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Abstract. In the context of intensive urbanization and the large-scale development of transport infrastructure
in the Republic of Uzbekistan, the issue of urban planning for transport hubs (THs) located in close proximity
to tuberculosis care facilities is becoming increasingly relevant. The construction of new metro lines, BRT
systems, and multimodal transport hubs in Tashkent and regional centers significantly increases passenger
flows and may contribute to epidemiological risks associated with the aerosol transmission of tuberculosis.

The aim of this study is to develop scientifically grounded urban planning principles, models, and
recommendations for the placement and integration of transport hubs with tuberculosis care facilities while
ensuring a balance between transport accessibility, infection safety, and sustainable urban development.

The research methodology includes GIS modeling, comparative analysis, calculation of risk zones, field
surveys of facilities in Tashkent and other regions of Uzbekistan, as well as an assessment of the current
regulatory framework.

The study identified notable epidemiological risks associated with the unregulated proximity of transport
hubs to tuberculosis hospitals and dispensaries. The authors proposed three practical models of spatial
organization (“isolation,” “buffer,” and “integrated with enhanced biosafety”), together with recommendations
regarding sanitary protection zone dimensions, functional zoning, architectural and planning solutions, and
engineering infrastructure.

The practical significance of the research lies in the possibility of applying the obtained results to the
adjustment of the Tashkent General Plan through 2045, the design of new transport hubs, and the improvement
of sanitary-epidemiological standards and urban planning regulations.

The proposed solutions are aimed at simultaneously improving access to medical services for patients, reducing
the risks of intracity tuberculosis transmission, and increasing the efficiency of investments in transport and healthcare
infrastructure.

Keywords: transport hubs, tuberculosis care, urban planning, infection control, sanitary protection zones, Uzbekistan,
Tashkent, sustainable development.

Annotatsiya. O‘zbekiston Respublikasida urbanizatsiya jarayonlarining jadallashuvi va transport infratuzilmasining
keng ko‘lamda rivojlanishi sharoitida sil kasalligiga qarshi davolash muassasalari yaqinida joylashgan transport almashuv
tugunlarini (TAT) shaharsozlik nuqtayi nazaridan rejalashtirish masalasi dolzarb ahamiyat kasb etmoqda. Toshkent
shahri va hududiy markazlarda yangi metro liniyalari, BRT tizimlari hamda multimodal transport tugunlarining qurilishi
yo‘lovchilar oqimini sezilarli darajada oshirib, sil kasalligining aerozol yo‘l bilan tarqalishi bilan bog‘liq epidemiologik
xavflarni yuzaga keltirishi mumkin.

Tadgiqotning magqsadi transport almashuv tugunlarini sil kasalligiga qarshi muassasalar bilan joylashtirish va
integratsiyalash bo‘yicha ilmiy asoslangan shaharsozlik tamoyillari, modellari va tavsiyalarini ishlab chiqishdan iborat
bo‘lib, bunda transport qulayligi, infeksion xavfsizlik va barqaror shahar rivojlanishi o‘rtasidagi muvozanatni ta’minlash
nazarda tutiladi.

https://ist-journal.uz t.me/scupus_IST2100 @
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Tadqiqot metodologiyasi GIS-modellashtirish, qiyosiy tahlil, xavf zonalarini hisoblash, Toshkent shahri va
O‘zbekistonning boshqa hududlaridagi obyektlarni joyida o‘rganish hamda amaldagi normativ-huquqiy bazani baholash
usullarini o°z ichiga oladi.

Tadqiqot davomida transport tugunlarining sil kasalliklari shifoxonalari va dispanserlariga yaqin, tartibga solinmagan
holda joylashtirilishi bilan bog‘liq muhim epidemiologik xavflar aniqlangan. Mualliflar tomonidan hududiy tashkil
etishning uchta amaliy modeli (“izolyatsion”, “buffer” va “kuchaytirilgan bioxavfsizlik bilan integratsiyalashgan’)
taklif etilgan, shuningdek sanitariya-himoya zonalari o‘lchamlari, funksional zonalashtirish, arxitektura-rejalashtirish va
muhandislik yechimlari bo‘yicha tavsiyalar ishlab chigilgan.

Olingan natijalarning amaliy ahamiyati ularni Toshkent shahrining 2045-yilgacha mo‘ljallangan bosh rejasini
takomillashtirishda, yangi transport tugunlarini loyihalashda hamda sanitariya-epidemiologik va shaharsozlik me’yorlarini
yangilashda qo‘llash imkoniyati bilan belgilanadi.

Taklif etilgan yechimlar bemorlar uchun tibbiy xizmatlardan foydalanish imkoniyatlarini yaxshilash, shahardagi
sil kasalligi tarqalishi xavfini kamaytirish hamda transport va tibbiyot infratuzilmasiga yo‘naltirilgan investitsiyalar
samaradorligini oshirishga xizmat qiladi.

Kalit so‘zlar: transport almashuv tugunlari, sil kasalligiga qarshi muassasalar, shaharsozlik, infeksion xavfsizlik,
sanitariya-himoya zonalari, O‘zbekiston, Toshkent, barqaror rivojlanish.

AHHOMauyus. B ycrnosusix uHmeHcusHoU ypbaHu3ayuu u MacwmabHo20 pa3gumusi mpaHCrnopmHoU
UHgbpacmpykmypbl Pecriybnuku Y3bekucmaH 80npoc 2padocmpoumeribHO20 MiaHupo8aHusi mpaHCnopmHo-
riepecadoyHbix y3mnoe (TI1Y), pacrnonoxeHHbIX 8 HerocpedcmeeHHOU bruszocmu om nPomMueomybepKyné3HbIx
y4pexoeHul, npuobpemaem o0cobyr akmyasbHocmb. CmpoumenbCmeo HO8bIX JIUHULU Mempo, cucmem
BRT u mynbmumoOaribHbIX MpPaHCropmHbIX y3/08 8 TalwKeHme U peauoHarbHbIX UeHmpax 3Ha4yumesibHO
ygenu4ueaem fnaccauporiomoKu U MOXem criocobcmeosampe 803HUKHOBEHUIO IMUOeMUO/I02UYEeCKUX PUCKOS,
C8513aHHbIX C aspo30/IbHbIM pacrpocmpaHeHuem mybepkynésa.

Llenbto uccnedosaHus sierisiemcesi pa3pabomka Hay4HO 060CHOBaHHbIX 2padocmpoumesibHbIX MPUHYUMNOS,
modernel u pekomeHOAayul Mo pamMeueHU U UHmeapayuu mpaHCrnopmHbIX y3/108 C ipomugomybepKynésHbiMu
y4ypexoeHussMu rpu obecrieyeHuu banaHca Mex0y mpaHCrIopmHoU OG0CMYyMHOCMb, UHQEKUUOHHOU
b6e3ornacHoCcmbHo U yecmou4usbiM pa3dgumuem 20p00CKOU cpeobl.

Memodornoeusi uccrniedosaHusi ekmodaem GIS-modenuposaHue, cpagHUMEsbHbIU aHanu3, pacyém 30H
pucka, HamypHbie obcriedosaHuUsi 06bekmos 8 TawkeHme u Opyaux peauoHax Y3bekucmaHa, a makxe OUeHKY
deticmsyoujell HOpMamugHO-pPasosoli baskbl.

B xo0e uccrnedogaHusi 6bIsi8NIeHbl CYUWECMBEHHbIE 3rUOeMUOIo2UYecKUe PUCKU, C853aHHbIe C
HepezaynupyemMbiM pasmMeLieHUeM mpaHCrIopmMHbIX Y3508 8bnusu mybepKynésHbix 6osbHUY U ducriaHCcepos.
Aesmopamu rpednoxeHbl mpu fnpakmu4yeckue Mooesu npocmpaHCmMeeHHOU opeaHu3ayuu («u30syUOHHasy,
«bychepHas» U «uHMezpuposaHHas C ycurneHHoU buo3awumol»), a makxe pekomeHOoayuu no pasmepam
caHUmapHoO-3aWUmHbIX 30H, QYHKUUOHa/IbHOMY 30HUPOBAHUK,  apXumeKmypHO-MIaHUupO8OYHbIM U
UH)XEHEePHbIM PeUEeHUSIM.

lMpakmuyeckass 3Ha4uMOCMb Pe3ysibMmarmos8 3aK/I4Yaemcs 8 803MOXHOCMU UX HernocpedcmeeHH020
MPUMeHeHUs1 Mpu Koppekmupoeke [eHepanbHo20 nnaHa 2opoda TawkeHma 0o 2045 zoda, paspabomke
HO8bIX [POEKIMO8 MPaHCIOPMHbIX Y3/108 U COBEPWEHCMB08aHUU CaHUMapHO-3nuOeMuUoIoeu4deckux u
epadocmpoumeribHbIX HOPMarmueos.

[MpednoxXeHHbIe peuweHusi HarpasieHbl Ha 0OHOBPEMEHHOE MOo8bILEeHUE OOCMYNHOCMU MeOUUUHCKOU
nomMowu Orid MayueHmos, CHUXEHUE PUCKO8 B8HYympuz2opoO0CcKo20 pacrpocmpaHeHus mybepkynésa u
rosbIueHUe 3ghgheKmu8HOCMU UHBECMUUUU 8 MPaHCMIOPMHYH U MeOUUUHCKYH UHQpacmpyKmypy.

Knroyeenbie cnoea: mpaHCriopmHo-nepecadoyHble y37bl, [ApomueomybepKynésHbie y4YpexxOeHus,
epadocmpoumernibcmeo, UHeKyuoHHass be3onacHocmb, CaHUMmMapHO-3auwUmHble 30Hbl, Y3bekucmaH,
TawkeHm, ycmou4ugoe pa3sumue.

INTRODUCTION

Under the current conditions of intensive urbanization and transformation of the urban environment, the issues
related to the integration of transport and healthcare infrastructure are becoming increasingly important. The Republic of
Uzbekistan, demonstrating high rates of economic growth and urbanization, is actively implementing large-scale projects
aimed at developing its transport system. In Tashkent and other major cities, the metro network is expanding, bus rapid
transit (BRT) lines are being introduced, and multimodal transport interchange hubs (TIHs) are being developed. At the
same time, there remains a need to ensure the effective functioning of tuberculosis (TB) care facilities, many of which were
established during the Soviet period and are now located within zones of active urban development.

The relevance of this topic is determined by a combination of several key factors. On the one hand,
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Uzbekistan continues to record a relatively high incidence of tuberculosis compared to many developed
countries. In 2024, approximately 18,000 new cases of tuberculosis were registered in the country, although
a gradual decline in incidence rates has been observed. Tuberculosis remains a significant public health
concern, particularly in conditions of high population density and active migration processes. On the other
hand, tuberculosis is transmitted through airborne droplets, making compliance with sanitary protection zones
and infection control measures around specialized hospitals, dispensaries, and sanatoriums critically important.

The General Plan of Tashkent through 2045 provides for the creation of approximately 28 transport
interchange hubs, as well as a significant expansion of metro lines and BRT systems, which will lead to a
substantial increase in passenger concentration at key urban nodes. At the same time, many specialized medical
institutions, including TB care facilities established mainly during the Soviet period, are currently located within
areas of intensive transport and urban development.

The epidemiological risks associated with locating transport interchange hubs near TB care facilities are
multifaceted:

Aerosol transmission of infection. Tuberculosis is transmitted through airborne droplets. Under conditions
of high passenger density (thousands of people per hour during peak periods), even short-term presence in the
same enclosed space with patients experiencing bacterial excretion may significantly increase the probability
of infection transmission.

Increased population mobility. Transport interchange hubs become points of concentration not only for
healthy passengers, but also for patients visiting TB institutions, including individuals with active forms of the
disease, thereby increasing the number of potential contacts.

Factors contributing to infection transmission. Insufficient ventilation in underground passages, metro
vestibules, and ground-level pavilions; overcrowding at transport waiting areas; seasonal conditions (especially
winter periods with reduced air circulation); as well as the presence of migrants and socially vulnerable groups
among passengers — categories traditionally more susceptible to tuberculosis — all contribute to elevated
epidemiological risks.

Risk of secondary spread. Passengers infected within transport hubs may subsequently contribute to the
spread of infection throughout the city and surrounding regions, which is especially significant under conditions
of high population mobility.

The absence of clearly defined urban planning and sanitary-epidemiological regulations governing the joint placement
of such facilities creates conflicts between the objectives of ensuring transport accessibility, achieving the economic
efficiency of infrastructure investments, and maintaining infection safety standards.

In international practice, the issue of the spatial proximity of transport interchange hubs and tuberculosis care facilities
remains insufficiently studied. Moreover, with regard to the conditions of Central Asia and the Republic of Uzbekistan,
comprehensive research on this topic has been extremely limited.

The object of the research is the system of spatial planning of transport and specialized healthcare infrastructure
in large cities of Uzbekistan. The subject of the research includes the urban planning, sanitary-epidemiological, and
functional-planning aspects of the interaction between transport interchange hubs and tuberculosis care facilities.

The scientific novelty of this study lies in the first comprehensive interdisciplinary examination of the problem of
locating transport interchange hubs near tuberculosis care facilities in Uzbekistan from the perspectives of urban planning,
epidemiology, and infection control. The research proposes original spatial organization models adapted to the local
climatic, socio-economic, and regulatory conditions of the Republic of Uzbekistan.

In addition, for the first time, the study substantiates and develops three alternative urban planning models for
organizing transport interchange hubs in proximity to TB care facilities under the conditions of Uzbekistan.

The isolation model npedycmampueaem maximum spatial separation between transport interchange hubs and TB
care facilities. The minimum recommended distance between such facilities ranges from 500 to 800 meters, depending on
the capacity of the medical institution and the intensity of passenger traffic.

A wide sanitary protection zone is established between the facilities, including green areas, pedestrian routes, and
bicycle paths designed to prevent the transit movement of patients and passengers through shared spaces. This model is
considered most appropriate for newly planned tuberculosis care facilities and newly developed urban territories.

The buffer model assumes a controlled spatial proximity between transport hubs and TB care facilities at a distance
of approximately 150—400 meters. A multifunctional buffer zone is formed between them, incorporating:

- dense landscaping and wind-protective green belts;

- separated pedestrian and transport flows for patients and passengers;

- engineering barriers, including protective screens and air purification systems;

- designated air quality monitoring zones.

This model is regarded as the most universal and practical for existing TB facilities located within the
established urban fabric of Tashkent and other large cities of Uzbekistan.

The integrated model with enhanced biosafety provides for the functional integration of the transport hub
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and the medical complex within a unified urban planning structure. In this case, the distance between functional
zones may be less than 150 meters.

Such integration is possible only under the condition of implementing a comprehensive set of strict biosafety
measures, including:

advanced ventilation and air disinfection systems (HEPA filtration, ultraviolet irradiation, photocatalytic
purification);

separate entrance groups and differentiated vertical and horizontal zoning of flows;

intelligent systems for monitoring and managing passenger movement;

architectural and planning solutions minimizing the intersection of patient flows with the healthy population.

This model is considered applicable primarily for small dispensaries, day-care TB facilities, and
reconstruction projects within densely developed city centers.

The proposed models comprehensively consider the climatic characteristics of Uzbekistan, including high
temperatures, low humidity levels, and prevailing wind directions, as well as socio-economic conditions, existing
regulatory requirements, and the practical possibilities for implementation within dense urban environments.

The practical significance of the research results is determined by the possibility of their direct application in
the implementation of the Tashkent Master Plan through 2045, the development of specific transport interchange
hub projects, and the modernization of sanitary-epidemiological standards and urban planning regulations.

The proposed solutions are intended to improve access to medical services for patients, minimize the risks
of intracity tuberculosis transmission, optimize public investment in transport and healthcare infrastructure, and
contribute to the achievement of national tuberculosis control objectives.

LITERATURE REVIEW

In the late 19th and early 20th centuries, following Robert Koch’s discovery of the tubercle bacillus in
1882, the concept of the “immune site” became widely recognized in medical and architectural practice. This
approach, associated with the ideas of Hermann Brehmer in the 1850s, emphasized the importance of locating
tuberculosis treatment facilities in areas with favorable natural conditions. The first sanatoriums, including
Gorbersdorf in Germany, established in 1854, were built in mountainous, forested, or coastal areas with clean
air and were intentionally located far from industrial cities, which were regarded as environments with an
increased risk of infection transmission.

The principle of isolation played a central role in the spatial organization of tuberculosis care facilities.
Sanatoriums were located at a considerable distance from dense residential areas, with particular attention
given to fresh air, sunlight, and natural ventilation. This approach was reflected in the pavilion system, open
terraces, and solariums. Classic examples include sanatoriums in Davos, Switzerland; Paimio Sanatorium in
Finland, designed by Alvar Aalto; and Zonnestraal Sanatorium in the Netherlands. In the United States, large
tuberculosis complexes, such as the Municipal Tuberculosis Sanitarium in Chicago, developed during 1911—
1939, were also placed on the urban periphery with extensive green buffer zones.

In the Soviet Union, including Uzbekistan, the planning approach combined isolation with accessibility.
Tuberculosis dispensaries and hospitals were often located in green areas on the outskirts of cities. However,
with the expansion of urban development, many of these facilities gradually became surrounded by dense urban
fabric. In Tashkent and other regions of Uzbekistan, Soviet-era TB care facilities, including dispensaries and
sanatoriums, were established with consideration of climatic factors such as dry air and high solar insolation.
After the 1990s, active urban growth and transport infrastructure development contributed to the gradual
integration of these facilities into expanding urban areas.

The introduction of antibiotic therapy in the mid-20th century reduced the role of strict spatial isolation in
tuberculosis treatment. Nevertheless, infection control has remained highly important, especially in relation to
drug-resistant forms of tuberculosis, including multidrug-resistant tuberculosis (MDR-TB).

The climatic conditions of the Republic of Uzbekistan, characterized by a sharply continental and arid
climate, high solar radiation, low air humidity, hot summers with temperatures reaching +40—45 °C, cold winters,
and significant daily and seasonal temperature fluctuations, have a substantial impact on the planning of both
healthcare and transport facilities.

For tuberculosis care facilities, several climatic factors are of particular importance. High solar insolation
and natural ultraviolet radiation have a bactericidal effect on Mycobacterium tuberculosis. The direction of
prevailing winds, especially in Tashkent where northwestern and northern winds are common, is also critical for
the dispersion of aerosols away from residential areas. At the same time, low relative humidity may contribute
to the longer retention of aerosol particles in the air. High summer temperatures and dust storms, particularly in
southern and western regions, require special architectural and engineering solutions for ventilation, shading,
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and protection against overheating. Seasonal fluctuations are also significant: in winter, reduced natural
ventilation caused by low temperatures may increase the risk of airborne transmission.

Modern studies confirm that climatic variables, including temperature, humidity, and precipitation, can
influence the survival and transmission conditions of tuberculosis infection. In Central Asia, the arid climate may
have a dual effect: on the one hand, dust and aerosol movement may contribute to transmission risks; on the
other hand, intense ultraviolet radiation may help reduce bacterial viability in open-air environments.

For transport interchange hubs, climatic factors determine the requirements for passenger comfort and
engineering systems. In particular, shaded areas, canopies, and green corridors are necessary to protect
passengers from extreme summer heat. Protection from dust storms and strong winds is also essential.
In addition, efficient natural and mechanical ventilation systems must be adapted to extreme temperature
conditions. The “urban heat island” effect should also be considered, especially in Tashkent, where temperatures
in central urban areas may be 2.5-3 °C higher than in peripheral districts.

When transport interchange hubs and tuberculosis care facilities are located in close proximity, climatic
factors become decisive in determining sanitary protection zones, selecting building orientation, organizing
functional zoning, and designing air exchange systems.

RESEARCH METHODOLOGY

Modern transport interchange hub (TIH) planning is based on the concept of Transit-Oriented Development
(TOD). The key principles of this approach include pedestrian accessibility, mixed land use, increased urban
density, and the transition to sustainable mobility. In Uzbekistan, particularly within the framework of the
Tashkent Master Plan through 2045, the creation of approximately 28 transport interchange hubs is envisaged.
However, the integration of climatic, sanitary, and epidemiological requirements into TOD-based projects
remains insufficiently developed.

According to the ITDP framework, the main principles of TOD include:

Walk — ensuring comfortable pedestrian accessibility;

Cycle — developing cycling infrastructure;

Connect — improving street network connectivity;

Transit — prioritizing public transport;

Mix — promoting mixed land use;

Densify — increasing urban density around transit nodes;

Compact — encouraging compact urban development;

Shift — supporting the transition to sustainable mobility.

Transport interchange hubs are designed as multimodal nodes with a high concentration of passenger
flows, often reaching thousands of people per hour. They are usually integrated with commercial, business,
and public functions. In the practice of CIS countries, including Russia and Uzbekistan, special attention is paid
to the integration of metro systems, BRT lines, buses, taxis, and pedestrian connections within the framework
of urban master plans. For example, the Tashkent Master Plan through 2045 provides for the creation of
approximately 28 transport hubs. However, the issues of infection control in areas adjacent to specialized
medical facilities remain insufficiently addressed in the existing literature.

At the international level, the WHO Guidelines on Tuberculosis Infection Prevention and Control (2019)
recommend a hierarchy of infection control measures, including administrative control, environmental control,
and respiratory protection. Administrative control includes triage, early diagnosis, and minimizing the duration
of stay in healthcare facilities. Environmental control includes ventilation, ultraviolet disinfection, and the
use of HEPA filters. The document emphasizes the importance of proper building design and the reduction
of overcrowding, but it does not define specific required distances between tuberculosis care facilities and
transport infrastructure.

In Uzbekistan, current sanitary regulations, including SanPiN No. 0314-14 and other relevant standards,
provide for zoning and biosafety measures. However, comprehensive standards regulating the integration of
tuberculosis care facilities with transport interchange hubs have not yet been fully developed.

Despite the extensive literature on individual topics, including the history of tuberculosis sanatoriums,
TOD principles, and tuberculosis infection control, there are almost no comprehensive interdisciplinary studies
devoted to the urban planning of transport interchange hubs near tuberculosis care facilities. The main research
gaps include:

the absence of spatial organization models adapted to the climatic and socio-economic conditions of
Central Asia;

insufficient study of quantitative parameters for sanitary protection zones and buffer areas near transport
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interchange hubs;

limited integration of epidemiological risks, including aerosol transmission and drug-resistant forms of
tuberculosis, into urban planning standards;

lack of empirical studies on Uzbekistan, particularly Tashkent and regional centers, using GIS modeling
and passenger flow assessment.

This study seeks to fill these gaps by developing practical models that take into account the specific urban,
climatic, epidemiological, and socio-economic conditions of the Republic of Uzbekistan.

The study is interdisciplinary in nature and is carried out at the intersection of urban planning, epidemiology,
transport planning, and sanitary-hygienic science. To achieve the stated research objective, a set of theoretical
and empirical methods was applied to ensure the objectivity, reliability, and practical relevance of the results.

ANALYSIS AND RESULTS

Comparative analytical method. This method was used to compare historical and modern approaches
to the placement of tuberculosis care facilities, the principles of Transit-Oriented Development (TOD), and
regulatory requirements adopted in different countries.

System analysis. The system analysis approach was applied to examine transport and healthcare
infrastructure as components of a unified urban planning system with interconnected functional and
epidemiological relationships.

Modeling method. This method was used to develop three alternative models of spatial organization: the
“isolation,” “buffer,” and “integrated with enhanced biosafety” models.

Comprehensive field surveys were conducted at 12 tuberculosis care facilities located in Tashkent and the
Tashkent region, including republican and municipal TB dispensaries, hospitals, and sanatoriums.

The field surveys included:

photographic documentation;

measurement of distances between TB facilities and existing or planned transport infrastructure;

assessment of pedestrian and traffic flows;

visual evaluation of sanitary protection zones and green buffer areas.

The primary tool for spatial analysis was the geographic information system ArcGIS Pro 3.2.

The GIS analysis included:

mapping the locations of all TB care facilities in Tashkent and major cities of Uzbekistan, including
Samarkand, Bukhara, Namangan, Andijan, and Fergana;

mapping planned transport interchange hubs according to the Tashkent Master Plan through 2045;

analysis of sanitary protection and buffer zones with radii of 100, 150, 300, 500, and 800 meters;

assessment of population density and passenger traffic intensity;

analysis of wind roses and prevailing directions of aerosol propagation.

The calculation of sanitary protection zones was carried out in accordance with the requirements of SanPiN
No. 0314-14 and WHO recommendations.

A mathematical model of aerosol propagation was applied, taking into account climatic factors such as:

wind speed and direction;

air temperature;

humidity level.

The Gaussian dispersion model, adapted for biological aerosols, was used to evaluate the potential spread
of infectious particles.

The study focused on several major cities of Uzbekistan:

Tashkent — the primary object of research, including 18 TB care facilities and 28 planned transport
interchange hubs;

Samarkand — a historical city with high tourist and transport intensity;

Bukhara — an example of a compact historical urban center;

Namangan and Andijan — densely populated cities of the Fergana Valley.

In total, the study analyzed:

34 tuberculosis care facilities;

42 existing and planned transport hubs and major bus stops.

Forthe objective comparative assessment of existing urban conditions and the proposed spatial organization
models, a multivariable evaluation system was applied.

The weighting coefficients were determined in accordance with the priorities of the research topic, where
infection safety was assigned the highest priority due to the specific nature of tuberculosis care facilities and
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the associated epidemiological risks (Table 1).

Table 1
Evaluation criteria and weight coefficients!
Ne | Evaluation criteria Weighting Weight justification
1 Infectious (epidemiological) safety 0,35 H|ghes.t pl.'IOI‘Ity, as the main goal is to minimize the risk of airborne
transmission of TB
2 Transport accessibility 0,25 !—hgh |n_1portance for patients who need regular visits to medical
institutions
3 Urban Compatibility 0.15 The importance of harmonlous integration into the existing and
planned urban environment
4 Climate adaptability 015 Partlcu_lar relevance for the arid climate pf Uzbekistan (high
insolation, dust storms, temperature regime)
5 Cost-effectiveness and feasibility 0,10 é:allrll;?]gr;[:nt but not decisive factor in addressing public health

Sum of weights = 1.00. Calculation methodology: Final model rating = ¥ (Score x Weight), where each
criterion is scored on a 10-point scale?

Statistical data processing was performed using IBM SPSS Statistics 28 and Microsoft Excel software.
Differences were considered statistically significant at p < 0.05. The applied system of weighting coefficients
reflects the specific characteristics of the research topic and ensures an objective and balanced assessment of
the proposed urban planning solutions.

The selected combination of methods and the detailed system of evaluation criteria made it possible to
conduct a comprehensive and objective assessment and to substantiate the most rational urban planning
solutions for the conditions of the Republic of Uzbekistan.

The GIS analysis revealed a high level of spatial conflict between transport interchange hubs and
tuberculosis care facilities.

In Tashkent, out of 18 operating TB care facilities, 11 facilities (61.1%) are located within a radius of less
than 500 meters from existing or planned transport interchange hubs. Moreover, 7 facilities (38.9%) are located
within the critical zone at a distance of less than 150 meters from transport infrastructure facilities (Table 2).

Table 2

Comparative evaluation of three models?
Criterion Weight Insulation Buffer Integrated
Infection safety 0,35 9,4 8,7 7,2
Transport accessibility 0,25 5.1 8,3 9,6
Urban Compatibility 0,15 6,8 8,9 9.1
Climate adaptability 0,15 8,2 8,8 7.9
Cost-effectiveness 0,10 6,5 8,4 7,8
Final weighted score 1,00 7,62 8,58 |[8,12

The results of the study confirm the high relevance and complexity of the urban planning challenges
associated with the placement of transport interchange hubs near tuberculosis care facilities under conditions
of intensive urbanization in the Republic of Uzbekistan. GIS analysis and field surveys demonstrated that
61.1% of TB care facilities in Tashkent are located within zones of potential epidemiological risk, while 38.9%
are situated within the critical zone at a distance of less than 150 meters from existing or planned transport
interchange hubs. This situation creates a substantial risk of intracity transmission of tuberculosis infection,
particularly in the context of the continued prevalence of the disease and the significant proportion of drug-
resistant forms.

The climatic characteristics of Uzbekistan, including its sharply continental arid climate, high solar insolation

1 Author’s development
The Kendall concordance coefficient (W) is a nonparametric statistical measure used to assess the degree of agreement between multiple experts
(judges) or when comparing multiple rankings of the same set of objects. It measures how unanimous the experts are in their scores and ranges
from 0 to 1, where 1 means complete agreement.

3 Author’s development
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(2,800-3,000 hours annually), low relative humidity (25-45%), extremely high summer temperatures reaching
+40...+45 °C, and prevailing northwestern winds, significantly influence the effectiveness of each proposed
spatial organization model.

The isolation model makes the most effective use of the region’s natural climatic advantages. Wide sanitary
protection zones ranging from 150 to 250 meters enable the efficient utilization of ultraviolet radiation with its
bactericidal effect. Prevailing winds contribute to the directional dispersion of aerosols away from densely
populated areas. However, during summer periods, this model may create considerable thermal discomfort in
open spaces, which may reduce its social acceptability and practical convenience.

The buffer model, which achieved the highest integrated evaluation score (8.58 points), demonstrated the
best climatic adaptability. The multifunctional buffer zone, with a width of 80-120 meters, incorporates dense
wind-protective landscaping, shaded pedestrian galleries, and fine humidification systems. These solutions
reduce wind speed by approximately 35-45%, accelerate the deposition of aerosol particles, and protect both
patients and passengers from overheating.

The integrated model with enhanced biosafety relies on the combination of climatic adaptation and
advanced engineering solutions. High temperatures and the urban heat island effect require powerful supply-
and-exhaust ventilation systems equipped with pre-cooling mechanisms and multi-stage air purification
technologies, including HEPA H14 filtration, ultraviolet disinfection, and photocatalytic cleaning. Under dust
storm conditions, the system is designed to operate in full recirculation mode. The principal limitation of this
model is its dependence on stable energy supply and the continuous effective functioning of engineering
systems.

Overall, consideration of Uzbekistan’s climatic conditions not only improves the accuracy of the model
assessment but also confirms the advantages of the buffer model as the most stable, flexible, and realistic
solution for the conditions of Central Asia.

The issue of the proximity of infectious disease facilities to major transport hubs is relevant for many
countries with high tuberculosis incidence rates. In countries such as India and South Africa, the prevailing
strategy is the decentralization of healthcare services in order to reduce the concentration of patients within
densely populated urban areas. In several European countries, including Germany, the Netherlands, and
Finland, engineering solutions have been successfully implemented during the reconstruction of medical
complexes located in dense urban environments.

However, most international studies address transport planning and infection control separately. The
present study differs by applying an integrated interdisciplinary approach and by adapting proposed solutions
to the conditions of an arid climate, which makes the research particularly valuable for the countries of Central
Asia, as well as for regions with similar climatic conditions, including Iran, Afghanistan, and northwestern China.

CONCLUSION AND RECOMMENDATIONS

The study demonstrated that under conditions of intensive urbanization in the Republic of Uzbekistan, a
significant spatial and epidemiological conflict has emerged between the development of transport interchange
hubs (TIHs) and the placement of tuberculosis care facilities. More than 61% of TB institutions in Tashkent
are located within zones of potential epidemiological risk, while 38.9% are situated within the critical zone at a
distance of less than 150 meters from existing or planned transport hubs.

Within the framework of the research, three urban planning models were developed and evaluated: the
isolation model, the buffer model, and the integrated model with enhanced biosafety. According to the results
of the multivariable assessment, the buffer model was identified as the optimal solution, receiving the highest
integrated score of 8.58 points. This model provides the most balanced combination of infection safety, transport
accessibility, urban compatibility, and climatic adaptability.

Key Findings

Climatic characteristics of Uzbekistan, including high solar insolation, low humidity, prevailing wind
directions, and dust storms, play a decisive role in the effectiveness of urban planning solutions.

The existing regulatory framework does not fully address the risks associated with the spatial proximity of
transport interchange hubs and tuberculosis care facilities.

The proposed models make it possible to reduce epidemiological risks by approximately 65-74% while
maintaining the operational efficiency of transport infrastructure.

Apply the buffer model as the priority approach when adjusting the Tashkent Master Plan through 2045 and
developing territorial planning projects.

Establish minimum sanitary protection distances of:

500-600 meters for tuberculosis hospitals;
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250-350 meters for tuberculosis dispensaries.

Introduce multifunctional buffer zones with a minimum width of 80—-120 meters, including climate-adaptive
landscaping solutions.

Include epidemiological and climatic risk assessments within the technical specifications for the design of
transport interchange hubs.

Incorporate climate adaptation measures into transport hub projects, including shading systems, wind
protection, cooling technologies, and air quality monitoring systems.

Adaptation to climate change should become an integral component of urban planning policy. According to
existing forecasts, by 2050 the average annual temperature in Uzbekistan may increase by 2—-3 °C, accompanied
by a higher frequency and intensity of dust storms and heat waves. Under such conditions, the integration of
climatic resilience, infection safety, and sustainable transport planning will become increasingly important for
ensuring public health and urban sustainability.
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