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FEATURES OF WOODEN DEVELOPMENT OF
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Abstract. This article presents the results of a study devoted to identifying the features
of traditional and modern wooden construction of settlements located in the coastal zone of
rivers. Traditional wooden building material gained popularity again in the early 2 1st centu-
ry as part of a solution to environmental problems. The article presents research on wooden
settlements in Russia on rivers located in the European part of Russia and in Asia - Western
Siberia. The objects of the study are wooden buildings and structures built near water, in ar-
eas prone to flooding. The research methodology is based on a comprehensive approach. The
following methods were used in the work on the article: analysis of scientific publications
and electronic resources, chronological and comparative analysis, and generalization of re-
sults. The study showed that wooden buildings, built using traditional construction methods
(log huts), as well as modern ones, built using modern construction technologies for wood
processing, can be classified as temporary (not capital construction), dynamic, mobile, ca-
pable of transformation and movement. Such features of wooden architecture allow it to be
effectively used in conditions created by the elements of water, in settlements on rivers that
can change their course, where the water level often rises, causing flooding of the territory.
Traditionally, flooding problems have been solved by building dams or dikes. Features of
modern wooden construction based on quickly built, prefabricated, and movable houses can
be used not only for residential settlements but also for tourist attractions, to attract invest-
ment and improve the sustainability of riverside development.
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HIO0JIY MAKAIJIA

O3EH KAT'AJTAYBIHJIAT'BI EJI/II MEKEHAEPIHAEI'T AT AL
FUMAPATTAPIBIH EPEKHIEJIKTEPI

E. Janmuna* ® , H. lumakoB ®

[Ten3a MEMIIEKETTIK COYJIET XKoHE Kypblibic yHUBepcuTeTi, 440028, [len3a k., Peceit

Aunarna. byn makanada o3eHOepliy dcazanay aumMagblHOd OpPHANACKAH — enoi
MeKeHOepOiy 02CmYpli JHCIHe 3AMAHAVU AUl KYPbLIbICLIHbIY epeKuleNiKmepin anblkmayaa
apHanean  3epmmey  Homuodicenepi  ycvimvliadvl. XXI - eaceipovly  bacvinOoa  azau
apxXumeKmypacsvl 9KONOUAILIK MaceneNepoi weuly asacblH0a 3aMaHayu KYpoliblCIblH
anoviyevl Kamapuvlna Kauma wwlkmol. Pecetioeai o3endep Oouvinoaeswl, Pecetidiy Eyponanvik
benicinde oicone Asusodazel aumaxmapoa bamwvic Cibipoezi, endi mekenOepliy azaui
KYPbLIbICLIHA KAMbICMbl 3epmmeyiiep Oepineen. A2aui apxumekmypacvlHuly epeKuienikmepi
QuKbIHOAaNaobl. 3epmmey HblCAHOApbl CY2a JHCaAKbIH dcepde, ¢y bacy Kayni bap aymaxmapoa
CANLIHEAH A2AUIMAH MYPEbIZLLIZAH UMAPAMmap MeH Kypblivlcmap 0onvin madwvliaobl.
3epmmey a0icmemeci kewiendi macinee nezizoenzen. O2an Koca, makana xHcaszy 6apvicbinoa
EbLILIMU HCAPUATAHBIMOAD MEH INIeKMPOHObIK pecypcmapovl manoday, XPOHON0SUANbIK HCIHE
CAnbLICMbIPMANLL  MAN0ay, Hamudicenepoi JHCUHAKMAY CUAKmMbl  d0icmep  KOJIOAHBLIOVL.
3epmmey HomudicecinOe Oacmypiai KYpoliblC MaCciloepi Heci3inoe OpblHOANeAH a2aul
Kypulavicmap (bepemneni yiliep), couoau-ax aauimsl 6HOEYOIH 3AMAHAYU KYPbLIbIC
MEXHONI02UANAPLIH KOJOAHA OMbBIPLIN CANbIHRAH KA3Ip2l azaul KYpulivblcmap ekeyi YaKblmua
(Kanumanovlk, KYpuliblCKa HCamnatimolit), OUHAMUKATLBLIK, MOOUNbOL, MPAHCHOPMAYUAIAHY2A
JiCOHe  OpblH  ayvicmuipy2a — Kabilemmi — Oen  JCiKmelemiHi — aHbIKmanovl.  Azaw
apXumeKmypacviubly ~ MYHOQU — epeKuienikmepi Cy  CMUXUACHL  KAlTbINMACMblpAmblH
aHcazo0aunapoa, apHacel e3eepyi MyMKIiH o63eHoep OoublHOagbl endi MeKeHoepoe, Cy OeHeelil
JHcuUi Kemepinin, aymakmel cy bacamvin dcepiepoe OHbl MUIMOI KOLOAHY2a MYMKIHOIK Gepeoi.
Ilocmypnai mypoe cy bacy macenecin weuty Oocemmep Hemece 0amOANap cany apxblivl
JHcyzeze acvlpulivin Kenodi. KuHamanvl-Kypacmolpmansl, me3 mypeul3bliambli HCIHE OPbIH
ayvlcmulpy2a 601amulH yiliepee He2iz0eleeH 3aMAHAYU Aeaul KYPblIblCbIHbIY epeKulenikmepi
MypeviHoap endi MeKeHOepiHoe 0e, UHBeCMUYUSL MAPMY HCIHE 603eH MAHbL AYMAKMAPLIHLIH
MYpaKmsl OaMyblH apmmulpy MAaKCamvlHOA MYPUmM HbICAHOAPLIHOA 0d KOJOAHbLILYbL
MYMKIH.

Tyiiin ce3mep: cayiem, asaws Kypwiivic, cy Hoaoapul, endi MeKeH, O3eH HCaaldy
QAUMARbIHLIY KYPOLIbICHL.
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OB30PHA CTATDBA

OCOBEHHOCTHU JEPEBSIHHOHN 3ACTPOUKHN
MOCEJEHUHN Y PEKU

E. Janmuna* ® , H. lumakoB

IIeH3eHCKMI TOCYIapCTBEHHBIN YHUBEPCUTET APXUTEKTYPBI U CTPOUTENBLCTBA,
440028, Ilen3a, Poccus

AHHOTAUUSA. B O0annoll cmamve npedcmasiensvl pe3yibmamosl UCC1e008anUs, NOCesi-
WEHHO20 BbIABNIeHUI0 0CODEeHHOCMel MPAOUYUOHHOU U COBPEMEHHOU 0ePEeGIHHOU 3ACMPOUKU
nocenenull, pacnoioONCeHHbIX 8 NPUOPENCHOU 30He peK. JlepessiHuas apXumekmypa 6 Hauaie
21 68. cHo8a @vluLIa HA NepPeOHUll KPAll COBPEMEHHOU 3ACMPOUKU 8 PAMKAX PeueHUs IKOJL0-
euueckux npooaem. Ilpeocmasnenvl ucciedosanus 0epessiHHOU 3acmpouKu nocenenutl ¢ Poc-
cuu Ha pekax, pacnonoxcennulx 8 Eeponeiickoti vacmu Poccuu u 6 Azuu — 3anaonas Cubupe.
Buiasnaromes ocobennocmu Oepesannoii apxumexmypul. Obdvekmamu uccie0o8aHus A6is-
IOMCsL 30aHUSL U COOPYIHCeHUs U3 0epedd, BbiICmpOeHHble 8ONU3U B00bl, HA MEPPUMOPUIX,
no0GepIHCeHHbIX noomonienuro. Memoodonoeusi ucciedo8anus O0CHOBAHA HA KOMMIIEKCHOM
nooxoode. B mom uucne, 8 pabome Hao cmamvell UCNONb30BAIUCL MAKUE MemOoObl, KaK aHd-
JU3 HAYYHLIX NYOIUKAYUL U DNEKMPOHHBIX PECypCos, XPOHOLOSUHECKUNl U CPABHUMENbHbLU
ananuz, obooweHue pesyrbmamos. Hcciedoganue noxkasano, 4mo 0epessiHHdas 3aCmpouKa,
8bINOJIHEHHASL HA OCHOB8E MPAOUYUOHHBIX CHOC0008 8038e0eHUs (cpybosble U30bl), a maxoice
COBPEeMEHHAsl, 8bINOIHEHHAS C NPUMEHEHUEM COBPEMEHHLIX CIMPOUMENbHbIX MEXHOI02UL NO
obpabomke depesa, modcem ObIMb KEATUDUYUPOBAHA KAK 8PEMEHHAs (He OMHOCAWAAC K
KanumanibHOMy CMPOUmMenscmaey), OUHAMUYHAsL, MOOUIbHAS, CNOCOOHAs K mpauncgopmayuu
u nepemewenuro. Ilo0o6Hvle 0cobeHHOCmU 0epedIHHOU apXumeKmypovl n0360Js10m 3pgex-
MUBHO NPUMEHAMb ee 8 YCI0BUAX, CO30AB8AEMbIX CIUXUell 800bl, 8 NOCENEHUAX HA PeKax, Ko-
mopwvie CHOCOOHBL MEHSIMb PYCI0, 20€ YACMO NOBLIULAENICSL YPOBEHb 800bl, 00eCneuUu8aroull
noomonienue meppumopuu. TpaouyuonHo pewenue npoodiemvl NOOMONIEHUSA BbINOIHALOCH
npu NoMowu cmpoumenbcmea niomut uiu 0amo. OcobeHHocmu co8pemMeHHOU 0epessiHHOU
3aCMpPOUKU HA OCHOBE ObLICMPOBO3BOOUMBIX COOPHO-PA3ZOOPHLIX OOMO8, KOMOPbLLE MONCHO
nepemewams, Mo2ym Oblmb UCNOIBb308AHbL KAK 8 NOCENCHUSX OJIs Jdcumeinell, max u Ha 00b-
eKmax mypuzma Oas NpusiledeHus UHBeCUYUll U NOBbIUEHUS YCIMOUYUBOCMU DA3BUMIUSL
NPUPEYHBIX MePPUMOPUL.

KiroueBble ciioBa: apxumexmypa, 0epessanHas 3acmpoiikd, 600Hble Nymu, noceietue,
npUpeyHas 3acmpouKa.
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AJIFBIC / KAPXKBIJIAH/IBIPY KO3I1
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T€.

54



Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Nel (99), 2026. Architecture

1 INTRODUCTION

Wood, as one of the oldest and most accessible building materials, has played a key role in the
architectural development of settlements for millennia. Its use was especially significant in forested
regions of the temperate zone, where this resource was readily available and widely used for the
construction of residential, xo3siictBennsix (outbuildings), and public structures. However, with the
advancement of construction technologies in the 20th century, wood was gradually replaced by
more durable materials such as concrete, brick, and metal. Modern construction, focused on high
standards of comfort and energy efficiency, also limited the widespread use of wood in mass devel-
opment.

Nevertheless, in recent decades, particularly in the context of global environmental challeng-
es, interest in wood as a building material has significantly increased. In the 21st century, wood has
become an important component of “green” construction, aimed at creating environmentally friend-
ly, energy-efficient, and climate-resilient buildings. This trend is associated with the need to reduce
carbon emissions, preserve natural resources, and adapt the built environment to climate change.

The return of wood to modern construction is closely related to the development of advanced
technologies for its processing and protection, which significantly increase its durability and re-
sistance to external factors. The environmental safety of wooden structures makes wood a promis-
ing material in the context of contemporary sustainability requirements.

Traditional wooden construction, based on accumulated empirical knowledge and craftsman-
ship, has always been closely linked to local natural and climatic conditions. This architectural her-
itage serves as a foundation for the development of modern eco-oriented and adaptive design solu-
tions.

This study examines the features of traditional wooden construction in settlements and its
modern development potential.

The problem of sustainable development of settlements with wooden buildings is particularly
acute in small and very small settlements located along rivers (Krasheninnikov, 2022).

The architectural and planning organization of waterfront areas has been widely studied in
scientific literature. Researchers propose conceptual models and design approaches for embank-
ments, as well as recommendations for improving the quality of coastal urban environments (Tuya-
kayeva & Kerimova, 2021).

Water is a vital resource for human settlements; however, it also creates significant challeng-
es, including flooding risks (Mukhamejanova et al., 2025). Therefore, rivers should be considered
as dynamic natural systems with constantly changing flow regimes and riverbeds.

Studies devoted to the pre-design analysis of waterfront areas emphasize the importance of
assessing spatial, functional, and environmental characteristics of territories, as well as the interac-
tion between natural landscapes and urban fabric (Tuyakayeva & Kerimova, 2021).

International experience in the architectural and spatial organization of coastal areas demon-
strates the effectiveness of integrated approaches based on sustainability principles, ecological bal-
ance, multifunctionality, and accessibility (Tuyakayeva & Kerimova, 2020).

Wooden buildings are primarily used in small settlements, where they play an important role
in shaping the architectural character and spatial structure of the built environment (Krasheninni-
kov & Kosenko, 2023). The use of wood is determined by its environmental sustainability, availa-
bility of local resources, energy efficiency, and its ability to create a human-scaled and comfortable
environment.

Modern studies also highlight challenges related to demographic changes, economic sustaina-
bility, and the need to modernize infrastructure while preserving the traditional appearance of set-
tlements (Krasheninnikov, 2024; Krasheninnikov & Kosenko, 2024). These works emphasize
the importance of integrated planning approaches combining functional efficiency, environmental
considerations, and preservation of architectural heritage.
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2 MATERIALS AND METHODS

The research methodology is based on a comprehensive interdisciplinary approach that inte-
grates architectural and urban planning analysis, historical and typological research, comparative
assessment, and generalisation of empirical data. This approach makes it possible to identify both
the stable traditional principles of wooden construction and the contemporary trends in its develop-
ment in riverine environments.

The theoretical framework of the study was formed through the analysis of scientific publica-
tions and electronic resources, including domestic and international research on wooden architec-
ture, traditional housing construction, and riverside development. In addition, electronic cartograph-
ic materials, archival photographs, and digital databases were used to ensure a comprehensive data
base.

The chronological method was applied to examine the evolution of wooden construction in
settlements located near rivers, tracing the transition from traditional log structures to modern pre-
fabricated systems. This method allowed for the identification of changes in planning solutions,
structural systems, and building placement in relation to water bodies, as well as the influence of
historical, socio-economic, and natural-climatic factors on the formation of riverside settlements.

The comparative method was used to determine regional and typological features of wooden
architecture under different natural and climatic conditions. It enabled the comparison of traditional
and modern wooden buildings, particularly in Siberian settlements, and the evaluation of differ-
ences in design solutions, spatial organization, and adaptation to flooding conditions.

Architectural and typological analysis was conducted to classify wooden buildings according
to their functional purpose (residential, commercial, and tourist facilities), as well as to examine
their spatial configurations, planning structures, and structural systems. This analysis made it possi-
ble to identify typical building models characteristic of riverine territories.

Urban planning and landscape analysis focused on assessing the interaction between buildings
and the natural environment, including their relationship with riverbeds, terrain, and flood-prone
areas. Special attention was paid to the degree of adaptation of buildings to fluctuating water levels
and to the environmental and spatial feasibility of wooden construction.

Structural and technological analysis was carried out to justify the use of wooden architecture
under flooding conditions. This included the study of traditional construction techniques (log cab-
ins, pile foundations, raised floors) as well as modern wood processing technologies, prefabricated
and modular systems. Particular emphasis was placed on evaluating the mobility, transformability,
and temporary nature of wooden structures.

The application of this integrated set of methods ensures a comprehensive and scientifically
grounded analysis of wooden construction in riverside settlements, revealing its adaptive, dynamic,
and sustainable characteristics in environments influenced by water.

3 RESULTS AND DISCUSSION

Wooden construction based on traditional log structures, as illustrated in Figure 1, has histor-
ically not been associated with capital construction. Capital construction is characterized by a rigid
connection to land and the impossibility of relocation without significant damage. According to Ar-
ticle 130 of the Civil Code of the Russian Federation, real estate includes land plots and all objects
firmly attached to the land, i.e., objects that cannot be moved without disproportionate damage to
their intended purpose (Civil Code of the Russian Federation, 2024). In contrast, wooden build-
ings may be constructed without deep foundations and can be assembled, disassembled, and trans-
ported, including in fully assembled form, which significantly increases their adaptability in unsta-
ble environmental conditions (Figure 2).
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Figure 1 — Wooden house, manufactured in a factory and assembled on site from individual elements
(Bevzenko, 2018)

Figure 2 — Transportation of an assembled log house (Bevzenko, 2018)

The problem of constructing wooden housing in settlements located near water bodies, partic-
ularly along rivers subject to seasonal flooding, has existed for centuries. Historically, this issue was
addressed through the construction of dams and hydraulic structures. However, despite technologi-
cal progress, this problem remains unresolved in many territories. It is particularly acute in remote
and sparsely populated regions, especially in Siberia, where hydrological processes are dynamic and

difficult to control.

Examples of such settlement development can be observed in Penza, located in the Volga re-
gion of European Russia within the Sura River basin, and in the settlements of the Middle Ob re-

gion in Western Siberia (Figures 3 and 4).

57



Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Nel (99), 2026. Architecture

Pool Sura riva is located in the center of
W the European part of Russia on the left
OBNACTS (YBAWMA bank of the Volga River.

The pool area is 67,500 sq km. The fol-

lowing regions of the Russian Federation

are partially located on the territory:
o Nizhny Novgorod, Penza and Ulyanovsk
regions; Mordovia and Chuvashia; a small
section of the right-bank floodplain in
front of it belongs to the Republic of Mari
El; the upper reaches of the Abyss River
are located in Tatarstan.

Horcap

MOPROBMF
Capawcx
>

The Sura basin partially includes small
territories of the Saratov region (the
sources of the Kalada River, Elan-Kalada,
NENIEHCKAS Y " Uz, Gryazukha.

OBNACTS

CAPATOBCKAR OBNACTL

Figure 3 — The Sura River basin, a right tributary of the Volga River (Kosaeva & Lapshina, 2025)

POCCHA

KASAXCTAH

Figure 4 — Ob River basin, Western Siberia, Russia (Danilkin, 2010)

The Sura River basin occupies a significant territory of European Russia with a total area of
approximately 67,500 km? and includes parts of several administrative regions. The spatial organi-
zation of settlements within this basin has historically been closely linked to the hydrological char-
acteristics of the river system.

The historical development of Penza clearly demonstrates the interaction between wooden
construction and riverine conditions. The Penza fortress was established in 1663 using wooden
structures on the elevated bank of the Penza River, which flowed into the Sura River (Belorybkin,
2022; Kosaeva & Lapshina, 2025). The left bank of the river was fortified, while the right bank
remained low-lying and therefore more vulnerable to flooding processes (Figure 5).
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Figure 5 — The city of Penza: a) 19th-century city plan; b) 18th-century panorama of the wooden city
(Belorybkin, 2022)

In 1850, merchant P. V. Sergeev constructed a wooden paper mill on the right bank of the
Penza River (Vishnevskiy, 2001). The location of the factory was directly determined by the avail-
ability of water resources, which were essential for production processes. The industrial complex
was integrated into the natural hydrological system through channels, trenches, and artificial canals
connected to the Sura River (Figure 6).

%

Figure 6 — Paper plant "Mayak" of merchant P. V. Sergeev in Penza (Shishkin, 2012)

Significant anthropogenic intervention in the hydrological system occurred in the mid-19th
century, when a new channel was artificially created, which led to changes in water distribution. In
response to these changes, hydraulic structures, including dams, were constructed to regulate water
levels and stabilize industrial activity (Figure 7).
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[

Figure 7 — Dam on the Sura River near the village of Kurilovka (Shishkin, 2012)

At the beginning of the 20th century, seasonal flooding became a regular phenomenon in Pen-
za. Floodwaters periodically inundated the right bank of the river, where wooden buildings were
located, demonstrating the vulnerability of such development to hydrological processes (Figure 8).

Tlen3a. Pazauss p lenast,

AR R

b

Figure 8 — Flooding of the Penza River:
a) near Peski Island;
b) view from Peski Island to the monastery (Shishkin, 2012)
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Subsequently, the destruction of hydraulic structures resulted in the formation of a new river
channel, while the former channel transformed into a system of backwaters and lakes (Figure 9).
These processes illustrate the dynamic nature of river systems and their direct influence on settle-
ment structure.

Figure 9 - Map of Penza showing the new and old channels of the Sura River (Penza Yandex Map, 2025)

In the 1970s, the construction of a new dam upstream of Penza allowed for partial regulation
of the river regime, significantly reducing the risk of flooding in urban areas, including historically
formed wooden development (Figure 10).

Figure 10 — Peski Island in Penza:
a) view from the left bank;
b) view from the observation deck (author’s material)

However, such regulation is not characteristic of all riverine territories. In many regions, par-
ticularly in Siberia, river channels remain unstable, subject to seasonal changes, erosion processes,
and periodic flooding, which complicates the use of traditional capital construction methods.

This is confirmed by studies of the Middle Ob region, where settlements retain predominantly
wooden construction. According to research conducted in 2018 (History of rural settlements of
the Middle Ob region in geographical maps, 2018), settlements along the Ob River, from Parabel
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to Vertikos, are characterized by the preservation of traditional log housing construction (Figure
11).
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Figure 11 - Route of the expedition along the Ob River (History of rural settlements..., 2018)

In these territories, wooden buildings are often relocated due to flooding and changes in river
channels. Hydrological processes such as channel migration, merging of water flows, and drying of
secondary channels significantly influence the spatial organization of settlements (Figures 12—14).
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Figure 12 - Model of landscape changes near the settlement of Narym
(History of rural settlements...,2018)
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Figure 13 — Changes in the planning structure of the Narym settlement (18th—21st centuries)
(History of rural settlements..., 2018)

Figure 14 — Wooden houses in the village of Vertikos, Middle Ob region
(History of rural settlements..., 2018)

Since the 1980s, the Middle Ob region has experienced degradation of inhabited territories
due to complex hydrological conditions and socio-economic factors. Sustainable development in
such regions requires not only retrospective analysis but also the development of new planning

strategies, including the formation of tourist routes and adaptive settlement systems.
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In this context, modern wooden architecture, particularly modular and prefabricated housing,
represents a promising direction for development. Such buildings can be used in hard-to-reach terri-
tories, function as elements of tourist infrastructure, and provide flexible solutions adapted to
changing environmental conditions (Dimakov, 2025).

Figure 15 — Modern modular wooden housing:
a) mini-house in operation;
b) two-module eco-house "Elbrus" (Sitnikov, 2025)

Thus, the analysis demonstrates that wooden construction in riverine settlements possesses a
high degree of adaptability. Its mobility, lightness, and transformability allow it to respond effec-
tively to flooding, river channel migration, and unstable natural conditions. In this regard, wooden
architecture should be considered not only as a traditional form of construction but also as a promis-
ing direction for the sustainable development of riverine territories.

4 CONCLUSIONS

The study demonstrates that wooden construction in riverine settlements in Russia is charac-
terized by a set of specific features determined by natural, historical, and socio-economic condi-
tions.

1. Wooden buildings are predominantly temporary or semi-temporary structures that are not
rigidly connected to a land plot, unlike capital construction. They can be erected without deep foun-
dations and, due to their structural simplicity and relatively low weight, can be assembled, disas-
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sembled, and relocated either as separate elements or as complete structures. This property has his-
torically enabled settlements to adapt to changes in river channels and seasonal flooding.

2. Traditional wooden architecture has been associated with a high degree of fire hazard and
susceptibility to decay, especially under conditions of high humidity and periodic flooding. Howev-
er, at the present stage, these limitations are significantly mitigated by modern wood processing and
protection technologies. Contemporary wood-based materials demonstrate increased fire resistance,
moisture resistance, and durability, which expands their applicability in riverine environments.

3. The development of modern modular and prefabricated wooden housing has led to the for-
mation of a new architectural typology characterized by a high level of comfort, energy efficiency,
and environmental sustainability. Such buildings can be effectively used in hard-to-reach areas, in-
cluding eco-settlements, rotational settlements, and temporary residential complexes intended for
tourism and seasonal habitation. Their mobility and transformability are particularly important for
territories with unstable hydrological regimes.

4. The analysis of settlements in the Volga region and Western Siberia confirms that wooden
architecture remains one of the most adaptive forms of construction in areas prone to periodic
flooding and river channel changes. In such conditions, traditional rigid solutions, including capital
construction and extensive shore reinforcement, are often less effective than flexible and adaptive
building systems.

5. Modern timber construction, combining traditional building principles with advanced tech-
nologies, represents a promising direction for the sustainable development of riverine territories. Its
use contributes to the preservation of cultural identity, reduction of environmental impact, and for-
mation of settlement systems capable of adapting to natural processes rather than resisting them.

Thus, wooden architecture in riverine settlements should be considered not as a relic of the
past, but as a strategically important direction for the development of architecture and urban plan-
ning, particularly in regions characterized by complex natural and hydrological conditions.
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