʮʠʪʝ ʠ ʚʦʜʘʯʘ ʠʟʧʠʪʚʘʪ ʧʦ-ʥʠʩʢʠ 

ʩʪʨʘʥʠʯʥʠ ʫʩʢʦʨʝʥʠʷ ʠ ʩʝ ʧʦʜʦʙʨʷʚʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʩʨʝʱʫ ʧʨʝʦʙʨʲʱʘʥʝ. ʆʪ ʩʨʝʜʘʪʘ ʥʘ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ 

ʤʠʥʘʣʠʷ ʚʝʢ ʠʥʪʝʨʝʩʲʪ ʢʲʤ ʪʦʟʠ ʪʠʧ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʠʟʯʝʟʚʘ, ʜʦʢʘʪʦ ʧʨʝʟ 1990 ʛʦʜʠʥʘ ʘʚʪʦʨʠʪʝ ʥʘ 

[11] ʠʟʪʲʢʚʘʪ ʧʦʣʟʠʪʝ, ʢʦʠʪʦ ʤʘʣʢʠʪʝ ʪʝʩʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʤʦʛʘʪ ʜʘ ʧʨʝʜʣʦʞʘʪ ʟʘ ʦʙʣʝʢʯʘʚʘʥʝ ʥʘ 
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ʟʘʜʨʲʩʪʚʘʥʠʷʪʘ ʧʦ ʧʲʪʠʱʘʪʘ ʠ ʧʨʦʙʣʝʤʠʪʝ ʩ ʧʘʨʢʠʨʘʥʝʪʦ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ [12]. ʉʲʱʝʩʪʚʫʚʘʪ ʜʚʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʨʝʰʝʥʠʷ ʟʘ ʤʘʣʢʠ ʪʝʩʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ï ʪʨʠʢʦʣʝʩʥʠ ʠ ʯʝʪʠʨʠʢʦʣʝʩʥʠ. 

ʊʨʠʢʦʣʝʩʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʠʣʠ ʪʨʠʢʦʣʢʠʪʝ ʠʤʘʪ ʧʦ-ʜʦʙʨʘ ʩʪʘʪʠʯʥʘ ʫʩʪʦʡʯʠʚʦʩʪ ʦʪ 

ʜʚʫʢʦʣʝʩʥʠʪʝ (ʤʦʪʦʮʠʢʣʝʪʠ ʠ ʤʦʪʦʧʝʜʠ), ʥʦ ʧʦ-ʣʦʰʘ ʜʠʥʘʤʠʯʥʘ ʫʩʪʦʡʯʠʚʦʩʪ ʧʨʠ ʜʚʠʞʝʥʠʝ ʚ ʟʘʚʦʡ. 

ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʬʘʢʪʘ, ʯʝ ʪʝ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʩ ʧʦ-ʪʷʩʥʘ ʢʦʣʝʷ (ʩʣʝʜʘ) ʠ ʠʤʘʪ ʦʪʥʦʩʠʪʝʣʥʦ ʚʠʩʦʢ ʤʘʩʦʚ 

ʮʝʥʪʲʨ. ɿʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ, ʪʨʠʢʦʣʝʩʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʥʘʙʜʝʥʠ ʩʲʩ 

ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʜʘ ʥʘʢʣʦʥʚ̫ʘ ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ [13, 14]. ʇʨʠ ʥʷʢʦʠ ʩʠʩʪʝʤʠ ʩʝ ʥʘʢʣʦʥʷʚʘ ʩʘʤʦ 

ʢʦʨʧʫʩʲʪ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ ʜʦʢʘʪʦ ʰʘʩʠʪʦ ʚʩʝ ʦʱʝ ʜʝʡʩʪʚʘ ʢʘʪʦ ʬʠʢʩʠʨʘʥʘ ʦʩʥʦʚʘ ʢʘʪʦ ʪʝʟʠ ʚ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʘʚʪʦʤʦʙʠʣʠ, ʘ ʧʨʠ ʜʨʫʛʠ ʩʝ ʥʘʢʣʦʥʷʚʘ ʥʝ ʩʘʤʦ ʧʲʪʥʠʯʝʩʢʘʪʘ ʢʘʙʠʥʘ, ʥʦ ʠ ʰʘʩʠʪʦ ʠ 

ʢʦʣʝʣʘʪʘ (ʌʠʛ. 7) [13]. ʅʘʢʣʦʥʚ̫ʘʥʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʚʦʜʘʯʘ ʢʘʢʪʦ ʧʨʠ ʤʦʪʦʮʠʢʣʝʪʠʪʝ ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʥʦ [15]. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ, ʢʦʠʪʦ ʩʲʯʝʪʘʚʘʪ 

ʪʠʧʠʯʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʤʦʪʦʮʠʢʣʝʪʠ (ʜʦʙʨʦ ʫʧʨʘʚʣʝʥʠʝ ʚ ʫʩʣʦʚʠʷ ʥʘ ʪʝʞʲʢ ʪʨʘʬʠʢ, ʥʠʩʢʘ ʟʘʝʪʦʩʪ ʥʘ 

ʧʲʪʷ, ʣʝʢʦʪʘ ʥʘ ʧʘʨʢʠʨʘʥʝ) ʩ ʪʝʟʠ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ (ʣʝʢʦʪʘ ʥʘ ʰʦʬʠʨʘʥʝ, ʘʢʪʠʚʥʘ ʠ ʧʘʩʠʚʥʘ ʙʝʟʦʧʘʩʥʦʩʪ, 

ʟʘʱʠʪʘ ʥʘ ʧʲʪʥʠʮʠʪʝ ʠ ʚʦʜʘʯʘ ʦʪ ʘʪʤʦʩʬʝʨʥʠʪʝ ʚʣʠʷʥʠʷ, ʧʨʦʙʣʝʤ ʩ ʣʠʧʩʘ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʯʝʩʪʠ 

ʩʧʠʨʘʥʠʷ ʠ ʜʨ.) [16]. 

 

  

ʘ) ʙ) 

ʌʀɻʋʈɸ 7. ʇʨʠʥʮʠʧʠ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʧʲʪʥʦ ʪʨʘʥʩʧʦʨʪʥʦ ʩʨʝʜʩʪʚʦ: 

ʘ) ʥʘʢʣʦʥʷʚʘʥʝ ʩʘʤʦ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ; ʙ) ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʮʷʣʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ [ʘʜʘʧʪʠʨʘʥʘ ʦʪ 13]. 
 

ʀ ʪʫʢ, ʢʘʢʪʦ ʧʨʠ ʞʝʣʝʟʦʧʲʪʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʩʨʝʜʩʪʚʘ, ʩʠʩʪʝʤʠʪʝ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩ 

ʧʘʩʠʚʥʦ ʠʣʠ ʘʢʪʠʚʥʦ ʥʘʢʣʦʥʷʚʘʥʝ. ʇʨʝʟ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ General Motors ʧʨʝʜʩʪʘʚʷʪ 

ʪʨʠʢʦʣʝʩʥʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ, ʥʘʨʝʯʝʥʦ Lean Machine, ʩ ʥʝʥʘʢʣʘʥʷʱʘ ʩʝ ʟʘʜʥʘ ʯʘʩʪ ʢʲʜʝʪʦ ʝ ʨʘʟʧʦʣʦʞʝʥ 

ʜʚʠʛʘʪʝʣ ̫ʠ ʤʦʜʫʣʘ, ʚʲʨʭʫ ʢʦʡʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʟʘʚʲʨʪʘʥʝ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ. ʊʦʚʘ ʥʝ ʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʥʘʢʣʘʥʷʱʦ ʩʝ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ ʠ ʚʦʜʘʯʲʪ ʢʦʥʪʨʦʣʠʨʘ ʲʛʲʣʘ ʥʘ ʥʘʢʣʦʥ. ʅʝʜʦʩʪʘʪʲʢ ʥʘ Lean Machine ʝ 

ʬʘʢʪʲʪ, ʯʝ ʟʥʘʯʠʪʝʣʥʘ ʯʘʩʪ ʦʪ ʪʝʛʣʦʪʦ ʥʘ ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʥʝ ʩʝ ʥʘʢʣʦʥʚ̫ʘ, ʩʲʱʦ ʪʘʢʘ ʠ ʨʲʯʥʦʪʦ 

ʫʧʨʘʚʣʝʥʠʝ ʦʪ ʚʦʜʘʯʘ ʥʘ ʟʘʜʚʠʞʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ ʟʘ ʥʘʢʣʦʥʚ̫ʘʥʝ, ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʪʦʡ ʜʘ ʠʤʘ ʧʨʠʜʦʙʠʪʠ 

ʫʤʝʥʠʷ [12, 17]. 

ʇʨʝʟ 1994 ʛ. ʚ ʅʠʜʝʨʣʘʥʜʠʷ ʝ ʨʘʟʨʘʙʦʪʝʥʘ Dynamic Vehicle Control (DVC) ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʚ ʪʨʠʢʦʣʝʩʥʦʪʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ Carver One (ʧʨʦʠʟʚʝʞʜʘʥ ʜʦ 2009 ʛ.). ʇʨʝʜʥʦʪʦ ʢʦʣʝʣʦ ʠ ʢʘʨʦʩʝʨʠʷʪʘ 

ʩʝ ʥʘʢʣʦʥʷʚʘʪ, ʢʦʥʪʨʦʣʠʨʘʥʠ ʦʪ ʘʢʪʠʚʥʘ ʭʠʜʨʘʚʣʠʯʥʘ ʩʠʩʪʝʤʘ. ʉʠʣʦʚʦʪʦ ʧʨʝʜʘʚʘʥʝ ʝ ʧʦʩʪʘʚʝʥʦ ʤʝʞʜʫ 

ʜʚʝʪʝ ʟʘʜʥʠ ʢʦʣʝʣʘ ʢʘʪʦ ʥʝ ʩʝ ʥʘʢʣʦʥʚ̫ʘ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʠʤʘ ʧʦʜʦʙʥʠ ʜʠʥʘʤʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ ʢʘʪʦ ʪʝʟʠ 

ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʘʚʪʦʤʦʙʠʣ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʟʘʜʥʘʪʘ ʥʝʥʘʢʣʦʥʷʝʤʘ ʯʘʩʪ ʪʨʷʙʚʘ ʜʘ ʝ ʩʨʘʚʥʠʪʝʣʥʦ 

ʰʠʨʦʢʘ ʩ ʥʠʩʲʢ ʤʘʩʦʚ ʮʝʥʪʲʨ, ʪʘʢʘ ʯʝ ʜʘ ʥʝ ʩʝ ʧʨʝʦʙʨʲʱʘ [18]. ʉʠʩʪʝʤʘʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʠʨʘ ʲʛʲʣʘ 

ʥʘ ʥʘʢʣʦʥ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ ʩʧʨʷʤʦ ʩʢʦʨʦʩʪʪʘ ʠ ʫʩʢʦʨʝʥʠʝʪʦ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʠ ʧʦʟʚʦʣʷʚʘ ʥʘʢʣʦʥʷʚʘʥʝ ʦʱʝ ʚ 

ʥʘʯʘʣʦʪʦ ʥʘ ʚʣʠʟʘʥʝ ʚ ʟʘʚʦʷ. ʍʠʜʨʘʚʣʠʯʥʠʷʪ ʤʝʭʘʥʠʟʲʤ ʧʦʟʚʦʣʷʚʘ ʥʘʢʣʦʥʚ̫ʘʥʝ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ ʜʦ 45Ü, 

ʢʘʪʦ ʦʩʠʛʫʨʷʚʘ ʫʩʪʦʡʯʠʚʦʩʪ ʩʨʝʱʫ ʧʨʝʦʙʨʲʱʘʥʝ ʥʘ ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʧʨʠ ʜʚʠʞʝʥʠʝ ʚ ʟʘʚʦʡ 

[http://www.carver-technology.nl/technology.html]. ʄʘʢʩʠʤʘʣʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ ʝ 82°/s, ʢʦʝʪʦ ʝ 

ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʩʦʙʝʥʦ ʚ ʩʠʪʫʘʮʠʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘ ʩʤʷʥʘ ʥʘ ʟʘʚʦʠʪʝ ʠʣʠ ʥʘ ʣʝʥʪʠʪʝ ʟʘ 

ʜʚʠʞʝʥʠʝ (ʰʠʢʘʥ, ʟʤʝʡʢʘ). ʌʫʥʢʮʠʷʪʘ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʨʘʙʦʪʠ ʚ ʮʝʣʠʷ ʜʠʘʧʘʟʦʥ ʦʪ 10ï180 km/h, ʢʘʪʦ 

ʧʦʩʣʝʜʥʘʪʘ ʩʢʦʨʦʩʪ ʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʪʨʠʢʦʣʝʩʥʦʪʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ  [19]. 

ʇʨʝʟ 1997 ʛ. Mercedes-Benz ʧʨʝʜʩʪʘʚʷʪ ʢʦʥʮʝʧʪʫʘʣʥʦ ʪʨʠʢʦʣʝʩʝʥʦ ʧʲʪʥʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ F300 Life 

Jet (ʌʠʛ. 8), ʢʦʝʪʦ ʝ ʩ ʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʥʘʢʣʦʥʘ (Active Tilt Control), ʩʲʱʦ ʠʟʧʦʣʟʚʘʱʘ 

ʭʠʜʨʘʚʣʠʯʝʥ ʟʘʜʚʠʞʚʘʱ ʤʝʭʘʥʠʟʲʤ. ɸʢʪʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʠʟʯʠʩʣʷʚʘ ʲʛʲʣʘ ʥʘ ʥʘʢʣʦʥ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʩʢʦʨʦʩʪʪʘ ʥʘ ʘʚʪʦʤʦʙʠʣʘ, ʩʪʨʘʥʠʯʥʦʪʦ ʫʩʢʦʨʝʥʠʝ, ʲʛʲʣʘ ʥʘ ʟʘʚʠʚʘʥʝ ʠ ʦʪʢʣʦʥʝʥʠʝʪʦ, ʪʘʢʘ ʯʝ ʧʦ ʚʩʷʢʦ 

ʚʨʝʤʝ ʲʛʲʣʲʪ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ ʜʘ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʩʠʪʫʘʮʠʷ ʥʘ ʜʚʠʞʝʥʠʝ. ʀʟʧʲʣʥʠʪʝʣʥʠʷʪ 

ʤʝʭʘʥʠʟʲʤ ʧʨʝʜʩʪʘʚʣʷʚʘ ʭʠʜʨʘʚʣʠʯʝʥ ʮʠʣʠʥʜʲʨ, ʤʦʥʪʠʨʘʥ ʥʘ ʧʨʝʜʥʘʪʘ ʦʩ. ʊʦʡ ʚʲʟʜʝʡʩʪʚʘ ʚʲʨʭʫ ʝʜʥʘ ʦʪ 
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ʜʚʝʪʝ ʧʨʫʞʠʥʥʠ ʦʧʦʨʠ, ʧʨʝʤʝʩʪʚʘʡʢʠ ʷ ʥʘʚʲʥ, ʪʘʢʘ ʯʝ ʢʦʣʝʣʦʪʦ ʠ ʢʘʨʦʩʝʨʠʷʪʘ ʜʘ ʟʘʝʤʘʪ ʲʛʲʣʘ ʥʘ ʥʘʢʣʦʥ, 

ʫʩʪʘʥʦʚʝʥ ʦʪ ʢʦʤʧʶʪʲʨʘ, ʯʠʷʪʦ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ ʝ 30Ü. ʇʥʝʚʤʘʪʠʯʥʠʪʝ ʛʫʤʠ ʥʘ F300 Life Jet ʩʘ 

ʩʧʝʮʠʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥʠ ʠ ʧʦʟʚʦʣʷʚʘʪ ʛʦʣʷʤ ʩʪʨʘʥʠʯʝʥ ʥʘʢʣʦʥ ʥʘ ʢʦʣʝʣʘʪʘ ʠ ʲʛʣʠ ʥʘ ʩʪʨʘʥʠʯʥʦ ʫʚʣʠʯʘʥʝ 

[https://group-media.mercedes-benz.com/]. 

 

 

 

 

ʌʀɻʋʈɸ 8. ʉʠʩʪʝʤʘ ʟʘ ʘʢʪʠʚʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ F300 

Life Jet [ʘʜʘʧʪʠʨʘʥʘ ʦʪ https://group-media.mercedes-

benz.com/]. 

ʌʀɻʋʈɸ 9. ʉʠʩʪʝʤʘ  Active Body Control ʟʘ ʘʢʪʠʚʥʦ 

ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʣʝʢ ʘʚʪʦʤʦʙʠʣ Mercedes S-Class Coupé 

[ʘʜʘʧʪʠʨʘʥʘ ʦʪ https://group-media.mercedes-benz.com/]. 

 

ʉʠʩʪʝʤʘ ʟʘ ʥʘʢʣʦʥʚ̫ʘʥʝ ʩʘʤʦ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ ʝ ʠʟʧʦʣʟʚʘʥʘ ʠ ʧʨʠ ʧʨʦʝʢʪʘ Clever (2006), ʨʘʟʨʘʙʦʪʝʥ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ɹʘʪ, ɸʥʛʣʠʷ. Clever (Compact Low Emission Vehicle for Urban Transport Vehicle) ʝ 

ʪʨʠʢʦʣʝʩʥʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ, ʢʦʝʪʦ ʨʘʟʧʦʣʘʛʘ ʩ ʤʷʩʪʦ ʟʘ ʚʦʜʘʯ ʠ ʝʜʠʥ ʧʲʪʥʠʢ ʟʘʜ ʥʝʛʦ, ʥʘʢʣʘʥʷʱʘ ʩʝ 

ʢʘʨʦʩʝʨʠʷ ʠ ʜʚʫʢʦʣʝʩʝʥ ʟʘʜʝʥ ʤʦʜʫʣ ʥʘ ʜʚʠʛʘʪʝʣʷ (ʌʠʛ. 10). ʇʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʝ ʦʙʦʨʫʜʚʘʥʦ ʩʲʩ 

ʩʠʩʪʝʤʘ ʟʘ ʜʠʨʝʢʪʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʥʘʢʣʦʥʘ (Direct Tilt Control System), ʧʨʠ ʢʦʷʪʦ ʜʚʘ ʭʠʜʨʘʚʣʠʯʥʠ 

ʮʠʣʠʥʜʲʨʘ ʟʘʚʲʨʪʘʪ ʢʘʨʦʩʝʨʠʷʪʘ ʚʲʨʭʫ ʥʝʥʘʢʣʘʥʷʱʠ ̫ʩʝ ʟʘʜʝʥ ʤʦʜʫʣ. ʅʘʢʣʦʥʷʚʘʥʝʪʦ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ ʝ 

ʜʦ 45° ʥʘʣʷʚʦ ʠʣʠ ʥʘʜʷʩʥʦ, ʧʨʦʤʝʥʷʡʢʠ ʤʘʩʦʚʠʷ Ⱬ ʮʝʥʪʲʨ, ʢʘʪʦ ʷ ʧʨʝʜʧʘʟʚʘ ʦʪ ʧʨʝʦʙʨʲʱʘʥʝ [20]. ʉʧʦʨʝʜ 

[21] ʪʘʟʠ ʩʠʩʪʝʤʘ ʦʩʠʛʫʨʷʚʘ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʫʩʪʦʡʯʠʚʘ ʨʘʙʦʪʘ, ʥʦ ʦʛʨʘʥʠʯʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪ ʧʨʠ ʧʨʝʭʦʜʥʠ 

ʧʨʦʮʝʩʠ. ʀʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʚʠʩʦʢʠ ʩʢʦʨʦʩʪʠ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ, ʩʚʲʨʟʘʥʠ ʩ ʙʲʨʟʠ ʟʘʚʲʨʪʘʥʠʷ ʥʘ ʢʦʨʤʠʣʥʦʪʦ 

ʢʦʣʝʣʦ, ʙʠʭʘ ʜʦʚʝʣʠ ʜʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʛʦʣʝʤʠ ʥʘʢʣʘʥʷʱʠ ʤʦʤʝʥʪʠ ʢʲʤ ʥʝʥʘʢʣʘʥʷʱʠʷ ʩʝ ʟʘʜʝʥ ʤʦʜʫʣ ʥʘ 

ʜʚʠʛʘʪʝʣʷ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦʚʜʠʛʘʥʝ ʥʘ ʚʲʪʨʝʰʥʦʪʦ ʢʦʣʝʣʦ ʠ ʧʨʝʦʙʨʲʱʘʥʝ ʥʘ ʘʚʪʦʤʦʙʠʣʘ. ɿʘ ʜʘ 

ʩʝ ʧʦʜʦʙʨʠ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʧʨʠ ʧʨʝʭʦʜʥʠ ʫʩʣʦʚʠʷ, ʧʨʦʪʦʪʠʧʲʪ Clever ʦʪ 2012 ʛ. ʝ ʦʙʦʨʫʜʚʘʥ ʩ ʘʢʪʠʚʥʘ 

ʢʦʨʤʠʣʥʘ ʩʠʩʪʝʤʘ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʢʦʤʙʠʥʠʨʘʥʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʜʠʨʝʢʪʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʥʘʢʣʦʥʘ (Steering Direct Tilt Control). 

ʇʨʝʟ 2008 ʛ., ʧʨʦʠʟʚʦʜʠʪʝʣʷʪ Lumeneo ʧʨʝʜʩʪʘʚʷ Smera ï ʫʣʪʨʘ ʢʦʤʧʘʢʪʝʥ ʯʝʪʠʨʠʢʦʣʝʩʝʥ 

ʝʣʝʢʪʨʦʤʦʙʠʣ (ʧʨʦʠʟʚʝʞʜʘʥ ʜʦ 2013 ʛ.). ʂʦʥʮʝʧʪʫʘʣʥʦʪʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ ʝ ʜʚʫʤʝʩʪʝʥ ʥʘʢʣʦʥʷʝʤ 

ʘʚʪʦʤʦʙʠʣ ʩ ʲʛʲʣ ʥʘ ʥʘʢʣʦʥ ʚ ʟʘʚʦʡ ʜʦ 20°. ʉʠʩʪʝʤʘʪʘ ʟʘ ʜʠʨʝʢʪʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʥʘʢʣʦʥʘ ʦʧʨʝʜʝʣʷ 

ʦʧʪʠʤʘʣʥʠʷ ʲʛʲʣ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʜʠʥʘʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʘʚʪʦʤʦʙʠʣʘ, ʨʘʜʠʫʩʠʪʝ ʥʘ ʟʘʚʦʷ, ʠʟʙʨʘʥʠʷ 

ʨʝʞʠʤ ʥʘ ʰʦʬʠʨʘʥʝ ʠ ʧʲʪʥʠʪʝ ʫʩʣʦʚʠ.̫ ʏʨʝʟ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚ ʩʝʨʚʦʜʚʠʛʘʪʝʣ, ʫʧʨʘʚʣʷʚʘʥ ʘʚʪʦʤʘʪʠʯʥʦ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝ ʥʘʢʣʦʥʷʚʘʪ ʢʘʨʦʩʝʨʠʷʪʘ ʠ 4-ʪʝ ʢʦʣʝʣʘ [http://www.lumeneo.fr/smera_technical_ 

specifications_eng.php]. 

Land Glider (2009) ʝ ʯʝʪʠʨʠʢʦʣʝʩʝʥ ʥʘʢʣʦʥʷʝʤ ʝʣʝʢʪʨʦʤʦʙʠʣ, ʢʦʥʮʝʧʮʠʷ ʥʘ  Nissan. ɸʢʪʠʚʥʘʪʘ 

ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʭʦʜʘ ʥʘ ʦʢʘʯʚʘʥʝʪʦ ʥʘʢʣʦʥʷʚʘ ʜʚʫʤʝʩʪʥʦʪʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ ʜʦ 17° ʚ ʟʘʚʦʡ [22]. 

ʉʠʩʪʝʤʘʪʘ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʚ ʟʘʚʦʡ ʥʘ Mercedes, ʧʨʠʣʦʞʝʥʘ ʚ ʤʦʜʝʣʘ S-Class Coupé (2014) ʝ ʧʲʨʚʘʪʘ ʟʘ 

ʘʚʪʦʤʦʙʠʣʠ ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʏʝʪʠʨʠʢʦʣʝʩʥʠʷʪ ʘʚʪʦʤʦʙʠʣ, ʦʙʦʨʫʜʚʘʥ ʩ ʘʢʪʠʚʥʦ ʦʢʘʯʚʘʥʝ (Active 

Body Control), ʯʨʝʟ ʭʠʜʨʘʚʣʠʯʥʠ ʮʠʣʠʥʜʨʠ ʠʣʠ Ăʙʫʪʘʣʘñ, ʤʦʥʪʠʨʘʥʠ ʥʘ ʦʧʦʨʠʪʝ ʥʘ ʦʢʘʯʚʘʥʝʪʦ, 

ʨʝʛʫʣʠʨʘʪ ʩʠʣʠʪʝ ʚʲʚ ʚʩʷʢʘ ʦʧʦʨʘ ʧʦʦʪʜʝʣʥʦ (ʌʠʛ. 9). ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʟʘʚʦʷ, ʦʩʥʦʚʥʘʪʘ ʪʦʯʢʘ ʥʘ ʚʩʷʢʘ 

ʦʧʦʨʘ ʩʝ ʧʨʝʤʝʩʪʚʘ, ʧʦʟʚʦʣʷʚʘʡʢʠ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʜʘ ʩʝ ʥʘʢʣʦʥʠ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ ʟʘʚʦʷ ʥʘ ʲʛʲʣ ʜʦ 2,5º, 

ʢʘʪʦ ʥʘʢʣʦʥʘ ʩʝ ʨʝʛʫʣʠʨʘ ʘʚʪʦʤʘʪʠʯʥʦ ʠ ʥʝʧʨʝʢʲʩʥʘʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʥʬʦʨʤʘʮʠʷʪʘ ʦʪ ʩʝʥʟʦʨʠ. 

ɺʠʜʝʦʢʘʤʝʨʘ, ʤʦʥʪʠʨʘʥʘ ʥʘ ʧʨʝʜʥʦʪʦ ʩʪʲʢʣʦ, ʩʣʝʜʠ ʧʨʦʬʠʣʘ ʥʘ ʧʲʪʷ ʠ ʨʝʛʠʩʪʨʠʨʘ ʧʨʝʜʩʪʦʷʱʠʷ ʟʘʚʦʡ ʥʘ 

ʨʘʟʩʪʦʷʥʠʝ 15 m ʠ ʯʨʝʟ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʪʨʘʥʠʯʥʦʪʦ ʫʩʢʦʨʝʥʠʝ, ʩʢʦʨʦʩʪʪʘ ʠ ʲʛʲʣʘ ʥʘ ʟʘʚʠʚʘʥʝ, 

ʦʩʠʛʫʨʷʚʘʪ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ ʟʘʚʦʷ [https://group-media.mercedes-benz.com/]. 
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ʌʀɻʋʈɸ 10. ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ Clever: 1 ï ʥʘʢʣʘʥʷʱʘ ʩʝ ʢʘʨʦʩʝʨʠʷ; 

2 ï ʨʝʜʫʢʪʦʨ ʥʘ ʢʦʨʤʠʣʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ; 3 ï ʮʝʥʪʨʘʣʝʥ ʢʦʨʤʠʣʝʥ ʤʝʭʘʥʠʟʲʤ ʥʘ ʛʣʘʚʠʥʘʪʘ; 4 ï ʧʨʝʜʥʦ ʣʶʣʝʝʱʦ 

ʩʝ ʨʘʤʦ; 5 ï ʮʠʣʠʥʜʨʠʯʝʥ ʰʘʨʥʠʨ; 6 ï ʟʘʜʥʦ ʨʘʤʝʥʥʦ ʦʢʘʯʚʘʥʝ; 7 ï ʭʠʜʨʘʚʣʠʯʝʥ ʮʠʣʠʥʜʲʨ; 8 ï ʟʘʜʝʥ ʥʝʥʘʢʣʘʥʷʱ 

ʩʝ ʤʦʜʫʣ [ʘʜʘʧʪʠʨʘʥʘ ʦʪ 23]. 

 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ, ʘʢʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʠʥʪʝʨʝʩ ʠ ʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʤʦʪʦʮʠʢʣʝʪʠ, ʢʦʠʪʦ ʨʘʟʨʘʙʦʪʚʘʪ ʪʨʠ- ʠʣʠ ʯʝʪʠʨʠʢʦʣʝʩʥʠ ʚʘʨʠʘʥʪʠ. ʇʨʝʚʦʟʥʠʪʝ 

ʩʨʝʜʩʪʚʘ, ʧʨʝʜʣʘʛʘʥʠ ʦʪ  ʰʚʝʡʮʘʨʩʢʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣ Quadro (Qooder SA), ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩ ʭʠʜʨʘʚʣʠʯʥʘ 

ʩʠʩʪʝʤʘ ʥʘ ʥʘʢʣʦʥʚ̫ʘʥʝ (Hydraulic Tilting System). ʊʷ ʧʦʟʚʦʣʷʚʘ ʚʩʠʯʢʠ ʢʦʣʝʣʘ ʜʘ ʩʝ ʥʘʢʣʦʥʷʚʘʪ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʜʦ 45° ʚ ʟʘʚʦʡ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʛʘʨʘʥʪʠʨʘ ʧʣʘʚʥʦ ʠ ʫʩʪʦʡʯʠʚʦ ʜʚʠʞʝʥʠʝ, ʜʦʨʠ ʠ ʧʨʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ ʧʲʪʥʠ ʫʩʣʦʚʠʷ [https://www.qooder.com/]. 

ʅʘʧʦʩʣʝʜʲʢ ʝ ʘʢʪʫʘʣʝʥ ʚʲʧʨʦʩʲʪ ʦʪʥʦʩʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʠʩʪʝʤʠ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ ʧʨʠ ʥʘʚʣʠʟʘʥʝ 

ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ ʩ ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʝʥʠʝ. ɼʦʢʘʪʦ ʧʨʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʷ ʘʚʪʦʤʦʙʠʣ, ʚʦʜʘʯʲʪ ʠʤʘ ʥʫʞʜʘ 

ʦʪ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ, ʧʨʦʷʚʷʚʘʱʘ ʩʝ ʦʩʚʝʥ ʚʲʚ ʚʠʟʫʘʣʥʠ ʠ ʩʣʫʭʦʚʠ ʚʲʟʧʨʠʷʪʠʷ, ʩʲʱʦ ʪʘʢʘ ʠ ʚ ʪʘʢʪʠʣʥʠ 

ʫʩʝʱʘʥʠʷ ʠ ʚʲʟʧʨʠʷʪʠʷ ʟʘ ʥʘʜʣʲʞʥʠʪʝ ʠ ʩʪʨʘʥʠʯʥʠʪʝ ʫʩʢʦʨʝʥʠʷ, ʧʦʣʫʯʘʚʘʥʠ ʧʨʝʜʠʤʥʦ ʦʪ 

ʚʝʩʪʠʙʫʣʘʨʥʠʷ ʘʧʘʨʘʪ, ʪʦ ʧʨʠ ʘʚʪʦʥʦʤʥʠʪʝ ʘʚʪʦʤʦʙʠʣʠ ʥʷʤʘ ʥʫʞʜʘ ʦʪ ʪʘʢʘʚʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ. ʅʝʱʦ 

ʧʦʚʝʯʝ ï ʚʦʜʘʯʲʪ, ʢʦʡʪʦ ʝ ʠʟʢʣʶʯʝʥ ʦʪ ʧʨʦʮʝʩʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʟʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʚʨʝʤʝ 

ʤʦʞʝ ʜʘ ʩʝ ʟʘʝʤʝ ʩ ʜʨʫʛʠ ʜʝʡʥʦʩʪʠ ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʯʝʪʝʥʝ ʥʘ ʢʥʠʛʘ, ʨʘʙʦʪʘ ʩ ʢʦʤʧʶʪʲʨ ʠ ʜʨ. ʠ ʧʦ ʪʦʟʠ 

ʥʘʯʠʥ ʛʦʣʝʤʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʫʩʢʦʨʝʥʠʝʪʦ ʙʠʭʘ ʥʘʤʘʣʠʣʠ ʥʠʚʦʪʦ ʥʘ ʢʦʤʬʦʨʪ. ʊʦʚʘ ʥʘʣʘʛʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʩʪʨʘʥʠʯʥʦ ʥʘʢʣʦʥʷʚʘʥʝ, ʢʦʷʪʦ ʙʠ ʤʦʛʣʘ ʧʦʥʝ ʜʘ ʢʦʤʧʝʥʩʠʨʘ 

ʫʤʝʨʝʥʠ ʩʪʨʘʥʠʯʥʠ ʫʩʢʦʨʝʥʠʷ ʦʪ 1 ʜʦ 2 m/s2, ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʲʛʲʣ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ ʦʪ 6 ʜʦ 12° ʠ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ ʠʣʠ ʥʘ ʩʝʜʘʣʢʠʪʝ ʠʣʠ ʠ ʜʚʝʪʝ. ɿʘ ʜʘ ʩʝ ʢʦʤʧʝʥʩʠʨʘ 

ʥʘʜʣʲʞʥʦʪʦ ʫʩʢʦʨʝʥʠʝ ʚ ʩʧʝʮʠʬʠʯʥʠʷ ʜʠʘʧʘʟʦʥ, ʭʘʨʘʢʪʝʨʝʥ ʟʘ ʫʩʢʦʨʷʚʘʥʝ ʠ ʩʧʠʨʘʥʝ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʝ 

ʥʝʦʙʭʦʜʠʤ ʧʦʚʝʯʝ ʦʪ ʜʚʘ ʧʲʪʠ ʧʦ-ʛʦʣʷʤ ʭʦʜ ʥʘ ʠʟʧʲʣʥʠʪʝʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʥʘʢʣʦʥʷʚʘʥʝ, 

ʩʧʨʷʤʦ ʤʘʢʩʠʤʘʣʥʠʷ ʭʦʜ ʥʘ ʦʢʘʯʚʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʘʚʪʦʤʦʙʠʣʠ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʢʦʤʧʝʥʩʠʨʘʥʝ 

ʥʘ ʥʘʜʣʲʞʥʠʪʝ ʫʩʢʦʨʝʥʠʷ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʙʝʟ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʩʝʜʘʣʢʠʪʝ ʦʢʦʣʦ 

ʥʘʧʨʝʯʥʘʪʘ ʠʤ ʦʩ (ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʠʣʠ ʚ ʢʦʤʙʠʥʘʮʠʷ ʩ ʥʘʜʣʲʞʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʥʘ ʢʘʨʦʩʝʨʠʷʪʘ). ʅʝ ʪʘʢʘ 

ʩʪʦʠ ʚʲʧʨʦʩʲʪ ʩ ʲʛʣʦʚʠʪʝ ʫʩʢʦʨʝʥʠʷ ʦʢʦʣʦ ʚʝʨʪʠʢʘʣʥʘʪʘ ʦʩ ʧʨʠ ʚʣʠʟʘʥʝ ʠ ʠʟʣʠʟʘʥʝ ʦʪ ʟʘʚʦʠ. ɼʦʨʠ ʠ ʩ 

ʚʠʟʫʘʣʥʦ ʦʪʜʝʣʷʥʝ, ʲʛʣʦʚʦʪʦ ʫʩʢʦʨʝʥʠʝ, ʢʦʝʪʦ ʩʝ ʚʲʟʧʨʠʝʤʘ ʯʨʝʟ ʚʝʩʪʠʙʫʣʘʨʥʠʷ ʘʧʘʨʘʪ, ʤʦʞʝ ʜʘ 

ʧʨʝʜʠʟʚʠʢʘ ʜʠʩʢʦʤʬʦʨʪ. ʊʦʚʘ ʝ ʪʘʢʘ, ʟʘʱʦʪʦ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʥʘʜʣʲʞʥʠʪʝ ʠ ʥʘʧʨʝʯʥʠʪʝ ʫʩʢʦʨʝʥʠʷ, ʪʦ ʥʝ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʦʤʧʝʥʩʠʨʘʥʦ, ʪʲʡ ʢʘʪʦ ʢʘʨʦʩʝʨʠʷʪʘ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʪʨʷʙʚʘ ʜʘ ʩʣʝʜʚʘ ʪʨʘʝʢʪʦʨʠʷʪʘ ʥʘ 

ʜʚʠʞʝʥʠʝʪʦ ʤʫ. ʆʩʚʝʥ ʪʦʚʘ, ʩʪʨʘʥʠʯʥʦʪʦ ʠʣʠ ʥʘʜʣʲʞʥʦʪʦ ʥʘʢʣʦʥʷʚʘʥʝ ʩʘ ʩʲʧʨʦʚʦʜʝʥʠ ʩ ʲʛʣʦʚʠ 

ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ, ʩʲʦʪʚʝʪʥʦ ʦʢʦʣʦ ʥʘʜʣʲʞʥʘʪʘ ʠ ʥʘʧʨʝʯʥʘʪʘ ʦʩ, ʢʦʠʪʦ ʜʦ ʥʷʢʘʢʚʘ ʩʪʝʧʝʥ ʩʲʱʦ 

ʚʣʦʰʘʚʘʪ ʢʦʤʬʦʨʪʘ ʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʪʘʢʠʚʘ ʩʠʩʪʝʤʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʩʪʦʡʥʦʩʪʠʪʝ ʠ ʥʘ 

ʪʝʟʠ ʚʝʣʠʯʠʥʠ [24]. 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʜʦʢʣʘʜʘ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʩʠʩʪʝʤʠʪʝ ʟʘ ʩʪʨʘʥʠʯʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʚ ʥʘʟʝʤʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ï 

ʨʝʣʩʦʚʠ ʠ ʙʝʟʨʝʣʩʦʚʠ. ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʥʘʢʣʦʥʷʚʘʥʝ ï ʧʘʩʠʚʥʠ ʠ ʘʢʪʠʚʥʠ, ʪʝʭʥʠʪʝ 

ʧʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ. ʆʙʦʩʥʦʚʘʥʘ ʝ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʩʪʨʘʥʠʯʥʦ 

ʥʘʢʣʦʥʷʚʘʥʝ ʧʨʠ ʧʲʪʥʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʩ ʤʘʣʢʘ ʰʠʨʦʯʠʥʘ ï ʪʨʠ- ʠ ʯʝʪʠʨʠʢʦʣʝʩʥʠ, ʢʘʢʪʦ ʠ 

ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʪʘʢʠʚʘ ʩʠʩʪʝʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠʪʝ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʧʲʣʥʦʨʘʟʤʝʨʥʠ ʣʝʢʠ ʘʚʪʦʤʦʙʠʣʠ. 

ɺʲʚ ʚʨʲʟʢʘ ʩ ʥʘʨʘʩʪʚʘʱʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʢʦʤʬʦʨʪ ʝ ʨʘʟʛʣʝʜʘʥʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʩʠʩʪʝʤʠ ʟʘ ʩʪʨʘʥʠʯʥʦ ʥʘʢʣʦʥʷʚʘʥʝ ʧʨʠ ʘʚʪʦʥʦʤʥʠʪʝ ʘʚʪʦʤʦʙʠʣʠ. ɼʠʩʢʫʪʠʨʘʥʠ ʩʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʨʝʰʝʥʠʷ. 
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ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ɼʦʢʣʘʜʘ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʨʘʙʦʪʘʪʘ ʧʦ ʜʦʛʦʚʦʨ ˉ 202ʇɼ0022-04, ʥʘʫʯʝʥ ʧʨʦʝʢʪ, ʬʠʥʘʥʩʠʨʘʥ ʦʪ 

ɺʲʪʨʝʰʥʠʷ ʢʦʥʢʫʨʩ ʥʘ ʊʋ-ʉʦʬʠʷ-2020 Ăɺ ʧʦʤʦʱ ʥʘ ʜʦʢʪʦʨʘʥʪʠñ ʥʘ ʪʝʤʘ: Ăʇʨʦʝʢʪʠʨʘʥʝ, ʠʟʨʘʙʦʪʚʘʥʝ ʠ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʘʚʪʦʤʦʙʠʣʥʘ ʜʝʪʩʢʘ ʩʝʜʘʣʢʘ, ʥʘʢʣʘʥʷʱʘ ʩʝ ʚ ʟʘʚʦʡñ. 
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Abstract. The lateral tilting of vehicles allows higher speeds when cornering, which reduces travel time. On the 

other hand, when tilting towards the center of the turn it reduces the lateral acceleration acting on the passengers. It 

results in improved travel comfort. The most common application of tilt body vehicles today is in rail transport, but 

road vehicles have also been created that follow the same strategy. Of these, three-wheeled vehicles are more 

common, but there is a growing tendency to use side-tilt principles in narrow-width four-wheeled vehicles as well as 

conventional cars. With autonomous cars, comfort requirements are increasing, and in this regard, the question of 

using tilting systems to compensate to some extent for lateral accelerations is particularly relevant. This report 

examines the systems used for lateral tilting in surface rail and road vehicles. 
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