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Abstract. The article presents a comprehensive analysis of the current state and
development of airport infrastructure in the Republic of Kazakhstan, which is a key element of
the national transport system and an important factor for the country's economic growth. Airports
provide not only domestic and international mobility but also contribute to the development of
tourism, international trade, and Kazakhstan's integration into the global transport network. In
recent years, passenger and cargo air traffic volumes have increased significantly, creating higher
demands for airport infrastructure modernization and implementation of international safety
standards, including ICAO and IATA. The aim of the study is to assess the current state of
Kazakhstan's airport infrastructure, identify problem areas, and develop strategic directions for
its further development. The research objectives include examining the technical condition of
runways and terminals, analyzing airport management efficiency, conducting comparative
analysis with international practices, determining modernization priorities, and developing
recommendations to enhance the sector's competitiveness. The results revealed a high level of
wear in regional airport infrastructure, insufficient modern equipment, a significant concentration
of passenger flow in three major aviation hubs, and low private investment attraction. The
analysis also highlighted the need for digital technology integration, management optimization,
and implementation of public-private partnership mechanisms. Sustainable development of
Kazakhstan's airport network is achievable through comprehensive infrastructure modernization,
implementation of international safety standards, digitalization of processes, and investment
stimulation, which will improve passenger service quality, ensure effective management of the
aviation sector, and strengthen the country's position as a transport hub between Europe and Asia.
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AHHOTAIHS. Makaina Kazakcran PecnyOnukachIHbIH oyexKaiIapbIHbIH
MHQPAKYPBUIBIMBIHBIH ~ Ka3ipri JKarJalblH JKOHE JaMyblH KEIIeHAl TajijayFa apHaliFaH.
Oyekailgap YITTHIK TPAaHCIOPT JXKYMECIHIH HETI3r1 AJIeMEHTI OOJBIN TaObLIaAbl XKOHE eINIiH
HSKOHOMHKAJIBIK ©CIMiHE MaHbI3AbI acep ereni. Omap TeK imIKiI >KOHE XaJIBIKAPAJBIK XaJIbIK
KO3FaJIBICBIH KaMTaMachl3 €Till KaHa KOWMaH, TYpH3MHIH, XaJIbIKApaJIbIK CayJaHbIH JIaMybIHA
xoHe KazaKCTaHHBIH oJIEeMIIK TPAaHCHOPT JKEJCiHE HWHTerpamnuscbiHa yiec Kocaasl. COHFBI
KBUIIAPbI JKOJIAYIIBUIAD MEH JKYK 9ye TachIMajbl KeJieMjepl auTapiblKTail ecTi, OyW1 oyexai
MHQPPAKYPBUIBIMBIH KaHAPTY MEH XaJbIKapajblK KAayilCi3diK CTaHIapTTapblH, COHBIH iIIiHJE
ICAO xone IATA crangapTTapblH €Hri3y Ka)KETTUIITH apTThIpAbL. 3epTTEyAiH MaKcaTbl —
Kazakcran oyexaimapsl WHQPaKypbUIBIMBIHBIH Ka3ipri >KargaiiblH Oarajnay, NpoOJieMalbIK
aiiMakTap/ibl aHBIKTAy >KOHE OHBIH JIaMyBIHBIH CTPATETUSAJIBIK OAaFbITTapblH aHBIKTAYy. 3epTTEY
MIiH/IETTepiHE YIIY-KOHY JKOJIaFbl MEH TEPMHUHAIIAPAbIH TEXHHUKAIBIK JKaFIalblH 3€pTTey,
oyexainapabl 6ackapy TUIMIUIITIH Tanay, XadblKapaliblK TOXKIpHOEMEH CalbICThIPMAIbI TAIAY
’Kacay, )KaHapTyIbIH 0ackIM OarbITTapbIH aHBIKTAY KOHE cajla 09cekere KaOUIeTTUIITiH apTThIpy
OOWBIHIIA  YCBIHBICTap  93ipiaey  Kipedl. 3epTTey  HOTIDKEJEepl  OHIPIIK  dyekaii
MHQPAKYPBUIBIMBIHBIH ~ €I0yip  TO3FaHBIH, 3aMaHayd JKaOJIBIKTapAbIH  IKETIiCIEHTIiHIH,
KOJIayIIbUIap aFbIMBIHBIH YII ipi aBHay3elle MIOFbIPIIAHFAHBIH JKOHE JKEKE WHBECTHIIUSIAPIbI
TapTy JACHTEWiHIH TOMEH EeKEHIH KepceTTi. AHalu3 COHJai-aK HUQPIBIK TEXHOJIOTHSIAP.IbI
MHTErpanusuiay, OacKapylbl OHTaWIAHIBIPY JKOHE MEMIICKETTIK-)KCKEIICTK CEepPIKTECTIK
MEXaHU3MIEPIH €HTi3y KaKeTTUITiH aHbIKTanbl. Ka3zakcTan oyekail JKemiCiHIH TYpaKThl 1aMybl
MHQGPaKYPhUIBIMABI KEIIeH Al KaHApTy, XaJblKapalblK KayilCi3[iK CTaHIapTTapblH EHTI3y,
nporecTepi MUPPIAHABIPY KOHE WHBECTHLMSIIAPABI BIHTAJAHABIPY AapKbUIBI MYMKIH, OYJI
JKOJaylIbUIapFa KbI3MET KOPCETY CalachlH apTThIpajbl, aBUAIMs CajachlH THIMII OacKapaibl
xoHe enfid Eyporna MeH A3ust apachlHAAFbl TPAHCTIOPT Xa0bl PETiHACT] MO3UIMACHIH HBIFAUTAIbI.

Tyiiin ce3aep: oyexal, MHPpPaKypbUIbIM, KayilcCi3AiK, 9ye TachIMaibl, >KaHAPTY,
Kazakcran, kemik

Joaiiexce3nep ywin: . Acuns6exona, I'. MyparGekoBa, 3. Konakoaii (2025). Kazakcran
PecnyOnukacel oyekaimapblHBIH HH()PAKYPBUIBIMBIHBIH aFbIMIAFbl Kai-kyii // Kazakcran
enpipic kemiri. Tom. 22. Ne 86. 00—00 6et. https://doi.org/ 10.58420.ptk.2025.86.02.002 (A¥FbL1.
TIJL).

Mynaenep KakThIFBICHI: ABTOpJIap OChl MakKajiajga MyAIENEpP KAKTBHIFBICHI KOK eIl
MOTIMICH/T.
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AnHoranusi. CTaThsl TMOCBAIEHA KOMIUIGKCHOMY aHAllM3y COCTOSHUSI W Pa3BUTHUS
HHPPACTPYKTYpel adpornoptoB PecrmyOnmuku Kazaxcran, KOTOpbIe SIBISIOTCS — KIIFOUEBBIM
AJIEMEHTOM HAIIMOHATBHONW TPAHCIOPTHOM CUCTEMBI W BaXKHBIM (PAKTOPOM IKOHOMHUYECKOTO
pocta cTpaHbl. A’pomopThl O00ECHEYMBAIOT HE TOJBKO BHYTPEHHIOI M MEXIYyHApPOIHYIO
MOOUIIBHOCTh HACEJICHHUS, HO M CIIOCOOCTBYIOT Pa3BUTHUIO TypU3Ma, MEXIyHAPOAHONH TOPTOBIH U
uHTerpanun KaszaxcraHa B MHPOBYIO TPAHCIOPTHYIO CETh. 3a TIOCIETHHE TOAbI OOBEMBI
MACCAXUPCKUX M TPY30BBIX aBUANEPEBO30OK 3HAUUTENBHO YBEIUYMIUCH, UYTO CO3MAET
MOBBIIICHHBIE TPEOOBAaHUS K MOJCPHU3AIMU a’POTOPTOBON WHQOPACTPYKTYPHI W BHEIPCHHIO
MEXIyHapOAHBIX CTaHnapToB Oe3zomacHoctd, Bkmodas MKAO u IATA. Lens uccnenoBaHus
3aKIII0YAaeTCsl B OLEHKE TEKYIIET0 COCTOSIHHA WHQPACTpyKTypsl a’poroptoB KasaxcraHa,
BBISIBJICHHMHM TPOOJIEMHBIX 30H W pa3pabOTKe CTPATErMYECKUX HaIpaBlIeHUH e€ AalbHEeHIIero
pasBuThsa. B 3amaum wWccienoBaHUs BKIIOYCHBI M3YYCHHE TEXHUYECKOTO COCTOSIHHS B3JIETHO-
MOCAIOYHBIX TMOJIOC MU TEPMHUHAJIOB, aHain3 A(P(GEKTUBHOCTH YIPABICHUS a’pONOpTaMH,
CPaBHHUTCIBHBIA aHAIN3 C MEXKIYHAPOJIHBIMH TPAKTUKAMH, OMNPEICICHHE IMPUOPUTETOB
MOJIEpHHU3AlMU U pa3padOTKa PEKOMEHJAIMl MO TOBBIIIEHHIO KOHKYPEHTOCIOCOOHOCTH
orpacii. Pe3ynpTarhl  HMCCICNOBAaHUS — IMOKa3alld  BBICOKMH  HW3HOC  WMHQPACTPYKTYPHI
PETHOHAIBHBIX a3PONOPTOB, HEAOCTATOYHOE OCHAIEHHE COBPEMEHHBIM 000pYAOBaHUEM,
3HAYUTEIIGHYIO0 KOHIICHTPAIMIO MACCaKUPOIIOTOKA B TPEX KPYIMHEUIINX aBHay3JiaX UM HU3KUN
YpOBEHb TMPUBJICUCHHUS YACTHBIX MHBECTULMN. AHAJIU3 TaKKe BBIIBWI MOTPEOHOCTH B
WHTETPAIMK ITU(PPOBBIX TEXHOJOTHH, ONTHMH3AIMH YIPABICHUS W BHEAPESHUU MEXAHH3MOB
rOCy/IapCTBEHHO-YaCTHOTO  MHapTHEPCTBA. YCTOWYMBOE pa3BUTHE  ad’pPOMOPTOBON  CETH
Kazaxcrana BO3MOXXHO TIpH KOMIUIEKCHOM MOJEpHH3AMK HHPPACTPYKTYpPHI, BHEAPECHUU
MEXIYHApOAHBIX CTaHIAPTOB O€30MacHOCTH, IUGPOBU3AIMK TMPOLECCOB U CTUMYIHPOBAHUH
WHBECTHUINH, YTO 00ECIICYUT MOBBIIICHNE Ka4ecTBa 0OCITY)KHBAHHS MMACCAKHUPOB, dPPEKTUBHOE
yhpaBieHUEe aBUALIMOHHON OTPACIBIO M YKPEIUIEHUE MO3UIIUNA CTpaHbl KaK TPAHCIIOPTHOTO Xxaba
Mexay EBponoii u Azueit.

KiloueBble cjioBa: aspomnopt, HHPPACTPYKTypa, OE30MaCHOCTh, aBUAINEPEBO3KH,
MojepHu3anus, Kazaxcran, Tpancnopt

Jas nutupoBanus: U. AcunibOekoBa, I'. MyparGekoBa, 3. Konakbaii (2025). Tekyee
cocTosiHue MHPPACTPYKTYPHI adporopToB Pecrrybnuku Kazaxcran // [IoMBIIIICHHBIA TPAHCTIOPT
Kazaxcrana. T. 22. No. 86. Ctp. 00-00. https://doi.org/ 10.58420.ptk.2025.86.02.002 (Ha anrmn.).

KoH(}IuKT HHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DIMKTA HHTEPECOB.
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Introduction.

The development of airport infrastructure is one of the key directions for ensuring
Kazakhstan's economic growth and its integration into the global transport system (Kazakhstan-
2050 Strategy, 2012: 1-5; On Approval of the State Infrastructure Development Programme
"Nurly Zhol", 2019: 2—4). Air transport plays an important role in strengthening international
relations, developing tourism, and increasing population mobility. Over the past decade, the
volume of passenger air transportation in Kazakhstan has increased significantly, indicating
growing demand for modern and safe airports (Ministry of Industry and Infrastructure
Development of the Republic of Kazakhstan, 2024: 15-31).

Despite positive trends, the infrastructure of Kazakhstan's airports remains unevenly
developed. Many regional airports are characterized by a high level of fixed asset deterioration,
outdated runways, and non-compliance with international safety and service standards
(Nurpeisov, 2020: 48-55). This reduces the competitiveness of the domestic aviation sector
compared to neighboring countries actively investing in airport modernization, such as Russia,
Turkey, and the United Arab Emirates.

The selection of this topic is conditioned by the strategic importance of airport
infrastructure for the country's socioeconomic development. Airport modernization facilitates the
attraction of investment, growth of tourism, and development of logistics services. Analysis of
the scientific literature shows that, while individual studies addressing Kazakhstan's transport
infrastructure exist, comprehensive works focused specifically on airport development are
insufficiently represented.

The relevance of the topic is determined by the need to modernize and develop airports in
accordance with ICAO and IATA international standards, to improve passenger service quality,
and to strengthen Kazakhstan's position as a transport hub between Europe and Asia.

The object of investigation is the airport system of the Republic of Kazakhstan. The
subject of investigation is the infrastructural development and modernization of Kazakhstan's
airports. The aim of the research is to analyze the current state of Kazakhstan's airport
infrastructure and to identify the priority directions for its further development.

The research tasks are as follows: to examine the current state and key development
indicators of Kazakhstan's airports; to identify infrastructural, technical, and managerial
problems constraining their operational efficiency; to analyze international experience in airport
management and development; and to develop proposals for improving Kazakhstan's airport
infrastructure and enhancing its competitiveness.

The research hypothesis holds that the sustainable development of Kazakhstan's airport
network is achievable under conditions of infrastructure modernization based on the principles of
public-private partnership, the implementation of international safety standards, and the
optimization of the regional airport network.

Materials and Methods.

The methodological basis of the study comprises works by domestic and international
scholars in the field of transport economics and airport infrastructure management. The study
employs general scientific and specialized analytical methods, providing a comprehensive
examination of the state and development directions of Kazakhstan's airport network.

The following research methods were applied: comparative analysis, enabling the
comparison of Kazakhstan's airport development indicators with international standards and
practices; statistical analysis, based on data from the Civil Aviation Committee of the Ministry of
Industry and Infrastructure Development of the Republic of Kazakhstan and reports of the
International Civil Aviation Organization (ICAO); a systems approach, facilitating the
identification of relationships between the infrastructural condition of airports, air traffic
volumes, and investment levels; and content analysis of regulatory documents, including
government programmes for transport infrastructure development and ICAO standards governing
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airport activities.

The research stages included: (1) collection and processing of data on the current state of
Kazakhstan's airport infrastructure, including runway lengths, passenger and cargo traffic
volumes, and technical equipment levels; (2) comparative analysis of Kazakhstan's airport
indicators against international benchmarks, such as the airports of Turkey, the UAE, and
Singapore, distinguished by high efficiency and service quality; (3) identification of problem
areas in the functioning of domestic airports, including infrastructural constraints, investment
shortfalls, and staffing challenges; and (4) formulation of recommendations for improving the
competitiveness of Kazakhstan's airport network, based on international experience and
sustainable development principles. The empirical base of the study rests on official statistical
data from the Civil Aviation Committee, reports of the Ministry of Industry and Infrastructure
Development of the Republic of Kazakhstan, ICAO documents, and materials from scientific
publications addressing airport and transport infrastructure development.

Results and Discussion.

Issues related to the development and functioning of airport infrastructure have been
examined in works by numerous international and domestic researchers. In the international
literature, particular attention is devoted to the economic aspects of airport management,
modernization, and sustainable development. Graham notes that effective airport functioning is
determined not only by the technical condition of runways and terminals but also by the level of
management organization, service quality, and revenue diversification (Graham, 2014: 67-74). A
similar position is held by Doganis, who emphasizes that airport development must be
accompanied by the optimization of financial flows and the adoption of market-based
management instruments (Doganis, 2019: 95-100).

ICAO research demonstrates that improving airport efficiency is directly related to the
implementation of international safety standards, digital technologies, and infrastructure
monitoring systems (ICAO, 2021: 29-32). According to ICAO, sustainable airport development
requires a balance between economic benefit, environmental responsibility, and social
significance (ICAO, 2021: 34-39).

In the domestic scientific literature, questions of Kazakhstan's airport infrastructure
development are covered less systematically. Nurpeisov notes that many regional airports
operate at the limit of their technical capabilities, and the renewal of equipment and terminal
reconstruction require substantial investment (Nurpeisov, 2020: 53-59). Abdrakhmanova
identifies digitalization of the aviation sector, personnel development, and the adoption of
innovative service technologies as key development factors (Abdrakhmanova, 2022: 41-45).

Aspanova emphasizes the need to integrate public-private partnership principles in the
modernization of Kazakhstan's airports, since budget financing does not ensure the long-term
sustainability of projects (Aspanova, 2025: 403—409). Similar conclusions are presented in the
analytical reports of the Ministry of Industry and Infrastructure Development of the Republic of
Kazakhstan (Ministry of Industry and Infrastructure Development of the Republic of Kazakhstan,
2024: 18-20), where the development of the transport-logistics complex, including airports, is
identified as a priority area of state policy.

A comparative analysis of the scientific literature reveals a research gap: most domestic
publications focus on individual aspects of airport functioning — technical condition, traffic
volumes, or safety issues — while comprehensive studies integrating infrastructural, economic,
and managerial dimensions remain insufficiently represented (Kasymbekova et al., 2019: 99—
102). The present study is directed at filling this gap and at developing scientifically grounded
proposals for improving the country's airport infrastructure.

Analysis of the state of Kazakhstan's airport infrastructure (Table 1) shows that the
country operates 20 international and 27 regional airports, a significant portion of which require
modernization and reconstruction (Ministry of Industry and Infrastructure Development of the
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Republic of Kazakhstan, 2024: 25-29). According to data from the Civil Aviation Committee, the
level of runway deterioration at a number of regional airports exceeds 60 per cent, which
adversely affects flight safety and capacity (Nurpeisov, 2020: 55-59).

Table 1 — Current state of Kazakhstan’s airports

. Passenger No. of
Airport flow (thou.) Runway(s) destinations Notes
1,023.9 .
Aktau (2018) Asphalt-concrete 3060x60 m 15 Hub of SCAT airline
Atvrau 644.6 CAOfII:(): }rl:tl:: g?)zgié(()) E %;pl;il; 10 Terminal reconstruction commenced;
y (2016) p budget 1.5 bn KZT. Hub of Bek Air
1500100 m
Cement-concrete 2800x45 m
Uralsk 220 (2018) Unpaved 2800%100 m 6
Aktobe 412.2 Reinforced concrete 3203x45 m 6
(2018)
1517 Asphalt-concrete 2800%45 m Main runway reconstruction
Kostanay @ 01'7) Unpaved 2750x100 m Unpaved 4 completed; passenger throughput
1600x100 m expected to reach 250,000/yr
Petropavlovsk 14 (2018) Asphalt-concrete 2800%45 m 3
Official branch of Nursultan
Kokshetau 21.4 (2018) Asphalt-concrete 2800x60 m 3 Nazarbayev International Airport
Nursultan . Main airport of the Republic of
Nazarbayev ‘:’25(;‘ 158;) Asphalt-concrete 350045 m ;é Erlltsefr?;EZi[;% Kazakhstan; hub for Air Astana and
(Astana) SCAT
Pavlodar 177 (2016) Asphalt-concrete 2500x45 m 4
Sary-Arka 2224 Low-cost carrier FlyArystan planned
(Karaganda) (2016) Concrete 3600%60 m 6 to designate it as hub in 2020
Terminal and runway reconstructed in
Concrete 3100x45 m Concrete . 2018; total cost 10.715 bn KZT;
Semey 66 (2016) 1600x100 m 4 (no intl routes) passenger throughput expected to
reach 100,000/yr
Asphalt-concrete 2510x43 m (to Runway and terminal reconstruction
Ust- 286.6 become 280045 m after away :
. 7 in progress; total project cost 10.626
Kamenogorsk (2016) reconstruction) Unpaved ] .
bn KZT; completion expected 2021
1700%50 m
Almat 5,686.9 Asphalt-concrete 4400x45 m 45 (17 domestic, Hub for Air Astana, SCAT, and
Y (2016) Asphalt-concrete 4500%45 m 28 international) QazagAir
Aulie-Ata 63 (2018) Asphalt-concrete 3500x60 m 3 Airport began 24-hour operations for
(Taraz) Unpaved 2400x100 m first time in February 2019
Planned passenger throughput
Shymkent 817 (2018) Concrete 3300%45 m 5 increase to 3,500,000/yr
Korkyt Ata 212 (2017) Asphalt-concrete 3200x45 m 3 Reconstruction in progress; estimated
(Kyzylorda) Unpaved 2700%85 m cost 7.5 bn KZT

According to statistical data, between 2015 and 2023 the volume of passenger throughput
through Kazakhstan's airports nearly doubled, rising from 8.7 million to 16.9 million persons
(Key Socioeconomic Indicators of the Republic of Kazakhstan). The primary load falls on the
three largest airports — Nursultan Nazarbayev (Astana), Almaty, and Shymkent — whose
combined share amounts to approximately 72 per cent of total passenger flow (Aspanova, 2025:
406—410). Regional airports, by contrast, serve limited traffic volumes, attributable to low flight
frequency, insufficient infrastructure development, and high aircraft handling costs.
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The comparative analysis established that, by the level of technical equipment and service
quality, Kazakhstan's airports lag behind ICAO international standards across a number of
indicators. In particular, automated passenger flow control systems, modern airfield lighting
equipment, and digital air traffic management systems have been implemented in fewer than 30
per cent of airports (ICAO, 2021: 37-39). For comparison, equivalent indicators at airports in
Turkey and Singapore exceed 80 per cent (Graham, 2014: 115-120).

In addition, Kazakhstan maintains a high dependence of the airport sector on state
financing. Despite the launch of a number of public-private partnership projects, the share of
private investment in airport modernization does not exceed 25 per cent (Abdrakhmanova, 2022:
44-45). The absence of systemic incentives for investors and insufficient transparency in
concession agreement procedures impede the development of regional airports (Aspanova, 2025:
407-409).

At the same time, recent years have seen positive dynamics in the modernization of major
aviation hub infrastructure. An example is the reconstruction of Astana airport, where new
passenger terminals have been commissioned and modern baggage processing and security
control technologies have been adopted. Similar projects are being implemented at the airports of
Almaty and Kyzylorda.

The research findings confirm the conclusions of international authors that airport
efficiency is determined not only by the physical condition of infrastructure but also by
management quality, strategic planning, and the adoption of innovations. For Kazakhstan, the
key direction is the development of regional airports ensuring domestic transportation and access
to remote territories.

The analysis thus identified three main problem clusters: infrastructural deterioration — a
high degree of physical ageing of runways, terminals, and navigation equipment; institutional
constraints — insufficient investment attractiveness of the sector and weak implementation of
PPP mechanisms; and uneven development — concentration of passenger flow at three major
airports, with the potential of regional airports remaining underutilized.

On the basis of the analysis conducted, the following structure of strategic tasks for
Kazakhstan's airports is proposed (Figure 1):

STRATEGIC TASKS FOR AIRPORT DEVELOPMENT IN KAZAKHSTAN

Strategic Task Short-term Medium-term Long-term

1. Improve the airport network Define airport roles and development priorities in
line with Kazakhstan's national strategy and market
needs

2. Adopt international flight Airports must ensure safe operations, controlled and

safety and aviation security certified in accordance with international standards

standards (ICAO/IATA)

3. Adequate and flexible airport Aerodrome and terminal expansion must always be 1. Airports must progressively upgrade equipment A dialogue structure among key industry

service level determined by market demand and systems to meet market needs (IATA) without stakeholders must be established for continuous
disrupting effective operations 2. Ground handling comprehensive evaluation and effective
rules must be amended to allow specialized ground infrastructure management
handling agents to enter commercial relations with
airlines under airport licensing

4. Define airport development Establish regulatory bodies with authorized rights

strategy and control; create a dialogue structure among

airports, airlines, and government bodies to
synchronize their strategies

Fig. 1. Strategic tasks for airport development in Kazakhstan
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The strategic tasks presented in Figure 1 reflect the necessity of a comprehensive and
interconnected approach to the modernization of Kazakhstan’s airport infrastructure. The
conducted analysis demonstrated that the existing problems of the national airport network
cannot be resolved through isolated technical reconstruction projects alone. Sustainable
development requires simultaneous transformation of infrastructural, institutional, technological,
financial, and managerial components of the aviation sector. In this context, the proposed
structure of strategic tasks represents a systemic model aimed at ensuring the long-term
competitiveness and operational sustainability of Kazakhstan’s airports.

One of the central strategic directions is the modernization of airport infrastructure
facilities, including runways, terminals, navigation systems, airfield lighting equipment, and
ground handling complexes. Many regional airports currently operate with a high degree of
physical deterioration, limiting aircraft acceptance capabilities and negatively affecting
operational safety indicators. The reconstruction and extension of runways, modernization of
terminal complexes, and replacement of obsolete navigation equipment are therefore essential
prerequisites for increasing airport throughput capacity and ensuring compliance with ICAO and
IATA standards. Modernization of infrastructure additionally creates opportunities for expanding
international flight geography and attracting new air carriers.

Equally important is the task of implementing digital technologies and intelligent airport
management systems. International experience demonstrates that the efficiency of modern
airports increasingly depends on the level of digital integration of operational processes. The
introduction of automated passenger flow management systems, biometric identification
technologies, digital baggage handling systems, and intelligent dispatch coordination platforms
significantly improves operational reliability and passenger service quality. Digitalization
additionally enables airports to optimize resource allocation, reduce aircraft turnaround times,
minimize delays, and improve overall transport efficiency.

Particular significance is attached to the development of smart airport concepts based on
Industry 4.0 technologies. Within such systems, airport infrastructure functions as an integrated
digital ecosystem where operational data from terminals, airfield systems, security systems, and
passenger services are processed in real time using artificial intelligence and big data analytics.
The implementation of predictive maintenance systems for airport equipment and infrastructure
allows early identification of technical failures and optimization of maintenance schedules,
thereby reducing operational risks and infrastructure downtime.

Another key strategic task concerns the attraction of private investment and expansion of
public-private partnership (PPP) mechanisms. The conducted analysis showed that excessive
dependence on state financing constrains the pace of modernization projects and limits
opportunities for technological renewal, especially in regional airports. International practice
demonstrates that PPP mechanisms are among the most effective instruments for financing large-
scale infrastructure projects. Their implementation allows the state to reduce budgetary burden
while enabling private investors to participate in airport management, construction, and operation.
However, for PPP mechanisms to function effectively in Kazakhstan, it is necessary to improve
the legal framework governing concession agreements, ensure transparency of investment
procedures, and establish long-term guarantees for investors.

An important strategic direction is the balanced development of regional airport
infrastructure. At present, the majority of passenger traffic is concentrated in several large
aviation hubs, while many regional airports remain underutilized despite their important
socioeconomic role. The modernization of regional airports is necessary for improving territorial
accessibility, increasing mobility of the population, and supporting economic development of
remote regions. Expansion of domestic route networks, subsidization of socially important
regional flights, and development of multimodal transport integration can significantly improve
the efficiency of regional airport operations.
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The development of transport-logistics functions of airports also represents a strategically
important objective. Modern airports increasingly serve not only as passenger transportation
facilities but also as key elements of international logistics chains. Kazakhstan’s geographical
position between Europe and Asia creates favorable conditions for the development of transit
cargo transportation and air logistics hubs. The modernization of cargo terminals,
implementation of digital customs clearance systems, and integration of airports into multimodal
logistics corridors may significantly strengthen Kazakhstan’s role within Eurasian transport
networks.

Particular attention within the strategic framework should also be devoted to improving
aviation safety and cybersecurity systems. The growing digitalization of airport operations
increases dependence on information technologies and simultaneously raises the vulnerability of
infrastructure to cyber threats and operational disruptions. Therefore, modernization programmes
must include the implementation of advanced cybersecurity systems, intelligent surveillance
technologies, automated emergency response systems, and integrated aviation safety monitoring
platforms. Compliance with international aviation security standards will be a critical condition
for maintaining international competitiveness and operational reliability.

Environmental sustainability constitutes another important strategic dimension of airport
development. Global aviation trends increasingly emphasize the transition toward
environmentally sustainable infrastructure solutions, including energy-efficient terminal
buildings, renewable energy systems, waste management technologies, and reduction of
greenhouse gas emissions. Kazakhstan’s airport modernization strategy should therefore
incorporate principles of green airport development aligned with international environmental
standards and sustainable development goals. The implementation of environmentally friendly
technologies will improve operational efficiency while enhancing the international image and
investment attractiveness of Kazakhstan’s aviation sector.

The development of human capital and professional competencies is equally important
for the successful realization of modernization programmes. Advanced technological
infrastructure requires highly qualified aviation specialists capable of operating digital systems,
intelligent management platforms, and automated safety technologies. Consequently, strategic
tasks should include modernization of aviation education systems, expansion of professional
training programmes, international cooperation in personnel development, and strengthening of
research and innovation capacity within the aviation sector.

Conclusion.

The conducted research demonstrated that the airport infrastructure system of the
Republic of Kazakhstan occupies a strategically important position in ensuring national transport
connectivity, economic growth, international integration, and regional development. Under
conditions of increasing passenger mobility, globalization of transport flows, and intensifying
competition among international transit corridors, the modernization of airport infrastructure
becomes not only a sectoral task but also an essential element of the country's long-term
socioeconomic and geopolitical strategy.

The analysis of the current state of Kazakhstan’s airports confirmed that the national
aviation sector has entered a stage of active transformation. Over the past decade, passenger
traffic volumes have increased significantly, indicating a growing demand for air transportation
services and the increasing importance of Kazakhstan as a transit territory between Europe and
Asia. At the same time, the research established that the development of airport infrastructure
remains highly uneven. The main concentration of passenger and cargo traffic is observed at the
largest airports — Nursultan Nazarbayev (Astana), Almaty, and Shymkent — whereas a
considerable number of regional airports continue to operate under conditions of insufficient
technical modernization, limited investment support, and outdated operational infrastructure.
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Particular attention in the study was devoted to the condition of regional airports, which
play a critical role in ensuring territorial accessibility, regional mobility, and socioeconomic
integration of remote regions. The obtained results demonstrate that many regional airports are
characterized by significant physical deterioration of runways, obsolete airfield lighting and
navigation systems, limited terminal capacity, and insufficient implementation of digital
management technologies. Such limitations reduce operational efficiency, negatively affect flight
safety indicators, and constrain the competitiveness of Kazakhstan’s aviation sector in
comparison with neighboring countries actively investing in airport modernization and
technological innovation.

The comparative analysis with international airport systems in Turkey, the United Arab
Emirates, and Singapore demonstrated that the effectiveness of airport infrastructure
development depends not only on the physical condition of terminals and runways, but also on
the quality of strategic management, the level of digitalization, operational flexibility, and the
ability to attract private investment. International experience confirms that modern airports
increasingly function as multifunctional transport-logistics, commercial, and technological hubs
integrating passenger transportation, cargo logistics, digital services, tourism infrastructure, and
smart management systems.

The research findings showed that Kazakhstan’s airport sector continues to demonstrate a
relatively high dependence on state financing, while the level of private investment participation
remains limited. Although mechanisms of public-private partnership are gradually being
introduced, their practical implementation remains constrained by insufficient transparency of
concession procedures, regulatory uncertainties, and limited long-term guarantees for investors.
Under such conditions, the development of an effective institutional environment for attracting
domestic and foreign investment becomes one of the key priorities of state transport policy.

An important conclusion of the study is that the modernization of airport infrastructure
should be considered not only as a technical reconstruction process, but also as a comprehensive
transformation of management systems, operational technologies, and passenger service
standards. The implementation of digital solutions — including automated passenger flow
control systems, intelligent baggage handling systems, digital dispatch platforms, biometric
identification technologies, and integrated airport management systems — represents a necessary
condition for improving operational efficiency and compliance with ICAO and IATA
international standards.

The conducted analysis additionally demonstrated that digitalization of airport
management systems provides substantial operational and economic advantages. The integration
of intelligent monitoring systems, predictive maintenance technologies, and automated
operational control platforms allows airports to improve safety levels, optimize resource
allocation, reduce operational delays, and enhance passenger service quality. In the long term,
the introduction of artificial intelligence technologies, digital twins, and loT-based infrastructure
monitoring systems may become a decisive factor in the formation of “smart airports” operating
within the principles of Industry 4.0 and sustainable transport development.

The research also confirmed that the sustainable development of Kazakhstan’s airport
network is impossible without balanced territorial planning. Excessive concentration of
passenger flows in several major aviation hubs increases infrastructural pressure and limits the
development potential of regional transport systems. Therefore, one of the strategic priorities
should be the modernization of regional airports and the expansion of domestic air transportation
networks connecting remote territories with the country’s major economic centers. Such
measures will contribute not only to increased mobility of the population but also to tourism
development, investment attraction, labor market expansion, and strengthening of interregional
economic integration.
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From the perspective of transport logistics, Kazakhstan possesses significant potential for
becoming a major Eurasian aviation hub due to its favorable geographical location between
Europe and Asia. However, realization of this potential requires accelerated modernization of
airport infrastructure, improvement of multimodal transport integration, and enhancement of
service quality to international standards. Airports must increasingly function as elements of
integrated transport-logistics ecosystems combining air, rail, and road transport infrastructure
within unified digital management environments.
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