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Introduction

One of the research stage of air transport system of Ukraine or its subsystems contains usually the
study of industrial, technological and financial performance of airlines and airports. The result of the study is
mostly containing the representation of the dynamics of such statistics as: traffic volume, the carrying
capacity and throughput, the number of aircraft in the fleet, the hourly productivity of aircraft, safety and
regularity of flights. Further, the research methodology involves the usage of these data in different
regressive models that allow predicting the behavior of the system (subsystem), to describe possible
scenarios, and to identify the problems.

For example, in the official report of the State Aviation Service of Ukraine for the 1-st half of the
2013 the state of the aviation industry is estimated by comparing the statistics on the volume of the air traffic
of the 1-st half-years during the past 8 years [1]. Omelyanenko [2] makes the assessment of the State
Aviation Service of Ukraine by introducing the dynamics of the volume of traffic, passenger turnover and the
description of the technical and economic characteristics of the airports’ network. It seems strange this
author’s conclusion that «the real effectiveness of air transport in the time dimension occurs by moving the
passenger over a distance of more than 1,500 kmy» [2, p. 79]. However, the evidence of the statement and
references to the studies, unfortunately, are not represented in the thesis.

The analysis of the transport system of Ukraine in the work [3] is also based on the method of the
volume indicators comparison of the transport’s products and the specific density of the transport types in
total volume of the traffic.

Taking into account the active development of the world’s hub system the creation of the adequate
models of the functioning and the development of the air transport system of Ukraine requires new
approaches to analysis and evaluation of the functioning effectiveness. The important factor influencing
upon the volume figures of the aviation industry are the structure and the characteristics of the air transport
network system. Here the network G will be realized as a set of airports of Ukraine x , connected by regular
air routes 4 with the set of foreign airportsy :

G=[N, 4], (D

where N is a set of the airports (hubs) containing the air transport network of Ukraine, thatis N =X uUY.

In this paper we propose to consider only regular air transportations, as today the only published
source of the information for review of the air transport network of Ukraine is the database of the ICAO. But
suggested by author approach to analysis of air transport network have the sufficient level of generality to
include domestic and non-schedule air transportations data (if there are) into general structure of data.

In the ICAO database two forms of international traffic accounting for city pairs are provided:

1) Form of a type "B" — OFOD "On-flight Origin and Destination" - regular and
irregular transportations of passengers, cargo and mail on international air routes between the origin
and the destination points of the flight (quarterly data);

2) Form of a type "C" - TFS "Traffic by Flight Stage" - regular service flights on
international air routes by the flight stages (annual data).
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It should be noted, that the statistics of the OFOD is provided on condition of confidentiality and paid
access for the interested parties. Also, there are restrictions on their publications, both in content and timing
of release of these data. Therefore a database of air transportation in Ukraine in the form of reporting of the
"C" type is more accessible and informative, though only for a regular transportation. However, this
information is sufficient to perform the calculations for determining the adequacy of the proposed method.

The objective of this paper is the statement of the methodology and the results of functioning analysis
of the air transport network of Ukraine as a major subsystem of civil aviation industry of the country.

1. The method of analysis of the air transport network functioning

The size and complexity of the air transport network of a country is determined by the number of
airports and routes in the network, frequency of flights on certain routes, time of aircraft operation which
depends on the distance traveled and a type of aircraft. For the purposes of the air transportation management
becomes important analysis of the distribution of air routes by lengths and the dependence of the passenger
traffic volumes on the length of air routes. All these factors are very important for determining the efficiency
of the air transport network. In this study airlines were not considered as a network element because their
functioning is reflected in the next elements: aircraft, staff, air routes network.

Let each air route (x,y) e 4 of network G corresponds to a nonnegative number p(x,y), which we

call the capacity of the air route (x,y). The function p is called a function of network’s Gcapacity, which in
its general form can be written as follows:

P= Y p(xy)=f(MCTS,TP,TH), )

(x,y)ed

where MC is the maximum capacity of the nodes (airports) of the G network; TS is a total capacity of the
aircraft operated on the air routes 4 ;7P is the number of staff involved in the service of the G network; 7H
is the total volume of block-hours flown by the aircraft operated on air routes 4.

The function p can be also interpreted as the performance or capacity of the network. Note that in the
case of the analysis of the functioning air transport network during the retrospective period the actual and not
the maximum traffic capacity is being considered.

We define a matrix 4 of a given network G as a rectangular matrix d xm , with element a =1, if a

direct regular air route exists between nodes xe X, x=1d,and yeY, y=1,m,and a, =0 — otherwise.

According to the theory of graphs each node of the set x can be characterized by index k — the

degree of the node. In this case it is the number of air routes originating from the node xe X to the nodes
y €Y of the Gnetwork. The degree of a node x can be calculated according to the formula

k. =Zaxy for Vxe X . 3)

yeY

An important feature of the network is the nodes degree distribution function P (k ), which is defined
as the probability that the node x has a £, =k degree. Many air transport networks have nodes with a very
high degree (hubs), and namely they determine many important properties of these networks.

To characterize the air transport network, we introduce the parameter «strength of node» s, which is
necessary for the actual representation of the «weight» of the air routes of the x node. This index can be
calculated as:

s, = Z%ny sl Vxe X, 4)

yeY
where w,, is the frequency of flights or the number of passengers during the concerned period on the air
route (x,y) € 4. The analysis of the statistics shows that the assumption w_, =w,_ is correct.

The betweenness centrality (briefly betweenness) of the node can be considered as an indicator of the
most important airports in the network. This indicator is important in the study of the flows in the air
transport network, as it characterizes the part of the shortest routes passing through a node.

In general, the betweenness of the node xe X in the G network can be defined as
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where o, (x) is the number of shortest routes from node s » » to node = x through a nodex, o, is the

st
total number of routes between s = x and x x, s,teN.

Unlike the concept of a node’s degree, the concept of the node’s betweenness reflects the topology of
the whole network.

The clustering coefficient is the local characteristic of the network, which corresponds to the level of
network’s nodes connectivity. In this case, it is likely that the two closest airports of the node xe X have a
direct air route. Thus, the clustering coefficient characterizes the statistics of the cycles (triangles) in the
network.

To calculate the clustering coefficient of the node, we can use the expression:

B 2r,
RETACED)
where r, - is the number of links between the neighbors of the node x .

(6)

Obtaining the dependence: the higher is a level of clustering, the better is the development of air
routes within the network.
The clustering coefficient of the G network can be obtained as the average clustering coefficient of
the nodes x € X, that is:
d
2.c
=l

co=xl_ 7
==L )

Indicators (3)-(7) correspond to the theory of the complex networks, the main statements of which are
defined in the papers of Newman M. E. J. (2003) [4], Albert and Barabasi (2002) [5].

2. The description of the elements of the air transport network of Ukraine

2.1. Airports

In Ukraine, there are about 42 airports and airfields. Each region has at least one airport. However the
main international scheduled flights are operated only from the following airports: KBP, SIP, ODS, DNK,

DOK, HRK, LWO, which is x =1,7. From these airports, according to the ICAO, in the 2011, flies to the 89
worldwide airports were made ( y = 1,@) .

The evaluation of the index of the 4C airports from the subset x is needed to determine the actual
workload of the node and the reserve capacity in order to develop the air transport network.

The analysis shows that the current state of infrastructure of the considered Ukrainian airports is
sufficient for carrying out the existing passenger traffic (freight traffic are not considered because of the
small volumes). So, «Borispol» airport passenger terminal (KBP), which consists of three terminals, has a
capacity of about 20 million passengers per year.

After the completion of the construction and renovation works, by June 2012, the capacity of the
«Lvivy» airport (LWO) has reached 2,000 passengers per hour (about 6 million passengers per year).
Currently, the airport is able to serve for up to 20 departures per hour (175 thousand per year).

The total area of the passenger terminal of the International airport «Donetsk» (DOK) is 58 thousand
m’, capacity - 3100 passengers per hour (about 10 million passengers per year). The runway length of 4,000
m and width of 60m can receive all types of aircraft twenty-four-hour, even in the conditions of restricted
visibility. Noting, that according to the 2011-2012 data the annual passenger traffic of the airport is
approximately 1 million passengers. Notably, the airport’s resources are significantly higher than the actual
demand for air travel in the region.

The «Odessa» airport terminal (ODS), the capacity of which is 400 passengers per hour (about 800
thousand passengers per year), from 2012 is being reconstructed. It is planned to increase the capacity up to
2 million passengers per year.

The public corporation «International airport «Simferopol» (SIP) can provide service of the aircraft of
any take-off weight. Its capacity is about 2 million passengers per year, which 2 times exceeds the passenger
traffic of the 2012.

Airports «Kharkivy (HRK) and «Dnipropetrovsk» (DNK) are already reconstructed; the traffic-
carrying capacity of each is 1.5 to 2 million passengers per year.
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In 2012 Ukraine's airports handled 14.1 million passengers. This figure is significantly lower than the
total carrying capacity of the airports under consideration. The airport ODS can be named as the one with the
nodes’ capacity problem.

2.2. Aircraft

The airline fleet registered in Ukraine (Table 1) consists mainly of the aircraft of type B737 in
different modifications, fly range of which is from 4400 to 5765 km. Also, the A320 and A321 are operated,
with the fly range of less than 6000 km. The seating capacity of the B737and A320, 321 depends on the
configuration, but usually not more than 220 seats.

The airlines’ fleet also has the Boeing 767 — wide body airliner designed for the operation of flights
for middle and long distances (9400-9700 km), with the number of seats up to 295.

In 2011 the airline «Aerosvit» began to operate the Embraer ERJ 145 (up to 50 seats) from a family of
regional jets. The maximum range of this aircraft is 3019 km. In 2011in the park of this airline appeared the
Embraer ERJ- 195 - the newest and the largest representative of the family of Embraer E-Jet aircrafts. In
various variants of the interior layout Embraer 195 is able to carry 106 — 122 passengers. It allowed the
aircraft successfully operate on the routes of short and medium range (up to 3350 km).

In 2011 the An-148 — a short-range, narrow-body passenger aircraft developed by ANTONOV
Company entered for the operation. Flight range of this aircraft is up to 4400 km, passenger capacity - up to
80 seats. Thus, we can conclude that the existing aircraft fleet of the Ukrainian airlines is designed for
operation on the middle and medium-range air routes, and there is a tendency to the regional aircraft with a
seating capacity of 100 seats. This airlines’ policy is likely linked to the actual demand at the Ukrainian
airline market.

Using data from Table 1 we can estimate the approximate capacity of the operated aircraft fleet. So, if
assuming that each aircraft carries at least one flight per day, provided by the G network capacity is
6,804,695 seats, which is comparable with the data of statistical reports by ICAO (the major airlines of
Ukraine, whose aircraft fleet was analyzed in 2011, carried 6,924,641 passengers).

Table 1 — The structure of the airlines’ fleet of Ukraine, 2011 (compiled from ICAO)

Model At End of Year | No. of Seats Avg. Payload Capacity | Average
(in tons) Utilization
(hours/day)
A320 20 171 17 11,0
A321 3 203 21 13,5
AN148 1 68 9 0,9
ATR42 5 66 9 4,7
B 737 300 11 135 16 9,5
B 737 400 19 156 19 5,6
B 737 500 22 111 16 7,0
B 737 800 4 186 18 11,5
B 767 200 16 230 38 15,4
F27 1 50 7 4.6
EMB145 32 48 5 1,6
ERJ195 2 118 13 0,7
DC9 82 2 157 12 4,8
DC9 83 2 165 13 0,8
AN24 9 48 1 1,4
Cessna 170 1 3 - 0,9

2.3. The personnel

Aviation personnel are the staff of the aviation enterprise, organization, department, educational
organization, which is composed from the aviation professionals on a professional basis. A person who
belongs to the aviation staff must be certified for his/hers compliance with the existing in Ukraine
qualifications on a professional basis. The rules and procedure of the certification of the aviation personnel is
established by relevant government authority of the aviation’s activity regulation.
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According to the State statistics service of Ukraine (2012) [7] the number of full-time employees of
the Ukrainian airlines in 2011 decreased by 18.9% compared with 2000. In 2010 the total number of
employees of air transport was 11.1 thousand people. This is the lowest figure for the period. Interesting is
the volume ratio of the air traffic and the number of Ukrainian airline staff (Fig. 2). The minimum values of
the number of passengers and cargo (1.2 million passengers and 23,000 tonnes) over the considered period
correspond to the maximum number of personnel in the sector (14.3 thousand people). The growth in traffic
volume has not caused the need to increase staff. Most likely, this trend is explained by the active
implementation of the information technologies for the organization and technology of passenger services
and the cargo handling at the airports and airlines.
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Figure 1 — The number of full-time employees of the Ukrainian air transport enterprises (compiled
from the State statistics service of Ukraine)
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Figure 2 — The dependence of the air transportation upon the number of the regular employees of air
transport enterprises of Ukraine (compiled from the State statistics service of Ukraine)

It is important to analyze the structure of aviation personnel. According to the ICAO (Fig. 3) in 2011,
the number of pilots and flight attendants in the airlines of Ukraine has increased by more than 200%
compared to 2009 while demand for other specialists remained practically at the same level. In 2002 one of
the leading airlines of Ukraine «Ukrainian International Airlines» possessed the staff of 44 pilots and 95
flight attendants. In 2011 the number of these employees was 189 and 426 people respectively. In the
«Aerosvity airline the number of pilots has increased significantly in 2011 (193 people at the beginning of
the year and 525 by the end of the year). Also, in 2011 the 234 flight attendants joined the staff of the airlines
(at the end of the year the number was 648 people).

Training, retraining and advanced training of aviation personnel of Ukraine with the issuance of the
relevant certificates may be accomplished in the aviation educational institutions, training centers of the
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advanced training of the aviation professionals and other organizations, including foreign ones, having a
certificate that is recognized in Ukraine.
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Figure 3 — Number of aviation personnel in the airlines of Ukraine (compiled from the ICAO)

In the conditions of the increase in the Ukraine's aircraft fleet the west production share, a serious
shortage of the flight personnel properly trained can appear, as the training centers possesses only the
simulators of the Soviet aircraft types (Tu -134, Tu- 154, AN-24, AN-26, IL -62 and others). Relying on the
staff trained abroad, it is necessary to take into account the recent researches of the ICAO (2012) [6], which
states that in the world in general and Europe in particular, the problem of training and possible shortages of
the new generation of qualified aviation personnel also exists.

2.4. The air routes network

The results of operation of air routes network to and from Ukraine according to ICAO 2010, 2011
testifies that Kyiv - is the point at which the passenger traffic is formed for the hub airports of Moscow,
Frankfurt-am-Main, London, Tel Aviv, Vienna and Prague (Fig. 4). Data on the number of flights executed
from Odessa, Dnepropetrovsk, Donetsk, Lviv, Simferopol also show the gravity of main passenger traffic to
the Moscow airports. The main points in Europe are: for Donetsk - Munich, Lviv - Warsaw, Dnepropetrovsk
- Berlin and Istanbul, Odessa - Istanbul, Warsaw, Vienna, Prague. The same results are obtained by analysis
of the volume of passengers transported by routs.

Considering the poor performance of domestic traffic, it can be assumed that Kyiv does not play a
role as a hub for Ukrainian airports, as well as for European, because of the small number of long-haul
flights. Moscow is the main transfer point for the passengers that come from and to Ukraine.

The results of the study on passenger traffic at the air routes of the major airports in Ukraine showed
that the number of the transported passengers is mostly in the range of 1,000 to 50,000 people per year (Fig.
5). The length of the main part of the air routes is from 800 to 2,000 km. A trend in decreasing the total
volume of passenger traffic on the network with increasing of the length of the air route is also visible, which
is explained by a small number of long-haul flights and the preference of the transfer flights via Moscow and
European hubs by Ukrainian passengers.

The frequency of flights on the air routes from airports in Ukraine also has a tendency to decrease
with the increasing of the length (Fig. 6 a, b), though, is largely determined by economic constraints and
other factors.
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Figure 4 — The number of trips per year on major air routes from Ukraine (compiled from ICAQO, 2011)
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Figure 5 — The distribution of passenger traffic on the length of air routes (compiled from ICAO,
2011)

3. The results of calculations of the main characteristics of the air transport network of Ukraine
3.1.The degree of the nodes
The analysis of the air transport network Gin Ukraine was conducted according to the data of 2011.
The G network consisted of » =96 vertices (7 Ukrainian airports and 89 foreign) and £ =1,070 edges that
indicate the presence of the direct flights between the airports of the network. The average degree of the
2FE

network <k$> =~ =22.06 , while the maximum is 86 (the KBP airport, Table 2).
n

For comparison, the study of the global air transport network on IATA statistics for 2002 Barrat ef al.
(2004) [8], the maximal degree of a node is 318. More than 300 direct air routes (considering the global air
transport system) have some of the airports in Europe, included to the subset Y, for example: VIE, FRA,

LHR.
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Figure 6 — The frequency of flights per year, depending on the length of air routes (compiled from
ICAO in 2011): a) the number of flights from Kiev; b) the number of flights from Donetsk

The degrees of the nodes of subset X have an equiprobability probable distribution. Considering the
nodes of a subsety , the degree of nodes is approaching to a power law of the probability distribution (Fig.7),
which is a hallmark of many complex systems and corresponds to the scale-free network model.

The main feature of scale-free networks is the existence of the hub, the degree of which is very large
compared with the degrees of the other nodes. Call back, the nature of the power-law distribution is related
to the strong interdependence of events.

3.2. The strength of nodes

The number of flights from Kyiv is much more than from the regional airports. Significant by the
strength of node are also airports in Odessa, Donetsk, Lviv and Dnipropetrovsk.

The ratio of the degree and the strength of nodes is well described by a second degree polynomial
trend (Fig.8):

s(x)=2,324k* (x)+88,885k (x)— 44,862

2 ®)
R” =0,999
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Figure 7 — Distribution of the nodes’ degree in the G network

The dependence (8) allows forecasting possible change of number of flights from Ukraine airports on
depends of change of number air routes in Gnetwork.
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Table 2 — Parameters of the air transport network of Ukraine

Airport k, s, B(x) c,

Kyiv 86 24787 0.724 0.249
Donetsk 15 1663 0.002 0.514
Kharkov 4 583 0.000 0.667
Lviv 13 1570 0.003 0.513
Dnepropetrovsk 8 1261 0.000 0.571
Odessa 21 2888 0.016 0.448
Simferopol 8 551 0.002 0.500

ce 0.495

3.3. Betweenness centrality

By indicator B, apart from the KBP, the ODS is important by its routes (betweenness). However, the
values of this index for the KBP and the ODS are incomparable. Kyiv is the only betweenness centrality
(important) point in the development of the air transport network in Ukraine.

3.4. The clustering coefficient
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In the issue of calculations the average clustering coefficient of the air transport network in Ukraine is
equal to 0.520, which indicates the presence of the links between the airports of the subsety . However, the
main airport of Ukraine KBP has the lowest clustering coefficient equal to 0.249, indicating a large number
of connections (air routes) with the airports of a low node degree (for example: Batumi, Astana, Bishkek,
Cologne, etc.).

Conclusions

The proposed approach to the study of the air transport network of Ukraine includes background
information about the elements of the network (airports, aircraft, aviation staff and network of air routes) and
the analysis of the functioning of the air transport network based on regression analysis techniques, graph
theory and complex networks.

The implementation of this approach is possible only with relevant and reliable statistical database,
the structure of which need to be optimized. This problem in Ukraine is not solved yet.

The description of the elements of air transport network reveals possible reserves (excess) and the
lack of resources. So, for Ukraine the significant reserves of the capacity of the reconstructed airports,
accepting any type of aircraft, almost homogeneous structure of the aircraft fleet in range and passenger
capacity, the possible shortage of pilots and flight attendants, the homogeneous structure of the network of
air routes with predominantly medium-range flights are actual. In a network of air routes a single destination
from the airports of Ukraine (except from Lviv) — Moscow is clearly dominated most likely due to the
transfer passenger traffic, following through this hub.

The analysis of the interdependence of the various indicators within the air transport network is
needed to study and evaluate the effect of one factor on the other. So, for the Ukrainian air transport network
is typical of the tendency to reduce the frequency of flights and passenger traffic with an increase of the
length of the routes. There is a need to find the main factors shaping the volume indicators of the air
transport network operation.

The usage of graph theory and the theory of complex networks can provide a quantitative
characterization of the air transport network for the understanding of the laws of the functioning of this
complex system. In this work the confirmation received that the considered network can be described as a
scale-free. Despite the high betweenness of the «Kyiv» node, its low clustering coefficient proves the need
for more detailed study and optimization of the structure of the air routes network. Also used in the theory of
complex networks characteristics allowed to quantify the role of Ukrainian regional airports in the formation
of the passenger traffic. Low scores on the degree, strength and betweenness of the nodes confirm the
presence of unrealized potential.

Further research will focus on the description and the analysis of the air transport network of Ukraine
as a weighted graph.
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PE®EPAT

Mapinniea K.B. Amnami3z aiamiiiHoi TpaHcmopTHOI Mepexi Ykpainu. / Mapinnea Kpicrina
BanepiisHa // YrpaBiiHHS IPOSKTaMH, CHCTEMHME aHai3 i jorictuka. — K.: HTY —2013. — Bumn. 12.

B cTatTi momaHo pe3ynbTaTH aHaNi3y aBialifHOI TpaHCIOPTHOI Mepexi YKpaiHu.

[Ipeamer mociimkeHHs — aBialliiiHa TPaHCIIOPTHA Mepeka Y KpaiHH.

Mera poO0TH — BUKJIJ] METOAMKH 1 Pe3yJIbTATIB aHaMi3y (PYHKIIOHYBaHHS aBiaTPaHCIIOPTHOI Mepexi
VYkpaiHu siIk OCHOBHOI MiJICHCTEMH Taly31 IIUBUTBHOT aBiaii KpaiHu.

Meron ToCiKEHHSI — METOIIU pErpeciifHoro aHamizy, Teopii rpadis 1 CKIaIHIX MEPEK.

VY BupimeHHI MpoOJieM pO3BUTKY aBialliiHUX IepeBe3¢Hb B YKpaiHi B OCTaHHI JIECATHIIITTS
croctepiraeTbesi Kpuza. IIpo 1me cBimYaTh BiICYTHICTh TIHMOOKMX HAYKOBO OOIPYHTOBaHHX OIIIHOK
(YHKIIOHYBaHHSA SIK aBialiifHOl ramy3i B IiIOMy, TaK 1 aBiamiiIPHEMCTB 30KpeMa. BpaxoByroun
KapJWHaIBHI 3MiHM B (YHKIIOHYBaHHI Ta B3a€MO3B'SA3KH IIJICHCTEM aBiaTpaHCIIOPTHOI CHCTEMH YKpaiHH,
aKTyaJIbHUM € SIKICHAH aHali3 JaHoi CHCTEMH 3 IMO3HMIIil He3aJexHoro cyb'exra (excrepra). B naniit craTri
3alpONOHOBAHO KOMIUIEKCHUH MinXia 1o aHammizy (yHKIIOHYBaHHS aBiaTPaHCIOPTHOI Mepexki YKpaiHu 3
BUKOPUCTAaHHSM METOJIIB PErpeciifHOro aHamizy, Teopii rpadis i ckmagHux mepex. [IpoBeneHi po3paxyHKH
aBiaTpaHCIIOPTHOI ~ Mepexi  YKpaiHM  BHABWIM  3Ha4HI  PE3EPBH  NPOITYCKHOI  CIIPOMOXKHOCTI
PEKOHCTPYHOBAaHUX aepOIOPTIB, MPAKTHYHO OJHOPIIHY CTPYKTYPY HapKy MOBITPSHUX CyJCH IO JATBHOCTI 1
€MHOCTI, MOKJTUBHH JeilUT MiOTIB i OOPTHPOBIMHUKIB, OJHOPIAHY CTPYKTYPY MEpPEKi aBiaMapuIpyTiB 3
MEpEeBaKHO CepeIHhOMATICTPaIbHAMHU peiicaMu. Y Mepexi aBiaMapIpyTiB sSIBHO IEpEBaXKa€ OAWH ITYHKT
MpPU3HAYEHHS 3 acporopTiB YKpainu — 1ie MockBa. Teopis CKIaJHUX MEPEXK J03BOJIMIA JATH KUIBKICHY
XapaKTePUCTUKY aBiaTpaHCIOPTHOI Mepexi. He3Bakarouum Ha BHCOKHMH KOCQII[IEHT 3aBaHTaKEHOCTI
acporiopTiB KueBa, 1X HHM3bKHI Koe(illieHT KiacTepu3allii JDOBOAUTh HEOOXIJHICTh OLIBII JETAIBHOTO
BUBUYCHHSI Ta ONTUMI3alil CTPYKTypH Mepexi wMapmpyTiB. Hu3bki TOKa3HUKH CTYNEHs, CHJIH 1
3aBaHTa)KEHOCTI PETIOHANBHUX aeponopTiB YKpaiHW MiATBEp/PKYIOTh HASBHICTH iX Hepeai30BaHOTO
MOTEeHIIaNy Y popMyBaHHI TaCaKUPOIIOTOKIB

KJIFOYOBI CJIOBA: AEPOIIOPT, ABIAMAPIIPYT, €EMHICTh, MEPEXXA, CTYIIIHb BY3JIA,
KOE®ILIECHT KJIACTEPU3ALIIL, 3ABAHTAXEHICTE BY3JIA

ABSTRACT
Marintseva K.V. Analysis of air transport network of Ukraine. Management of projects, system
analysis andLogistics. Kyiv. National Transport University. 2013. Vol. 12.
The results of the air transport network of Ukraine are submitted in the paper.
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Subject of research is the air transport network of Ukraine.

The objective of this paper is the statement of the methodology and the results of functioning analysis
of the air transport network of Ukraine as a major subsystem of civil aviation industry of the country.

Methods of research are regression analysis, graph theory, and complex networks theory.

There is the crisis in the problem solution of air transport development in Ukraine in the past few
decades. This is evidenced by the lack of deep scientific and reasonable estimates of the functioning of the
aviation industry in whole and airlines, airports in particular. Taking into account the fundamental changes in
the functioning and relationships of the subsystems of the air transport system of Ukraine, the topical
problem is the qualitative analysis of this system from the position of independent party (expert). In this
article we propose a comprehensive approach to the analysis of the functioning of the air transport network
of Ukraine, by using regression analysis, graph theory and complex networks. Ukrainian air transport
network calculations have showed significant capacity reserves of reconstructed airports; almost
homogeneous structure on range and capacity of the aircraft fleet; possible shortage of pilots and flight
attendants; homogeneous structure of the air routes network with mainly medium-haul flights. One
destination from the airports of Ukraine to Moscow clearly dominate in the air routes network. The theory of
complex networks gives possibility to get a quantitative characteristic of the air transport network. Despite
the highest betweenness centrality of airports in Kyiv, their low clustering coefficient proves the necessity of
more detailed study and optimization of the routes network structure. The low indices of the degree, strength
and betweenness centrality of the regional airports of Ukraine confirm the presence of their untapped
potential in the formation of passenger traffic.

KEY WORDS: AIRPORT, AIR ROUTE, CAPACITY, NETWORK, DEGREE OF A NODE,
CLUSTERING COEFFICIENT, BETWEENNESS CENTRALITY

PE®EPAT

Mapunnesa K.B. Ananu3 aBuanmoHHOW TpaHCIOPTHOW ceTw YKpaumHbl. / Mapunnepa Kpucruna
BanepreBHa // YrpaBieHue IPOSKTaMH, CUCTEMHBIN aHanu3 u jjoructuka. - K.: HTY -2013. - Beim. 12.

B crartbe npencraBiieHbl pe3ynbTaThl aHAIN3a aBUALIMOHHOW TPAHCIIOPTHOW CETH Y KpauHBI.

[Ipenmer uccinenoBaHus — aBUALIMOHHAS TPAHCIIOPTHAS CETh Y KPAaUHBI.

Hens paboThl — U3JIOKEHHE METONUKM M PE3YNbTaTOB aHaiu3a (YHKIMOHUPOBAHHS
ABMATPAHCIOPTHOM ceTH Y KpauHbl KAK OCHOBHOM IIOJICHCTEMBI OTPACIIU I'PAKJAHCKON aBUALlUU CTPAHBI.

Meron rccineoBaHUS — METOBI PETPECCHOHHOTO aHaAIN3a, TEOPHU TPadoB U CIOKHBIX CETCH.

B pemennu npobieM pa3BUTHS aBHAIMOHHBIX IMEPEBO30K B YKpaWHE B IOCIEIHHE JECATHIICTHUS
HaOmonaercss kpu3uc. OO 3TOM CBUJICTEIBCTBYIOT OTCYTCTBHE TITYOOKMX HAay4YHO OOOCHOBAHHBIX OIIEHOK
(YHKIMOHUPOBAHUS KaK aBHAIIMOHHON OTpaciy B IENIOM, TaK U aBUANPEIIPUSTHIA B YACTHOCTH. Y YUTHIBAs
KapJWHaIbHbIC N3MECHEHHS B QYHKIIMOHHUPOBAHUH M B3aMMOCBS3SIX MOJCHCTEM aBHATPAHCIIOPTHON CHCTEMBI
VYKpauHbl, akTyaJdbHBIM SIBIISIETCS KadyeCTBEHHBIM aHAIW3 JaHHOW CHCTEMBI C MO3HUIIMH HE3aBHUCHMOIO
cyObekTa (dKcnepTa). B JaHHOM cTaThe MpenioKeH KOMILISKCHBIA MOAX0A K aHalu3y (DYHKIIMOHUPOBAHUS
ABUATPAHCIIOPTHOU CETH YKPauHbI C HCIOIh30BAHIEM METOJIOB PErPeCCHOHHOTO aHajn3a, TeOprH rpados u
CIOXHBIX ceTeld. [IpoBeneHHBIE pacyeThl aBHATPAHCIIOPTHOW CETH YKpauHbl BBISBUIN 3HAYUTENbHBIE
pe3epBbl  TIPOITYCKHOW  CITOCOOHOCTH PEKOHCTPYHPOBAHHBIX adPONOPTOB, MPAKTUYESCKH OIHOPOIAHYIO
CTPYKTYpPY TMapKa BO3AYIIHBIX CYAOB IO JaJbHOCTH M E€MKOCTH, BO3MOXHBIH JeQUIUT MHIOTOB U
OOpTIPOBOJIHUKOB,  OJHOPONHYIO  CTPYKTYpYy  CETH  aBHaMapuipyToB  C  NPEHUMYIIECTBEHHO
CpelHeMarucTpalbHbIMH peiicaMu. B cetn aBHaMapuipyToB SIBHO IpeoOiagaeT OAWH IMyHKT Ha3HAYCHUS U3
a’ponopToB YKpauHbl - 3T0 MockBa. Teopus CIOXKHBIX CET€M MO3BOJNMIIA JIaTh KOJIMYECTBEHHYIO
XapaKTepUCTUKY aBUATPAHCIOPTHOW ceTd. HecMoTps Ha BBICOKHMIA KO3(QHIMEHT 3arpyKeHHOCTH
asporioproB  KueBa, ux Hu3KHHA KOIQUIMEHT KIacTepuU3aldd JI0Ka3bIBaeT HEOOXOAMMOCTh Oomee
JETaTbHOT0 M3YYEHHs] M ONTHUMH3AIUH CTPYKTYPHI ceTH MapuipyToB. Hu3kue moka3aTenu CTENeHH, CHIIbI U
3arpy’>kKeHHOCTH PETHOHANBHBIX a’pOMOPTOB YKpaWHBl MOATBEPKAAIOT HANUYUE WX HEPeaTu30BaHHOTO
MOTEeHIIHa a B JOPMHUPOBAHUH TTACCAKUPOIIOTOKOB.

KIIFOUEBBIE CJIOBA: ADPOIIOPT, ABUAMAPIIPYT, EMKOCTbD, CETb, CTEIIEHb Y3JIA,
KO2OOUITMEHT KITACTEPU3ALINU, 3ATPYKEHHOCTD Y3JIA
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