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ATION PROCESS ESTIMATING IMPACT OF REPAIRING COMPOSITE
STRUCTURES ON AIRPORT DEPARTURE DELAYS
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This article presents the results of analyses of aircraft emergency state changes during flight (S1 ... S4 in
section 1.1), which will help refine the models of aircraft technical operation processes at airports within a given airline
network to enable continued flight. Therefore, in-flight aircraft state changes are eliminated because equipment fail-
ures (i.e. aircraft state changes) occur at each stage of the aircraft's flight, requiring fault resolution. Hence, the air-
craft's transition through the states during a single flight is presented in the form of a graph. The operational manage-
ment circuit of the airline's aircraft fleet is represented as a sequence of flights, each consisting of a series of segments
between airports within the airline's network within the calendar timeframe of the aircraft's presence in that circuit.
The model allows assessment of the aircraft's ability to recover, if necessary, at airports within the airline's network,
utilizing the probabilistic and temporal characteristics of the recovery processes employed by airports, which pose
a risk of flight delays. Recovery time must be considered to assess the probability and duration of flight delays.
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INTRODUCTION

The issue of aircraft safety is of crucial im-
portance. Due to the widespread use of composites
for the production and repair of airplanes, those
materials play a crucial role in ensuring their safe
operation. Roskowicz and Smal [1] experimen-
tally analyzed the durability of composites used to
expedient the repair of damaged aircraft compo-
nents. The authors applied numerical calculation
as well experimental tests and proved that the fail-
ure of aircraft components is linked with local loss
of stability in the case of the aircraft's skin, and
stiffness in the case of girders and beams. Re-
cently, Li et al. [2] presented a new approach to
quantitatively evaluate the repair tolerance of

composites in civil aircraft using the Bayesian up-
dating method. It was reported that this method,
proposed in conjunction with extensive simula-
tions as well as full utilization of field damage in-
spection data, may efficiently simulate unexpected
impact damage situations which can happen dur-
ing civil aircraft service. It can also evaluate
the economic feasibility and reliability of the re-
pairs. Equally recently, Liao et al. [3] developed
a method based on image visual recognition tech-
nology with the aim to detect defects in aircraft fu-
selages produced from composite materials. The
authors integrated a drone and a thermovision
camera for real-time image transmission to ground
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stations. Moreover, MATLAB image analysis
software was utilized to analyze thermovision im-
ages and detect structural defects. The authors
claim that it offers rapid detection and addresses
blind spots in aircraft inspections.

Moreover, the use of various models for air-
craft maintenance, operation and rotation is wide-
spread in aviation. It also contributes to improving
aircraft safety. Yousefi et al. [4] proposed a three-
step methodology for risk assessment considering
probability, location, in addition to the conse-
quences of accidents by means of advanced statis-
tical methods. The authors proposed novel models
for the implementation of these three steps in a se-
lected airport. Li et al. [5] presented a new dy-
namic runway overrun risk assessment model
based on data collected from the quick access re-
corder (a device which monitors and records flight
parameters). The model was evaluated against real
data from a Chinese airline. In [6] a dataset of al-
most three hundred accident/incident investigation
data was used as training samples, which was later
applied to develop a data-driven Bayesian network
model by means of machine learning for depend-
ency intensity assessment and inference analysis.
Chen et al. [7] presented a corrected SHELLO
model employed to classify the causes of civil avi-
ation accidents in China. The authors also pre-
sented an improved entropy gray correlation algo-
rithm and applied it to identify and rank the key
causative factors of flight accidents. On the other
hand, a simulation model was developed in [8]. Its
aim was to simulate aircraft rotation in a multiple
airport environment. The obtained simulation re-
sults were compared with actual data in order to
validate the effectiveness of the model. Very re-
cently, Aljaly et al. [9] developed an integrated
five-step framework that combined a failure mode
as well as effects analysis with the “Define—Meas-
ure—Analysis—Improve—Control” method to sys-
tematically address and reduce a selected issue of
aircraft maintenance.

Failure states in flight refer to the condition of
the aircraft and its crew in the event of an abnor-
mal situation resulting from the failure of an air-
craft component. A failure situation is character-
ized by changes in the flight characteristics of the
aircraft and the state of the crew. Each of these
states has its own level of danger in terms of com-
pleting the flight without aviation incidents. The
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degree of danger of a failure state will quantita-
tively depend on the degree of danger of the failure
itself.

The current paper presents a model for the
change of aircraft state during one of the flights of
the route. The model takes into account peculiari-
ties regarding the composites’ structures in such
a sense that aircraft is mainly composed of com-
posite materials.

METHODOLOGY

General information

The technical operation of an aircraft encom-
passes ground maintenance of the aircraft, and air-
borne technical operation during flight [10]. Each
of these aspects is characterized by its own set of
states, represented as graphs with specific nodes
and transitions [11, 12]. The nodes of the graph
correspond to tasks, and the edges represent rela-
tionships between tasks. Graphical models allow
the identification of quantitative relationships be-
tween the nodes to enhance the processes of air-
craft technical operation using statistical research
methods. States occurring during the ground
maintenance of the aircraft are not considered here
as they are fully addressed in [12, 13]. Let us delve
further into the states of the aircraft during flight
[14, 15].

The “state of the aircraft in flight” denotes
a situation that arises when the aircraft, operating
in normal flight mode (denoted as S0), is subjected
to one or more adverse factors that lead to a reduc-
tion in flight safety such as damage to the compo-
site structure of the aircraft. The problem of failure
accumulation in the composite (in the structure) is
related to the occurrence of defects (microcracks)
in the neighborhood of the main crack, interaction
of the developed crack or the multiplication of mi-
crocracks in the damaged area.

The analyses in this area were based on a con-
tinuum approach of a uniform material (through
the stiffness theory [16]) and the specific location
of the microcrack.

The method of determining these damages and
the process of their summation is most often re-
lated to the course of changes in the properties of
the tested polymer-based components or compo-
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sites during the fatigue process by damage func-
tion D, which depends on the level of applied
stress [17, 18]:

D=F(o,n, T,w,...) (D)

where:

o — applied level of stress (usually omax) or an-
other controlling quantity

n — number of fatigue cycles completed

T — temperature

w — humidity.

One method for estimating damage accumula-
tion, or summing up fatigue damage in materials
[19, 20], is finite chains and Markov processes
[21, 22]. The term “chains” refers to the case of
a discrete time parameter, and the term “process”
refers to the case of a continuous parameter. Struc-
tural failure occurs after the destruction of a criti-
cal microvolume composed of longitudinal fibers
or fiber bundles (operating in the elastic range)
and a brittle matrix in which plastic deformations
accumulate during cyclic loading (i.e. the matrix
and other layers with an alignment angle different
from that of the fibers operating along the fiber
axis).

As a result of cyclic loading, the number of ¢el-
ements operating in the elastic range capable of
absorbing stress is reduced by a certain value g,

causing damage to the elements operating along
the fiber axis, until the entire structure slowly fails.

The states are defined by the number of dam-
aged elements along the axis (case A) and the yield
stress number ry (case B). The probability trans-
formation matrix can be represented as a set of
(ry+1) blocks of (rr+1) internal states for each
block. Indices i and j represent the input and out-
put states, by indices iy, ir, jy, and jr, using the
formula:

i=(ry+) i —1)+i,.
j:(rR+1)XY_1)+jR’ 2)

The above events correspond to transition
states recorded using a Markov chain. The sym-
bolic matrix filling for the case > 2 is shown in
Table 1. It needs to be emphasized that mainte-
nance states occurring during aircraft ground
maintenance are performed through specific flight
cycles (i.e. cyclic interactions: such as temperature
or structural fatigue). The proposed model, in the
form of a probability matrix (Table 1), is one ex-
ample of such an estimation of fatigue of an air-
craft component or subassembly through the accu-
mulation of damage in a composite structure,
which affects flight safety.

TABLE 1. Example of structure of probability transformation matrix [19, 21]

v 1 2 3
w| 71 2] 3 2 [ 3| 1] 2 3
ivfiR[iV\j| 1 [ 2 [ 3] 4 [5]6]7 18 2
, . ProPy [Pr1Py [ProPy ProPy1 PriPy |ProPy |ProPy |Pr1Py Pr,Pys
0 0 0 ! 1 2 2
1,1 2 0 ProPy [PriPy ProPy PriPy 0 ProPy PriPy2
0 0 1 1 2
33 o] of 1 0| 0] 0] 0 0
1 4 0 0 0 | ProPyo PriPy PraPy [ProPy|PriPy ProPyi
0 0 1 1
2 2 5 0 0 0 ProPy PriPy 0 ProPy PriPyi
0 0 1
3lel ol ol o] o o] 1] 0] o0 0
117100 o] oo of1]o 0
328 o ofof o o 0] o0f?11 0
39l ol ol o] o o] 0] 0] o0 !
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The symbols pRO and pR1 denote the proba-
bility of failure corresponding to the number of el-
ements operating in the elastic (rigid) state, and
pY0 and pY1 denote the probability of failure of
the corresponding numbers in case B, whose ele-
ments operate in the plastic (yielding) state. The
authors of [19-21] assumed that the number of el-
ements operating in the elastic state destroyed af-
ter a single step has a binomial distribution, while

the number of elements operating in the plastic
state has a log-normal distribution.

In the following discussion, unfavorable fac-
tors are treated exclusively as aircraft equipment
failures that result in aircraft failures in flight
[22, 23].

Failure states in flight are classified based on
the degree of danger of their consequences as
shown in Table 2.

TABLE 2. Overview of failure states [22]

Failure states that do not affect flight safety, i.e. they do not have an adverse impact on the
operational capabilities of the aircraft or increase the workload on the crew [24, 25] — failure

Failure states that slightly decrease the safety of the aircraft in flight and require actions
from the crew that are within their capabilities. These states are characterized by a minor
reduction in safety margins or functional capabilities, a slight increase in crew workload, or
some physical discomfort for passengers — failure states with complicating flight conditions

Failure states that significantly reduce the aircraft's capability or the crew's ability to cope
with adverse operating conditions. These states involve a noticeable decrease in safety mar-
gins or operational capabilities, a significant increase in crew workload, deterioration of
conditions for passengers or flight attendants, possibly causing injuries — complex states

Failure states that diminish the aircraft's capabilities or the crew's ability to handle adverse

- deterioration of working conditions or excessive workload to the point where it cannot
be ensured that the flight crew will fulfill their tasks accurately and completely
- serious or fatal injuries to a relatively small number of non-flight crew members on

State Characteristics
1
states without complicating flight conditions (Sng).
2
(S1).
3
(S2).
conditions to such an extent that it leads to:
4
board — emergency states (S3).

Failure states leading to disasters with numer-
ous casualties usual result in the loss of the air-
craft. In the event of such a situation, preventing
a catastrophe becomes a practically improbable
event, requiring exceptional skill and selflessness
from the crew. Let us try to determine the above-
mentioned catastrophic states that a structure
made of various polymer-based components
(e.g. composites, honeycomb sandwich cores,
etc.) may encounter during operation.
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We know that the use of composite materials
depends largely on their strength, stiffness, and in-
tegrity under specific operating conditions
throughout their service life. Based on the failure
states presented above (Table 2), Table 3 identifies
defects (in the structure or components) that can
contribute to critical situations during flight.
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TABLE 3. Defects in polymer matrix components according to the European Aviation Safety Agency guidelines for

composite aircraft structures [26]

Defect characteristics

Defects that are not relevant to flight safety include: surface inaccuracies (structure of struc-
tural elements) such as laminate surface ripples or slight resin bubbles in non-structural

Defects of limited significance to flight safety that may locally affect properties (but without
the risk of failure) include: small resin losses in the laminate structure without damaging the
supporting fibers (e.g. in the structure of an aircraft wing), or local delaminations (e.g. aer-

Defects such as the delamination of layers in the laminate (in lightly loaded areas — parts of
the tail, covering, etc.), or small cracks in the sandwich core (around mounting holes), or
inclusions of foreign bodies (e.g. air bubbles), which can be eliminated by the application

State
1
Zones.
2
odynamic fairings up to 10 mm).
3
of a patch with gluing.
4

Defects that reduce load-bearing capacity and fatigue life pose a threat to flight safety. These
include: extensive laminate delamination in stressed areas; crushing or loss of adhesion of
the honeycomb core in a sandwich structure beneath the skin surface and to the skin, respec-
tively — e.g. in a wing or stabilizer; cracking or destruction of load-bearing fibers; and punc-

ture of the laminated skin due to bird strike, ice shard, or tool impact.

Before being used in aircraft technology, com-
ponents made from these materials (as well as
metal-matrix components) are subjected to inspec-
tion processes. Experimental methods such as
photoelasticity, strain gauges, Moiré methods, and
holography [27] play a significant role in monitor-
ing the fracture process of composites or lami-
nates. Unfortunately, they do not solve problems
related to micro-level damage.

It seems that a more accurate determination of
fracture mechanisms and deformation to deter-
mine the strength of composites is provided by the
acoustic emission method, highly sensitive to frac-
ture mechanisms at the micro level [28], which is
very important, especially in the case of civil and
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0.6¢ | ;fi—
: - stram H
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military flying objects such as UAVs, aircraft,
rockets or guided missiles.

During the testing of glass fiber laminate sam-
ples [29], with a transverse fiber arrangement
and the presence of both warp and weft fibers,
a two-stage nature of deformation (up to tensile
strength — Fig. 1) was revealed for both the defor-
mation parameters (sections I and II) and the total
acoustic emission parameters (sections I’ and II”).
The stage of proportional change of these param-
eters with stress (sections I and I’) and the stage of
their intensive increase characterize the beginning
of the process of irreversible destruction of the
composite (sections II and II').

L
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Fig. 1. (a) Graphical representation of changes in total acoustic emission and strains as a function of stress with marked process stages,
(b) proposed mechanism of composite failure in cross-section of base fibers relative to tensile force at main stages [29]
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Thus, the presence of weft fibers, along which
the loading process takes place, leads to load re-
grouping (load redistribution) on the weft fibers
themselves or on the matrix. In Fig. 1, the process
of irreversible deformation (the second stage of
composite fracture) begins at approximately 0.8
and 0.75 times the critical (breaking) stress in the
deformation parameter (the boundary of sections
I and II) and in the total acoustic emission param-
eter (the boundary of sections 11 and II1), respec-
tively, which corresponds to 40% of the breaking
load.

The presence of a list of failures permissible
for flight (not only in relation to the materials) en-
ables the classification of acceptable states of the
aircraft in flight concerning the arising need for
aircraft recovery at airports within the airline net-
work [22, 25]:

SO — The aircraft has no detected failures.

S1 — The aircraft has at least one detected failure
that causes minor complicating flight condi-
tions but does not threaten flight safety.
Such a defect could be a growing crack in
the structure of the elevator (or rudder or ai-
leron) made of a polymer matrix composite,
which results in a loss of controllability of
the aircraft. If the above defect does not sig-
nificantly degrade the strength properties of
the component, we assume condition S2.

S2 — The aircraft has at least one detected failure
that complicates flight conditions but allows
the aircraft to be used until the next line
maintenance. However, when the above de-
fect significantly deteriorates the strength
properties of a given component, we assume
the S3 condition.

S3 — The aircraft has at least one detected failure
potentially threatening flight safety but al-
lows the aircraft to be used until reaching the
base airport.

S4 — The aircraft has at least one detected failure
for which the flight of the aircraft is not per-
mitted. Such a failure may be a breach of the
composite sandwich structure in the aircraft
wing structure. Locating damage in the hon-
eycomb core [30, 31] in the form of a warp
crack, fiber breakage, or delamination was
one of the causes of the 2005 crash of the
Grumman G-73T Turbo Mallard (N2969)
seaplane operated by Chalk's Ocean Air-
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ways [32]. The accident commission identi-
fied a fatigue crack in the lower spar as the
main cause of the crash, which had been pre-
viously hidden under a layer of sealant (in
the S2 version), resulting in separation of the
wing.

Flight structure of the airline

Each flight of the airline's aircraft, considering
intermediate stops between the base (origin) and
final destination airports, consists of /V individual
(discrete) n flights [33]. Parameter n represents
the flight number in the given route, taking values
from the sequence of integers, ne {1, ... ,N}. The
flights in a route are conducted between airports
of different types. In this study, all the airports in-
cluded in a route are divided into three categories
based on the aircraft recovery possibilities in case
of need:

e B — Base airport. It serves as the origin and
destination airport in any flight

e T —Transit airport

e TB — Transit base.

The overall duration of aircraft recovery is de-
scribed by the recovery time distribution function,
Fg, for the corresponding airport type. If spare
parts are not available, they are delivered through
available channels. The delivery time is deter-
mined by distribution function G for the corre-
sponding airport type. Individual flights between
airports are separated by turnaround time inter-
vals, Ts. At any stage of the airline network air-
craft's flight, equipment failures (changes in the
aircraft's condition regarding the strength, stiff-
ness and integrity of its composite materials in cer-
tain working conditions throughout the operation
time or time of repairs and maintenance) are pos-
sible, requiring the elimination of failures (aircraft
recovery) to allow it to continue the flight. Thus,
a change in the aircraft's state in flight requires air-
craft recovery at the airline's network airports,
posing a risk of flight delay. The recovery time
must be considered to assess the probability and
duration of flight delays. The article presents
a mathematical model of the aircraft state changes
during a flight, including the assessment of recov-
ery possibilities at the airline's network airports in
case of need [34].
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Probability indicators used in qualitative and quan-
titative analysis of failure states in flight

In the case of quantitative analysis, probability
indicators are expressed as acceptable ranges of
average probability per hour of flight or per flight.
These probabilities are used in the design of air-
craft with more than one engine, considering the
expected operating conditions of the aircraft and
the crew's actions according to the flight opera-
tions manual. Normative documents utilize the
following classification [22, 25]:

1. Common failure states, Sz, that do not affect
flight safety, i.e. they do not have an adverse
impact on the operational capabilities of the
aircraft and do not increase the workload on
the crew. Their probability of occurrence is
the magnitude of Pyg <107 per hour of flight
(one flight).

2. Probable failure states (Probable) S;, whose
occurrence is expected one or more times dur-
ing the total service life of a specific aircraft.
The probability of occurrence does not exceed
the magnitude of P; < 107 per hour of flight
(one flight).

3. Remote failure states (Remote) Sz, whose oc-
currence on each aircraft is hardly possible
throughout its entire service life, but which
can occur several times over the total service
life of a specific fleet of aircraft of the same
type. The average probability of occurrence is
on the order of P, < 107 per hour of flight (one
flight — increasing cracking of the composite
structure).

4. Extremely remote failure states (Extremely re-
mote) §3, whose occurrence is not anticipated
on each aircraft during its entire service life
but may occur a small number of times when
considering the total service life of all aircraft
of the same type. The average probability of
occurrence is P3 < 107 per hour of flight (one
flight).

5. Practically improbable failure states (Ex-
tremely improbable) Sy, whose occurrence is
not anticipated during the entire service life of
all aircraft of the same type. The average prob-
ability of occurrence is P4< 107 per hour of
flight (one flight — it should be mentioned that
the structural components made of laminates
or polymer matrix components, e.g. wings,
meet the given condition).

It should be noted that the absence of an ap-
proved list of failures leads only to states So, S1, Sz,
and Syz. In summary, we will use the established
upper limits for the probability of failure states per
flight as [23, 24]:

e For catastrophic failure states — P, < 107

e For hazardous failure states — P;< 10°°

e For complex failure states — P,< 107

e For failure states with complicating flight con-

ditions — P;< 107
e For failure states without complicating flight

conditions — Pyr < 107

Thus, the possible transitions of the aircraft
through states S within one flight can be repre-
sented in the form of a graph under the following
conditions, as shown in Fig. 2:

o In-flight, the aircraft state does not improve.
e Departure for a flight (i.e. from a type B air-

port) is allowed only in states Sy, S; and S..

e Departure for a flight from type T and TB air-

ports is allowed in states Sy, S1, S2, and S.

TAKEQFF

LANDING

Fig. 2. Transition of aircraft stages at takeoff and landing

*State Sz is not included in the graph as it
does not affect flight safety, and the aircraft can
perform flights in this state until the engineering
and technical service makes the necessary deci-
sion.

In order to assess the probability of departure
delays at the airports within the airline network, it
is necessary, based on the approaches outlined
above, to develop mathematical models for the

Composites Theory and Practice 26:1 (2026) All rights reserved
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change of the aircraft's state over the time it stays

within the operational management contour dur-

ing a flight:

e Model of aircraft state changes in one of the
flights of the route

e Model of aircraft state changes during a flight

e Model of aircraft state changes within the se-
quence of flights during the time spent in the
operational management contour of the tech-
nical operation process of the aircraft.

Due to the limited scope of the article, a model
for the change of aircraft state during one of the
flights of the route is proposed. It needs to be
added that other types of coatings (apart from
composite layers) could also be considered as part
of the aircraft elements [35, 36].

Model of aircraft state changes

Each flight consists of a sequence of NV indi-
vidual flights, separated by layover intervals at
type T airports [28, 34]. Let # denote the state of
the aircraft at the beginning of the flight. The pos-
sible values of # (Figure 2) will be states {Sy, Si,
S>}. Let qo, q1, g2 represent the probabilities that
the aircraft at the beginning of the flight is in states
8o, 81, 82, respectively. This can be expressed as:

Pln=S}=q;%;q;=1j=012 (3

The state of the aircraft at the beginning of the
flight is, thus, a random variable with a set of
states {Sy, S1, S2} and a probability distribution
(3). Let & denote the state of the aircraft at the end
of the flight. The possible values of & (Figure 2)
will be states {Sy, S1, S2, S3}.

Let po, p1, p2, p3 denote the probabilities that
the aircraft at the end of the flight is in states Sy,
81, 82, 83 respectively. This is expressed as:

P{¢=S}=p;Tjpj=1j=0123 (4

The state of the aircraft at the end of the flight
is a random variable with four possible states .Sy,
81, 82, 83 and a probability distribution (4).

Let us denote as the conditional probability
that the state of the aircraft at the end of the flight
becomes S, given that its state was .S at the begin-
ning of the flight. Such conditional probabilities p;;
possess the property [15,37].

Yiopij=1j=012 (5)
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Some of the values of pj, according to the
scheme in Figure 2, will be equal to zero.

All the mentioned elements pj; are placed in
a rectangular matrix P of size 4 x 3, which is called
a transition matrix or a matrix of transition proba-
bilities for changing the states of the aircraft from
the beginning to the end of the flight.

1= P10 — P20 — P30 0 0
p= P1o 1=P21 =P 0 (6)
P20 P21 1—ps;
P30 P31 D32

The probabilities of the initial states (¢;) and
final states (p;) are expressed in the form of prob-
ability state vectors:

Po 9o

p=|p .q=<q1> (7)
p q>

3

Then, the relationship between vectors p and
q is given by the formula, which can be succinctly
expressed in matrix form as:

p=Pq )

Conditional probabilities p; are considered
given and are associated with the reliability level
of the operated fleet of aircraft, as well as the jus-
tification of the list of permissible aircraft failures
before reaching the type B airport and/or the next
periodic maintenance of the aircraft. Thus, proba-
bilities (1 — Poo) = P10 + P20 + P30, (1—
P11) = P21 + P31, (1 —P22) = P32 represent
the probabilities of failures occurring in flight un-
der the condition of the aircraft taking off into
flight in states Sy, S1, S2, respectively. Probabili-
ties peo, P11, p22 represent the non-occurrence of
failures in flight under the condition of the aircraft
taking off into flight in states Sy, S1, Sz, respec-
tively.

Ratios 232 P31 Pzt

, —, —, which are by definition
P30 P30 P20

greater than or equal to one, can be considered as
characteristics of the justification of the list of per-
missible failures for states S2 and Sy, respectively.
The lists are considered justified if these ratios are
equal to one.

Using known reliability theory indicators [37,
38, 39], the expressions for pg can be written in
the following form:

Doo = e~ “TeP )
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where Tpp is the average duration of a non-stop
flight of an aircraft in the airline network, and @ is
the parameter of the aircraft failure rate in flight,
given takeoff into flight in state Sy.

If at the end of one of the flights the aircraft is
in state S3, it must undergo restoration directly in
that airport. After such restoration, the flight con-
tinues. Nevertheless, there may be a delay in de-
parture at the restoration airport. The developed
model applies to one of the flights of the route.

SUMMARY AND CONCLUSIONS

The proposed approach, based on the use of
graphs, contributes to the development of models
to improve the process of the technical operation
of aircraft within the framework of operational
management, taking into account the accumula-
tion of defects and damage in structures made of
polymer matrix components. The developed mod-
els allow evaluation of the processes of aircraft re-
covery and the occurrence of departure delays at
the airports within the airline network using statis-
tical research methods. The necessity of aircraft
recovery at the airports within the airline network
is driven by the occurrence of aircraft states in-
flight associated with technical failures, leading to
flight delays.

The authors highlight two main mechanisms
for the development of such delays. The first one
is associated with the mechanism of delays for air-
ports of all types regarding the probability of in-
cluding the aircraft in the flight. If exclusion takes
place, the departure time is determined by the
probability of the availability of a reserve aircraft
for the flight, P,..s. If a reserve aircraft is unavail-
able, the recovery mechanism is implemented by
using the necessary spare parts available at the air-
port. The other mechanism for airports of types
"T" and "TB" implies that:

- the overall duration of aircraft recovery in this
case is described by distribution function of
recovery time F(t) for the corresponding type
of airport.

- if spare parts are unavailable, their delivery is
carried out through available channels. The
delivery time is specified by distribution func-
tion G(t) for the corresponding type of air-
port. In this case, the overall duration of air-
craft recovery is the sum of the durations of
F(t) and G(t) for the corresponding type of
airport.

If the total recovery duration does not exceed
the aircraft's stand time (7sz) at the airport, no de-
parture delay occurs. Otherwise, the delay dura-
tion is determined as the difference between the
overall recovery duration of the aircraft and its
stand time (Tsz).
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