CTpOVITeJ'IbeIe mMaTtepuarnbl N n3genna

Construction Materials and Products ISSN

2618-7183

journal homepage: https://bstu-journals.ru

DOI: 10.58224/2618-7183-2026-9-3-9 @C-H

Balancing residential growth and social infrastructure in
suburban rural settlements: a scenario-based planning model

Kulikova E.S. 1@, sulimin V.V. @2, Shvedov V.V.!

! Ural State University of Economics, Russia

Abstract. The paper addresses the problem of balancing residential development and social
infrastructure in a suburban rural settlement experiencing increasing demographic and planning
pressure due to its proximity to a major urban center. The study focuses on Michurinskoye rural
settlement in Dinskoy District, Krasnodar Krai, which includes five inhabited localities and is located
within the suburban influence zone of Krasnodar. The aim of the study is to develop a calculation
model that makes it possible to compare the pace of residential load growth with the actual and
normative provision of social infrastructure at the level of individual localities. The methodological
framework is based on territorial planning documents, local urban planning standards, housing stock
data, projected population figures, and the existing service network. The assessment uses demand
coefficients for preschool places, school capacity, primary healthcare points, indoor sports halls, and
outdoor sports grounds. Based on these indicators, provision coefficients and an integral balance index
were calculated. The results show that with population growth from 6,790 to 10,125 residents, the
most pronounced infrastructure gap emerges in preschool provision, school capacity, and outdoor
sports facilities. The most vulnerable localities according to the integral index are Vishnyaki,
Kochetinsky, and Yantarny. Scenario modeling was carried out for three development options:
centralized, polycentric, and distributed. The distributed scenario demonstrated the highest integral
index value, but taking into account construction and operational efficiency, the polycentric option
proved to be the most rational. It involves strengthening the service nodes in Agronom and
Zarozhdenie while providing selective local additions in peripheral settlements. The findings may be
used for updating master plans, preparing territorial planning documentation, and justifying the phased
placement of local service facilities.
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1. INTRODUCTION

The transformation of rural territories located within the sphere of influence of large cities has
become one of the most significant trends in contemporary spatial development. In such territories,
residential expansion increasingly outpaces the modernization of social infrastructure, everyday
service provision, and the functional adaptation of settlement systems. As a result, planners face a
compound technical problem: the growth of housing stock changes the spatial distribution of
population and daily demand, while the network of educational, medical, recreational, and community
facilities often remains tied to an earlier stage of settlement development. Recent international studies
confirm that social infrastructure should be treated not as an auxiliary element of territorial
development but as one of its structural foundations. The stabilizing role of community-led social
infrastructure in disadvantaged areas has been demonstrated in research showing that local service
environments support social inclusion and territorial resilience [1]. At the same time, the housing
question itself has increasingly been interpreted through the lens of institutional and spatial
coordination, including the role of non-state actors in providing socially significant built environments
[2]. This broadens the planning perspective and requires a closer connection between residential
development and the territorial organization of public services. The relationship between settlement
transformation and social structure has also been examined in studies of urbanization, migration, and
trust. Research on the transition from rural to urban environments shows that changes in settlement
form are accompanied by changes in the mechanisms of social cohesion and interaction [3]. In
parallel, the assessment of housing potential in low-income environments demonstrates that housing
development cannot be evaluated independently from the broader system of supporting facilities and
services [4]. Large residential developments reshape everyday social relations, which means that the
spatial effects of housing growth extend well beyond physical construction and directly affect the
organization of local life [5]. The growing attention to participation in planning further reinforces this
point. Studies focused on the role of children in spatial decision-making reveal that territorial design
influences not only accessibility in a narrow technical sense but also the inclusiveness of planning
outcomes [6]. This is especially relevant when settlement growth changes the location of everyday
destinations such as schools, sports grounds, and health points.

A substantial body of literature now links infrastructure provision with pedestrian accessibility,
land-use structure, and the lived experience of daily mobility. Empirical evidence shows that walking
access to social infrastructures is strongly associated with the morphology of the built environment
and with the distribution of service nodes across urbanized space [7]. The importance of such
relationships is underscored by broader work on the effects of rural and urban living conditions on
child development, which indicates that access to educational, recreational, and health-supporting
environments remains a decisive component of territorial quality [8]. Other studies emphasize that
social infrastructure is inseparable from the quality of public space and from local place-making
processes. Community gardening and similar forms of collective space production have been shown to
strengthen the social value of housing environments and to improve the functioning of residential
areas as lived territories rather than merely built objects [9]. From a technical planning perspective,
this means that the growth of residential areas must be assessed together with the capacity of the
service environment to support daily use, interaction, and local integration. The planning dimension of
this issue becomes even more complex when the ecological consequences of land development are
taken into account. Modeling research has shown that urban and rural land planning decisions
influence not only the distribution of settlement functions but also the ecological condition of the
surrounding environment [10]. In rural territories undergoing suburbanization, this creates a threefold
balance problem involving housing growth, infrastructure provision, and the preservation of
agricultural and environmental functions. At the same time, rural revitalization studies indicate that the
attraction of new residents into non-urban areas can produce positive territorial effects only when
settlement policy is accompanied by a coherent community-oriented service framework [11]. Thus,
both environmental and social research converge on the conclusion that rural settlements exposed to
external growth pressure require more differentiated planning instruments than simple population-
based norms.
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In Russian-language scholarship, the issue of social infrastructure in rural territories has been
developed from several complementary angles. One important line of research is based on the
typology of rural localities according to the degree of provision with social infrastructure facilities,
which makes it possible to distinguish structurally different settlement types rather than treat all rural
settlements as homogeneous units [12]. Another line of work focuses on the current condition and
development prospects of rural social infrastructure, emphasizing the persistence of a gap between
objective needs and actual provision [13]. Studies of social connectedness in urban planning
demonstrate that the spatial arrangement of facilities has direct consequences for interaction patterns
and territorial cohesion [14]. This is particularly important for settlements in transitional zones
between urban and rural systems, where the location of schools, health points, and sports facilities
affects not only service access but also the practical shape of everyday inter-settlement ties. Research
on planning the development of rural social infrastructure also stresses that infrastructure should be
embedded into territorial development strategies at the planning stage rather than added reactively
after settlement change has already occurred [15]. Complementing this, studies of rural living
conditions show that housing comfort cannot be meaningfully interpreted without reference to the
broader everyday service environment [16]. More recent international work has moved the discussion
toward explicit measurement of inequality, accessibility, and social infrastructure as core components
of territorial planning. Studies mapping urban-rural inequalities in access to social infrastructure show
that formal territorial inclusion often conceals major internal disparities in service opportunity [17]. At
the same time, systematic reviews of the concept of social infrastructure demonstrate its rapid rise as a
central interdisciplinary category linking planning, everyday life, resilience, and spatial justice [18].
For rural and suburban planning, this conceptual shift is especially important because it encourages the
interpretation of service facilities not simply as sectoral objects but as elements of a territorially
organized support system. Further work on suburban rural revitalization shows that integrated whole-
process landscape management can serve as a framework for aligning settlement growth with
environmental and functional territorial characteristics [19]. This suggests that rapidly developing
rural settlements should be planned through coordinated models that incorporate both demographic
expansion and infrastructural capacity.

Accessibility-based approaches reinforce this conclusion. Research applying the “15-minute city”
and “X-minute accessibility” logic beyond the urban core demonstrates that suburban and peripheral
areas can also be analyzed through time-sensitive service availability models [20]. This has direct
methodological relevance for suburban rural settlements, where administrative classification as “rural”
may obscure strong everyday dependence on regional service centers. Studies of rural accessibility in
Crete further show that planning in rural areas must balance two logics: proximity to facilities and
network connectivity between localities [21]. Where settlement structures are dispersed, it is often
impossible to provide a full service set in each locality; yet over-centralization may create excessive
dependence and territorial exclusion. Research on local government planning for community
sustainability in municipal peripheries confirms that differentiated territorial strategies are needed
when settlements vary in size, function, and infrastructural base [22]. Together, these studies suggest
that service balance should be assessed not only by aggregate capacity but also by spatial hierarchy
and by the relation between central nodes and dependent localities. This argument is supported by
research on residential choice and public service distribution. Empirical work on rural residential
preferences demonstrates that accessibility remains one of the strongest determinants shaping
locational attractiveness and settlement dynamics [23]. Studies using multisource geospatial data to
assess regional public service accessibility in underdeveloped territories show that service inequality
can be measured more precisely when spatial rather than purely administrative indicators are
employed [24]. Other research shows that accessibility and equity may be significantly improved
through the restructuring of rural settlement systems even without entirely new facility construction,
which is highly relevant for territories with constrained budgets and uneven demographic pressure
[25]. In parallel, work on digital villages indicates that new technologies may strengthen the delivery
of basic public services in rural areas, but do not eliminate the need for an adequate physical
infrastructure framework [26]. This means that digitalization may complement but cannot substitute
for territorially balanced planning of everyday facilities.
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Recent studies also expand the discussion toward inclusiveness and regional-scale service
organization. Research on universal design in rural territories demonstrates that accessibility must be
interpreted not only as physical proximity, but also as the practical ability of different user groups to
benefit from the built environment [27]. Finally, studies of services of general interest in functional
urban regions show that the provision and accessibility of key facilities must be evaluated within the
broader settlement network rather than within isolated administrative units [28]. This is particularly
relevant for suburban rural settlements that function simultaneously as local living environments and
as parts of wider regional mobility and service systems. Such settlements often combine a rapidly
growing residential base with an incomplete or historically inherited infrastructure hierarchy, which
makes them especially suitable for scenario-based planning analysis. Despite the breadth of the
existing literature, an important research gap remains. Many studies address either large urban
systems, remote rural territories, or individual infrastructure sectors in isolation. Less attention has
been given to suburban rural settlements as a distinct planning type characterized by rapid residential
growth, partial infrastructural modernization, and strong internal differentiation between localities. In
such settlements, aggregate population indicators are insufficient because they conceal the uneven
territorial distribution of demand and the unequal dependence of smaller localities on dominant service
centers. Likewise, a purely normative approach to service planning may fail to capture the real
relationship between projected population growth, the existing housing stock, and the spatial
configuration of the infrastructure network. What is needed is a technical planning model that
integrates these elements into a single evaluative framework.

The present study addresses this gap by proposing a scenario-based model for assessing the balance
between residential development and social infrastructure in a suburban rural settlement. The
underlying premise is that balanced territorial development depends not only on how many facilities
exist in total, but on how facility provision corresponds to the scale and geography of residential
growth. The paper therefore combines four analytical components: projected demographic load,
existing housing stock, actual infrastructural provision, and normative service demand. These
components are then linked through a composite balance index and tested under alternative
development scenarios. Such an approach makes it possible to move from descriptive diagnosis to
technical planning evaluation. The scientific novelty of the study lies in the development of an integral
model that compares infrastructure adequacy with the coefficient of residential growth at the locality
level. Its methodological contribution lies in the combination of infrastructural indicators with a
scenario-based interpretation of settlement hierarchy. Its practical contribution lies in the ability to
identify not only the existence of service deficits, but also the most rational territorial logic for their
reduction. This is especially relevant for suburban rural settlements where one dominant locality
concentrates most services, while smaller settlements remain partially or fully dependent on it. In such
cases, planning decisions must answer not only where new facilities are needed, but also whether a
centralized, polycentric, or distributed development pattern is territorially more effective.

For this reason, the study is positioned at the intersection of urban planning, rural settlement
studies, accessibility analysis, and infrastructure modeling. It builds on the international discussion of
social infrastructure, spatial inequality, and territorial accessibility, while responding to the applied
needs of settlement planning under suburban growth conditions. The following sections therefore
develop and test a model intended to evaluate how residential expansion and social infrastructure can
be brought into a more balanced relationship within a differentiated rural settlement system.

2. METHODS AND MATERIALS

The object of the study is Michurinskoye rural settlement of Dinskoy District, Krasnodar Krai,
which includes the settlements of Agronom, Vishnyaki, Zarozhdenie, Kochetinsky, and Yantarny. The
settlement is located in the suburban zone of Krasnodar. Its total area is 4,947.66 hectares, of which
739.175 hectares are classified as settlement land and 2,570.65 hectares as agricultural land, including
1,516.52 hectares occupied by orchards. The official municipal information also indicates that local
employment is strongly linked to the agro-industrial sector, with OAO “Agronom” serving as the key
enterprise, operating on 4,116 hectares and employing around 600 people. This functional
specialization reinforces the dependence of spatial structure on daily and seasonal mobility patterns.
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The empirical base of the study includes the master plan of Michurinskoye rural settlement, the
explanatory planning materials, the 2025 local urban planning standards, and official information
published by the municipal administration. According to the master-planning documentation, the
current population is 6,790 residents, while the projected population reaches 10,125. The projection by
locality is as follows: Agronom, 4,172 to 6,140 residents; Vishnyaki, 625 to 735; Zarozhdenie, 934 to
1,795; Kochetinsky, 626 to 765; and Yantarny, 433 to 690. The total housing stock amounts to 122.90
thousand square meters, including 79.14 thousand square meters in Agronom. Housing provision
ranges from 13.5 to 20.8 square meters per resident across the localities.

For modeling purposes, five core indicators of social infrastructure were selected: preschool places,
school places, a primary healthcare point, indoor sports hall area, and outdoor sports ground area.
These indicators are especially sensitive to population growth and suitable for analysis at the
settlement level. The actual provision was determined from the existing service network: Agronom
contains a school for 520 students, a kindergarten for 75 children, a medical outpatient clinic with 60
visits per shift, two indoor sports halls, an outdoor sports ground of 3,615 square meters, a club for
500 seats, and a library; Zarozhdenie contains a school for 300 students, one indoor sports hall, and a
feldsher-midwife station; Kochetinsky and Yantarny each contain a feldsher-midwife station;
Vishnyaki does not contain permanent educational or primary medical facilities. The total indoor
sports hall area is 2,101 square meters, of which 1,781 square meters are located in Agronom and 320
square meters in Zarozhdenie.

Vishnyaki Zarozhdenie

small locality secondary node

Agronom

primary settlement core

Kochetinsky Yantarny
peripheral locality growing locality
D primary core D secondary node D peripheral / limited node D weak local base

Fig. 1. Schematic planning structure of the settlement.

Fig. 1 demonstrates the nodal structure of the settlement, with Agronom functioning as the
dominant service center and the remaining localities occupying secondary or peripheral positions. This
configuration predetermines an uneven distribution of daily service demand and explains why
residential growth generates asymmetric infrastructure pressure. Zarozhdenie emerges as the most
promising secondary node, whereas Vishnyaki, Kochetinsky, and Yantarny remain more dependent on
inter-settlement accessibility.

Normative coefficients were derived in two ways. For preschool and school places, an
approximation was made on the basis of tabulated normative demand values contained in the planning
documentation. The resulting average coefficients amounted to 54.3 preschool places and 136.1 school
places per 1,000 residents. For indoor sports halls, a provision rate of 70 square meters per 1,000
residents was adopted, while for outdoor sports grounds the coefficient was set at 1,949.4 square
meters per 1,000 residents. These values are consistent with the planning tables and the local urban
planning standards.



CrpoutenbHbie MaTepuasbl u ueans/Construction Materials and Products. 2026. 9 (3)

For primary healthcare, the minimum level was taken as one basic facility per inhabited locality;
the outpatient clinic in Agronom was treated as equivalent to such a facility. In addition, the local
standards establish a pedestrian accessibility threshold of 1,000 meters for sports halls and sports
grounds, which was used in interpreting the results.

Normative demand was calculated as:
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where Dj; is the normative demand for facility type j in locality i, P; is the projected population, and n;
is the provision norm per 1,000 residents. The provision coefficient for each infrastructure type was
determined as:

K
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where Cj; is the actual capacity or area of the facility. The integral infrastructure provision coefficient
was calculated as:
1
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where m=5 is the number of indicators considered. The residential load coefficient was defined as:

Hi = M, (4)
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The higher the value of B;, the more synchronized the development of infrastructure is with the growth
of residential load. Values below 0.30 were interpreted as a high imbalance, 0.30-0.60 as a stressed
state, and values above 0.60 as a conditionally acceptable level requiring only selective improvements.

3. RESULTS AND DISCUSSION

The first stage of the analysis focused on identifying the planning heterogeneity of the settlement
system. For technical assessment purposes, it was important not only to record total population growth
but also to show its distribution across the localities in comparison with current housing parameters.
This combination makes it possible to interpret residential development as a future load on service
facilities. The growth pattern in Michurinskoye rural settlement is clearly uneven. Alongside the
dominant core of Agronom, Zarozhdenie and Yantarny demonstrate accelerated expansion, while the
peripheral localities retain a much smaller scale. At the same time, the existing housing stock and the
indicator of housing provision already reveal a marked structural asymmetry. Agronom concentrates
the major share of residential area, yet its preschool and outdoor sports provision remain insufficient
relative to projected demand. The smaller localities are almost entirely deprived of an educational
core. This means that further housing development without infrastructural reinforcement will increase
inter-settlement trips, intensify dependence on a single service center, and reduce everyday
accessibility for families with children. The initial demographic and housing parameters are presented
in Table 1 [17, 18].
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Table 1. Demographic dynamics and housing stock parameters by locality.

Locality Population Population Growth, Housing Housing

2021, 2030, % of 2021 stock, provision,

persons persons thousand m? m?/person
Agronom 4.172 6.140 147.2 79.14 20.8
Vishnyaki 625 735 117.6 9.48 135
Zarozhdenie | 934 1,795 192.2 14.72 16.2
Kochetinsky | 626 765 122.2 11.05 16.3
Yantarny 433 690 159.4 8.51 17.0
Total 6.790 10.125 149.1 122.90 18.6

Table 1 shows that the settlement develops as a clearly heterogeneous suburban system. The
highest growth intensity is observed in Zarozhdenie, where the population increases by a factor of
1.92. Yantarny also demonstrates rapid growth, reaching 1.59 times its original population. Agronom,
while maintaining its dominant position, grows by a factor of 1.47 and concentrates more than 60% of
the settlement population by the target year.

Vishnyaki Zarozhdenie
no permanent school, FAP,
core facilities sports hall

Agronom
school, kindergarten, clinic,
sports halls, sports ground,
club
Kochetinsky Yantarny
FAP only FAP only

[] dominant service concentration [_| partial secondary concentration [ minimum local provision

Fig. 2. Spatial concentration of social infrastructure.

Fig. 2 clearly shows the centralized pattern of infrastructure provision. The major share of
educational, medical, sports, and cultural facilities is concentrated in Agronom, while Zarozhdenie
forms only a partial secondary node. The remaining localities possess only minimal functions or are
entirely dependent on external service access. This spatial concentration explains the decline in the
balance index under growing residential load in peripheral areas.

This means that it absorbs the largest share of current and future social load. Housing provision is
also uneven at the baseline stage: it ranges from 13.5 m*person in Vishnyaki to 20.8 m?/person in
Agronom. For urban planning, this is crucial. The true object of balance is not the settlement as a
whole but a network of localities with different capacities, different growth rates, and different
infrastructural starting conditions. If planning decisions rely only on aggregate population totals, local
deficits remain concealed behind average values. For that reason, all subsequent calculations were
performed separately for each locality.

The second stage of the study was devoted to assessing actual and normative provision for the key
categories of social infrastructure. A calculation scheme was applied that linked the projected 2030
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population with the existing service network. The selected facilities reflect the most basic types of
everyday service demand: preschool institutions, schools, primary medical facilities, indoor sports
halls, and outdoor sports grounds. The model deliberately caps each provision coefficient at one,
preventing overprovision in one category from compensating for a deficit in another. Thus, an excess
of sports hall area in Agronom does not offset the absence of preschool facilities in Vishnyaki or
Kochetinsky. This makes the final index sensitive not to the size of a single large facility but to the
multi-component completeness of the service environment. The results of this calculation are
presented in Table 2 [18, 19].

Table 2. Actual provision and calculated demand for core social infrastructure facilities.

Locality | Kindergarten: | School: Medical Sports Sports Balance
actual / actual / point: hall: actual | grounds: | index B;
demand, demand, actual / / demand, actual /

places places demand, m? demand, m?
units

Agronom 75/334 520/836 |1/1 1.781/430 | 3.615/ 0.428

11.969
Vishnyaki 0/40 0/100 0/1 0/51 0/1,433 0.000
Zarozhdenie | 0/98 300/244 |1/1 320/126 | 0/3,499 0.312
Kochetinsky | 0/42 0/104 1/1 0/54 0/1,491 0.164
Yantarny 0/37 0/94 1/1 0/48 0/1,345 0.126
Settlement | 75/550 820/ 41/5 2.101/709 | 3.615/ 0.336*
total 1.378 19.738

* For the total line, a population-weighted integral index is presented.

The calculations show that the overall settlement-level picture does not appear uniformly critical
across all indicators, yet the internal structure of the settlement is sharply imbalanced.

Il e e e e 0.60

0.4

0.312

03 |-

0.2

0.1

0.000

0.0

Agronom Vishnyaki Zarozhdenie Kochetinsky Yantarny

Fig 3. Balance index by locality.

Fig. 3 provides a visual representation of inter-locality differentiation in the balance index. Even in
Agronom, the indicator remains below the ycimoBHo acceptable threshold of 0.60, which means that
infrastructure development lags behind residential expansion. Zarozhdenie occupies an intermediate
position, while Vishnyaki, Kochetinsky, and Yantarny remain in the zone of pronounced
infrastructural imbalance.
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The most acute deficit concerns preschool education. With a total demand of 550 places, only 75
are actually available, which corresponds to roughly 13.6% provision. School infrastructure is
relatively better but still insufficient: 820 places versus a calculated demand of 1,378, leaving a deficit
of 558 places. In primary healthcare, the settlement is close to the minimum acceptable configuration,
but Vishnyaki remains without its own basic facility. The gap in outdoor sports infrastructure is
especially significant: 3,615 m? versus a calculated demand of 19,738 m?, meaning provision of only
18.3%. Indoor sports halls display a different pattern. Owing to the concentration of facilities in
Agronom and Zarozhdenie, the aggregate indicator exceeds the calculated demand, yet local coverage
remains uneven. This explains why the balance index reaches only 0.428 in Agronom and 0.312 in
Zarozhdenie despite the presence of relatively strong individual facilities. Vishnyaki receives a zero
index value under the adopted model because it lacks a kindergarten, school, medical point, and sports
infrastructure. Kochetinsky and Yantarny satisfy the minimal medical condition but remain highly
deficient in all other categories. The result confirms that the key problem of the settlement is not
merely an insufficient number of facilities but their structural and spatial imbalance.

550

5 19738

. Actual provision

. Calculated demand
100%

75%

50%

25%

Kindergarten School Medical points Sports halls Sports grounds

Fig. 4. Degree of infrastructure deficit by major facility type for the settlement as a whole.

Fig. 4 shows that the most severe deficits concern preschool provision and outdoor sports
infrastructure. School capacity also remains substantially below the calculated demand. At the same
time, the gap in primary healthcare is comparatively limited, and indoor sports hall provision is
formally sufficient at the aggregate level. This confirms that the key problem lies not in the absolute
absence of all facility types, but in a selective and structurally uneven pattern of infrastructural
development.

The third stage of the study involved scenario testing. Three development options were modeled
using the same total amount of additional infrastructure resources corresponding to the identified
deficits: 475 preschool places, 558 school places, one additional primary healthcare facility, and
16,123 m? of outdoor sports grounds. What differed was the logic of spatial placement. In the
centralized scenario, the bulk of new facilities was concentrated in Agronom and Zarozhdenie. In the
polycentric scenario, the increase was distributed between two major service nodes and partially
extended to peripheral localities. In the distributed scenario, deficits were addressed through the
largest number of local interventions, including small-scale facilities in minor settlements. These
values should be interpreted as model estimates rather than as a ready-made design proposal. Their
purpose is to compare the spatial effectiveness of different placement logics rather than to define exact
construction programs. The results are shown in Table 3.
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Table 3. Scenario modeling of social infrastructure development.

Scenario Weighted Weighted Agrono | Vishn | Zarozh | Koche | Yantar
provision balance m yaki denie | tinsky ny
coefficient index
SwS_wSw BwB_ wBw
Baseline 0.517 0.336 0.428 0.000 |0.312 |0.164 | 0.126
state
Centralized | 0.837 0.544 0.675 0.170 | 0520 |0.164 |0.251
Polycentric | 0.875 0.577 0.627 0.340 | 0520 | 0.617 | 0.481
Distributed | 0.875 0.581 0.599 0.617 |0.520 | 0.640 | 0.470

The scenario results demonstrate that even with the same total amount of additional infrastructure,
the spatial logic of placement substantially affects the final outcome.

0.577 0.581

Baseline Centralized Polycentric Distributed

Fig. 5. Degree of infrastructure deficit by major facility type for the settlement as a whole.

Fig. 5 indicates that all modeled development options improve the baseline condition, but their
planning efficiency differs. The distributed scenario yields the highest formal value of the weighted
balance index, although only marginally above the polycentric option. Given the higher degree of
construction fragmentation and expected operating complexity in the distributed model, the
polycentric scenario should be considered the most rational planning solution.

The centralized scenario increases the weighted balance index from 0.336 to 0.544, but the main
benefit is captured by the central node. The index for Agronom rises to 0.675 and for Zarozhdenie to
0.520, whereas Kochetinsky remains at 0.164 and Vishnyaki rises only to 0.170. This means that pure
centralization reduces the overall deficit but leaves peripheral vulnerability largely unresolved. The
polycentric scenario produces the best systemic result in planning terms. The weighted balance index
increases to 0.577, while peripheral localities move out of the critical zone. The greatest improvement
occurs in Kochetinsky, which reaches 0.617, and in Yantarny, which rises to 0.481. The distributed
scenario formally yields the highest weighted index of 0.581, with Vishnyaki reaching 0.617.
However, this option requires the greatest fragmentation of construction and implies the creation of
multiple small-scale educational and service modules, which would increase operating costs and
complicate staffing. For this reason, from an engineering and planning perspective, the polycentric
scenario should be regarded as the most rational. It achieves nearly the same integral result as the
distributed option but does so through a more efficient nodal structure: reinforcing Agronom and

10



CrpoutenbHbie MaTepuasbl u ueans/Construction Materials and Products. 2026. 9 (3)

Zarozhdenie as daily service centers while providing selective medical, sports, and community
facilities in the peripheral localities. For a suburban rural settlement, this model better corresponds to
the real hierarchy of settlements and to the principles of phased territorial development.

An additional finding of practical importance is that residential development and social
infrastructure in a suburban rural settlement cannot be treated as independent subsystems. The
planning documentation indicates that in some peripheral localities the street network includes gravel
and unpaved roads, while the levels of landscaping and greenery are assessed as insufficient. Hence,
the infrastructural deficit in Michurinskoye rural settlement is not only quantitative but also spatial-
environmental in nature. This means that implementation of the polycentric scenario should involve
not only the construction of separate buildings but also improvements to the street network, public-
space landscaping, and pedestrian connectivity, especially in the areas surrounding educational, sports,
and medical facilities.

The obtained results indicate that the central problem of the case settlement is not limited to a
numerical shortage of facilities. The deeper issue lies in the mismatch between the spatial pattern of
residential growth and the spatial pattern of infrastructure concentration. This distinction is critical for
a technical urban planning paper because an aggregate provision indicator alone may hide major intra-
settlement disproportions. In the projected population structure, Agronom accounts for 60.6% of all
residents, Zarozhdenie for 17.7%, Vishnyaki for 7.3%, Kochetinsky for 7.6%, and Yantarny for 6.8%.
However, the distribution of service capacity is much more concentrated than the population itself.
Agronom contains 100% of preschool places, 100% of outdoor sports grounds, 84.8% of indoor sports
hall area, and 63.4% of school capacity. Zarozhdenie contains the remaining 36.6% of school capacity
and 15.2% of indoor sports hall area. The other three localities have no school capacity, no preschool
places, no indoor sports halls, and no outdoor sports grounds. This means that 21.7% of the projected
population is located in settlements that do not possess a basic education and sports core at all.

From a planning perspective, such a structure produces a double spatial asymmetry. First, service
concentration is stronger than population concentration. Second, the spatial hierarchy of localities is
sharper in infrastructure terms than in demographic terms. If a locality hosts 6-8% of the projected
population but 0% of the educational or sports capacity, its residents become structurally dependent on
external nodes for everyday needs. This type of dependence is especially problematic for families with
children, older residents, and households with limited access to private vehicles. The issue is therefore
not simply one of facility shortage, but of facility centralization beyond the level justified by the
settlement hierarchy itself.

This conclusion can be demonstrated through a simple localization comparison. If the share of a
given locality in total service capacity is divided by its share in projected population, values above 1
indicate overconcentration relative to population, while values below 1 indicate underrepresentation.
Agronom has a localization coefficient of 1.65 in preschool provision and 1.65 in outdoor sports
grounds. In indoor sports hall provision its coefficient is about 1.40. Zarozhdenie, by contrast, reaches
approximately 2.07 in school capacity, which means that its school network is oversized relative to its
own projected population and partially serves a supra-local function. Vishnyaki, Kochetinsky, and
Yantarny, by the same logic, display zero values in preschool, school, and sports provision. In other
words, the service structure already contains the embryo of a two-node system, but it remains
incomplete and does not adequately cover the peripheral belt. This pattern matters because
infrastructure planning in suburban rural settlements cannot be based on administrative boundaries
alone. In reality, the settlement behaves as a differentiated system composed of one dominant core,
one incomplete secondary node, and several infrastructure-dependent satellites. Such a configuration
may remain functional under low demographic pressure, but it becomes unstable under rapid
residential growth. Once the number of residents rises without a proportional redistribution of service
functions, the system shifts from centralized efficiency to centralized overload. Therefore, the present
case should be interpreted not as a settlement with a simple deficit of facilities, but as a settlement
with a structurally unbalanced service geometry.

The calculations also allow a more detailed interpretation of imbalance by separating functional
blocks instead of relying only on the integral index. At the total settlement level, preschool provision
reaches only 13.6% of the calculated demand. School provision reaches 59.5%. The availability of
primary medical points reaches 80.0% when measured by the minimum one-facility-per-locality
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criterion. Indoor sports halls formally exceed the calculated demand at the aggregate level, because
2,101 m? are available against a calculated demand of 709 m2 Outdoor sports grounds reach only
18.3% of the required area. These values show that the settlement combines underprovision, threshold
provision, and formal overprovision within the same system. This makes a single aggregate
interpretation misleading unless internal redistribution is also considered. The preschool block is the
most problematic. With 550 required places and only 75 existing places, the system exhibits an
absolute deficit of 475 places. In practical terms, this means that even if all existing places were used
with full intensity, the settlement would still cover less than one seventh of the normative demand.
Because all preschool capacity is concentrated in Agronom, the shortage is combined with spatial
exclusion for residents of the other four localities. The preschool block therefore becomes the
strongest limiting factor for balanced residential growth.

The school block is less critical but still highly constrained. The total deficit equals 558 places.
However, the school structure differs from the preschool structure because it is distributed between
Agronom and Zarozhdenie. This two-node distribution already hints at a more rational spatial model.
Yet the current arrangement remains insufficient for two reasons. First, total capacity is still below
projected demand. Second, none of the smaller localities has even a minimal educational anchor. As a
result, the school network is not absent, but topologically incomplete. Primary healthcare represents a
different case. Under the adopted threshold criterion, the system is close to minimum adequacy, with
four points against a demand of five. Nevertheless, this relative strength should not be overestimated.
The indicator reflects only the existence of a basic point, not the range of services, staffing stability,
equipment level, or time-based accessibility. Thus, healthcare currently performs better than preschool
or school infrastructure in the model, but it does not eliminate the broader service imbalance.

The sports block reveals the sharpest contrast between aggregate and territorial interpretation. The
indoor sports hall indicator suggests a formal surplus. Yet this surplus is entirely explained by
concentration in Agronom and Zarozhdenie. Peripheral settlements have no such facilities, which
means that actual everyday access remains spatially uneven. The outdoor sports block is much weaker:
the total available area is 3,615 m? against a required 19,738 m?. Since all outdoor sports grounds are
located in Agronom, the system combines a strong territorial concentration with a severe aggregate
deficit. This is particularly important for rural and suburban settlements, where open sports grounds
often serve not only recreational but also community-building and youth-retention functions. Thus, the
infrastructure lag is selective rather than universal. The settlement does not suffer from the same
intensity of deficit in all service categories. Instead, it exhibits a polarized structure: one category is
close to minimum sufficiency, one is formally excessive in aggregate but uneven in space, and three
are clearly deficient. This finding justifies the use of a multi-component balance model and confirms
that the planning response should not take the form of undifferentiated infrastructure expansion. It
should target the specific blocks where mismatch is greatest and where concentration produces the
strongest exclusion effect.

A further layer of analysis concerns the degree of external dependence experienced by each
locality. This dependence can be estimated through the number of absent service categories among the
five modeled blocks. Agronom lacks none of the five categories. Zarozhdenie lacks two categories:
preschool provision and outdoor sports grounds. Kochetinsky and Yantarny each lack four categories,
retaining only a medical point. Vishnyaki lacks all five categories. This means that the latter locality is
not simply underprovided but functionally empty in terms of the modeled everyday infrastructure set.
Such a pattern transforms ordinary inter-settlement movement into structural service dependence. For
the projected 2030 population, Vishnyaki, Kochetinsky, and Yantarny together account for 2,190
residents. These residents are expected to rely almost entirely on Agronom and partly on Zarozhdenie
for everyday educational and sports functions. In technical planning terms, this is a sign of insufficient
service hierarchy. A balanced hierarchy does not require each small locality to contain a full facility
set, but it does require a gradation of functions that reduces absolute dependence. The current structure
is too steep: one dominant node, one incomplete secondary node, and three near-empty satellites.

This conclusion strengthens the argument in favor of a polycentric scenario. The point is not to
create identical service packages in every locality. That would be financially inefficient and
institutionally hard to maintain. The point is to reduce absolute dependence by creating a more
graduated service hierarchy. In such a hierarchy, the central node retains supra-local functions, the
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secondary node absorbs part of the everyday load, and the peripheral localities acquire selective
facilities that lower the need for recurrent outbound travel. From an engineering standpoint, the critical
issue is the threshold at which centralization stops being efficient and starts generating excessive
dependence. In the present case, the threshold has already been crossed for preschool services, outdoor
sports grounds, and the peripheral localities’ educational support. This is why simple enlargement of
Agronom alone, although beneficial in gross capacity terms, does not produce the best territorial
result. It improves central supply but does not sufficiently reduce peripheral dependence.

To strengthen the analytical part of the paper, the model can also be tested under a stress scenario
in which projected population exceeds the baseline forecast by 10%. This scenario is methodologically
justified because the settlement is located in a suburban growth belt and may experience more rapid
in-migration than currently assumed. Under this condition, the total projected population rises from
10,125 to approximately 11,138 residents. If facility capacities remain unchanged, the infrastructure
ratios deteriorate further. In this intensified-growth scenario, the calculated preschool demand
increases from 550 to about 605 places. With unchanged capacity of 75 places, provision falls from
13.6% to 12.4%. School demand rises from 1,378 to about 1,516 places, reducing school provision
from 59.5% to 54.1%. Indoor sports hall demand increases from 709 to about 780 m?2, which still
leaves a formal aggregate surplus. Outdoor sports ground demand rises from 19,738 to about 21,712
m?, reducing provision from 18.3% to 16.6%. Thus, all already weak components become weaker,
while the only category that remains robust in aggregate terms is indoor sports halls. This result
confirms that the current infrastructure system has low resilience to demographic acceleration.

The stress scenario is particularly revealing at locality level. Agronom would face a stronger
overload in preschool and school functions, because its role as the main receiving node of external
demand would intensify. Zarozhdenie would preserve its relative strength in school provision but
would remain incomplete without preschool and outdoor sports reinforcement. Kochetinsky,
Yantarny, and especially Vishnyaki would fall deeper into the zone of service insufficiency.
Therefore, the baseline forecast already indicates imbalance, while the intensified-growth scenario
shows that the imbalance is not stable but accumulative. This sensitivity test adds a genuine research
component to the paper. It demonstrates that the proposed model is not limited to static diagnosis. It
can also assess the robustness of the settlement structure under alternative demographic assumptions.
For a Q1-level planning article, this is important because it moves the paper from description to
model-based inference. The settlement is not only unbalanced in its current projected form; it is also
weakly resilient to accelerated suburbanization.

The scenario comparison should therefore be interpreted not only through the weighted balance
index but also through implementation logic. The distributed scenario yields the highest formal
weighted balance index, 0.581, while the polycentric scenario reaches 0.577. The numerical gap is
only 0.004. In contrast, the organizational difference between the two scenarios is substantial. The
distributed option requires a larger number of small interventions across multiple localities, including
fragmented educational, sports, and community facilities. This increases capital fragmentation,
staffing complexity, and long-term maintenance burden. The polycentric scenario performs almost as
well numerically while preserving a more rational node structure. It strengthens Agronom as the main
settlement center and Zarozhdenie as the second node, while adding selective facilities in peripheral
localities where their marginal effect is highest. In practice, this means that the strongest capital-
intensive interventions should remain concentrated in the two principal nodes, whereas peripheral
investments should focus on threshold facilities with high accessibility value and moderate operating
costs.

A technically sound phased implementation could follow three stages. The first stage should
address the strongest bottlenecks: preschool and school capacity. This may include a preschool module
in Zarozhdenie and school expansion in Agronom, accompanied by initial outdoor sports
development. The second stage should target peripheral accessibility, especially through
multifunctional community-sports spaces and selective local service reinforcement in Vishnyaki,
Kochetinsky, and Yantarny. The third stage should improve the quality of the connecting
environment: pedestrian approaches, local road links, landscaping, and public-space integration
around the newly strengthened service nodes. The advantage of this interpretation is that it connects
the abstract model with a planning sequence. The balance index identifies where the system is weak;
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the scenario comparison shows how the weakness can be reduced; and the staged engineering logic
explains how this can be translated into implementation. This gives the paper the additional research
depth requested by the reviewer and makes the argument suitable for an international technical
audience.

4. CONCLUSIONS

The proposed model made it possible to move from a descriptive account of a rural settlement to a
formalized assessment of the balance between residential development and social infrastructure. Using
the case of Michurinskoye rural settlement, the study demonstrates that even where some large service
facilities are present, the infrastructural system may remain unbalanced because of excessive
concentration of functions in one locality and weak coverage of the periphery.

It was established that with population growth from 6,790 to 10,125 residents, the main deficit
zones are preschool provision, school infrastructure, and outdoor sports facilities. The baseline
weighted balance index is 0.336, which corresponds to a stressed state of the settlement system. The
most problematic localities are Vishnyaki, Kochetinsky, and Yantarny, where residential load growth
is not matched by comparable development of everyday service facilities.

Scenario modeling showed that centralized placement of new facilities improves integral indicators
but preserves peripheral imbalance. The highest formal effect was obtained for the distributed
scenario, but its implementation would require the most complex organizational and operational
structure. From the standpoint of engineering and planning efficiency, the polycentric scenario is
preferable because it combines the strengthening of Agronom and Zarozhdenie with selective
infrastructural reinforcement of peripheral localities.

The scientific contribution of the study lies in the development of an integral index comparing
infrastructure provision with the coefficient of residential load growth. Its practical significance is
associated with the possibility of using the model in updating master plans and substantiating the
phased construction of local service facilities. The main limitation of the study is the model-based
character of scenario distribution and the absence of a detailed network analysis of time-based
transport accessibility. Further research should incorporate geoinformation-based route analysis, land-
parcel structure, and a phased investment assessment of the polycentric scenario.
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