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Lenn u TeMaTuka

Llemn >xypuama «Bectauk Poccuiickoro yHmBepcurera apykObl HapomoB. Cepus: Dxoiorus
1 0e30MaCHOCTh JKU3HEAEATEILHOCTHY) — IMOBBIMIEHHE ()()EKTUBHOCTH HAyYHBIX HCCIEIOBAHUN B 001acTh
OXpaHbI OKPYKaIOIIeH Cpe/Ibl ¥ PKOJIOTHH YeJIOBeKa U PacIpOCTPaHEHHE COBPEMEHHBIX METOIOB HCCIIEI0Ba-
HUH 1 HOBEHIINX JOCTHKEHHUH B 00IaCTH PAIMOHAIBLHOTO IPUPOIOTIOIB30BAHMS.

Kypnan BritoueH B IlepeueHp peueHzupyembix HayuHblx usfaHuii BAK P® no HayuyHbiM
cnenuansHOCTSIM 1.5.15. Dxonorust (Gmosormueckue Haykw), 1.5.15. Dxomorus (TeXHHYECKHE HAyKH),
1.6.21. T'eonkonorus (reorpaduueckue Hayku), 1.6.21. ['eoskonorus (reoiaoro-MUHEPaIOTHUCCKAE HAYKH),
1.6.21. Teonkomnorus (TeXHHUECKHE HAYKN).

Haumnas ¢ 1993 r. B xypHasie myOnuKyIOTCsl pe3yinbTaThl (QyHIaMEHTAIbHBIX W NPUKIATHEIX padoT
YUYCHBIX, IperoaBaTeiel, aCMUPaHTOB B BHJE HAYYHBIX MCCIEIOBATEILCKUX W O030pHBIX cTareil, Hayd-
HBIX COOOIICHMII IO CIIIYIOINM HaNpaBJICHUSIM: OOIIas SKOJOTHs, IPHPOIONONIB30BaHUE, YCTOHIHBOE
pa3BHTHE, YKOJIOTHYECKast 0E30IaCHOCTD, 3aIlUTa OKPYIKAIOIIEH CPEIbl, SKOJOTHS YeJIOBEKa, SKOJIOTHIecKast
9KCIIepTH3a, PATMOIKOIOTUS M paJUallMOHHBIA KOHTPOJb, OLEHKA COCTOSHHS OKpYXAIOMEeH Ccpesl
1 SKojornueckoe obpazosanue. K paccMOTpeHHIO IPHHUMAIOTCST MaTepHalIbl 110 pe3yIbTaTaM OpPHTHHAIb-
HBIX Hay4YHBIX HCCIIC[IOBAHUM IPEICTaBUTENeH BBICIINX YYEOHBIX 3aBeJeHHH M Hay4YHBIX HEHTpoB Poccun
1 3apyOeXKHBIX CTPaH.
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nHPOPMANNIO 0 KOH(PEPEHIUIX, HAYIHBIX MPOEKTax M T. X. J[iIs mpuBiieueHns: K HayYHBIM HCCIIEIOBAHH-
SIM U TIOBBIIICHHS KaueCTBA KBAIM(HUKAIIMOHHEIX padoT KypHaJ IPeJOCTaBIIseT BO3MOKHOCTD ITyOIHKAIIH
cTareil, HalMCAHHBIX 110 MaTepHaIaM JIyYIINX MarHCTePCKUX paboT.
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Abstract. Rapid urban expansion is reshaping landscapes across Sub-Saharan Africa, but
its effects on vegetation structure remain underexplored. This study examines vegetation
responses to urban growth in Makurdi, Nigeria, from 2000-2025, using land-use/land-cover
analysis and landscape metrics. Urban intensity zones were delineated to account for spatial
variability of anthropogenic impact, and vegetation structure was assessed at class and landscape
levels with FRAGSTATS. The results show extensive growth in development accompanied by
vegetation decline and fragmentation. Low-intensity zones retained cohesion, while moderate-
intensity zones experienced the greatest fragmentation and loss of dominance, indicating their
high vulnerability. High-intensity zones remained degraded, with small, isolated remnants. The
landscape metrics further reveal increasing fragmentation, edge complexity, and heterogeneity,
alongside declining cohesion. These findings highlight scale-dependent vegetation responses
and demonstrate the value of configuration-based metrics for ecological insight. The multi-
scale framework provides a robust basis for urban planning aimed at conserving vegetation
integrity in rapidly growing African cities.
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MHoromacwTabOHble naHawadTHbIe peakum pacTUTENIbHOCTHU
Ha pocT ropoaos B Makypau, Hurepus

O. lIau6y, A.A. Kupuayx 2"

Poccuitickuii ynusepcumem opyoicovl napodos, Mockea, Poccutickas @edepayusi
Pkirichuk-aa@rudn.ru

AHHOTanms. BEICTpoe pacuipenne ropoaoB MEHsIET JaHAmadThI 0 Beelt AQpHKe K 10Ty
ot Caxapbl, OJJHAKO €r0 BIHUSHUE Ha CTPYKTYPY PACTUTEIHLHOCTH OCTAETCS HEJOCTATOUHO H3Y-
YEeHHBIM. ABTOPAMH U3Y4EHBI PEAKIINU PACTUTEILHOCTH Ha POCT ropofoB B Makypnu, Hure-
pusi, B iepuoz ¢ 2000 o 2025 T. ¢ HCIIOMB30BAHNEM aHAHM3a 3eMJICTIONb30BAHMS/3EMIIETIOKPBI-
THS W JAaHTAQTHBIX METPUK. BbIieneHsl 30HbI WHTEHCHBHOCTH YpOaHHM3ALMK IS ydeTa
IIPOCTPAHCTBEHHON U3MEHUUBOCTU aHTPOIIOI€HHOI'0 BO3JEICTBHUSA, @ CTPYKTypa pacTUTEIbHO-
CTH OIICHUBAJIACh HA YPOBHE Ki1accoB U aHamagdToB ¢ omomipio FRAGSTATS. Pesynbrars
MOKA3bIBAIOT OOIIUPHBIN POCT 3aCTPOMKH, COMPOBOXKIAIONIUICS COKpAIlleHUEM U (pparMeHTa-
Luell pacTUTENbHOCTU. 30HbI HU3KOH MHTEHCHUBHOCTH COXPAaHWIN LEJIOCTHOCTb, B TO BpeMs
KaK 30HBI CpeiHel MHTEHCHBHOCTH UCITBITANI HANOOJBITYIO (PparMeHTalNIO U TIOTEPIO JIOMH-
HUPOBAHUSL, YTO YKA3bIBACT HA UX BBICOKYIO YS3BUMOCTH. 30HBI BHICOKOI HHTCHCHBHOCTH OCTa-
BAJINCH NIETPATMPOBAHHBIMU, C HEOOJBIINMH M30JIHPOBAHHBIMU OCTaTKamHd. JlaHmmagTHbIe
METPHUKH JOMOTHUTEIBHO MTOKA3bIBAIOT YCUIICHUE (PparMeHTalnu, CI0KHOCTH TPAHUI] U HEOI-
HOPOJHOCTH Hapsily CO CHUKEHUEM CBA3HOCTHU. DTHU pe3ysIbTaThl IOUEPKUBAIOT 3aBUCUMOCTb
pEaKlMU PACTUTENBHOCTH OT MaclITabda U JIEeMOHCTPUPYIOT LIEHHOCTh METPUK, OCHOBAHHBIX Ha
KOH(UTypanuy, s SKOIOTHYECKOro aHaimu3a. MHoromacmrabHast CTpyKTypa 0OecrednBacT
HAJEKHYI0 OCHOBY U1 TOPOZCKOTO TNIAHUPOBAHUS, HAIIPABIEHHOIO Ha COXPAHEHUE LEJIOCTHO-
CTU PACTUTEIBHOCTH B OBICTPOPACTYLINX a(hPUKAHCKUX TOPOJaXx.

KiroueBble ciioBa: ¢pparmMeHTaIys paCTUTEIbHOCTH, JaHAA(PTHBIE METPUKHU, 30HBI TO-
POJICKOI MHTEHCUBHOCTH

Braax aBtopoB. [llauby O. — pa3paboTka KOHIICIIIIHH, TPOBEICHUE HCCICIOBAHNUS,
MOATOTOBKA pyKonucH. Kupuuyk A.A. — MeTo010rHsl, pa3paboTKa KOHIENIUU, OKOHUATEIb-
Has Bepcusi pykonucu. Bece aBTOpBI 03HAKOMIICHBI ¢ OKOHYATEIBHOH BepCcHelt CTaTh U 0700-
puiu ee.

3asgBienne 0 KOHGINKTE HHTEPECOB. ABTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IIUKTA MH-
TEPECOB.

3asiBjieHHue 00 MCNOJIH30BAHMH TEXHOJIOT Mt HCKYCCTBEHHOI'0O MHTE/IJIEKTA. HpI/I co31a-
HUU HACTOSIIEN CTAaTbU TEXHOJIOTUM TCHECPATUBHOT'O UCKYCCTBCHHOI'O MHTCIVICKTA HE HUCIIOJIb-
30BaJIUCh.

3asiBiIeHHE O AOCTYIMHOCTH TaHHBIX. Bcee JaHHBIC, MMOJYYCHHBIC B XOA€ 3TOr0 UCCICA0-
BaHWA, BKIIIOYCHBI B 0Hy6JII/IKOBaHHy10 CTaTblo.

Hcropus craTbu: noctynuia B penaknuio 22.01.2026; nopaboTaHa mociie pereH3upopa-
Hus 15.02.2026; npunHsTa k nyonukauuu 26.02.2026.
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Introduction

Urbanization is a defining global trend of the 21st century, reshaping land-use
patterns and undermining natural habitats [1; 2]. Expanding built environments
displace vegetation, intensifying fragmentation and reducing ecological resilience
[1; 3]. These impacts are most severe in rapidly developing regions where urban
growth often outpaces conservation planning [3; 4], producing heterogeneous
landscapes with degraded vegetation and diminished ecosystem services [5; 6].
Urban vegetation supports biodiversity, regulates microclimates, and sustains green
infrastructure [7-9]. Yet, habitat conversion disrupts spatial configurations, creating
fragmented mosaics of isolated patches with reduced connectivity and heightened
edge effects, threatening species persistence [10—13]. Thus, fragmentation and
heterogeneity are critical indicators of urban ecological health, reflecting both
quantitative vegetation loss and qualitative degradation of spatial patterns [14; 15].

Assessing these dynamics requires integrating remote sensing with landscape
metrics. Remote sensing enables multi-temporal land-use/land-cover (LULC)
mapping, while metrics quantify patch size, connectivity, and configuration [16;
17]. Urban growth typically increases patch isolation, reduces mean patch area, and
elevates edge density, signaling ecological vulnerability [18]. Standardized metrics
such as Percentage of Landscape (PLAND), Number of Patches (NP), Edge Density
(ED), and Contagion (CONTAG) via FRAGSTATS provide robust measures of
structural complexity [16].

Despite global applications, multi-scale analyses remain scarce in Sub-Saharan
Africa, where medium-sized cities experience some of the fastest growth rates [19].
Studies in Malawi and Accra highlight vegetation decline and fragmentation but
often rely on isolated metrics or lack gradient-based approaches [20; 21].
Consequently, little is known about how vegetation structure varies along
urbanization gradients or how multi-scale patterns emerge from specific growth
processes [22; 23]. In cities such as Makurdi, rapid expansion continues without
systematic evaluation of vegetation responses. The absence of advanced landscape
ecology frameworks limits ecological assessments and biodiversity integration into
urban planning [24]. To address this gap, we examine vegetation dynamics in
Makurdi (2000-2025) using night-time light (NTL) gradients and FRAGSTATS
metrics across urban, peri-urban, and rural zones. This multi-scale approach expands
the geographic and methodological scope of urban ecology and provides a data-
driven foundation for planning strategies that balance growth with ecological
sustainability.
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Materials and methods
Study Area Description

This study focuses on Makurdi, the administrative capital of Benue State,
Nigeria, located between latitudes 7°38'N—7°50'N and longitudes 8°24'E—8°48'E
(see Figure 1). The city lies within the Benue Trough at an elevation of 93—-105 m
above sea level and is bisected by the Benue River, its dominant hydrological
landmark [25]. Makurdi falls within the Southern Guinea Savanna zone,
characterized by a sub-humid tropical climate (Koppen Aw) with mean annual
rainfall of 1,250-1,500 mm [26]. Natural vegetation includes gallery forests along
riverbanks and deciduous savanna woodlands with species such as Afzelia africana
and Daniellia oliveri [27].

Between 2000 and 2025, Makurdi has grown into a major regional hub linking
Nigeria’s southeastern and northern corridors. Its strategic location and role as a
state capital have driven rapid population growth and spatial expansion exceeding
4% annually.! Urban development is dominated by unplanned horizontal sprawl,
converting fertile floodplains and upland woodlands into residential and
commercial areas [28]. This expansion has produced a fragmented landscape
where built-up areas increasingly encroach on ecologically sensitive wetlands,
making Makurdi a critical case for assessing long-term impacts of urbanization
on vegetation integrity [28; 29].

8°24'E ) . 8°32'E | . 8°40'E
z 2z
o Loy
f '9aWa"yobe
Borno
P~ lger:
Uge M T
| I . ;
.; Makurdi ; /
: b ia
~ (S ivers
/
z z Legend
0. | O
£ £ 7 Nigeria
; 77 Benue State
3 Makurdi
(4] 4 8 12 16 ‘Sources: Esr, TomiFom, Gammin, FAD, NOAA, USGS, ©
e Kil s and the GIS User Communy
8°24'E G 8°40'E

Figure 1. Study Area Map
Source: compiled by O. Shaibu, A.A. Kirichuk.

! United Nations. World Population Prospects. Available from: https://population.un.org/wpp/ (ac-
cessed: 09.02.2026).

208 ECOLOGY



Hlauby O., Kupuuyx A.A. Bectauk PYJIH. Cepusi: Dxonorus u 6e301acHOCTb sxu3HenesTenbHocTH. 2026. T. 34. Ne 2. C. 205-222

Analytical Framework and Study Design

This study employs an integrated framework combining land-cover mapping,
landscape pattern analysis, and urban intensity modeling to assess vegetation
responses across multiple spatial scales. By linking class- and landscape-level
metrics with urban pressure gradients derived from night-time light data, the
approach captures both localized fragmentation and broader landscape restructuring
driven by urban expansion. A multi-scale zonal design was adopted to improve
interpretability and provide a robust basis for evaluating how vegetation reorganizes
under increasing anthropogenic influence. The conceptual framework is presented
in Figure 2, while detailed procedural steps are outlined in Figure 3.

Multi-Scale Vegetation Response to Urban Growth: Conceptual Framework

||. Ursan Growtn Drivers
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Figure 2. Conceptual Framework
Source: compiled by O. Shaibu, A.A. Kirichuk.
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Figure 3. Flowchart of Methodological Framework
Source: compiled by O. Shaibu, A.A. Kirichuk.
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Data Acquisition and Pre-processing

We integrated multi-source geospatial datasets spanning 25 years to capture
land-cover dynamics and urban intensity. Contemporary LULC data (2025) were
derived from the Dynamic World V1 dataset using Sentinel-2 imagery (10 m
resolution), while baseline data (2000) were manually classified in ArcGIS Pro
from high-resolution historical imagery to ensure consistency. Night-time light
(NTL) data from VIIRS Day/Night Band annual composites provided cloud-filtered
radiance values as proxies for urban activity and infrastructure expansion.
Administrative boundaries defined the study extent, and all datasets were projected
to a common coordinate system and resampled to uniform resolution. Nearest-
neighbor resampling preserved categorical integrity for LULC data.

Land-Use/Land-Cover Classification and Change Detection

We applied supervised classification to delineate five classes: built-up,
vegetation, agriculture, bare land, and water. For 2000 data, a Random Forest (RF)
classifier was used in ArcGIS Pro due to its robustness with complex remote sensing
datasets. Accuracy was assessed via confusion matrices, overall accuracy, and
Kappa coefficients. Post-classification comparison generated LULC transition
matrices, enabling computation of per-class area changes and annual transformation
rates. This approach aligns with established methodologies for urban change
analysis in rapidly expanding African cities [30-32].

Vegetation Reclassification and Raster Preparation

To emphasize ecological processes, LULC classes were reclassified into
vegetation (trees, grass, shrubs) and non-vegetation (built-up, bare land, water)
groups [33; 34]. Binary vegetation rasters for 2000 and 2025 served as inputs for
class-level analysis, while original multi-class rasters supported landscape-level
assessments. All rasters were exported as 16-bit signed integer GeoTIFFs to meet
FRAGSTATS requirements, ensuring consistent spatial extent and precise cell
alignment.

Urban Growth Intensity Assessment

Urban growth intensity was quantified using NTL radiance as a proxy for
settlement density and infrastructure. Annual NTL composites were clipped to
Makurdi’s boundary to generate continuous illumination surfaces. Radiance values
were classified into low, moderate, and high-intensity zones using percentile
thresholds, following established methods [35-38]. This avoided arbitrary
classification and ensured categories reflected relative human activity. Validation
through visual comparison confirmed alignment with built-up patterns and peri-
urban expansion.
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Linking Vegetation Structure to Urban Growth Intensity

We employed a zonal analysis linking vegetation metrics to urban intensity
gradients. Vegetation rasters (2000 and 2025) were masked by low, moderate, and
high-intensity zones, and FRAGSTATS was applied separately to each. This enabled
computation of class-level metrics within distinct urban environments, allowing
vegetation change to be interpreted as a differentiated response to anthropogenic
pressure rather than a simple temporal shift. The framework provided a process-
driven perspective on landscape reorganization.

Multi-Scale Landscape Metric Analysis

Landscape pattern analysis was conducted at both class and landscape levels
using FRAGSTATS [39; 40].
o (Class-level (vegetation only):
— Extent: Percentage of Landscape (PLAND);
— Fragmentation: Patch Density (PD);
— Dominance: Largest Patch Index (LPI);
— Edge effects: Edge Density (ED);
— Connectivity: Mean Patch Area (AREA_MN), Aggregation Index (Al)
e Landscape-level (all LULC classes):
— Fragmentation & dominance: PD, LPI;
— Boundary complexity: ED, Landscape Shape Index (LSI);
— Connectivity: Cohesion Index (COHESION), Al.
By integrating vegetation-specific metrics with systemic indicators, this multi-
scale framework captured scale-dependent responses, linking localized vegetation
loss to broader urban-driven transformations.

Results
Land Use/Land Cover Change Results

Table 1 summarizes LULC distribution in Makurdi between 2000 and 2025.
The results reveal a marked landscape reorganization, with divergent trends across
major land-cover classes. Vegetation remained dominant but declined from 77.5%
in 2000 to 71.8% in 2025, highlighting mounting pressure on natural and semi-
natural ecosystems. Built-up land expanded substantially, increasing from 103.10 km?
(11.6%) to 146.60 km? (16.5%), reflecting rapid urban growth and intensifying
anthropogenic influence. Cropland also rose moderately to 59.80 km?, indicating
agricultural expansion alongside urbanization. Water bodies showed a slight
increase to 3.7%, while bare land remained stable at 1.3%.

Overall, urban expansion and the redistribution of vegetated land emerged as
the primary drivers of change. These area-based shifts provide essential context for
subsequent analyses of spatial configuration and fragmentation. Figure 4 illustrates
the spatial distribution of these transformations across the study area.
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Table 1. Land-Use/Land-Cover Distribution and Changes in Makurdi, 2000-2025

LULCID LULC Class Area 2000, km? | Share 2000, % | Area 2025, km? | Share 2025, %
1 Waterbody 30.40 3.40 33.30 3.70
2 Vegetation 689.60 77.50 638.90 71.80
3 Cropland 54.80 6.20 59.80 6.70
4 Bareland 11.80 1.30 11.30 1.30
5 Built-up 103.10 11.60 146.60 16.50
Note: Percentages represent proportional coverage of the total study area.

Source: compiled by O. Shaibu, A.A. Kirichuk.
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Figure 4. Spatio-temporal patterns of land-use/land-cover in Makurdi showing (a) the 2000
and (b) the 2025 LULC maps, highlighting urban expansion and associated landscape transformation
across the study area

Source: compiled by O. Shaibu, A.A. Kirichuk.

212

ECOLOGY



Hlauby O., Kupuuyx A.A. Bectauk PYJIH. Cepusi: Dxonorus u 6e301acHOCTb sxu3HenesTenbHocTH. 2026. T. 34. Ne 2. C. 205-222

Class-Level Vegetation Responses across Urban Intensity Zones

Vegetation metrics were categorized by urban intensity zones to assess structural
responses under varying human pressure (Table 2). Results show clear contrasts
across low, moderate, and high-intensity areas in both 2000 and 2025.

In low-intensity zones, vegetation occupied a large share of the landscape, with
low patch density, strong dominance of the largest patches, and high aggregation.
These conditions reflect cohesive vegetation structures in areas with limited
anthropogenic disturbance. In moderate-intensity zones, vegetation declined
substantially, with smaller, more numerous, and less aggregated patches. This
fragmentation indicates transitional landscapes where urban expansion and natural
cover coexist, underscoring the vulnerability of these buffer zones to ongoing land-
use change. In high-intensity zones, vegetation was minimal, highly fragmented,
and weakly aggregated, with negligible dominance. Remaining vegetation persisted
only as small, isolated remnants embedded within a built-up matrix, highlighting
the severe impact of dense urbanization on spatial integrity.

Table 2. Vegetation Landscape Metrics Across Urbanization Gradients in Makurdi for 2000 and 2025

Urbanization Year PLAND, PD, LPL. % ED, AREA_MN, Al,
Gradient % patches/ha 1 70 m/ha m %
) 2000 53.56 0.0032 34.73 2.94 16,614.53 95.35
Low Intensity
2025 51.68 0.0032 33.63 3.86 16,030.26 93.06
Moderate Intensit 2000 5.46 0.0153 3.49 1.93 356.71 62.79
v 2025 3.75 0.0250 1.39 1.59 150.09 54.90
) ) 2000 0.46 0.0145 0.09 0.34 31.87 18.60
High Intensity
2025 0.27 0.0081 0.09 0.19 33.99 25.00

Note. PLAND = Percentage of Landscape, %; PD = Patch Density (number of patches per hectare);
LPI = Largest Patch Index, %; ED = Edge Density (m/ha); AREA_MN = Mean Patch Area, m ; Al = Aggregation Index, %. Metrics
describe vegetation structure and spatial configuration across urbanization gradients.

Source: compiled by O. Shaibu, A.A. Kirichuk.

Temporal Changes in Vegetation Structure within Urban Intensity Zones

Comparisons of class-level metrics between 2000 and 2025 (Table 2) reveal
distinct temporal responses to urban expansion. In low-intensity zones, vegetation
remained largely stable, though slight declines in Aggregation Index (Al) and mean
patch size (AREA MN) suggest gradual fragmentation. Despite these subtle shifts,
vegetation maintained a cohesive spatial arrangement. In moderate-intensity zones,
vegetation exhibited the most pronounced changes. Between 2000 and 2025,
dominance and aggregation declined sharply, while fragmentation intensified.
These results identify moderate zones as critical ecological interfaces, highly
sensitive to urban growth and vulnerable to structural reorganization. In high-
intensity zones, vegetation showed little temporal variation. Already severely
fragmented by 2000, these areas remained degraded, with persistently low
dominance and weak aggregation. This stability reflects conditions where urban
pressure had already surpassed thresholds necessary for maintaining coherent
vegetation structures prior to the baseline year.
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Landscape-Level Spatial Structure Dynamics

Landscape-level metrics (Table 3) highlight systemic restructuring between
2000 and 2025. Patch density increased, indicating progressive subdivision of the
landscape into smaller units and a shift from a continuous matrix to a segmented
mosaic. The Largest Patch Index (LPI) declined, reflecting reduced dominance of
large patches and greater influence of smaller, fragmented units. Concurrently,
landscape shape complexity increased, with more irregular boundaries and
heightened heterogeneity. Rising edge density further underscores the growing
complexity of interactions between adjacent land-cover types.

Connectivity metrics showed slight declines, suggesting marginal weakening
of cohesion and aggregation. Although values remained relatively high, the
downward trend indicates that expanding anthropogenic land uses are beginning to
disrupt regional continuity. Collectively, these findings demonstrate that by 2025,
Makurdi’s landscape had transitioned toward a fragmented, heterogeneous structure.
This system-wide reorganization provides essential context for the vegetation-level
fragmentation patterns identified earlier.

Table 3. Landscape-Level Metrics for Makurdi LULC Structure in 2000 and 2025

PD, [ _ [y [y
Year patches/100 ha LPI, % ED, m/ha LSl (-) COHESION, % Al, %
2000 0.96 39.63 8.93 8.79 99.93 99.58
2025 4.75 36.97 17.97 16.68 99.92 99.13

Note. PD = Patch Density; LPI = Largest Patch Index; ED = Edge Density; LS| = Landscape Shape Index; COHESION =
Patch Cohesion Index; Al = Aggregation Index. PD is expressed as number of patches per 100 ha, ED as meters per hectare,
LPI and Al as percentages, while LSl is dimensionless.

Source: compiled by O. Shaibu, A.A. Kirichuk.

Integrated Multi-Scale Interpretation of Results

Across both class- and landscape-level analyses, vegetation responses to urban
growth in Makurdi proved scale-dependent and spatially differentiated. Landscape
metrics revealed a general increase in fragmentation and complexity, while class-level
results showed these changes were most acute in moderate and high-intensity zones.
Our findings emphasize that area-based assessments alone cannot capture the full
extent of vegetation transformation. Configuration shifts fragmentation, dominance,
and aggregation offer deeper insight into how vegetation reorganizes under urban
pressure. The zonal framework highlights that degradation intensifies along the
urbanization gradient, confirming that urban growth in Makurdi is a heterogeneous
process with varying ecological impacts across the urban—rural continuum.

Discussion
Result Discussion

In this study, we investigated the multi-scale responses of vegetation to urban
growth in Makurdi, Nigeria, over a twenty-five-year trajectory (2000-2025). By
integrating LULC transitions with landscape metrics and urban intensity gradients,
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our results offer compelling evidence that the structural integrity of Makurdi’s
vegetation has been compromised by urban expansion, specifically within moderate
and high-intensity zones. The nuanced fragmentation patterns identified here reflect
broader ecological and urban dynamics documented in other rapidly urbanizing
regions of Sub-Saharan Africa and beyond.

Our analysis of landscape composition (see Table 1) revealed a consistent
decline in vegetation proportion alongside a sharp increase in built-up areas. This
trend aligns with findings from other Nigerian cities, where accelerated urban
sprawl has led to the substantial depletion of ecological assets, including natural
vegetation and open green spaces [41-43]. Similar declines in vegetation and rising
fragmentation have been observed across Nigeria’s rainforest and Guinea savanna
regions as urban footprints expand, underscores the pervasive influence of
urbanization on West African natural landscapes [43; 44].

At the class level, our results demonstrate that vegetation structure becomes
increasingly fragmented as urban intensity rises (see Table 2). The elevated patch
density and reduced aggregation in these zones suggest that urban development has
systematically disrupted the spatial coherence of vegetated land. Such structural
responses are consistent with urban greenness fragmentation patterns observed
globally, where rising patch density and edge eftects follow the subdivision of green
space due to sprawl [45—48]. These trends are ecologically significant, as they are
frequently linked to reduced habitat connectivity, biodiversity loss, and impaired
ecosystem functioning [46; 47; 49].

The observed increase in system-wide fragmentation (see Table 3) further
supports the interpretation that Makurdi’s overall spatial structure has become more
complex and heterogeneous. Metrics such as patch density, edge density, and the
landscape shape index all of which reflect landscape subdivision and boundary
irregularity increased from 2000 to 2025. Literature suggests these changes indicate
a transition toward landscapes where anthropogenic uses prevail at the expense of
natural continuity. For instance, studies have highlighted that increases in patch
density and shape complexity typically accompany neighborhood expansion,
creating mosaic landscapes with diminished ecological cohesion [50-52].

Connectivity-related metrics, including cohesion and aggregation, showed
subtle declines, suggesting a gradual weakening of landscape continuity. This shift
carries substantive ecological implications; fragmentation-induced reductions in
connectivity can hinder species dispersal and compromise ecological resilience.
These consequences are well-documented in landscape ecology, where diminished
connectivity is associated with compromised ecosystem services and the reduced
long-term viability of urban vegetation patches [53—55].

By integrating urban intensity gradients, we gained additional insight into the
spatial heterogeneity of these responses. Vegetation in low-intensity zones remained
comparatively cohesive, indicating that areas with limited anthropogenic pressure
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retain their structural integrity despite broader regional changes. Conversely,
moderate and high-intensity zones exhibited severe fragmentation, reflecting the
differential impacts of urbanization based on human influence levels. This finding
reinforces the necessity of considering spatial heterogeneity in ecological
assessments, as global metrics alone may obscure localized responses to
anthropogenic pressure.

In the Sub-Saharan African context, urbanization is often characterized by
rapid, unplanned expansion that exerts immense pressure on natural environments
[56-59]. The patterns we observed in Makurdi mirror these regional trends,
highlighting how urban growth reshapes both cover composition and spatial
configuration. Furthermore, our multi-scale approach underscores those urban
ecological assessments are most informative when they synthesize class-specific
responses with overall landscape reorganization.

Limitation of the Study

Despite offering a comprehensive multi-scale assessment, this study has several
limitations. First, reliance on two temporal snapshots (2000 and 2025) restricts
detection of intermediate or non-linear dynamics, though imagery availability and
cloud cover often constrain finer sampling in tropical regions. Second, landscape
metrics, while informative, do not directly measure ecological functions such as
species richness or habitat quality. Future work should integrate field-based data
and higher-resolution environmental indicators.

Additionally, night-time light gradients, though robust proxies for anthropogenic
pressure, may not fully capture socio-economic drivers such as land tenure or policy
influences. Finally, landscape metrics are sensitive to classification accuracy and
resolution; however, these concerns were mitigated through careful reclassification,
zonal analysis, and multi-scale integration.

Policy and Urban-Planning Implications

The differentiated vegetation responses observed provide critical guidance for
urban planning in Makurdi and similar Sub-Saharan cities. Moderate-intensity
zones, where fragmentation is most severe, represent key intervention spaces.
Policies should prioritize regulating land conversion, integrating green buffers, and
protecting vegetation before thresholds are surpassed.

In low-intensity zones, cohesive vegetation can be preserved through zoning
that discourages leapfrog development and promotes compact growth. High-
intensity zones require ecological restoration urban parks, street trees, and riparian
corridor protection to reconnect fragmented patches and sustain ecosystem
services.
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More broadly, embedding landscape metrics into routine monitoring and
municipal planning offers a powerful tool for balancing development with ecological
sustainability. By moving beyond area-based indicators, planners can evaluate the
structural health of green spaces and design strategies that enhance resilience in
rapidly urbanizing contexts.

Conclusion

This study examined LULC dynamics and vegetation responses to urban growth
in Makurdi (2000-2025) using a multi-scale landscape metrics framework. Findings
show that urban expansion has driven both a measurable decline in vegetation
extent and a profound reorganization of its spatial configuration. While built-up
growth and green cover loss highlight anthropogenic influence, configuration-based
metrics fragmentation, dominance, and aggregation provide deeper insight into
vegetation system responses.

Class-level analysis revealed spatial differentiation along the urbanization
gradient: vegetation in low-intensity zones remained cohesive, moderate zones
showed the greatest structural sensitivity with accelerating fragmentation, and high-
intensity zones reflected persistent degradation. At the landscape scale, rising patch
density, edge complexity, and shape irregularity indicate a shift toward a fragmented,
heterogeneous mosaic, while declining connectivity suggests weakening cohesion
under continued sprawl.

Overall, vegetation degradation in Makurdi is a scale-dependent, spatially
heterogeneous process. By identifying zones most vulnerable to fragmentation, this
study provides a robust evidence base for integrating green infrastructure
conservation into urban planning frameworks across rapidly growing Sub-Saharan
African cities.
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Jkonoro-reorpadpuyeckme uccnenosaHusa aBudayHol Antas
BO BTOpOM nosioBuHe XX Beka
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SUncmumym cucmemamuru u sxonoeuu scusomuwix CO PAH, Hosocubupck, Poccutickas
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AnnHoranus. Ha xadenpe 300510ruu, 3K0JI0TUU U TeHETUKHU [ OpHO-ANTaliCKOTO YHHBEPCH-
TeTa CO BTOPOil MOJI0BUHBI XX CTONETHS 10 HACTOSIIEE BpEMs HAKOTUICH 3HAYUTEIbHBIN 00beM
cBelieHui 1o ¢ayHe, YUCICHHOCTH, TeorpaguueckoMy pacrpeesneHuto nTul Anras. Beissie-
HBI Ba)KHBIE 3aKOHOMEPHOCTH (POPMUPOBAHUS U AMHaMuKa Tl 3a 100 siet, ycraHoBlIeHa 3aBU-
CHMOCTH OT MPUPOJHBIX U OMOTeHHBIX (haKkTOpoB, OorarcTBo aBubayHbl Antas (379 BHIOB)
00yCIIOBJICHO Pa3HOOOpa3HeM COBPEMECHHBIX JAHIIIA(PTOB M CIOKHOCTBIO T€OJIOTHYeCKOU
uctopuu. Briepsrie B CCCP Ha Anrae npuMeHeHa «Bcece3oHHasi KOJIMUECTBEHHAsE METOIMKA
ydaeta ntuty. [Ipencrasnen moBumoBoit 0630p nrun CeBepo-Bocrounoro Anras ¢ aHAIH30M
KOJIMYECTBEHHBIX XapaKTEPUCTUK IPOCTPAHCTBEHHO-BPEMEHHBIX M3MEHEHUH HX JIeTHEel
YUCIEHHOCTH B KOHIlE 1990-X M comocTaBieHHE C aHAJOTMYHBIMU JaHHBIMH JUIS Hadajia
1960-x tr. IIpoBenen skonoro-reorpaduyeckuii aHamu3 aBu(payHbl, YCTaHOBICHBI OPHHUTO-
reorpauueckue paifloHbI, BBIIBICHBI CE30HHBIC ACHEKTHI M JHHAMEKA, JaHa KOMIUIEKCHAS
OIICHKA HACEJIeHHs MTHUI[ CMemaHHBIX JiecoB LlentpanmsHoro Aunras. IlpuBenena cezonHas
OIICHKA aBU(ayHbl B MECTOOOUTAHUSX CTEMHOTO Tosica FOro-Bocrounoii npoBuHIMK AnTas,
a TaK)Ke XapaKTePUCTUKA YNCICHHOCTH BHJIOB M CIIEIU(PHUKA JIETHUX OPHUTOKOMIUICKCOB.

KuroueBblie cioBa: Asraiickas ropHasi o051acTb, reorpaduueckuii apea, OpHUTOTeorpa-
(uueckue paioHBI, YUCICHHOCTD MITHII

Bxaan aBropoB. bondapenxo A.B. — HamucaHWe CTaThH, PEAAKTUPOBAHUC. HoH-
dapv B.B. — oxoH4YaTenbHas peaakuus. boroapenxo A.A. — Habop TekcTa, paboTa ¢ UCTOU-
HUKaMH, 0(hOpMIIEHHE TEKCTa B COOTBETCTBHU C TpeOoBaHUSAMH. Bce aBTOPBI 03HAKOMIICHBI
C OKOHYATEJBHOW Bepcuel CTaTbu M 0100puIIH ee.
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®unaHcupoBaHue. ccienopanue BIMOIHEHO 0 NpoekTy «Vctopust [opHoro Antas
XX Beka B OPTpeTax BBIIAIOLIMXCS JUYHOCTEH» B HayuHo-ucciieoBaTebckoM UHCTUTYTE
nM. C.C. Cypa3zakosa, T. [opHO-AnTaiick, Pecnyonmuka Auraid, a Takke B pamkax [Ipe3umeHT-
ckoro ¢onaa «IIpupoga»: IKO-25-2-001377 «B mouckax mpuspaka rop: UCCIeJOBAHHE CHEX-
Horo Oapca Ha IOxHo-Uylickom xpedte, PecriyOnuka Antait» u 9K0O-26-2-00-1808 «Coxpa-
HuM apranu B FOro-Boctounom Anraey.

3asiBiaeHune 0 KOHGINKTE HHTEPECOB. ABTOPHI 3asBIISIFOT 00 OTCYTCTBUU KOH(IIUKTA HH-
TEPECOB.

3asiBjieHHe 00 MCNOJL30BAHNH TEXHOJIOT Wil HCKYCCTBEHHOI'0 MHTE/IJICKTA. HpI/I co3aa-
HHUN HﬁCTOHH.IGfI CTaTb! TEXHOJIOTMU I'CHEPATUBHOTO UCKYCCTBEHHOI'O MHTECJ/IJICKTAa HE UCIIOJIb-
30BAaJIMCh.

3asiBjieHue 0 AOCTYITHOCTHU JaHHBbIX. Bce JNaHHBIC, MOJYYCHHBIC B XOJI€ OTOT'0 UCCJIEA0BA-
HUs, BKIIIOYCHEI B OHy6HI/IKOBaHHyIO CTaTblo.

Hcropus craTbu: noctynuia B penakuuio 12.09.2025; nopaborana mocie pereH3npopa-
Hus 24.10.2025; npunsta k myonukamun 02.02.2026

Jdast uurupoBanus: bonoapenxo A.B., bonoaps B.B., bonoapenko A.A. Dxonoro-reorpa-
(uueckue uccnenoBanus aBudayHsl AnTas Bo BTopoit monoBuHe XX Beka // Bectuuk Poccuid-
CKOTO YHHMBEpCHTETa JIpy>KObl HaponoB. Cepusi: DKoIOTHs U 0€30MaCHOCTD JKU3HEACSITEIbHO-
cru. 2026. T. 34. Ne 2. C. 223-236. http://doi.org/10.22363/2313-2310-2026-34-2-223-236
EDN: PMTVHG

Ecological and geographical studies of the Altai avifauna
in the second morning of the 20th century

Alexey V. Bondarenko'**(%, Vladimir V. Bondar*, Alexey A. Bondarenko?

18.S. Surazakov Research Institute of Altaic Studies, Gorno-Altaisk, Russian Federation
2Saylyugemsky National Park, Kosh-Agach, Russian Federation
3Institute of Animal Taxonomy and Ecology SB RAS, Novosibirsk, Russian Federation
* RUDN University, Moscow, Russian Federation
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<70.bondarenko@mail.ru

Abstract. Since the second half of the 20th century, the Department of Zoology, Ecology
and Genetics of the Gorno-Altai University has accumulated a significant amount of information
on the fauna, abundance and geographical distribution of birds of Altai. Important patterns of
formation and dynamics of birds over 100 years have been revealed, the dependence on natural
and biogenic factors has been established, the richness of the Altai avifauna (379 species) is due
to the diversity of modern landscapes and the complexity of geological history. For the first time
in the USSR, the “All-season quantitative method of bird census” was applied in Altai.
A species-by-species review of birds of the North-Eastern Altai is presented with an analysis
of the quantitative characteristics of spatio-temporal changes in their summer numbers in the
late 1990s and a comparison with similar data for the early 1960s. An ecological and geographical
analysis of the avifauna was carried out, ornithogeographic regions were established, seasonal
aspects and dynamics were revealed, and a comprehensive assessment of the bird population of
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mixed forests of the Central Altai was given. A seasonal assessment of the avifauna in the
habitats of the steppe belt of the South-Eastern province of Altai is given, the characteristics of
species population and the specifics of summer ornithocomplexes are presented.

Keywords: Altai mountain region, geographical range, ornithogeographic regions, bird
population
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BBepeHune

I'opuas cuctema Anrail pacronoxena Ha rore 3amagHoit CuOupu (KoopauHa-
ToI: 48° 1 53° c.u1., 81° u 90° B.11,), 3aHUMAET IUIOIIAL — 185 ThIC. KM? M TIpe/-
cTaBlsieT co0oi Hanboee BICOKOE 3BeHO B cucteme rop FOxuoit Cubupu. ['panu-
bl AnTas Ha CEBEpO-3alajie U CeBepe ColpukacaroTcs ¢ 3amaaHo-CuOupckoit
paBauHOMU Ha BeicoTe 300500 M Hax ypoBHeM Mops. Ha ceBepo-BocTOke, BOCTOKE
U 1ore BeepooOpasHbie XpeOThl Anras rpanudar ¢ Kysnenko-Canaupckoi, Casn-
ckoit, TyBuHckol obnactsimu Aunrae-CasHCkol (u3nKo-reorpaduyeckoil cTpaHsbl
U MPUMBIKAIOT K XpeOTy MoHnronbckuilt Anraii. FOro-3amagnas rpanuna npoxoauT
NpsAMO MO TEKTOHWYECKOMY paziiomy FHOkHOrO AnTast u 3aiiCaHCKOW KOTJIOBHUHBI,
y [IpuupThINICKOi KOTIOBUHBI POMCXOAUT CMBIKAHUE 3aMaJHbIX XpeOTOB AnTasl.
Penbed xapakrepusyercs yepeqOBAHUEM JIOJIMHHBIX U MEXKTOPHO-KOTIOBHUHBIX
BbICOKOTOpHBIX cTenei: Kypaiickas, YUylickas, Jxynykynabckas, KaranauHckas,
VitMoHcKkas1, Ypcyabckas U Jip., a TaKkKe TII0OCKOTOPhAMU: YKOK, Yiaranckoe u Yy-
JIBIIIIMAHCKOE Harophwe [1].

BricoTHO-TIOsIcCHast CTpykTypa AnTas ¥ pazHooOpasue JTaHamadToB Crocoo-
CTBOBaJIM (DOPMHUPOBAHUIO YHHUKAIBHBIX BBICOKOTOPHBIX OPHUTOKOMILIEKCOB, YTO
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BCET/Ia MPUBJIEKAIO BHUMAHUE OPHUTOJIOIOB C JABHUX BPEMEH U J0 HACTOSIIETO
BpeMeHHu. PaHHue vccie[0BaHusI HAIILTH CBOE OTpakeHue B auteparype’ [2].

T'opublii Antail Mcciie0Baal MHOTHE TOKOJIEHUS YUEHBIX, U BIIOCJIECTBUU OH
npu3HaH Hanbosee nzydeHHoi tepputopueit osiBiero CCCP. [Tocne Boixona gyH-
namentanbHoi cBogku I1.I1. Cymkuna [2] cnenuanuctamu ObLIO M3IaHO Oosee
100 my6nukanwmii o gayHe, SKOJIOTHH NTHIl ATITasi, KOTOPBIE CYIIECTBEHHO JIOTIOJ-
HWIN CBEJCHHS O TeorpagrueckoM paclpOoCTpaHEeHUH BUAOB Ha IPOBUHIIMATILHOM
YPOBHE.

MHorosieTHUE UCCIEA0BaHUS LieJIeHanpaBiIeHHo Beauch ¢ 1980 1., HO yxke mo
OTIIENBHBIM (U3HKO-reorpaduueckuM npoBuHIUSIM Anrtas: FOro-Boctounsrit A-
taii — 3.A. HUpucos [3], Lenrpansubiii Antait — H.II. MankoB [4], 3anagHsiii
Anrait — b.B. lllep6axoB [5], CeBepo-Boctounsiii, Boctounslii, Bkitoyasi Oac-
ceitn Tenenkoro ozepa, — B.A. Craxees [6], BIIOCII€ICTBUU BBILIETIEPEUNUCICHHBI-
MU CIIEHUAIUCTaMH YCIEeIHO ObUIM 3aIMILIEHbl KaHAMIATCKUE TUCCEpPTAlMM Ha
0aze nuccepranuoHHbXx coBeroB MI'Y, MITIM um. B.M. Jlenuna u MITIN
um. H.K. Kpynckoit. 3atem Bbixoaut B cBeT MoHorpadus C. OpHcera o aBudayHe
Boctounoro u FOro-Boctounoro Anras [7]. IToru 3xonoro-gpayHuCTUYECKUX HC-
CJIeJOBaHMI HallUIU CBOE OTpakeHue B AByX ToMax «Iltuuel Antas» A.Il. Kyuuna
[8; 9]. [TogpoOHas ayHHCTHUECKAst CBOAKA MTHUL U OPHUTO-TeorpadudecKoe paio-
HupoBanue KOxnoii [Taneapktuku npencrasnensl B MoHorpaduu PJI. beme [10].

B nesnom opuuTodayHna nzydueHa JoCTaToOuHO MOJIHO, XOTS CBEJIEHUI O Hacele-
HUU OTHUL ANTasi, UX 3a1acax YUCIEHHOCTH U IPOCTPAaHCTBEHHO-TUIIOJIOTMUECKOM
pacmpocTpaHEeHUH BUIOB 10 KoHIa XX ctojietus He 0bi10. Jlo 1960-X rT. opHUTO-
reorpauuecke UCCIeNOBaHUS KOMTUYECTBEHHBIMU METOJAAMH y4YeTa YUCIECHHO-
CTH BHJIOB Ha AnTae HE OCYIIECTBISUINCH. ClielyeT OTMETUTD, YTO Ha TOT MEPUOJL
BPEMEHU CaMbIM M3YYEHHBIM B 3TOM aclekTe cienyer npusHars CeBepo-Bocrou-
Hyto npoBuHIMiO Anras [11]. FOpuit ConomonoBuY PaBkuH — TepBbIM  anipoOu-
pOBaj U BHEAPUI B IPAKTUKY KOJIMYECTBEHHBIM METOJ yU€Ta YUCIEHHOCTH NTHLI.
Uepes 40 neT, o ero 3aMbICITy, KOJIJIETaMH TTOBTOPHO OBLIN MPOBEJEHBI YUETHI 110
TEM K€ MaplIpyTaM U MECTOOOUTAHUSIM C LEIbI0 aHaJn3a MPOU3OLIEAIINX U3Me-
HEHUH B TMHAMUKE HaceleHus ntuil [12].

N Ttonwko, no npomectBuun 50 ner uccnenosanuii, B 2009 r. omy6nukoBaHa
MoHorpadus Cepress Muxaitnopuua [lpiOymuaa — Iltuner Anras: mpocTpas-
CTBEHHO-BpeMEHHasi AudQepeHnnanus, cTpykTypa U OpraHu3allys HaceJleHMs,
B KOTOPOU BIIE€PBbIE MPEACTABICH KOMIUIEKCHBIN aHAJIU3 HAacelleHUs NTull Anrtaii-
CKO TOpHOW 00JacTH B 1eIOM. ABTOpPOM OBLIO yCTaHOBJIEHO, 4To u3 381 BuAa,
3aperucTPUPOBAHHOTO 32 BCE TO/bI UCCIEA0OBAaHUM HAa AJTae, B COCTaB HACEJICHUS
NITUI] BXOAUT ToabKo 291 Bua. Takke mOCTOBEPHO omnpenesieHo oOuTaHue 272 BUIO0B

' Konocoe A.M. Victopust payHUCTHYECKUX UCCaeaoBanui Anras // Tpyapl AnTalicKOTo 3ar0BeHNI-
ka / mox obmr. pex. npod. B.I'. T'entrepa. Bem. 1. b. u., 1938. C. 327-390.
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B BECEHHE-JIETHUM nepuof, 263 BUIa — B JIETHE-OCEHHMM, 3UMHUN — 99 BUI0B
COOTBETCTBEHHO [13].

B 2013 r. onmybnukoBana ermie ogaa monorpadus E.H. boukapesoii, C.I". JIuBano-
Ba «lItunel LlenTpanbsHoro Asrasi: YuCIEHHOCTh, pacipeiesieHue U MPOCTPaHCTBEH-
HO-BpeMeHHas auddepeHnranys HaceneHus» [14], B Hee BOLUUIM MaTepHAJIbI
H.I1. Mankosa. JleranbpHO mpeacTaBieH MOBUAOBOM 0030p nTull (286 BUIOB), KOIU-
YECTBEHHAs] XapaKTEPUCTUKA TEPPUTOPUATIBHBIX W3MEHEHUH UX JIETHEW U 3UMHEU
YHCIICHHOCTH, TPEIJIONKEHBI HEePapXUUECKUE KIACCU(PHUKAINN, OTPAXKAIOIINE OCO-
OEHHOCTH MPOCTPAHCTBEHHOTO pacIIpeIeNIeHNs] U XapaKTepa MpeObIBaHNS BUIOB.

N3yuyeHHOCTh HaceneHus ntull B 3anaaHoM u CeBepHoM AJTae, 3a UCKIIIOYE-
HUEM 3UMHUX U OCCHHUX COOOIIECTB?, CIIEyeT CUNTATh HanboJIee HU3KOM, TaK JKe
Kak u Boctounoro Anras, 3a UCKIIFOYEHUEM 3UMHUX OPHUTOKOMILIEKCOB [16].

L]env uccnedosamnuss — 3Konoro-reorpaduyeckuii aHau3 aBudayHbl B pa3iny-
HBIX (U3UKO-TeorpaUIecKux MPOBUHIMAX AJTas; OlEHKA BKJIa/a YYCHBIX B Op-
HUTOJOTHUYECKHUE UCCIEA0BAHUS BTOPOM MOJOBUHBI XX CTOJETHS.

MaTtepuanbl u meToabl

A.Il. Kyunn npoBoaui ucciieoBaHusl Ha AJTae W NPWIEraloluX paBHUHAX
B Teuerue 50 net (1954-2003 rr.): B bnaroBenienckoM 3akazHuke Ha KymyHauH-
ckoM o3epe (1986—1993 rr.), B Bepxobckom 3akazuuke (1971-9991 rr.), Gacceitnax
pp- bus u Karyns (1960-1984 rr.), bue-Uymsickoii necocrenu (1964-2003 rr),
Ha CemunckoMm niepeBanie (1971-1989 rr.), B Oacceitne Tenenkoro o3zepa, 6acceii-
Hax pp. bus u Jlebens (1977-1990 rr1.), Ypcynbckoit, Yerh-Kanckoit (1976-1989;
1964—-1987 rr.), Yiimonckoi, Karanauuckoit u Yyiickoir xormoBuHax (1971—
1999 rr.). 3a Bech mepuoa aBTOPOM MpoOBeAeHO 62 sKcreauiuu Ha 14 crarmo-
HapHbIX U 10 momycrannoHapHbIX y4acTtkax. MccnenoBan 6omnee 3 Thicsd rHE3.
143 BunmoB: Oonee 1,5 Tic. — OTpsiA BOpoOBMHOOOpa3Hbie, 6onee S00 — oTpsin
COKOJI000pa3HbIe M OTPsiA COBbI, Ooee 600 — OKOJIOBOMHBIX M BOJOTIIABAFOIINX
ntuil. OkonbiieBan okosio 2000 ocobeit nrui. B paGore aBTop Mcmonb30Ball AaH-
Hble Anraiickoro otnena PI'O (18862003 rr.), AnTaiickoit (eHOJIOTHYEeCKON KO-
MHCCHH, JINYHBIC TOJyBEKOBBIC (eHosnorndeckue Habdmomenus (1954-2003 rr).
[TpumensuT 00IIENPUHATHIE METOJTUKH 300JI0THYECKUX HccienoBanuii (cm. [17-18]).
Haspanus ntui Obu1M pUBEIEHBI CONIacHO cucTeMarnueckomy karanory JI.C. Cre-
naHsiH «Koncnekt opauronornyeckoit paynst CCCP [19].

10.C. PaBkun 6onee 10 net (1960-1970 rr.) mpoBOANI UCCIIEI0BAaHUS Hacee-
nus nruil B CeBepo-BocTouHol MpoBUHIIMN ANTasi B MPEATOPHBIX, HU3KOTOPHBIX
nmaHAmadTHRIX YPOUYHUIIAX U aHTPOTIOTCHHBIX 3aCTPOEK, TakuX Kak 1. Hmwkusas He-
nunka — 1. Caitapin — 1. Bepx-buiick — 1. Ke6ezenp — n. Cyyuak Typodakcko-
ro paiiona ['opHo-AnTaiickoif aBTOHOMHOI1 00n1acTH, a Takxke 6acceitn 03. Tenerkoe

2 C™m.: Ioi6ynun C.M. KonuvecTBeHHAs XapaKTEPUCTHKA OCCHHETO HACEICHMS TTHUIl 3araHoro
Aunrtas // Bonpocsl oxpansl npupoast [oproro Anras. Topro-Anraiick, 1976. C. 46-50; [15].
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U p. bust ¢ MHOTOUMCIIEHHBIMU €€ TPUTOKaMu. B COOTBETCTBUM C aBTOPCKOM METOTU-
KOM yUYeThI €KETOTHO ITPOBOIMIIMCH B ycTaHOBIIEHHOE Bpems (16 mass — 31 aBrycra),
MIPUYEM YUYETHBI MaplpyT — 5 KM KaxAblid. B 1eiom aBTOpoM HCClIeI0BaHO
36 pa3HOPOAHBIX MECTOOOMTAaHMI 5 BBICOTHBIX TOSICOB, HAa MapuipyTax Oonee
1600 km.

HoctoBepHo ycranoBieHo ooutanue 213 BumoB. B cBoeil paborte aBrop uc-
nosp3oBan rpajganuo tunoB ¢aynsl b.K. Iltermana’, Karamor nruiy CCCP —
A.H. VBaHoB".

[Tpu xamepanbHOI 00pabOTKE MMOJIEBOTO MaTepraia pacueThl IPOBEICHBI C MO-
MOIIBIO CHENHATbHO Pa3pabOTaHHBIX KOMIBIOTEPHBIX IMpOrpamMm JabopaTopun
3oomonuTopunra MCu2X CO PAH r. HoBocubupck. CraTHcTHKa pacuUThIBAIACh
B COOTBETCTBHU C YTBEPXKICHHBIMH METOJMYECKUMU PEKOMEHIAIMSIMU’, IIPO-
CTPAaHCTBEHHO-TUIIOJIOTUYECKAsl CTPYKTypa, OpraHW3alUsi HacelIeHHUs BHUIOB
IITUI] — METOJIOM KJIACTEPHOTO 1 (pakTopHOTO ananu3a [20].

H.I1. MankoB 3anumasncs uzydenuem nrunl Llenrpansaoro (1970-1980 rr.)
u lOro-Bocrounoro Anras (1980-2000 r.). B LlentpansHom Anrtae uccienoBai
xpeotsl: Cemunckuil, Karynckuii, Tepektunckuil u Alrynakckuil. MexropHele
KOTJIIOBUHBI: YcTb-KaHcKylo ¢ npuieraroimumu xpedtamu, YUMoHcKyto, Karanaun-
ckyto, Tepektunckyto u Maunckyro. B KOro-Boctounom Anrae: Uyiickyto cremnb,
xpeoTsl: CaimtoreM, Ceepo-Uyiickuii, FOxno-Uylickuii, muockoropbe Yok, Ky-
paiickyto crenb u Kypaiickuii xpedet. OOuuii 00beM Nemmx y4eTHbIX MapIIpyTOB
coctaBua 1100 km. JloctoBepHO ycTaHOBIEHO oOuTanue 256 BHIOB. ABTOp HC-
MOJIB30BaJI B pab0OTe METOMMKY yueTa Ha MapmpyTtax [17]. IIpu kamepanbHO# 00-
paboTKe MPUMEHsUT CIEAYIOUIYI0 IIKaldy OOWIMS NTHIl B MECTOOOUTaHUAX
(Ha cymm — ocobeit Ha 1 KM%, B BOJHO-OKOJIOBOIHBIX METOOOUTAHUAX — 0CO0EH
Ha 10 kM OeperoBoit uHUM). Bumossie Ha3Banus ntull ganbl o A.H. MiBanoBy
«Karanor ntugy CCCP»°.

Pe3ynbTrathl U 060CYyXAaeHUe

ABTOpBI OPHUTOJIOIMYECKUX HCCIIE0BAaHUH KUK U paboTanu B roasl Benu-
KoM OTEeUeCTBEHHOU BOMHBI U CJIOKHBIE TOJIbI BOCCTAHOBJIECHUS TPOMBIIIJIEHHOCTH
u B 1iesiom HapoHoro xo3sictBa CCCP. B konne XX B. (1980—-1990 rr.) B akaze-
MHYECKON HayKe U BY30BCKOHM cucTeMe — BpICIei 1mKkosie yueHble HEBOJIBHO CTa-
JIM yYaCTHUKAMH TIEPEMEH B HayYHOW M 00pa30BaTeIbHOMN NEATeIbHOCTH, OPHUEH-
TUPOBAHHOM Ha PHIHOYHYIO 3KOHOMHKY B CTPaHe, MPOJOJIXkKasi IIPU 3TOM JI0CTONHO

3 Imeeman b.K. OcHoBbl opauTOreorpadudeckoro aenenus [laneapkruxu // Hosas cepust. ®ayna
CCCP. [Ituupl. Mocksa; Jlennnrpan : Usn-so AH CCCP, 1938. T. 1. Bein. 2. 164 ¢. (Hoas cepus. @ayna
CCCP. ITtunpr).

4 Usanos A.H. Karanor niturt CCCP. Jlennnrpan : Hayka, 1976. 275 c.

3 Pagxun 10.C., Yerunyes H.I. MeToqu4eckue peKOMEHIAMI [0 KOMILUICKCHOMY MapIIpyTHOMY
yuety ntunl. Mocksa : BHUWWnpupoasr, 1990. 33 c.

¢ Heanoe A.H. Karanor ntung CCCP. Jlenunrpan : Hayka, 1976. 275 c.
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TPYAUTHCS BO Oyaro oOmectsa U Poccuiickoii denepanuu B 11emoM. 310 0Opaser|
CaMOOTBEP>KEHHOTO CITY>KEHUSI YYEHBIX-OPHUTOJIOIOB HHTEpPECaM CBOEro OTe-
YecTBa, CBOEr0 HapoJa, MpUMep CTOMKOCTH U BBIIEPKKH B TPYAHBIX KU3HEHHBIX
YCIIOBUSIX.

B cratbe peub moiieT 00 OpHUTONIOTAX, TPYAUBIIUXCS B pa3HbIE TOJbI U B pa3-
HBIX JOJKHOCTSX Ha Kadenpe 3oomoruu (10 1987 1), 300510rUM, SKOJIOTHUHU U Te-
Hetuku (B 1987-2014 rr.), B ®I'BY BO «l'opHO-AnTaiickuil rocynapcTBeHHbIN
yausepcuret». A.Il. Kyunn — goktop Ononornyeckux Hayk, mpogeccop (ctax —
45 net, 1963-2008 rT.), yUTAaJ JIEKIIUU U BEJ TaOOPAaTOPHO-TIPAKTUYECKUE 3aHATUS
U TIOJIEBbIC TPAKTUKU. SIBISUICA 3aMECTHTENIEM JIeKaHa €CTeCTBEHHO-Treorpagpuyie-
ckoro (akynerera (1967-1968 rr.), 3aBemyrommm kKadeapoit 3oomorum (1968;
1986—-1994 rr.), mpopekropom o HaygHoU padote (1968—1971 rr), mpodeccopom
kadenpsl 300m0run, 3xonorun u reaetuku (1987-2008 rr.). FO.C. PaBkun — mok-
TOp OHMOJIOTHYECKHX HayK, Mpodeccop, 3acayKeHHBIN aesaTenb Hayku PO, 3aBeny-
romuii Jadboparopueit 3oomonutopunra MCu2K CO PAH, onun 13 ocHoBareneit
OTKPBITHS aCTIMPAHTYPBI HAa Kadeape 300J0THH, SKOJIOTHHA U TeHeTUKH [ opHO-AJ-
Talickoro ynusepcurera (ctax — 12 ner, 1993-2005 rr.). H.I1. MankoB — xauau-
naT OMOJOTMYECKUX HayK, JOUEHT (ctax — 55 net, 1967-2022 rr.). Yuran Kypcbl
JeKuui mo 3ooreorpaduu, od1men 3Konorun, Ouoreorpapuu, COMMAIBLHON IKOI0-
UM, OMOJOTMM HU3LIMX U BBICIIUX MO3BOHOYHBIX XHUBOTHBIX, TEOPUHU 300JI0TH-
yeckoi cuctematuku. B 1982-1986 rT. 3aBemoBan kadempoii 30010ruu [opHo-
AJTaiicKoro rocy1apCTBEHHOIO MeIaroriyecKoro HHCTUTYTa .

Aunexceii IlerpoBrny KyunH BBISBIII BaKHBIE 3aKOHOMEPHOCTH (hOPMHUPOBa-
HUS U JuHaMUKH Tyl Anras 3a 100 jeT, ycTaHOBWII 3aBUCUMOCTh OT TPUPOTHBIX
u 6moreHHbIX (pakTopoB. Hambomnee cymecTBeHHBIM pesyibTatoM Asekces [letpo-
BUYA SIBJISIETCS] YHUKANIbHAS CBOJIKA 110 OpHUTO(hayHe (oBUI0BbIE ouepku 379 Bu-
noB — 18 orpsamoB, 36 cemeicTB) U 300reorpaduu, OCHOBAaHHOW Ha (hyHIaMeH-
TaJbHBIX IMYHBIX MaTepuajax, CoOpaHHbIX Ha poTshkeHnu 43 net. Koncraruposad,
4yTO OorarctBo aBH(ayHbl AnTas 0O0YCIOBIEHO Pa3HOOOpa3HeM COBPEMEHHBIX
JTaHMAa(TOB U CIOKHOCTBIO I€OJIOIMYECKOI UCTOPUH, KOTOpas MpeBpaTuiia Anrai
B IIaBHBIN 300reorpaduueckuil ysen [laneapkTuku. ABTOPOM BBISBICHBI HOBBIE
3aKOHOMEPHOCTH, KacaroIlMecs: paclIMpeHust JIMOO COKPAILIeHUs apeasioB U 4HC-
JICHHOCTH psifia nTull. [IpoBesieH aHamu3 B CBSI3U ¢ MHOTOJICTHUMHU KOJI€OaHUAMU
kinuMmara. PayHa raespaumxcs ntun Anras 3a nocinegaue 100 net yBennuuiach
B p€3yJIbTaTe CIIOHTAHHOTO PACCEIEHNs IBYX JIECATKOB BUJIOB: 3alla/IHO-TTAJIEapKTHYE-
ckuX (OOBIKHOBEHHBIH peMe3, CTeHOJIA3, IEHOUKA-TPEIIOTKA, 390J1K, KOHOIUISIHKA,
YIK), F0Or0-BOCTOUHBIX MAJI€apKTUYECKUX (XOXJIAThII 0COE, Majiasi HECTPOrpyakKa,
TaeXHbI CBEPUOK, TOJICTOKIIIOBAs] KaMbIILIEBKA, NECTPbIA APO31) U MOHIOJIBCKUX
(XoxJaThlif 1 MOHTOJIBCKHM %KaBOPOHKH). Pacimpuiu cBou rpanuiis! eue 50 BUI0B,

" Ucropus kadenps! 30omorun [opHO-AnTaiickoro yHuBepcuTeTa. XpOHHKA OT MOMEHTA 3apOXK-
neHus 10... (1949 . — 1 wuronst 2014 1) / coct. A.B. bonnapenko, H.I. Mankos, B.M. MypaBnéga,
O.B. Cadponosa ; o1B. pexn. A.B. bormapenko. buiick : Marpuma, 2022. 165 c.
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panee obOutaromue Ha Anrae. O000IEHUS, CAETaHHBIE aBTOPOM IO JTMHAMHKE
(hayHBbI ITUI] 32 TIOCJIEHEE CTOJIETHE, SBISIOTCS YHUKAJIBHBIMHU HE TOJbKO i CH-
6upu, Ho u ans [laneapkruku B 1ienom. BriepBbie UM npeacTaBieHbl 0COOEHHOCTH
(hopMUpPOBaHUS U CTAHOBJICHHS 3MMHUX OPHUTOKOMILIIEKCOB AJTasi. YCTaHOBIICHO,
YTO B CBSI3U C pa3HOOOpa3reM cpebl 0OUTaHUS XOPOLIUMH KOPMOBBIMU U 3aIllUT-
HBIMH YCTIOBHSIMHM Haubosiee Oorata u pazHooOpasHa 3uMHsAs opHUTO(hayHa Cese-
po-BocTtounoro u LlentpansHoro Antas. BugoBas u npocTpaHCTBEHHAs CTPYKTypa
3UMHUX OpHHUTOKOMILUIEKCOB OernHee B CeBepo-3amaaHoMm Anrae. dayHa NOTHUIL
FOro-Bocrounoro AnTasi Ha OTKPBITBIX y4acTKaxX JOJHUH, KyJa CIyCKalOTCs Ha 3U-
MOBKY BBICOKOTOPHBIE BHUBI, KOJEOIETCS MO rofaM B 3aBUCUMOCTH OT BBICOTHI
CHEKHOTO TIOKPOBa M €ro COXpPaHHOCTH. B mpenantaiickux paBHHHAX OoJblIas
9acTh 3UMYIOUINX BHJIOB COCPEIOTOYCHA B AHTPONIOTCHHBIX JaHAIIa(Tax. YueHbIld
pazpaboTa OpurHHaIBHOE 300Te0rpaduIecKoe paiOHUPOBAHUE ITUI] AJTast, BHEC
KOPPEKTUPOBKY B paiioHupoBaHue akagemuka [1.I1. Cymikuna, cienaHHoe B Hauase
ctonerus. Pazpaborai npakTuyeckue peKOMEHJAIMH 110 OXPAHE PEJKUX U BaXKHBIX
B MPAKTUUECKOM OTHOILIEHUH BUI0B U rpynmn ntull. B nienom Anexceem IlerpoBuuem
caenanbl (PyHIaMEHTaIbHBIC HAyYHBIE 00OOIIEHMS, TIO3BOJIUBIIINE CO3/1aTh OCHOBY
JUIsL OXPaHbl U pallMOHAJILHOTO UCIIOIb30BAaHUS MITHUL] AJITasi, BbISIBIEHBI HOBBIE 3aKO-
HOMEPHOCTH, TIO3BOJISIFOIINE POTHO3UPOBATh JMHAMUKY (ayHbl U HACETIECHUS MITHI]
B YCJIOBHUAX aJTalCKOW TOPHOM TaWru W paBHUH cTenHoro Antag. OH ycneuHo
3aIUTHII KaHAUJATCKYIO AUCCepTaluio «J{HeBHbIe XUIHbIE NTULIBI U COBBI Bepx-
Hero [IproGes» B JIeHuHTpaackoM negarorndyeckoM yHusepcurere um. A.U. Tep-
ueHa B 1967 ., wepes 30 set, B 1997 1., — NOKTOPCKYIO JUCCEPTALIMIO B AUCCEPTa-
IMOHHOM coBeTe MHcTuTyTa mpobaem sxonoruu v 3Bomtoiuu uM. A.H. Cesepiioa:
[Itunel AnTtas u npuieraroiux paBHUH ((ayHa, ee ITWHAMUKA 3a MOCIEIHHE
100 neT u mpoGieMbl 0XpaHbl). ABTOp 11eT0T0 psina MoHorpaduid: «IItuibr Anras:
He BOpoObHHBIEY, «IITHIBl AnTas: BopoObuHbIeY, «lITHIBI Antasy, «lIpupoma
u aBu(ayHa Anrtas U uX TUHaAMHKA B IBaJIIIaTOM cTtoneTtun» [8; 9; 21], aBTop u co-
aBTop 270 HayuyHbIX TyOnukanuii. B sxxypuane «OpHutonorus» HazBaH «Ilarpuap-
XOM aJITAaICKOW OPHUTOIOTUN.

Opuit Conomonosuu PaBkun B 1960 1. nHMIIMMpOBAI Hccaen0BaHus Ha Antae
B MPEATOPHON €ro YacTH B paMKax roCy/lapCTBEHHOro 3ajgaHusi MHcTuTyTa sKcne-
pumenTanbHoi Ouonorun u meauuuHsl CO AH CCCP. B pesynbrare u3yueHus
HaceneHus ntul CeBepo-BoctouHoro Anrasi aBTOpOM JJOCTOBEPHO YCTAHOBIICHBI
CJIEYIONINE THUIHI (payH B pa3pes3e BBHICOTHBIX MOSCOB B JIETHE-OCEHHHUN MEPUOJ:
cubupcko-eBponeickas (mpearopHple JanamadThl), eBporencKko-cuoupckas (rop-
Hble JaHAma@dTel), THOETCKO-cHOMpCKas (KaMEHUCTbIE TYHJIpbI), €BPONEHCKOTo
TUMA (B aHTPOMOTEHHBIX 3aCTPOMKaX, MOCETKN), CHOUPCKOro THMa (Ha Bojoemax),
IpUYEeM B 3UMHEee BpeMs HaOII0JaeTCsl pOCT YUCIEHHOCTH CUOUPCKUX BHJIOB.

C yBenmmueHueM abCOIOTHOM BBICOTHI MECTHOCTH HAJl YPOBHEM OT MPEATOPHOM
JIECOCTENH 10 HU3KOTOPHOM YEPHEBOM TalrM TaKue MoKa3aTeiu, Kak INIOTHOCTh Ha-
CeJICHHs TTHII, €r0 CyMMapHas Onomacca ¥ pazHooOpasue (OHOBOTO COCTaBa, BO3-
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pacTaroT U 3aTeM CTOJIb K€ IMOCJIENOBATEIbHO YMEHBIIAIOTCS K BBICOKOTOPHSIM
TOJIBIIOBO-TIPEATOIBIIOBOTO Tosica. Kak yCTaHOBJICHO, MPUYMHA TAKUX U3MEHEHUI
KpOETCSl B YXYIIICHHH THAPOTEPMHUUECKOTO PEXHMa, YTO U MPEIONPENesieT 00-
mee 60rarcTBO OMOIIEHO30B U B IIE€JIOM BCEro HaceleHus nTull. DayHuCTHIecKuit
COCTaB MO BBICOTHBIM TOSICAM MEHSETCS U HANPSAMYIO KOppEIUpyeT C JaHmamad-
TOM: Y€M pa3HOOOpa3Hee ypouula B JaHamadTe, TeM pasHOOOpa3Hee CITUCOYHBIN
COCTaB M HACEJICHUE NTHI[ B IEJIOM. 3WMOW KOHIICHTpAIWs TTHI[ HAOIIOMaeTCs
B CPEIHETOPhSIX YepHeBou Tairu. C M3MEHEHHEM JIOJIM XBOMHBIX JIECOOOpasyro-
X TOPOJ CHIDKaeTcs M obiee obunue ntull. He coBmagaroT Cpoku TpuieTa,
MpoJieTa, THE30BaHUsl U MOCJIETHE30BbIX MHUTPAIM Y Pa3HBIX BUAOB, COOTBET-
CTBEHHO, I10 KHU3HEHHBIM LIUKJIaM JIa)Ke JOMUHHUPYIOIIUX BUIOB HENb3s IPOBECTU
YETKUE TPAHMIIBI MEXKTY OT/ICITBHBIMU CE30HAMH.

Pasznuyaercs v ce30HHAsI TUHAMUKA HACEIICHUS MTHII B JIAHTIIA(QTHBIX ypOUH-
1ax, aBTOPOM BBIIETICHO TPHU THIA JTUHAMUKU: SMUTPAIMOHHBIN, MMMHTPAIIMOH-
HBIM U JUHAMHYECKH YPaBHOBEIICHHBIN.

[IpyueM B mpearopHsix JaHamadTax IUIOTHOCTh HAaceNeHUs IUHAMUYECKU
YPaBHOBEIICHHOTO THUIIA, & BOT IS HU3KOTOPHBIX JIAHIIIAQTOB CBOWCTBEH UMMHU-
TPallMOHHBIN TUIT. B BEICOKOTOPHBIX U CPETHETOPHBIX JaHAIIAPTaX HAOIIOTAFOTCS
SMUTPAIMOHHBIN U JUHAMUYECKHA YPaBHOBEIICHHBIM TUMBI JUHAMUKH. B 11emom
BU/JIBI CTPOTO crienupuyuHbIe U1 JaHAIIadTOB U BBICOTHBIX MOsICOB. TpaHcrpeccus
B X PAacIpOCTpaHEHUH HACTOJIBKO 3HAUMMa, YTO HHU B IIPOCTPAHCTBE, HU BO BpeMe-
HU HEBO3MO)KHO IMPOBECTH reorpaduuecKue TpaHuIlbl, OCHOBBIBASICH HA OCOOCHHO-
CTSIX Pa3MEIeHUs OTACIbHBIX BUIOB.

MHorojeTHIe UCCIIeIOBAHUS aBTOPA TIO3BOJIWIN BBLACTUTh U OMUCATh TPU CH-
CTEMbl HACEJICHHUS NITUI]: €CTECTBEHHBIX JaHAIA(TOB CYyIIIH, TOCEIKOB U aHTPO-
MOTEHHBIX 3aCTPOEK U BoAOeMOB. [Ipuyem HacereHHe MTHUI] BbIIICYKa3aHHbBIX CH-
CTeM OTJIMYAaeTCsl JPYr OT Jpyra, a BBICOTHAS TOSCHOCTh CHCTEM B IICJIOM
COBIIaJIaeT. YCTAaHOBJICHA B3aMMOCBSI3b HEIIPEPHIBHOCTH HACEJICHUS TITHII M CBSI3aH-
Hasi ¢ HeW TPAHCTPECCHUSl UX PACIPOCTPAHEHUS — IMPUYMHA TUHAMUYECKON CTa-
OounpHOCTH OMoLIeH030B. [IpocTpaHcTBEHHOE, BpeMEeHHOE U (DYHKIIMOHATBHOE pa3-
rpaHUYeHHE HE CIOCOOCTBYET YCTOMYMBOCTH II€HO30B, BCIIEACTBHUE BBINAICHUS
OTJICTbHBIX 3BEHBEB CKA3bIBACTCS HA OJIATOIMOIYYHH CUCTEMBI B 11esiom [11].

[To mpomectBuu 40 net, no 3ameiciny FO.C. PaBkuHa, KomieraMu MOBTOPHO
OBLITH MTPOBEJICHBI YUETHI IO TEM K€ MapIIpyTaM U MECTOOOUTAHUSIM C LIEJIbI0 aHa-
nU3a MPOU3OIIEAIINX U3MEHEHUI B HACEJICHUH MTHUIl. YCTAaHOBJIEH BUIOBOW CO-
CTaB U TpeACTaBIeHBI MOBHI0BOK 0030p ntuil (213 BugoB) Ceepo-Boctounoro
AnTas ¢ aHAIM30M KOJMYCCTBEHHBIX XapaKTEPUCTHK TPOCTPAHCTBEHHO-BPEMEH-
HBIX U3MEHEHHUH MX JeTHEH uYMciIeHHOCTH B KoHIle 1990-X IT., a TakKe CONOCTaB-
JIEHUE C aHAJIOTMYHBIMH JaHHBIMU s Hadana 1960-x rr. [IpoBeneHo cpaBHeHHE
KOJIMYECTBEHHBIX IOKa3aTeleil YMCIEHHOCTH, BUAOBOTO OOrarcTBa, OMOMACCHI,
KOJIM4YecTBa TpaHCHOPMUPYEMOU IHEpruu U (ayHHUCTHUECKOTO COCTaBa Hacele-
HUS TITUI] B PA3TUYHBIX MECTOOOMTAHHSX B pa3pe3e BBICOTHBIX MOsicoB CeBepo-
BocTounoit npoBunnuu Anras [12].
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FOpuit ConomonoBuy — aBTOp «BCcece3oHHONW MeTOauKH ydeTa ntuiy. Merto-
JIMKa BBICOKO OLIEHEHa, IIMPOKO MCIIOb30Bajach OpHUTONOramu ObiBiiero Co-
Berckoro Coro3a, HIMPOKO NPUMEHSETCS U COBPEMEHHBIMH HCCIIEIOBATENISMU.
JIOCTOMHCTBO METOIMKY CBSI3aHO C IIPOCTOTOM, MUHMMAJIbHBIMH 3aTpaTaMy Ha MO~
TOTOBKY, YHUBEPCAJILHOCTHIO U BCEOOITHOCTRIO [17]. MHOroneTHuil moneBoii mare-
pua, coOpaHHBIA aBTOPOM, MTO3BOJIMIT €My B 1966 T. 3aTUTUTh KaHAUJIATCKYIO JIUC-
cepraimio 1o teme «Crpykrypa Hacenenus nrtuil CeBepo-Bocrounoro Anrasy,
a BIOCJEICTBUU U JOKTOPCKYIO AMCCEPTALMI0 HA OCHOBE M3YUYEHHs MTO3BOHOYHBIX
KMBOTHBIX 3amajgHod u Cpemneit CubupH, BKIIOYash TOpbl €€ FOXKHOM YacTH.
10.C. PaBkuH — aBTOp M pa3pabOTUHK reorpauuecKoro MOHUTOPUHTA KUBOTHO-
ro HaceneHus u haktopHoii 30oreorpaduu. B 1981 1. opranuzosan nepsoiii B CCCP
«baHK JaHHBIX KOJJIEKTUBHOTO IOJIb30BAHUS 10 XKMBOTHOMY Mupy CeBepHoii
EBpazum», KOTOpHI HAa HACTOSIIMH MOMEHT BpEMEHH BKJIIOYaeT B cels Oosee
21 MJIH pa3naMuYHBIX NOKa3aTeslel YHUCIECHHOCTU BUOB HA3€MHBIX ITO3BOHOYHBIX
1 6€CTI03BOHOYHBIX )KMBOTHBIX. [TomydenHnslit onbiT 1 3Hanus no3sonwin F0.C. Pas-
KUHY C coaBTOpamu BriepBbie 1id CeBepHO EBpa3uu OllEeHUTh YUCICHHOCTD MTHI]
u ee quHamMuKy 3a nociennue 50 net — XX u Havana XI B. [22]. ABTOp U COaBTOD
50 monorpadwuii, u3 Hux Hambonee 3HaunMble — «lITHIEl CeBepo-Bocrounoro
Anrasy, «l'eorpadus TO3BOHOUYHBIX IXKHOM Taiiru 3anaanoit Cubupuy, «Iltuist
necHoii 30HbI [IprnoObs», «IIpocTpancTBeHHAast OpraHu3alys HACEJICHUs MITHIL Jiec-
HOM 30HBDY, «[ITHEl paBHUH CeBepHoit EBpazum» u np., aBTop U coaBTOp Oo0see
300 Hay4YHBIX CTATEH.

Huxouiaii IlerpoBrny MaJIKoOB N3HAYAIbHO 3aHUMAJICS U3YYEHUEM HACEIICHUS
ntuy LenTpansHoro Anras. Ha ocHOBE MHOIOJIETHHX IOJEBBIX MCCIEN0BAaHUI
IIPOBET 3KosIoro-reorpaduueckuii ananu3 aBudaynsl LlentpanpHoro Anras, Brep-
BbIE€ YCTAHOBMJI YETHIPE CaMOCTOSITENbHBIX OpHUTOreorpaduyeckux paioHa: ce-
BepHbIl (CemuHCKU Xpeber), 3anaaubiil (Yerb-KaHckast KoT/IoBHHA ¢ Ipuiieraro-
mmmu xpedramu), Llentpansasril (KaryHckuii, TepektuHcKuil XpeOThl, YiiMOHCKaA,
Karannunckas u TepekTHHCKast KOTA0BUHBI) 1 BocTounsiii (MHUHCKAs KOTIOBHHA,
orporu Aiirynakckoro u TepeKTUHCKOro XpeOTOB). BhISBHUII CE€30HHBIE aCHEKThI
Y TMHAMUKY, 1aJ1 KOMIUIEKCHYIO OLIEHKY HaCEJIeHUs MITULl CMEIIaHHbIX J1ecOoB LIeHT-
panbHOro Anras. YCTaHOBUJI, YTO BCE OPHUTOKOMIUIEKCHI MOAYMHEHBI BHICOTHOM
MOSICHOCTU M COCTaBYy HAceJIEHUs, JIEJATCS Ha TPU BUJIA: JIECOCTEMHOM, JIECHOM
U BBICOKOTOpHBIH. OCHOBHAsl 4acTh OMYOJMKOBAaHHBIX MaTEPHAIIOB COAEPIKUTCS
B 0030pHOI CTaTbe, TJIe MPUBEICHBI PE3yIbTaThl JETAIBHOTO aHAIN3a HACEICHHUS
MITHUI] CMEIIAaHHBIX JiecoB LlenTpansHoro Anras [23].

Oro-Boctounsbiii Antail kak OfHa U3 BBICOKOTOPHBIX IpOBHUHLMK [opHOTO
AnTas TaxKe MOJUIeKUT BHUMAHUIO U U3yuyeHuto opHutosioros. Tak, H.IT. Masnko-
BBIM U CbIHOM Biagumupom HukonaeBnuem MankoBbsIM H3yU€HO JIETHEE U 3UMHEE
HaceJIeHHEe MTHUI] B APUIHBIX MECTOOOUTAHUIX CTEITHOTO U aIbITHICKO-TYHAPOBOTO
nosicoB. BriepBble MJisi 3TOMl BBICOKOTOPHOM TEPPUTOPHUM JlaHA OIEHKA KOJIuYe-
CTBEHHBIX MOKa3aTeseil YUCIEHHOCTH BUJIOB, BBISIBIIEHA BHYTPUIIPOBUHIIMAIbHAS
cnenudurka neTHero HaceneHnus ntull. Onucana ce30HHas AMHAMUKA OPHUTOKOMII-
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JIEKCOB CTEIHOTO MOsICa, COCTABIEH aHHOTUPOBAHHBIN CIIUCOK OPHUTO(AyHBI BbI-
COKOTOPHOU MPOBUHIIMK AJTasi, BKIOYaroui 256 BuaoB [24]. Ocobo 11eHHBIMU
SIBIISIIOTCS. OPUTHMHAJIbHBIE CBEJICHUS 110 HACEIEHUIO MTHI 10 MOKA3aTeNIsIM YUCIICH-
Hoctu: Yyiickoii crenu, xpedTa Caitmrorem, Ceepo-Yyiickoro, FOxHo- Yylickoro
XpeOTOB, MIOCKOTOpbs YKOK, YIaHIpbIKCKOW Bnaauubl, Kypaiickoit crenu u Ky-
paiickoro xpeora.

Huxkomnaii [TerpoBuu Mankos B 1982 1. ycrnelmHo 3aluTHil KaHIUIATCKYHO JTUC-
cepranuio «Jkonoro-reorpaduueckuil aHanu3 aBudaynsl leHTpansHOro Anras»
1oz HayuHbIM pykoBoacTBoM P.JI. Béme — nokropa Omonoruueckux Hayk, mpodec-
copa, U3BecTHOro opHuTosiora CoOBETCKOro coro3a B AuccepTaiionHoM cosete MI'Y
uMm. M.B. Jlomonocosa. H.I1. MankoB — coaBtop 10 MmoHorpaduii, aBTop 1 COaBTOP
6onee 300 Hay4HBIX W HAyYHO-METOAWYECKUX MyOnMKanuid. [TaBHBIN pemakTop
Kpacupix xkaur PecniyOnuku Anrait (1-e u 2-e uznanue, 1996; 2007). Ynen npasu-
TEBCTBEHHOMN Komuccuu PecryOnuku Anraii 1o pardoHaIbHOMY HCIIOIb30BAHUIO
IIPUPOAHBIX PECYPCOB, WIEH OOIIECTBEHHO-KOHCYIBTaTUBHOIO COBETA 10 BOIPOCAM
OXpaHbl MPUPOABI U MPUPOAONOIB30BaHMs IpU MpoKyparype PecmyOnuku Aurai,
MOYEeTHBIN 1ieH POCoXoTprIO0I0BCOI03a. DKCIIEPT MO OXOTHUYBUM TPO(DEsM U 1opo-
JaM OXOTHHYBMX cobOak. OpraHu3arop, pyKOBOJIUTENb 300J0THIEeCKOTO My3es [op-
HO-AJNTAliCKOTO TOCymapcTBeHHOTO yHuBepcutera (1993-2022 1), opranuzarop
Y YYaCTHUK Hay4yHbIX u3bickanuii [AI'Y coBmecTHO ¢ Tpems yauBepcuteramu CHIA
B 00J1aCTH DKOJIOTMYECKHX MpobiieM B Pecrybmuke Anraii, B irrare Kanzac®.

3akoyeHue

Takum 00pazoM, kadeapa 300I0THH, SKOJIOTHH M TeHETHKH [ OpHO-AnTaiickoro
YHHUBEPCHUTETA CTaJla LIEHTPOM NPUTSKEHUS UCCIIEI0BaTeIe OpHUTOI0rOB B [opHOM
Antae, KOTOpbIe aKTHBHO BEJIM CBOW M3BICKAHHS BO BCEX IIECTH MPOBUHIMAX — Ha
Cesepnom, Ceepo-Boctounom, Lentpansuom, Boctounom, 3anagsom u FOro-Boc-
ToyHOM AnTae, a Taxxke KymyHauHckoil Hu3MeHHOCTH U bue-UyMbliickoil BO3BBI-
meHHoctu crenHoro Antas. [lorpe6osanock Oomnee 60 siet i cOopa U HAKOIUICHUS
3HAYUTETIBHBIX 00BEMOB CBeleHUH. JlocTOBepHO M3yUueHbI hayHa, OMOJIOTHS F IKOJIO-
TUsl PEIKMX U MCYE3AIONINX BHIOB. AJNTall CTajl MEepBOM AKCIIEPUMEHTAIBLHOMN TUI0-
IIA/IKOM [T arrpoOaIiy KOJIMYECTBEHHBIX METO/I0B yueToB B opHuTosioruu B CCCP,
YTO MO3BOJIMJIO YCTAHOBUTH PEAbHYIO UMCIEHHOCTh BUJOB, MX Teorpaduieckoe
pacrpe/ieieHie Ha MPOBUHIIMAIBLHOM U PETUOHAIBHOM ypoBHE. FIMEHHO 3T0 06CTO-
SITENBCTBO JaJI0 BO3MOXKHOCTh MPOBECTU 0OOOIIEHHBIIN aHAIN3 COOpaHHBIX MaTepu-
aJIoB, J1aTh KOMIUJICKCHYIO OLIEHKY M XapaKTepUCTUKY AITaiickoil ropHO# obnmactu
B Anrae-CasHCKol pu3uko-reorpaguyeckoil cTpaHe: B (hayHUCTUYECKOM, SKOJIOI0-
reorpauuecKoM, MPOCTPAHCTBEHHO-TUIIOJIOIMYECKOM U IPYTUX aCHEKTax.

§ Ucropus kadenpsr 300morun [opHo-AnTaiickoro yHuBepcuTeTa. XpOHHKA OT MOMEHTA 3apOK-
neHus 10... (1949 . — 1 wuronst 2014 1) / coct. A.B. bonnapenko, H.I. Mankos, B.M. MypaBnéga,
O.B. Cadponosa ; o1B. pexn. A.B. bormapenko. buiick : Marpuma, 2022. 165 c.
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OKOJI0ro-TOKCUKONOrnyeckasa oueHka BO34emncTems
TpudnypanuHa Ha Paramecium caudatum

O.[1. Kamo:xknaa' D=, T'.B. IoabiHOBA

Poccuiickuil ynusepcumem opyoicovl Hapooos, Mockea, Poccutickas Dedepayus
0<11142240104@rudn.ru

AnHoTanms. L{enp ncciienoBanusi — OIIGHKa MEXaHU3MOB BO3JICHCTBUS TPUQITypaTHHA
Ha Paramecium caudatum. [TpoGiiema 3arps3HeHus TepOUIIUIAMI BOIHBIX YKOCHCTEM JOCTa-
TOYHO aKTyaJbHA Ha CETOAHSIIHUM €Hb, TAK KaK JAHHbBIC BEIECTBA MOMAAAIOT C CEILCKOXO-
3STCTBEHHBIX YTOJH C TPYHTOBBEIMU BOJAMH M TIOBEPXHOCTHBIM CMBIBOM B BOZIOEMBI. Tpudiry-
paJIUH SBJSIETCS IIMPOKO UCIIONB3YEMBIM TepOUIHIOM, KOTOPBIA MOXKET IOIaaTh B BOTHBIC
9KOCHCTEMBI U TPEICTABIATh YTpo3y Ul MMAPOOHOHTOB. B Xome skcmepuMeHTa nM3ydanoch
BIMSIHHE TpUQIypainHa B KoHIeHTparusax: 1,0; 2,5; 5,0; 10,0 u 25,0 Mr/a1 Ha BBDKHMBAEMOCTb
U CKOPOCTh Pa3MHOXKEHUSI HH(Y30PHI B TEUCHUE 5 CYT. YCTAHOBIICHO, YTO TPUQITYpATTHH OKa3bI-
BaeT CTATHCTUYECKU 3HAYMMOE JJ0303aBUCUMOE TOKCHUECKOE ieiicTBre Ha P, caudatum, HadauHas
¢ KoHIeHTparwmu 2,5 mr/i. [1pu Beicokux kortieHTpanusx (10,0 u 25,0 mr/n) Habnronancs sdp ekt
OCTpPOW TOKCUYHOCTH (THOENb ¥ CHIDKCHHE TIOIBIDKHOCTH), @ Ha 3—5-€ CYTKH — MO/IaBICHHE pe-
MPOAYKTUBHOH (pyHKIMU (nuTocTaTnueckuii a3¢dexr). Konnenrparus 1,0 mr/n 6bi1a npusHa-
Ha HEJCHCTBYIOIICH, TaKk KaK HE BBHI3bIBANA CTATUCTUYCCKN 3HAUUMBIX OTINYHUN OT KOHTPOJIb-
HOU rpymmbl. Pe3ynmsraTel CBUIETEIBCTBYIOT O TOM, YTO MEXaHU3M TOKCHYCCKOTO ICHCTBHS
TpuypanuHa Ha HHQPY30pUil MOXKET OBITh CBSI3aH C MHTHOUPOBAHUEM KJIETOUHOTO JACIEHHUSL.
YdauTHIBast HU3KYIO PACTBOPUMOCTH M IMIOTEHIIMAIBHYIO CTOHKOCTD TPH(IypantnHa B BOAE, €TO
MOCTYIUICHUE B BOJOEMBI MOXKET IPEICTABIATE JOITOBPEMEHHYIO OMACHOCTD JUIS BOJAHBIX KO-
CHUCTEM. HOHy‘IeHHbIC PE3YyAbTAaTbl MOTYT MPUMCHATHCA JJI1 MPOTHO3UPOBAHU BOSﬂeﬁCTBHﬂ
TpuTyparuHa Ha CTPYKTYPY BOAHBIX YKOCHCTEM, 7€ MPOCTEHIINE 3aHUMAIOT KITI0YEBOC T10-
JOKCHHE B MUKPOOHOU TIETIIC U SIBIIIOTCS KOPMOBO# 0a30ii U1 MHOTUX TUAPOOHOHTOB.

KaiwoueBbie cioBa: AHOHC K.3., TepOUIHIBI, HH(Y30PHU, TOKCHISCKOE eiiCTBUE, ITOPO-
roBasi KOHIIEHTPAlIKsl, BBKUBAEMOCTb
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3asiBjieHHe 00 MCNOJIH30BAHMH TEXHOJIOT Wil HCKYCCTBEHHOI'0 MHTE/IJIEKTA. HpI/I co3aa-
HHUU HACTOSIIEH CTaThbU TEXHOJOTHUH TCHECPATUBHOT'O UCKYCCTBCHHOI'O MHTCIVIEKTA HE HUCITOJIb-
30BAaJIUCh.

3asBiIeHHE O AOCTYIIHOCTHU JaHHBIX. Bcee JaHHBIC, TTIOJTYYCHHBIC B XO/1€ 9TOTO UCCJICA0BA-
HUsA, BKIIFOYCHEBI B OHy6III/IKOBaHHYIO CTarTblo.

Hcropus craTbu: noctynuia B penakuuio 12.09.2025; nopaboTtana mocie pereH3upopa-
Hus 20.01.2026; npunsiTa k myommkamum 11.02.2026.

Jasi murupoBanusi: Kanoocnas O./]., Ilonvinosa I'B. DKOIOTO-TOKCHKOJIOTHUYECKAS
olleHKa Bo3neicTBus TpudaypanuHa Ha Paramecium caudatum // Bectauk Poccuiickoro yHu-
BepcuTeTa JIpy:KObl HaponoB. Cepuist: DKOIOTUS M 0€30MacHOCTh KH3HeAesTebHOCTH. 2026.
T. 34. Ne 2. C. 237-244. http://doi.org/10.22363/2313-2310-2026-34-2-237-244 EDN: PNEPQN

Ecological and toxicological assessment of the effect
of trifluralin on Paramecium caudatum

Olga D. Kalyuzhnaya'”®, Galina V. Polynova

RUDN University, Moscow, Russian Federation
2<11142240104@pfur.ru

Abstract. The aim of this study is to assess the mechanisms of trifluralin’s effect on
Paramecium caudatum. The problem of herbicide pollution in aquatic ecosystems is highly
relevant today, as these substances enter water bodies from agricultural lands via groundwater
and surface runoff. Trifluralin is a widely used herbicide that can enter aquatic ecosystems and
pose athreat to aquatic organisms. During the experiment, the effect of trifluralin at concentrations
of 1,0; 2,5; 5,0; 10,0 and 25,0 mg/L on the survival and reproduction rate of ciliates was studied
over 5 days. It was found that trifluralin exerts a statistically significant dose-dependent toxic
effect on P. caudatum, starting from a concentration of 2,5 mg/L. At high concentrations (10,0
and 25,0 mg/L), acute toxicity effects (mortality and reduced motility) were observed, and on
days 3-5, inhibition of reproductive function (a cytostatic effect) was noted. The concentration
of 1,0 mg/L was considered non-effective, as it did not cause statistically significant differences
compared to the control group. The results indicate that the mechanism of trifluralin’s toxic
action on ciliates may be associated with the inhibition of cell division. Given the low solubility
and potential persistence of trifluralin in water, its entry into water bodies may pose a long-term
hazard to aquatic ecosystems. The obtained results can be used to predict the impact of trifluralin
on the structure of aquatic ecosystems, where protozoa occupy a key position in the microbial
loop and serve as a food source for many aquatic organisms.

Keywords: Announcement c.e., herbicides, infusoria, toxic effect, threshold concentration,
survival rate
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BeBeneHune

['epOuIIMABI NCTIONB3YIOTCS B CENTBCKOM XO3SHCTBE ISl YHUUTOKEHHUS COPHOM
pactutenbHOCTH [ 1]. OCHOBHBIMU HCTOYHMKAMHU TIOTIa/1aHUS TepOUIIUI0B B BO/IHBIE
OOBEKTBI SIBIISIOTCS CEJIbCKOXO3SIICTBEHHBIE YTOIbS, IJIe OHU UCIOJIb3YIOTCS IS
3aLIUTHI KYJIBTYpP OT COPHBIX BUOB. C OXK/IEBBIMU U TAJILIMU BOJAMH TepOHILINIbI
NIEPEHOCSTCA B PEKH, 03epa U BojoxpaHuiauiua [2]. MHorue ucciaeoBaHus Moa-
TBEPKIAIOT OMACHOCTH TePOUIIHIOB AJIsi BONHBIX dKocucTeM [3; 4]. Croiikue rep-
OMLUABI CIOCOOHBI HAKaIJIMBAaThCS B OpraHU3Max M IepenaBaTbCs M0 IMUIIEBOI
L[EMH, IOCTUTasl BBICIINX TPOPUUECKUX ypOoBHEH [5].

JlelicTBytoliee BEmeCcTBO repOUIaa AHOHC K.3. (KOHIICHTpPAT dMYIbCUH) —
Tpudaypanus [6]. TpudmaypaauH — 3TO CEIEKTUBHBIN TOBCXOIOBBIN TUHUTPOAHH-
JMHOBBINA TepOUIN/I, KOTOPBI ITMPOKO UCIIOIB3YETCs ISt O0PHOBI ¢ OJHOIETHUMHU
371aKOBBIMHU M IIUPOKOIUCTBEHHBIMH COPHSIKaMU B MOJIEBBIX KYJIbTypax, oOnagaer
BBICOKOM JIeTyuecThio [7; §].

Paramecium caudatum — ogHOKIETOYHOE pECHUYHOE MIpOCTeiiiee, 00UTaro-
111ee B IPECHOBOIHBIX BOIOEMAX, JIETKO KYJIBTUBUPYETCS B 1a0OPAaTOPHBIX YCIOBHUSX.
Wudyszopuu (Paramecium caudatum) TIMPOKO UCIIOIB3YIOTCS TIPH OIIEHKE TOKCHY-
HOCTH XUMHUYECKHUX BelecTB [9].

[Tpu uccnenoBanuM BO3AEHCTBUS repOUIMIHOTO Npenapara [aiicens Ha UH-
(by30puii BBISIBICHO, YTO TePOUIIUIBI BBI3BIBAIOT OKUCIUTENbHBIM CTPECC U UHTU-
OMpOBaHUE PE3UCTEHTHOCTU y MH(Y30pHid, TakkKe HAOIIOJAINCh IIOBEACHYECKUE
M3MEHEHUs, TaKue Kak ObICTpOE ONOPOKHEHUE MUILEBbIX BaKyoJel U noreps noj-
BrkHOCTH [10]. HecMoTps Ha TO, 4TO JIeiicTBYIOIIEE BELIECTBO MHOTUX I'epOnIuI-
HBIX ITpenapaToB — AUYPOH (TOKCUYEH I HHPY30pUii TOJIBKO B BBICOKUX KOHIIEH-
Tpauusix), 3TOT Mpenapar B HU3KUX KOHLIEHTPALUSIX MOXET B3aUMOAEHCTBOBATbH
¢ kapbodypaHOM M MOBBIIIATH €r0 TOKCUYHOCTH i mH(Y30puii [11]. JlokazaHo,
9TO CyAb(OHMUIMOYEBUHHBIE TEPOUIMIBI TOAABISIOT pocT uHpy3opuid [12]. Tem
He MeHee Ouc-(2-aTmirekcuia) Qranar, AuUXpomar Kamus, 2,4-TuxiopdeHokcH-
YKCYCHasl KMCJIOTa U TIapaKBaT CTUMYJIUPYIOT POCT JaHHBIX opraHu3mos [13].

IIpoBeneHHBIN 3KCIIEPUMEHT 1O3BOJINI OLEHUTh TOKCHUKOJIIOTMYECKOE BO3EH-
cTBHE TpU(UIypalMHa Ha IPOCTEHIINX U YCTAHOBUTh KPUTUYECKHE YPOBHU 3arpsi3-
HEHUS, 4TO SIBJISIETCSI OCHOBOM /111 IPOrHO3UPOBAHMSI SKOJIOTUYECKUX MOCIIEACTBUM
MIPUMEHEHMs JJAHHOTO repouiuaa.

Llenv uccnedosanusi — 3KOIOTO-TOKCUKOJIOTUYECKAsl OLIEHKA BO3IEHCTBUS
tpudaypanuna Ha uadysoputo Paramecium caudatum.
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MaTtepuanbl u MmeToAbl

Jnst mu3ydeHust BOUSHUS Tpernapara Ha BbDKUBAEMOCTh U PA3MHOXKEHHE TPO-
CTEHIMX B KaYECTBE TECT-00BEKTA HCIIOIB30BATN HH(PY30pHIO-TyPebKy. Brioop
JTAHHOTO BHJIa OOYCJIOBJICH €r0 BBICOKOH YYBCTBHTEIBHOCTBIO K TOKCHYECKHUM Be-
IeCTBaM, ObICTPBIM TEMIIOM Pa3MHOXKEHUS, IPOCTOTOM KyJIbTUBUPOBAHUS B J1a00-
PaTOPHBIX YCIOBHSX M CTAaTyCOM KJIACCHYECKOTO MOJEIBHOTO OOBEKTa B IKOJO-
rO-TOKCUKOJIOTHYECKUX M TUIAPOOHONOrHYecKuX uccienoBanusx. Kierounas
MeMOpaHa HH(Y30pHH HANPSMYIO0 KOHTAKTHPYET C OKPYKAIOIIeH Cpenoi, aenas ee
Ype3BbIYAHO YYBCTBUTEIBHOW K MaJjeHIIMM M3MEHEHUSIM XUMHUYECKOTO COCTaBa
BOJIBI ¥ HAJIMYUIO TOKCUKAHTOB. MHPy30pus-Tydhenpka ynporaer ucciaeIoBaHue
(hbU3MOTOTUYECKUX TPOIIECCOB U IPPEKTOB OT TAKUX 3arps3HUTENCH, KaK MHUHE-
pajbHOE Maco, NECTULIU/IbI, METaIUTBI U JIp. [14].

B maboparopun nentpa «AkBakynbTypbl» MI'YTY uMm. K.I. PazymoBckoro
HaMU IPOBOAMIIUCH OMBITHI B TEUEHUE 5 CYT., YTO COOTBETCTBYET HECKOJIBLKUM I'eHe-
PALMOHHBIM IMKJIaM UH(Y30pUil U MO3BOJISIET OLEHUTh KaK KPAaTKOBPEMEHHBIE Jie-
TanabHbIe 9(P(EKThl (BBKUBAEMOCTH), TaK U JIOJITOBPEMEHHOE BO3/ICHCTBUE HA T1O-
nyJasuio (pasMHOXKeHue). Bee skcnepuMeHThl ObUIM MOCTaBJI€HbI B 3-KpaTHOM
MTOBTOPHOCTH JIJIsl 00ECIIEUEHHUsI CTATUCTUYCCKON JOCTOBEPHOCTH TOTYIaeMbIX pe-
3yJABTaTOB U MUHUMU3ALIUN BIUSIHUS CITy4alHBIX MOTPEUTHOCTEH.

HccnenoBaHnnio OABEPTaINCh PACTBOPHI ICHCTBYIOIIETO BEIIECTBA repOUIIH-
1a AHOHC K.3. — TpudiypairHa, repOunuia u3 Kiacca IMHUTPOAHWINHOB, IIUPO-
KO MPUMEHSIEMOI0 B CEJIbCKOM XO3SMCTBE. BBUIM MPOTECTUPOBAHBI CIEAYIOIINE
koHneHTparuu: 1,0; 2,5; 5,0; 10,0 u 25,0 mr/n. B xauecTBe KOHTPOJIBHOM TPYIIIIBI
WCIIONB30BAIMCH KYIbTYPbl HH(Y30pUid, IOMEIICHHBIC B CTAaHJAAPTHYIO MUTATEIIh-
HYIO0 cpey 0e3 100aBIeHHS TOKCUKAHTA. YCIOBUS COICPKAHUS TECT-KYIbTYP (TeM-
Ieparypa, OCBEIIEHHOCTh, a’palusi, UCXOAHAsl IUIOTHOCTh MOCAJKU OPraHU3MOB)
CTaHJapTU3UPOBAHBl U TOAJIEPKUBATIUCH MOCTOSHHBIMU Ha MPOTSXKEHUH BCETO
JKCIIepuMeHTa’.

ExxenHeBHO HamMu TPOBOAWIICS OTOOp MPOO M TOJICYET KOJUYECTBA OCOOCH
B KQXKJI0M MOBTOPHOCTHU C TIOMOIIBIO MUKpOCKoNa. PeructpupoBanucs cieayooime
MoKa3aTeNn: BbDKMBAEMOCTh (%), CKOPOCTh pOCTa MOMYNSIIIMA U CPEAHSS ILIOT-
HOCTb MOMYJISIUH.

[Tomy4yenHsbIi 1IudpoBOM MaTepual MpoaHATU3UPOBAH C UCIIOIH30BAHUEM Me-
TOJIOB BAPUALIMOHHOMN CTaTUCTUKHU. J[JI1 OLIEHKU JOCTOBEPHOCTHU pa3/INUUN MEKIY
OTBITHBIMU U KOHTPOJIbHBIMH TPYIIIaMu MpUMeHsiics t-kputepuii CTbroieHTa AJis
HE3aBUCHMBIX BBIOOPOK. YPOBEHb CTATUCTUYECKON 3HAUMMOCTH Pa3/Induil IPUHU-
masics ipu P < 0,05. Ha ocHOBaHuM aHaM3a yCTAaHOBJICHBI HEACHCTBYIOIIAS U 10~
poroBasi KOHIICHTpAI1H.

'TOCT P 571662016 Bona. OnpeneneHne TOKCHYHOCTH 10 BEKHBAEMOCTH IPECHOBOIHBIX HHY-
3opuii Paramecium caudatum — Bsen. 2017-07-01. Mocksa : Crannaptuadopm, 2016. 17 c.
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PesynbTaThbl

PGSYJ'IBTaTBI I/ICCJ'IC,Z[OBaHI/Iﬁ M0 M3YUYCHHUIO TOKCHYCCKOI'0 BIMSAHUA rep6I/Iu1/ma
AHOHC K.3. Ha HpOCTCfIH.IPIX MpCaACTaBJICHLI B Ta6J'II/II_[C.

AnHamuka ymcneHHocTu (%) undysopuin Paramecium caudatum B pacTBopax ¢ pa3/iudHbIMU
KOHUEeHTpauusamMm repomumnaa AHOHC K. 3., 3KCno3uumsa 5 cyTok

- AKcno3uuus, oHu

s

El 1 2 4 5

[

=

=I_

o =

| Mm% | Mtm |t (% | Mim | t, | % | M+m |t |%
4

KOHT-

posib 10,0+0,50f - |[100|12,0+0,84| - |100(12,0+0,84| - |100| 12,0+0,84 | - |100
1,0 |10,0+0,50| - |[100|12,0+0,84| - |100(12,0+0,84| - |100| 12,0+0,84 | - |[100
25 | 80+0,50 |3,10| 80 | 8,8+0,78 {4,12| 73 | 6,4+0,87 |4,92| 53 | 6,4+0,87 |6,31| 50
50 | 83+0,45 |2,80| 83 | 8,1+0,72 [4,42| 67 | 5,7+0,84 |7,40| 47 | 5,7+0,84 |7,40| 47
10,0 | 8,0+0,50 | 3,10 | 80 | 7,2+0,65 |4,89| 60 | 3,3+0,80 |12,8| 27 | 3,3+0,80 |12,8| 27
250 | 3,3+0,58 | 6,41 | 33 | 3,2+0,40 (8,80| 27 | 1,2+0,06 [26,9| 10 0+0,00 - 0

Mpumeyarne: * M + m — cpeaHss YNCNEHHOCTb (3K3.) U OTKJIOHEHWE OT CpeaHelt; ** t — A0CTOBEPHOE OTK/IOHEHME OT
KoHTpona (t, =2,78, npn P <0,05).

Dynamics of the number (%) of Paramecium caudatum infusoria in solutions with different

UctoyHmk: coctaeneHo O.[,. KantoxHoi.

concentrations of herbicide Announcement c. e., exposure for 5 days

Exposure, day

c
2
® = 1 2 4 5
-
2 0
§s
g *M+m |**t | % M+m . | % M+m v | % M+m - %
o
12.0 +
Control | 10.0+0.50| - |100|12.0+0.84| - |[100 0.84 - |100|12.0+0.84| - | 100
12.0 +
1.0 10.0+0.50| - [100({12.0+0.84| - (100 0.84 - |100|12.0+0.84| - | 100
2.5 8.0+0.50 |3.10| 80 | 8.8+0.78 |4.12| 73 | 6.4+0.87 |4.92| 53 | 6.4+0.87 |6.31| 50
5.0 8.3+0.45|2.80| 83 | 8.1+0.72 |4.42| 67 | 5.7+0.84 |7.40| 47 | 5.7+0.84 | 7.40| 47
10.0 | 8.0+0.50 [3.10| 80 | 7.2+0.65 |4.89| 60 | 3.3+0.80 |12.8| 27 | 3.3+0.80 | 12.8| 27
250 | 3.3+0.58 |6.41| 33 | 3.2+0.40 |8.80| 27 | 1.2+0.06 [26.9| 10 0+0.00 - 0
Note: *M+m average number (individuals) and deviation from the average; ** ¢, is a significant deviation from the control
(t,=2,78, at P <0,05).
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Source: compiled by 0.D. Kalyuzhnaya.
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JlanHble, npeacTaBieHHbIE B TaOIHUIE, CBUACTEILCTBYIOT O TOM, YTO CTaTH-
ctuuecku goctoBepHbie (P < 0,05) OTKIOHEHUS OT KOHTPOJIS 110 MOKA3aTelIIo YnC-
JIEHHOCTH TOMYJISIHNH C IEPBBIX MO MATHIE CYTKH SKCIIEPUMEHTA 3apEerucTpUpO-
BaHbl B pacTBOpax TpHUQypaduHa ¢ KOHUeHTpauusmu 2,5-25,0 mr/n. CreneHp
YrHETeHUS MOMYJSLUA HOCUJIA BBIPAXKEHHBIN J10303aBUCHUMBIN XapaKkTep, Bapbu-
pys or 20 % mpu MHUHHMAJIbHOW KOHLEHTpAalMH B JAaHHOM psany (2,5 mr/m)
710 IPAKTUYECKU TOJHOTO MojAaBieHus pocta KyabTypsl (100 %) npu koHIIEHTpa-
muu 25,0 mr/i.

B mepBbie 24-48 u B BapmaHTax C BBICOKMMH KoHIeHTparusmu (10,0
u 25,0 mr/i) mbl HabmronaM 3P GEKT OCTPON TOKCUYHOCTH, BBIPAXKABILIHUICS B TH-
OeNIi YaCTH MCXOMHOM MOMYJISIIUNA U PE3KOM CHIDKEHHUH TOABUKHOCTH ocobeii. Ha
3—5-e cyTKM HOeWCcTBHE Mpernapara MPOsSBHIOCH B MOAABICHUH PENPOTYKTUBHOU
(GYHKIMH: Y BBDKUBIIUX HH(PY30pHil ObUIO 3aTOPMOKEHO JENIEHUE, UTO U MPUBEIIO0
K 3HQUUTEJIbHOMY OTCTaBaHUIO B POCTE YUCIEHHOCTH 10 CPABHEHUIO C KOHTPOJIEM.
DT0 yKa3bIBaeT Ha TO, YTO TPUQIypaIlH OKa3bIBa€T HE TOJBKO JIETalbHOE, HO
U MOIIHOE LIMTOCTATUYECKOE EUCTBHE. B pacTBOpe ¢ KOHLIEHTpaLMel penapara
1,0 MT/;1 YuCIEHHOCTh MapaMelHii Ha BCeX dTarax HaOFOEeHNs CTATUCTUICCKH HE
OTIMYaNTach OT KOHTPOJIBHOTO BapuaHTa. KpuBbie pocTa MOmyisiiuu ObUTH TPAKTH-
YeCKU UJEHTHYHBI, YTO YKa3bIBaeT KaK Ha OTCYTCTBHE HETaTHBHOIO BIMSHUS HA
BBDKHBAEMOCTh, TaK U Ha PEMPOAYKTUBHBIE CIIOCOOHOCTH HH(Y30pHii. Tem He me-
Hee B HUCCIEeIOBaHUM BO3ACHCTBUS TpUdypanuHa Ha Paramecium tetraurelia 3a-
MEUYEHO TOJABJIICHHE POCTa KJIETOYHOU KYJIBTYPHI (IPH TECTUPOBAHUU B TCUCHHE
24 9) B OTHOCHTEIIbHO HU3KHX KOHIICHTpAIusax 0e3 yiiepOa s KH3HECIOoCco0-
HOCTH KJIETOK [15].

Tpudnypanun ouens mioxo pactBopsiercs: B Bozae (0,22 mr/n pu 20 °C) u 06-
JaJIaeT BBICOKOM NeTydyecThio (HaBnenue napos 6,7 mlla mpu 20 °C), Ho repOutmg
roJiBepraeTcst OnojJorndeckomy pasnoxkenuto [16]. [loxas pacTBOpUMOCTh B BOJIE
MOKET BECTH K JIOJITOCPOYHOMY BO3JEHCTBYIO TpUQIypaInHa B BOTHOH cpeie.

3aknyeHue

ITomyueHHBIe pe3ysbTaThl MO3BOJISAIOT IPEANIONIOKNTE, YTO MEXAHU3M TOKCHUYE-
CKOT'O BO3JIEHCTBUS TpUGIIypaiiHa Ha MPOCTEUIINX MOXKET ObITh CBA3aH C Hapyllle-
HUEeM (DYHKIMH KIETOYHOTO JEJICHUs, YTO COIIACyeTCs C €r0 M3BECTHBIM MEXaHU3-
MOM JIEHCTBUS — UHTMOMPOBAHUE JIETICHUS KIIETOK Y PACTEHUH.

Ha ocHOBaHNU yCTaHOBJIEHHOI'O OPOra CTATUCTUYECKOH 10CTOBEPHOCTH BO3-
JICUCTBHSI TMOPOTrOBOM KOHUEHTpaUuen JUisl >KU3HEACATENbHOCTH Paramecium
caudatum B yCIOBUSX JaHHOTO SKCIIEPUMEHTA SIBIISICTCSI KOHI[CHTpAIHs TepOuimia
AHOHC K.3. — 2,5 Mr/n. HeaelcTByroIeil KOHIIEHTpaIei, ToO €CTh MaKCUMaIbHOMN
KOHLIEHTpAIMEH, HEe OKa3bIBAIOLIECH CTAaTUCTUYECKU 3HAYUMOTO0 3 (ekra, mpu3HaHa
koHueHTpaus 1,0 mMr/m.
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AnHoTanus. VIHTeHCUpUKALMA arpapHOro MPOHM3BOACTBA BEIET K POCTY MECTUIMIHON
HArpy3Kd W TPaHC(HOPMAIMH 3EMIICTIONB30BaHMs. AKTYalbHOCTH pabOTBI OOYyCIIOBICHA He-
00XOANMOCTBIO HHTETPHPOBAHHBIX Mep MO CHIDKCHHUIO PUCKOB JUISI HACCKOMBIX-OTIBIIHTENCH, Ta-
KX KaK MEIOHOCHBIC ITYeNbl. VIcciemoBanie HalpaBIeHO Ha KOMITICKCHYIO OICHKY B3aHMO-
CBSI3M CTPYKTYPBI 3eMJICTIONB30BAHUS, IMHAMUKY TTECTHIIMIHOW HArPy3KH M TIPOCTPAHCTBEHHOTO
pacrpezieTieHus MYeI0BoICTBa Ha ipumepe PecryOnmuku Tatapcran 3a 2020-2024 rr. Micrions30o-
BaHbl O(PUIIMATIBHBIE CTATUCTUYECKHE JJAHHBIC U PE3YJIbTaThl IPOCTPAHCTBEHHOTO TreonH(popMa-
LIMOHHOI'O aHAIM3a C OLIEHKOM y/IENbHOI0 pacxoja CPeACTB 3alUThl PACTEHUN 1 paclipeeIeHust
maesroceMeit 1o MyHUIIUTIATEHBIM paifoHaM. BeisiBieHa TeppuTopraIbHast HEOTHOPOTHOCTE TUe-
JIOBOJICTBA M CIIBUTH B MIPUMEHECHUH TIECTHITHIOB C POCTOM TepOUIMIHON HATPY3KH U KOIeOaH -
MU TIPUMEHCHMsI WHCEKTHIIMAO0B. B MyHHITUITATIBHBIX PalilOHAX BBISBICHBI 30HBI COBIIAJICHUSI
BBICOKOM TITIOTHOCTH IMYENI0CEeMeN 1 MHTEHCHBHOM NecTUIIHON 00padoTku (30—54 % oT obmieit
TUIOIA/IM CETIbX03YTO/IHIA), YTO CO3AAET Yrpo3y MEeCTULUAHON HArpy3KH.

KuiroueBble c10Ba: mecTHIiIHAs HAarpy3Ka, MUEIOBOICTBO, arpoTaHAmA(TEI, CPEACTBA
3ammThl pacteHuit, QGIS, Pecybnuka Tarapcran
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3asiBjieHue 0 AOCTYITHOCTU JaHHBbIX. Bcee JAaHHBIC, MMOJYYCHHBIC B XOA€ 3TOr0 UCCICI0-
BaHWA, BKIIFOYCHBI B 0Hy6HI/IKOBaHHYIO CTaTblo.

Hcropus craTbu: noctynwia B pepakmmto 03.11.2025; nopaboTana mociie perieH3upoBa-
Hus 21.12.2025; npunsta k myonukanuu 24.02.2026.

Juast mutupoBanusi: Tpemvsarosa A.b., Myxmunoe M.H., [llamaes H./]{. Moxer nu uc-
TIOJIB30BAHUE NIECTULINAOB NPEACTABIIATE YIpO3Yy IJIA MYCIIUHBIX KOJIOHUH B arpapHoMm CEKTO-
pe // Bectauk Poccuiickoro yHUBepcUTEeTa qpY>KObI HapooB. Ceprst: DKOIOTHs U 0€30MaCHOCTb
xusHenearenbHocTH. 2026. T. 34. Ne 2. C. 245-256. http://doi.org/10.22363/2313-2310-2026-34-
2-245-256 EDN: PUXJSB
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Abstract. The intensification of agricultural production is leading to an increase in
pesticide loads and land-use transformation. The relevance of this work is due to the need for
integrated risk-reduction measures for insect pollinators such as honeybees. The study is aimed
at a comprehensive assessment of the relationship between land use structure, pesticide load
dynamics, and the spatial distribution of beekeeping on the case study of the Republic of
Tatarstan from 2020 to 2024. To achieve this, official statistical data and spatial geoinformation
analysis were used to evaluate the specific consumption of plant protection products and the
distribution of bee colonies across municipal districts. Territorial heterogeneity of beekeeping
and shifts in the use of pesticides with increasing herbicidal load and fluctuations in the use of
insecticides were identified. Areas of high bee density and intensive pesticide use (30-54% of
total farmland area) are identified in municipal areas, posing a risk of pesticide loading.

Keywords: agricultural landscapes, pesticide oad, beekeeping, plant protection products,
QGIS, Republic of Tatarstan
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BeBeneHune

WHTeHcuukanys arpapHOro Mpou3BOJCTBA CYLIECTBEHHO YBEIUYMBACT PU-
CKH Ul HACEKOMBIX-OIBIIMTENEH, B TOM 4Hcie i myell. [J1aBHbIM 00pazoM 310
IIPOUCXOIUT 3@ CUET U3MEHEHMsI CTPYKTYp 3€MJICIIONb30BAaHUS M YBEIMYEHUS Iie-
CTULIMIHOM Harpy3kH [1]. IHTEHCUBHBIE CEIBCKOXO3AHCTBEHHBIE TPAKTUKU MOTYT
OBbITh IPUYMHOMN 3arpsiI3HEHUS TEXHOTeHHOro xapakrepa [2]. Ho, urto BaxkHee, oHI
MPeIyCMaTPUBAIOT IIMPOKOE U 3a4acTyl0 OECKOHTPOIbHOE MPUMEHEHHE MECTHIIN-
JIOB, YTO MOXET NPUBOJUTH K COKPALICHUIO YHCICHHOCTU IUEIUHBIX KOJIOHUH,
BJIMATH Ha OMopa3zHo0Opa3ue U MPEeBaICHTHOCTh UX 3HJO0- U 9KTonapa3uTos [3—8].
OT0, B CBOIO OYEPE/Ib, YTPOKAET IPOAYKTUBHOCTH U KAUECTBY CEIbCKOXO3SIIICTBEH-
HBIX KYJBTYp, a TAK)KE YCTOMUYHUBOCTH IKOCUCTEM.

B ycnoBusix mo0aiabHOro cTpemileHusl K 00€CIeYeHNI0 TPOI0BOJIBCTBEHHON
0€30MacHOCTH M MOBBIIICHUIO arpapHoi npoaykTuBHocTH PecryOnuka Tarapcran,
KAaK OJIMH M3 BEIYyIIMX arpolpOMBINUIEHHBIX perHoHOB Poccuiickoit denepanyu,
JEMOHCTPUPYET YCTOMUUBYIO TEHAEHLHUIO K TEXHOJIOTMYECKON MHTEHCHU(PUKALIUI
CeNbCKOTr0 X03stiicTBa'. OHAKO POCT 0OBEMOB MPUMEHECHHUS CPE/ICTB 3AIUTHI pac-
TEHH, TpaHCHOPMALUs CTPYKTYpBI CEBOOOOPOTOB M JOMHHHPOBAHUE KPYITHBIX
arpoOpMHUPOBAHUI CO3AAIOT HOBBIEC HKOJIOTMUECKHE BBI30BHI [9], 0COOEHHO B YacTu
coxpaHeHusi OmopasHooOpa3ust U (PyHKIIMOHATBHON LIETOCTHOCTU arpO3KOCHCTEM.
Oco0y1o ysI3BUMOCTb B 3TOM KOHTEKCTE MPEICTABISAIOT MOMYIALUU MEIOHOCHBIX
4eN — KIIIOUEBBIX Ar€HTOB HKOCHCTEMHOW YCIYI'M ONbUICHMs, 0OecreurBarouien
ypokaitHOCTh 110 75 % cenbckoxo3sicTBeHHbIX KynbTyp [10]. Hecmotps Ha cobmo-
JICHUE CAaHUTAPHO-TUTMEHUYECKUX HOPM, B PErMOHE COXPAaHIETCS KpUTHYECKast
npobieMa OTCYTCTBHSI CAHUTAPHO-3AIIUTHBIX 30H MEXy 00paOaTbIBaeMbIMH IO-
JIIMU ¥ HaCEJICHHBIMU ITyHKTAMM, TJ€ TPAAULIMOHHO Pa3MEIAIOTCs TACEKH.

enp ncciienoBaHusi — KOMIUIEKCHAsI OLIEHKA B3aUMOCBSI3U MEXAY CTPYKTY-
PO 3eMJIENOIb30BAHMS, AMHAMMUKON MECTULUIHON HArpy3KH U MPOCTPAHCTBEH-
HBIM pacmpezeneHueM muenoBojcTsa B PecnyOnuke Tarapcran 3a 2020-2024 rr.
Ha OCHOBE O(MIMATBHOM CTATUCTHKU U TeonH(popMalMoHHoro ananusa. Ocoboe
BHUMaHME Y/EJCHO BBISBICHUIO 30H 3KOJOTMYECKOro KOH(IIMKTA, T/I€ BBICOKas
IJIOTHOCTh ITYEJIOCEMEN COBNAAAET C MAKCUMAIbHON MHTEHCUBHOCTBIO IIPUMEHE-
HUSL XMMHUYECKHUX CPEJCTB 3aIUThl PACTECHU.

! TocynapcrBenHast nporpamma PecriyOnuku Taraperan «Pa3BuTHE CEIIbCKOTO XO3SHCTBA U PEryu-
pOBaHUE PBIHKOB CEJIbCKOXO3SICTBEHHOM MPOJYKIMH, ChIPbs M MPOIOBONILCTBHS B Pecryonuke Tarap-
cran». URL: https://agro.tatarstan.ru/ (nara ooparmenus: 31.10.2025).
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MaTtepuanbl u MmeToAbl

B uccnenoBanuu ncnosabp30BaHbl OQHUIMAIBHBIE CTATUCTUYECKUE TaHHbIE M-
HUCTEPCTBA CEJIbCKOTO XO03iHCTBAa M MpoaoBosibcTBUA PecryOnuku Tarapctan
1 MuHuCTepCTBa SKOJIOTUHU U MPUPOIHBIX pecypcoB PecnyOnuku Tatapcran. Ma-
TEpHUAJIbl BKJIOYAIOT CBEJIEHUS O IUIOUIAJAX CEJIbCKOXO3SAHCTBEHHBIX YIOJUil,
CTPYKTYpE 3eMJIENIOIb30BaHMsl, 00beMax U BUJaX MPUMEHSIEMBIX CPEJICTB 3alUTHI
pacTeHul, a TaKKe CTATUCTUYECKHUE JAHHBIE OTPACIIH MUETOBOJCTBA.

KonnuecTBeHHas OLlEHKA MHTEHCUBHOCTH XMMHUYECKON Harpys3Ku Ha arpocu-
CTEMBI PACCUUTHIBAJIACH C HUCIIOJIB30BAaHUEM IIOKA3aTeNs YACIBHOIO pacxoja IpH-
MEHEHUS CPEJICTB 3alIUThl PACTEHUH Il CPABHUTEIBHOTO aHaIu3a GUTOCAHUTAP-
HOM Harpy3KH I10 TOaM M KJlIaccaMm IpernaparoB. JlaHHBINM [1OKa3aTellb pacCUUTaH
KaK OTHOIIEHHE MacChl IEHCTBYIOIIMX BELIECTB K IJIOMAAN 00pabOTKU U BhIpaKeH
B T/ThIC. Ta [11].

Jl1sl IpOCTPaHCTBEHHOIO aHAJIM3a U BU3YaJIM3allUi PErMOHAIBHBIX Pa3IndMi
B Pa3BUTHUU MMUEIOBO/ICTBA ObLIA MOCTPOEHA TEMaTHUECKas KapTa C UCIIOJIb30BaHU-
em nporpammHoro obecrneuenus QGIS 3.44.3. OcHOBOHM CIyXWUIH aJMUHUCTpPA-
THUBHO-TEPPUTOPHAIILHBIC TPAHHUIIBI MyHUITUTIATBHBIX paiiloHOB PecryOnmuku Tarap-
ctad. Ha kapte oTroOpakeHO pacipe/ieseHue KOJIMuecTBa MIesioceMeit 1o pailoHam,
YTO I03BOJIMJIO BBISIBUTH 30HBI KOHIICHTPALMU ITYEIOBOJYECKON JEATEIBHOCTH,
a TaKk)K€ TEPPUTOPUM C HU3KUM YpOBHEM pa3BUTHs OTpaciu. MeTononornyecku
uccienoBanue 0a3upyercs Ha MPUHIUIAX CUCTEMHOTO aHaln3a, CPaBHUTEIbHOM
CTaTUCTUKHU U OLIEHKHU 3KOJIOTHYECKUX PUCKOB. JlaHHBIE MHTEPIIPETUPOBAHBI B KOH-
TEKCTE KOHIENIMH yCTONYHNBOIO 3€MJIETIONIb30BaHNUS M IPUHIIUIIOB HHTETPUPOBaH-
HOM 3al[UThl pACTECHUM.

PesynbTaThbl

Uucnennocts muenocemeit B Pecyonuke TarapcTan uMeeT BIpaXEHHYTO Tep-
PUTOPHAJIBHYIO HEPABHOMEPHOCTD Pa3MELICHHUS, YTO OTPAXKaeT KaK PUPOIHO-KIIN-
MaTU4ecKkrue 0COOCHHOCTH PEruoHa, TaK U YPOBEHb Pa3BUTHS MMUYEIIOBOACTBA Kak
OTpaciiu CeIbCKOro xo3siiicTna (puc. 1).

HauOonpiiee kommyecTBO MYesoceMel COCpPEeJOTOYeHO B MamapblicKoM,
A3HaKaeBCKOM M APCKOM paiioHax’. DTH TEPPUTOPHU XapaKTEPU3YIOTCS HATUIUEM
OOLIMPHBIX JIyTOBBIX YTOAUH, JECHBIX MAacCUBOB U Pa3HOOOpPA3HON MEIOHOCHOM
0a3bl, YTO CO3JaeT OJaronpusTHbIE YCIOBUS Ui MHTEHCUBHOIO MUYEJIOBOACTBA.
3HaYnTENbHBIC 00BEMBI MMUEIOCEMEN TaKkke oTMeueHbl B JlammieBckom, Myciro-
MOBCKOM, HrkHekaMCKoM, ATbMETheBCKOM M JIEHHHOTOPCKOM paiiOHaxX — 30HaX
C Pa3BUTOI arpapHOil HHPPACTPYKTYPOIl U aKTUBHOM MOAACPKKON OTpaciIu HA MY-
HUIMIAJIBLHOM ypoBHE. CpeaHue 3HaYeHUs XapaKTEpHBI JJIsi OOJBIIMHCTBA IICH-
TPAJIbHBIX U CEBEPHBIX PAWOHOB PECIyONMKHU, YTO YKa3bIBAET HA YMEPEHHBIH, HO
CTaOMIIbHBINA YPOBEHb Pa3BUTHUS MUEIOBOACTBA.

2 Peectp muemoBozctBa Pecmybmukm Tarapcran. URL:  https://agro.tatarstan.ru/reestr-po-

pchelovodstvu-4701889.htm (nara oopamenus: 31.10.2025).
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Puc. 1. PacnpepeneHue YncneHHOCTU NYesocemMeit o MyHMumMnanbHbiM paiioHam Pecnybnnkmn TatapcTtaH

UcTtoyHumk: coctaeneHo A.B. TpeTbaKOBOW Ha OCHOBE AaHHbIX PeecTpa no n4yenosoactsy MuHucTepcTea
CenbCKOro Xo3scTBa 1 NPoA0BoNLCTBUS Pecnybnunkmn TaTapcTaH.

[Tapannensro ¢ 3tum B 2020-2024 rr. B PecniyOnuke Tatapcran coxpaHsuiach
BBICOKasi CTAaOMJIBHOCTH OOIIEH TUIOMAIN CeTbCKOXO3SHCTBEHHBIX YTOIUNH —
4 825,5 ThIC. Ta, IPU IOMUHUPYIOIICH POJIM KPYIHBIX arpONpepUsATUN, KOHTPOJIU-
pytoux 6omee 60 % 3emenbHOro onma’. CoxpaHeHHE YKa3aHHOTO COOTHOIICHHUS
Ha MPOTSKEHNH BCETO aHAIM3UPYEMOI0 MEPUOJA MOATBEPKAAET JOMUHUPYIOILYIO
POJIb KPYIHBIX arpoNpeAnpHUsITHI B YIPABICHUH 3€MEIbHBIMU PECYPCAMH PETHO-
Ha. HecMOTpst Ha TO, 4YTO OCHOBHAs J10JIS 3€MEJIb OTHOCUTCSI K KAaTETOPUH 3€MEIIb
CEJIbCKOXO35IMCTBEHHOIO Ha3HAYEHMS, 3HAUUTENIbHBIE YYACTKH SKCILUTyaTHUPYHOTCS
B TPaHUIlaX HACENEHHBIX MyHKTOB. Takas MHOTO(YHKIIMOHATEHOCTH 3eMJICTIONB30-
BaHUs CBUIETEIIBCTBYET O BHICOKOM aHTPOIIOTEHHOM Harpy3Ke Ha 3eMeNbHbBIN (PoH/T
PecnyOnuku TarapcTtaH, 9TO YCIOXKHSIET Pealn3aluio Mep SKOJIOTHYECKOTO Pery-
JIMPOBAHMS U MOBBILLIAET PUCKHU 3arPSI3HEHUS OKPYKAIOLIEH Cpeibl.

KitoueBbIM acriekToM TpaHCGhOpPMAIMM arpoTEXHOJIOTHH CTalo HM3MEHEHHE
CTPYKTYPBI IPUMEHEHUSI CPEACTB 3allUThl pacTeHuit. O0mmii 00beM MECTUIUIO0B
BbIpoC Ha 58,2 % —c 1 946,5 18 2021 1. 10 3 077,6 T B 2024 1., ipu 5TOM HabIIO-
Jlajach Kap/MHajabHas epecTPOrKa UX BUIOBOM CTPYKTYpHI (pHC. 2).

3 Cwm.: TocymapCTBEHHBIN TOKIA O COCTOSIHUM TIPHPOIHBIX PECYPCOB M 00 OXpaHe OKPYIKAIOIIEH
cpens! Pecrryommku Taraperan B 2020 roxy. Kazans, 2021. 400 c.; T'ocymapcTBeHHBII JOKJIaL O COCTO-
SIHUW TIPUPOJIHBIX PECYpCcoB W 00 oxpaHe OKpyxarwiei cpensl Pecriyonuku Tarapcran B 2021 roay.
Kazansb, 2022. 412 c.; TocygapcTBeHHbLI JOKIaa O COCTOSIHUM IPUPOAHBIX PECYPCOB U 00 OXpaHe OKpY-
xaroteit cpenbl Pecriyonuku Taraperan B 2022 roxny. Kaszanb, 2023. 396 c.; [ocynapcTBeHHBIH 10K/
0 COCTOSIHIH IPHPOJHEIX PECYpcoB U 00 oxpane okpykatomiei cpensl Pecryomiku Taraperan B 2023 roxy.
Kazans, 2024. 400 c.; TocynapcTBeHHBIH JJOKIIAL O COCTOSHIH MPUPOIHBIX PECYPCOB U 00 OXpaHE OKpY-
xatoreit cpensl Pecriyonuku Taraperan B 2024 rony. Kazans, 2025. 386 c.
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Puc. 2. lnHamurka 061eMOB NPUMEHEHUS XUMUYECKUX CPEACTB 3aLLUMTbl pacTeHNM
B CEJIbCKOX03ANCTBEHHOM npon3BoacTee Pecnybnmkn TatapcTtaH

UcTtoyHumk: cocTtaBneHo A.B. TpeTbsikOBOI Ha OCHOBE aHanm3a AaHHbIX, NPeACcTaBNeHHbIX
B [OCYnapCTBEHHbIX AOKIaAax O COCTOSHUM NPUPOAHbLIX PECYPCOB 1 06 OXpaHe OKpyXatoLe cpeabl
Pecnybnukn Tatapctan 2021-2024 rr.

KitroueBbIM TPEHIOM SIBIIICTCSI yBETMYCHUE TPUMEHEHHUS TePOUITNIOB, X 00h-
eM yBenuuuiicsa ¢ 1034,23 1B 2021 . 5o 2984,31 1 B 2024 1., 4TO CBUJIETEIIHCTBYET
0 CTPATEru4eCKOM CMEIICHUH (PUTOCAHUTAPHBIX MIPAKTUK B CTOPOHY HHTEHCUBHO-
r0 XUMHYECKOTO TIOJABICHUS COPHOM PACTUTEIBHOCTH. DTOT POCT KOPPEITUPYET
C pacUIMpeHHEM MOCEBOB MPOMAIIHBIX KYIbTYp U U3MEHEHHEM CTPYKTYpPHI CEBO-
000pOTOB, TpedyrouX 00sIee KECTKOTO KOHTPOJIsI HaJl COpHsIKaMu. Takxke HaOIto-
JlaeTcsl pe3Koe CokpalieHue npumenenus gynrununoB — ¢ 903,4 T B 2021 . 1o
93,29 T B 2024 r., uTO yKa3bIBaeT HA CHU)KEHUE (PUTOMATOTEHHOW HArpy3KH, BEpO-
SATHO, 00yCTIOBIIEHHOE BHEAPEHNUEM YCTOWYMBBIX COPTOB, 3((HEKTUBHBIX CEMEHHBIX
MPOTPABUTENICH U YIYUIIEHHMEM METEOPOJOTHYECKUX YCIOBUM BETETAallMOHHOTO
nepuoga. Cxoxasi TEHIACHIUS MIPOCIICKUBACTCS U B IPUMEHEHUU UHCEKTULUIOB.
ITocne camxenus ¢ 633,2 T B 2021 . mo 75,52 T B 2023 . OTMEUCHO YaCTUYHOE
BoccranosiieHue J0 211,34 T B 2024 1., 9TO MOXKET OBITh CBSI3aHO C JIOKAJbHBIMU
BCITBIIIIKAMH BPEAUTEIICH WM TIEPEX0/IOM Ha MPO(PHIAKTHICCKUE PEKUMBI IPUME-
HEHHUSI CUCTEMHBIX TIpenaparoB. CTpyKTypHas IepeCcTpoiika MPUMEHEHUS CPEJICTB
3aIIUTHl PACTCHUIN OTPaXKaeT HBOJIIOIMIO arpOTEXHOJIOTUN B HANPABICHUU TOBBI-
meHus 9Q(GEKTHBHOCTH XUMHYECKOU 3aIlHUThI, OJHAKO TPeOyeT JMOMOTHUTEIIEHOMN
OIICHKU SKOJIOTHYECKUX TMOCIEICTBHI, OCOOEHHO B YCJIOBHSIX COXPaHSIOIIETOCS
OTCYTCTBHSI CAHUTAPHO-3AITUTHBIX 30H W BBICOKON aHTPOTIOTEHHOW HArpy3Kd Ha
arpo3KOCHCTEMbI perrnoHa’.

4 TocymapcTBEHHBIN TOKIA O COCTOSHUHM TIPUPOIHBIX PECYPCOB M 00 OXpaHe OKPYKAIOIIEH CpeIbl
Pecny6nmuku Tarapcran B 2024 rony. Kasans, 2025. 386 c.
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OO6mrast miomanas oOpabOTKM MECTUIMAAMU IocTuria nuka B 2022 1. —
4085,75 ThIC. Ta, TOcie yero pe3ko cokparuiack B 2023 . 1o 2034,05 TeIc. Ta, 4TO
CBUICTEILCTBYET O KOHIIEHTPAIIMKA 00Pa00TOK Ha MEHBIIIUX TEPPUTOPHSIX, BEPOSTHO,
C MCIIOJIb30BaHHWEM TIOBTOPHBIX MJIM TIOBBIIIICHHBIX JTO3UPOBOK Mpernaparos (puc. 3).
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Puc. 3. nHamuka nnoltaaein o06paboTkm XMMMYECKUMN cpeacTBamMm 3almThbl PaCTEHNIA
B CEJIbCKOX03ANCTBEHHOM npon3BoacTee Pecnybnvkn TatapcTtaH

UcTtoyHuk: cocTtaBneHo A.B. TpeTbsikOBOI Ha OCHOBE aHanm3a AaHHbIX, NPeACcTaBNEeHHbIX
B [OCynapCTBEHHbIX AOKIaAax O COCTOSHUM NPUPOAHbLIX PECYPCOB 1 06 OXpaHe oKpyXatoLen cpeabl
Pecnybnukn Tatapctan 2021-2024 rr.

[Tnomane 06padoTku repounmmamu Beipocia ¢ 626,09 Teic. ra B 2021 1. 10
2053,95 thIc. Ta B 2022 1.° B 2023 . MpoM30ILI0 CYIIEeCTBEHHOE CHWKECHUE, HO
Kk 2024 r. mmomaas BHOBb yBeau4miaach 10 1794 Teic. ra. @yHrunuaHas Harpys3ka
XapaKTepu3yeTcss yCTOWYUBBIM CHIDKeHHEM. Ilmomans oOpabOTKH COKpaTHIIach
¢ 762,5 Teic. Ta B 2021 1. 1o 564,14 ThIC. Ta B 2024 1., 9TO, BO3MOKHO, CBUICTCIIh-
CTBYET O CHH)KEHUU SMUPUTOTUUECKON aKTUBHOCTH. OTCYyTCTBHE POCTa IO,
HECMOTpPSI Ha COXPAHSIOMINNCA 00beM MPUMEHSEMBIX MPEnapaToB, yKa3bIBaeT Ha
MIOBBIIIEHUE TOYHOCTHU U IIeJIeHaNpaBIeHHOCTH 00padoTok [12; 13]. B cnyuae un-
CEKTUIUI0B HAONI0aeTCs BBICOKAasl BOMATHIIBHOCTE. [locie pocta ¢ 352,2 Thic. Ta
B 2021 . 1o 1139,3 ThIc. Ta B 2022 1. mpouszouwio peskoe naaeHue B 2023 r. 1o
130,3 ThIC. ra, ¢ MOCAEAYIONINM YaCTUYHBIM BOCCTaHOBJIEHHEM 10 751,94 Thic. Ta

5 Cwm.: TocymapCTBEeHHBIN TOKIA] O COCTOSIHUM TIPHPOAHBIX PECYPCOB M 00 OXpaHe OKPYIKAIOIIEH
cpenbl PecyOnuku Tarapcran B 2020 roxy. Kazaus, 2021. 400 c.; T'ocynapcTBeHHBIH HOKIAA O COCTO-
SIHUW TIPUPOJIHBIX PECYpCcoB W 00 oxpaHe OKpyxarwiei cpensl Pecriyonuku Tarapcran B 2021 roay.
Kazansb, 2022. 412 c.; TocygapcTBeHHbLI JOKIaa O COCTOSIHUM IPUPOAHBIX PECYPCOB U 00 OXpaHe OKpY-
xaroteit cpenbl Pecriyonuku Taraperan B 2022 roxny. Kaszanb, 2023. 396 c.; [ocynapcTBeHHBIH 10K/
0 COCTOSIHIH IPHPOJHEIX PECYpcoB U 00 oxpane okpykatomiei cpensl Pecryomiku Taraperan B 2023 roxy.
Kazans, 2024. 400 c.; TocynapcTBeHHBIH JJOKIIAL O COCTOSHIH MPUPOIHBIX PECYPCOB U 00 OXpaHE OKpY-
xatoreit cpensl Pecriyonuku Taraperan B 2024 rony. Kazans, 2025. 386 c.
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B 2024 1. DTO MOXET CBUIETEIbCTBOBATH O JIOKAJIU3aIlMA SHTOMOJIOTUYECKHUX YIPO3,
MMPUMEHEHUH IIEJIEBBIX OMOJOTUYECKUX METOJOB KOHTPOJIS WIIM TEPEX0je Ha CH-
CTEMHBIC TMperapaTbl C JJIUTEIBHBIM JICHCTBHEM, MO3BOJIAIONINE OrPAaHUYMBATH
momaan oopadorku [14; 15]. Tlokazarens yaenbHOTO pacxo/ia MEeCTHIUIOB B Iie-
JIOM JIEMOHCTPHUPYET HENMHEWHYIO JMHAMUKY (Talm.).

YaenbHbIl pacxop NnpMMeHeHUs CPeACTB 3aLluThl pacTeHuii B Pecny6nuke TatapctaH
3a2021-2024 roa, T/TbIC. Fa

Xumuyeckoe cpeacTso 2021 2022 2023 2024
3aWmThl
MecTuunabl 0,50 0,61 1,54 0,99
lepbuumnabl 1,65 0,65 1,70 1,66
DyHrumapl 1,18 0,96 0,46 0,17
MHcekTnumapl 1,80 0,28 0,58 0,28

UcToyHmk: coctaBneHo A.B. TpeTbaKOBOW.

[Tocne ymepennoro pocra nectuiiuoB B 2022 1. HaOMogaeTCsl pe3Kuil CKauoK
B 2023 1. 1o 1,54 T/THIC. Ta, YTO CBSI3aHO C KOHIIEHTpanueir 00paboToK Ha 3HAYM-
TEJBHO COKpaTHUBIICHCS IUIOMIAAN, U mocienytomniee cHumxkenne 10 0,99 1/Teic. ra
B 2024 r. YienabHBIN pacxo] TepOUIIUI0B OCTaBAJIC CTAOMIBHO BBICOKUM — OT 1,65
1o 1,70 1/ThIC. T, TOCTUTHYB MakcuMyma B 2023 T. M1 COXpaHHUB BBICOKHH YPOBEHb
B 2024 1. B TO ke Bpems 3aQUKCHUPOBAHO PE3KOE U YCTOMYMBOE CHUKEHHUE Y/IETb-
HOro npuMeHeHus pyHrurmaoB — c 1,18 t/Teic. ra B 2021 . go mwms 0,17 T/T6IC. TA
B 2024 1., 4TO yKa3bIBa€T HA CHIKCHHE (PUTONMATOTCHHOW Harpy3ku win 3ddek-
TUBHOCTh MPO(UIAKTUYCCKUX Mep. AHAIOTWYHAs TEHACHIUSA HAOMIOmaeTcs Mo
WHCEKTUIMAAM, X yIeNbHbIN pacxon cokparwics ¢ 1,80 1/teic. ra B 2021 1. 10
0,28 1/TBIC. Ta B 2022 1 2024 TT., HECMOTpPS Ha KpaTKOBPEeMEHHBIN pocT B 2023 T.
[IpocTpaHcTBEeHHOE pacmpeneleHue WHCEKTHUIUAHOW Harpy3ku B PecmyOnuke
Tarapctan nHeomnopoaHo. Jlons tuiomanau, oOpabOTaHHOW MHCEKTUIUIAMU OT-
HOCHTEJIBHO O0IIEeH TIIOMAaaN CeNbCKOX03SHCTBEHHBIX YTOIUI pailoHa, BApbUPYET
ot 0 10 53,82 % (puc. 4).

Takas mMpokasi aMIUIUTyda CBUAETEIIbCTBYET O BBICOKOM JIOKAIM3AIMU SHTO-
MOJIOTUYECKUX PUCKOB U CYIIECTBEHHBIX PA3IUYMUAIX B (PUTOCAHUTAPHBIX CTPATETH-
SIX MKy MYHUIIMIIAIbHBIME 00pa3oBanusiMu’, Hanbomnee HHTEHCUBHASI MHCEKTH-
nuaHas 00paboTKa XapakTepHa JUIsl OTAETbHBIX IOrO-BOCTOYHBIX U IEHTPATHHBIX
paiioHOB peciyOnukH, Tae A0 00paboTaHHBIX TUiomIaaen npesbimaer 30-50 %.
OTU TEPPUTOPUH, KaK MPABWIO, CHELUUATU3UPYIOTCS HAa BO3/AEIBIBAHUU IPO-
MAalIHBIX ¥ MAaCJIHYHBIX KYJIBTYyp, YyBCTBUTEIBHBIX K HACEKOMBIM-BPEAUTEIISM,
Y OTJIMYAIOTCSl BBICOKMM YPOBHEM arpoTE€XHOJOTUYECKON MHTeHCUUKauu. B To
e BpEMs B psJie pallOHOB — MPEUMYIIIECTBEHHO B CEBEPHBIX M CEBEPO-3aMlaIHbIX

¢ Cucrema 3emnenenus Pecry6muku Tarapcran. URL: https://agro.tatarstan.ru/sistema-zemledeliya-
rt.htm (mara obpamenus: 31.10.2025).
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30HaX — MPUMEHEHHE WHCEKTUIUAOB JINOO MOJHOCThIO OTCYTCTBYET, J10OO0 orpa-
HU4YeHO MeHee uyeM | % oOpabareiBaecmoit miomanu. [1logoOHast mpakThuka MOXET
ObITh OOyCJIOBJIEHa KaK HHU3KOW (DUTOCAHUTAPHOM HArpy3Koi, TaKk U MEepPexoqoM
K IpO(UIaKTHUECKUM WIIH OMOJIOTMYECKUM METOAaM 3allUThl, BKJIIOYas CIOIb30-
BaHUE CUCTEMHBIX POTpaBUTENeH U BITyck s3HTOMOparoB [16—17]. Cpennue 3Ha-
yeHust oT 5 10 15 % nabmrogaroTcsi B OONBIIMHCTBE pAHOHOB U OTPAXKAIOT yMEPEH-
HBIM YPOBEHb SHTOMOJIOTUYECKOTO JABJICHUS PU COAIaHCUPOBAHHOM MPUMEHEHUH
XUMHUYECKUX U HEXUMUYECKHUX Mep 3alUThL. [Ipu 3TOM npocTpaHCTBEHHBIN aHAN3
BBISIBJIIET TPEBOKHYIO TEHACHIMIO. 30HBI C MAKCUMaJIbHOM MHCEKTHIIMJAHOW Ha-
Ipy3KOii MPOCTPAHCTBEHHO COBMAAAIOT C pailOHaMU, TJIe COCPEIOTOUECHO HANOOIb-
miee KOJIMYECTBO MYENIOCeMe. JTO CO34aeT yCIOBUS ISl IPSIMOTO BO3JEHCTBUS
TOKCHYHBIX TIPENapaToB Ha MEAOHOCHBIX IMUEN U JAPYTUX OMBUIUTENEH, 0COOCHHO
B YCJIOBUSIX OTCYTCTBHSI CAHUTAPHO-3AIIUTHBIX 30H MEXKIY CEIbCKOX035ICTBEHHBI-
MU YTOJIbSIMU ¥ HACEJICHHBIMU ITyHKTAMH.
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Puc. 4. NMpocTpaHcTBEHHOE pacnpeneneHe nonm rniowaam, o6paboTaHHON MHCEeKTULUMAAMM,
B CTPYKTYPE CENbCKOXO3ANCTBEHHbIX YrOAM MyHUUMNAaNbHbIX parioHoB Pecnybnunkmn TatapcTtaH, %:
a — oT Arpbiackoro fo Kaiibuukoro paioHa; 6 — ot Kamcko-YcTbrHekoro ao KOTasmHckoro paioHa

UctoyHmk: cocTaBneHo A.B. TpeTbsikoBOI Ha OCHOBE aHann3a JaHHbIX, NPeacTaBNeHHbIX
B fOCYnapCTBEHHbIX AOKNAAAX O COCTOSIHM NPUPOAHbIX PECYPCOB 1 06 OXpaHe OKpyXatoLLen cpeab
Pecnybnukun TatapctaH 2021-2024 rr.
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3akoyeHue

AHanu3 COCTOSIHUSI 3eMENIbHBIX PECYPCOB M arpOTEeXHUYECKUX MPaKTHK B Pe-
cnyomuke Tarapcran 3a 2020—2024 rT. BBISIBHJT YCTOMYHMBYIO TCHICHIIMIO K MHTCH-
cuUKaIluu CeTbCKOX03IHCTBEHHOTO MPOU3BOJICTBA, COMPOBOXKIAIOILYIOCS TITy00-
KOM TIepecTpOMKON CTPYKTYpbl MPUMEHEHUS CPEICTB 3alluThl pacTeHuil. Ocolyro
Hay4YHYI0 U IPAKTUYECKYIO 3HAUUMOCTb IIPEJICTABIISIECT IPOCTPAHCTBEHHbIN aHAIN3,
JEMOHCTPUPYIOIIMA KPUTUYECKOE COBIIAJIEHUE 30H BBICOKOM IJIOTHOCTH ITYEIIO-
BOJICTBA U MHTEHCUBHOTO NPUMEHEHUsI MHCEKTUIM10B. Hanbonpliee Konu4yecTBo
ITYEJI0CEMEN COCPETOTOUEHO B pallOHAX, XapaKTEPU3YIOLMXCS HE TOIBKO pa3BUTOM
arpapHoit UHPPACTPYKTYpOii, HO ¥ MAaKCUMATbHBIMU TMOKA3aTEISIMA WHCEKTUIU/-
HOM Harpy3ku — Takux kak Mamanpinickuil, AsHakaeBckuid, Apckuii, CapmMaHOB-
ckuil u TioNAuUMHCKHIA paiioHbl. B 3THX TeppuTopHsx 1oms miomnianeii, oopadoran-
HBIX MHCEKTHIUIaMU, aocturaet 30-54 % ot oOmielt miomanm celrbX0o3yroauii,
YTO CO3/1a€T MOTEHLIUAJIBHO OINACHBIE YCIOBUS JUISl MEJIOHOCHBIX MYET U APYTUX
OTBLIUTENCH. YUHUTHIBas, 4TO B OOJBIIMHCTBE PAHOHOB OTCYTCTBYIOT CaHHUTap-
HO-3aIllUTHBIE 30HBI MEXKIY CEJIbCKOXO3SIICTBEHHBIMHU MOJIIMU M HACEJIEHHBIMHU
MIyHKTaMH, [Ji€ YacTO PacIojlaraloTcsl Maceku, PUCK TOKCHUYECKOTO BO3IEHCTBUS
arpoXMMHKaTOB Ha HElEeJeBble OPTaHu3Mbl OcTaeTcsi BbIcOKUM. Hecmotps Ha co-
KpalieHne o0beMOB MHCEKTUIMIO0B B MOCIEIHUE TOAbl, UX yIEJbHAs Harpyska
B psijie IEPHOOB OCTACTCS 3HAUYUTEIILHOM.
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Abstract. The development of regenerative tourism has been proposed as a response to the
limitations of conventional sustainable tourism, particularly its restricted capacity to address
long-term socioecological challenges. However, empirical evidence supporting regenerative
tourism remains limited, especially at territorial and public policy scales in biodiverse countries.
This study aims to analyze birdwatching tourism as a regenerative-oriented tourism practice in
Brazil, based on national public policy evidence. The research adopts analytical and conceptual
design grounded in secondary data analysis. The primary source is the National Diagnosis of
Public Policies for Birdwatching Tourism in Brazil published by the Ministry of Tourism in
2025, complemented by institutional reports and peer-reviewed scientific literature on bird
conservation, citizen science, and regenerative tourism. The data were reinterpreted using an
analytical framework focused on key regenerative dimensions, including conservation
financing, biodiversity monitoring, participatory governance, and territorial planning. The
results indicate that birdwatching tourism in Brazil operates predominantly within areas of high
conservation priority and is supported by measurable mechanisms relevant to regeneration.
These mechanisms include the generation of economic resources associated with conservation
activities, large-scale biodiversity monitoring through citizen science platforms, and
institutionalized governance arrangements aligned with biodiversity conservation policies.
Although the concept of regenerative tourism is not explicitly employed in Brazilian tourism
policy, birdwatching tourism demonstrates functional characteristics consistent with regenerative
principles. The study concludes that birdwatching tourism in Brazil can be understood as a
regenerative-oriented practice when regeneration is interpreted as a long-term, systemic, and
policy-mediated process. The findings contribute to strengthening the empirical basis of
regenerative tourism research and highlight the relevance of public policy analysis for assessing
regenerative dynamics in megadiverse contexts.
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HaOniopeHue 3a NnTuamMmm Kak NpakTuka
pereHepaTuBHOIro Typusama: CBUAeTeNibCTBa
N3 rocyaapcTBeHHOM TYPUCTCKON NONUTUKKN Bpasnnumn

Mapkyc P. IIncapcku mur.

Itaipu Parquetec (Texnonoeuuecxuti napx Umaitiny), Jlabopamopus ycmouuugo2o mypusmd,
Doc-oy-Heyacy, bpasunus
P<dmarcos.pisarski@gmail.com

AHHOTaNus. PereHepaTuBHBIN TypH3M pacCMATPHBACTCS KaK OTBET HA OTPaHUYCHHS Tpa-
JTUIHOHHOTO YCTOWYHBOTO TypH3Ma, OCOOCHHO B YACTH PEIICHHS JOJITOCPOYHBIX COIMOIKOIO-
rUYeckux mpodaem. [Ipu 3ToM sMIIupUYecKue UCCIIEeA0BaHMS PETeHePaTHBHOTO TYpU3Ma OCTa-
FOTCSI OTPaHUYCHHBIMH, B YACTHOCTU Ha YPOBHE TEPPUTOPUAILHON IMOJUTUKU B OHOJIOTHYCCKH
Oorarbix cTpaHax. Llems nccenoBanus — MpoaHaIM3upOBaTh OPHUTOIOTHICCKUN TypH3M Kak
pereHepaTHBHO-OPUEHTUPOBAHHYIO TYPUCTCKYIO IPAKTUKY B bpa3uinu Ha OCHOBE JJAHHBIX I0O-
CyllapcTBEHHOH MONUTHKH. MccrenoBaHre 0CHOBAaHO HA aHATMTUKO-KOHLENTYaIbHOM MOJX0/Ie
U aHaJHM3€¢ BTOPHYHBIX TaHHBIX. OCHOBHBIM HCTOYHHKOM SIBIsICTCS HaIlMOHATBHEINA JHATHO-
CTHUYECKUN OTYET TI0 TOCYAapCTBEHHOM MONUTHKE B cepe Typu3ma HaOMONCHUS 3a MTHIIAMH
B bpasunuu (MunucrepctBo typusma, 2025), 10MOTHEHHbIH HHCTUTYIIMOHAIBHBIMU MaTepra-
JIAMA ¥ PELEH3UPYEMBIMHA HAYYHBIMU ITyONUKAIMAMHI. AHAJIH3 MPOBEACH C MCHONb30BAHUEM
paMKHu pereHepaTuBHOTO TypU3Ma, BKIIOYAIOIIe (PMHAHCHPOBAHUE OXPaHbl MIPUPOJIbI, MOHHU-
TOPHHT OHOpa3HOOOpa3usi, MAPTHCUIIATHBHOE YIPABICHUE U TEPPUTOPHAIBHOC IUIAHHPOBA-
HHUe. Pe3ympraThl MOKa3hIBAIOT, YTO OPHUTOIOTHYESCKIH Typu3M B bpasmmmn peanmsyercs npe-
UMYIIECTBEHHO HA TEPPUTOPHSIX C BEICOKOW TPUPOIOOXPAHHON 3HAYUMOCTBIO U ONUPACTCS Ha
H3MEpHUMble pereHepaTUBHbIE MEXaHU3MBbI, TaKue Kak (pOopMUpOBaHHE SKOHOMHUYECKUX pecyp-
COB JUTS OXPaHbI IPUPOJIBI, MACIITAOHBIH MOHHUTOPUHT OHOPa3HOOOpa3Hs HA OCHOBE I'pak/1aH-
CKOH HAayKM W HMHCTUTYIHMOHAJIM3UPOBAHHBIC YIPABICHUECKUE CTPYKTYPHI, COIIACOBAHHBIC
C MOJIMTUKOHN coxpaHeHHs Oropa3sHooOpas3us. HecMoTpst Ha OTCyTCTBHE TepMHHA «pereHepa-
THBHBIN TypH3M» B TyPHCTCKOH TTOJUTHKE CTPAHBI, OPHUTOJIOTUIECKINA TYPH3M AEMOHCTPUPYET
(yHKIMOHATIbHBIE PU3HAKK PEreHepaTHBHOTO Moaxoaa. CaenaH BEIBOA O TOM, YTO OPHUTOJO-
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THYECKHH TypHu3M B bpasunnm MoxXeT pacCMaTpUBAThCS KaK PereHepaTHBHO-OPUCHTUPOBAHHAS
IPaKTHKA IOPU MHTEPHPETAlUM PEereHepaluu Kak JOIrOCPOYHOTO M CUCTEMHOro Ipolecca,
OIIOCPEIOBAHHOIO T'OCYAAPCTBEHHOM MONUTHKOM.

KnaioueBble cioBa:  aBUTYypU3M, COXpaHEHHE OMOPa3HOOOpasus, TpaKIaHCKas HayKa,
yIpasjeHue Typu3MoM, bpasmins

3asgBaenne 0 KOHGINKTE HHTEPECOB. ABTOPHI 3asBISIOT 00 OTCYTCTBUHU KOH(IIUKTA MH-
TEPECOB.

3asiBjieHHe 00 MCNO/IB30BAHUU TEXHOJIOIMii HCKYCCTBEHHOI0 MHTesleKkTa. MHCTpy-
MEHTBI UCKYCCTBEHHOTO MHTeIeKTa (M) ncrnonb30Baiuch UCKIFOUYUTEIBHO JUTS SI3IKOBOTO
penakTupoBaHus, BKJI04Yas ophorpaguyueckyro mpoBepKy, a TakKe JJis IOMOIIH B popMaTupo-
BaHWHY ¥ CTAaHJAPTH3ALUH IUTAT U OnbIrorpadudeckux ccputok. Texnonoruu MU He ucmomns-
30BAJIMCh TIPU CO3JIaHUH, aHAIN3E WM HHTEPIIPETAIIMN HAYYHOTO COICPIKAaHUS MCCIICIOBAHUS.
ABTODBI 3asIBIISIIOT, YTO MOJHOCTHIO OCO3HAIOT M NMPUHUMAIOT Ha ceOs BCIO TIOJHOTY OTBET-
CTBEHHOCTH 3a COJEepXaHHUEe AaHHOW pykonucH. Vcronb3oBaHUE MHCTPYMEHTOB HCKYCCTBEH-
HOT'O MHTEJUIEKTa HOCHJIO BCTIOMOTaTEIbHBIM XapaKTep U HE 3aMEHSJI0 SKCIIEPTHOTO CYK/ICHUS,
KPUTHYECKOTO MBIIIJICHUS U HAYYHOH J10OPOCOBECTHOCTH aBTOPOB.

3asiBjieHue 0 AOCTYITHOCTHU JaHHBbIX. Bcee JMaHHBIC, MOJYYCHHBIC B XOJIC OTOT'0 UCCJIEA0BA-
HUs, BKIIFOYCHEI B OHy6J'H/IKOBaHHy'IO CTaTbloO.

Hcropus craTbu: noctynuia B penakuuio 17.01.2026; nopaboTtana mocie pereH3npopa-
Hus 17.02.2026; npunsTa Kk myonukanuu 26.02.2026.

Jas uurupoBanusi: Pisarski Jr. M.R. Birdwatching as a regenerative tourism practice:
evidence from Brazilian public policy // Becthuk Poccuiickoro yHuBepcuTera npy»)O0bl Hapo-
noB. Cepust: Dxonorust U Oe3omacHocTh xusHenestensHoct. 2026. T. 34. Ne 2. C. 257-274.
http://doi.org/10.22363/2313-2310-2026-34-2-257-274 EDN: OYGYFX

Introduction

Over the last two decades, tourism research and practice have increasingly
recognized the structural limitations of conventional sustainable tourism frameworks.
While sustainability-oriented approaches have contributed to mitigating negative
environmental and social impacts, they have often remained restricted to damage
reduction and efficiency gains, without directly addressing the regeneration of
degraded socioecological systems. In response to these limitations, regenerative
tourism has emerged as an alternative paradigm that emphasizes active restoration,
system renewal, and the long-term vitality of ecosystems and host communities,
grounded in systems thinking, regenerative design, and adaptive governance [1-5].

Recent academic literature indicates a growing consolidation of regenerative
tourism as a field of inquiry, particularly in relation to development challenges
faced by regions in the Global South. Empirical and policy-oriented studies
demonstrate that regenerative tourism seeks not only to reduce negative impacts but
to generate net positive ecological, social, and economic outcomes through place-
based strategies, community engagement, and alignment with territorial development
processes. Applied cases documented in Brazil, such as reef restoration initiatives
integrated with tourism activities, illustrate how regenerative principles can be
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operationalized through concrete actions involving conservation, local actors, and
public policies [1-3; 5; 6]. Nevertheless, despite this conceptual and empirical
advancement, several authors highlight the persistent scarcity of systematically
documented cases demonstrating how regenerative principles are translated into
consistent tourism practices and governance arrangements, particularly at national
and territorial scales [1; 5; 7].

From a broader environmental science perspective, regeneration is increasingly
understood as a measurable process involving ecosystem recovery, ecological
connectivity, and long-term resilience. Large-scale empirical evidence demonstrates
that conservation strategies prioritizing connectivity can significantly enhance
biodiversity protection and fisheries conservation outcomes, producing measurable
ecological benefits when supported by coherent territorial planning and governance
frameworks [8]. At the same time, research on natural forest regeneration in the
Brazilian Amazon reveals that regenerative outcomes are strongly conditioned by
institutional coordination, policy design, and governance capacity, highlighting that
regeneration is not solely an ecological process but also a political and institutional
one [9]. These findings provide a robust scientific basis for examining tourism
practices that operate in close alignment with conservation policies and landscape-
scale planning instruments.

Within this context, nature-based tourism has been identified as a particularly
favorable field for regenerative experimentation. Activities characterized by low
material intensity, strong educational components, and close interaction with natural
systems offer opportunities to align tourism demand with conservation incentives,
learning processes, and territorial development goals. Among these activities,
birdwatching — also referred to as avitourism or birding — stands out due to its
documented links to biodiversity conservation, environmental education, citizen
science, and local economic development [10—14].

Birdwatching tourism has been shown to generate high-value, low-volume
tourism flows, contribute to conservation financing, and support biodiversity
monitoring through the active participation of visitors in citizen-science platforms.
Empirical evidence from different geographical contexts indicates that birdwatching
can reinforce pro-conservation attitudes, support protected areas, and strengthen
local economies without the pressures commonly associated with mass tourism [10;
13—15]. These characteristics position birdwatching as a tourism practice that
potentially transcends conventional sustainability paradigms and aligns with core
regenerative tourism principles.

In Brazil, a megadiverse country hosting nearly two thousand bird species and
high levels of endemism, birdwatching tourism has expanded significantly over
recent decades and has gained increasing institutional recognition. This process
culminated in 2025 with the publication of the Diagnosis of Public Policies for
Birdwatching Tourism in Brazil by the Brazilian Ministry of Tourism (Figure 1).
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The document provides comprehensive

empirical evidence on demand profiles, msreno o M".
territorial  distribution,  governance ey
arrangements, sectoral organization, and
the  policy instruments  shaping
birdwatching tourism in the country.!

In parallel with national policy
instruments,  Brazil’s  international
tourism promotion agency, Embratur,
has incorporated birdwatching into its
strategic positioning as a nature-based
tourism segment in international ,
markets. In 2024, Embratur published Diagnostico de
the institutional report Everything about Politicas Publicas do
Birdwatching  (Figure 2), which Turismo de Observacgao
systematizes key empirical information de Aves no Brasil
relevant to birdwatching tourism, the
distribution of birdwatching destinations

Figure 1. Cover of National Diagnosis of Public

across all major biomes, the strong Policies for Birdwatching Tourism in Brazil
overlap between birdwatching areas and Source: Diagnosis of Public Policies

. . , for Birdwatching Tourism in Brazil. Brazil.
protected territories, and the country’s Ministry of Tourism. Ministry
international air connectivity with of Tourism; 2025. 116 p. Available from:

. Kk f https://www.gov.br/turismo/pt-br/acesso-
Strateglc source markets or nature- a-informacao/acoes-e-programas/programas-
based tourism.? By framing birdwatching projetos-acoes-obras-e-atividades/produtos-

hich | 1 1 .. e-experiencias-turisticas/turismo-de-aves/
as a high-value, low-volume activity diagnostico-de-politicas-publicas-turismo-
aligned with biodiversity conservation de-observacao-de-aves_112025.pdf

C . . (accessed: 12.12.2025).
and specialized tourism demand, the

document reinforces the articulation
between conservation agendas, territorial planning, and international tourism
policy.

Although neither the national diagnosis nor the international promotion
documents explicitly adopt the terminology of regenerative tourism, their empirical
findings reveal a tourism practice that operationalizes several core regenerative

' Brazil. Ministério do Turismo. Diagndstico de Politicas Publicas do Turismo de Observagdo de
Aves no Brasil. Brasilia: Ministério do Turismo; 2025. 116 p. Available from: https://www.gov.br/tur-
ismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/pro-
dutos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observa-
cao-de-aves 112025.pdf (accessed: 12.12.2025).

2 Tudo sobre. Observacao de aves. Brasilia. Embratur. Brasilia: Brazilian Agency for International
Tourism Promotion; 2024. Available from: https://embratur.com.br/wp-content/uploads/2023/03/Brasil
Embratur E-book Observacao de Aves Maio 2024.pdf (accessed: 12.12.2025).
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= dimensions in practice. These include
.Y ecological regeneration linked to
conservation and biodiversity moni-
toring, social participation through
community-based guiding and envi-
ronmental education, economic value
creation associated with high-value
and low-volume tourism flows, and
participatory governance supported
by citizen-science infrastructures’
[1;3;5; 14].

4 Against this backdrop, this article
B SORRS UBSERVAGAU examines birdwatching tourism as an
empirically grounded regenerative
tourism practice, using Brazilian public
policy evidence as its primary analytical
foundation. By reinterpreting official

@ Embratur . .
policy data through a regenerative
Figure 2. Cover of Everything about Birdwatching tourism framework. the study seeks to
Report in Brazil . ’ . .
_ _ _ _ contribute to the consolidation of
Source: Everything about Birdwatching — Brazil. . . .
Brazil, 2024: Brazil. Embratur. Brasilia: Brazilian regenerative tourism research while
Agency for International Tourism Promotion; 2024. strengthening the dialogue between
Available from: https://embratur.com.br/ s . :
wp-content/uploads/2023/03/Brasil _ the(_)ry’ e.mplrlcél evidence, and tourism
Embratur_E-book_Observacao_de_Aves_ policy in biodiverse contexts of the
Maio_2024.pdf (accessed: 12.12.2025). Global South.

Research Aim and Analytical Framework

The aim of this study is to analyze birdwatching tourism in Brazil as an
empirically grounded regenerative tourism practice, based on official public policy
evidence. Rather than approaching birdwatching as an isolated tourism niche, the
research focuses on its institutionalization within national and international policy
instruments, seeking to reinterpret existing policy data through a regenerative
tourism perspective. In doing so, the study contributes to the consolidation of
regenerative tourism research by providing an empirically supported analysis

3 Brazil. Ministry of Tourism. Diagnosis of Public Policies for Birdwatching Tourism in Brazil.
Brasilia: Ministry of Tourism; 2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/acesso-a-
informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-
turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves 112025.
pdf (accessed: 12.12.2025); Everything about Birdwatching — Brazil. Brazil. Embratur. Brasilia:
Brazilian Agency for International Tourism Promotion; 2024. Available from: https://embratur.com.
br/wp-content/uploads/2023/03/Brasil_Embratur_E-book Observacao_de Aves Maio_ 2024.pdf
(accessed: 12.12.2025).
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of how regenerative principles are operationalized in practice within a nature-based
tourism context in the Global South.

Specifically, the analysis examines the extent to which birdwatching tourism
policies and institutional arrangements in Brazil correspond to core regenerative
tourism dimensions. These include contributions to ecological regeneration through
biodiversity conservation and environmental monitoring; forms of social
participation associated with community-based guiding, environmental education,
and citizen-science engagement; patterns of economic value creation linked to
high-value and low-volume tourism flows; and governance mechanisms that
articulate tourism policy with environmental governance and territorial planning.
By focusing on these dimensions, the study moves beyond a purely normative
discussion of regeneration and instead assesses how regenerative outcomes are
embedded in policy-supported tourism practices.

Methodologically, the study adopts a qualitative, policy-oriented analytical
approach based on document analysis. The research does not generate primary
empirical data but is grounded in the systematic examination and reinterpretation of
secondary data derived from official public policy documents and institutional
reports related to birdwatching tourism in Brazil. The primary sources include the
Diagnosis of Public Policies for Birdwatching Tourism in Brazil, published by the
Brazilian Ministry of Tourism, and Embratur’s institutional report Everything about
Birdwatching — Brazil, which provide comprehensive empirical information on
demand profiles, territorial distribution, governance arrangements, sectoral
organization, and policy instruments relevant to birdwatching tourism.

The analytical framework is operationalized through a document-based
interpretative matrix that maps empirical evidence from these policy sources against
the core regenerative dimensions identified in the literature. This approach enables
a structured and transparent assessment of how birdwatching tourism policies and
practices align with regenerative tourism principles, while avoiding overstatement
of causal relationships or direct impact measurement. By explicitly articulating its
analytical logic, data sources, and interpretative categories, the study ensures
methodological rigor and replicability, directly addressing critiques regarding the
empirical grounding of regenerative tourism research.

Materials and Methods
Study Design

This study adopts a qualitative, analytical-conceptual research design based on
the examination and reinterpretation of secondary data derived from official public
policy documents and institutional reports. Consistent with policy-oriented research
in tourism and environmental governance, the study does not seek to generate new
primary empirical data, surveys, or interviews. Instead, it produces original
analytical insights by reinterpreting existing policy-generated datasets through
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a regenerative tourism framework, allowing for a structured assessment of how
regenerative principles are embedded in birdwatching tourism policies and practices
in Brazil.

Data Sources

The primary source of empirical material is the Diagnosis of Public Policies for
Birdwatching Tourism in Brazil, published in 2025 by the Brazilian Ministry of
Tourism. This national diagnostic constitutes the most comprehensive policy-based
assessment of birdwatching tourism in the country to date. According to the official
methodology described in the document, the diagnosis is based on surveys conducted
by the Ministry of Tourism and its technical partners with a total of 2,640 respon-
dents, including professional ornithologists, amateur birdwatchers, tourism
practitioners, and other stakeholders engaged in birdwatching tourism activities.
These respondents participated in the survey as users and actors of birdwatching
tourism, rather than as scientific observers conducting ornithological research.

In addition to the survey component, the national diagnosis includes the mapping
of more than 300 enterprises associated with birdwatching tourism across Brazilian
biomes, as well as an analysis of governance arrangements, institutional actors, and
policy instruments relevant to the development of birdwatching tourism. The present
study does not aim to inventory or classify individual enterprises, but uses these
aggregated data to illustrate the territorial scope, sectoral organization, and institutional
recognition of birdwatching tourism within national policy frameworks.

The diagnosis also incorporates information derived from citizen-science
platforms commonly used in birdwatching contexts, such as eBird and WikiAves. In
the present research, these platforms are not used as primary data sources. Only the
validated and synthesized information already incorporated into the official policy
documents is considered, acknowledging the methodological limitations associated
with citizen-science data, including variability in observer expertise and potential
spatial or taxonomic inaccuracies.

Complementary institutional data are drawn from Embratur’s report Everything
about Birdwatching — Brazil (2024), which provides additional empirical
information on avian biodiversity, the distribution of birdwatching destinations
across Brazilian biomes, the relationship between birdwatching areas and protected
territories, and international air connectivity with key source markets for nature-
based tourism. Peer-reviewed academic literature on regenerative tourism and
birdwatching is used to support the conceptual framing and interpretation of the
policy evidence.

Analytical Procedure

The analytical procedure follows a structured, qualitative interpretative
approach. First, core regenerative tourism dimensions are identified based on the
literature, with particular attention to ecological regeneration, social participation,
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economic value creation, and governance and policy integration. Second, empirical
information extracted from the policy documents is systematically reclassified
according to these analytical dimensions. Third, an interpretative analysis is
conducted to examine how the policy-supported practices and institutional
arrangements associated with birdwatching tourism correspond to regenerative
tourism principles.

This procedure enables the study to bridge conceptual debates on regenerative
tourism with policy-driven empirical material, without asserting causal relationships
or direct impact measurement. By focusing on coherence, orientation, and
institutional alignment, the analysis provides an empirically grounded assessment
of birdwatching tourism as a regenerative tourism practice within a public policy
context.

Results

The results demonstrate that birdwatching tourism in Brazil operates within
a quantitatively robust ecological and institutional context that supports regenerative
outcomes, particularly through conservation financing, biodiversity monitoring at
scale, territorial governance, and policy integration. Rather than attributing direct
habitat restoration outcomes to birdwatching tourism alone, the evidence indicates
that this activity contributes to regeneration through cumulative, measurable
mechanisms embedded in public policy and conservation systems.

Biodiversity context and conservation relevance in Brazil

Brazil occupies a central position in global bird conservation. The country hosts
approximately 1,919 to 1,971 bird species, depending on the taxonomic reference,
representing one of the richest avifaunas worldwide.* At the same time, Brazil holds
the highest number of globally threatened bird species in the Neotropics, with 166
species classified as globally threatened and a total of 289 species of conservation
concern when near-threatened taxa are included [16]. This dual condition of
exceptional biodiversity richness and high conservation risk establishes a critical
ecological context within which birdwatching tourism intersects with conservation
and regeneration agendas.

Importantly, biodiversity richness and conservation risk are unevenly distributed
across Brazilian biomes. While the Amazon concentrates the highest number of
bird species, other biomes present a disproportionately high concentration of

* Diagnosis of Public Policies for Birdwatching Tourism in Brazil. Brazil. Ministry of Tourism.
Brasilia: Ministry of Tourism; 2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/acesso-a-in-
formacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-tur-
isticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves 112025.pdf
(accessed: 12.12.2025); Everything about Birdwatching — Brazil. Brazil. Embratur. Brasilia: Brazilian
Agency for Interna-tional Tourism Promotion; 2024. Available from: https://embratur.com.br/wp-content/
uploads/2023/03/Brasil Embratur E-book Observacao_de Aves Maio 2024.pdf (accessed: 12.12.2025).
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threatened taxa. As shown in Table 1 the Atlantic Forest concentrates the largest
number of threatened bird species (84), followed by the Amazon (57) and the
Cerrado (48), highlighting pronounced territorial asymmetries in conservation
priorities across the country.

Table 1. Distribution of bird species and threatened species across Brazilian biomes

BIOME SPECIES THREATENED SPECIES

Amazon 1300 57
Atlantic Forest 891 84
Cerrado 837 48
Caatinga 548 24
Pantanal 582 9

Pampa 578 13
Coastal/Marine Zone 130 13

Source: adapted by M.R. Pisarski Jr. from P.F. Develey [16].

Conservation efforts in Brazil have produced territorially measurable outcomes.
Over the last two decades, targeted conservation initiatives resulted in the creation of
approximately 79,500 hectares of protected areas specifically aimed at safeguarding
highly threatened bird species. In addition, 237 Important Bird and Biodiversity Areas
(IBAs) have been identified nationwide, with 123 sites (approximately 52%) located
in the Atlantic Forest, reflecting the spatial concentration of threatened species and
conservation priorities in this biome [16]. These protected and priority areas constitute
the landscapes where birdwatching tourism is predominantly practiced, reinforcing
the ecological embeddedness of the activity.

Conservation financing and economic mechanisms
supporting regeneration

Quantitative evidence from conservation finance literature demonstrates that
tourism constitutes a significant funding mechanism for bird conservation. A global
assessment of 562 threatened bird species identified reliable financial data for
90 species (16%), within which tourism-derived revenues accounted for 10 to 64%
of total conservation funding, particularly in regions such as South America and
Africa[10]. The dependence on tourism revenue was statistically higher for critically
endangered species compared to endangered species (p < 0.02) [10]. These findings
provide a measurable basis for interpreting birdwatching tourism as an indirect but
quantifiable contributor to conservation financing and, by extension, regenerative
ecological processes.

While Brazilian public policy documents do not disaggregate conservation
financing exclusively by tourism segment, the national diagnostic indicates that
birdwatching tourism is framed as a high-value, low-volume activity, strategically
positioned to generate economic incentives compatible with conservation
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objectives’®. This orientation aligns with broader regenerative tourism frameworks
that emphasize quality over quantity and long-term ecosystem vitality rather than
short-term visitor growth [1; 3; 5].

Biodiversity monitoring and citizen science at scale

One of the most quantitatively significant regenerative mechanisms associated
with birdwatching tourism is biodiversity ... monitoring through citizen science
(illustrated in Figure 3). The eBird platform exemplifies the scale of this contribution.
By 2013, eBird had accumulated over 140 million bird occurrence records, submitted
by approximately 150,000 observers, who collectively invested 10.5 million hours
in field data collection. Over a ten-year period, data submissions increased at an
annual rate of 30—40%, demonstrating exponential growth in monitoring capacity
[14]. These datasets are now routinely used in species distribution modeling,
conservation planning, and biodiversity assessments.

Figure 3. Citizen science group focused on birdwatching

Source: Diagnosis of Public Policies for Birdwatching Tourism in Brazil. Brazil. Ministry of Tourism.
Brasilia: Ministry of Tourism; 2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/
acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/

produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-
observacao-de-aves_112025.pdf (accessed: 12.12.2025).

* Diagnosis of Public Policies for Birdwatching Tourism in Brazil. Brazil. Ministry of Tourism.
Brasilia: Ministry of Tourism; 2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/acesso-a-
informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-
e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observa-
cao-de-aves 112025.pdf (accessed: 12.12.2025).
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In Brazil, citizen science participation has expanded substantially. Estimates
indicate that between 30,000 and 40,000 Brazilian birdwatchers actively contribute
to observation and monitoring activities, including platforms such as eBird and
WikiAves [16]. WikiAves alone documents nearly the full national avifauna, with
records covering approximately 1,964 bird species, supported by millions of
photographic and acoustic records generated by observers across all biomes® [16].
Although individual citizen-science records may present variability in precision,
their aggregation within policy and scientific frameworks significantly enhances
spatial and temporal coverage of biodiversity monitoring.

National policy scale and institutionalization
of birdwatching tourism

The national scale of birdwatching tourism in Brazil is evidenced by official
public policy instruments. The Diagnosis of Public Policies for Birdwatching
Tourism in Brazil is grounded in a survey of 2,640 respondents, encompassing
professional ornithologists, amateur birdwatchers, tourism practitioners, and other
stakeholders engaged in birdwatching tourism. In addition, the diagnosis mapped
308 birdwatching-related enterprises distributed across Brazilian territories and
biomes, illustrating the sector’s geographic reach and institutional recognition.’

Although the diagnosis does not quantify direct ecological regeneration
outcomes, it provides robust empirical evidence of participation, territorial
distribution, governance arrangements, and policy instruments. These elements
constitute essential enabling conditions for regenerative outcomes, particularly
when aligned with conservation policies and protected-area management
frameworks.

Brazilian regenerative initiatives with quantified
ecological outcomes

Brazilian literature on regenerative tourism provides further quantitative
evidence linking tourism to ecological restoration. A case study of the Biofabrica de
Corais in Porto de Galinhas reports the regeneration of 2,580 coral fragments, with
an estimated survival rate of approximately 80%, supported by systematic
monitoring and traceability mechanisms [6]. This marine ecosystem case

¢ Everything about Birdwatching — Brazil. Brazil. Embratur. Brasilia: Brazilian Agency for Interna-
tional Tourism Promotion; 2024. Available from: https://embratur.com.br/wp-content/uploads/2023/03/
Brasil Embratur_E-book Observacao_de Aves Maio 2024.pdf (accessed: 12.12.2025).

" Diagnosis of Public Policies for Birdwatching Tourism in Brazil. Brazil. Ministry of Tourism.
Brasilia: Ministry of Tourism; 2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/acesso-a-in-
formacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-tur-
isticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves 112025.pdf
(accessed: 12.12.2025).
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demonstrates that tourism-linked initiatives in Brazil can generate explicit ecological
restoration outcomes when integrated with governance, scientific monitoring, and
community engagement.

A broader exploratory study of regenerative tourism initiatives in Brazil
analyzed four cases and reported quantified territorial scales for three of them:
6,000 hectares (Comuna do Ibitipoca), 484 hectares (Fazenda Escola Bona
Esperanca), and 129 hectares (Instituto Terra Luminous) [17]. While these cases do
not consistently measure biodiversity recovery through standardized ecological
indicators, they illustrate that regenerative tourism initiatives in Brazil may operate
at meaningful territorial scales, reinforcing the relevance of governance and land
management as regenerative dimensions.

Governance, connectivity, and long-term ecological resilience

From a landscape-scale perspective, evidence from conservation science
highlights the importance of governance and connectivity for regenerative outcomes.
Empirical analyses demonstrate that conservation strategies prioritizing ecological
connectivity significantly improve biodiversity persistence and fisheries conservation
outcomes across large territorial systems [7; 8]. Complementary research on natural
forest regeneration in the Brazilian Amazon indicates that regeneration outcomes
are strongly conditioned by institutional coordination, policy coherence, and long-
term governance capacity rather than by isolated interventions [9].

Taken together, the results demonstrate that birdwatching tourism in Brazil
operates within a quantitatively robust ecological and institutional context,
characterized by measurable contributions to conservation financing, large-scale
biodiversity monitoring, and territorially embedded policy instruments. While
direct ecological restoration metrics are not consistently available for birdwatching
tourism, the evidence documents multiple quantifiable mechanisms through which
this activity supports regenerative-oriented outcomes within public policy
frameworks. The main quantitative indicators supporting these findings are
summarized in Table 2.

Table 2. Indicators relating birdwatching tourism to biodiversity and regenerative dimensions

Regenerative

b . Indicator Quantitative evidence Source
dimension

1,919-1,971 bird species recorded in

Brazil, representing one of the richest [16]
avifaunas globally*

166 globally threatened species;

289 species of conservation concern [16]

(threatened + near threatened)

Biodiversity context National bird species
(Brazil) richness

Species conservation Birds of conservation
status concern

79,500 hectares of protected areas
created in the last 20 years specifically
to protect threatened birds; 237 IBAs [16]
mapped nationwide, 123 (*52%) in the
Atlantic Forest

Protected areas and Areas designated for
priority sites bird conservation
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Table 2, ending

Regenerative

h . Indicator Quantitative evidence Source
dimension
Financial data available for 90 of 562
Tourism contribution threatened species (16%); tourism
Conservation financing | to bird conservation accounts for 10-64% of conservation [10]
funding funding, with higher dependence for

critically endangered species (p < 0.02)
>140 million bird observations, 150,000
observers, 10.5 million hours of field

Scale of citizen-

Biodiversity monitoring science bird records

[14]

. _ 0,
(global) (eBird) effort; annual growth of 30-40% over
a decade
Biodiversity monitoring Civil participation in .Est|mated 30’000._40.’000 Brazilian
(Brazil) bird observation birdwatchers contributing to platforms [16]
such as eBird and WikiAves
National policy scale . Parthlpatlon n 2,640 survey respondents involved -
. birdwatching tourism ; . )
(Brazil) : . in national policy assessment
diagnostics
Territorial economic Birdwatching-related | 308 enterprises mapped across Brazilian ok
footprint enterprises biomes
Direct ?COloglca.l Tourism-linked 2,580 coral fragments regenerated with
restoration (Brazil, : . ) [6]
; restoration outputs approximately 80% survival rate
marine)
regeneratve tiatves | seleciod regeneratve | 403995 aNalvZed; reported areas of 6,000 | 1
9 ! 9 ha, 484 ha, and 129 ha
(Brazil) tourism cases
Conservation strategies prioritizing
Landscape-scale Effect of ecological connectivity significantly improve 8]
resilience connectivity biodiversity persistence and fisheries

outcomes at large territorial scales
Forest regeneration outcomes strongly
conditioned by policy coherence,
institutional coordination, and governance
capacity

Conditions for
natural ecosystem
regeneration

Governance and
regeneration

)

*Diagnosis of Public Policies for Birdwatching Tourism in Brazil. Brazil. Ministry of Tourism. Brasilia: Ministry of Tourism;
2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-
projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-
turismo-de-observacao-de-aves_112025.pdf (accessed: 12.12.2025); Everything about Birdwatching — Brazil. Brazil.
Embratur. Brasilia: Brazilian Agency for International Tourism Promotion; 2024. Available from: https://embratur.com.br/
wp-content/uploads/2023/03/Brasil_Embratur_E-book_Observacao_de_Aves_Maio_2024.pdf (accessed: 12.12.2025).

**Diagnosis of Public Policies for Birdwatching Tourism in Brazil. Brazil. Ministry of Tourism. Brasilia: Ministry of Tourism;
2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-proje-
tos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turis-
mo-de-observacao-de-aves_112025.pdf (accessed: 12.12.2025).

***Diagnosis of Public Policies for Birdwatching Tourism in Brazil. Brazil. Ministry of Tourism. Brasilia: Ministry of
Tourism; 2025. 116 p. Available from: https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/
programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-
politicas-publicas-turismo-de-observacao-de-aves_112025.pdf (accessed: 12.12.2025).

Source: compiled by M.R. Pisarski Jr.

Discussion

The results of this study invite a broader reflection on how regenerative tourism
should be interpreted in biodiversity-rich and policy-intensive contexts such as
Brazil. Rather than framing regeneration as a direct or immediately measurable
ecological outcome attributable to tourism activities, the Brazilian case suggests

270 ECOLOGY


https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://embratur.com.br/wp-content/uploads/2023/03/Brasil_Embratur_E-book_Observacao_de_Aves_Maio_2024.pdf
https://embratur.com.br/wp-content/uploads/2023/03/Brasil_Embratur_E-book_Observacao_de_Aves_Maio_2024.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf
https://www.gov.br/turismo/pt-br/acesso-a-informacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/produtos-e-experiencias-turisticas/turismo-de-aves/diagnostico-de-politicas-publicas-turismo-de-observacao-de-aves_112025.pdf

Tucapcku ma. M.P. Bectauk PYJTH. Cepust: Dxosiorust u 6e3011acHOCTb xku3HeesteapHocTr. 2026. T. 34. Ne 2. C. 257-274

that regenerative potential emerges through structural and cumulative mechanisms
embedded in governance, conservation finance, and knowledge systems.

The ecological context in which birdwatching tourism operates in Brazil is
marked by a pronounced imbalance between biodiversity richness and conservation
risk. The coexistence of one of the world’s richest avifaunas with a disproportionately
high number of threatened species indicates that conservation challenges are not
uniformly distributed across space. This unevenness reinforces the argument that
regenerative tourism cannot be approached through generic or homogeneous
strategies. Instead, tourism practices intersect with conservation priorities in
territorially differentiated ways, shaped by historical land-use patterns, institutional
capacity, and policy focus. In this sense, birdwatching tourism is better understood
as a practice operating within priority conservation landscapes, rather than as
a driver of ecological change in isolation.

From an economic perspective, the discussion of conservation financing
provides an important interpretative lens. Evidence indicating that tourism revenues
can constitute a substantial share of conservation funding for threatened bird species
highlights a tangible mechanism through which bird-oriented tourism may support
biodiversity protection. Although these financial contributions cannot be directly
quantified for Brazil using the available policy data, their documented relevance in
comparable contexts underscores the potential of birdwatching tourism to function
as a stabilizing element within conservation funding structures. Regeneration, in
this view, is linked less to physical restoration metrics and more to the continuity
and reliability of resources that sustain conservation efforts over time.

Another central aspect concerns biodiversity monitoring and the role of citizen
participation. The scale of observational data generated through birdwatching-
related citizen science represents a qualitative shift in conservation knowledge
systems. When tens of thousands of observers contribute to large, structured
databases, biodiversity monitoring becomes more continuous, spatially extensive,
and socially embedded. Beyond their scientific utility, these practices foster learning,
environmental awareness, and stewardship, reinforcing the social foundations of
conservation. From a regenerative tourism perspective, such processes contribute to
the regeneration of relationships between society and ecosystems, an aspect often
overlooked in conventional impact assessments.

The institutionalization of birdwatching tourism within Brazilian public policy
further strengthens its regenerative orientation. National diagnostics, strategic
planning instruments, and international promotion initiatives signal that birdwatching
is no longer treated as an informal or marginal activity. While these policy
instruments do not measure ecological regeneration directly, they document the
organizational and governance conditions under which regenerative dynamics may
occur. The alignment between tourism development, conservation objectives, and
territorial planning reduces the likelihood of tourism-induced ecological pressure
and increases the potential for positive feedback between local economies and
conservation outcomes.
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Brazilian experiences of regenerative tourism that report explicit ecological
restoration outcomes, such as coral regeneration initiatives, offer additional
interpretative insights. These cases demonstrate that tourism can be associated with
measurable ecological change when embedded within robust governance
frameworks, scientific monitoring, and community engagement. At the same time,
the diversity of territorial scales and measurement approaches observed across
Brazilian initiatives highlights the limitations of expecting standardized restoration
indicators across all tourism contexts. This reinforces the relevance of policy-
oriented and system-level analyses for understanding regeneration in tourism.

Finally, insights from conservation science emphasize that long-term ecological
resilience depends on landscape connectivity, institutional coordination, and
adaptive governance. Regeneration, whether of forests, reefs, or biodiversity
systems, is shaped by multi-level policy coherence rather than isolated interventions.
When birdwatching tourism operates within such connected and governed
landscapes, its contribution to regeneration is indirect but potentially significant,
reinforcing conservation priorities, supporting monitoring infrastructures, and
aligning economic activity with long-term ecological objectives.

Taken together, the discussion suggests that birdwatching tourism in Brazil
exemplifies a form of regenerative tourism not because it directly restores
ecosystems, but because it strengthens the systems that enable regeneration. This
interpretation advances regenerative tourism research by grounding the concept in
empirical policy evidence and by highlighting the importance of governance,
participation, and territorial context in shaping tourism’s regenerative potential in
megadiverse countries.

Conclusion

This study examined birdwatching tourism in Brazil through the lens of
regenerative tourism, using national public policy evidence as its primary analytical
foundation. By reinterpreting official diagnostic data and institutional documents,
the research contributes to ongoing debates on how regenerative tourism can be
empirically assessed beyond localized case studies or purely conceptual discussions.

The analysis demonstrates that birdwatching tourism in Brazil cannot be
understood as a regenerative practice based on direct or immediate ecological
restoration outcomes. Instead, its regenerative potential lies in the way it strengthens
the systems that enable regeneration over time. These systems include conservation
financing mechanisms, large-scale biodiversity monitoring through citizen science,
institutionalized governance arrangements, and territorial planning aligned with
biodiversity conservation priorities. When considered together, these elements
reveal how tourism can support long-term ecological resilience without necessarily
functioning as a restoration intervention in itself.

By grounding the discussion in public policy evidence, this study advances
regenerative tourism research in two important ways. First, it shows that regeneration
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can be analytically identified at broader territorial and governance scales, rather than
being restricted to site-specific projects with explicit restoration metrics. Second, it
highlights the central role of governance, participation, and policy coherence in
shaping tourism’s regenerative potential, particularly in megadiverse countries where
conservation challenges are spatially uneven and institutionally complex.

In this sense, birdwatching tourism in Brazil exemplifies a form of regenerative
tourism not because it directly restores ecosystems, but because it contributes to
maintaining and reinforcing the social, institutional, and ecological conditions
under which regeneration becomes possible. This perspective underscores the
importance of integrating tourism development with conservation policy and
knowledge systems, offering a more realistic and scalable understanding of
regeneration in tourism contexts.

Future research could build on this approach by combining policy-based
analyses with longitudinal ecological and socio-economic indicators, enabling a
more precise assessment of how tourism-related governance mechanisms influence
regeneration trajectories over time. Such efforts would further strengthen the
empirical foundations of regenerative tourism and support its application in
biodiversity-rich regions facing complex development and conservation challenges.
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TCXHOJIOTUH OYUCTKH BOJ ITPOU3BOACTBA HOpOLHKOBOﬁ BHTaMHHHSHpOBaHHOﬁ CMECH Ha OCHOBEC
COEBOTO M MOJIOUHOTO Oeika. [IpoBeneHa cepust 1abopaTOPHBIX HCIBITAHUH KOATYIISIIHOHHOTO
BBIJICTICHNUS 3arPsI3HEHUI U3 PacTBOpaA B 0Cal0K. Pa3paboTaHO MHHOBAIMOHHOE pelIeHue (Gu-
3UKO-XMMHYECKON 00pabOTKH CTOKa C MCIIOJIb30BAHUEM TEXHUYECKOH COABI U MOPCKOW COJIH.
OKCIEPUMEHTAIBHO BBISBICH TEMIEPaTypHBIH (hakTop XJIOMbEOoOpa30BaHMS W YCTaHOBICHO,
4TO npu Temmneparype Boie 46 °C npoucxoauT (GopMUPOBAHUE KA3eHHOBOTO CTYCTKa, KOTO-
PBIH YCIOXKHSET padoTy (UIOTAIMOHHON yCTaHOBKH. [10 MTOTaM MccienoBaHuid aBTOpaMH CTa-
TbU Pa3pabOTaHbl MEPONPUATHS U TEXHOJIOTHUCCKUE DPEIHICHHUsS] MPOCKTUPOBAHUS I[EXOBBIX
OYHCTHBIX COOPYKCHHH, BKIIOYAIONINX YCPETHHUTENb WHIMNBHIAYAIBHBIN KOHCTPYKIUH, 00e-
CTIEUMBAIOIIUI TeMIepaTypHBIN (HaKTOpP KOATYIISIUN, PEareHTHBIHN (IoTaTop U y3ea 00paboTkn
¢roTonieHsl U ocanka. Pa3paboTaHHBIH (PUIMKO-XUMUYECKUI CIOCO0 OYUCTKH HPEICTaBIIET
co00i1 onTHMaNbHOE M SKOHOMHYECKH LIEIeCO00pa3HOe TEXHONOTHIECKOE PEeIIeHHEe IS JIo-
KaJbHBIX COOPYKEHHH, o0ecrednBaroliee HeOOX0MUMYIO CTENIeHb U3BICUCHUS 3arpA3HEHUI 10
HOPM Ha cOpOC B CETH TOPOACKON KaHATH3AIINH MIPU PE3KO N3MEHSIOMINXCS ITapaMeTpax CTOU-
HBIX BOJ| B TEUECHHUE paboueil CMEHBI, a BBIJCICHHBIE U3 PACTBOPA OENKU HE COAEpXkKaT coei
QTIOMHUHUS WK JKeJIe3a U MOTYT OBITh MCIIOJB30BAHEI B TIPUTOTOBICHHH IPYHTA JUIS O3€JICHE-
HUS TIocTie 00e33apaKMBaHMUS.

KaroueBbie cioBa: MOJIOKO, COs, l'IOpOH_IKOBBIIjI KOHIICHTPAT, IMPOMBINIJICHHBIE CTOYHBIC
BO/Ibl, IOKAJIbHBIC OYHMCTHBIC COOPYIKCHUS, TEMIICpATypa KOaryisauuu, NpupoagHbIC pCar¢HThbI
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3asiByieHre 0 KOH(INKTE HHTEPeCcOB. ABTOPHI 3asBIISIOT 00 OTCYTCTBUHU KOH(IUKTA UH-
TEpPECOB.

3asiBiIeHHE 00 HCI0JIb30BAHNH TEXHOJIOT I HCKYCCTBEHHOI'0 MHTE/IJIEKTA. le/l co3aa-
HHUU HACTOSILEH CTaThbU TEXHOJOTUH TCHCPATUBHOI'O UCKYCCTBCHHOI'O MHTCIIJICKTA HE UCIIOJIb-
30BAaJIMCh.

3asBaeHHne 0 AOCTYIIHOCTH JaHHBIX. Bcee IMMPOBCACHHBIC aBTOPAMUH HUCCIICAOBAHUA U UX
PE3YIbTAThI NPEACTABIICHLI B CTATHEC.
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Improving the method of wastewater treatment
from plant-animal pollutants

Svetlana B. Kundenok'®, Vladislava N. Volkova'”, Danil L. Markov'®,
Artem S. Finkelshtein”, Ilya M. Kazantcev' 2™

Far Eastern Federal University (FEFU), Viadivostok, Russian Federation
Pkazantcev.im@dvfu.ru

Abstract. The research paper examines the analysis of factors involved and the improvement
of water purification technology for the production of powdered fortified mixture based on
soybean and milk protein. A series of laboratory tests of coagulation release of contaminants
from solution to sediment was carried out. An innovative solution has been developed for the
physico-chemical treatment of wastewater using technical soda and sea salt. The temperature
factor of flocculation has been determined experimentally, and it has been established that at
temperatures above 46°C, a casein clot is formed, which complicates the operation of the
flotation plant. Based on the results of the research, the authors of the article have developed
measures and technological solutions for the design of workshop sewage treatment plants,
including an individual design average that provides a temperature coagulation factor, a reagent
flotation device and a flotation foam and sludge treatment unit. The developed physico-chemical
purification method is an optimal and economically feasible technological solution for local
facilities, providing the necessary degree of pollution extraction prior to discharge into the
urban sewer network with dramatically changing wastewater parameters during the work shift,
and the proteins isolated from the solution do not contain aluminum or iron salts and can be
used in soil preparation. for landscaping after disinfection.

Keywords: milk, soy, powdered concentrate, industrial wastewater, local wastewater
treatment plants, coagulation temperature, natural reagents
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BeBeneHune

OuncTKa IPOMBIIUIEHHBIX CTOUHBIX BOJ SIBJISIETCS OZHOM M3 BaXKHEUIINX 3a1a4
COBPEMEHHOM IKOJIOTMYECKON MHKEHEPHH. B yCIOBHAX MOCTOSHHOIO YKECTOYE-
HUS TpeOOBaHUH K KauecTBy 00pabOTKM BOA 0c0O0€ BHUMAaHHE YIENseTcs pa3pa-
OOTKE M COBEPILIEHCTBOBAHUIO 3(P(PEKTUBHBIX TEXHOJIOTMUECKUX PEIICHUH.

OCOOEHHOCTBIO CTOYHBIX BOJ MPOU3BOJCTBA MPOIYKTOB IMUTAHUS SBISIOTCS
KoJIeOaHUs KOHUEHTpaLUi 3arpsi3HEHUI U pacxoa BoJbl B TeueHUe padoueil cme-
HBI, KOTOPBIE HEOOXOOUMO YUUMBIEAMb NPU OP2AHUZAYUU NPOYECCO8 B0000UUCTIKU,
9mo mpebyem npeonpoeKmHuIX Hay4HblX UCCIe008aAHUIL 8 Yeasix obecneyenus IKo-
HOMUYECKOU YenecooOpasHoCmu cmpoumenbHulX U dKCHIYAMAYUOHHBIX 3ampam.
B Tabn. 1 npeacraBneHbl HCXOAHbBIE TOKA3aTeIM CTOYHBIX BOJI IPOU3BOJICTBA O€II-
KOBOI'O KOHLIEHTPATa PACTUTEIBHOIO IPOUCXOXKICHUS.

Tabnmua 1. Moka3aTenn CTOYHbIX BOA O,0 O4YUCTKN

TpeGoBaHus
Ne MNokazarenu UcxopHble K 3arpsi3HEeHUSM
CTO4HbIE BOAbI Ha cOpoc B ceTu
ropoackov KaHanusauum
1 BopopoaHsbii nokasartens pH, en. 6-7,8 6,5-8,5
2 EI'IKS’Mr/n 931 += 16,8 180 + 18
3 B3BelueHHble BellecTBa, Mr/n 1081 + 3,8 265,0 = 26,5
4 XKunpsbl, Mr/n 13,0 £ 1,12 12,9 + 2,5
5 docdatbl, Mr/n 29,42 = 2,34 25 +0,2
6 AMMOHMI CONEBON, Mr/n 21 + 3,34 11,215
MakcumManbHbI / MUHUMAabHbIM Yaco-
7 o 3 30/5 -
BOW PaCXO[, CTOYHBIX BOA, M
8 Cpe,u,HaecyTqubm pacxop, CTO4HbIX 205 B
BOO, M

UcTto4Humk: coctaBneHo C.B. KyHoeHok, B.H. Bonkoson, [1.J1. MapkoBbiM, A.C. ®uHkenbLuTeriH, .M. Ka-
3aHLEBbIM.
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Table 1. Indicators of wastewater before treatment

Pollution requirements
No. Indicators Source wastewater for discharge into the urban
sewerage network

1 Hydrogen pH, units. 6-7.8 6.5-8.5

2 BPK5, mg/I 931 = 16.8 180 + 18

3 Suspended solids, mg/I 1081 = 3.8 265.0 = 26.5

4 Fats, mg/I 13.0 £ 1.12 129 £ 25

5 Phosphates, mg/I 29.42 + 2.34 25 0.2

6 Ammonium salt, mg/| 21 £ 3.34 112+ 15

7 Maximum / minimum hourly3 30/5 _
wastewater consumption, m

8 Average dglly wasste water 205 B
consumption, m

Source: compiled by S.B. Kundenok, V.N. Volkova, D.L. Markov, A.S. Finkelshtein, .M. Kazantcev.

[TpumeHeHre OMOIOrMYECKOT0 METoJa JJIs JOKAIbHOM OYMCTKH CTOYHBIX BOJ
B YCJIOBUSIX MUIIEBOM IPOMBIIIJICHHOCTH, B TOM YHCJIE IPOU3BOICTBA OEIKOBOM cMe-
CH, IEMOHCTPHUPYET OrpaHUYEHHYIO A(h(HEKTUBHOCTH TIO CJICAYIOMUM puduHam [ 1]:

— HEeCTaOWJIBHOCTh U BBICOKHE MOKA3aTeNH 3arpsA3HEHUN 3aTpyAHSIIOT OJaep-
KaHHe ONTHUMAJIbHOTO peXuMa Ouoerpaaalnu;

— Kose0aHus pacxo/ia BOJbI HApyIIatT paboTy OMOLIeH03a;

— HAJIMYUE aKTUBHOTO WJia UM OUOIUIEHKH COOPYKEHHH BOIOOYUCTKHU Ha Tep-
PUTOPHH MPEANPUATHUS TTPECTABISIET TOTOTHUTEIbHBIC PUCKHU IS BBITYCKAEMBIX
IIPOAYKTOB IMUTAHMUSI;

— IUIOILA b 3aCTPOUKU HEOOX0aMMa OOJIbILIE, YeM JUTS KOArYJISILIMOHHOTO METOAA;

— DKOHOMMYECKasl 3aTPaTHOCTh CO3/aHUS M JKCIUTyaTallud OMOJIOrMYECKUX
OUYUCTHBIX COOPYKEHHM.

PearenTHas 06paboTKa IIEXOBOTO CTOKA MPOU3BOACTBA MIPOAYKTOB ITUTAHUS 5IB-
JII€TCS IPUOPUTETHBIM CIIOCOOOM BOIOOYMCTKH IIOCIIE MEXAHUYECKOW cTaguu 00-
paboTKH 1 00NaaeT eIy IOIUMH TPEUMYIIECTBAMMU:

— BBICOKast 3(h(heKTUBHOCTD yAaNeHHUsI MEIKOIUCTIEPCHBIX U KOJUTOMTHBIX TPH-
Mecel;

— cTabUIIBHOCTD Ipoliecca MPH KoJieOaHUsIX MoKa3aTeNel 3arpsa3HeH s,

— HKOHOMHUYECKas 11e1eCO00Pa3HOCTh IPUMEHEHUS;

— BO3MOXXHOCTb aBTOMAaTH3aI[M1 TEXHOJIOTMYECKOTO Mpoliecca.

J1st 06paboTKK CTOUHBIX BOJI MUILIEBBIX MPOU3BOJCTB C CEPEIMHBI IBAALIATOTO
BEKa MPUMEHSIOTCS HATIOPHBIC peareHTHbIC (PJIOTATOPbI', TE XJIOMbsI Pa3IelITOTCs
Ha aBe (pakuuu: (IIOTONEHY M OCENAIOLIUI 0CaJOK, NMPU 3TOM KOHCTPYKIIHS

! ABt. ceuzerensctBo SU 966020 Al, CCCP. ®noTanvoHHBIi anmapar Ijisl peareHTHOH OYnCT-
KM CTOYHBIX BOJ : 3asBi. 27.03.1981 ; omy6Omn. 15.10.1982 / Conogeit B.H., O6onoBckuii I'A., Bomto-
Bau C.B. ; 3asBuTEINb U TaTCHTOOONAAATEIH | XapbKOBCKHUI op/icHa JICHMHA MOIMTEXHUYCSCKHI HHCTUTYT
nM. B.W. Jlenuna.
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YCTPONCTBA MOCTOSIHHO COBEPIIEHCTBYETCSI ¢ Y4ETOM COBPEMEHHBIX JKOJIOIMYe-
CKUX TpeOOBaHMM K Ka4eCTBY OUUCTKH MPOMBIIIIEHHBIX cTOKOB. JlJ1s Oosnee addek-
THUBHOTO U3BJICYCHHUS B3BEIICHHBIX BEIIECTB MOCIIE (IIOTANU TPUMEHSIOT OCaXKIe-
HHE B HAKJIOHHBIX Moayisix’. Hampumep, B SIMOHMM MOMyYmiM pacripoCTpaHeHUE
TOHKOCJIOWHBIE OTCTOMHUKH C TOPUPOBAHHBIMH OJIOKaMH 13 MTOJIMMEPHBIX MaTepra-
70B, a (hupmMa «JlerpeMoH» BBIITYCKaeT OTCTOMHUKH ¢ TpyOdarhiMu Ookamu RPS?.
B otnnume ot ¢rioratopoB pexuM paboThl TOHKOCIOHHOTO OTCTOMHUKA MOAEIUPYET
€CTECTBEHHBIN IPOLIECC CEIUMEHTALUU, HO B COOPYKEHHUSX TAKOIO THUIA CIIOXKHO
o0ecrneynThb pacnpeieeHre IBUKEHUS KUAKOCTH MEXTy SIpycaMU HAKJIOHHBIX 3Jie-
MEHTOB [2]. PaBHOMEpHOTO pacrpeienieHrst BOAbI yAaeTCs JOCTHYb P TIEPEKPECT-
HOM JIBIDKCHUH BOABI M 0caaka. ONbIT IpUMEHEeHUs (DIOTAIK B COUETAHUH C TOH-
KOCJIOMHBIM OTCTauBaHUEM TOKa3aJl BEICOKYIO 3((EKTUBHOCTh CIIOCO0a U3BIICUCHHUS
3arps3HEHUH Ul CTOUHBIX BOJI IMUILEBON MPOMBILUIEHHOCTH [3—4].

O06paboTka BOJbI peareHTaMu — CaMblil paclpOCTPaHEHHBIH METO/ BOJIOTIO/I-
TOTOBKU JUIsl yJaJIeHUsI TPYOOIUCIIEPCHBIX, KOJUIOMIHBIX U PACTBOPEHHBIX NPHUMeE-
ceit [5]. TeopeTnyeckue OCHOBHI MPOLIECCA KOATY/ISIMK BOIABI (POPMHUPOBAIKCH Ha
NPOTSYKEHUN MHOTHX JeCATWIETHI Onarogaps (GyHIaMEHTaJIbHBIM HCCIIEI0BaHU-
SIM M IIHPOKO PACCMOTPEHBI B paboTax 3apyOeKHBIX U OTEUECTBEHHBIX YUYECHBIX:
M. Cwmonyxosckoro, b.B. Hdepsaruna, JI.J. Jlannay, O. ®epses, x.T. OBepOeka,
E.JI. baGenkoBa. @U3MKO-XUMHUYECKAsi OYMCTKA CTOYHBIX BOJ| B HAYYHBIX ITyOIHMKa-
UAX ¥ y4eOHUKaX pacCMaTpPUBAETCsI B OCHOBHOM 10 BUJIaM CTOYHBIX BOJI U B COYE-
TaHUU C APYrUMU MeTojamu [6, c. 70; 7-9].

ITponiecc koaryasiuu BKIHOYAEeT B c€0sl HECKOJIBKO CTAIUil: XMMHUYECKOE pac-
TBOpPEHHUE peareHTa, (PU3UKO-XMMHYECKOE B3aUMOJICHCTBHE MEXAY MPHUMECIMHU
U IpOoAyKTaMHU T'Hpoiu3a. B mpouecce koaryssiiuu U3 CTOUYHBIX BOJ YAAJISIFOTCS
B3BEIICHHBIE BEIIECTBA, KOJJIOWIHBIE 3arPsI3HEHNUS, HEKOTOPbIE paCTBOPEHHBIE 3a-
IPSA3HEHUs, BEIIECTBA, O0JaNaIONIMe MOBEPXHOCTHO-aKTUBHBIMU CBONCTBAaMH,
npakTu4ecku Bce popmbl Gpochopa, yaCTUYHO a30T, TsKeble MeTasbl. [Ipumene-
HUE MMHEPAJbHBIX KOAryJIsIHTOB B COYETAHUM C (PIOKYISHTaMU MO3BOJISIET HHTEH-
CHU(QUIMPOBATh N3BJIEUEHHUE 3arPS3HEHUH U3 CTOKOB.

OcHOBHbIE TPUMEHSIEMbIE KOATYJISIHTHI B BOJOOUNCTKE MPEICTABICHBI COISIMU
Kelle3a U aJIOMHUHMS, 00pa30BaHHBIMU CHJIBHBIMU KHUCJIOTaMH, IPU 3TOM HENO-

2 TMarent RU 2263636C2, C 02 F 1/24, B 03D 1/14. ®norarop : 3assi. 02.12.1997 ; omy6u.
10.11.2005. Bron. Ne 31 / Boukapes I".P., Kougparses C.A.; 3asBuTenb 1 nareHrooOnanarens : MHCTUTYT
ropHoro sena Cubupckoro otnenenust Poccuiickoit akanemun Hayk (MI'Zl CO PAH) (RU).

* TTarent RU 206504 U1, CO2F 1/465, CO2F 1/24, B03D 1/14, CO2F 103/20, CO2F 103/16. ®nora-
top : 3asBi. 07.06.2021 ; omy6i. 14.09.2021 / Kupos 10.A., Koros I.H. Casenbes 0.A., Kupos B.A.,
Kuposa 10.3., Koposnes I1.A., Ceiue A.C. ; 3asiBUTENb U MATEHTOOOIAAATENb : (eliepalbHOe ToCyaap-
CTBEHHOE OroKeTHOE 00pa3oBaTesIbHOE YYpEXkKACHHE BbICIIEro odpazoBaHus «Camapckuil rocynap-
CTBCHHBIH arpapHblil yausepcute (RU).

* Cepnokpouios H.C., Burvcon E.B., I'emmanyes C.B., Mapouxun A.A. DKOJIOTHs OYHCTKH CTOY-
HBIX BOJ (PU3HMKO-XUMHUYECKUMH MeToiaMu. Mocksa : M31-Bo AccolMani CTpOUTENbHBIX By30B, 2009.
C. 77, 162.
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CTaTOYHO HCIONB3YIOTCS KOMIIO3UTHBIE COCTaBbl, BKJIIOYAIONIME COJU Kalus,
KalblHsl ¥ Maraus. BeIOop KoarynsiHTa OCYHIECTBISICTCS C YUYeTOM Takux (hak-
TOPOB, KaK XMMHUYECKHH COCTaB CaMOro peareHra, CBOMCTBA M KadyeCTBO
oOpabatsiBaeMoil Bozbl, 3HaueHne pH crouHoi Bonbl. BomopoaHslil mokaszarenib
pacTBOpa UrpaeT KIYEeBYIO poJib B MpOIecce THAPOIN3a coei MeTamioB. Bax-
HO YYHTBIBAaTh, YTO JOMYCTUMBINA nuana3oH pH 1Uisl OUUIEHHBIX CTOYHBIX BOJ
cocrasyseT 6,5-8,5, kucnble koaryasHTsl (Hanpumep, FeCl,, AL (SO,),, nomiok-
CUXJIOPHJI AJIFOMUHUS) TIPU TUCCOLMALMU BBIAEIAIOT HOH H', a menounsle (ainto-
MUHAT HATPHs), SBJISISICH COJISIMU CHJIBHBIX OCHOBAHUMN U C1a0bIX KHCIIOT, BBIAEIS-
1ot o OH".

OcHoBHBIE (haKTOPHI, OKA3BIBAIOIIKE BIHSHUE HA A(HEKTUBHOCTh U3BJICUCHUS
3arps3HEHUI U3 BOJ: 1034 PEreHTa, IEeJIOYHOCTh CTOYHBIX BOJI, HCXOAHBIM cOCTaB
BOJIbI IO COJEP’KAHUIO AaHHMOHOB (AHUOHBI M0 CTENEHU BIUSHUS Ha KOATYINALUIO
MOXHO PacroloxkuTh B cieayromeil nocnenosarensuoctu: (CI< HCO, < SO,*»),
HaJM4Yre B3BEUICHHBIX BEIIECTB (IIEHTPOB XJIOMbEOOPA30BaHUS), HHTEHCUBHOCTD
CMEIICHHUS CTOKOB C peareHTamMmu (HeoOX0auMo 00eCTIeYuTh pABHOMEPHOE pacIipe-
JIeJIeHHe peareHTa B TeueHue 1—2 MUHYT), IepeMenInBaHie (0Ka3bIBaeT BIMSHHE
Ha TypOyJICHTHYIO U TPAJUCHTHYIO KOATYJISIIINIO) U TeMIieparypa. B koHTekcTe Ha-
IIETO MCCIIEIOBAHUS TEMITepaTypHBI (pakTop mproOpeTaeT 0coO0yr0 3HAYUMOCTbD,
MIOCKOJIBKY TIPH MPEBBIIEHUH ropora B 46 °C HaOM0naeTcst KpUTHYECKOE U3MEHe-
HUE Tpolecca Koaryysiiuu: BMECTO (OPMHUPOBAHUS XJIOMBEBUIHBIX arperaros
MIPOUCXOIUT 00pa30BaHNE Ka3eMHOBOTO CTYCTKA.

Jnst moBblieHust 3¢ (HEeKTUBHOCTH PEareHTHON OYMCTKU CTOUHBIX BOJ LIUPOKO
MIPUMEHSIFOTCS 1B OCHOBHBIX METOIA:

— KOaryJnsuus — MpoLecc YKPyIHEHHsI B3BEIICHHBIX YaCTHII,

— KoppekTHpoBka pH — perynupoBaHue KUCIOTHO-ILENIOYHOTO OanaHca Cpeibl.

N30BITOYHBIN TIETOYHON pe3epB HEOOXOIUM, YTOOBI JUCCOIHAITUS BBOIUMBIX
B CTOKH KOAryJsTHTOB IMTPOIILIA B TIOTHOM 00beMe, a CHHTETUYECKUE WIIM OpraHuye-
ckre QUIOKYJISHTBI J00aBISAIOT Ui YKPYIHEHHS XJIOMbEB, 00pa30BaBILINXCS B pe-
3yabTaTe TUAPOJIHN3A COJICH METAIIOB.

Takum oOpa3om, peareHTHast 00pabOTKa MPECTABIAET COOOM CIOKHBIN TEXHO-
JIOTUYECKUH Tpoliece, TPEOYIOMMiA TIATeIFHOTO MOA00pa KOAryasHTOB M ydyeTa
BceX (paKTOPOB IS TOCTIKEHUS MaKCUMalIbHON d(D(PEKTUBHOCTH U3BICUCHUS 3a-
TPS3HEHHUH Pa3ITUYHON CTETMEHH TUCTIEPCHOCTH MPU W3MEHSIOIINXCS MapameTpax
CcTOYHBIX BoA. [Ipu BIOOpE peareHTOB HEOOXOAMMO YUUTHIBATh HE TOJIBKO MH(OP-
MaIMio O MPOU3BOJUTENE, TaHHbIE CEPTU(UKATOB KauecTBa, CTOUMOCTh MPOAYK-
LMY, HO U KOMIUIEKCHBIM aHaINU3 BCEX TEXHOJIOTMYECKUX IMapaMeTpoB Ipolecca
OYHMCTKU ¥ BOBMOXXHOCTh YTHIIM3AIIUH OCA/IKOB.

Ilens uccrnenoBanus — pa3paboTka crnocoda U KOHCTPYKTOPCKO-TEXHOIOTH-
YECKUX PEIICHUI [EXOBBIX OYMCTHBIX COOPYKEHHI BBIICIICHUS OCIKOB B 0CAJI0K
U (aoTomneHy.
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MaTtepuanbl u MmeToAbl

OCHOBHOI1 3a1a4eli TaHHOTO ATara YKCIEPUMEHTATLHBIX UCCIICIOBAHUM SIBIISCT-
CsI OTIpEIEIIEHHE TIPEACTBHBIX TEMIIEPATYPHBIX TTAPAMETPOB, IPU KOTOPHIX BO3MOXKHO
3 PEKTUBHOE PEAreHTHOE OCAYKICHUE 3arPSI3HSIONINX BEIIECTB B CTOUHBIX BO/IaX, 00-
Pa3yIoLIHXCcs B IPOLIECCEe CAHUTAPHON 00pabOTKH TEXHOIOTHYECKOT0 000PyI0BaHHS.

OOBeKTOM HCCIEeIOBaHMSI BBICTYNAIOT CTOYHBIE BONBI, (POPMUpYIOIIUECS MPU
CaHUTapHOIl 00paboTKe MPOM3BOJICTBEHHOTO O0OpPYAOBaHUS, 3aJCHCTBOBAHHOTO
B IIPOIIECCe MPOU3BOJICTBA MHIIEBOTO KOHIICHTPAaTa Ha OCHOBE BUTAMUHHU3UPOBAH-
HOTO O€JIKa pacTUTENbHO-)XKHUBOTHOTO TTPOUCXOKIICHHUSI.

Ocoboe BHUMaHUE B paMKax MCCIEJOBAaHUS YIEJIECHO MpoIeccaM, MpOoTeKaro-
IIMM Ha 3Tare 10 GOpMUPOBaHUS Ka3eMHOBOTO CTycTKa. J[aHHBIN Meproa Xxapakre-
pu3yeTcs HadyalbHOW CTaauell Koarymsluuy OENKOB, B3aUMOJICHCTBHEM PEareHTOB
C 3arpsI3HAIOLIUME BellecTBaMH, (OPMUPOBAHUEM MEPBUUHBIX arperaroB U U3Me-
HEHUSMU PUZNKO-XUMHUYECKUX XapaKTEPUCTUK CHCTEMBI.

[TpakTveckast IEHHOCTh pabOTHI ONPEAETSeTCS BO3SMOKHOCTBIO:

— OIpe/IeTICHUS ONTUMAIBHBIX TEMIIEPATYPHBIX PEKUMOB OUHUCTKH;

— noBbITIIeHAS (H(HEKTUBHOCTH TIPOIECCA OCAKICHUS;

— MUHUMU3AIIUU HETAaTHBHOTO BO3ICHCTBUS HA OKPYKAOIILYIO CPEY;

— ONTHUMU3AINU TEXHOIOTUYECKUX MMAPAMETPOB OUUCTKHU.

OsxuiaeMble pe3ysabTaThl:

— YCTaHOBJICHHE MIPEEIbHBIX TEMIIEPATYPHBIX TPAHMIL IIPOLIECCa;

— OmpeeNieHIE BIUSHUS TEMITEPATyPhl Ha 3PPEKTHBHOCTH OCAXKICHHS,

— pa3paboTKa TEXHOJIOTUYECKOI CXEMBI IPOIECCa OUMCTKH.

Takum 0O6pa3oM, JaHHOE MCCIIEJOBaHUE HAMIPABICHO Ha PELICHNE BAKHOM Ha-
YYHO-TIPAKTUYECKON 3a7]a4l OIpeIeICHUsS] TEMIIEPATypHBIX MapaMeTPOB peareHT-
HOTO OCXJICHUS 3arps3HAIOIIMX BELIECTB B CHEMU(PUYECKUX CTOKAX MPOU3BOI-
CTBa MUILEBOTO KOHIIEHTpaTa Ha OCHOBE BUTAMUHU3UPOBAHHOTO OejKa.

Hcnonb3oBanue Mmopckoii Boabl [10], rae kouteHTparus nonos Ca’" qocturaet
0,45 mr/n, a CI' — 19,3 Mr/i1, coBMECTHO ¢ Cyab(paToM aTOMUHHS TPEaIaraeTcs
JUISL OYUCTKHU MOBEPXHOCTHBIX CTOYHBIX BOJ, COMEPKAIINX (PEHOJBI, a B MUILEBOM
MIPOMBIIIICHHOCTH JJIsl XJIOMbe00a30BaHMsI MOJIOYHBIX OCJIKOB B PEIKUX CIydasx
MPUMEHSIOT XUMHUYCECKYIO KOAryJsiui0 XJIOPUIOM Kaablus . OCHOBBIBAasCh Ha
9THX JaHHBIX, B HACTOSIIEM HCCIIEIOBAHUU TPOJODKEHO M3YYCHUE KOaryiIupyro-
IIUX CBOMCTB MOPCKOW BObI [11] MpUMEHUTENBHO K CTOYHBIM BOJAM C BBICOKHM
cofiepKaHUEeM OEJIKOB.

CpaBHeHHE peKUMOB 00paOOTKHM CTOYHBIX BOJ MPOBEACHO MO KIACCUYECKON
METOAMKE MPOOHOTO KoarynupoBaHus. (s o6paboTKyM M KOHTPOJS pe3yabTaToB
MPUMEHSUIUCh ONepaTUBHbIE aHaIUTHYeckue Mmetonuku. CoaepiaHue B3BEIIEH-

5 TTatrent RU 2715596 C2. MIIK A23J 1/14, A23J 3/14. Tlonyuenne GEIKOBOTO MPOAYKTa U3 00-
0OBBIX C IPUMEHEHHEM 3KCTPAKIUU XJIOPUIOM KaibLus : 3ad8i1. 27.11.2016 ; omy6n. 02.03.2020. bro.
Ne 33 / Curann Kesun U., IlIBaiitiep MapruH; 3asiBuTens U nareHtooOnanaarens : bapkon HerorpacaiiHe
(MB) xopr. (CA).
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HbIX BemecTB (B3B) ompenensock crmocoboM TpaBUMETPUUECKOTO OCAXKICHHUS.
buoxumunueckoe norpebnenne xkucnopoaa (BIIK,) nsmepsiocs ¢ ucnonb3oBanuem
HomoMeTpuieckoro Metona Bunkiepa®.

st KOMMYeCTBEHHOW OLIEHKM W3MEHEHUN TPaHyJIOMETPUYECKOrO COCTaBa
B3BEIICHHBIX YaCTHUII 10 U MTOCJIE KOATYISINHI 00pa3iibl YaCTHUI] OTOUPAIIUCH B TISTH
MOBTOPHOCTSIX U aHAJIM3MPOBAINUCH HA JIA3ePHOM aHanu3arope dactuil Analysette
22 NanoTec plus (Fritsch, I'epmanus). Jlanusiit npubop obnagaer yHUBEpCalIbHO-
CTBIO U IIPEIHA3HAYEH AJIs ONIpeNeIeHHs pa3MepoB yacTull B fuana3one ot 0,01 no
2000 MxM, BKITFOUasi HAHOMETPOBBIM MaciuTad. [IpuHimn paboTsl aHamU3aTopa oc-
HOBaH Ha AU(PaKIMK TOTYIPOBOAHUKOBOTO JIa3ePHOT0 U3TyYeHHUS (3eJICHBIH CBET,
JUTMHA BOJIHBI 532 HM, MOIITHOCTH 7 MBT) Ha nucnepcHbIx oopasuax. [Ipu B3aumo-
JIeMCTBUY JIA3€PHOTO JIyda C YaCTUIICH MPOUCXOIUT ee TU(PPAKIIMOHHOE pacCessHuE
MOJ] YIJIOM, 3aBUCSIIUM OT pa3Mepa 4acTHIlbl. PaccesHHBI cBeT (hUKCUpyeTcs
MHOT'03JIEMEHTHBIM JIETEKTOPOM, @ MHTEHCUBHOCTb CUTHAJa Ha KaXJI0OM JIEMEHTE
MOJIBEPraeTcsi MaTeMaTHYeCKOi 00paboTKe B COOTBETCTBUH C TeOpHeH MH, YUHUTHI-
BAaIOIICH Kak paccesiHue, TaK U MPOXOXKACHUE M3IIydeHus yepes uactuny [12]. Ta-
KO 1mo/ixo/1 06ecrneunBaeT MOBBIIIEHHY0 TOYHOCTh ONPEJEIICHUs pa3Mepa 1 Gpop-
MBI YaCTHI] B YCJIOBUSX CJIOKHOM TUCHIEPCHOI cpebl.

PesynbraTtbl n 00CcyXaeHue

[Iupoko pacnpoCTpaHEHHAash TEXHOJIOTIMS JOKAJIbHOM OYMCTKU CTOKOB IIpO-
M3BOJICTBA MPOIYKTOB MUTAHUS BKIIFOYAET OYUCTHOE 00OpynoBaHUe: OapabaHHYIO
PELIETKY, YCPEIHUTENb, 000PY/I0BaHHBIN CUCTEMON MEXAaHUYECKOTO MepEMEIINBa-
HUS, ¥ peareHTHBIN HamopHbIi ¢rorarop. [locie Mexannueckon U (PU3MKO-XUMH-
YEeCKOW OYMCTKH OYMIICHHBIE CTOUHBIE BOJIbI CAMOTEKOM OTBOSTCS Yepe3 ropos-
CKYI0 KaHAJIM3alMI0 Ha CTAHIMIO0 OMOJIOrMUECKO OUUCTKH.

st moaTBEpKACHUS! MIPEIIIONIOKEHHS, YTO 100aBIEHUE MOPCKOI BOJIbI, MIPH-
rotoBiieHHON n3 Mopckoit conu (OO0 «llapckas comb», KpeiMckas mapckas Mop-
ckas coitb, momod Ne 1), u texandeckon conbl (OAO «COIA», Cona KaabIIMHAPO-
BaHHAsl TEXHUYECKas), MO3BOJUT 00ECIEUUTh BBIJEICHHE B OCAJ0K MOJIOYHOTO
1 COEBOT0 0eJika, MpoBe/IeHa cepus 1a00paTOPHBIX UCTIBITAHUNA. DKCIIEPUMEHTAIIb-
HbI€ JIaHHBIE CPABHUBAJHNCH C KJIACCHUECKHM PEAareHTHHIM (OKCUXJIOPH] aJIOMU-
Hus, menodb u [Ipaecton 852 BC) cnocobom 00paboTKH BOJI.

Pa3paboran 1miaH uccieoBaHul, COCTOSIIIUN U3 HECKOJIBKUX 3TAIlOB.

Ha nepsom smane uccnenoBanuii mpoBeneHO OMpeeeHne KPUTUIECKON TeM-
neparypbl CTOYHBIX BOJ, 00pa3yroIuxcst Ipu caHUTapHOI 00paboTke Jaboparop-
HOTO 000PYI0BaHUs TPOU3BOJCTBA BATAMUHU3UPOBAHHOTO MOJIOYHO-COEBOT'O KOH-
LEHTpaTa. YCTAHOBJIEHO, 4YTO ()OPMHPOBAHME KA3E€MHOBOIO CIryCTKa B CMECH
MOJIOYHBIX ¥ COEBBIX OEIIKOB MPOMCXOAUT IIpU Temmeparype Bbiiie 46 °C.

¢ Jlypve FO.FO. YHubUIUpOBaHHBIE METOBI aHAIN3a BOIBI : ¢O. / TIOX OOII. pei. a-pa XUM. Hayk,
npod. FO.O. Jlypse. 2-e uza., ucnp. Mocksa : Xumus, 1973. 376 c. C. 47, 255-257.
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Bmopou sman uccnenoBanuii BKIFOYAI MOJATOTOBKY TPOO CTOYHBIX BOJ C TEM-
nieparypoii 44 °C, pacnpeencHie 00pasioB B JaOOPaTOPHBIC IUITHHIPHI 00bEMOM
850 M, mobaBeHUEe MOPCKOW BOMIBI B pa3inuHbIX niponioprusix (50, 100, 150 mo),
noseneHue odmiero oobema 10 1000 M ACTUILTMPOBAHHOM BONOM, BHeceHue 10 %
pacTBOpa TEXHUYECKOU COMABI 10 00pa30BaHUS XJIOMbEBHUIHBIX arperaroB. B kaue-
CTBE ATAJOHHOTO 00pa3Iia UCIOJIb30BaIach KJlacCHUecKasi CXeMa BBE/ICHHUS peareH-
TOB, ONTUMH3ALUS JO3HPOBOK MPOBOJWIACH COMIACHO CTAHJAPTHOM METOIUKE
C IOCTPOCHHUEM «KPUBOU CMOITYXOBCKOTOY.

Tpemuii s5man uccnenoBaHUi ObUT HAPABJICH HA TIPOBEICHNE CEPUU KOHTPOIIb-
HBIX OIIBITOB, OINpENeTIeHHEe TEXHOJIOTMYECKHUX MapaMeTpoB Mpollecca, YCTaHOBKY
ONTHMAJILHOTO coziepkaHus MOpckoi Bonbl (7,5 %), onpenenenue 3pPeKTUBHOTO
TEeMIIepaTypHOTO JHrana3ona Koaryisuu (42—44 °C).

ITo q)a30130My COCTOAHUIO MCXOAHBIC CTOYHBIC BOJAbBI BKIIFOUAKOT B3BECh MECIIKO-
JIMCTIEPCHBIX MTOPOIIKOBBIX KOHIIEHTPATOB COM M 00E3KUPEHHOTO MOJIOKa. B mporiec-
ce MOWKHM TeTUION BOJON TEXHOJOTHUYECKOTO 00OPYI0BaHUS OETKOBBIE KOMIIOHEHTHI
YACTUYHO CIIUMAIOTCS U 00pa3ytoT amiomeparuu gpakuueii 2-0,1 mm, pu 3TOM pas-
pabOTaHHBI aBTOpAMH PEXUM KOAryisiiuu odecnedrni (GOpMUPOBaHUE OCHOBHON
MacChl XJIONbEB pazMepoM 2—4 MM, TIpH CpeAHE CKOPOCTH OCaXaeHus 1 MMm/C.

Ha puc. 1 nmpeacrasieH npouecc Koaryisiuuu (cresa Hanpaso):

— UCXOHBIE CTOUHBIE BOJIBI;

— co3peBanue ¢GIIOKyJ BO BceM 00beMe LUINH/IPA;

— 4epe3 2 MUH MOcCJe BBOJA PEareHTOB — Pa3pblB MPOCTPAHCTBEHHON CETKHU
¢ opMupoBaHHEM YETKOM TpaHUIIBI pasena ¢a3 U OTJACIBHO IIaBAIOIIAMHE XJIO-
MbSIMU B OCBETJICHHOW KHUIKOCTH;

—uepe3 10 MuH nocne Havyana oCaXkIeHus;

—yepe3 25 MUH MOoCIe Hadyalla OCaXACHUS.

Puc. 1. Mpouecc koarynsaumm B 1abopaTtopHbIX NPy ONTUMAbHbIX NapaMmeTpax
(mopckas Boga 7,5 % + 130 mr/n 10 % pacTtBopa kapboHaTta HaTpus, Temnepatypa 42 °C)

UctoyHuk: poTto C.B. KyHaeHok.

Figure 1. Coagulation process in the laboratory at optimal parameters (7.5 % sea water + 130 mg/l of 10 %
sodium carbonate solution, temperature 42°C)

Source: photo by S.B. Kundenok.
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Pesynbrarer 2eKTUBHOCTH OYUCTKHA BTOPOTO M TPETHETO ITAMOB MCCIICI0BA-
HUU MIPEACTABICHBI B Ta0M. 2 1 3.

Tabnmua 2. NMoka3aTenn 3arpsa3HaoWmnX BeweCcTB B CTOKaxX A0 U nocsie ocaxaeHusa Oenkoe

MokasaTenu 3arpsa3HeHuin

Cnoco6 06paboTKu CTOUHBIX BOA, B3BelleHHbIe BELLLECTBA, BNK,,
mr/n mr/n
dkcnepumMmeHT KoHTponb OkcnepumeHT | KoHTponb | AkcnepumeHT | KoHTponb
5 % — pucTunnaTa;
Obpaseu 1 + 10 % pacTtBop nonu-
5 % MOPCKOVA okcuxnopug, amowwl'-
BOabI***: Hus, nosa 110 mr/n;
+ + 1 % pacTtBop 1029 + 3,5* 1032+ 3.1 887+3,3 887+3.,3
10 % Mpaecton 852 BC posa 15,9+0,2** 15,8 +0,2 291+2,6 220+2,9
b pacTBOp 1,5 mr/n:
kapGokata + 10 % pacTtBop kapb0-
HaTpus, 0o3a
120mr/n HaTa HaTpwus, [03a
11 ™Mr/n
10 % — pucTunnara;
Ob6paszey 2 + 10 % pacTtBop nonu-
10 % mopckoW oKcuxnopuaa anomu-
BO/Lbl; Hus, nosa 101 mr/n;
+ +1 % pacTBop npae- 976 £ 3,4 975+ 3,4 838+3,3 838 + 3,1
10 % pacTBOp cTon 852BC, nosoi 15,8+0,1 15,7+0,1 72,5+2,7 211+27
KapboHaTta Ha- 1,5mr/n;
Tpus, nosa 138 |+ 10 % pacTBop kap6o-
Mr/n HaTa HaTpwus, fgosa 107
Mmr/n
15 % — anctnnnar;
O6pasey 3 + nonnoKcHxIopruaa
15 % mopckon anoMuHnsa, nosa
BOApbI; 97 mr/n,
+ +1 % pactsop lNpae- 921 +3,2 919+ 3,1 792+3.,0 792+3.3
10 % pactBOp cton 852BC, nosoii 15,7+0,1 15,7+0,2 68,7+2,5 191+2,7
KapboHaTta Ha- 1,5 mr/n;
Tpus, gosa 147 |+ 10 % pacTBop kap6o-
Mr/n HaTa HaTpus, fo3a
101 mr/n

*

*k

*— B uncnutene Apobu — NCXOAHbIE KOHLIEHTPaUUN 3arpsa3HEHNIA CTOYHbLIX BOA,;

* — B 3HameHaresie ApPo6U — KOHUEHTPALMM 3arpPsA3HEHNI CTOYHbIX BOZ, MOCIIe peareHTHon 06paboTku;
* — NPUroTOBNEHO U3 MOPCKOW CONK (KOHLEeHTpauus noHos Ca?* — 0,41 mr/n, a Cl- — 18,7 mr/n).

UcTto4Huk: coctasneHo C.b. KynaeHok, B.H. Bonkosoii, [.J1. MapkoBbiM, A.C. DUHKENbLUTENH,

.M. KazaHLeBbIM.

Table 2. Indicators of pollutants in wastewater before and after precipitation of proteins

Wastewater treatment method

Pollution indicators

Suspended solids, mg/I BOC,, mg/I
Experiment Control Experiment Control Experiment Control
5% distillate;
+10% aluminum
Sample 1 polyoxychloride
5% sea water***; | solution, dose 110 mg/I;
h 1029 + 3.5* 1032+ 3.1 887 +3.3 887 +3.3
+ 10% sodium + 1% flocculant Praestol
+ ** + + +
carbonatesolution, | 852BC dose 1.5 mg/I; 15.9=0.2 15.8+0.2 29126 22029
dose 138 mg/I +10% sodium
carbonate solution,
dose 111 mg/I
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Table 2. Ending

Pollution indicators

Wastewater treatment method -
Suspended solids, mg/I BOC,, mg/I
Experiment Control Experiment Control Experiment Control
10% distillate;
+ 10% aluminum
Sample 2 polyoxychloride
10% sea water; solution, dose 101 mg/I;
+ 10% sodium + 1% flocculant Praestol 195768i+%‘§ ?5757?(3)‘# ;3385?32:; g??ig;
carbonatesolution, | 852BC dose 1.5 mg/I; T o T -
dose 120 mg/I +10% sodium
carbonate solution,
dose 107mg/I
15% — distillate;
o) i -
Sample 3 15% +10% al_ummum_poly
sea water: + 10% oxychloride solution,
sodium cérbon- dose 97 mg/I; 921+3.2 919+ 3.1 792 3.0 792+3.3
) + 1% flocculant Praestol 15.7£0.1 15.7+£0.2 68.7+25 19127
atesolution, dose .
147 mg/l 852BC dose 1.5 mg/I;
+ 10% sodium carbonate
solution, dose 127 mg/|

* —in the numerator of the fraction — the initial concentrations of wastewater pollution;
** —in the denominator of the fraction is the concentration of wastewater pollution after reagent treatment;

***_— made from sea salt (concentration of Ca?+ ions — 0.41 mg/I, and CI-— 18.7 mg/I).

Source: compiled by S.B. Kundenok, V.N. Volkova, D.L. Markov, A.S. Finkelshtein, I.M. Kazantcev.

Tabnuua 3. NMokasatenu 3¢ dEeKTUBHOCTU OYMUCTKU 3arpa3HEHU CTOYHbIX BOJ,
npu oNTUMalbHbIX NOKa3aTensax

UcxopHblie MokasaTtenn
o AddekT
Ne MNMokasarenu nokasarenu 3arpsasHeHnn o
o o4yncTkn, %
3arpsi3HeHui NnocJie OYUCTKU
1 TemnepaTtypa, 'C 42-44 40-42 _
2 pH 7,5-7,8 7,985 -
(xnonbeobpasoBaHms)
3 B3BelueHHble BeLWecTBa, Mr/n 1012+0,3 15,8+0,1 98,4 %
4 BIK, mr/n 862 + 3,3 87 + 3,1 89,9 %

.M. KazaHugeBbIM.

UcTto4Humk: coctaBneHo C.b. KynaeHok, B.H. Bonkosoii, [.J1. MapkoBbiM, A.C. DUHKeNbLUTENH,

Table 3. Indicators of the effectiveness of wastewater pollution treatment at optimal rates

. Baseline pollution | Indicatorsof contamination The cleaning
Ne Indicators - -
indicators after cleaning effect, %

1 Temperature, °C 42-44 40-42 -

2 pH 7.5-7.8 7.9-8.5 -

(flocculation)
3 Suspended solids, mg/I| 1012+0.3 15.8£0.1 98.4 %
4 BOC,, mg/I 862+ 3.3 87 +3.1 89.9 %

Source: compiled by S.B. Kundenok, V.N. Volkova, D.L. Markov, A.S. Finkelshtein, I.M. Kazantcev.

Pa3paboranbl mapaMeTpsl KOAryisiiiiH, TMpU KOTOPOW MPOTEKaeT Kiacchude-
CKMI ITpolLIeCcC XJI0Mbe0oOpa30BaHUsl, B KAYECTBE KATHOHOB MCIOIb30BAINCH HOHBI
KaJIbIIUs MOpCKOfI BOABI 1 TEXHUYECKOU COJbl, aHUOHOB — XJIOPHUAbLI U CYJ'II)(l)aTI)I
MOPCKOH BOJBI.
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B Tabn. 4 npuBeneHsl pe3ysbTaThl IPaHYIOMETPUUECKOIO aHAJIN3a B3BELICH-
HBIX YaCTHIl B CTOYHBIX BOJAX IMUILEBOTO MPOU3BOJCTBA J0 M IMOCIE peareHTHON
o0paboTku Ha aHamu3arope dactuil Analysette 22 NanoTec plus (Fritsch, I'epma-
HUs1) (MCXO/IHbIE CTOYHBIE BOJBI U BOJA MOCIE OCAXJICHUsA). B MCXOIHBIX cTOKax
npeolIagaloT MEJTKOAUCIEePCHbIE YacTUIbl — 1o ¢pakuuii mMeHee 10 MKM
(PM10) mpeBbimaer 50 %, 4T0 0O0YCIOBIMBAET WX BBICOKYIO CTaOWMIBHOCTD
B BOJHOH cpelie U 3aTpy[IHSET eCTeCTBeHHOoe ocaxkaeHue. [locne koarynsuun Ha-
OroaeTcs 3HAUNTENbHOE YBEITMUEHUE pa3MEepOB arperaroB: 101l Gppakuuii Oomnee
600 mxm nocturaet ot 50 10 90 %, a MeMaHHBIA JUaMeTp BO3pacTaeT 10 696,2—
1208,2 mMxm. [TomydeHHBIE TaHHBIC CBUACTEIBCTBYIOT 00 3(h(PEKTUBHOM XJIOIIbE-
o0pa3oBaHUM, CIOCOOCTBYIOIIEM MOCIEAYIOIMIEMY OTHCICHUIO 3arps3HUTENCH
Y CHW)KEHUIO SKOJIOTMYECKON OTIACHOCTH CTOYHBIX BOJ. DTO TOATBEPIKAACT IIEiIe-
co00pa3HOCTh NPUMEHEHUS peareHTHOM KoaryJsisiiiuy B COCTaBe TEXHOJIOTUU OYHCT-
K1 O€JI0KCOIepKAINX POU3BOACTBEHHBIX CTOKOB.

[To nToram uccnenoBaHU aBTOpPAMH CTaTbU Pa3pabOTaHbl MEPONPUSTHS, KOH-
CTPYKTOPCKO-TEXHOJIOTHYECKHE pelieHus (pUc. 2) U peKOMEHJalluU K IPOEKTUPO-
BaHUIO JIOKAIBHBIX OYMCTHBIX COOPY)KEHUH CTOYHBIX BOJ, oOecrednBaronue 3¢h-
(dhexTuBHYI0 paboTy 000pYyIOBaAHMS:

— COBMECTHO C IHUILEBBIMU TEXHOJIOTaMH pa3paboTaH peXKUM MOIKH MUILEBOTO
000pyIOBaHUS;

— OapalaHHYIO PELIETKY MCKJIIOUMIIM U3 CXEMbl OYMCTKH, TaK KakK IMPOM3BO-
CTBEHHBIE CTOYHbIE BOJABI HE CONIEpKaT KPYMHBIX BKIIOUEHUH, a ceTka OapabaHa
Oyznet 3a0uBaThCs OCIKaAMH,

— 3alpOEKTUPOBaHA UHIUBUIyaJIbHAsE KOHCTPYKIMs Hakonurens. Kopryc em-
KOCTH TeIlJI0- ¥ BJIaroM30JIMPOBAJIH, BOJHYIO TIOBEPXHOCTh NEPEKPHIIN COHBHY- T1a-
HEJISIMH, 000pPYIOBaJIM CUCTEMOM MPUHYIUTEITBHOW BEHTWISIAN /ISl YAAJICHUS HU3-
OBITOYHOM BIAXKHOCTHU U CIIELU(PHUUECKHX 3a11aX0B. JIONOIHUTENBHO K MEXaHUUECKUM
MeIllaJIkaM IPeayCMOTpEeHa Mojada BO3/LyXa, KOTOPBIM 3aMeUIseT MPOLECChl aHa-
spobHOTO OpokeHHs. [IJisi yaaneHus: ocaka v IMOJTHOTO OMOPOKHEHUST HAKOTIHTEIS
IPeyCMOTpPEH nep(opupoBaHHbI TPyOOIIPOBOI, PACHIONOKEHHBIN BJIOJIb THUIIA,

— pa3paboTaHa cxema aBTOMaTH3allui PabOThl IBYX HANOPHBIX (ProTaTtopos,
a BMECTO MapajuIeIbHOTO — MPEyCMOTPEHO MOCIIEA0BATEIHHOE BKITIOUSHHE TT0/1a-
IOLIMX CTOKM HAcOCOB OT JIaTYMKOB YPOBHS, KOTOPbIE pa3MEeLIaoTCs Ha Pa3HbIX
YPOBHSIX B YCPEAHUTEIIE CTOYHBIX BOJI, @ UX BBICOTHOE MOJIOKEHUE MOYKHO KOPPEK-
THUPOBATh B XOZIE ITyCKO-HATAJOYHBIX pOOOT. J[OMOITHUTETHHO MPETyCMOTPEH KOH-
TPOJIb IO AATUYHUKY TEMIEPATypBI.

TexHnYecKuil pe3ysbTar, NPOsBIAIOINNCS IPU PELICHUN ITOCTAaBICHHOM 3a/1a-
YH, BBIPAKAETCSI B CIIEIYIOLIEM:

— TOBBIIIEHNH 3()(HEKTUBHOCTH OCBETIIEHUS KOATYJUPOBAHHBIX CTOYHBIX BOJ
3a cyeT pa3paboTKM MHHOBAIIMOHHOTO CHOC00a (PU3MKO-XUMHUYECKONW OUMCTKH U
WH/IMBUYaIbHBIX KOHCTPYKTUBHBIX PELICHUH HAKOIUTENS C yUETOM TeMIepaTyp-
HOTO (haKTOpa;

— pa3paboTKe AEMEHTOB aBTOMATHU3aIIM1 TEXHOJIOINYECKOro IpoLecca, Mo3BoJIs-
IOIIMX B MPOLIECCE IKCILTYATALMU PETyIUpOBaTh 00BEM 110JJa9l CTOKOB HA OUHCTKY.
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Puc. 2. Cxema pekoHCTPYKLMN NoKaNIbHbIX OYUCTHBIX COOPYXEHUIA:

1 — HaKonNuTeNb CTOYHBIX BOA,; 1.1 — AaTuMK BEPXHEro YPpOBHS BOAbI; 1.2 — AaTYMK HUXHEro YPOBHS BOAbI;
1.3 — paTunk Temneparypbl; 2 — KaHanM3aunoHHbI Hacoc; 2.1 — wkad ynpasneHus paboToi Hacoca;
3 — anekTpudurLUMPOBaHHbI pacxogoMep; 4 — Koarynstop; 5 — Hacoc-fo03artop; 6 — gatymk pH;

7 — y3en NpuroToBfIeHNs peareHToB; 8 — peareHTHbI dnoTaTop; 8. 1 — peumpKynsaumoHHbI Hacoc;

9 — WHeKoBBbI Hacoc ocaaka; 10 — y3en 06paboTkn GnoToNeHbl N 0caaka;

10.1 — Hacoc Bo3BpaTa dyrarta B HakonuTtenb; 11 — natpybok NoakIto4eHNs HakonuTens
K cucteme BeHTUNAUMK; P1; P2; P3 — TpybGonpoBoapsl nogayn peareHTo; K — Tpy6onposos,
NPON3BOACTBEHHbIX CTOYHbIX BoA; KH — HanopHbIi Tpy60onpoBOA, CTOUHbIX BOA,

K2 — Tpy6onpoBog, o4mLLeHHbIX CTOYHbIX BBOA,; K3 — BcacbiBatoLwmii Tpy6onpoBoA, ocanka;

K38H — HanopHbI Tpy6onposoa ocaaka; K4AH — HanopHbli Tpy6onpoBoa Bo3BpaTta gyraTta B HAKONUTENb;
O — ocafok Ha BbiBO3; T — BO3[yX0BO[,

UcTto4Humk: coctasneHo C.b. KynaeHok; B.H. Bonkosa.

Figure 2. Reconstruction scheme of local sewage treatment plants
1 — waste water storage; 1.1 — upper water level sensor; 7.2 — lower water level sensor;
1.3 — temperature sensor; 2 — sewage pump; 2. 7 — pump control cabinet; 3 — electrified flowmeter;
4 — coagulator; 5 — metering pump; 6 — pH sensor; 7 — reagent preparation unit;
8 — reagent flotation device; 8.1 — recirculation pump; 9 — screw sludge pump;
10 — flotation foam and sludge treatment unit; 10.1 — fugate return pump to the storage unit;

11 — pipe connecting the storage unit to the ventilation system; P1; P2; P3 — reagent supply pipelines;
K — industrial wastewater pipeline; KH — pressure sewage pipeline; K2 — treated wastewater pipeline;
K8 — sludge suction pipeline; K3H — sludge pressure pipeline; K4H — pressure return pipeline
to the storage tank; O —sludge for export; T — air duct

Source: compiled by the S.B Kundenok., V.N. Volkova.

B pesynbrare pazpaboTaHHOrO METOA OYUCTKH BBIJEICHHbIE OEJIKU B 0CAJI0K
1 QIIOTONEHY HE COMepKaT CoJiel aJlFOMUHUS WIIH KeJie3a U MOTYT ObITh UCIIOJIB30-
BaHbl B IPUTOTOBJICHUH TPYHTA I O3€JICHEHHsI ociie 00e33apaKuBaHus, Halpu-
Mep npenaparom «llommamunon» [13].
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3akoyeHue

B HayuHo-uccnenoBarenbckoil paboTe paccMaTpUBaeTCsl aHAJIU3 BO3JEHCTBY-
IOLIMX (DAKTOPOB M MOUCK HOBBIX SKOJOIMUECKUX PEIICHUI peareHTHON TeXHOJIO-
I'MU 00pabOTKU CTOYHBIX BOJI MIPOU3BOJICTBA IHILEBOTO MPOAYKTA, B COCTaB KOTO-
POro BXOAST PACTUTEIbHBIN U )KMBOTHBIM O€JI0K. DKCIIEPUMEHTAILHO OTIPe/eIIEHbI
3 peKTUBHBIE PEXKHUMBI IIpoliecca PU3MKO-XUMHUYECKONH OYMCTKH pa3pab0oTaHHOTO
aBTOpaMHU criocoda Koaryisuuu. B kauecTBe peareHTOB PEeKOMEH1yeTCsl UCTIONIb30-
BaTh CyXHe MOPCKHUE COJIU, TOCTaBIIsieMble 7151 OacCefHOB M KapOOHAT HAaTpUs pU
temneparype croka 42—44 °C.

PaccMmoTpeHHbBIE 3JIeMEHTHI 33]Ja4K TOBOPST O TOM, YTO BhIsIBICHUE Y(PPEKTUB-
HBIX U TIPY 3TOM SKOHOMHYHBIX YCIIOBUI peareHTHON 00paboTK TpeOyeT WHANBU-
JyaJbHOTO MOJX0/Ja K KaXKI0MY BUJy CTOYHBIX BOJ.

IIpoBeneHHbIE HCCIEI0BAaHMSI TIO3BOIMINA ONPEAEIUTh KPUTUYECKHUE TEMITEpa-
TYpHBIE IapaMeTPbl MPOLECCa, YCTAHOBUThH ONTHMAJIbHOE COOTHOILEHUE pearcH-
TOB, BBISIBUTH d(PPEKTHBHBIC TEXHOIOTUICCKUE PEKUMBI KOATYISLINH, C(HOPMHPO-
BaTh 0a3y JaHHBIX JJIs JaJIbHEHIIEH ONTUMH3AIUH MIPOollecca OUHUCTKH.

[Tony4yeHHble SKCIEPUMEHTAIbHBIE PE3YJIBTAThl CO3JaJIM OCHOBY IS paspa-
00TKH 3(pPEKTUBHON TEXHOIOTUU OUMCTKU CTOUYHBIX BOJ IPOM3BO/ICTBA BUTAMUHHU-
3UPOBAaHHBIX MOJIOYHO-COEBBIX KOHLIEHTPATOB.
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3arpgasHeHue YrMucKoro BO40XpaHuInLLLA MUKPOMJIaCTUKOM:
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Annotanus. OCyIIECTBICH aHAIIN3 3arpsS3HCHUS MMOBEPXHOCTHOTO CJIOS BOJI M JIOHHBIX
omioxenuii (J1O) Yrnuckoro Bonoxpanuwiniia MukporiaactukoM (MII). Brepsrie nposenena
OLIEHKa CoJepKaHMs IIacTUKOBBIX yacTull B /IO nannoro Bogoema. M3y4yena nuHamuka KOH-
neHTpaiuii MI1, a Taxoke neTanbHO 0XapaKTepru30BaHbl ero Mopdomerpudeckue (pa3mep, Gpop-
Ma) U KOJIOpUMeTpHuueckue (1BeT) mapameTpsl. Pe3ynbratsl, noay4yennsie B 2024 1., mpoaeMoH-
CTpUpOBaIM NoOBceMecTHOe npucyrcrBue MII wactuil B uccienyemoit aksatopuu. Cpeanss
KOHIICHTpAIUsI MX B BOIHOW Toime coctapmia 43,1 + 4,8 ex./m?, B o Bpems kak B 1O 31OT
nokasareib AocTur 38,2 + 3,8 en./kr. Mopdonoruueckuii aHaau3 BbISBUI IpeoOiagaHue BOJIO-
KOH B a0HMOTHYECKHX KOMITOHEHTaX SKOCHCTEMBI, B TO BpeMs Kak ()parMeHTHI BCTPEUAICh
pexe, a IuIeHKH ObLTH 0OHApYKeHbI eAMHUYHBIC. [[BeToBast raMMma uaeHTUGuIpoBanHoro MIT
OoTIMYaNach 3HAYUTEIBHBIM pa3sHooOpa3ueM, oxBarbiBas 10 1BeToBbIX Kareropuil. Hanbonee
4acTO OTMEYAJIMCh YaCTULbI CEPOTO, CUHETO ¥ KPACHOI'O OTTEHKOB.

KuioueBble cjioBa: IMHAMUKA KOHIIGHTpAIMi, BOJIOKHA, IUICHKH, ()PArMEHTHI, JIOHHBIC
OTJIO’KEHHSI, IOBEPXHOCTHBIN CIOW BOZBI
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3asiByieHre 0 KOH(INKTE HHTEPeCcOB. ABTOPHI 3asBIISIOT 00 OTCYTCTBUHU KOH(IUKTA UH-
TEpPECOB.

3asBieHHE O AOCTYITHOCTHU JaHHBbIX. Bcee JAaHHBIC, MOJYYCHHBIC B XO/I€ 9TOT'0 UCCJIEA0BA~
HUs, BKIIFOYCHBI B OHY6J'H/IKOB3.HHYIO CTaTblo.

3asBieHne 00 NCMOTL30BAHUH TEXHOJIOT Wil HCKYCCTBEHHOTO0 HHTeJLTeKTAa. [Ipu co3a-
HHUM HACTOSIIEH CTAThU MCIOJIb30BAJICS OHJIAWH-CEPBHUC HA 0a3e MCKYCCTBEHHOTO HHTEILICKTA
(ChatGPT) ans pemakTupoBaHHs NIEPEBEJICHHOTO Ha aHIIMMUCKHNA S3bIK TEKCTAa. ABTOPHI 3a-
SIBJISIFOT, YTO MOJHOCTHIO OCO3HAIOT M MPUHUMAIOT Ha ce0sl BCIO MOJHOTY OTBETCTBEHHOCTH 32
collepIKaHue TaHHOW pyKornucH. Mcronb30BaHue HHCTPYMEHTOB HCKYCCTBEHHOTO HHTEIICKTa
HOCHJIO BCIIOMOTaTENbHBIH XapakTep U HE 3aMEHSUIO IKCIEPTHOIO CYXKICHUSI, KPUTUYECKOTO
MBIIUICHUS ¥ HAYYHOH J0OPOCOBECTHOCTH aBTOPOB.

Hcropus crarbu: nocrynuia B penakuuto 08.10.2025; nopaboTana mocie pereH3npopa-
Hust 23.10.2025; npunsta k myonukanuu 10.02.2026.
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Microplastic pollution of the Uglich Reservoir:
its content and distribution in abiotic components
of the aquatic ecosystem
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Abstract. This study analyzes the pollution of the surface water layer and bottom sediments
(BS) of the Uglich Reservoir by microplastics (MP). For the first time, an assessment of the
content of plastic particles in the BS of this water body has been conducted. The dynamics of
MP concentrations were studied, and their morphometric (size, shape) and colorimetric (color)
parameters were characterized in detail. The results obtained in 2024 demonstrated the ubiquitous
presence of MP particles in the studied aquatic area. The average concentration in the water
column was 43.1 = 4.8 items/m? while in the BS this figure reached 38.2 + 3.8 items/kg.
Morphological analysis revealed a predominance of fibers in the abiotic components of the
ecosystem, whereas fragments were encountered less frequently, and films were found rarely.
The color spectrum of the identified MP displayed significant diversity, encompassing 10 color
categories. Particles of grey, blue, and red hues were the most observed.

Keywords: dynamics of concentrations, fibers, films, fragments, bottom sediments,
surface water layer
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BeBeneHune

VYoruckoe BOIOXPAHWIMIIE, PACIIOIOKEHHOE B LIEHTpaJIbHOW yactu Poccun
Ha peke Boura, siBisieTcsl BaXKHBIM 3B€HOM B Kackajle BOKCKMX BOZOXpaHUIIMIL.
Cosnannoe B 1939 r., ono npoctupaercsa Ha 302 KM BII0JIb pyciia PEKH, OXBaThIBas
tepputopun Spocnackoii u TBepckoit oomacreii [1]. BomoxpaHuauie BHITOIHICT
LEeNbIN sl BAXKHBIX (PYHKUIWH, BKJIIOYasl peryivpoBanue croka Bonru, obecrneue-
HUE CYI0XOJICTBA, TUAPOIHEPTETUKY, a TAKXKE PEeKpealuto u pbioonoscTBo. [lio-
1a/1b BOIHOTO 3epKalia cocTapisieT 249 km?, a monuselil 00bem — 1,25 km? [2].

OnHaKo MHTEHCUBHOE UCIOIb30BAHME BOJOXPAaHWINIIA HA IPOTSKEHUH J1ECS-
THJIETHUH MPUBENO K PSAY SKOJIOTMUYECKUX MpoOieM, TpeOyronmX MPUCTATIbHOTO
BHUMaHMA. OnHOW n3 Hamboiee aKTyaJbHBIX IMPOOJEM SBISETCS 3arps3HEHUe
BOJHOH cpefibl, 00YCIIOBIEHHOE KaK TOYEUHBIMU, TaK U 1U((PY3HBIMH HCTOYHHUKA-
MU. OCHOBHBIMU 3arpsi3HUTEISIMU BBICTYIAIOT IPOMBIIIJIEHHBIE MPEANPUATHS,
CEJIbCKOXO3SIICTBEHHBIE YTOJIbsl 1 KOMMYHAJIbHBIE CTOKH, PACIIOJIOKEHHBIE B Oac-
ceiiHe Bojoxpanuauiia [3]. B pe3ynasrare nporcXoauT yBEIUUEHNE KOHLEHTPALUU
OpPTraHUYECKHX BEIIECTB, OMOTEHHBIX 3JIEMEHTOB (a30T, (hocdop), TSHKENIBIX MeTall-
JIOB U CHHTETHYECKHX BEIECTB, YTO HETATMBHO CKA3bIBAETCSA HA KAau€CTBE BOJIbI
1 COCTOSIHAM BOJIHBIX DKOCHCTEM [4].

B nocnennue roasl Bce 0osbliie BHUMaHUS yAEsSeTcs MpodiieMe 3arpsi3HeHus
MOPCKHX M MPECHBIX BoJoeMOB Mukporactukom (MII). UccnenoBanust nmokasbl-
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BatotT, yto MII, momanas B BOJHYIO Cpely, MOXKET HaKaIUIUBAaThCS B OpPraHU3Max
TUIPOOMOHTOB, HapyIIas X (PU3UOIOTHUECKUE MPOLIECCHl U MPEACTABIISAS YTPO3y
JUTst Bcel muuieBoit nenu [5]. CBeneHus o u3y4eHuro Coep KaHus U pacrpocTpa-
Henuss MII B GacceliHe YIIHYCKOTO BOJOXPAHWIIMINA B JIOCTYITHOW JIUTEpaType
€IMHUYHBI, IOATOMY CYIIECTBYET OCTpasi HEOOXOAUMOCTh aKTUBU3AIMH TIPOBEIC-
HUSl HAyYHO-UCCIIeIOBATEeIbCKUX PabOT ISl OLIEHKH MaclITaboB 3arps3HEHHs] BO-
70eMa 1 pa3paboTKH Mep IO €r0 MPeI0TBPAIIECHHIO.

L]env uccnedosamnuss — OUEHUTH IPOCTPAaHCTBEHHOE pacnpeaeneHue MII B mo-
BEPXHOCTHBIX CJ0sIX BOABI ¥ JIO YIIIMUCKOTO BOAOXPAaHWIUIIA, & TAKXKE TPOBECTH
€ro KOJJMYECTBEHHBIN U KaueCTBEHHBIN aHAIN3.

MaTtepuanbl u MmeToAabl

Cranuuu ordopa npo0. B centsadpe 2024 1. B X0o11€ IKCIEAUIIMOHHBIX HUCCIIe-
JIOBaHMI OBUTO MoTydeHo 19 00pa3ioB u3 1Byx cpen: 15 mpobd oToOpaHo ¢ moBepx-
HOCTHOTO CJIOSl BOJIBI, @ 4 — mipencTaBiisiu co0oit JJO. OT6éop mpod mpou3BoaMIICS
¢ 6opTa HayYHO-UCCIIEeI0BATENILCKOTO CynHa « AkaneMuk TormuneB» Ha 5 cTaHIUX,
pacrperneneHnue KOTOPhIX OXBaThIBAET BCIO aKBATOPHIO BoJOXpaHuIuia. [Ipu ompe-
JeTICHH KOOPAMHAT CTAHIMHA yYUTBHIBAIUCH TaKUE CYIIECTBEHHbIE (DAaKTOPHI, KaK
OJIM30CTh K KPYITHBIM HACEJIICHHBIM ITYHKTaM M PACIOJI0KEHUE YCThEBBIX YYaCTKOB
MIPUTOKOB peK (Taln.).

XapakTtepucTuka Touek otéopa npo6 1 paioHnpoBaHue 6acceiiHa
Yrnnyckoro BOAOXpaHUIULLA

Wnodp KoopauHaTsi KpynHbie Bnvxanwmnin HaceneHHbIN MpoGsi MpoGbi
TOYKM NPUTOKN MNYHKT BOAbI Ao
UgR-1 gg?zg;g g p. Qy6Ha r. AybHa (MockoBckas obnacTb) + +
e R Fe i e B T
UgR-3 g;lg;;;: E‘ p. KawunHka r. KanaauH + +
or-s |STRIEN oo p iya et e ||
UR-5 |37 17000 E  |Fomxonpyen |7 .

UcTto4Huk: coctasneHo K.B. MaiigaHoBbeiM, A.d. Tapnesoi.

Coop marepuasa. OT00p npoO BBHINOIHAIN METOJJOM TPEXKPAaTHOH (uIiIbTpa-
UM Bozbl 00beMoM 100 11 yepes MIaHKTOHHYIO CETh € pa3sMepoM (PUIIBTPYIOIIEro
oTrBepcTus 74 MKM Ha Kaxaou cranmuu. [1po6sr JIO maccoit okomno 1,5-2,0 xr ot-
Oupas ¢ MCIOIB30BAaHUEM METAJUIMYECKOTO JTHOYeprarens cucteMsl Ilerepcena
C U3BECTHOM ILIOIIa b0 3axBaTa 1/40 M? (HaHHBIH ITOKa3aTelb UCIIOIB30BAJICS JIIs
BO3MOXKHOCTH niepecueta coaepxanus MII Ha rutomans aHa). Iloxydyennsie oopas-
[l HE3aMEIJIMTEIbHO MEPEHOCUIN B CTEKJISIHHBIE €MKOCTH C METaJlJIM4eCKUMHU
KPBIIIIKAMH U KOHCEPBUPOBAIIM ITyTeM KPHOTEHHOTO XPaHEHUs 10 MOMEHTA TTPOBE-
JIeHUs1 JTa0OPaTOPHBIX UCCIIETOBAHUH [6].
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IIpoOomnoaroroBka, 3xkcTpakuuss U Metoabl aHajau3a yactun MIL. Ilpo-
neaypa gaboparopHoii moaroroBku mpod Boasl u J1O ¢ nocneayrolei cenapaiueit
MII ocymecTBasinach B COOTBETCTBUM C METOJOJOTMYECKUMU PEKOMEHIAIUSIMU
aBTOPOB, BKITIOUAIOIIMMU YETHIPE TOCIIEI0BATENbHBIX ATamna: (GpaoTamuio, GuibTpa-
M0, IPOCEUBAHUE U OUUCTKY P00 OT opranmdeckoro marepuana [7; 8]. dus 1O
nepen MpoBeAeHHEeM paboT ompenensiachk Chlpasi Macca KakJoi mpoObl, mocie
4ero Kakzas rnpoda Oblia BeicylieHa rnpu Temmeparype 80-85 °C 1o AoCTHKEHHUS
BO3/YILIHO-CYXOI'0 COCTOSIHUSI M MCIIOJIb30BaHa AJIs MOCIIEIYIOIIET0 UCCIEI0BaHMS
Ha conepkanne MIIL. MaeHTudukanmus MUKPOIUIACTHKOBBIX YaCTHLl OCYILECTBIISA-
JIaCh BU3YaJIbHBIM METOJIOM C IPUMEHEHHEM CBETOBON MUKPOCKOIUU (CTEPEOCKO-
nuueckuii Mmukpockon bruomenq MC-2 ZOOM), nmocpeacTBOM KOTOPOU Ompeess-
JIUCHh KOJIMYECTBEHHBIE MOKa3aTell U MOP(OIOTHIECKUE TTPU3HAKH, BKIIOUAIOIINE
TUIl TIOJIUMEPA, I[BETOBYIO U Pa3MEpPHYIO XapaKTepuctuky. Jlyis onmucaHus kaye-
cTBeHHBIX Npu3HakoB MII ucnons3oBanack Mopdonorndyeckas Kiaccuduranus,
npecTaBiIeHHas: B MOHorpaduu [6].

KonTposab kauecTtBa. HuenmpoBaHue morpentHocTeil, 0OyCIOBICHHBIX 3a-
IPA3HEHHEM PEaKTUBOB B X0J1€ MPOOOMOATOTOBKH, 00€CIIeYnBaNOCh aHATHU30M KOH-
TPOJIbHBIX PACTBOPOB, MPUTOTOBIEHHBIX HA OCHOBE JUCTUIUIMPOBAHHOM BOJIBI,
B cooTHOWEHNH 1:7 (0Ha KOHTpOJIbHAst IpobOa Ha 7 Tipo0 BOAbI). «XO0I0CTas» KOH-
TpoJbHas Mpoda 3aMeHsIach Ha AUCTUIUIMPOBAHHYIO BOAY, MPOIIEANIYI0 TOHKYIO
¢bunbTpanyio, a Bce JajbHeHIIne 3Tamnbl MPOOOMOArOTOBKH OCYIIECTBISUIUCH
B IIOJIHOM COOTBETCTBUU C IPOLEAYPAMHU, IPUMEHAEMBIMU K 3KCIIEPUMEHTATbHBIM
o0pasiamM, 1 ¢ HUCIIOIb30BaHUEM TeX ke peareHToB. C 1esbi0 MUHUMH3AllUU PUCKa
JIOTIOJTHUTENBHOTO 3arpsizHeHust 00pa3noB MII B xo1e MpUTOTOBIIEHUS! PEAaKTUBOB
ObL1a MpOBEJICHA TONOIHUTEIbHAS PUIBTPaLKs JUCTUIUIMPOBAHHOMN BObI, BBICTY-
MAOIIEN B KAUECTBE PACTBOPUTEINS, UEPE3 METAIUNINYECKOE CUTO C pa3MEPOM sSUeil-
Kku 25 MKM. Bce peakTuBbl Takke MOABEPraiuch (GUIBTPAIIMN HETIOCPEICTBEHHO
Nepesl UX COeTUHEHNEM ¢ 00pa3IoM.

Craructuuyeckasi odpadorka. B pamkax ucciieoBaHusi HA OCHOBE I1OJIy4€H-
HBIX AMIUPUYECKUX TAHHBIX ObUIM OCYIIECTBIIEHBI BHIYMCIICHUS CPEIHETO apud-
METHYECKOTO 3HAUCHUS U CTAaHAAPTHOM OIIMOKHU JJIsl KaXJI0W aHAIU3UPYEeMOH ce-
pun npo0. J{71s OLIeHKH CTaTUCTUYECKH 3HAYMMBIX Pa3IU4Uil B 00IIEM KOJIUYECTBE
MHUKPOYACTHI] MEXKTY PE3yJabTaTaMu, MOJYyUYEHHBIMU B PA3JIMYHBIX CEpUAX, TPUME-
HsICs KpuTepui ThIOKH. JIOCTOBEPHOCTH PE3yJbTaTOB MAaTE€MaTHUKO-CTAaTUCTUYE-
CKOM 00paboTKHM ycTaHaBiIuBajiachk Ha ypoBHE 95 % (p < 0,05). Jlns BeImOTHEHUS
CTaTUCTUYECKOTO aHajn3a ObLIO MPUMEHEHO CHEeIHAIN3UPOBAHHOE MPOTrPaMMHOE
obecnieuenue R v. 4.5.0 [9].

Pe3ynbraTthl UICCNneaoBaHUS

IToBepXHOCTHBIN €JI0M BOABI. B pe3ynbrare NpoBEIEHHOIO UCCIEN0BAHNS BO
BCEX MPOAHATM3UPOBAHHBIX MPOOAX OBLIO YCTAHOBJIEHO HAJIMYME MUKPOIIIIACTUKO-
BbIX yactul. KoHuentpauus MII B BonHOH cpele BappbupoBajia B JUAla30HE OT
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40,0 = 5,1 en./m* (touka UgR-3, pacnonokenHass Hrke ycThs p.Kammuka) mo
65,6 = 8,1 en./m* (touka UgR—5, oxBarpIBaro1Iasi yCThEeBbIE YUACTKH BIAIAFOIINX

pexk) (puc. 1).

4 xm

KonneHnTparus
MII B BOZE,

en./ky6.M

@ 40-50
@ 51-60
. 61-170

Pe3ynsTars HONapHOTO MHOXECTBEHHOTO
ananmza MeronoM TriokH (p < 0,05)

UgR-2-UgR-1-]
UgR-3 - UgR-1
UgR-4 - UgR-1-
UgR-5- UgR-1-
UgR-3 - UgR-2
UgR-4 — UgR-2-
UgR-5— UgR-2-
UgR-4 — UgR-3
UgR-5— UgR-3-
UgR-5- UgR-4]

|

|

|

—
(=]

=20 -10 20 30

Puc. 1. Cogepxanue yactuu Ml B Boge Yrnnmyckoro BOAOXpaHuUunLLIA (e./M3): KpyXKamm YepHOro LiBeTa
yKa3aHbl KPYMNHbIE HACENEHHbIE NYHKTbI (KPACHOM NMHNEN OTMEYEHbI FPaHULbl HACENEHHbIX MYHKTOB),
KpacHas CTpesika COOTBETCTBYET HanpasieHuto TedeHns p. Bonra Ha JaHHOM 3aperyimpoBaHHOM y4acTKe.
Ha rpaduike npeactaBneHbl pe3ybraTtbl MONAPHOr0 MHOXECTBEHHOIO aHann3a ¢ NPUMEHEHNEM KpUTepus
Tetokm npu p < 0,05.

UctoyHumk: coctasneHo K.B. MalinaHoBbIM.

MunuManbHble 3Ha4eHus conepxkanus MI1 3agukcupoBaHbl B cpeTHEM TEUCHUN
BOJIOXPAHIJININA, B YACTHOCTH B paiioHe BhajaeHus p. KamnmHka, a Takke Ha CTaHIIU-
ax UgR—2 B ycree p. Menseauua u UgR—4, pacnionokeHHOM Huke ycTheB pek Typ-
ra u [lykia, e mioTHOCTh YacTull coctaBuna 43,3 + 3,9 en./m® 42,2 £ 8,7 en./m?
COOTBETCTBEHHO. HampoTuB, B BEpXHEM ydacTKe BOJOEMa HAOIIOIAIACh CICIYIO-
mas kaptuHa: B Touke UgR—1, pacnionoskenHoi Ha pacctosinuu 10 km Huke VBaHb-
koBckoil I'DC, cxomnenne MII Oputa 3HAYUTEIHLHO BBIIIE OTHOCHUTEILHO BEIIIE-

298 INDUSTRIAL ECOLOGY



Matioanos K.B. u op. Bectauk PYJIH. Cepust: Dxonorus u 6e30macHoCTb sku3HeesrensHoctu. 2026. T. 34. Ne 2. C. 293-305

YOOMSIHYTBIX CTaHIMM u gocturaio 55,6 += 4,1 en./m® (*). HauGomnpruas
KOHIICHTpPAIMSI MUKPOYACTHUIL B BOJOEME ObliIa 3apErMCTPUPOBAHA B IMPHUILIOTHH-
HOM IIIece BojoxpaHmwimia B Touke UgR—5 (*).

B xone ananuza mpo06, oToOpaHHBIX C MMOBEPXHOCTH BOJIbI, BBISBICHO Pa3HOO-
opasue mopdonoruueckux ¢popm MII (puc. 2). JIOMUHUPYIOUIUM THUIIOM YacCTHII,
oOHapyKEHHBIX B Mp00ax, SBISINCH BOJIOKHA, Ha JOJIO KOTOPBIX MPUXOIUIOCH
87,4 % ot o0IIero KoJu4ecTa UASHTU(OUIIMPOBAHHBIX YacTull. dparMeHThl He-
MPaBWIbHOM (yTII0BaToil) (hOpMBI OBLITH 3aPETUCTPUPOBAHBI JTUIIH HA TPEX CTAHITU-
ax (UgR-3, UgR—4, UgR—5) u cocrasnsiu 10,81 % ot obmero uncia oOHapyKeH-
HbIX 4dacTull. l[liIeHkw, mpeacTaBisfomMe COO0N TOHKHME IUTACTUHBI, OBLIN
0oOHapyXEeHBI TOJLKO B MPHUILUIOTHHHON YacTH BOAOXPAHWIUIIA U COCTABIISLTN HE-
3HaYUTENbHYIO A0 — 1,8 %.

Puc. 2. Yactuupl MI, o6HapyxeHHble B Npobax BoAb! 3 YIANYCKOr0 BOLOXPAHUANLLA:
MacliTabHasa nuHelika Ha poTorpaduax COOTBETCTBYET 3Ha4YeHMo 0,5 MMm.

UctoyHumk: poTo K.B. MangaHosa.

Kpome Toro, Obul mpou3Be/ieH JeTajbHbId aHAJIU3 pa3MEpHbBIX IOKazaTesen
u 1BeToBO# rammbl MII. Jlnama3zoH pa3mMepoB MIACTUKOBBIX YacTHIL, 3aUKCHPO-
BaHHBIX BO BCEX TOYKaX 0TOOpa mpod, Bapbuposal B npenenax ot 0,1 o 4,9 mwm,
[P 3TOM IIpeobiaarolas yacTb UMesa JUTMHY MEHee 2 MM.

AHanu3 pacrpeeiaeHusl IBETOB OTHOCUTEIbHO MOP(POJIOTHUECKON CTPYKTYPhI
moKasaj, 4To Cpely BOJIOKOH Hanbosee yacto BecTpeyanuch cepoie (30,1 %), mpo-
3paunsbie (15,8 %), uepusie (15,3 %) u cunue (14,8 %) yactuupl. B 10O xe Bpems
Ui (hparMeHTOB HamboJIee XapaKTEPHBIMU SIBISLTUCH 3eneHblit (41,7 %) u cuHuit
(29,2 %) usera (puc. 3).
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Puc. 3. MpoueHTHOe coaepxaHune B pasmepHOM psay 1 obuiee pacnpeaeneHune useTos yactuy, MM
13 Npob BOAbl OTHOCUTENIBHO MX MOP@ONIOrMYecKol CTPYKTYpPbI MO BCEM TO4YKaM oT6opa npoob:
A1; B1 — BonokHa n A2; B2 — dparmeHThbl

Uctounuk: coctaBneHo K.B. MangaHoBbIM.

JloHHbIE 0T/105keHus1. B xone nccienoBanus ObUIO yCTaHOBIEHO IMOBCEMECT-
Hoe mpucytcTBue yactul, MII Ha Bcex ctaHimusx ordopa npol. MakcumanbHast
UX KOHIeHTpauus Oblna 3adukcupoBaHa B Touke UgR-3 — mecTo BmajgeHus
p. Kammnka B p. Bonra — u cocraBuna 47,6 en./xr (400 en./m?> — 5KBHUBaJIEHTHO
B IepecyeTe Ha IJIOMaas JHA). Tl rpyHTa B JJaHHOM TOYKE XapaKTepU30BaJICs
KakK cepblii mecuaHuCThI Wi. B nmpobax ¢ rnecyaHbIM THIIOM IpyHTa, OTOOpaHHBIX
Ha YCThEBOM yuacTke p. Menseauua, copepskanue MII nocturamo 40 exn./kr
(320 en./m?), a B Touxke UgR—1, pacronokeHHOM BblIlIe, KOHIIEHTPALUs COCTaBUIIA
29,9 en./xr (240 en./m?). AHanu3 npo0O, MOTy4YeHHBIX C MPUIUIOTUHHOM 4acTH BOJO-
XpaHWINILA, TA€ TPYHT HPEICTaBIECH CEphIM MJIOM, BbIBUI coaepxanue MII Ha
ypoBHe 35,1 en./kr, uto cooTBeTcTBYeT 160 en./m?. Takum oOpa3oM, pe3yabTaTbl
YKa3bIBAIOT Ha HAMOOJBIIYIO cTeneHb 3arps3Henus J[O B eHTpanbHON YyacTu Yr-
JIMYCKOTO BOJIOXPAaHWINIIIA B 30HE MIEPEX0Ja IPYHTOB OT [1€CYAHOI0 THUIIA K CEPOMY
MECYaHUCTOMY HIIY.

AHanu3 MopQoIorndeckoil CTpykTypsl oOHapyxeHHbIX yacTull MIT BbIsIBUII
JIOMUHUpOBaHue BoJOKOH (59,1 %), B cBOIO ouepe/p, (pparMeHThI U IUNIEHKH COCTa-
Bunu 27,3 u 13,6 % coorBeTcTBeHHO. [IprMeuarensHo, uTo B Touke UgR—5 Obin
0oOHapy>KEeHbI UCKIIIOYUTEIHHO BOJIOKHA, B TO BpeMs Kak B JIPyTMX TOYKaX OTOOpa
po6 Habmoaanock pazHoodbpasue Mopdonoruueckux hopm (puc. 4).
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Puc. 4. Yactuubl MI1, o6HapyXeHHble B npobax [0 13 YraMyckoro BogoxpaHmama:
MaclTabHasa nuHeka Ha poTorpadursax CooTBETCTBYET 3HaveHuto 0,5 mm.

UctoyHmk: poTo K.B. MarpgaHoBa.

OneHka pa3MepHoil xapakTepucTuku ooHapyxeHHoro MII nokasana, uro 1iu-
Ha YacTul] BapbupyroTcs B npenenax ot 0,7 no 4,9 mm. Hanbonbiee konuyecTBo
BOJIOKOH (65,4 %) umeno pa3mepsl oT 1,8 10 3,4 MM, TOT/1a KaK Cpeiu TICHOK Ipe-
o0naaany yacTulbl pazmepoM 2,7-2,9 mm (66,7 %). [logasnstomiee 60IbIIMHCTBO
¢bparmenToB (63,4 %) HaXOAMIIOCH B AMAra3oHe pa3Mepos 3,7—4,9 M.

AHanu3 1IBETOBOM raMMBbI BBISIBUJI IIpeo0I1aZiaHie CHHETO 1IBETa CPEH BOJTOKOH
u parmentoB (53,8 u 58,3 % COOTBETCTBEHHO), B TO BPEMsI KaK CPEIU IJICHOK
HauOoJee pacpOCTPAHCHHBIM OKa3alics KpacHbId 1BeT (33,4 %) (puc. 5).

s A
BOJIOKHO

O nyieHKa

% . ® hparmeHT

Konuuecrso, %

2 25 3

35 4 45
Pasmep MIT, mm
wenTLii
4 W KOpHUHEBLIT
| y
|

@ kpacHbiii

B2 B3 —

® roneronniii
L EG I

Puc. 5. lNMpoueHTHOE coaepxxaHne B pasMmepHoM paay (A) u obliee pacnpeneneHe uBeToB YyacTtul, M1
13 Npo6 0O O0THOCUTENBHO X MOPGDOIOrMYECKON CTPYKTYPbLI MO BCEM ToYKam 0TGopa nNpob:
B1 — BonokHa; B2 — nnexku; B3 — dparmeHTsbl
Uctounuk: coctaBneHo K.B. MangaHoBbIM.
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OOcyxaeHue n pe3ynbraThl

Pesynbrarsel HaCTOAIIETO HCCIIEIOBAHUS ITOKA3aIH TOBCEMECTHOE TPUCYTCTBHE
MII B akBaTtopu# YIITHUCKOTO BOJOXPAHHIIUING, 3a(UKCHPOBAHHOE KaK B MOBEPX-
HOCTHOM cJioe BOJbl, Tak U B JIO. AHaIM3 MOJYyYEHHBIX JAHHBIX MO3BOJIMII yCTa-
HOBUTH CPEIHIO KOHLEHTpauuto MII B Boge mid YmnMucKoro BOZOXpaHWIMILA
Ha ypoBHe 43,1 + 4,8 en./m>. Conepxkanue MII B JIO, B cBOIO ouepenb, OLIEHEHO
B 38,2 + 3,8 en./kr. [IpuunHoOii HaOIrOMAEMOM BapUATHBHOCTH KOHIIEHTparuii MIT
Ha Pa3JIMYHBIX CTAHIUIX 0TOOpA TPOO MOXKET OBITH CITyUaliHOE paclpeIeICHHE Ya-
CTHUIl B BOJOXPaHUJIHUIIE, OOYCIOBIEHHOE UX (PU3UKO-XUMHUYECCKUMH XapaKTepH-
CTUKAaMHM U 3aBUCSIIEE OT THAPOJUHAMUYECKHUX MTPOILIECCOB, MPOTEKAIOIIUX B BOJIO-
eMe, a TaK)Ke MeXaHU4eCKuM coctaBoM rpyHra jais J1O.

CpaBHUTENbHBIN aHAJIU3 MOJYYEHHBIX HAMHU JIaHHBIX O KOHUEeHTpaiusax MII
B a0MOTHYECKUX KOMIIOHEHTaX YITIMYCKOTO BOJOXPAHWIMINA C paHee OIMyOIHKo-
BaHHBIMH CBEJICHUSIMH YKa3bIBAET HA COOTBETCTBHE HU3KOMY YPOBHIO 3arpsi3HEHUSI.
Tak, o pesyapraram 1100aIpHOTO UCCIeI0BaHus pod Boabl U3 168 pek cpennue
koHuentparuu MIT nocturamm 11128 en./m?, a B 10 96 pex — 1161 en./xr [10; 11].
UccnenoBanus yuensix K(IT)®VY, nmposenenHbix Ha MemmHckoM 3aiuBe KyitObies-
ckoro Bogoxpanmiuiia B 2021 1., mokasanu, yto koHueHnTpauuu MII B Bose Haxoau-
much Ha ypoBHe 20,5 + 22,3 en./m?, a B wnncto-rmuHUCTHIX JIO — 44,7 + 41,8 en./xr
Y COOTBETCTBOBAJIM HU3KOMY YPOBHIO 3arpsi3HeHus [12]. B cBoto ouepenp, 1aHHbIE
A.A. EpmioBoii (2023) cBHIETENBCTBYIOT O BBICOKOM 3arpsi3HEHUH pek OacceiiHa
p. Bonru B paitone . Hwxuuit HoBropon: cpennee conep:xkanvue MII B Bone cocta-
Buito 600 en./m® [13]. Tlo manHBIM HccaenoBaTeneii reorpadguyeckoro Gaxymprera
MI'Y um. M.B. JlomoHOcoBa, B okTsi0pe 2020 r. aHanu3 BOIBI B OKPECTHOCTSIX
r. JlyOHa BeIsIBII HEe3HaunUTebHOE cogepxkanue MII, He mpebimaromee 0,5 ex./m?,
IpU TOM MaKCUMallbHOE 3a(UKCHpOBaHHOE 3HaueHue cocrtaBuio 0,75 em./m’.
Huxe no tedenuto ot 1. JlyOHa HaOMI0qa10Ch YBEIMYEHUE KOHIIEHTPAIIMA MUKPO-
MJJaCTUKA B HECKOJBKO pa3, ¢ kosebanusmu B auamnazone ot 0,27 mo 0,75 em./m>.
Camoe Huskoe conepkanue MII 3apeructpupoBaHo B paiioHe I. YUY U COCTaBH-
7o 0,215 ex./m*® [14]. BaxxHO MOXYEPKHYTH, YTO PACXOKACHUE MEKIY pE3yibTa-
TaMU, TIOJTYYCHHBIMU B PaMKaxX JaHHOW paOOoThI, M JTaHHBIMH, TIPEICTABICHHBIMU
B HAy4HOM TpY/ie, 00yCIOBICHO PA3IUYMsIMHU B METONOJIOTHH 0TOOpa mpod u mpu-
MEHEHUEM OTIHYarolierocs odopynoBanus. B yactnocty, B [14] ucnons3oBaiach
ceTb MaHTa ¢ pazmepoM siueek puipTpyromen yactu 300 MKM, 4TO MOTJIO TIOBJIH-
ATh Ha CEJIEKTUBHOCTHL 0TOOpa yacTuiy MI1.

Ha ocHoBanuu MupoBoii npakTuku uccienoBanus yactuil MII B kauecTBe Hau-
0osee pacmpoCTpaHEHHBIX MOP(OJIOTUICCKUX THUIIOB SIBIISTFOTCS BOJIOKHA M (ppar-
MeHTHI [15]. Pe3ynpraTtsl MOpGOIOrHYECKOTO aHaIN3a BBISBUIM JTOMUHUPOBAHUE
BOJIOKOHHBIX yacTuil MIT Bo Bcex McclieloBaHHBIX MpoOax, 0ToOpaHHbIX B 2024 1.
B YruuckoM Bojoxpanuiuile. OoHapyxenue nannoro tumna MII B BbICOKOI KOH-
LEHTPALUU IO3BOJIAET CHAeNaTh MPEANONIOKEeHHe 00 HMCTOYHHMKAX MOCTYIUICHHS
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B BOZIO€M, CBSI3aHHBIX C UCIIOJIb30BAaHUEM TEKCTUIIBHBIX MaT€PHAIOB U UCKYCCTBEH-
HBIX IOJIMMEPOB B UX COCTaBE, Pa3IMUYHbIX PHIOOJIOBHBIX CHacTel. bosnee Toro, Bo-
JIOKOHHasi MOP(QOJIOrusi Marepualia, XapaKTepu3yrollascs yUIMHEHHOW (opmoit
1 OOJBIION TUIONIAAbI0 MOBEPXHOCTH, ONATONPHUSTCTBYET aJCOPOIUN OpraHuyve-
CKHUX BEIIECTB. DTOT MPOLECC, B CBOIO OYEpEe/lb, CIIOCOOCTBYET YBETUUEHHIO IJIOT-
HOCTH U MocienyomemMy ocaxaeHuto B J1O.

Pa3smeprr o6HapyxeHHbIX yacTul MII BappupoBaiich B IMPOKOM TUANa3oHe,
YTO, BEPOSTHO, OOYCJIOBJICHO Pa3IMYHbIMU MEXaHHU3MaMH JIeCTPYKIUH MOJIUMEp-
HBIX MaT€pHUaJIOB, IPOTEKAIOIIMMHU B BOJAHOW cpene. B xone ananusa pacnpenene-
Hus MII o pa3smepam nosryueHsl cieayrome cpegaue 3adenus: 1,86 + 0,13 mm
B IIOBEPXHOCTHOM cJioe Bobl ¥ 2,77 + 0,34 mm B JI0. CpaBHUTENBHBIN aHATH3 C JIaH-
ueivu K(IT)®Y, rae pasmepsr MII B Boge coctaBunu 2,074 + 1,885 mm, a B IO —
0,145 + 0,212 mm, mokaszan pacxoKJAEHHUE B pa3MepHbIX xapakrepuctukax MII
B IO, 4TO MOXKET SBISATHCS CIEACTBUEM Pa3IMYMil B CTpaTU(PHUKAIIMU 30H 0TOOpa
mpo06: B HacTosmeM uccienoBanuu mnpoOsl 1O orOupanmnch npeumMyiiecTBEHHO
B PyCIIOBOI 30HE, B TO BpeMs KaK B IUTHPYEMOH paboTe 0TOOP MPOBOIMICS B MIPH-
OpexHol yacTu akBaropuu [12].

L{BeToBas nanutpa MII xapakTepu3oBangach 3HAYUTEIBHBIM pa3HOOOpa3ueM:
BBISIBIICHHBIC YaCTHIIbI pacripenessuiuch no 10 1BETOBBIM KaTeropusim, Mpu 3TOM
HanboJsee YacTo BCTPEUaIUCh (POPMBI CEporo, CHHEr0 U KpacHOro 1BeToB. B mpo-
6ax J10 A30BCKOTO MOPSI IOMUHUPOBAJIA TTPO3PAYHBIEC U UEPHBIC YACTHUIII, COCTAB-
nsiromme 90 u 7,5 % COOTBETCTBEHHO, TOT/A KaK JIOJsSI CHHUX, OCNbIX, KPaCHBIX,
JKEJITBIX, PO3OBbIX U (PUOJETOBBIX YACTHI] OblIa HE3HAUUTEIBHOH — OKOJO 2 %
[16]. Ananu3 npo6 JJO ozepa baiikan BwisiBun npucyrctBue MII 12 mnBeToBbix
rpymi. Cpenn BOJIOKOH npeobmnaaanu yepHsie (52,9 %), cunue (28,7 %) u 3eneHble
(10,8 %) wactuupl, Torga Kak (parMeHThl MPEUMYIIECTBEHHO ObUIM OeIbIMU
(40,4 %), cuaumu (25,3 %) u kpacubimu (15,2 %) [17]. Paznuuus B 1IBETOBBIX Xa-
PaKTEpPUCTUKAX MOTYT CIYXHUThb WMHIAUKATOpPaMU HCTOYHUKOB mHocCTyruieHus MII
B BOJIOEM, a TAK)K€ OTPa)kaTh BO3MOXKHbIE MEXaHU3MBI €TI0 Jerpaialiu.

3aknoyeHuve

B 2024 r. pe3ynbpTarhl IPOBEEHHBIX UCCIEN0BAHUI IPOJEMOHCTPUPOBAIIH T10-
BCceMecTHOE pacnpocTpaneHre MII B BogHOM 3kocucTeEME YIIIMUCKOTO BOJOXPaHU-
JIUIIA, TTOITBEPIK/Iasi €r0 POJIb B KaUueCTBE MOJUTIOTaHTa AOMOTHYECKUX KOMIIOHEH-
TOB cpeabl. OTueTnuBO 3aUKCUPOBAHO MPHUCYTCTBUE TOJIMMEPHBIX YaCTHII,
BapbUPYIOMIUXCS 10 MOP(OIOTHYECKHM XapaKTEPUCTUKAM M Pa3MEPHOCTH, Kak
B [TIOBEPXHOCTHBIX CJIOSAX BOAHOM TONIIH, TaK U B JIO, 4TO CBUAETEILCTBYET O IIIO-
6anbHOM MaciiTabe KOHTaMUHAUWU. 3arpsizHeHre MII BOIHBIX 9KOCHCTEM Ipe-
CTaBIsieT COOO 3HAYUTEIBHYIO MPoOIIeMy, TPEOYIOLIYIO Pa3pabOTKH CTpaTeruii 1o
CHMKEHUIO HETaTMBHOIO BO3/AEUCTBUS. Pe3ynbrarhl JaHHOTO HMCCIENOBaHUA Jie-
MOHCTPHUPYIOT IIHPOKOE PACIPOCTpPaHEHUE 3TOro 3arps3HuTens B JJO u BOIHBIX
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Maccax YIIIMYCKOTO BOIOXPAHUIIUIIA, CIIOCOOCTBYs (DOPMUPOBAHHIO Oa3bl TAHHBIX
JUTsi MOHUTOPUHTA U PETYJTMPOBAHUS IKOJIOTUIECKOTO COCTOSTHUS. DTH IaHHBIC TaK-
e yIITyOJsIOT MOHMMAaHUEe MacIITa00B U XapaKTEPUCTHK 3arpsi3HCHHUS.
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UccnepoBaHne GU3NKO-XMMNYECKUX CBOUCTB
M MNKPOOMOLLEHO3a LeII0/1030CoAepXXaLlero BoJIOKHa —
noOOYHOro NPoAykKTa NPOU3BOACTBA KOPMOB AJ151 XKMBOTHbIX
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AnHoTanms. VcciienoBanbl (U3UKO-XUMHUYECKHE, TOKCHKOJIOTUYECKHE CBOWCTBA IIE-
JTFOJI030COICPIKAIIETO BOJIOKHA, SIBIISIFOIIETOCS TTOOOYHBIM MPOAYKTOM IPOU3BOACTBA KOPMOB
JUTS Y)KUBOTHBIX, U YCTAHOBJICH KOHCOPITUYM MHUKPOOPTaHU3MOB, KOTOPHIN pa3BUBAaeTCs Ha UC-
cielyeMoM 00bekTe. XUMHUYECKHA COCTAB IEIUTION030COAEPIKAIICTO BOJOKHA CIICYIOIIIHIA:
BnaxkHoctb — 47,00 %; 30ma — 1,16 %; opranmueckoe BemecTBo — 51,84 % (B TOM ymcie
kpaxman — 25,10 %; xxupst — 4,40 %). Coneprkanue azora u pocdopa B ucciaeayeMoM oopas-
e cocranisiet 2,43 u 1,90 %. UccnenoBana 3aBucUMOCTh U3MeHEeHHs pH, BIIa)KHOCTH OT Bpe-
MEHH €CTECTBEHHOU ()epMEHTAllMU HCClieyeMoro o0pasia. bell mpoBeseH aHaIu3 30I1bI
UCCIIEyEMOTO MOOOYHOr0 MPOIYKTa, B KOTOPOM MPeodnanarT oKcuibl: kpemuus Si0, —
no 51,30 %; docdopa PO, — no 17,63 %; amomunus AL,O, — no 10,25 %. Ycranosnen
MHUKPOOHMOIIEHO3 BOIHOW BBITSKKH M3 IIEIUTFOI030COCPIKAIIETO BOJIOKHA ITPH MTOCEBE HA TBEP-
JIbIC arapu30BaHHBIC CPEJIbI; PEOOIATAIONINMHE SIBIISIOTCS MUKPOOPTAHU3MBI, OTHOCSIIUECS
K pomam: Penicillium, Cladosporium, Bacillus, Saccharomyces, Schizosaccharomyces
u Escherichia. KpaTtHOCTB pa3Be/ieHHsI BOJHON BBITSKKH U3 HCCIIEyeMOTro 00beKTa, PU KOTO-
poii BpeiHOe BO3ICHCTBUE HA THAPOOUOHTHI OTCYTCTBYET, paBHa 100, 4TO COOTBETCTBYET MaJIO-
OITACHOMY OTXOJTy 1O CTEIICHH HETaTHBHOTO BO3JICHCTBHUS HA OKPYKAIOIIYIO CPELY.
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3asiBjieHHe 00 MCNOJIH30BAHMH TEXHOJIOT Wil HCKYCCTBEHHOI'0 MHTE/IJIEKTA. HpI/I co31aa-
HUHU HACTOSIIEH CTaThbU TEXHOJOTUH TCHCPATUBHOI'O UCKYCCTBCHHOI'O MHTCIJICKTA HE UCIIOJIb-
30BAJIMCh.

3asBjeHue 0 AOCTYIMHOCTHU JaHHbIX. Bcee JAaHHBIC, TTIOJTYUYCHHBIC B XO€ 5TOTO UCCJIICA0OBA-
HUsA, BKIIIOYCHEBI B Ol'Iy6HI/IKOBaHHy}O CTarTblo.

Hcropus cTaTbu: nocTynuia B penakiuio 15.12.2025; nopaboTana mociie perieH3upopa-
Hus 29.12.2025; npunsTa k myonmmkamun 11.02.2026.
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Research of the physico-chemical properties
and microbiocenosis of cellulose-containing fiber —
a by-product of the production of animal feed

Ivan R. Kurzenev 2™, Tatyana A. Vasilenko

Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russian
Federation
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Abstract. The physicochemical and toxicological properties of cellulose-containing fiber,
which is a by-product of animal feed production, have been investigated and a consortium of
microorganisms has been established, which is developing at the facility under study. The
chemical composition of cellulose—containing fiber is as follows: moisture — 47.00%; ash —
1.16%; organic matter — 51.84% (including: starch — 25.10%; fats — 4.40%). The nitrogen
and phosphorus content in the test sample is 2.43 and 1.90%. The dependence of changes in pH
and humidity on the time of natural fermentation of the sample studied is investigated. The ash
of the studied by—product was analyzed, in which oxides predominate: silicon SiO, — up to
51.30%; phosphorus P,O, — up to 17.63%; aluminum AL,O, — up to 10.25%. Microbiocenosis
of aqueous extracts from cellulose-containing fiber has been established when seeded on solid
agarized media; microorganisms belonging to the genera Penicillium, Cladosporium, Bacillus,
Saccharomyces, Schizosaccharomyces and Escherichia are predominant. The multiplicity of
dilution of aqueous extract from the studied object, in which there is no harmful effect on
aquatic organisms, is equal to 100, which corresponds to low-hazard waste in terms of the
degree of negative impact on the environment.

Keywords: fermentation, grain fiber of cereal crops, microorganisms
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BeBeneHune

Opranndeckue OTXOAbl JKU3HEIEATSIIPHOCTH B JKHBOTHOBOJICTBE CHIILHO KOH-
TaMHHHUPOBAHBI TI0 CAHUTAPHO-0AKTEPHOJIOTHYECKOMY COCTOSHUIO. [Ipu TipaBwITh-
HOM COOJTIOIEHUH YCIIOBHI KOMITOCTHPOBAHUS ITaTOreHHasi MEKpoQIopa morudaer
[1]. CxopocTh pa3iioKeHuss OpraHUYeCKUX MaTepHaioB, COACPKAIIMX IEUTIOI03Y,
3aBUCUT OT aKTUBHOCTU WICHOB MHUKPOOHOTO COOOIIECTBA, KOTOPhIE TPEOYIOT HC-
cnenoBanuii [2]. OpraHu4eckre OTXObI CaJOBOJCTBA U OBOIIEBOCTBA (OaxueBbie
Y OBOIIHBIC KYJIBTYpPbI) SIBISIOTCS [IEHHBIM CBHIPHEM MPHU MOJYyYEHUHU Macliia ¢ Uc-
MOJIb30BAaHUEM MACITHYHBIX Apoxkxkeit Cryptococcus curvatus Tpyu Ha4alIbHOM CO-
JepKaHuM yriaeBoaoB B mpenenax 30—65 r/n [3]. Bepno nogoOpaHHbIi KOHCOPITH-
YM MHKPOOPTAHHU3MOB JJIsi OTXOJla OPTaHUYECKOTO MPOUCXOXKIECHUS — HaBO3a
KpPYIHOTO POraTtoro CKoTa — CIocoOCTBYeT CHUKEHHUIO YUCICHHOCTH MAaTOr€HHOM
MUKPOQIIOpHI ¥ PUKCUPYET aTMOCHEPHBIN a30T MPU KOMIOCTUpoBaHUM [4]. [lmst
OTXOJIOB CEJIbCKOTO XO3SICTBA, SBISIONINXCS BTOPHUUYHBIMH MaTepUaIbHBIMU DPe-
cypcamu, COIEpKalluMH JTUTHUH, IEJUTI0N03Y, KpaXMall U MEeKTUH, TPUMEHSIOTCS
MIPUPOJHBIC M CHEIHAILHO BBIBEICHHBIC IITAMMBI MHUKPOOPTAHU3MOB, KOTOPHIC
OCYIIECTBIISTFOT MUKPOOHOJIOTHIECKYIO IEpepaboTKy pacTUTEIIBHON OMoMacchl [5].
KaranuzaTopom paciiernieHus HeuTioNo3bl B COCTaBe OPTaHUYECKUX OTXONIOB SIB-
TSI0TCS (PEPMEHTHI IeJUTIoNa3a U MmojrcaxapuaMoHookeurenasa [6]. C mensio mo-
BBIIIICHUS BBIXOJ]a METaHA MPH aHAYPOOHOM PA3JIOKEHUU OPTaHUICCKUX OTXOJIOB
B OMOpeaKkTope BO3MOKHO CO3JJaHHE MMOCTOSTHHOTO JIEKTPHUECKOTO TOKa. J[aHHBIN
IIPOLIECC HOCUT Ha3BaHUE «3JIEKTpoMeTaHOreHes» [7]. Mukpoopranusmsl crocoo-
HbI BOCCTaHABJIMBATh BBICOKOTOKCUYHBIC M PACTBOPHMEBIC B BOJIE COJIH TSKEIIBIX
METaJIOB JI0 MEHEe TOKCHYHBIX W €1a00 pacTBOPUMBIX COJIEH B CTOYHBIX BOJAX
u ocankax. J{s aTUX 1enei mpuMeHsI0TCs Cylbdarpeaynupyronme oakrepun [§].

B pabote npezacTaBiieHbl pe3ynbTaThl 10 UCIIOJIb30BaHNIO TOYBEHHBIX MULIETH-
aJbHBIX TPUOOB ponoB Trichoderma, Aspergillus w Penicillium, nx TepMoCTaOMIIb-
HOCTb U IIeJUTI0JIa3HAast aKTUBHOCTh. VICIioNnb30BaHHbIE IPUEMbI MOKHO PEKOMEH 10~
BaTh JIJIs SKCIIPeCcCc-0TO0pa NePCIeKTUBHBIX ITaMMOB. OTOOpaHBI YETHIPE KYIBTYPhI
MOHOCTIOPOBBIX H30JISITOB MUIEIHUATBHBIX TPUOOB, MOTYUYEHHBIX M3 MPUPOIHBIX
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pe3epBaToB, MEPCIEKTUBHbBIE /ISl BKIIOUEHUS B KOMIUIEKC I€CTPYKTOPOB JJIsl OCY-
IIECTBIICHUS KOMIIOCTUPOBAHUS LEJUTIOI030COIEPKALINX OTXOAOB U PACTUTENb-
HBIX OCTaTKOB [9].

B pa6ote [10] npu co3maHum UCKYCCTBEHHOTO IMMOYBOTPYHTA UCTIOIH30BAIHACH
CJIeIYIOIME KOMIIOHEHTHI: 0TX0J MOKpo# cenapanuu (15-20 %), runa (30—40 %),
uutporurc (10-15 %), necok (15-20 %), a B kauecTBe HCTOUHUKA OPTraHUYECKOTO
BEIIeCTBA OBUIM MCIOIb30BAHBI JOCTYIHBIE HETOKCUYHBIE OTXO/IbI (PacTUTENbHBIC
octatku). IloimydyeHHass MOYBOCMECHh CHI)KAET AHTPOIOI€HHOE BO3/CHCTBHE Ha
OKPY’KaIOIYI0 CPely U UMEET MPUOIUKEHHbBIE XapaKTePUCTUKH, KaK Y TEMHO-Ce-
pOM JIECHOM MOYBHI.

C ucnonp30BaHHEM MOJIEKYISPHO-OMOIOTMYECKUX METO/I0OB YCTAHOBIIEHO, YTO
3HAYUTEIbHAS YacTh OaKTepuid, apxeil U MUKPOCKOIINYECKUX TPHOOB B MUKPOOUO-
LIEHO3€ KOMIIOCTA, IMPE/ACTaBlIeHa HEKYJIbTUBHUPYEMbIMU BHJIAMHU (HE BBIJIECIECHBI
B YHCTHIE KyJbTyphl). HadanpHyt0 Me30(MIbHYIO CTaIuI0 KOMIIOCTUPOBAHHS OCY-
HIECTBISIOT Me30(HIIbHBIE OaKTEpUH U IPUOBI, KOTOPBIE B JaTbHEHIIIEM TP TTOBBI-
IICHUH TEeMIIepaTyphl 3aMeniaroTcs: Tepmoduiamu [11]. ABTopamMu UCClIeOBaHbI
ONTHMAJIbHBIE YCIIOBHS MPOLIECCAa COBMECTHOTO KOMIIOCTUPOBAHUS, OCYIIECTBIICH-
Horo B Il aTana, nomeTa NTUIBI U PUCOBOM CONOMBI. PricoBas conoma BHauaie 00-
pabarpiBasiach rpudamu poaoB Trametes, Phanerochaete n Lentinus [12]. Ha npu-
Mepe CeIbCKOXO3UCTBEHHBIX OTXOJI0OB, TAKUX KaK KYyKYPY3HbBIH MOYATOK U KMBIX
CaxapHOro TPOCTHMKA, MOKa3aHa BO3MOXXHOCTbH MOJyYeHHUs OaKTepUalbHOM Le-
JIFOJI03BI C MCTOJIb30BaHMEM JABYX Tpynn Oaktepuii poga Komagataeibacter [13].
Brixon 6akTepuanbHON LETI0I03bl BO3pAcTaeT B JIBa pa3a NpU KyJbTUBUPOBAHUU
Oaxtepuil pona Komagataeibacter COBMECTHO C OaKTEpUSIMHU, TPOLYLHPYIOIIUMHU
nekcrpan (poaa Leuconostoc) u kcantad (pona Xanthomonas). IlutarensHol cpe-
JIOH 17151 KyJIBTUBUPOBAHUSI CITY KUJI TOOOYHBIN MPOAYKT — Menacca [14].

Lless ucciiefoBaHUA — HCCIEJ0BaHUE Tpoliecca (hepMeHTAIMK LEeIITI0I030-
COJIEPIKAILIETO BOJIOKHA.

3agaum:

1) u3yunTth (HU3UKO-XUMUYECKHUE MOKA3aTENH LEJUTI0JI030COIEPKAIIETO BO-
JIOKHA;

2) uccnenoBaTh MUKPOOHOIIEHO3 IyTEM MOCEBa BOJHOW BBITSKKU M3 0Opasia
Ha TBEP/Ibl€ arapu30BaHHbIE CPEIbI.

MaTepMaﬂbl n meTonbl

[emnrono3ocoaeprxkaiiee BOJIOKHO MPEACTABISIET COO0M TIOTHO CIPECCOBaH-
HBIE BJIQYKHBIE BOJIOKHA C XJIEOHBIM 3araxoM, 00pa3yeTcsi B TPOU3BOJICTBE KOPMO-
BBIX J0OABOK MUKPOOMOJIIOTMUECKUM CIIOCOOOM JUIsl dKUBOTHBIX. [laHHOE BOJIOKHO
(dhopMupyeTcs U3 3epHa 3TAKOBBIX KYJIBTYp IMOCIEC H3MEIBUEHUS U YaCTUIHOH (ep-
MeHTanuu. Ha moBepXHOCTH BOJIOKHA B MPOIIECCE XPAHEHUS YK€ C TIEPBBIX JAHEH
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KOHTAaKTUPOBAHUS C OKPYIKAIOIIEH Cpe1oit 010 0OHApYKeHO oOpacTaHue TUIeCHe-
BBIMHU MUIIETHAIBHBIMU IPHOaMU C XapaKTepHBIM TYXJIbIM 3amaxoM. Poct munenu-
aNbHBIX TPHOOB HA MOBEPXHOCTH BOJIOKHA Ipe/ICTaBjIeH Ha puc. 1, a—e. Habmona-
Tuch (U3NYECKoe paspylleHHe M (parMeHTalusl pacTUTENLHOTO Marepuana Ha
Oosiee MeNKHe YacTH, 4To 00ecreunBano OOJIBIIYIO MIIOMIAh MOBEPXHOCTH IS
KOJIOHU3AI[MM MUKpOOpraHu3MaMu. B mpouecce pas3noxeHus B OKpysKarolien cpe-
JIe B UCCIIEAYEMOM LIEJITI0I030CO/IEPKAIMM BOJIOKHE TOSBUIUCH KOJIOHUU MOKPHIL
pona Oniscidea (puc. 1, 0), B cpennem 60 ocoGeit Ha 1 kr oOpa3ua. OGHapyKeHHbIE
YJIEHUCTOHOTHE OTHOCATCS K petylieHTam. it Gu3nko-XMMHUYEeCKUX U TOKCHKOJIO-
TMYECKUX HCCIIEIOBaHUN BOJOKHO OBUTIO BhICymIeHO mpu Temmeparype 105 °C
(puc. 1, e). bbutn n3ydens! HU3NKO-XMMHUYECKHE CBOMCTBA BOJIOKHA (Tab. 1).

o

a

- ’
R .

s

o)

Puc. 1. PocT muuenmanbHbix rpuboB Ha MOBEPXHOCTU BOJIOKHA:
a — BTOPOW AeHb; 6 — TPeTuii AeHb; B — OECATbIN [eHb; I — BOCEMbAECAT NATbIN AeHb; 4 — MOKpULbI poaa Oniscidea;
e — obpaseLl, nocsne n3menbyeHns (pasamep dpakumm meHee 5 MM) 1 BbiCyLMBaHUS npu Temnepatype 105+ 2°C

Ucto4Huk: poTto N.P. KypaeHésa.

Figure 1. Growth of mycelial fungi on the fiber surface:
a — second day; 6 — third day; 8 — tenth day; r — the eighty-fifth day; 4 — genus of woodlice Oniscidea;
e — sample after crushing (fraction size less than 5 mm) and drying at a temperature (105 + 2)°C

Source: photo by I.R. Kurzenev.

Llenrono3ocoaepxkaiiee BOJIOKHO COCTOUT M3 CIEAYIOLIIMX KOMIIOHEHTOB:
Bona — 47,00 %; opraHuyeckoe BEIIECTBO (CIOXKHBIE YTIEBOIBI, JKUPBI) —
51,84 %; 30oma — 1,16 % (MuHEpanbHBIE KOMIIOHEHTHI). B rccnemyemom obpasiie
npeobagaeT coaepKaHue MakpoIeMeHTOB: az3ota — 2,43 %, pochopa — 1,90 %;
coJiep KaHMe CIOKHBIX YIIIEBOAOB cieayrolee: kpaxmain — 25,10 %, kneTtyarka —
3,76 %. B BogHoii BoITsKKE (1:10) M3 1IEMT01030COACPIKAIIETO BOJIOKHA COJIEPKa-
HHUE BOJIOPACTBOPUMBIX colieit cocTaBisieT 5,21 /1. B TexHomornueckom mnpouecce
00pa3oBaHMs MCCIIEAYEMOTO MPOAYKTa B MPOU3BOJICTBE UCIOIB3YETCSI HEOPTraHuU-
YyecKasl KMCIIOTa, KOTOpasi BIMAET Ha 3HadeHHe pH coneBoil M BOAHOW BBITSKKH.
bbutn n3ydeHsl pU3NKO-XMMHUECKHE CBOMCTBA BOJIOKHA (Tabm. 1).

310 INDUSTRIAL ECOLOGY



Kypsenés U.P, Bacunenxo T.A. Bectauk PYJIH. Cepusi: Dxonorust u 6e3ormacHocTb xusHeaesTesbHocTr. 2026. T. 34. Ne 2. C. 306-320

Tabnmya 1. PU3NKO-XMMUYECKME CBOMCTBA LLeJJ1i0NI030COAEPXKALLEr0 BOJIOKHA

Moka3aTenb, eauHULLA UBMEPEHUS 3HauyeHue
A30T1/6enok, % 2,43 £0,24*/13,85 = 1,39*
Kpaxman, % 25,10 £5,02*
3ona/3ona, HepacTeopumas B HCI, % 1,16 £0,14*/0,04 £ 0,01*
Kanbuuin, % 0,03+0,01*
Llenntonosa, % 3,76 £0,75*
docoop, % 1,90 £0,38*
XKupbl, % 4,40 £ 1,23*
BnaxHocTb, % 47,00 £ 9,40
pH BoaHoOM BbITSIXKM (1:5), pH 4,22 +0,20*
pH BogHom BbITsXKKM (1:10), pH 5,41 +£0,20*
pH KCI 1M (1:5), pH 4,56 + 0,20*
ConecopepxaHvie BOAHON BbITSXKK (1:10), r/n 5,21+ 1,04*
OpraHuyeckoe BeLLLecTBo, % 51,84 +10,37*

*3HayeHus paclUMpeHHo HeonpeaeneHHoCTH Npu koadduumneHTe oxeata k = 2 1 ypoBHe A0Bepus NpnbananTensHo 95 %.

UcToqHuk: coctasneHo W.P. KypseHésbiM, T.A. BacuneHko.

Table 1. Physicochemical properties of cellulose fiber

Properties, Unit of measurement Values
Nitrogen/Protein, % 2.43+0.24*/13.85+1.39*
Starch, % 25.10 £ 5.02*

Ash/ Ash, Insoluble in HCI, % 1.16£0.14*/0.04 £0.01*
Calcium, % 0.03+0.01*
Cellulose, % 3.76 £0.75*
Phosphorus, % 1.90 +£0.38*
Fat content, % 4.40 +1.23*
Humidity, % 47.00 =9.40*
pH Distilled water extract (1:5), pH 4.22 £0.20*
pH Distilled water extract (1:10), pH 5.41 +0.20*
pH Potassium chloride solution, 1M extract (1:5), pH 4.56 +0.20*
Salinity Distilled water extract (1:10), r/n 5.21+1.04*
Organic matter, % 51.84 +10.37*

*Standard coverage factor k = 2 can yield an expanded uncertainty corresponding to a coverage probability of less than 95 %.

Source: compiled by I.R. Kurzeney, T.A. Vasilenko.

B nporiecce xpaHeHHs (KOTOPBINA COMTPOBOXKIAICS THHCHHEM TTOOOYHOTO TPO-
JyKTa) BIAXHOCTh M3MeHsack ¢ 47 1o 76%, a 3Hauenue pH BOIHON BBITSIKKH
(1:5) ¢ 4,22 no 7,54 enuaun pH. Beicokoe copepkaHne BIaXKHOCTHA HAOIIOMATOCh
Ha 10-i 1eHp XpaHeHusl. YBEIMUYEHUE BIAKHOCTH OOBSICHICTCS Pa3IoKEHHUEM pac-
TUTEILHOTO MaTepHuasia, KOTOPOe COMPOBOXKIACTCS BBIJACICHHEM BOIBI M YIIICKHC-
noro rasa. M3yuena koppensius BaaxHocTd u pH (puc. 2).

3oma, MONy4YeHHAs MPU CXKUTAHUU HCCIEeIyeMOoro o0Opasia mpH Temieparype
(600 + 5) °C, 6bu1a TpOaHATU3UPOBAHA METOJJOM PEHTTEHOBCKOM MU PAKINU TpU-
6opom ARL 9900 WorkStation (Ta6mn. 2). MccnenoBanue 307161 TO3BOJISET OMpee-
JTUTh MUHEPAJIbHYIO YaCTh UCCIEyeMOro oopasiia, B KOTOpOM MpeobIaaaroT clie-
pyromue okcubl, %o: SiO, — mo 51,30; PO, — no 17,63; A1,O, - 10,25; CaO - 7,55;
Na,O - 6,44; K,0 —4,05.
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OT KOJIMYEeCTBa OHEN eCTECTBEHHON depMeHTaunmn

UcTo4Huk: coctasneHo W.P. KypseHésbiM, T.A. BacuneHko.
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Natural fermentation of cellulose-containing fiber, days
—a— Humidity —e=pH Distilled water extract (1:5)

Figure 2. Dynamics of changes in pH of aqueous extract (1:5) and moisture content in cellulose-containing
fiber depending on the number of days of natural fermentation

Source: compiled by |.R. Kurzeneyv, T.A. Vasilenko.

Tabnvua 2. XMMU4ecKuii cCocTae 30J1bl LLeJUTI01I030CoAepXXallero BOJIOKHa

Okcunpg CopepxaHusa, %
SiO, 50,65 = 2,53*
P,O4 16,96 + 0,85*
AlLO, 10,12+ 0,51*
Ca0o 7,49 +£0,38*
Na,O 6,26 £0,31*
K,O 3,97 +0,20*
MgO 1,86 +0,19*
SO, 1,16 +0,23*
Fe,O, 0,82+0,16*

*3Ha4yeHns pacLUMPEHHON HeonpeaeNeHHOCTM Npu KoaddurumeHTe oxeaTta k = 2 1 ypoBHe A0BepUsi NpubananTensHo 95 %.

WctovHuk: coctaBneHo N.P. KypseHnésbiM, T.A. BacuneHko.
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Table 2. Content of elements in ash of cellulose fiber

Oxides Value, %
Sio, 50.65 + 2.53*
PO, 16.96 + 0.85*
ALO, 10.12+0.51*
Ca0o 7.49+£0.38*
Na,O 6.26 +0.31*
K,O 3.97 £ 0.20*
MgO 1.86+0.19*
SO, 1.16 £0.23*
Fe,0, 0.82+0.16*

*Standard coverage factor k = 2 can yield an expanded uncertainty corresponding to a coverage probability of less than 95%.

Source: compiled by I.R. Kurzeneyv, T.A. Vasilenko.

Omnpenenenre TOKCHIHOCTH BOHOM BHITSDKKH (1:10) u3 nccnemyemoro oopas-
ma TpoBOAHUIIOCH B COOTBETCTBHHU C Tpe6OBaHI/ISIMI/I ATTCCTOBAHHBIX MECTOAUK ono-
TECTHPOBAHHUS Ha JBYX pasHbIX TecT-00bekTax (Tadm. 3)'. ITo pesynsraram GuoTe-
CTHPOBaHUS 1IEIUTIOI030COACPIKAIIIE BOIOKHO OTHOCHTCS K [V Kitaccy omacHOCTH
(MaoomacHsIi ).

Tabnmua 3. CTeneHb HEraTUBHOIO BO3AECTBUS Ha OKPYXXaloLLelo cpeay

MpoponknTenbHOCTb

TecT-06bEKT "
HabnoaeHu, Yachl

OueHKa TeCTUpyemMo Npoobl

Hannymne ocTporo TOKCUYECKOro 4encTBus.

Ceriodaphnia affinis 48 BesBpenHas kpaTHOCTb pa3basneHns —100

Chlorella vulgaris 29 Hanunyne ToKCMYeckoro AencTaus.
Beijer BesBpenHas kpaTHOCTb pa3basneHns —100

UcToqHuk: coctasneHo W.P. KypseHésbiM, T.A. BacuneHko.

Table 3. The degree of negative impact on the environment

Unit Hours after start of analysis Conclusion

Ceriodaphnia affinis 48 The harmless dilution factor is 100

Chlorella vulgaris

. 22 The harmless dilution factor is 100
Beijer

Source: compiled by |.R. Kurzeneyv, T.A. Vasilenko.

! Ipuka3z Munnpupozst Poccun ot 31.03.2025 Ne 158 «OG6 yTBepKACHUN KPUTEPHUEB OTHECEHHMS
0TXO0ZI0B K [-V Kilaccam OmacHOCTH IO CTEIEeHH HETaTUBHOTO BO3ACHCTBHUS HA OKPYXKAIOLIYIO CPEmy»
(3aperucrpuposano 8 Munrocte Poccun 29.04.2025 Ne 82010). URL: https://normativ.kontur.ru/docum
ent?moduleld=1&documentld=494395 (nara oopamenus: 09.04.2026); [TH @ T 14.1:2:3:4.10-04 Tok-
CHKOJIOTHYECKHE METO/(bI KOHTPOJISL. MeTOoiKa H3MEPEHUH ONTHYEeCKOIT INIOTHOCTH KYJBTYPBI BOLOPOC-
mu xnopeuia (Chlorella vulgaris Beijer) 1uis onpeaeaeHns TOKCHYHOCTH MUTHEBBIX, MPECHBIX MPUPO/I-
HBIX U CTOYHBIX BOJI, BOJHBIX BBITSDKEK M3 TPYHTOB, IOYB, OCaJKOB CTOYHBIX BOJI, OTXOIOB IIPOH3BOICTBA
u notpednenus. OenepanpHas ciryx06a 1o Haa3opy B cdhepe npupoonosibp3oBanus. Mocksa, 2014. 36 c.;
JKmyp H.C. MeTtonyika ONpeiesICHUss TOKCHYHOCTH BOJBI M BOJHBIX BBITSDKEK M3 II0YB, OCAJKOB CTOY-
HBIX BOJI, OTXOZIOB TI0 CMEPTHOCTH M M3MEHEHHIO IUIONOBUTOCTH Lepuonaduuii. denepanbHblil peecTp
@P.1.39.2007.03221. Mocksa : AKBAPOC, 2007. 56 c.
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PesynbTaTtbl UICCNEegoOBaHUM

B kauecTBe OLIEHKH MUKPOOHMOJIOrMYECKON aKTHBHOCTHU OBLI BBITIOJIIHEH ITOCEB
Ha TBEPIBIX arapu3MpoBaHHBIX cpefax: arap Calypo; nurtarenbHas cpema Ne 1
I'PM n arap Oun0—I'PM. [loceB BOOHOM BBITSKKH U3 LIEJUIIOI030COAEPKALLETO BO-
nokHa (anmukBota 100-200 Mk B 3aBucuMOCTH OT pazbasinenuii (10, 15, 20, 30 pa3)
OCYIIECTBIISIICS B CJIEAYIOIINE HU TTocie otoopa: 1, 10, 20, 35-i.

[Tocne moceBa Ha TBepO# nmuTaTenbHOM cpene arap CaOypo BOIXHON BBITSIKKA
u3 ucciexyemMoro o0Opasia pa3BHUBAIMCh IJIECHEBBIE TPUOBI ponoB Penicillium,
Cladosporium (puc. 3). Okpacka KOJOHUU ONpeNemsieTcs IIIaBHBIM 00pa3oM IiBe-
TOM MacChl KOHUJIMI U B MEHBIICH CTENICHN — M3MEHEHUEM C BO3PACTOM I[BETA MU-
LEUsI U TIMTMEHTOB, BBIJICIISIEMBIX MM B CyOCTpaT.

Puc. 3. KonoHun muuenuvanbHbix rpubos pogos Penicillium (a, 6, e-3), Cladosporium (B, r)
Ha cpene Cabypo

Ucto4Huk: doTto WN.P. Kyp3eHéaa.
Figure 3. Colonies of mycelial fungi of the genus Penicillium (a, 6, e-3), Cladosporium (B, r) Sabouraud agar
Source: photo by |.R. Kurzenev.

MukpodoTorpaduu Criop U KOHUIUH TIPEICTABICHBI HA PUC. 4, IS ATUX IIe-
nei ucnonb3oBaics Mukpockon Levenhuk 870T ¢ mudposoii kamepoit Levenhuk
C800 NG 8M. XapakTepuCTUKH KOJTOHUH MHIICIIUMAIBHBIX TPHOOB CIIAYIOIIHE:

— KosioHuu poxaa Penicillium ymepeHHO TIyOOKHE; TUIOCKUE; Kpasi 1eJIbIe; MH-
LETTUH B IEHTPE KEINTHIH, MO KpasiM OeJIbIi; TEKCTypa XJIOMKOBAas; PEBEPC JKEITHIN;
KOHHMJIMU B Macce *eJThle; UMeeTcsl aKkceyaar (puc. 3, a, 6). Mukpockonuyeckoe
CTpOCHHE rpuda MpeaCcTaBiIeHO Ha puc. 4, 0;

— kononuu pona Cladosporium ymepeHHO ITyOOKHe, IUIOCKUE; Kpasl Lielble;
MUILEIHIA YePHBIH; TEeKCTypa XJIOMKOBAs; PeBEPC YEPHBIN; KOHUIUN B MAacCE TEM-
HBIE; IKCCYJAT OTCYTCTBYET (pHC. 3, 8, 2). bbU10 HccaenoBaHO MUKPOCKOTMYECKOE
cTpoenue rpubda (puc. 4, a);

— KOJIOHUM poga Penicillium ymepeHHo TiryOOKue; III0CKUE; Kpast LieJible; MULIE-
JWid B TIEHTpe Oypo-3eNeHbli, M0 KpasM UMEET CH30-3€JIEHYI0 OKaHTOBKY; TEKCTypa
XJIOTIKOBAST; PEBEPC JKENTHII; KOHUIUU B MAaCCE CEPO-3€JICHBIC; IKCCYAAT OTCYTCTBYET
(puc. 3 0, e). MUKpOCKOTIMYECKOE CTPOEHHUE Iprda MPEACTaBICHO Ha puc. 4, 6;

314 INDUSTRIAL ECOLOGY



Kypsenés U.P, Bacunenxo T.A. Bectauk PYJIH. Cepusi: Dxonorust u 6e3ormacHocTb xusHeaesTesbHocTr. 2026. T. 34. Ne 2. C. 306-320

— KoJIoHUH pona Penicillium ymepeHHo riyOOKUe; MIIOCKUE; Kpas Iielible; MU-
1enuiit 6esblid, COCTOSIINM U3 CIIETeHU Tr(, BOCXOAUT HaJ CyOCTpaToM; peBepc
MKEITBII; IKCCyaT OTCYTCTBYIOT (puc. 3, orc, 3). MUKpOCKONIMYECKOE CTPOSHHE TPH-
0a mpencTaBieHo Ha puc. 4, 2.

a

Puc. 4. Cnopsbl, CNOPaHrnm 1 KOHUONEHOCLbI MULLESTaNbHBIX FPMOOB MNO4 MUKPOCKOMOM
(yBenuyeHue 400x) ponos Cladosporium (a) v Penicillium (6-r)

Ucrounuk: doto U.P. KypaeHéga.

Figure 4. Spores, sporangia and conidiophores of flamentous fungi under a microscope
(magnification 400x) of the genera Cladosporium (a), Penicillium (6-r)

Source: photo by I.R. Kurzenev.

st pona Penicillium xapakTepHO CIIOpOBO€ cTpoeHue (puc. 4, 6—), KOHUIHe-
HOCIIBI CENITUPOBAHHBIC, HA KOHIIE UMEIOT KHUCTOUYKY, KOTOpast MOXKET OBITh TpeX-
WM 4YeThIpexbsipycHas. KoHuaueHoCbl 3aKaHUYMBAIOTCA OJAMHOUYHBIMH KJIETKaAMH
cniop. Konnnuu pona Cladosporium hopMupyrotcs B BUjie JITUHHBIX, TPAKTUYECKU
HE Pa3BETBJICHHBIX KOHUIUECHOCIIEB (PUC. 4, a); KOHUIUU UMEIOT OJIeTHO-OJUBKO-
BBI L[BET, [VIa/IKOCTEHHbIE.

Ha tBepnoit nurarensHoi cpene ' PM-arap nociie moceBa BOIHOW BBITSKKY U3
HccleIyeMoro oopasua ObUTH OOHApYXKEHbI MPEANONIOKUTEIHLHO APOXKKH POJOB
Saccharomyces, Schizosaccharomyces, ¢ XapaKT€pPHbIM «XJEOHBIM» 3alaxoM
u 6akrepuu pona Bacillus (puc. 5).

XapaKkTepuCTUKU KOJOHUHM poaa Bacillus (puc. 5): konoHuu OakTepuil cyxue,
MEJIKOMOPIIMHUCTBIE, OapXaTHCThie, KpeMoBble. Kpaii KOIOHWU BOJHUCTBIN; M-
METp KOJIOHUH OT 3 110 12 mMm.
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Puc. 5. O6wuii Bug opoxokeli ponos Saccharomyces, Schizosaccharomyces n 6aktepuii
popa Bacillus B Yawkax MNeTtpu Ha cpeae N'PM-arap

Ucrovnuk: doto U.P. KypaeHnéga.

Figure 5. General appearance of yeasts of the genera Saccharomyces, Schizosaccharomyces and bacteria
of the genus Bacillus in Petri dishes on GRM agar medium

Source: photo by I.R. Kurzenev.

XapakTepUCTUKN KOJNOHUH pomoB Saccharomyces, Schizosaccharomyces
(cM. puc. 5): hopma KoNOHMIA KpyTJIasi; AUaMETP KOJOHUH OT 2 10 9 MM; I[BET MO-
JIOYHBIH WK OCITbIiA; TOBEPXHOCTH IaiKasi. [Ipu cTapeHnn BET KOJIOHUH TEMHEET.
Knetku pona Saccharomyces umerot oBasibHy10 hopmy, a pona Schizosaccharomy-
ces — NaJIOYKOBUIHYIO.

PacueT xonuyecTBa KOJOHUEOOPA3YIOIIUX CIUHHII HA TPAMM PAaCTUTEILHOTO
BosiokHa (X, KOE/T) ¢ mepecueTroM Ha aOCOTIOTHO CYXYIO HABECKY OCYIIECTBIISICS
o gopmyiie

CFU -10"
pamp2iciiCialls

vk )

rae Y, CFU — Konmu4ecTBO KOJIOHHH B OJHOM Yalike, MT.; kK — ko3 duumeHT me-
pecdera Ha abCONIIOTHO CyXyro HaBecKy (1 — W); W — BiIaxkHOCTH 00pasia, 101
€IMHULbI; 1 — CTENEeHb pa3BelleHusl, U3 KOTOPOro celaH Ioces; V' — o0beM
AJIMKBOTHI BOAHOM BBITSKKU U3 00pasla.

Pe3ysbTaThl mojicuera KoJMM4ecTBa MUKPOOPTaHU3MOB IIPE/ICTaBIeHa B Ta0I. 47,

C yBenuueHrueM KOJIMYecTBa AHEH SKCIIOHUPOBaHUS HaOII01a1ach TeHICHIUS
K YBEITMYCHHUIO YMCJIa MUKPOOPTaHU3MOB B PacCTUTEIHLHOM BOJIOKHE (Tabi. 4). Ha
TBEPAOW MUTATEIBHOU cpele DHIO0 MOCie OCeBa BOJHON BBITSIKKHU U3 UCCIEIye-
Moro oOpasia Ha 35-if 1IeHb eCTEeCTBEHHOU (pepMeHTaIlMU ObLITU OOHAPYKEHBI KO-
JIOHUU 3HTepobakTepuil pona Escherichia: nakro300TpuLaTeNnbHble OAKTEPUU PO-
30BOT0 OTTEHKA (pHUC. 6, @) U TAKTO30IOJIOKUTEIbHBIE MATMHOBO-KPACHBIE KOJIOHUH
¢ MeTaJuIMYecKoM OieckoM (puc. 6, 6). bbul npoBeaeH skcnpecc-TecT Ha 0OHapY-

2 TOCT 33379-2015. VYnobpenust opranudeckue. MeTojbl ONPEIEICHAS HAINYMS [aTOTeHHBIX
U YCJIIOBHO-TIATOICHHBIX MHKPOOPraHW3MOB : odunmansHoe u3manue. Mocksa : Cranmaptuadopm,
2016.31 c.
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KEHUE ITUTOXPOMOKCHIA3bl OaKTepuii ¢ mcmoiab3oBaHueM monocok OXltest, pe-
3ylbTarT TecTa — oTpuuarenabHbid. Okpacka mo I'pamy mokazana Hanudue
IpaMOTpUIIATENbHBIX OAKTEpUil.

Tabnvua 4. PacyeT KonnM4YecTBa KOJIOHMeoOpasyioLwme eauHUL, Ha FfpaMM BOJIOKHA
Ha NUTaTesibHbIX cpepax

iﬂewp‘:ﬂ ':::lif: Opr;:z:f;’;gz: o, °C rPM-arap, KOE/r 3upo-arap, KOE/r
1 +23 18:10"5** -
10 +18 23.1020%* -
30 +10 28-1020%* -
35 +7 18.10%%* 710’5

**TMpun =20, p<0,05.

UcTo4Huk: coctasneHo U.P. KypseHésbiM, T.A. BacuneHko.

Table 4. Colony-forming unit

Days from the _moment Ambient ttoemperature, bgé?.vgggstd :;r:r, Growth medium Endo
of selection C CFU/g agar, CFU/g
1 +23 18-1015** -
10 +18 23-1020** -
30 +10 28:1020%* -
35 +7 18-1080** 7-10"°

**Forn=20,p<0,05.
Source: compiled by I.R. Kurzeney, T.A. Vasilenko.

e °

Puc. 6. SHTepobaktepumn poga Escherichia:
a — JTaKTo300TpuLaTesnbHble 6aKTepVII/I PO30BOro OTTEHKA; 6 — NaKTO30MOJIOXUTENbHbIE MaJIMHOBO-KPACHbIE KOJTOHUN
C MEeTaNIM4ecknm 61eckom

Necrounuk: doto U.P. KypaeHnéga.

Figure 6. Enterobacteriaceae of the genus Escherichia:
a — lactose-negative bacteria of pink color; 6 — lactose-positive colonies of raspberry-red color with a metallic sheen.

Source: photo by I.R. Kurzenev.
PesynbTaTtbl UCCNEeaoOBaHUMN

[ennmrono3oconep:xkaliiiee BOJOKHO SBISETCSA MOOOUHBIM MPOTYKTOM B MPOU3-
BOJICTBE KOPMOBBIX JT0OABOK MHKPOOMOJIOTHYECKHM CIIOCOOOM IS KUBOTHBIX.
OO6pasyetcst U3 3epHOBBIX KYIbTyp nocie Gpepmentanuu. [IpoayKT cocTouT U3 cie-
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JYIOIIMX KOMIIOHEHTOB: BiIaxHOCTh — 47,00 %; 30ma — 1,16 %; oprannueckoe
BemiecTBo — 51,84 % (B Tom uncie kpaxman — 25,10 %; xxupst — 4,40 %). B 3071€
npeobnanaroT okeupl: kpemuus SiO, — o 51,30 %; dpocdopa PO, — mo0 17,63 %;
amomunus Al O, — o 10,25 %. Coznepkanne azora u pochopa B UCCIETyEMOM
obpasne cocraiset 2,43 u 1,90 %. MccnenoBana 3aBUCUMOCTh M3MeHeHHs pH,
BJIQXKHOCTHU OT BPEMEHU XPaHEHUS [EJUTI0N030CoIepsKallero BojiokHa. B mpouecce
€CTECTBEHHOU (pepMEeHTAINK YBEIHUMUBACTCS BIXKHOCTh ¢ 47 1o 76 %, a Taxxke
crabunusupyertcs 3Hauenue pH ¢ 4,22 no 7,54. bein n3yuyeH MUKPOOHOLIEHO3 ITy-
TEM TI0CeBa BOIHOM BBITSKKU U3 00pa3iia Ha TBEP/Ible arapu30BaHHbIC Cpe/ibl. BhI-
SBJICHBI MHKPOOPTaHU3Mbl, OTHOcsAlmecss K ponam: Penicillium, Cladosporium,
Bacillus, Saccharomyces, Schizosaccharomyces n Escherichia. KonnuecTtBo Mu-
KpOOPraHMW3MOB BO3PACTAET C POCTOM CPOKa XpaHEHUsSI TPOYKTa, KOTOPBIN SIBIISIET-
csi OmopasnoraeMbIM M TIOJBEPKEH THHCHHUIO. CTENeHh HEraTUBHOTO BO3/ICHCTBUS
Ha OKpyXkarolyro cpeny — IV.
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leoakonornyeckas oueHKa CTPYKTYPHOU YCTOMYUBOCTU
ropHOro ropoga Ha ocHoBe MOp@dOJIOrM4ecKoro aHanusa
n metopa CRITIC
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AHHOTanus. TopHble Topoja XapakTepHU3yHOTCsl BBICOKONH MPOCTPAHCTBEHHON HEOIHO-
POAHOCTBIO, OTPAaHUYCHHOCTBIO MIPUTOAHBIX AJISl 3ACTPONKU TEPPUTOPUIl U MOBBIIIEHHOI ys3-
BHUMOCTBIO K aHTPOIIOTEHHOMY BO3/ICHCTBUIO. ABTOpaMU MPEACTABICH MOAXOM K OLEHKE MpPo-
CTPaHCTBCHHOW CTPYKTYpbl M SKOJIOTHUECKOH yCTOMYMBOCTH TOPHBIX TOPOJOB Ha OCHOBE
UHTETPAILHOTO MHJEKCA CTPYKTYPHO-IUIAHHMPOBOYHBIX MOKa3aTenei, armpoOUpOBaHHBIN Ha
npumepe I. BnaguBoctok. MHaekc chopMUpOBaH ¢ HCIOIb30BaHUEM MOKA3aTeNei, XapakTepu-
3yIOIUX CTPYKTYpPy BOJHO-3EJICHOTO Kapkaca ropoia. CTpYKTYpHbIE 3JIEMEHTHI 3€JICHOM MH-
(pacTpyKTypbI BbIIEIEHBI METOI0OM MOP(OJIOrHYECKOTO IPOCTPAHCTBEHHOr0 aHanu3a (MSPA),
Beca nokasareneit onpenenens! MmerogoM CRITIC ¢ yuetom ux BapuaOeslbHOCTH M B3aUMHOM
koppensiuu. IlomydeHHBI MHIEKC MO3BOJMI BBISIBUTH BBIPAKEHHYIO MPOCTPAHCTBEHHYIO
muddepeHmaiio KOIOrHIECKOH YCTOHUNBOCTH TeppuUTOpur BraguBocTOKa, CBSI3aHHYIO
C 0COOEHHOCTSIMU pelbeda, INIAaHUPOBOYHONW CTPYKTYPBI U (PyHKIIMOHAIBHOTO 30HUPOBAHMUS.
Pe3ym>TaT1>1 HCCIICAOBAHUA ACMOHCTPUPYIOT BO3MOXXHOCTHU HCIOJb30BaHHUA IMPCATIOKECHHOIO
[IOJXO/A AJIS BBIBJIEHUS YSI3BUMBIX U PE3E€PBHBIX TEPPUTOPHUM U €r0 MPUMEHEHH S IIPU 30HUPO-
BaHUU MPUOPUTCTOB O3CJICHCHUS, YCTAHOBJICHUSA MPUPOAOOXPAHHBIX PEIKUMOB U HNPOCTPaH-
CTBCHHOTO IJIaHUPOBAaHUA OPHBIX TOPOJOB.

KnaioueBble cjioBa: HKolormyecKkas YCTOMYMBOCTB, 3eieHas mHppacTpykrypa, MSPA-
aHaJIn3
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3asiByieHre 0 KOH(INKTE HHTEPeCcOB. ABTOPHI 3asBIISIOT 00 OTCYTCTBUHU KOH(IUKTA UH-
TEpPECOB.

3asiBiIeHHE 00 HCI0JIb30BAHNH TEXHOJIOT A HCKYCCTBEHHOI'0O MHTE/IJIEKTA. le/l co3aa-
HHUU HACTOSIIEH CTaThbU TEXHOJOTUH TCHCPATUBHOI'O UCKYCCTBCHHOI'O MHTCIIJICKTA HE UCIIOJIb-
30BAJIMCh.

3asiBjieHHe 0 JOCTYIMHOCTH AAHHBIX. J[aHHbBIE, HCII0JIb30BAHHBIC B ATOM HCCIICIOBAHHH,
MOTYT OBITh ITPEIOCTABICHBI aBTOPOM 10 000CHOBAHHOMY 3aIIPOCY B CBSI3H C CYIICCTBEHHBIM
00BEMOM.

Hcropus craTbu: noctynuia B penakuuio 24.12.2025; nopaboTtana mociie perieH3npopa-
Hust 13.02.2026; npunsita k myonukamuu 06.02.2026.

Jdast mmrupoBanus: Kyuep /I.E., /Imumpues B.A. T'eoskonornyeckasi oreHKa CTpPyKTyp-
HOM yCTOMYMBOCTH TOPHOTO TOpo/ia Ha OCHOBE MOpQonoruyeckoro anaiauza u metoga CRITIC //
Becrauk Poccuiickoro yausepcutera apyx0bl HaponoB. Cepust: DKonorus 1 0€301acHOCTb JKU3-
HenesTenbHoCTH. 2026. T. 34. Ne 2. C. 321-333. http://doi.org/10.22363/2313-2310-2026-34-2-
321-333 EDN: PEWZWI

Geoecological assessment of the structural stability
of a mountain city based on morphological analysis
and the CRITIC method
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Abstract. Mountain cities are characterized by high spatial heterogeneity, limited territories
suitable for development, and increased vulnerability to anthropogenic impact. The research
presents an approach to assessing the spatial structure and environmental sustainability of
mountain cities based on an integral index of structural and planning indicators, tested on the
example of Vladivostok. The index is formed using indicators characterizing the structure of
the city’s water-green framework. The structural elements of the green infrastructure were
identified by the method of morphological spatial analysis (MSPA), the weights of the indicators
were determined by the CRITIC method, taking into account their variability and mutual
correlation. The obtained index made it possible to identify a pronounced spatial differentiation
of the ecological stability of the territory of Vladivostok, related to the features of the relief,
planning structure and functional zoning. The results of the study demonstrate the possibilities
of using the proposed approach to identify vulnerable and reserve territories and its application
in the zoning of landscaping priorities, the establishment of environmental protection regimes
and spatial planning of mountain towns.

Keywords: mountain cities, geoecological assessment, environmental sustainability, green
infrastructure, MSPA analysis
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BeeneHune

I'opHble roposia 3aHUMAIOT 0C000€ MECTO Cpeu YPOAHU3UPOBAHHBIX TEPPUTO-
puii, GOpMHPYACH B YCIOBHUIX T€OMOP(HOIOTHIECKON HEOAHOPOJHOCTH, BHICOKON
CTENeHHU PACUICHEHHOCTH TEPPUTOPHUU U BBIPAKEHHOW BEPTUKAJIbHOI 30HAIBHO-
cti. C TOYKH 3pEHUS HKOJIOTUYECKOTO OJIarornoiyyusi TOpHbIE TOPOAA MPEACTaBIs-
10T c000# 0COOEHHO YyBCTBUTENBHBIE K @aHTPOIIOTEHHOMY BO3/I€HCTBUIO TEPPHUTO-
pun. B mmpokom cMbIciie K TOpHBIM rOpoiaM JI0IyCTUMO OTHECTH T€ HACEJIEHHbIE
IIyHKTBI, KOTOPbIE TOJHOCTHIO UJIU CYIIECTBEHHO PACIIONIOKEHBI B Mpe/esiax rop-
HBIX TeppuTOpHii [1].

B pamMkax HacTosIIero uccie0BaHus Mo/l TPAaHUIIAMU TOPHBIX TEPPUTOPUIL MTO-
HUMAIOTCS IPEJIJIOKEHHBIE B paMKax pador [2; 3].

I'opHble roposa OTIMYAIOTCSI OTPAHUYEHHOCTHIO MOJAXOSIIMX IS 3aCTPONKU
TEPPUTOPHUI, BBICOKOH CTOMMOCTBIO IEpeMeIIeHus, (pparMeHTUPOBAHHOCTHIO,
00JIBIION CTENEHBIO 3aBUCUMOCTH OT OIACHBIX Fe0JI0THUECKUX MporeccoB. B aTux
YCIIOBUSIX 0CO0YI0 3HAUUMOCTb IPUOOPETAET aHAIU3 IIPOCTPAHCTBEHHOM CTPYKTY-
PBI TOPHBIX TOPOJIOB, MO3BOJISIONINM BBIIBUTH 3aKOHOMEPHOCTH B3aUMOJICHCTBUS
penbeda, 3aCTPONKH, TPAHCTIOPTHON CETH U IPUPOTHBIX dJIEMEHTOB [1].

CornacHo UCHOJIb3YyEMBIM JAHHBIM TOpPHBIE TEPPUTOPUM 3aHUMAKOT 27,6 %
tepputopun Poccuiickoit denepaiuu, B UX Mpeaenax pacnoiaoxeHo 186 Hacenen-
HBIX ITYHKTOB, OTHECEHHBIX K TOPOJICKUM, U MPOXKUBAET MpUMEpHO 55,1 MiIH yerno-
Bek (2024 )"

B pamkax nacTosmieil paboTbl mpeziaraeTcsi K pacCCMOTPEHHIO Pe3yJbTar Hc-
CJIEI0BAaHUs IIPOCTPAHCTBEHHON CTPYKTYPBI U OKOJIOTMYECKON YCTOMYUBOCTH TOP-
HbIX ropoaoB Poccuiickoit denepannn Ha npuMmepe ropoaa BiaausocToka, BBINON-

! YucnenHocTh HaceneHus: Poccuiickoit denepaliuu Mo MyHULIUIATLHBIM 06pasoBanusM // Dee-
pasibHas ciyk0a rocyJapCTBEHHOW CTaTUCTUKH : oduimanbHbli caift. URL: https://www.rosstat.gov.ru/
compendium/document/13282 (nara obpamenus: 26.10.2026).
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HEHHBIH B (hopMaTe MPOCTPAHCTBEHHOTO MHIEKCA CTPYKTYPHBIX IJIAHUPOBOYHBIX
nokasarenei. Hiekc OpueHTUPOBaH Ha BBISBICHUE M KOJUYECTBEHHYIO OLIEHKY
KITIOUEBBIX AJIEMEHTOB «3€JICHOTO» KapKaca ropoja W CTENEHU WX HHTErparuu
B IUIAHUPOBOYHYIO CTPYKTYPY TEPPUTOPUH. TakuM 00pa3oM, yenvio ucciedo8anus
sBIIseTCA pa3paboTka M anpolaius MPOCTPAHCTBEHHOTO HHIEKCA CTPYKTYPHBIX
MoKa3aresenl TOPHbIX TOPOJIOB.

MaTtepuanbl u meToAabl

BnaauBocTOK — aIMMHUCTPATUBHBIN U SKOHOMUYECKUi LeHTp [Ipumopckoro
kpas 1 [laneHeBOoCcTOYHOTO (pesiepanbHOro okpyra. l'oposa pacmonaraercs Ha Moiy-
ocTpoBe MypaBbeBa-AMypCKOro, B COCTaB ropojia Takke BKIIIOUEHbI ocTpoBa Pyc-
ckuit, [ToroBa u np. B pamkax mccnemnoBanusi . BnaguBocTOK aHAIU3HPOBAIICS
B Mpezesax aJMUHUCTPaTUBHON TEPPUTOPUHM TOPOJCKOro okpyra BrmaguBocTok
wiomaasio 757 km?. Tepputopus ropoaa pasHooOpasHa B pelibe(HOM IIaHE —
MIPEJICTaBICHbI IPUMOPCKHE PABHUHBI, TOMMBI PEK, HU3KOTOPbS U CPETHETOPBS.

3eneHslii KapKkac TOPOIOB TPATUIIMOHHO PACCMATPUBACTCS KaK SKOJIOTHIECKOE
sinpo ropona (puc. 1).

[ ] MpaHnubl 3eneHbix TeppuTopuit

Puc.1. Cxema 3eneHoi nHdpacTpykTypbl Bnagueoctoka

HcToqHuk: BeinoNHeHOo B.A. IMUTPUEBBIM.
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3enieHble 30HBI SBISIFOTCS 30HAMU KOHIEHTpaluu Onopa3HooOpasus, 1eMoHH-
pOBaHUS 3arps3HUTENCH, 3aUUTON OT Apo3uu [4]. O3eneHEeHHbIE TEPPUTOPUN paC-
CMaTPUBAIOTCS MHOTUMH HCCIICIOBATEISIMHU KaK sIpa JKU3HECIIOCOOHBIX IOIYIIs-
LMW TOPOJCKUX KUBOTHBIX U pacTeHuit [4-9].

K mapamerpam 3ei1eHbIX 30H OBLIO MPEIOKEHO T00aBUTH «TOIy0yI0» COCTaB-
JISIOLTYI0 HHMPACTPYKTYphI Toposa. «l oy0oii» kapkac ropoja BhIMOIHSET KITtoue-
BYIO POJIb B JIpEHAXKE M OTBOJC CTOKA, KPOME TOTO, JIUISi TOPHBIX TOPOJIOB BOJIHEIC
OOBEKTHI SBJISIFOTCSI OCHOBHBIM MCTOYHHKOM IMPECHOU BOJIBI, (POPMUPYIOT MOPGO-
JIOTUYECKYI0 CTPYKTypy roponoB [10]. Poms BogHOTO Kapkaca oOyCIOBIMBAETCS
HE0OXOMMOCTBIO YIIPABJIATH HE TOJIBKO BOJAHBIMH peCypcaMiu, HO U CHUXKATh BITHU-
SITHHE OMACHBIX MPUPOIHBIX MPOIECCOB, TAKUX KaK CEJU, HABOAHEHUSI, YMEHbBIIIATh
BIIMSIHUE TOPOJICKOTO OCTPOBA TEIUIA, MOAIEPKUBATh Onopaznoodpasue [11; 12].

Pacuer nmepeMeHHBIX MPOU3BOIMIICS KaK Ha BCIO TEPPUTOPHIO T. BIIaTMBOCTOK,
Tak u 1o cetke. CeTka mpecTasisiia co00i COBOKYMHOCTh KBaapaToB 1,5%1,5 km,
OXBATHIBABIIMX HCKIIOYUTEIHFHO TEPPUTOPUIO AJAMHUHHUCTPATUBHBIX TPAHUI] T.O.
BrnanuBocrtok. B Tabmn. 1 mpencraBieH cBoj mokasarenel nHaeKca.

Tabsivya 1. AHaNU3MpyeMblie NepeMeHHble

EnvHnua

Ne NepemeHHas KpaTkoe onucaHue
n3MmepeHus
1 Jlons «M30AMPOBaHHbIX» 3€NEHbIX %
" | TeppuTOpUi
Jonsa «anepHbIX» y4HaCTKOB 3e/1EHbIX TEPPUTOPUIA
OT 06LLel nnowann. «AaepHbie» yHacTKu 3aHuU-
2. | Donsa «apep» % Manu cymmapHo 42,1 % tepputopumn

r.o. Bnagnsoctok. MeguaHHoe 3HayeHne gonm
no ceTke coctaBuno 21,2 %, meamaHHas nio-
wanb no cektopam — 17,2 ra

KonnyecTso nHansmayasnbHbIX 3eneHbIX 06b-
€KTOB Ha KBaApaTHbI kninomeTp. MeamaHHoe

3 CDpaI'MeHTVIpOBaHHOCTb 3€eJIEHbIX

o wr./ra
TeppuTopui 3HayYeHne GparMeHTUPOBAHHOCTMN COCTaBWIO
2,67 wr./ra
O6ecneyeHHOCTb 3e1IEHBIMU KonnyecTBO ra 3eneHbix 30H Ha 1 yenoseka
4. |30oHamMu Ha 1 4yenoBseka B Npeae- M?/uen. B Npeaenax newemn 4oCTYNHOCTU OT XUbIX
nax KPUTEPUEB AOCTYNHOCTU 30aHni
KonnyecTBO KpaCHOKHUXHbIX BUAOB, 3adUKCU-
BcTpeyaeMocTb KpaCHOKHUXKHbBIX
5. wr./ra pPOBaHHbIX B Npefeniax Tepputopum, B nepecyeTe
BMAoOB Ha 1 ra
Ha nowanb
OISl PyCesl, 3aKPbITbIX KAaHANN3aLmen oT obLeln
6. | Jons 3akpbITbix pycen % A pycen, P o m
NPOTSHXXEHHOCTM pycen B Nnpefenax ropoga
. CyMMapHast AnnMHa OTKPbITbIX BOLOTOKOB Ha
7. |MNOTHOCTb BOAHON ceTn KM/KM? y p A P A
e[VHMLY nioLaam
8 Jlons BOOOOXPaHHbIX 30H, CoXpa- % Jona BooooxpaHHbIX 30H 6e3 3aCTPONKN U UC-
" | HUBLUMX NPUPOOHbIN XapakTep KYCCTBEHHOI O MOKPbITUS

HcToyHumk: coctaBneHo B.A. IMUTpUEBLIM.

HepeMeHHme, CBA3AHHBIC C 3CJICHBIMU TCPPUTOPUAMH, OCHOBBIBAIOTCS Ha
naHHbIX [13]. B xadecTBe «3€MeHOW» paccMaTpUBAIUCh TEPPUTOPUU C TIOTHO-
cThI0 KpoH 0osee 10 %, 9TO MO3BOJIMIIO OTCEYb CITyYalHO ONPEICTICHHBIC TUKCEIIH.
Bcero teppuropus 1. BnaauBocTok B mpeienax aiMUHUCTPATUBHBIX IPAHULL O3€JIe-
HeHa Ha 55,0 %.
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[TepemeHnHrbIe, CBSI3aHHBIC C OMOPAa3HOOOpa3ueM, OB PaCCUNTAHbI HA OCHOBE
JAHHBIX HAOIIIOMEHUSAX MOJIb30BaTeNCi OTKphITOM atdopmbl iNaturalist’. TTapa-
METpBI, CBSI3aHHbIE C BOJHBIMU OOBEKTAMH, ObUIM MOJYYEHBI HA OCHOBE JaHHBIX
Open Street Map. Hacenenue mo 3qanusM ObLIO pacCYUTAaHO MCXOAS M3 CpeIHEH
00€CIIeYeHHOCTH KHUIbeM B 26,6 M? )KUIIOMN IITOIIAIN Ha YETOBeKa® M TAaHHBIX O JKH-
JIOH TJIOINAIN JTOMOB®,

CBSI3HOCTH 3€JIEHBIX TEPPUTOPUIN C BOIHBIMH OOBEKTaMU ONpEeNsiach Ha
OCHOBE NIEPECEUCHHUS] €IUHUIL 3EJICHBIX TEPPUTOPUN — CKBEPOB, MAPKOB U JIECHBIX
MacCHBOB C BOJAOOXPAaHHBIMHU 30HaMHU peK U Mops. CBs3HOCTH coctaBuia 46,1 %
B CPEAHEM IO TOPOJICKOMY OKPYTY.

Jlomnst BOMOOXpaHHBIX 30H, COXPAaHUBIIUX MPUPOIHBIN XapaKTep, OICHUBAIACH
Ha OCHOBE OTKPBITHIX JAHHBIX U JAHHBIX JUCTAHIMOHHOTO 30HIUPOBAHUS,

B pamkax Hacrosel paboThl TPUMEHEHBI METObI TEOMH(POPMAITIOHHOTO MO-
nenupoBaHus, BKIouass MSPA-ananu3, nmpoBeneHs! npenodpaboTka JaHHBIX, IPO-
BEpKa HE3aBHCHUMOCTH TOKa3aTesiei, OlleHKa BECOB HCCIEAYEMbIX MEPEMEHHBIX,
pacyeT MHTETPaIbHOTO UHJIEKCA.

MSPA-ananu3 — 3T0 METOJ MPOCTPAHCTBEHHOTO aHAJIN3a, OCHOBAHHBIM Ha
MaTeMaTH4eCKOM MOP(HOJIOTUH PACTPOBBIX IAHHBIX M MPEIHA3ZHAYEHHBIN 17151 op-
MaJIM30BaHHON KJIACCHU(UKAIINK 3€JICHBIX TEPPUTOPHI HA CTPYKTYPHBIEC SJIEMEHTHI
AKOJIOTMYECKOTO KapKaca (sipa, MOCTBI, KOPUAOPHI, OTBETBICHHUS, Kpasi U U30JIUPO-
BaHHBIC MSTHA) C IEJIbIO OLIEHKU LIEJIOCTHOCTH, CBSI3HOCTH M MPOCTPAHCTBEHHOM
OpraHu3aIyy 3eJeHOo HHPPACTPyKTyphl Topoaa [14]. B pamkax Hacrosimiei pado-
ThI B pe3ynbrate MSPA-aHanmu3a ObUIO BBIZICTICHO 9 THIIOB 3€JICHBIX TEPPUTOPUH,
nmoxpoOHOE OMUcCaHue JaHo B Ta0. 2.

ObecniedeHHOCTD 3€IeHBIMU 30HaMU Ha | yenoBeka B Ipefiesiax KpUTepUeB J0-
CTYITHOCTH PaCCUMTHIBANIACh UCXO/S U3 IJIOMIAAH 3€IEHOT0 00BEKTa U €T0 AOCTYTI-
HocTH. [Tapku 1 3e1eHble TEPPUTOPUH TOTYCTUMO PA3AETUTh Ha CIEAYIOLIUE KaTe-
TOpUM: TApKH PAllOHHOTO 3HAYEHHUs, MAPKHU OOIIETOPOJCKOTO 3HAYCHHS, MapKH
PETHOHANBHOTO U (peIepalIbHOTO 3HAYCHHUS, OJTHAKO B paMKaxX HACTOSIIETO UCCIIe-
JIOBaHUSI TIAPKU PETHOHAIBHOTO M (pe/IepabHOTO 3HAYCHUS HE BBIICISUTUCH . Tak-
K€ Ha OCHOBAaHHMH PETHOHAIBLHOTO KpHTEpUsi I. MOCKBBI® TOMYyCTHMO BBIICIUTH

2 iNaturalist. URL: https://www.inaturalist.org/ (gara obpauenus: 26.01.2026).

> O0BbeM BBECHHOTO B IKCILTyaTalUo Kiuibsi B [Ipumopse Beipoc Ha 7 % // PBK : oduimansHblii
caiit. URL: https:/prim.rbc.ru/prim/interview/19/11/2025/691cfe979a794767fc2b1850?ysclid=mnofm§
ukyh293640682 (nara obpamienus: 26.01.2026).

* Otkpeithic qanubie // Oona passutus Tepputopuii. URL: https:/Burpuna.dpr.pd/opendata?gid=
2213474&page=1&pageSize=32 (nara oOpamienus: 26.01.2026).

> CII 475.1325800.2020. Csop mpasmi. Ilapku. IIpaBmia rpafoCcTpOUTEIBHOTO TPOSKTHPOBAHHS
u OnaroycrpoiictBa (yTB. 1 BBeJeH B aeicTBue [Ipukaszom Munctpos Poccun ot 22.01.2020 Ne 26/mp).
URL: https://sro-a.ru/upload/medialibrary/b54/SP-475.1325800.2020.-Svod-pravil.-Parki.-Pravila-gra-
dostroit.pdf?ysclid=mnofpwr051357199787 (nara obpaienus: 26.01.2026).

¢ ITocranosienne [IpaBurenscrBa Mocksel oT 06.08.2002 Ne 623-I1IT «O06 yrBepxaennn Hopm
Y MIPaBUII TPOCKTUPOBAHMSI KOMILICKCHOTO OaroycTpoicTsa Ha Teppuropuu ropoaa Mocksst MI'CH 1.02-
02». URL: https://www.mos.ru/upload/documents/files/4323/623-PP.rtf (nara obpamenus: 26.01.2026).
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CKBEphl KaK €IMHULBI 3eJIeHONM HHGPACTPYKTYpbl, IUIOMIAJbI0O MEHbIIE MapKa.
B Tabn. 3 npeacraBiieHbl KpUTEPUH BBIJEIICHUS PA3TUYHBIX THIIOB 3€J1eHOM H(ppa-
CTPYKTYPBI U PEKOMEHIAIIUH 110 UX JOCTYIMHOCTH.

Tabnmua 2. Knaccbl 3eneHov uHGpacTpyKTypbl, Noay4eHHble B pe3ynbtate MSPA-aHanusa

Ne Knacc OnucaHune
1. |[Apean BHyTpeHHMEe YaCcTV OTHOCUTESIbHO KPYMHbIX 4ep
2. | BHyTpeHHuin bydep MepudepunitHasa nonoca no NnepuMeTpy sapa
3 |3amms Mepdopaumsa, paspblB B KpaeBoi 4acTun aapa, CBA3aHHas C 3anevyaTaH-
' HOWM nnowanbo
4. | Kopuoop OneMeHT, CoeamHsaLWNN Mexay coboi asa nobbIxX SAEPHbIX apeana
5. [Kpan MepudepninHaa nonoca nNo NnepuMeTpy aapa
6. |OcTtpoB M3011poBaHHbIN dparMeHT
YacTn4HO N30IMPOBaHHBIM GparMeHT, COeAUHEHHbIN C KpaeM SAepHOro
7. | OTBETBNEHME P ®p A P HEP
apeana
8. |nems ONeMEHT, MPUYNEHSIOLLNIA K 94pY HEOONbLLOE NPOCTPAHCTBO HEO3Ee-
' HEHHOW TeppUTOPUN
HebonbLuoi no nnowaam paspbiB BHYTPEHHErO apeana, packpbiBato-
9. |PaspbiB LI NUKCENN HeO3eNeHEHHO TEPPUTOPUN, CO BCEX CTOPOH OKPYXKEH-
HblIli 3€N1EeHbIMY 30HAMU

UcToyHumk: coctasneHo B.A. IMnTpuesbiM C ncnons3osaHvem [13].

Tabnyuya 3. Kputepun BbigeneHns TUNoB 3e1eHOoi NHPPaCTPYKTYPbI

Ne Tun 3eneHom MHPPaCTPYKTYPbI Kputepwuii nnowaan Kputepuit poctynHocTun
1. | Ckeep Ho0,5ra 400 m
2. | Mapk paiOHHOro 3HaYeHUs 2-10ra 20 MuH
3. | Mapk o6Leropoackoro 3Ha4eHus Bonee 10 ra 45 MuH

UcTtoyHuk: cocTtaBneHo B.A. Imutpuresbim ¢ ncnonb3oBaHnem: CIM475.1325800.2020. Copg, npasui.
Mapku. MNpaBuna rpafocTPONTENBHOMO NPOEKTUPOBaHWS 1 BnaroycTponcTaa
(yTB. 1 BBeaeH B aericteue MNpukazom MuHcTpos Poccum ot 22.01.2020 Ne 26/np).

URL: https://sro-a.ru/upload/medialibrary/b54/SP-475.1325800.2020.-Svod-pravil.-Parki.-Pravila-
gradostroit.pdf?ysclid=mnofpwr05I357199787 (nata obpaiLeHus: 26.01.2026);
MocTtaHosnerwve MpaButensctBa Mocksbl 0T 06.08.2002 Ne 623-11N «O6 yTBEepxaeHun Hopm n npasun
NPOEKTUPOBaHMSA KOMMJIEKCHOro 6naroycTpoicTtea Ha TeppuTtopumn ropoga Mocksbl MITCH 1.02-02».
URL: https://www.mos.ru/upload/documents/files/4323/623-PP.rtf (nata obpaiteHus: 26.01.2026).

Taxum 06pa3zom, 00eCTIe4eHHOCTh CKBEpaMu ObLiIa pacCuMTaHa Ha OCHOBE CO3/1a-
Hust Macku B 400 M BOKPYT KMJIbIX 3/1aHH, 00€CIIE4eHHOCTh MapKaMH PaiioHHOTO
3HAYeHMS ObLIa PacCYMTaHa TIOCPEICTBOM CO3/1aHMsI Macku B 20 MHUH TICIIIETO ITyTH
MIPH TIepEeCcUeTe Ha CTOMMOCTD TIEPEMEIICHHS ¢ YUETOM YKIIOHA TIOBEPXHOCTH H CPE/I-
HEeH CKOPOCTH Telei Xoabp0bl, TapK 00IIEropoICKOro 3HaYeH!sI — MacKoi B 45 MUH
AQHAJIOTMYHBIM crtiocoOoM. OO01Iass 00eCIeYeHHOCTh CKJIaIbIBAJIACh U3 CyMMAapHOU
TJIONIA/IA JOCTYIHBIX CKBEPOB, TAPKOB PAOHHOTO M OOIIETOPOACKOTO 3HAYCHHS.

Ornenka 6mopaszHooOpa3us OazupoBaach Ha OCHOBE pacyeTa YacTOThl BCTpE-
4aeMOCTH YHUKAJIbHBIX BUJIOB U YHUKAJIbHBIX KPACHOKHWKHBIX BHJIOB Ha | Ta 1io-
I[a]T1 TEPPUTOPUU U yUacTKa CETKU. J{0Js 3aKpPBITHIX pyces OIIEHWBANIACh Ha OCHOBE
JAHHBIX TUCTAHLIMOHHOTO 30HAUPOBAHMS, IOJYUYEHHBIX U3 OTKPBITHIX HICTOYHUKOB
Y TaHHBIX open street map (OSM).
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[Ipeno6GpaboTka maHHBIX BKJIIOYAJIa B CeOs 3alOJHEHUE MPOIYCKOB MPHU pac-
4yeTe NEPEeMEHHbIX JOJIM TYHHEIMPOBAHHBIX PEK, IUIOAAN «HM30JMPOBAHHBIX»
U «IJEpHBIX» 3€JIEHBIX 30H, MJIOTHOCTH BOJAHBIX OOBEKTOB, pacueTe IUIOIIAICH.
Br106pocoB 1 HapyIeHHH B JaHHBIX HE OOHAPYKEHO.

HezaBucumocTs nokaszaresieil OlEHHBaJach HA OCHOBE pacyeTa KOppessluu
Cniupmana. BeiOop 1laHHOTO MeTOAa OCHOBaH Ha HEMapaMeTPUYECKOM XapakTepe
IIEPEMEHHBIX U OTCYTCTBUM IPEANIOCHUIOK K BBISIBJICHUIO HOPMAJIbHOCTH pacipese-
neHus AaHHbIX [16]. B Tabn. 4 npencrasien pacuet koddduuuenta Cniupmana s
aHAJU3UPYEMBbIX JaHHBIX.

Tabnvua 4. KoadpduumeHT CnnpmaHa gns nepemMeHHbIX

Ne MepemeHHas 1 2 3 4 5 6 7 8

1. |Bons «1307MPOBAHHEIX> 3EIeHbIX 1,00 | -0,51| 0,76 | -0,13| 0,20 | 0,10 | 0,03 | 0,41
Tepputopuii

2. | Lons «<apep» -0,51| 1,00 |-0,34| 0,45 |-0,03| 0,00 | 0,28 | -0,16

PdparMeHTMPOBaHHOCTb 3€/eHbIX
TeppuTopuii

0Ob6ecneyeHHOCTb 3e/IeHbIMU 30HaMM
4. | Ha 1 4enoBeka B Npenenax KpUTepmes -0,13| 0,45 |-0,06| 1,00 | 0,10 | 0,06 | 0,25 | 0,03
DOCTYNHOCTUN

0,76 |-0,34| 1,00 |-0,06 | 0,17 | 0,08 | 0,05 | 0,35

BcTpeyaemMoCcTb KPaCHOKHUXHbIX BUAOB

5. 0,20 | -0,03 | 0,17 | 0,10 | 1,00 | 0,03 | 0,11 | 0,13
Ha 1ra

6. | onsa 3akpbITbiX pycen 0,10 | 0,00 | 0,08 | 0,06 | 0,08 | 1,00 | 0,31 | 0,13

7. | MnoTHOCTbL BOAHOM ceTu 0,03 | 0,28 | 0,05 | 0,25 | 0,11 | 0,31 1,00 | 0,30

8. Jlons BooooxXpaHHbIX 30H, COXPaHUBLLIMX 041 |-0.16| 0,35 | 0,03 | 0,13 | 0,13 | 0.30 | 1,00

NPUPOAHbLIN XapakTep

UctoyHumk: coctasneHo B.A. IMNTpUEBLIM.

AHanu3 He3aBUCUMOCTU NEPEMEHHBIX MOKa3ajl CYIIECTBEHHYIO CBS3b MEKIY
«M30JIMPOBAaHHBIMIY 3€TIEHBIMU 30HAMH U (PparMeHTUPOBaHHOCTHIO — 0,76, a Tak-
e CYIIECTBEHHYIO CBS3b MEXKIY «U30JIMPOBAHHBIMI U «SIEPHBIMU» 3EJIECHBIMU
30Hamu. [IoCKONbKY aHAJIMTUYECKU JAAHHbBIE MOKA3aTeIN Pa3Iu4Hbl U IO3BOJISIIOT
OLICHUTH HE TOJHKO a0COTIOTHOE 3HAUCHUE IJIOMIAAN «M30JHPOBAHHBIXY 3EIEHBIX
30H, HO M UX peajbHOe paclpe/iesieHUe Ha yYacTKH, TaK KaK OHU MOTYT OBITh U OT-
HOCUTEIIbHO KPYIHBIMH, W OTHOCHTEIBHO MEJIKUMH, 00€ MepeMEHHBIC OBLIN
ocTaBlieHbI B aHanu3e. KpoMe Toro, nanee, B paMKax pacuera BeCOB ObLIa yYTeHA
B3aMMOCBSI3b MOKa3aTelNel, YTO MOTEHINAIbHO CHU3UJIO MOCIEICTBUS 3aBUCUMO-
CTH TIEPEMEHHBIX.

Wuaexc cTpyKTYpHBIX ITOKa3aTeNel BOIHO-3eJIeHO HHPPACTPYKTYpHI I.0. Bia-
JMBOCTOK OCHOBBIBAJICS HA CyMM€ HOPMHPOBAHHBIX, PACIIPEICTICHHBIX Ha MTOJIOKH-
TEJIbHBIEC ¥ OTPUIATENIbHbIC, TIOKa3aTeNIel ¢ MONpaBKoil Ha Bec mokazatens. O0mas
(dbopMyra UHIEKCA CTPYKTYPHBIX IMOKa3aTesel BhIrisiiesna cleayonmm o0pa3om:

o= 22X, - ), (1
rae X — HOPMHUPOBAHHOE 3HAYEHUE NIEPEMEHHOM; 0L — BEC IEPEMEHHOM.
norm
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HopmupoBanue mnepeMeHHBIX OCHOBBIBAIOCH Ha Min-Max-HopManu3aiuu.
3HayeHHe IEPEMEHHON — Ha TOJI0KUTEIbHOW WM OTPULIATEIbHOM OLIEHKE KpUTe-
pusi. Tak, K OTpHULIATEIBHBIM OTHOCHIIUCH J10JI1 TYHHEIMPOBAHHBIX PeK U (pparMeH-
TUPOBAHHOCTb 3€JIEHBIX TEPPUTOPHIL.

Beca nepemeHHBIX paccunThIBaINCh Ha OcHOBe Merona Criteria Importance
Through Intercriteria Correlation (CRITIC) — meroma MHOTOKPUTEPHUATBEHOTO
MPUHSTHUS PEIICHUHN, KOTOPBINA MTO3BOJIAET ONPEACIISITH BECA ITOKa3aTeIel Ha OCHOBE
uX pazdpoca 3HaYEHUH ¥ KOppessaluuu ¢ ApyrumMu npusHakamu [17]. O6mas ¢op-
MyJia pacueTra Beca nepemeHHou [17]:

o\ St (X o ) D (=175 D)
T (st (X)) D017, D)

rae X — HOPMHUPOBAaHHOE 3HAYEHUE NIEPEMEHHOM; r,,— 3HAYCHHE KOPPCIALIIH
Cnupmana.
Beca nepeMeHHBIX, OTyUYE€HHBIX B pe3yJIbTaTe pacueToB, IPUBEICHBI B Ta0. 5.

2

Tabnvua 5. Beca, nony4eHHble no metoay CRITIC

Ne MepemeHHas Bec CRITIC
1. | Aons «<M30AMPOBAHHBIX» 3€NEHbIX TEPPUTOPUIA 0,0811
2. | dona «apep» 0,2051
3. | PparMeHTUPOBaHHOCTb 3e/1EHbIX TEPPUTOPUI 0,1163
a. O6ecneyeHHOCTb 3e1eHbIMM 30HaMK Ha 1 YyenoBeka B Npefenax Kputepnes 0.2617
OOCTYMHOCTM
5. | BcTpeyaemMocTb KPAaCHOKHUXHBIX BUOOB Ha 1 ra 0,0493
6. | Aons 3akpbITbiX pycen 0,1408
7. | MNnoTHOCTb BOOHOW CEeTU 0,1192
8. | [dona BooOOXpPaHHbIX 30H, COXPAHMBLLMX MPUPOAHbIA XapakTep 0,0265

HctovHuk: coctaBneHo B.A. IMUTpUEBBLIM.

AHanu3 BECOB IEPEMEHHBIX [TOKA3bIBAET, YTO MAaTEMAaTHUYECKH HanboJ1ee «CUIIb-
HOI» NepeMEHHOH ABJIsIeTCs] 00€CIEYeHHOCTh 3€JICHBIMU 30HAMH, Jajiee — JIOJIs
«aep» U 107151 3aKphITIX pycen. HaumeHnee «cuibHbIe» epeMeHHbIe — J01s1 BO-
JIOOXPaHHBIX 30H, COXPAHMUBIIUX IPUPOJHBIA XapaKTep, BCTPEUaEMOCTh KPACHOK-
HIDKHBIX BHJIOB, OJISI «M30JMPOBAHHBIX) 3€JIEHBIX TEPPUTOPHH.

PesynbTaThbl

[Tomy4yeH MHTErpaIbHBIA UHAECKC CTPYKTYPHBIX IUIAHUPOBOYHBIX IIOKA3aTeNei
B Ipezesnax I.0. BmaauBocTok (puc. 2).

B pamkax ananusa uHIeKc ObLI pa3/iesieH Ha YeThIpe Kiacca 1o Metoay JxeHk-
ca: ys3BUMBI, YMEPEHHO YSI3BHUMBIA, YMEPEHHO OJAromnoJy4YHbld W OJaromnoryd-
HbIil. CpenHee 3Haue€HUe MHJEKCa 1o Topoay coctaBuiio 0,25.
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0 5
||
WHAEKC CTPYKTYPHO-MNIaHUPOBOYHBIX
nokasareneit

B < 0,216 (ys38UMbIi)

[1 0,216 - 0,346 (yMepeHHO ysA3BUMbIN)

1 0,346 - 0,502 (ymepeHHO 6narononyyHbiif)
B > 0,727 (6narononyuHsiit)

Puc. 2. Kateropum nigekca

UcTo4Huk: BbINONHEHO B.A. IMUTPUEBBIM.

VYa3BUMBIN KJ1acc MHJEKCA XapaKTepU30BaJICs HauOObIIeH 101eil «H30IMpo-
BaHHBIX» 3€JICHBIX TEPPUTOPHI, HAUOOIBIIUM YHCIOM OT/IEJIbHBIX 3€JICHBIX y4acT-
KOB, JI0JICH TYHHEJIMPOBAHHBIX peK. Takke A 3TOro Kjacca XapakTepHa HauMEHb-
mas 00eCHeYyeHHOCTh 3eJICHBIMH 30HaMH. 3Hau€HHEe HHIEKca B Ipeaenax
kinacca — menee 0,216.

YMepeHHO YSA3BUMBIN KiIacC OTINYACTCs CHIIbHOM AuddepeHnpoBaHHOCTHIO
[I0Ka3aTesiell — BCTPEYaEMOCTh BBICOKHMX JIOJIEH «M30JIMPOBAHHBIX» U «SAEPHBIX»
YYacCTKOB 3€JICHBIX 30H NMPUMEPHO OJMHaKoBa. DUKCHUpPYETCs POCT 00eCIeYeHHO-
CTHU 3CJICHBIMU 30HaMH, MOYTH OTCYTCTBYIOT TYHHCIIMPOBAHHBIC PCKHU. 3HaueHne
nuaexkca — ot 0,217 no 0,346.

YMepeHHO OarornorydyHblil KJace XapaKkTepu3yeTcsl HATMIUEM CYIIeCTBEHHO-
r0O YHcia sICPHBIX YYAaCTKOB W JIOKAJIBHBIX CBSI3€H, HO TpHU ATOM IuddepeHIm-
POBaHHBIM IOKa3areseM 00eCeUeHHOCTH 03€JI€HEHHbIMU TeppUTOpusAMU. TyHHe-
JMPOBAHHBIE PEKH, «M30JIMPOBAHHBIE)» 3€JIEHBIE 30HBI B ITOM KJIACCE IOYTH HE
BcTpevarotes. Kimace mpuaumaet 3nadenus uaaekca ot 0,347 mo 0,502.

braronomy4Hslil Kiacc sIBASETCS JUAEPOM IO MOKA3aTessiM JIOIM IJIO0IIAN
«SJICPHBIX» Y4aCTKOB, 00€CIEUEHHOCTH 3€JI€HBIMU 30HAMHU, J10J1€ 03€JIEHEHHBIX BO-
JI0OXpaHHBIX 30H. B HEM OTCYTCTBYIOT TyHHEIMPOBAaHHBIE PEKH, cl1ab0 pacusieHe-
HBI 3eJIeHble 30Hbl. OH npuHUMaeT 3HadeHus Boime 0,503.
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[IpocTpaHcTBEeHHOE pacrpeesieHue MHAEeKCa UMEeT BhIpaXeHHYIO0 (PyHKIHO-
HaJIbHYIO U MOP(OIOrHuecKyto 00yCIOBICHHOCTb. TepPUTOPHH C YSI3BUMBIM KJlac-
COM pacroJaraloTcs 1o Hanbosiee HaceJIeHHBIM YacTsaM noodepexuii. C TOUKH 3pe-
HUS MOp(OMETpUYECKON TMPUBSI3KH YSA3BHUMbBIE TEPPUTOPHH MPEUMYIIECTBEHHO
HAXOJATCS HA MPUOPEKHBIX MOPCKUX PABHUHAX M HIDKHUX CKJIOHOBBIX TTOBEPXHO-
cTs1X. braromony4nbie TeppUTOPUH pacloaraloTcs MPEeUMyIIECTBEHHO B MaJlOHA-
CEJICHHBIX LIEHTPAJIbHBIX YaCTSAX MOJIyocTpoBa, 0. Pycckuil u o. [Tonosa. C Touku
3peHust penbeHON MPUBA3KU OHH PACIIONATAIOTCS HA HUKHUX CKIIOHOBBIX MTOBEPX-
HOCTSIX M CPEJHHMX CKIIOHOBBIX MOBEPXHOCTSIX. B Tabn. 6 mpuBeAeHO cpaBHEHHE
TUna penbeda U CPeIHEro 3HAUCHUS UHACKCA B €T0 Mpe/eiax.

Tabnuua 6. CpepgHee 3HaYyeHUe nHgekca no popmam penbeda

dopma penbeda CpepnHee 3Ha4eHue UHpeKca
MpunbpexHble MOpcKkre PaBHUHbI 0,198
HuXHME CKNOHOBbLIE MOBEPXHOCTHN 0,321
CpepfHue CKJIOHOBbIE MOBEPXHOCTU 0,360
H13KOropHbIe BEPLUNHHBIE MOBEPXHOCTHU 0,313

UcTo4Huk: cocTtasneHo B.A. IMUTpueBbIM.

[TomyueHnHble MOKa3aTeNy YKa3bIBAIOT HA OCHOBHOM MaTTepH Mopdoioruye-
CKOTO Pa3BUTHs TropoAa — JACQUIMT MPOCTPAHCTB, ONATOMPUATHBIX AJSI CTPOH-
TEJNbCTBA, BEIHYK/Ia€T UCTIOIB30BaTh OOJBIIYIO YacTh JOCTYIHBIX 3eMelb. B cBOIO
o4epesib, Heya00bs, BKIIOYasi CKIIOHBI U BEPUIMHHBIC TIOBEPXHOCTH, OCTAIOTCS HE-
3aCTPOCHHBIMU.

AHanu3 pa3nu4uii MHACKCA B KOHTEKCTE MPUBS3KU K (PYHKIIMOHAITBHOMY 30HH-
POBaHUIO TEPPUTOPHH TI.0. BrainBoCcTOK coracHo ['eHepanbHOMY MU1aHy’ mokasal
OTCYTCTBHE CYIIECTBCHHBIX Pa3IUYMi MEXAY WHICKCAMH B TpEIesax OOIIeCT-
BEHHO-JICJIOBBIX U KWJIBIX 30H U 30H 3aCTPOUKHU MHIUBUIyaIbHBIMU loMaMu. Pa3-
WY, BKJIIOYAs MIPUCBOCHUE YMEPEHHO YSI3BHUMOTO, HAOIIOAAIUCh B IMpeaeaax
CaJI0BOMUYECKUX XO35MCTB. HanOoNbIIyl0 poib IMOBBIMICHUS 3HAUYCHUS WHACKCA
B Mpejenax >KUIbIX, CMEIIAHHBIX U JCJIOBBIX 30H UTPAJId O3€JICHEHHbIE CKIIOHBI,
HEYMoObsI, KJIaoHIIa.

Jlnst pekpealioHHbBIX 30H 1 30HBI JIECOB OBLIO BBISIBIICHO pasznnuue. Pexpearu-
OHHBIC 30HBI MPUYPOUYEHBI TPEUMYIIIECTBEHHO K TEPPUTOPUSAM YMEPEHHO Oyaro-
MIPUSATHBIM, B TO BpEMs KaK JICCHBIE 30HBI — K OJIaronpusTHBIM. J[aHHBIE TEPPUTO-
PHUH BO3MOXKHO paccMaTpuBaTh KakK pe3epBbl AJis JaJIbHEHIIIEro pocTa ropoja.

Ananu3 pacnpezenieHuss 1-ro KBapTWiIS MHAEKcA MOKa3ald, 4TO HauMEHbIINE
3HAYeHUs MHJEKCAa KOHUEHTPUPYIOTCS B IMpenesax LEeHTPaIbHBIX PalloHOB ToOpo-
na — nonyoctpoBa lllkora, npuieraronyx 4acTsax HeHTpa. Takke HU3KHUE 3Haye-
HUS (PUKCHPOBAINCH Y TTOOEpEXUi, B pailoHe KaMmITyca Ha 0. Pycckui.

7 JIOKyMEeHTBI TePPUTOPUATHLHOTO TUIAHUPOBaHUS // BlaauBoCTOK @ OQUIMANBHBIA CAUT aJIMHHU-
crpammn.  URL:  https://www.vlc.ru/city-environment/gradostroitelstvo-/architecture-vlc/architecture-
general-plan/?ysclid=mnofzazn91543358669 (nara obpamenus: 26.01.2026).
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3akoyeHue

Pa3zpaOoraHHblil MHTErpasbHBI MHJEKC CTPYKTYPHBIX IOKazaTeneil ropona
Jall KOJMYECTBEHHYIO OLEHKY YCTOHYMBOCTH BOAHO-3€JI€HON HMH(QPACTPYKTYpPbI
BnanuBocToka M mokazaa SPKO BBIPAXKEHHYIO MPOCTPAHCTBEHHYK) HEOJHOPOJ-
HOCTb. o TeppUTOpHi ¢ HU3KMMM 3HAUEHUSIMU HHJIEKca cocTasisier 61,1 %,
IIPEUMMYLIECTBEHHO B palloHaX MJIOTHOM 3aCTPOMKHU M TPAHCIIOPTHBIX KOPHUOPOB.

CdhopmupoBaH nepedeHb yS3BUMBIX YYaCTKOB U PE3EPBHBIX TEPPUTOPUI IS
YCHJIEHUS SKOJIOTHYECKOro Kapkaca. [IpakTnuecku naHHble MaTepHuaiibl IPUTOIHbI
JUIsL KOPPEKTUPOBKU JOKYMEHTOB TEPPUTOPHAJIBHOIO IUIAHWPOBAHUS MOCEJIEHUS.
PazpabGoTanHblif OAX0A BOCHPOM3BOAMM B JIPYTUX TOPHBIX TOpojax MpH Kaauo-
poske noporoB MSPA u BecoB CRITIC nog MectHble nanHble. OrpaHUUEHMsI CBSA3a-
HBI C IOTPEUIHOCTSIMHA UCXOJHBIX CJIOEB, BLIOOPOM MOPOTOB OMHAPHU3AINH U Mapa-
METPOB JOCTYITHOCTH, UX YUET I103BOJISIET TPAKTOBATh OLICHKU KaK KOHCEPBAaTUBHBIE.
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