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Aircraft Operation

First stage of Aircraft Design First stage of Aircraft Design 
((Concept(ualConcept(ual) Design)) Design)

Aircraft Performance Aircraft Parameters
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Necessity of taking into the account the operation of Necessity of taking into the account the operation of 
aircraft during its designaircraft during its design

Main reasons for taking into account operation during design of 
aircraft:

• Design stage is the stage with relatively low investments and a 
lot of decisions to be made;

• Each aircraft produced requires a lot of technical and 
technological innovations, many of which are to be invented 
and introduced into operation;

• The process of developing a new aircraft takes more and more 
time over the years passing. Therefore the mistakes made can 
have dramatically affect the company, the operator and the 
industry as a whole.
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Due to the big importance of the Pre-Design 
stage during the creation of a new aircraft it 
is necessary to carry out the first stages of 

design (up to detailed design) basing on the 
analysis of the results of the future operation 

of the created aircraft. 
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Aircraft Design is a decisionAircraft Design is a decision--making making 
process, which involves optimizationprocess, which involves optimization
• The process of Aircraft Design consists in 

making sequential design decisions 
• The process of making each decision can be 

formally described as the process of solving an 
optimization problem 

• The general formulation of an optimization 
problem during aircraft design (design of 
Complex Aviation Systems (CAS)) is shown 
on the next slide
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is the multitude of performance and parameters of the designed aircraft 
(possessed by the operating party)

General definition of a problem of optimization of aircraft General definition of a problem of optimization of aircraft 
operationoperation
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z is the multitude of uncertain factors, which influence the operation. 

a

b is the multitude of tactical decisions for the designed (considered) aircraft

S  is the task which should be carried out

is the multitude of performance and parameters of the competitors’ aircraft
g is the multitude of strategies of the competitor

is the forecasted moment (year) of start of the operation (start of planning period)Kτ

d
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General definition of a problem of optimization of aircraft General definition of a problem of optimization of aircraft 
operationoperation
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z is the multitude of uncertain factors, which influence the operation. This multitude 
can be subdivided into:
z1 is the multitude of the uncertain factors (conditions), concerning which there is 
information only about the range of their values
z2 is the multitude of the uncertain factors (conditions), concerning which there is 
information about the distribution law of their values F(z2)
z3 is the multitude of the uncertain factors (conditions), concerning which there is 
information both about the range of their values and the particular values before 
carrying out the operation
z4 is the multitude of the uncertain factors, concerning which there is information 
both about the distribution law of their values and the particular values before 
carrying out the operation;
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Modeling of operation of various types of aircraft on Modeling of operation of various types of aircraft on 
a network of routesa network of routesNumber of 

pasengers

Range

h(a )1

h(a )2

V12

h(a ) is the multitude of routes where aircraft of type 1 is capable to 
carry out passenger air transportation 

1

h(a ) 2

carry out passenger air transportation 
 is the multitude of routes where aircraft of type  is capable to 2

V is the competition area12
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Passenger traffic flow

Range

Number of passengers

33D Graphical representation of a transportation networkD Graphical representation of a transportation network
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Operation of a single aircraft on a single route (includes selecting the 
best type of aircraft)

Operation of a single aircraft type on a multitude of routes

Operation of an aircraft fleet on a network of routes (transportation 
network) during a short given period of time (e.g. one year) (static 
problem of aircraft fleet creation and optimization)

Operation of an aircraft fleet on a network of routes (transportation 
network) during a long period of time (dynamic problem of aircraft 
fleet creation and optimization)

Operation of an aircraft fleet on a network of routes (transportation 
network) during a long period of time. Consideration of a number of 
time-slices on the global time-scale (quasi-dynamic problem of aircraft 
fleet creation and optimization)

Problems concerned with operation of a single aircraft type

Problems concerned with optimization of aircraft fleet operation

Groups of tasks, which should be solved to model the Groups of tasks, which should be solved to model the 
operation of aircraftoperation of aircraft
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Creation of a rational fleet of passenger airliners
General Problem Definition and Breakdown

Optimization of air route multitudes for each type
(Npass

max, Ld) and quantity of types in the fleet (m)
Criterion:

Total expenses for fleet operation
==

i
iiiS aSHaSFW ),(),(

Optimization of airplane parameters and performance 
and organization of airplane operation 

(required quantity of airplanes of one type)
Criterion:

Total expenses on transportation on the multitude of the routes served by the regarded airplane

∈

==
iDa

iniS aSfHW ),(

Optimization of allocation of airplane types on the regarded routes 
(creation of route multitudes )Di

Criteri :on
Expenses on one flight

W =f( , )S an iS
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Aircraft is a part of a complex Aircraft is a part of a complex 
systemsystem

If we consider the process of aircraft operation 
thoroughly it is easy to see that actually an aircraft 
functions within the framework of a big system 
(aircraft fleet). Being a part of this system the 
aircraft fulfills a number of its missions and 
interacts with other elements of the big system. 
Therefore if we are to create a model of aircraft 
operation it is essential to regard its performance as 
a part of a complex aviation system (CAS) –
aircraft fleet.
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The red dots mark the routes where type 1 competes with type 2 for carrying 
out passenger transportation.

Number of 
pasengers

Range

h(a )1

h(a )2

V12

h(a ) is the multitude of routes where aircraft of type 1 is capable to 
carry out passenger air transportation 

1

h(a ) 2

carry out passenger air transportation 
 is the multitude of routes where aircraft of type  is capable to 2

V is the competition area12

An example of competition between two types of aircraft on a An example of competition between two types of aircraft on a 
number of routesnumber of routes
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Assignment of airplanes of and ( +1) type within a network of routesi i

L

Number of 
passengers

V ; +1)(i i

L

Multitude of routes where 
type of aircraft was assigned 

to carry out air passenger 
transportation 

 

H

i

 i

(f fj,i j,i+1< )

Multitude of routes where
+1  type of aircraft was assigned 

to carry out air passenger 
transportation
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where  type of aircraft 
is capable to carry out 
air passenger 
transportation

i

 hi

Multitude of routes 
where +1 type of aircraft 
is capable to carry out 
air passenger 
transportation

i

 hi+1

Multitude of routes
where  and ( +1) types of 
aircraft compete for carrying 
out air passenger 
transportation

i i

Number of 
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Number of 
passengers

Number of 
passengers
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G
Comparison of various aircraft type operation on the network

The red bars 
indicate the 
routes where 
type 1 is 
capable to 
carry out 
passenger air 
transportation. 
The height of 
the bar 
represents the 
costs of 
carrying out 
one flight on a 
route.

The blue bars 
indicate the 
routes where 
type 2 is 
capable to 
carry out 
passenger air 
transportation.
The height of 
the bar 
represents the 
costs of 
carrying out 
one flight on a 
route.

Costs of 
carrying 
out one 
flight

Number of passengers

Range
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Problem of optimizing the process of standard Problem of optimizing the process of standard 
operation of an aircraftoperation of an aircraft (carrying out a number of (carrying out a number of 
flights on given routes by a given type of aircraft) flights on given routes by a given type of aircraft) 

during a given periodduring a given period
• Objective function WS: the total costs of carrying the 

passengers (f)
• Initial data: the quantity of passengers, which should be 

carried on the considered line during one flight, range of 
flight and the passenger flow during a given period of time 
(starting from    ), aircraft characteristics and parameters

• Variable: the (number of) type which is assigned to carry 
out passenger transportation on the route

• Main limitation: the necessity to carry out all air passenger 
transportation (the passenger flow, which would in fact be 
transported on a route, should exceed or be equal to the 
demand) (true for all tasks)

aKτ
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Problem of optimizing the process of standard 
operation of an aircraft. Creating specialization 

areas.

( ) ( ) ( ) ( ){ }i j j i j k j i j kH x / f x ,a f x ,a , k i,x h a ,x h a= ≤ ∀ ≠ ∈ ∈

The comparison of operation of different aircraft types on the routes is 
made based on the costs of carrying out a single flight on these routes. As 
a result every aircraft type is assigned to carry out air transportation on a 
certain multitude of routes, which is called its “area of specialization”. 

where:
Hi is the specialization area for aircraft type i
f(xj, ai) are the costs of carrying out one flight on route j by airplane of 
type i
xj are the characteristics of route j
h(ai) is the multitude of routes where an aircraft of type i is capable to 
carry out passenger air transportation

Pavel Zhuravlev, Sevilla 2009



Number of 
passengers

Range

h(a )1

h(a )2

h(a ) is the multitude of routes where aircraft of type 1 is capable to 
carry out passenger air transportation 

1

h(a ) 2

carry out passenger air transportation 
 is the multitude of routes where aircraft of type 2 is capable to 

An example of optimization of aircraft performance and 
parameters after its been assigned to carry out passenger 

transportation on a number of routes (within its 
specialization area)

Variation of 
performance and 
parameters of an 
airplane during 
optimization

2
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Problem of optimizing the operation of an 
aircraft on the routes where it has been selected 

to carry out passenger transportation service
• Objective function WS: the total costs of carrying passengers on all 

routes (where the considered type of airplane was chosen to 
transport passengers) during the given period of time

• Initial data: performance and characteristics of the optimized 
aircraft type (including the starting values of its variables) (from 
the multitude     ) as well as the data describing the routes where it 
has been selected to carry out air passenger transportation

• Variables: changeable characteristics (parameters and 
performance) of the airplane (from the multitude     )

• Main limitation: the necessity to carry out all air passenger 
transportation

a

a
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Number of passengers

Aircraft types 1 2 3

Quantity of aircraft of
type i

Static problem of aircraft fleet optimization 

Hj,2

Hj,3

Optimal aircraft fleet with three types of aircraft for year K 

Hj,1

The optimization is carried out basing 
on the forecasts of demand for year K. 
The objective function are the total costs 
of passenger air transportation during year K.
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Static problem of aircraft fleet creation and 
optimization

• Objective function WS: total fleet costs for 
transporting passengers over the considered network 
within the given period of time (starting from   )

• Variable: the quantity of various types of aircraft
• Initial data: the characteristics of the regarded 

aircraft   and the characteristics of the air routes 
within the considered transportation network

• Main limitation: the necessity to carry out all air 
passenger transportation

a

Kτ
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Years1 
aircraft 
types 

1 4
3

15 4 3

Number of 
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Range
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3rd time slice 
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Three-type 
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5th type 
is introduced 
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4th type 
is introduced 
into the fleet 

3rd type 
is discarded 
from the fleet 

Change of quantity of
 aircraft of type in the 
optimal fleet over the years

i 

“ ” . Quasi-dynamic problem of aircraft fleet optimization For every time slice the 
objective function are the total costs for carrying out passenger air transportation 

in the considered time period. 

23

aircraft 
types 

aircraft 
types 

Quantitiy of aircraft of 
type in the optimal 
fleet during year 

i 
k

Number of 
passengers

Number of 
passengers

Range Range
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Quasi-Dynamic problem of aircraft fleet 
creation and optimization.

• network changes with time (the shape and demand on the 
network change)

• such problem statement does not take into the account the 
introduction of new types into the fleet and writing-off
(retirement) of old types from the fleet

• quasi-dynamic problem of aircraft fleet creation consists in 
solving a number of static aircraft fleet creation problems, which 
are solved under various conditions for various years on a global 
time-scale. The process of solution of each static problem is 
conducted separately and independently thus resulting in a 
number of solutions for a number of “time slices” on the 
regarded global time-scale.

• the objective function WS in this case is a multitude of objective 
functions, each of which is calculated separately for each static 
problem
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Dynamic problem of aircraft fleet optimization 

1
2 3

1
2 3 4

1234
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1st time slice 2nd time slice
Range

Number of 
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H1
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Change of 
quantity of 
aircraft of 
type  during 
the years

i

Quantity 
of aircraft 
of type  
within the 
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initial fleet 
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4th type of aircraft 

introduction of 
4th type of 
aircraft into 
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5

possible start 
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production of 
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Number of 
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The end of 
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planning 
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Dynamic problem of aircraft fleet creation and 
optimization.

• network changes with time (the shape and demand on the network 
change)

• such problem statement should also take into the account the 
introduction of new types into the fleet and writing-off (retirement) 
of old types from the fleet

• dynamic problem of aircraft fleet creation consists in solving a
number of interconnected static aircraft fleet creation problems. 
Each of these problems should take into account the previous state 
of the optimized fleet (the solution of the previous static task) 
which are solved under various conditions for various years on a
global time-scale. The process of solution of each static problem is 
conducted basing on the results of solution of the previous 
problems thus resulting in a global solution on the regarded global 
time-scale.

• the objective function WS in this case are the total costs of carrying 
out passenger transportation over the global time period.
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This slide shows how various details affect greatly the aircraft operation. For example, on this 
slide you can see how the costs of carrying out one flight and costs of carrying out passenger 
transportation during a long period of time change depending on range of flight and number of 
passengers onboard. Note that such dependency can only be achieved if we use a cost calculation 
method which takes into account indirect operational costs.  

Aircraft fleet creation and optimization aspects. 
Dependence of flight costs and fleet costs on the range of 

flight and number of transported passengers

linesx linesy, zatr_rejs, ( ) planesx planesy, planesz, ( ), linesx linesy, zatr_god, ( ) planesx planesy, planesz, ( ), 
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Change in passenger traffic flow distribution (peak shift) results in change of requirements for 
created and optimized passenger aircraft fleet.
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Aircraft fleet creation and optimization aspects. Example of Aircraft fleet creation and optimization aspects. Example of 
distribution of passenger flow over flight range on domestic distribution of passenger flow over flight range on domestic 

and international routes.and international routes.
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Aircraft fleet creation and optimization. Uncertainties in 
demand for the passenger transportation 

Only range of values is normally given in forecasts for passenger air 
transportation demand. Therefore uncertainties in demand can be 
classified and regarded as z1 (z1 is the multitude of the uncertain factors 
(conditions), concerning which there is information only about the range 
of their values)

Total passenger traffic flow

Pavel Zhuravlev, Sevilla 2009



Estimation of robustness of the optimum aircraft fleet
through changing initial data

Passenger flow, 
mln. pass.

Forecasted values 

Actual values

2030 20091995

The range of errors of the forecasts
for the future demand Range of errors of 

forecasts in the past 

Uncertainties of type z1 can be estimated by modeling operation under 
the extreme conditions (extremely bad and/or good conditions).
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Aircraft fleet creation and optimization. Schedule 
irregularities (breakdowns). 

Airlines Operations and Scheduling. M. Bazargan

One of the examples of how many problems schedule breakdowns and
irregularities cause for operators (airlines). It takes a lot of work to fix every 
particular irregularity.
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Taking into account schedule irregularities.

• Since aircraft fleet creation is a long-term 
planning process it is necessary to find a way 
of taking into account all possible irregularities 
and airplane allocation shifts as a whole by 
means of mathematical modeling. 

• This can be achieved by analyzing distribution 
of values of actual passenger quantities 
transferred in one flight by aircraft types (since 
this amount differs from one flight to another).
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Taking into account scheduleTaking into account schedule irregularitiesirregularities. . 
Probability distribution.Probability distribution.

Since there is information concerning the average utilization of an 
aircraft it is possible to say that the mean of distribution would be

where:            is the mean distribution
is the average aircraft utilization

Since the quantity of passengers onboard cannot exceed the maximum 
capacity of an airplane it is possible to say that the standard 
deviation would be

where:
is the maximum capacity of an airplane 
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Aircraft fleet creation and optimization. Distribution of 
quantity of passengers in one flight.

Since we already know the distribution law for the quantity of passengers onboard 
during one flight we can classify this uncertainty as belonging to z2 group.
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Aircraft fleet creation and optimization. ReAircraft fleet creation and optimization. Re--
distribution of passengers between various distribution of passengers between various 

airplane types.airplane types.

• Besides carrying out passenger air transportation within the 
specialization area (Hi), every airplane has to carry out 
transportation on other routes as well. Therefore it is 
necessary to take into account that some transportation, which 
initially should have been carried out by smaller airplanes is 
actually carried out by bigger airplanes.  

• Therefore it is necessary to take such transportation into the 
account basing on the available information. 

• One of the important pieces of such information is the average 
fleet utilization. By using this value it is possible to create 
probability distributions for all airplane types and look at their 
interrelations.
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Aircraft fleet creation and optimization. ReAircraft fleet creation and optimization. Re--distribution of distribution of 
passengers between various airplane types.passengers between various airplane types.
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The algorithm of passenger traffic The algorithm of passenger traffic 
flow redistributionflow redistribution

• First of all pairs of aircraft types are considered. The passenger traffic flow 
can be distributed from the aircraft type j both onto the bigger type (i-1) 
and/or smaller type of aircraft (i+1). The redistribution is made if the 
following conditions are met:

and
where:

is the mean distribution for the type, from which the 
redistribution is made

is the mean distribution for the bigger type, onto which 
the redistribution is made

is the mean distribution for the smaller type, onto which 
the redistribution is made
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After that the amount of passenger traffic flow to be redistributed is 
calculated by the following formulas:

where:
is the value of passenger traffic flow for the type, from which 

the redistribution is made
and               are the probability that the types (i-1) and (i+1) will 

carry onboard Npasj passengers during the flight

is the total sum of probabilities that all types will carry onboard 
Npasj passengers during the flight

The algorithm of passenger traffic The algorithm of passenger traffic 
flow redistributionflow redistribution
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Passenger traffic flow redistributionPassenger traffic flow redistribution

• It is necessary to mention that utilization of 
passenger traffic flow redistribution can change the 
total fleet costs for carrying out passenger 
transportation for more than 10%, which proves that 
this factor has a considerable influence over the fleet 
operation and should be taken into account.
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Example of calculation results for oneExample of calculation results for one--type and twotype and two--type aircraft type aircraft 
fleets.fleets.

Соотношение сер ийностей типов в пар ке

1
2

Type 1
Take-off weight, t

100

147
Wing area m, 2 278

Wing aspect ratio 6, 33
Wing leading edge sweep angle, deg 33

Wing thickness ratio near the fuselage 0, 118
Fuselage fineness ratio 7, 32
Flight cruising altitude, m 11500

Flight cruising speed,kmph 850
Number of seats in one row 9

251Maximum number of passengers 
on board, man

Wing taper ratio 2, 08
Design flight range

km, 7750
Maximum payload weight t, 27
Maximum flight range km, 8331

Mass of fuel required for flying over 
design range, t 43, 6

Mass of fuel required for long range 
cruise, t 55, 2

Operational empty weight, t 76, 3
Quantity of flight personnel  members 2

Wing load 529
Power plant construction parameters 

Number of engines 4
Engine specific weight 0, 175

Number of engines with 
thrust reversing 4

Reversing degree 0, 6
Design Mach number 0, 9

Specific fuel consumption at H=0,
V=0 kg kg*h/ 0, 38

Engine unit-value million dollars t, / 1, 4
Power plant thrust t, 

Thrust of one engine, t
39, 3
9, 83

Thrust-to-weight ratio 0, 267
Part in fleet , %

Type 1 Type 2

27, 6

152
280
7, 28
30

0, 118
7, 315
11500

850
9

260
2, 083
7750
26, 8
9582
43, 2
54, 4

77, 26
2

524, 83

4
0, 175

4
0, 6
0, 9

0, 38
1, 4

31, 4
7, 85
0, 206

63
123
123
33

0,183
9,164
10000

793
6

161
2,08
4000
13,2
5317
14,5

20, 3
31,6

3
480

2
0,21

2
0, 6
0, 9

0, 45
1, 4
18,4
9, 2

0, 292
72,4

Соотношение серйиностей типов в парке

1

Ratio of quantities of airplanes of different types in the fleet Ratio of quantities of airplanes of different types in the fleet

Take-off weight, t
Wing area m, 2

Wing aspect ratio
Wing leading edge sweep angle, deg

Wing thickness ratio near the fuselage 

Fuselage fineness ratio
Flight cruising altitude, m

Flight cruising speed,kmph
Number of seats in one row
Maximum number of passengers 

on board, man
Wing taper ratio

Design flight range
km, 

Maximum payload weight t, 

Maximum flight range km, 
Mass of fuel required for flying over 

design range, t 
Mass of fuel required for long range 

cruise, t
Operational empty weight, t 

Quantity of flight personnel  members

Wing load
Power plant construction param eters 

Number of engines
Engine specific weight
Number of engines with 

thrust reversing 
Reversing degree

Design Mach number
Specific fuel consumption at H=0,

V=0 kg kg*h/
Engine unit-value million dollars t, /

Power plant thrust t, 

Thrust of one engine, t

Thrust-to-weight ratio
Part in fleet , %
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Example of calculation results for threeExample of calculation results for three--type and fourtype and four--type aircraft type aircraft 
fleets.fleets.

Type 1 Type 2 Type 3

23, 4

175
271
8, 8

16, 8
0, 172
7, 03
11500

850
9

251
2, 08
7750

21
8016

68
77
83
2

646

2
0, 175

2
0, 6
0, 9

0, 36
1, 4

56, 3
28, 1

0, 322
16,2

104
152

11, 4
25,4
0,187
8,83

10150
834
6

151
2,08
8000
16,4

9000
27,5

34, 5
49
2

684

2
0,175

2
0, 6
0, 9
0, 38
1, 4
25,5

12, 7
0, 245

60, 4

60
100
6, 9

40, 2
0, 112

9, 1
9210
762

6
159
2, 08
2500
15, 7
4446
6, 2
13
38
2

600

3
0, 175

3
0, 6
0, 9

0, 35
1, 4
17, 1
5, 7

0, 285

Type 1 Type 2 Type 3

23

180
271

8, 82
16, 85
0, 172
7, 03
11500

850
9
251

2, 08
7750

21
8500

68
77
83
2

664

2
0, 175

2
0, 6
0, 9
0, 36
1, 4

56, 3
28, 15
0, 313

11, 3

108
215
8, 9

25, 68
0, 174
7, 03

11500
825

9
150

2, 08
7750

16
8300

42
50
50
2

591

2
0, 175

2
0, 6
0, 9

0, 36
1, 4

38, 7
19, 4
0, 3

Type 4

57,1

69
168

9, 01
34,78
0,16
8,83

10800
810
6
160
2,08
4000

14
5600

20
27
45
2

411

2
0,175

2
0, 6
0,9
0,38
1,4
22,4

11, 2
0, 32

8, 6

48
101
11

30, 5
0, 196
7, 32

10200
745

6
108

2, 08
2000

10
3500

15
19
31
2

475

2
0, 175

2
0, 6
0, 9
0, 4
1, 4
15, 2
7, 6

0, 32

Соотношение серийностей типов в парке

1
2
3

Соотношение серийностей типов в парке

1
2
3
4

Take-off weight, t
Wing area m, 2

Wing aspect ratio
Wing leading edge sweep angle, deg

Wing thickness ratio near the fuselage 

Fuselage fineness ratio
Flight cruising altitude, m

Flight cruising speed,kmph
Number of seats in one row
Maximum number of passengers 

on board, man
Wing taper ratio
Design flight range km, Design flight range km, 

Maximum payload weight t, 

Maximum flight range km, 
Mass of fuel required for flying over 

design range, t Mass of fuel required for long range 
cruise, t

Operational empty weight, t 

Quantity of flight personnel  members

Wing load
Power plant construction parameters 
Number of engines

Engine specific weight
Number of engines with 

thrust reversing 
Reversing degree

Design Mach number
Specific fuel consumption at H=0,

V=0 kg kg*h/
Engine unit-value million dollars t, /

Power plant thrust t, 

Thrust of one engine, t

Thrust-to-weight ratio
Part in fleet , %

Ratio of quantities of airplanes of different types in the fleet Ratio of quantities of airplanes of different types in the fleet

Take-off weight, t
Wing area m, 2

Wing aspect ratio
Wing leading edge sweep angle, deg
Wing thickness ratio near the fuselage 

Fuselage fineness ratio
Flight cruising altitude, m

Flight cruising speed,kmph
Number of seats in one row
Maximum number of passengers 

on board, man
Wing taper ratio
Design flight range km, 

Maximum payload weight t, 

Maximum flight range km, 
Mass of fuel required for flying over 

design range, t Mass of fuel required for long range 
cruise, t

Operational empty weight, t 

Quantity of flight personnel  members

Wing load
Power plant construction param eters 

Number of engines
Engine specific weight

Number of engines with 
thrust reversing 

Reversing degree
Design Mach number

Specific fuel consumption at H=0,
V=0 kg kg*h/

Engine unit-value million dollars t, /

Power plant thrust t, 

Thrust of one engine, t

Thrust-to-weight ratio
Part in fleet , %
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Example of analysis of the calculation results.
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ConclusionsConclusions
• A method has been developed for creating and optimizing 

the performance and parameters of passenger aircraft with 
taking into account their operation within a complex 
passenger air transportation system (multi-type aircraft 
fleet) 

• This method also allows testing various new concepts of 
aircraft. 

• The offered approaches allow to solve both the static 
problem (for a short limited period of time – “time-slice”) 
and dynamic problem of optimization of aircraft fleet 
(optimization with taking into account the long-term 
functioning peculiarities).

• The appropriates methods were introduced for taking into 
account the uncertainties of forecasts and conditions of 
operation of the created aircraft fleet. 
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Thank you for your attention. Thank you for your attention. 
Are there any questions?Are there any questions?
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