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I m p o r t a n t  n o t i c e !  

This document provides a brief description of the aircraft ôs structural 

elements, systems, equipment and their corresponding cockpit controls. 

Note that the information about individual systems is not concentrated in a 

single section, but scattered all over the document, i.e. elements  of the 
aircraft are described in one section of this manual while the controls and 

features of operation are described in another section. This approach is used 

due to multiple cross-references between the elements of the aircraft. For 
this reason, a system is first described as an element of aircraft design and 

then as an object of cockpit control. I f you are willing to get a deeper 
understanding of the design and features of the MiG-15bis, we recommend 

that you carefully study all the available references. 

Notes in small print are more detailed explanations for users who want to gain a deeper 
understanding of a mechanism, system or equipment.  

For convenience, we give cross-references and hyperlinks that connect the 

references to the same object throughout the text or when it is necessary to 
describe operation of an object in conjunction with another object. To fol low 
a hyperlink, click it with the  mouse while holding down the Control ([Ctrl]) 
key. Use the key [Alt + <ï] (arrow left ) or [Alt + ï> ] (arrow right) to return . 

If you are a new player just getting  acquainted with DCS World, it is 
recommended to visit the HOW TO PLAY section first. 
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1. AIRCRAFT HISTORY 

DCS: MiG-15bis is a simulation of the Soviet Union's vanguard jet fighter and 
one of the most mass-produced jets in history ï the Mikoyan-Gurevich MiG-

15. The MiG-15 gained fame in the skies over Korea where it battled the 
American F-86 Sabre and other allied aircraft during the Korean War (1950 -

1953). The MiG-15's appearance in Korea became known as the "Korean 

surprise" due to its unexpected combat effectiveness. From late December 
1950 up to the end of war in July 1953, the MiG -15 proved to be the primary 

aerial opponent of the equally distinguished F-86 Sabre. 

The MiG-15 is a swept-wing jet fighter developed by the Mikoyan -Gurevich 

experimental design bureau (OKB) in the late 1940s, entering service with 
the Soviet Air and Air Defense Forces in 1949. The aircraft has an extensive 

combat history that includes several conflicts apart from the Korean War, 
such as the Arab-Israeli wars. Thanks to its high reliability, remarkable 

performance and ease of use ï both in flight training and operation  ï, the 
MiG-15 remained in service with the USSR for nearly 20 years and in foreign 

service until 2006 (Albanian Air Force)! There were numerous modifications: 

Apart from its main purpose as a fighter, it was used as a reconnaissance 
aircraft, target aircraft and prototype f or a variety of weapons and systems 

tests. 

Modifications of the MiG-15 include the MiG-15S, MiG-15PB, MiG-15bis, MiG-

15Rbis(SR) tactical reconnaissance version, MiG-15Sbis(SD-UPB) escort 
fighter, MiG-15UTM, MiG-15P UTI two-seat trainer and the MiG-15M radio-

controlled target drone. In total, over 15,000 of these aircraft were 
manufactured (almost twice as many as its American counterpart, the F -86 

Sabre).  

The MiG-15bis featured in this simulation is an upgraded model of the 

original MiG-15, powered by the more powerful Soviet-produced Klimov VK-1 
engine in place of the original British Rolls-Royce Nene-I (II).  The aircraft is 

equipped with three cannons (two 23 mm and one 37 mm) and can be 

further armed with two 100 kg bombs.  
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2. MISSION OVERVIEW AND MAIN SPECIFICATIONS  

2.1.  Mission overview  

The aircraftôs main purpose is to gain air superiority (during the daytime). It 

also has (limited) capability of being a strike plane. 

It is a swept -wing single-engine aircraft with a tricycle landing gear: two 
main gears and a nose gear (Figure 2.1).  

Unlike the F-86F, the MiG-15bis uses a hydraulic actuator only for the roll 
channel. The aircraft has three powerful cannons: 2ɛ 23 mm and 1x 37 mm. 

2.2.  Main  specifications  

2.2.1.  Specifications tab le  

Table 2.1 

Specifications  UNIT  Value  

A. NORMAL CREW  per aircraft 1 

B. OPERATIONAL CHARACTERISTICS    

(1) Max allowed takeoff weight  lbs / kg 13459 / 6105 

(2) Empty weight lbs / kg 7892 / 3580 

(3) Useful load (with  100 kg pilot)  lbs / kg 2983 / 1353 

(4) Normal takeoff weight  lbs / kg 11120 / 5044 

(5) Internal fuel capacity (fuel density 0.83 kg/l)  lbs/gal // kg/l  
2584/373 //  
1172/1412 

(6) Cruise speed 
(at 10.000 m, weight within 4.600-4.900 kg) 

indicated 
airspeed (IAS) 
kts / km /h 

243-254 / 450-470 

(7) Fuel consumption rate 
(air patrol at 10.000 m, 350 km/h IAS, weight 
within 4.600-4.900 kg, fuel density 0.83 kg/l)  

lbs/h // kg/h  1464 // 664  

(8) Maximum speed at sea level, 
true airspeed (TAS) 

kts / km /h 581 / 1076 

(9) Maximum speed at 10.000 m (33.000 feet) , 
true airspeed (TAS) 

kts / km /h 535 / 990 

(10) Service ceiling 
(for  5044 kg take-off weight)  

ft / m  51016 / 15500 

(11) Time of climb altitude up to 5000  m  
(at 11.560 rpm and 680-560 km/h TAS) 

min around 2 

(12) Maximum rate-of-climb (at 11.560 rpm):  
at 1000 m altitude  

m/min // km/h 
true airspeed 

2790 // 710  
2100 // 710  
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at 5000 m altitude  (TAS) optimal 
for climb  

(13) Maximum range (w/o drop tank):  
altitude 10.000 m, 450-470 km/h IAS 

nm /  km 648 / 1200 

(14) Maximum range (with 2x300 l drop tanks):  
altitude 10.000 m, 460-480 km/h IAS 

nm / km  944 / 1749 

(15) Maximum range (with 2x600 l drop tanks):  
altitude 10.000 m, 440-460 km/h IAS 

nm / km  1199 / 2220 

(16) Maximum endurance (w/o drop tank):  
altitude 10.000 m, 330-350 km/h IAS 
altitude 5.000 m, 330-350 km/h IAS 

hour.min 
 
2.05 
1.45 

(17) Maximum allowed operational load factor G 8 

(18) Load factor when plane is damaged G 12 

C. DIMENSIONS    

(1) Length ft-in / m  32.94 / 10.04  

(2) Width  (wingspan) ft-in / m  33.07 / 10.08  

(3) Height to fin  ft-in / m  12.14 / 3.7  

(4) Wing sweep deg 35 

(5) Main wheel track ft-in / m  12.5 / 3.81  

(6) Main wheel base  ft-in / m  10.43 / 3.18  

D. WEAPONS   

(1) 23 mm machine guns 
number guns x 
number rounds 

2 x 80 

(2) 37 mm machine gun 
number guns x 
number rounds 

1 x 40 

(3) Bombs 
number x 
caliber (kg) 

2 x 100 

2.2.2.  Aircraft dimensions  

See Figure 2.1 for dimensions of the MiG-15bis. 
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Figure 2.1. MiG-15bis  dimensions    
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3. AIRCRAFT AND ENGINE DESIGN 

3.1.  Aircraft Design   

The MiG-15bis is a single-seat fighter powered by a single Klimov VK-1 
engine which provides a static thrust of 2700  kg and contains a series of 

modifications that improve aircraft performance. The aircraft is a cantilever 
all-metal structure mid -wing monoplane with a swept wing and empennage. 

The turbojet VK-1 engine is located in the rear fuselage behind the wing. Air 

is allowed to enter the engine through an air intake in the front fuselage . The 
landing gear is of the tricycle type. The main gear is retracted into the wing,  

and the nose gear is retracted into the fuselage.  

3.1.1.  Fuselage  

THE FUSELAGE is designed as a metal semi-monocoque structure consisting 

of two parts. The rear part of the fuselage is attached to the forward part of 
the plane using assembly points on the wing. The forward fuselage contains 

a pressurized cockpit. Under the cockpit there is a hatch for an extendable 
armament undercarriage. 

THE FOR WARD FUSELAGE houses the forw ard fuel tank, nose landing gear  in 
retracted position, pressurized cockpit, extendable armament undercarriage, 

and various equipment including batteries, oxygen tanks, etc. 

THE REAR FUSELAGE hosts the VK-1 engine with supplementary equipment, 

an exhaust nozzle, the rear fuel tank, empennage control rods, and air 
brakes. 
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Figure 3.1. General assembly of the MiG-15 bis
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1. Battery 
2. Oxygen tank 
3. ASP-3N automatic gunsight  
4. Armored windshield 
5. Pilotôs ejection seat 
6. Sliding portion of canopy 
7. Pitot tube 
8. Antenna 
9. Hydraulic fluid tank 
10. VK-1 engine with gearbox 
11. Rear fuel tank 
12. Vertical stabilizer 
13. Rudder 
14. Tail navigation light  
 

15. Elevator trim tab 
16. Elevator 
17. Air brake 
18. Flap 
19. Aileron trim tab  
20. Aileron 
21. Left wingtip navigation light  
22. Main landing gear 
23. Wing fence 
24. Forward fuel tank 
25. Extendable armament undercarriage 
26. Nose gear 
27. Nose cone with headlight 

Several aircraft mechanisms (landing gear, flaps, air brakes) are actuated by 
the hydraulic system (5.4) which consists of a hydraulic pump, a tank with 

hydraulic fluid, a hydraulic accumulator and a relief valve. The main fuel 
tanks are located in the fuselage behind the cockpit (see 5.3).  

The aircraft can carry two drop tanks with a capacity of 300, 400 or 600 
liters each. They are attached under the wing and can be dropped in the air  

(ñjettisonedò). I nstead of the tanks, two 100 kg bombs can be carried under 
the wing. The aileron control system has a hydraulic actuator of the B U-1 

type installed in the right  wing. The hydraulic actuator is powered by its own 
hydraulic system (5.5). Air brakes (3.1.4), located in the tail part of the 

fuselage, are opened by the hydraulic actuators controlled by the 

electromagnetic valve from the cockpit.  

THE ARMAMENT of the aircraft ( 5.8) includes one 37 mm N-37D cannon and 
two 23 mm NR-23 cannons. The cannons are located on the forward 

fuselage: two NR-23 cannons on the left side and one N-37D cannon on the 

right side. Cannons are mounted on the extendable undercarriage. The ASP-
3N automatic gunsight is installed in the cockpit. 

The aircraft ARMOR PROTECTION consists of the armored windshield, two 
armored 10 mm panels, installed in front of the cockpit and ammunition 

boxes, and an armored headrest on the pilot seat.  

The aircraft also carries the RSI-6 shortwave transceiver radio set and 

equipment for instrument landing.   
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3.1.2.  Canopy  

The canopy hermetically closes the cockpit. For opening, the canopy is 

moved backwards. The canopy consists of the forward fixed part and a 
movable part sliding on rollers on three trac ks. The fixed part is a front shield 

made of armored 64 mm thick glass. 

 
Figure 3.2. Closed (left) and opened (right) canopy  

The movable part of the canopy has two layers of glass: the outer layer is 8 mm thick and the 
inner layer is 4 mm thick. The space between the layers is filled with dry air. From outside, the 
canopy is opened with a handle located on the canopyôs left-side lock axis. 

The canopy is opened with the left or right canopy handle 

and closed by opening the rear lock with the 
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upper, aft canopy handle. Opening and closing 
the canopy can be toggled with the keyboard command [LCtrl+C]. 

The canopy is equipped with a jettison system connected with the seat 

ejection control. The canopy can be jettisoned only from the closed position, 
regardless of whether the cockpit is pressurized or not. The jettison control is 

mechanical. 

The canopy jettison mechanism consists of the jettison handle on the right armrest of the pilot 
seat, two columns with bellcranks, transfer mechanism, two rods and three jettison locks.   

 
Figure 3.3. Canopy jettison handle  

To jettison the canopy, push the jettison handle forward  [RCtrl+J]. 
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The pilot seat has an ejection mechanism. To eject the seat, press the 
ejection button on the armrest  [LCtrl+E] (three times). The seat can be 

ejected only after the canopy jettison.  

3.1.3.  Wing  

The wing of the MiG-15bis consists of two detachable panels (left and right) 

with duralumin mainframe and skin. The wing is swept to an angle of 35Á, 
has wing fences1 (2), ailerons (4) with internal aero dynamic compensation 

and flaps (5). V-of-Wing is -2Á. The flaps extend backwards and down. 

 

1. Right wing 
2. Wing fences 
3. Pitot tube 
4. Aileron 
5. Flap 

Figure 3.4. MiG-15bis  wing  

A i l e r o n s  

The length of the aileron is  1.8 m. The aileron chord is 18.75% of the wing 

chord. The overall area of the ailerons (without compensation) is 1. 01 m2 

which is 4.92% of the wing area.  

The aileron deflection axis passes at a distance of 18% of the chord from the 
wing trailing edge. For maneuvering, the ail eron deflection angle is Ñ15Á. In 

the middle of the leading edge, the aileron has a flat protrusion which works 

                                                 

 
1 The aerodynamic wing fences prevent the airflow shift (its boundary layer) from the fuselage 
to the wing tip.  
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as aerodynamic compensation of the aileron. On the edge of the protrusion, 
there are two steel plates which  work as weight compensation of the aileron.  

 

1. Aileron trim tab  
2. Left aileron 
3. Left wing  

Figure 3.5. MiG-15bis  ailerons  

Each aileron is attached to the wing at two attachment points and controlled 
by the lever that during deflection stays within the contour of the wing. The 

lever is deflected by the hydraulic actuator  piston rod when roll is initiated by 
the stick. 

The ailerons have controllable trim tab s (1).  

A trim tab is a small tab on the left aileron which deflects from the aileron plane thereby creating 
a small aerodynamic force helping to maintain the required  aileron deflection angle without 
additional forces on the control stick. Direct mechanical connection between the ailerons makes 
it sufficient to have only one trim tab on the left aileron to hold both ailerons at the required 
deflection angle. 

The operation of the ailerons in the flight control system  is described here. 

F l a p s  

The flaps (Figure 3.6) are installed on the wing between the ailerons and the 

fuselage. During takeoff, they are extended to an angle of 20Á in order to 
provide extra lift force. For landing, they are extended to 55Á. 
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Figure 3.6. MiG-15bis with extended flaps  

The span of the flap is 2.65 m, the chord is 0.481 m. For extension, the flap moves downward 
and simultaneously backward to the rear edge of the wing. The maximum deflection angle for 
the flap is 55Á. While deflecting down, the fl ap is also moving backward by 0.2 m, i.e. to 41% of 
its chord. The flaps have a sliding rotation axis.  

The flaps are extended by two hydr aulic actuators installed in the wing. The 
translational motion of the actuator is transferred to the  control sector. 

Through a system of rods and levers, the rotation of the sectors is 

transferred to the flaps , which slide on the guiding carriages and thereby 
move backwards and deflect downwards.  

In the retracted position, the flaps are held by three locks connected with 

each other by cables and rods. The locks are opened by special hydraulic 

actuators installed successively in the main actuator hydraulic system of the 
flaps. In cases of emergency, the flaps can also be extended with the help of 

the emergency pneumatic system (see 5.7.2). 

The operation of the flaps in the flight control system  is described here.  
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3.1.4.  Air br ak es 

The aircraft has air brakes (speedbrakes) on both sides of the rear fuselage 

(Figure 3.7). In the tail section  of the fuselage there is an air brake 
electromagnetic control valve.  

 
Figure 3.7. Extended s peed brake s 

The air brakes are located symmetrically on the left and right sides of the 

rear fuselage. Extension and retraction is driven by two hydraulic actuators 
powered by the utility  hydraulic system and controlled from the cockpit by 

the button on the flight control stick  or by the switch on the left side panel. 
To synchronize opening angles of both air  brakes, there is a connecting tube 

with a system of levers. Thus even if the two hydraulic actuators operate at 

different speeds, both air brakes will be opened to the same angle within the 
same amount of time.  The opening angle of the speedbrakes is 55Á from the 

original position. 

Keep in mind that the full exte nsion of the air brakes takes approximately 3 

seconds, while the retraction takes approximately  4 seconds. 

The model has air brakes of increased size ï 0.8 m2. The operation of the air 
brakes in the flight control system is described here. 
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3.1.5.  Empennage  

The empennage of the MiG-15bis is single-fin, swept back. The sweep angle 

of the horizontal tail is 40Á and that of the vertical tail is 54Á50'. The profile 
of the horizontal and vertical tails is symmetrical. The horizontal stabilizer 

setting angle is parallel to the fuselage waterline.  

However, the forward stabilizer-to-fuselage attachment point has a fittin g allowing changing the 
horizontal stabilizer setting angle on the ground from -2Á to +2Á. 

THE VERTICAL EMPENNAGE consists of the vertical stabilizer (1) and the 

rudder (2),  the latter being a flight control surface. The rudder doe s not have 
a trim tab  and deflects to the right and to the left by 20Á.  

 

1. Vertical stabilizer 
2. Rudder 

Figure 3.8. Vertical  empennage  

THE  HORIZONTAL EMPENNAGE consists of the horizontal stabilizer and the 

elevator, the latter being a flight control surface.  
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1. Elevator trimmer tab 
2. Horizontal stabilizer 
3. Elevator 

Figure 3.9. Horizontal empennage  

All the flight control surfaces are controlled mechanically (without hydraulic 
actuators). The limit for the upward deflection is 32Á, for the downward 

deflection it is 16Á. The elevator (3) has a trim tab (1) . 

A trim tab is a small tab on the elevator whi ch deflects from the elevator plane, thereby creating 
a small aerodynamic force helping to maintain the required elevator deflection angle without 
additional forces on the control stick.  

3.1.6.  Landing gear  

The aircraft has a tricycle landing gear. 
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Figure 3.10 . MiG-15bis  with extended gear  

The landing gear extension and retraction control is hydraulic, i.e. powered 

by the utility  hydraulic system. 
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Figure 3.11 . Landing gear and related systems  

1. Nose gear 
2. Landing gear control handle  
3. Main landing gear 
4. Line to hydraulic fluid tank  
5. Nose gear retraction actuator  

6. Landing gear uplock emergency 
    release handles (landing gear 
    emergency extension handles) 
7. Landing gear door actuator 
8. Main landing gear retraction 
    actuator 

The landing gear is extended and retracted by the control handle (2) in the 

cockpit (Figure 3.12), located on the instrument panel. Emergency extension 
is pneumatic. 
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1. Landing gear lever lock 
(to prevent unintentional gear 
retraction, when plane is on  
the ground)  
2. Landing gear extension /  
 retraction handle 
3. Gear retracted red signal lamps 
4. Gear extended green signal 
 lamps 

Figure 3.12 . Landing gear ex tension/retraction handle and indication of 
retracted/ extended  position  

The landing gear extension/retraction process is indicated by lamps of green 

(4) and red ( 3) (Figure 3.12) colors and by mechanical pointers on the wing 
(outside) ( Figure 3.13). 

 
Figure 3.13 . Mechanical indicators on the wings when  landing gear  is fully extended : 

left , nose , right  

The main landing gear with the doors attached to the wing retracts into the 

wing towards the fuselage. 
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The landing gear niche is closed by two doors attached to the landing gear 

and one door attached to the wing. The doors are actuated by the utility  

hydraulic system, but use dedicated hydraulic actuators (not those used by 
the landing gear). In the extended position, the landing gear is held by the 

extension/retraction actuators, in the retracted position by the bomb -holder 
type locks. 

The retraction of the landing gear is done by the hydraulic actuator which 
opens the hydraulic lock that locks the gear in the extended position (i.e. in 

case of hydraulic system failure after gear extension, it will be impossible for 
the landing gear to retract inadvertently). In the retracted position, the 

landing gear is locked by a hydromechanical lock. The inner volume of the 

main gear leg is used as compressed air storage, which is used in case of 
emergency extension. 

The retraction and extension of the landing gear is controlled by the pilot 

from the cockpit by moving up or down t he landing gear lever located on the 

left side of the instrument panel. The wheels of the main gear have 
pneumatic shoe type brakes. 

The nose gear is retracted forward into the niche in the fuselage. 
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After retraction, the landing gear niche is closed by two doors. 

To put the nose landing gear into neutral position during retraction, there is a nose wheel 
steering mechanism. 

The main landing gear wheels brake automatically (to avoid ñfightingò with gyroscopic 
momentum), when the landing gear lever is set in ȹȧȶȦȳȴ (RETRACTED) position. Brake pads 
remain latched until the lever is not set in neutral position . One has to remember that when 
brake pads are latched (i.e. lever is not in neutral position), air from the brake system bleeds 
slowly. 

L a n d i n g  g e a r  e m e r g e n c y  r e l e a s e  

To safeguard the landing gear operation, its extension system is backed by 
the pneumatic emergency extension system. In case of malfunction of the 

hydraulic system, the landing gear can be extended by the emergency 
extension system which opens an air valve from which there is an 

independent line to the landing gear emergency extension valve.  
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Figure 3.14 . Pressure gauge and landing gear emergency ex tension valve handle  

on the right  panel  

FOR LANDING GEAR EMERGENCY EXTENSION:   

1. Manually open the gear locks (mechanically, by pulling the cable), 
[LShift+Space], [RShift+Space].  

   
2. Move the landing gear lever to the ȨɁȵȹȿȫȳȴ (RELEASED) position. 

3. Open the air valve by rotating the handle with the mouse wheel to initiate 
pneumatic extension of the landing gear ( Figure 3.14), [RAlt+RShift+G]. In 

this position, the hydraulic fluid will flow from the opposite bay of the 
retraction actuator to the tank through the landing gear valve (connected 

with the handle).  
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3.2.  Engine and Related Systems   

3.2.1.  General  design  and  layout  

Unlike the MiG-15, the MiG-15bis has the VK-1 engine instead of the 
previously installed Rolls-Royce Nene I (II) engine.  

Although the VK-1 (ñVladimir Klimov-1ò) was based on another design, 
nevertheless it was completely designed and manufactured by the Klimov 

Design Bureau. The engine is located in the rear fuselage. The engine axis 
coincides with the airplane axis. The exhaust part of the engine has an 

extensive pipe connected to the engine by a special movable joint. The 

extensive pipe ends with a jet nozzle. The air for the engine is taken from 
the front ai r intake.  

The VK-1 is a single shaft turbojet engine with a single stage double sided 

radial flow compressor, nine individual tubular combustion chambers seated 

uniformly on the outer part of the compressor housing and a single  stage 
turbine. The engine operation is ensured by the fuel system, engine 

automatics, a system of fuel tanks, oil system, and a fire extinguishing 
system. The main engine characteristics are listed in Table 3.1. 

Table 3.1 

VK-1 engine characteristics 

Maximum thrust, kg  2700 

Specific fuel consumption, kg/ (kgf* h) 1.07 

Airflow rate, kg/s  48.2 

Compression ratio, times 4.2..4.5 

Tc max, K 1170 

Length, mm 2640 

Diameter, mm 1270 

Dry weight, kg  870 

Service life, h 200 

3.2.2.  Engine oil system  

The engine oil system is mounted fully on the engine and does not have any elements on the 
aircraft. The engine oil system does not require a heat exchanger. 
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Figure 3.15 . VK-1 oil system  

1. Forward bearing 
2. Middle bearing 
3. Turbine bearing 
4. Oil filter  at injection pump  inlet 
 

5. Oil filter  at scavenge pump inlet 
6. High pressure oil filter  
7. Scavenge oil pump 
8. Injection oil pump  
 

As a grease oil, the engine uses the GOST 382-43 oil with a 0.05 -0.1% additive of stearine acid.  

The box of oil pumps attached to the lower flange of the gearbox serves as an oil tank and can 
take approx. 7 liters of oil. This box also serves as a housing for two oil pumps, three filters and 
a pressure reducer valve. 

3.2.3.  Engine operation   

The aircraft has an air intake  on the front of the fuselage . Through the air 
intake, the air comes to the engine by two channels,  on the left and on the 

right from the cockpit. Then the air goes to the radial -flow compressor, 

Figure 3.16 (2), where it is compressed 4.2 to 4.5 times by centrifugal forces 
(6). After that the compressed air from the outer portion of the compressor 



 

DIGITAL COMBAT SIMULATOR MiG-15bis 

36

rotor wheel is supplied to each of the nine indi vidual combustion chambers 
(3) where it is mixed with sprayed fuel.  

This mixture is being burned continuously during engine operation after the 

engine start. On the output from the combustion chamber, hot gases spend 

a part of their energy to maintain rota tion of the compressor which is 
mounted on the same shaft with the single -stage turbine (4). Now hot gases 

enter the expanding exhaust pipe (7) where they are accelerated and forced 
to form a jet plume (jet thrust).  

The turbine is rotated by the energy of the hot gases passing through it and 
mechanically transfers the rotation to the compressor and the elements of 

the gearbox. 

Figure 3.16 depicts the VK-1 engine, designed by the V. Klimov Design 

Bureau and located in the rear fuselage of the MiG-15bis: 

 
Figure 3.16 . Layout and opera tion of the VK -1 engine  

1. Gearbox 
2. Centrifugal compressor 
3. 9 can combustion chambers 
4. Compressor turbine 
 

5. Engine oil system components 
6. Compressed air supplied to the 
combustion chambers 
7. Jet pipe and exhaust nozzle (not 
shown here). 
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3.2.4.  Engine controls   

The engine control system consists of the ENGINE THROTTLE and the SHUT-
OFF VALVE LEVER (hereinafter referred to as the ñshut-off valveò). Both are 
located on the throttle console on the left side of the  cockpit. 

 

1. Engine throttle  
2. Shut-off valve lever 
For other elements in the figure 
see section throttle console.  

 

The engine throttle is connected with the butterfly valve lever on the right 
side of the engine by a system of rigid rods.  

The butterfly valve lever has two pos itions: one for engine start on the 
ground and one for restart in the air.  

The shut-off valve disconnects the fuel flow in case of engine shutdown or 
engine fire. 

The shut-off valve itself performs the function of opening/clos ing the fuel line for the engi ne. It 
is installed on the left side of the engine.  

The engine is controlled by the throttle from the cockpit.   

By moving the throttle forward the pilot affects the fuel supply to the 
combustion chamber. More fuel to burn causes the increase of the exhaust 

gas energy which increases the rpm of the compressor turbine and the air 
flow rate, so the combustion chamber is now ñreadyò to take more fuel. It is 

the ñreadinessò of the combustion chamber to take a certain amount of fuel 
based on the minimum possible amount of air for a stable burning of this fuel 

that requires that the throttle be moved smoothly. A movement of the 
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throttle accelerates the engine. The acceleration continues until a certain 
moment. This moment is directly connected with the position of the metering 

pin, while the position of the metering pin is connected with the position of 
the throttle. When the throttle is moved backward, the engine elements work 

in a similar way. Therefore, the throttle should never be mo ved abruptly (no 
quicker than 1.5 seconds for a full stroke).  

But it is not only the pilot who affects the engine operating mode, but also 
airspeed and a flight altitude.  

When the speed increases, air compression before the compressor can either 
deteriorate or improve (it depends on t he current speed value and flight 

altitude and is related to losses in the air flow channel). This either helps the 
compressor to compress the air or hinders it and therefore requires a change 

in the fuel supply to achieve the needed air compression. 

As altitude grows and the air density decreases, the compressor requires 

more energy (part of the burn -off fuel mass) to achieve the needed air 
compression. 

Ultimately, both the airspeed and the altitude affect the air pressure at the 
compressor inlet. Therefore, when they change, the amount of fuel to be 

burned must be adjusted.  

The function of continuous adjustment of the amount of fuel supplied into 

the combustion chamber depending on the airspeed and altitude is 
performed by t he ENGINE FUEL AUTOMATICS. 

V K - 1  e n g i n e  f u e l  a u t o m a t i c s  

The engine fuel automatics supplies combustion chambers with a certain 
amount of well atomized fuel needed for normal engine operation. Fuel 

supply is controlled by fuel pumps. The pilot can set the amount of fuel to be 

consumed by the engine using the throttle handle, precise fuel dosage is 
controlled by special regulators.  

Interaction of the various fuel automatics units is shown in Figure 3.17.  
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Figure 3.17 . VK-1 fuel automatics  

1. Fuel tank 
2. Filter 
3. Starting fuel pump 
4. Barostat isolation valve (servo) 
5. Barostatic regulator 
6. Ignite r 
7. Fuel nozzle 
8. Large slot manifold (operating)  
9. Small slot manifold 
   (starting and operating)  
10. Flow divider 
11. Shut-off valve 
 

12. Shut-off valve lever 
13. Fuel control valve  
14. Main fuel regulator  
14a. Throttle  
15. High pressure line 
16. High pressure pump 
17. RPM governor 
18. Fuel bypass line 
19. Fuel drain line 
20. Fuel tank boost pump 
     (forward tank) 

By a booster pump (20) fuel from the tank (1) is fed via a low pressure line 
through a filter (2) into two high pressure pumps (16) work ing in parallel 

(driven from engine gearbox). From the pumps (16), fuel, via a high 
pressure line (15),  is fed through the fuel control (13) and shut -off valves 

(11) to the  flow divider (10) and further through large slot manifold (8) and 
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small slot manifold (9) to double -channel nozzles. Itôs worth mentioning that 
the amount of fuel pumped by  the pumps (16) is always bigger than engine 

needs at current RPM, therefore fuel automatics regulators partially open fuel 
return line immediately after engine start, ensuring stability in engine 

operation.  

The VK-1 SHUT- OFF VALVE, together with distribution valve, is  implemented 

in the same unit. Shut -off valve is controlled by the lever (12). For the 
engine to operate, the shut-off valve has to be opened. In this case fuel has 

free access to the distribution valve and engine nozzles. To stop the engine, 
it is necessary to close the shut-off valve, thus closing fuel access to the 

nozzles. At the same time shut-off valve commutes high pressure line (15), 

through the fuel return line, with low pressure line and flow divider and 
manifolds (8) and (9) with drain line, which drains remaining fuel into the 

atmosphere. Through this line fuel leaked through pumpsô drive shaft gasket 
seals is drained. 

With help of the throttle (14a) through various rods pilot affects FUEL  

CONTROL VALVE (13) of the main fuel regulator  (14), changing the amount 

of fuel supplied to the fuel nozzles (7), and thereby selecting the desired 
engine operation mode. To smooth drastic change in fuel consumption in the 

line caused by throttle movement and to reduce engine surge probability , a 

throttle response regulator (hydraulic retarder)  is installed behind the throttle 
valve. It is a separate  device and not shown on the schematic. 

Every pump (16) has a maximum RPM governor (17).  

To ease engine startup, igniters (6) are used. Each igniter consists of a start 
nozzle and an electrical spark plug. During engine startup , the starting fuel  

pump (3), which is dr iven by an electrical motor, supplies the start nozzles 
with fuel, which is being ignited by the electrical spark plugs. Formed 

because of that torch ignites fuel fed from main fuel nozzles (7). Later, after 

fuel ignition in the combustion chambers, electrical spark plugs are not 
involved in combustion sustaining. 

BAROSTATIC REGULATOR OPERATION.  As mentioned above, with change of altitude 

or flight speed air pressure at the  compressor inlet changes as well and to take into account 
these changes, a barostatic regulator (5) is used. A barostat aneroid (sensitive element) is 
located at the compressor entrance and exposed to air flow and servo, which is actually 
responsible for fuel regulation, is included in the high pressure fuel line. The barostat membrane 
moves the execution unit lever under air pressure and consequently moves piston in isolation 
valve (4). This piston reduces or increases the amount of fuel being drained from the high 
pressure line (15) into the low level line. Thus, due to automatic f uel pressure regulation optimal 
air/fuel balance in combustion chambers is always kept. The fuel consumption regulator is a 
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static device, because regulating element (inclined washer) position change is connected with 
corresponding fuel consumption change (fuel pressure). The fuel consumption regulator is 
affected by the static regulation error.  

In case the barostatic regulator malfunctions, it is possible to turn it off and thus exclude it from 
the automatic regulation control system. It is done with a solenoid (electrical magnet) working 
from 27 VDC. Turning off the barostat is performed by switching on the automatic circuit 
breaker on the left electrical panel. When the solenoid operates (barostat turned off) , the signal 
lamp is on, Figure 3.18. 

 

 
Figure 3.18 . Isolation valve automatic circuit breaker and corresponding signal lamp  
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COCKPIT  4 
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4. COCKPIT 

The cockpit (Figure 4.1) accommodates the aircraft and engine controls, 
instrument panel, armament control panel, gunsight, left panel (with 

instruments and equipment) and right panel (with instruments and 
equipment).  

In addition, some equipment is installed  on the rear wall of the  cockpit. 

 
Figure 4.1. MiG -15bis cockpit  

1. Left main landing gear emergency 
    uplock release handle  
2. Instrument  panel 
3. Magnetic compass  
4. ASP-3N gunsight  

10. Right rudder pedal 
11. Flight control stick 
12. Left rudder pedal 
13. Aileron hydraulic actuation control  
      handle (Shut-off valve) 
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5. Armament control panel 
6. Canopy closing handle  
7. Emergency right and nose gear release 
    handle 
8. Canopy opening handle  
9. Right side (with instruments and  
    switches)  

14. Flaps extension/retraction handle  
15. Engine throttle 
16. Left side (with instruments and  
      switches) 

4.1.  Aircraft and engine controls  
In the 1950 s, the system of classification the aircraft systems and elements was different from 
the one we use today. According to the old system, together with the flight control stick, engine 
throttle, pedals, and trim tabs, the flap s and speedbrake controls were also included into the 
flight control system.  

The aircraft flight controls are a part of the aircraft flight control system. On 

the MiG-15bis, the flight controls are the HAND AND PEDAL CONTROLS,  

ELEVATOR AND RUDDER TRIM TAB CONTR OLS AND FLAPS AND SPEEDBRAKE 

CONTROLS. 

A central unit of hand and pedal controls located on the cockpit floor 

accommodates the fl ight control stick, pedals, bra ke system actuator, and 

aileron control crank. 

The areas where control rods go out of the cockpit are hermetically sealed. 
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Location in the cockpit and position 
indication: 
1. Engine throttle ( right part 
    of line) and Shut-off valve lever 
    (left part of  line) 
2. Pedals 
3. Trim tab  
4. Flight control stick  
5. Indication of braking force on the 
    wheels. It  will look like this if brake 
    lever is pushed all the way towards 
    the stick:  

 
 
Return to 13.3.1 

Figure 4.2. Main flight and engine controls and their  position  indication panel  

4.1.1.  Flight  control  stick  

The flight control stick is shown in Figure 4.3. 

Besides the flight control function, the stick has buttons and levers to control 
other systems and equipment.  
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Flight control stick: 
1. N-37D gun firing button with a  
    safety cover 
2. NR-23 gun firing button  
3. Speedbrake extension button 
4. Bomb and fuel tank jett ison 
    button (can have a safety cap)  
5. Brake control lever 
 

Figure 4.3. Flight control stick  

When piloting the aircraft from the cockpit, you can activate the control 
position indicator by using the key combination [RCtrl+Enter]. 

Hand control is forward, backward, right, and left movements of the flight 

control stick that  control the elevator and ailerons; pedals are used for 
rudder control.  

ELEVATOR CONTR OL (pitch control) is achieved by pushing the flight control 
stick forward and pulling backward (in the figure, the flight control stick is 

pulled back): 

 
For the design description see here.  

For the operation of the flight control  system see here. 
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AILERON CONTR OL (roll control) is achieved by moving the flight control 
stick to the left and to the right (in the figure, the flight control stick is 

moved to the left):   

 
For the design description see here. 

For the operation of the flight control  system see here. 

4.1.2.  Pedals  

RUDDER CONTR OL to the left and to the right is achieved by pedal inputs (in 
the figure, the left pedal is pressed forward):   

 
For the design description see here. 

The design and features of the flight control system are described in section 

5.1.3. 
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4.1.3.  Engine throttle  handle  

The engine throttle  handle (Figure 4.4) is another element of the flight 

control system. It is located on the throttle  console on the pilotôs left control 
pedestal. It controls thrust of the  VK-1 jet engine. 

 

Engine throttle handle: 
1. Safety cover for the engine 
    starter button  
2. Engine starter button  
3. ASP-3N gunsight target  range 
    twist lock 
4. ASP-3N gunsight target range 
    twist 
5. RSI-6K radiotransmitter button  

Figure 4.4. Engine throttle  handle  

The engine is controlled by moving the throttle  handle forward (to increase 
thrust) and backward (to reduce thrust). To shut the engine off or to open 

full access for the fuel to the distribution valve and engine nozzles , there is a 

shut-off valve, located on the control pedestal. 

For the description of the engine design and features see section 3.2. 

4.1.4.  Flap s control  

For the design description see here. 

Operation of the flaps in the flight control system is described here. 

4.1.5.  Speed br ak e control   

For the design description see here. 

Operation of the speedbrakes in the flight control system see here. 

4.2.  Instrument  panel  

The instrument panel is shown in Figure 4.5. 
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Figure 4.5. MiG-15bis i nstrument  panel  

1. 55Á flaps extension angle signal lamp 
2. VD-17 altimeter 
3. KUS-1200 airspeed indicator 
4. Radio marker beacon fly-over lamp   
5. Extend landing gear warning lamp  
6. AChS-1 cockpit chronograph (clock) 
7. AGK-47B attitude indicator  
8. Generator off warning lamp  
9. VAR-75 vertical velocity indicator  
10. S-13 gun camera recording light 
11. "300 liters" warning lamp  
12. Air restart ignition off memo light   
13. ARK-5 SUP-7 automatic direction 
     finder (ADF)  
14. DGMK-3 gyromagnetic compass 
     indicator 
15. TE-15 electrical tachometer  
16. TGZ-47 exhaust gas temperature 
      gauge  
 

17. VA-340 volt-/amperemeter 
18. UVPD-3 cabin altitude and pressure 
     indicator  
19. EM-10 electrical fuel pressure 
     gauge 
20. Fast compass slave button 
21. EMI-3R electrical motor indicator  
22. "Second fuel tank empty" warning 
lamp 
23. Engine start prohibited lamp 
24. KES-857 fuel meter  
25. Mach number indicator, Ȳ=0,95  
26. PRV-46 radio altimeter  
27. Landing gear hydraulic lever 
28. Landing gear control panel 
29. MK-12 oxygen pressure gauge  
30. B-45 landing light switch  
31. IK-14 oxygen indicator  

4.2.1.  55Á flaps extension  angle  signal lamp  

This lamp, labeled ȭȦȰȶɁȱȰȮ (FLAPS), illuminates when the flap extension 

angle reaches 55Á (upon closure of the end switch). 
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4.2.2.  VD-17 a ltimeter  

The VD-17 altimeter shows the barometric flight -level altitude in a range of 0 

ï 17.000 m. 

 
1. QFE (4) setting rotary knob 
2. Long arrow indicating hundreds of meters on 
    scale (6) 
3. Scale of altitudes of 10-17 km (indicated by 

4. QFE pressure scale, in mmHg 
5. Short arrow indicating kilometers 
    on scales (6) and (3) 
6. Scale 0-10 km  
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short arrow) 
 

The scale spacing on the outer scale is 10 m; that of the inner scale is 1 km. 

The short arrow indicates the altitude in kilometers, the long arrow indicates 

the altitude in meters. The altimeter has a pressure scale connected with 
both arrows and the rotary knob. For the pressure, a QFE value is selected 

by rotating the knob (1). In the game, the knob is rotated either from the 
keyboard or by the mouse wheel after pointing the cursor over the knob (1).  

Instrument  panel 

4.2.3.  KUS-1200 a irspeed  indicator  

The KUS-1200 is a combined airspeed indicator which indicates the 

translational speed of the aircraft in the air environment. It simultaneously 
measures indicated airspeed in a range of 100 to 1200 km/h and true 

airspeed in a range of 400 to 1200 km/h at altitudes from 0 to 15000 m. In 
flight, the true airspeed is indicated by the na rrow needle. 

 

The KUS-1200 measures the difference between the total and static pressure in flight, i.e. the 
ram, with allowance for the ambient air density made by an aneroid.  

The indicated airspeed is directly proportional to the ram pressure on the 
pitot tube installed on the right wing. The true airspeed is the speed of the 

aircraft relative to the static air molecules. The air density decreases with the 

increase of altitude. It means that to have the same pressure on the pitot 
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probe (to have the same airspeed on the indicator), at a higher altitude a 
higher speed is required. The pilot does not have to recalculate the airspeed 

into the true airspeed,  because the device does it automatically with the help 
of a set of aneroid boxes with control sector s. Eventually, the narrow needle 

indicates the true airspeed taking into account flight altitude, together with 
the difference between the total and static pressure.  

Instrument  panel 

4.2.4.  Radio marker beacon fly -over lamp  

This lamp receives a signal from the MRP-48P marker beacon receiver and 
illuminates when flying over a  radio marker beacon. The light is accompanied 

by a buzzer sound. 

 

4.2.5.  Extend  landing  gear  warning  lamp  

This lamp illuminates when the flaps are extended while the landing gear is 

not down.   
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Instrument  panel 

4.2.6.  AChS-1 cockpit chronograph ( clock )  

The Molnija AChS-1 is an electrically heated aviation chronometer clock that 

displays the current time of day in hours, minutes, and seconds. It can also 
be used to measure mission/flight  time in hours and minutes, and as a 

chronometer to measure short periods of time (up to one hour) in minutes 

and seconds.  

The clock is located on the instrument panel and consists of three 
mechanisms: 

a) time-of-day clock; 

b) flight  time indicator;  

c) stopwatch to accurately measure short time periods. 



 

DIGITAL COMBAT SIMULATOR MiG-15bis 

54

 
1. Time-of-day setting and flight  time start  
    button  
2. 12 h flight  time clock dial 
3. Mode indicator window 
   (in the f igure the flight  time is stopped) 
 

4. 60 min stopwatch clock dial 
5. Outer dial and time -of-day clock 
    hands 
6. Clock / stopwatch start button  

The time of day arrows operate continuously. Flight time can be activated as 
desired by pressing the left knob (1 ) [RAlt+RCtrl+RShift+C]. The stopwatch 
can be activated as desired by pressing the right knob (6)  [RAlt+RShift+C]. 

To set the time, first stop the clock by rotat ing the right button crown (6) , 
labeled ȵȹȷȰ (START), clockwise [RCtrl+RShift+.] when the seconds arrow 

points to 12. Then pull the left button crown (1) [RShift+M] while holding 

down the right mouse button , and rotate it counter -clockwise [LAlt+.] or 

clockwise [LAlt+,] to set the desired time. Rotation of the right button crown 

counter-clockwise [RCtrl+RShift+,] again resumes clock operation with the 

new time set.  

Flight time is indicated on the small dial at the top of the clock face.  Flight 
time mode is indicated by the following three markings inside the mode 

indicator window (3):  

¶ Red: Flight time is running.  

¶ Red-white: Flight time is stopped.  

¶ White: Flight time is reset (standby).  
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Press the left button [RAlt+RCtrl+RShift+C] to start the timer . The mode 

indicator window will show red and the timer will start ticking. To stop the 
timer, pr ess the left button again (1). The  mode indicator window will show 

red-white (as in the figure). To reset th e timer, press the left button once 
again. The mode indicator will now show white.  

The stopwatch (4) is the small dial at the bottom of the clock face. It is 
controlled with the right button (6): Press the right button to start the timer, 

press it again to stop the timer  and press it once again to reset the timer.  

The clock spring is wound manually by rotatin g the left button crown counter -clockwise to its 
mechanical stop. The spring contains enough energy for eight days of operation. 

Instrument  panel 

4.2.7.  AGK-47B  attitude indicator  

The AGK-47B combined attitude  indicator features three devices in one 

housing with their indications output onto the front face of the housing:  

a) artificial horizon that consists of a gyroscope with three degrees 

of freedom with an electrical gyro motor  and an electromagnetic 
compensator; 

b) turn indicator that consists of a gyroscope with two degrees of 

freedom with an electrical gyro motor  and a pneumatic damper; 

c) sideslip indicator. 

This attitude indicator uses the aircraft roll indication of the ñview from the 

ground at the aircraftò type as opposed to the device installed on the F-86F 

aircraft that uses the indication of the ñview from the aircraft at the groundò 
type. 
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1. Rotary knob to raise or lower the line of artificial  
    horizon  
2. Artificial horizon line  
3. Aircraft symbol for roll indication  
4. Sideslip indicator (ball) 
 

5. Moving pitch scale 
6. Turn indicator marker 
7. Cage flag  
8. Roll scale  
9. Cage handle  
 

(1)  ROTARY KNOB TO RAISE OR LOWER THE LINE OF ARTIFICIAL HORIZON 

is intended to position the line of artificial horizon conveniently in relation to 
the aircraft symbol when reading pitch indications (for example, when flying 

with displaced center of gravity or heavy weight). As a rule, the line of 
artificial horizon (2) is  ñmovedò to the aircraft symbol by rotating the rotary 

knob (1) so that minimal pitch deflections would be immediately noticeable.   

(2)  ARTIFICIAL HORIZON LINE is a thin white line indicating the position of 

the horizon. 

(3)  AIRCRAFT SYMBOL indicates the aircraft position in relation to the 

artificial horizon.   

(4)  SIDESLIP INDICATOR ( BALL)  informs the pilot of the presence and 
value of the aircraft sideslip (when the air flow around the fuselage is not 

symmetrical in relation to the vertical plane): if the  ball deflects to the left, it 
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indicates flying ñright side towards the flowò. If the ball deflects to the right, 
it indicates flying ñleft side towards the flowò. The more the ball is deflected 

from the center, the larger is the sideslip angle of the aircraft.  

(5)  MOVING P ITCH SCALE.  During aircraft maneuvering 

the scale of the device remains motionless relative to earth 
up to pitch angles of Ñ85Á. When during a vertical loop a 

pitch value of + 85Á is reached, the scale ceases to rotate in 
relation to the aircraft . When a pitch value of +95Á is 

reached, it starts moving again, but only after a rolling turn 
(see device restrictions, Table 4.1). In order to obtain pitch 

readings, the scale is marked with the numbers "2", "4", "6", "8" and the 

scale graduation value is 10Á. 

(6)  TURN INDICATOR MARKER indicates the presence of angular velocity. 
Deflection for one ñturn barò of the indicator corresponds to the roll of 

approximately 10Á at the speed of 500 km/h. When the aircraft angular 

velocity reaches 4 degrees per second, the indicator (ñturn barò) will reach 
the extreme position ï if the angular velocity increases further , the indication 

will not change. 180,0 ɒɒ 

 (7)  CAGE FLAG.  When the red flag labeled ȦȶȶȫȸȮȶ (CAGE) is visible, the 

attitude indicator is caged.  

(8)  ROLL SCALE.  Roll indications are read from the ñwingò of the aircraft 
symbol, which moves up relative to the device. If the left ñwingò of the 

aircraft symbol is higher than the right one relative to the artificial horizon, 

than it is a left roll. The scale graduation value is 15Á. There are four marks 
both on the left and the right si de of the instrument for 0Á, 15Á, 30Á, and 

45Á. 

(9 )  CAGE HANDLE.  The cage handle is intended to actuate the mechanical 

caging slide, which is intended to diminish the reaction time of the gyro spin 
axis alignment into the vertical position. When the cage k nob is pulled, an 

additional follow-up gimbal is set up into the zero position (exactly in the 
aircraft horizontal plane). ȦȶȶȫȸȮȶ ȸɅȳȹȸɂ (PULL TO CAGE) is written on 

the cage handle. 

The AGK-47B attitude indicator is  powered by the 36 V 400 Hz three-phase 

current from the  PAG-1F transformer (belongs to the DGMK-3). 
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The disadvantage of the AGK-47B is disappearance of the aircraft symbol out 
of visible range at pitch angles of over Ñ40Á, which complicates roll control in 

such cases. 

The basic data of the device are presented in Table 4.1 

Table 4.1 

Characteristic Value 

Ready for operation time, min 3 

Pitch and roll readability in level flight mode,  Á Ñ1 

Error in the device indications after banking with a roll of 
15Á, no more than, Á 

3 

Error in the device indications after aerobatics, no more 
than, Á 

5 

Scale range of roll, Á Ñ95 

Scale range of pitch, Á Ñ85 

Roll rate of the follow -up gimbal, Á/sec n/a 

Operation temperature range, Áȷ -60 ... + 50 

Power supply  
alternate three-phase current  
36 V, 400 Hz, 0.6 A 

Weight, kg 2.2 

Instrument  panel 

4.2.8.  Generator off warning lamp  

The ñGenerator offò warning lamp, labeled ȩȫȳȫȶȦȸȴȶ ȨɁȰȱɄȽȫȳ 
(GENERATOR OFF), illuminates when there is no electromotive force at the 

generator terminals or a decrease in RPM below 4.000. See actions to take in 
case of generator failure. 

In spite of the fact that the warning light is on, the generator is still 
connected to the power network,  but does not provide the required voltage. 

That is why many consumers are disconnected from the circuit automatically.   

 

file:///J:/Temp_DOCS/MiG-15bis/DCS%20MiG-15bis%20Flight%20Manual_EN_172х225.docx%23Приборная_ПАНЕЛЬ
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4.2.9.  VAR-75 v ertical velocity in dicator  

The VAR-75 vertical velocity indicator measures the aircraftôs rate of climb or 

descent. It helps the pilot to choose the best conditions for climb and 
descent and helps maintaining stability of flight mode. It is included in the 

static line of th e pitot probe. The operating principle is delaying the 
increase/decrease of static pressure in a conditionally open aneroid box (has 

an orifice plate) when the flight altitude changes.  

 






























































































































































































































































































































































































































































