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Current condition
of populations and spatial-environmental features
of habitats of russet ground squirrel Spermophilus major

Andrei R. Tukhbatullin®, Oleg V. Brandler

Koltzov Institute of Developmental Biology of the Russian Academy of Sciences,
26 Vavilova St, Moscow, 119334, Russian Federation

B mne x@mail.ru

Abstract. The russet ground squirrel (Spermophilus major) is known in the literature
as a numerous widespread ground squirrel species. In recent decades, a decline in its abun-
dance was found in some parts of its range. We have assessed the condition of this species in
most parts of its distribution area based on our observations and interviews with local people.
Spatial, landscape and vegetation cover parameters of S. major settlements have been studied.
The research results showed a decline in the number, disappearance of settlements and a de-
crease in suitable habitats for this species. Small and medium-sized settlements with relatively
low density of burrows, associated with low grass meadow communities typical for pastures
and cattle grazing, prevail among the found settlements. One of the main factors for the de-
cline in the number and disappearance of settlements of russet ground squirrel is, apparently,
a decrease of pasture cattle grazing intensity. The continuing trend of degradation of pasture
ecosystems may pose a threat to the existence of this species.

Keywords: ecology, Spermophilus major, features of settlement, species condition
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CoBpemMeHHOe COCTOsIHMe nonynsauni
M NPOCTPAHCTBEHHO-3KOJIOrM4eCckue 0CO0EeHHOCTU
MecTooOuTaHun 6onbLioro cycnuka Spermophilus major

A.P. Tyx6ary;mmu®, O.B. Bpaniep

Hucmumym 6uonoeuu pazeumus umenu H.K. Konvyosa PAH,
Poccutickas @edepayus, 119334, Mockea, yr. Basunosa, 0. 26

P mne_x@mail.ru

AnHoTanms. bonwuioit cycnuk (Spermophilus major) n3BecTeH Kak MHOTOYHCIICHHBIN
HIMPOKOApeaIbHBIN BUI HA3eMHBIX Oenn4bux. B mocnennue necarunerus oOHapyKeHO majie-
HHE €r0 YHCJICHHOCTH B OTICIbHBIX YacTAX apeana. [IpoBeeHa OICHKA COCTOSHUS BHIA Ha
OOJIbIIICH YacTH TEPPUTOPUH €T0 PACIPOCTPAHCHHS HA OCHOBAHWHM COOCTBCHHBIX HaOIIIOJIC-
HUI ¥ TaHHBIX UHTEPBBIOUPOBAHUS MECTHOTO HaceneHus. VccnenoBaHbl MPOCTPAHCTBEHHBIE,
JaHImAPTHRIC ¥ PUTOLIEHOTHYECKHE TApaMeTPhI MOCENCHU S. major. Pe3ynpTaThl mokas3anu
CHM)KEHHE YHCIICHHOCTH, UCYC3HOBEHHE MMOCEIICHUI M COKpPAIlEHUEe MPUTOHBIX MECT 00HTa-
Hust 1aHHOTO BHaa. Cpein 00HAPY)KEHHBIX KOJOHHHN MPeobIalafoT Majble  CPEHHE 10 ILI0-
I C OTHOCHTEIBHO HU3KOW MIOTHOCTBIO HOP, MPUYPOUCHHBIC K HU3KOTPABHBIM JTYTOBBIM
COoO0IIeCTBa, XapaKTePHbIM JJIsi HacTOMI M BHITOHOB cKOTa. OJHOM M3 OCHOBHBIX MPHYKUH
MaJieHUs] YUCICHHOCTH U MCUYE3HOBEHHUS KOJIOHUIT OOJIBIIOTO CYCIIHKA SIBJISETCSI, TI0-BHINMOMY,
CHW)KEHHE MHTEHCHBHOCTH BBITOHHOTO CKOTOBOJICTBA KPYMHOro poraroro ckora. CoxpaHsi-
IOIIAsICSl TEHACHIMS JEeTPATAlliH MACTOUIIHBIX YKOCUCTEM MOXKET HPEACTABISTH YTPo3y Cy-
IIECTBOBAHUIO BUJIA.

KiroueBsble ciioBa: sxonorusi, Spermophilus major, 0COOEHHOCTH PacCcesIeHusi, COCTO-
SIHUE BUJA
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PAH Ne 0088-2021-0019. ABTOpHBI GyIarofapsAT CTYACHTOB Y palbCKOTo (eliepaibHOro YHH-
Bepcutera A.C. HoBropoauesy, , N.®. ApacnanoBa 3a momorp mpu cbope
Mareprana. OTIenpHYIO OJIaroIapHOCTh BRIPAXKaeM COTPYIHUKAM Kademphl SKOJIOTHH Y palibCKO-
ro (enepanbHOr0 YHHBEPCHUTETA 3a IOMOIIh B ONPENCIICHUH THUIIOB PACTHTENBHBIX COO00-
miecTB, a Takke H.M. MapkoBy 3a METOIMYECKOE COMPOBOXKICHHE MPU COOPE IKOJIOTUIECKO-
ro marepuana B 2009-2010 rr.

Hcropus crateu: noctymuia B pegakiuro 27.11.2020; npunsiTa k myomixamum 11.02.2021.

Has wurupoBanus: Tukhbatullin A.R., Brandler O.V. Current condition of populations
and spatial-environmental features of habitats of russet ground squirrel Spermophilus major //
Bectauk Poccuiickoro yHuBepcutera ApyxObl HapoaoB. Cepusi: Dxonorus U 6€30mMacHOCTb
wusHenesrensHocT. 2021, T. 29. Ne 1. C. 7-22. http://dx.doi.org/10.22363/2313-2310-2021-
29-1-7-22
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Introduction

The russet ground squirrel, or russet souslik, Spermophilus major Pallas,
1778 is a typical representative of Eurasian wide-spread ground squirrels inhabi-
ting open steppe biotopes. The species’ range extends from the right bank of
the Volga River to the Tobol-Ishim interfluve, bypassing the Ural Mountain
Range from the south [1-3]. The russet ground squirrel, such as many other
ground squirrel’s species, is traditionally considered as an agricultural pest [4].
According to the literature data, this species can form large extensional settle-
ments and inhabit even forest glades with extremely high numbers [5]. Many re-
searchers at different times have noted the expansion of the limits of this species
range in different directions [6—8]. However, there are evidences of a decrease
in the number and extinction of russet ground squirrels in some parts of their
area at present [9].

A significant number of studies of the russet souslik ecology [10; 11] and
its hybridization with other species [12; 13] was conducted in marginal popula-
tions. Earlier, the specific discrete distribution [14] and a decline of population
number [15] were observed in frontier parts of the species area. However, the cen-
tral parts of the range remained under-researched, and the latest studies covering
most of the range were conducted in the 1950s [1]. Meanwhile, conditions of
ground squirrel habitats have changed overall significantly under the influence of
changing kind and intensity of human activity since then, that was reflected in
population demography. Recently, a decrease of the population number of small,
red-cheeked and some other ground squirrels was shown [16; 17]. Some ground
squirrel are endangered species now such as spotted souslik [18].

Global change of steppe biotopes occurring in recent decades under the in-
fluence of anthropogenic and natural factors can significantly affect the popula-
tion conditions of their typical inhabitants such as the russet ground squirrel.
In this regard, the main task of our study was to assess the demographic dyna-
mics and factors affecting conditions and conservation of S. major populations.
We also studied the spatial and ecological parameters at which the settlement of
russet ground squirrel is stable and viable under the conditions of a decrease of
suitable habitats, which is relevant both for predicting the state of the species
and for planning conservation measures.

Materials and methods

We have carried out 3 route expeditions in 2016-2018 with the total length
of 14 000 km to find settlements of S. major throughout the most of the known
species range for to assess the current state of its populations (Figure 1). Souslik’s
settlements were searched by surveying of potentially suitable habitats for the spe-
cies living basing on literature data and interviewing of local people. Places of
ground squirrels finding were recorded with GPS navigators. Both spatial and bio-
topic features of settlements and presence of key landscape elements were studied.
The interview information and our observation data were compared.

The interview data was recorded in the original form. Due to heterogeneity,
the obtained information was formalized and categorized within each data type.
The information collected by local people interviews was categorized as follows:
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1 — ground squirrels have been always, and they are now; 2 — ground squirrels
were many but now they are few; 3 — ground squirrels were many but now
they are none; 4 — ground squirrels were always few; 5 — ground squirrels have
been never. Categories 1-4 include data from literature [1, 6; 7; 12; 19-21] in ad-
dition to the respondent reports. Our findings were categorized as follows:
1 — ground squirrels were observed; 2 — no ground squirrels were observed, inha-
bited burrows were found; 3 — only uninhabited burrows were found; 4 — no bur-
rows were found. All found settlements were divided into 3 categories for conve-
nience as follows: 1 — successful; 2 — stable; 3 — endangered. The settlements
were categorized basing on general estimations of the area size and activity of
animals. Due to the fact that russet ground squirrels are strongly attracted by pas-
tures as it was shown earlier [1], we estimated the grazing pressure intensity on
potential habitable for russet ground squirrel places during our survey by catego-
ries as follows: 1 — intensive grazing affecting the vegetation cover significantly;
2 — low pasture pressure weakly and locally affecting on vegetation; 3 — no pas-
ture pressure. Different completeness data are collected for 168 localities.

A

- 2 ¢ ~Ynshl<;r-()la
/ e "“/e

Chceboksary _\'537"’“ 4

§ ty

&V
: iz :
2 \lg{y;:%k .
; (-4 52

o b ‘ .:’ L' \,//\J \\\/" 3 j / o 1
A TN it PO A o G p— 2
\ ‘, g Wuq"-'}:""" o, v o

/ [ = X_KAZAKHSTAN ~
»
S

kilometer:

~_

Figure 1. Investigation area (compiled from [1-3] with changes):
1 — studied settlements (settlement numbers correspond to the numbers in Table 1); 2 — route expeditions 2016-2018;
3 - border of russet ground squirrel distribution

Biotopic and spatial characteristics were collected for 24 settlements (Table 1)
such as: area of settlement, type of plant community, grass height. Also, an ap-
proximate estimation of plant cover density on the most settlement area was
made. The presence or absence of grazing, vegetable rags, road, and water body
near the settlement were recorded. The area of the settlement was measured by
determining the polygon area built along frontier burrows in the MapInfo Profes-
sional 8.5 software. The surveyed settlements were divided into three groups de-
pending on occupied area: 1 — large (over 15 ha), 2 — medium (1.5 — 15 ha) and

10 ECOLOGY



Tyx6amynnun A.P., Bpanonep O.B. Bectruk PYJTH. Cepust: Dkosorust v 6e30macHoCTb xu3HenestenbHoctr. 2021. T. 29. Ne 1. C. 7-22

3 — small (less than 1.5 ha). This part of the work included unpublished data col-
lected in ground squirrel settlements near Skorodumskoye, Retnevo and Rechkalo-
vo villages in 2009-2010 and in the vicinity of the Kharlovskoye village in 2012.

Table 1

Spatial and ecological characteristics of studied russet ground squirrel settiements

Settle-
ment
No.

Location

Latitude

Longitude

S, ha

Density
of holes,
hole/ha

Grass
height

Plant co-
ver densi-
ty, min—
max, %

Water Grazing/
body/ vegetable
road rags

10

1

12

13

14

15

16

Sverdlovsk region,
Irbit district, vicini-
ties of Skorodum-
skoe village

Sverdlovsk region,
Irbit district, vicinity
of Rechkalovo village
Sverdlovsk region,
Irbit district, vicinities
of Retnevo village

Sverdlovsk region,
Irbit district, vicini-
ties of Harlovskoe
village

Republic of Tatar-
stan, Aznakayevsky
district, vicinities
of Ursaevo village
Republic of Bash-
kortostan, Iglinsky
district, vicinities of
Okhlebinino village

Republic of Bash-
kortostan, Davleka-
novsky district, vici-
nities of Mikyashevo
village

Republic of Bash-
kortostan, Birsk
district, vicinities of
Mayadykovo village

Republic of Bash-
kortostan, Iglinsky
district, Kuyanovo
village

Republic of Bash-
kortostan, Ufa
district, vicinities of
Stukolkino village

Kurgan region, Var-
gashinsky district,
Verkhnesuerskoe
village

Kurgan region,
Kurtamysh district,
Stepnoe village
Kurgan region,
Safakulevsky dis-
trict, vicinities of
Safakulevo village

Chelyabinsk region,
Sosnovsky district,
Dolgoderevenskoe
village

Chelyabinsk region,
Miass city district,
vicinities of Cher-
nivskoye village

Orenburg region,
Saraktash district,
Ablyazovo village

62.7039

62.8276

62.6361

63.0988

53.2206

56.3360

54.6527

55.2152

56.2237

55.8743

66.3034

64.8176

62.5018

61.3091

60.0525

56.0682

57.5658

57.5853

57.5485

57.4361

55.0985

54.4966

54.2184

55.2453

54.6097

54.509

55.9092

55.0795

54.9953

55.3502

54.9433

51.8747

34

8.84

7.69

6.05

3.29

0.9

6.38

0.89

0.85

1.04

0.99

1.52

5.6

3.78

1.55

800

317

29

318

120

45

146

48

59

177

94

58

189

201

107

1-2

1,3

93
40-100

87
40-100

90

70

80

75

80

40

50

95

90

85

50

75

50

+/+

+/-

+/+

+/—
+/+

+/-

+/+

+/-

+/+

+/-

+/+

+/-

+/+

+/-

+/+

+/-

+/- +/-

+/+

+/-

+/+

+/-
+/+ +/-
+/+

+/-

+/+ +/-
+/+

+/-

+/+

OKOJIOI'u

11



Tukhbatullin A.R., Brandler O.V. RUDN Journal of Ecology and Life Safety. 2021;29(1):7-22

Table 1, ending

Settle- Density Grass v'::fzte::lgi- Water Grazing/
ment Location Latitude Longitude S,ha ofholes, height  ty, min— body/ vegetable
No. hole/ha m’ax, % road rags
17  Orenburg region, 54.7307 52.57042 1 18 1 75 —/+ +/-
Alexandrovsky dist-
rict, Mikhailovka vil-
lage
18  Orenburg region, 53.9094 52.4031 8.6 52 1 50 +/+ +/+
Novosergievskiy
district, vicinities
of Sredneuranskiy
township
19  Orenburg region, 52.9347 53.0493 13.24 94 1 95 +/+ +/+

Grachevsky district,
Yagodnoye village

20  Orenburg region, 52.7786 53.7437 14 65 1-2 +/+ +/+
Buguruslan district,
Vishnevka township

21 Orenburg region, 53.8792 53.4771 3.68 75 1-2 +/+ +/+
Abdulinskiy urban
district, Yegoryevka
village

22 Republic of Bash- 53.9853 54.7869 1.8 93 1 80 +/+ +/-
kortostan, Sharan-
sky district, vicinities
of Naratasty village

23  Samara region, 52.0782 54.2472 1 251 1 —-/+ /-
Klyavlinskiy district,
1.7 km W from Novyi
Maklaush village

24  Samararegion, Shen- 51.7605 54.4027 5.98 78 1-2 70 +/+ +/-
talinsky district, Tatar
Abdikeevo village

The type of plant community was determined by photos of general views
and model plots. A scale of categories has been adopted for formalizing of grass
height measuring: 1 — grass to the ankle height; 2 — grass height to the middle of
the shin; 3 — grass height above the knee. The density of burrow holes per hectare
(hole/ha) was used as an indirect estimation of the settlement activity. We called
exits from the burrow as burrow holes, while for the burrow we took a system
of underground passages and dwelling chambers connected to each other in such
a way that any point of the burrow could be reached without leaving the surface.
This measure is not causally related to the number of animals but reflects the level
of their digging activities. To search for burrow holes from one to several routes
were installed through the settlement, in the course of which souslik’s burrow
holes found in the registration zone (2.5 m to the right and left of the researcher)
were recorded. The density of burrow holes in the settlement was determined by
the ratio of the number of found burrows holes to the registration zone area calcu-
lated per 1 ha. The results were extrapolated to the whole settlement.

A more accurate method of standard sampling was used in 2009-2010 in
Skorodumskoye and Rechkalovo settlements to determine the density of holes.
Seven routes were completed in Rechkalovo settlement and 15 routes in Skoro-
dumskoye settlement A set of sites with an area of 25 m? each was installed on
every route. Densities of burrow holes in the Skorodumskoye and Rechkalovo set-
tlements were determined as the arithmetic mean density of burrow holes on all
accounting sites of all routes in recalculation for 1 ha of area. For these settle-
ments, we also calculated the Savage Selectivity Index for height and type of ve-

12 ECOLOGY



Tyx6amynnun A.P., Bpanonep O.B. Bectruk PYJTH. Cepust: Dkosorust v 6e30macHoCTb xu3HenestenbHoctr. 2021. T. 29. Ne 1. C. 7-22

getation [22]. The selectivity index w: for each of factors was determined by divi-
ding the number of sites used by ground squirrels (O;:) to the available sites in
the settlement m;:

wi = O0i/ m.

We applied the method of total mapping of burrow holes in Retnevo settle-
ment and have mapped all the holes located at no more than 100 m from each
other in it. The coordinates of the holes, which are located at least 6 m away,
were determined by GPS-navigator Garmin Venture. Exits from the holes were
searched for by zigzagging through the whole settlement. The step between
turns was 3—4 meters. Burrow holes not considered during the first round were
counted during the second round of the settlement. The location of burrow holes,
which are closer than 6 m from each other, was measured by azimuth using
a compass and a tape measure. Coordinates of this close located holes were calcu-
lated in the program Maplnfo Professional 8.5 by the construction of segments
with a given length and angle in relation to Greenwich from a point (burrow hole)
with known coordinates. To estimate the validity of the method of route accoun-
ting of burrow holes and standardization of methods for estimating the density of
burrow holes in this settlement resulting densities of burrow holes in 2 routes
were compared with the calculated density by the results of total mapping.

The nonparametric Mann — Whitney test was used to compare categories of
settlements. The average values of the area, density of burrow holes and projec-
tive vegetation cover were calculated with the standard error of the mean. Statisti-
cal processing of the material was carried out in Microsoft Excel and Statistica 8.0
software.

Results

In total we examined 168 potential habitats of the russet ground squirrel
(Table 2). According to our observations, most of the previously potentially suita-
ble habitats for ground squirrels are now covered with high grass. Dwelling set-
tlements of ground squirrels were found in only 79 surveyed areas (categories 1
and 2). Almost half of them (47%) are endangered settlements or alone burrows.
Almost one-fifth of all found settlements (18%) was empty. Another 20% were
settlements with low activity. Almost all successful settlements were in areas with
intensive grazing, and most of the settlements found were located near a road
and/or close to a water body.

According to our surveys, the number of empty settlements and places with-
out traces of ground squirrel’s vital activity increases on territories with low-
intensity grazing (Figure 2). Since the priority task of the study was to search for
ground squirrels settlements, which was carried out mainly in potentially suitable
habitats or in sites described in the literature, most areas with high grass were not
investigated as not promising for ground squirrel finding. Therefore, some settle-
ments in areas with no grazing may be under-recorded.

In addition to wide settlements of ground squirrels, we also found lighted strip
settlements along large roads with embankments and mowed roadsides. The longest
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and most densely populated settlements of this type were found along the road
between Tolyatti and Samara cities. For several tens of kilometers along this road,
ground squirrels standing in a column were observed. In other parts of our route,
it was rarely possible to see more than 2—-3 ground squirrels for several kilometers.
In total, we met 11 such settlements.

Table 2
Information on the condition of settlements of russet ground squirrel
by results of surveys of local people and our observations, number
Categories Number of settlements by categories
of data Survey data Our observations Settlement condition Grazing intensity

1 20 60 25 50
2 32 19 16 57
3 19 17 37 38
4 8 72 - -
5 3 - - -

Total 82 168 78 145

Note: category meanings are explained in the text in “Materials and methods” section.

35 33

30
26

25
22

20 19
17

15 13

Number of surveys

2
.

3

\Qb
Nmm

Grazing intensity

Figure 2. Encounter and habitability of russet ground squirrel settlements
depending on presence and intensity of grazing:
categories of grazing intensity: 7 — intensive grazing, 2 — weak grazing, 3 — no grazing; habitats of settlements:
A —inhabited settlements (1-2 categories of observations), B — uninhabited settlements (3), C — no settlements were found (4)

We obtained survey data for 82 out of 168 surveyed habitats from local
people on habitat of the russet ground squirrel in the vicinity of the respondents’
residence. The survey data in 96% of respondents indicate the presence of the rus-
set ground squirrel in the past, with 86% of respondents talking about its high
numbers (Figure 3, a). However, only 24% say that ground squirrels are still nu-
merous, and 23% say that they have completely disappeared. Local people repor-
ted saving the species in 52 out of 82 cases, but only 60% of such reports were
confirmed during survey of the territory. 32% of the interviewed respondents re-
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ported the presence of animals, while they are not in this area at present day (Fi-
gure 3, b). However, only 2 out of 21 locations with ground squirrels, respondents
reported as not having sousliks in the vicinity. In those places where a russet
ground squirrel has always been rare according to the local people, only one inac-
tive settlement has been found to date by us.

20
17
5
0’15
Z
=
w
*510
5 6
Ly 4
> 118 1. 1@ 1
0 0 00
39% = 0 L. &3 w M
1 2 3 4 5
ai W NG i RE Questionnaire data categories
g ®1 =2 =3 m4 Categories of surveys b

Figure 3. The condition of the russet ground squirrel populations
according to the survey data (a) and the compare of our observations with the interview results (b):
categories of survey data: 7 — ground squirrels have been always, and they are now, 2 — ground squirrels were many
but now they are few, 3 — ground squirrels were many but now they are none, 4 — ground squirrels were always few,
5 - ground squirrels have been never; categories of our observations: 7 — ground squirrels were observed, 2 — no ground
squirrels were observed, inhabited burrows were found, 3 — only uninhabited burrows were found, 4 — no burrows were found

A settlement near the village Skorodumskoye in the Sverdlovsk region has
the largest area (34 ha in 2010) of the 24 studied settlements (Table 1). This set-
tlement located near the northern boundary of the species range. The areas of all
other settlements did not exceed 14 ha, and the minimum area was 0.85 ha. Fif-
teen settlements were classified as middle and eight as small ones. The average
area of middle settlements was 6 + 1 ha (limit min — max 1.52—-13.24 ha). The av-
erage area of small settlements was 0.96 = 0.02 ha (min — max 0.85-1.04 ha).

Analysis of the validity of the route method of registration of holes showed
a tendency to overestimate by 10% comparing to the method of total mapping.
The density of burrow holes in the only big settlement (Skorodumskoye) was
800 burrow/ha, which is considerably higher than in other studied settlements.
The density of burrow holes in the category of medium-sized settlements aver-
aged 129.5 £+ 23 burrow/ha (min — max 29-318 burrow/ha). The average den-
sity of burrow holes in small settlements was 98.9 = 31 burrow/ha (min — max
18-251 burrow/ha). No reliable differences in burrow densities were found be-
tween small and medium-sized settlements using Mann — Whitney test (p > 0.5).

All studied settlements are located in small-grass-forb meadows of various
species composition with a herbage height up to 10 cm and rare low grasses up to
30 cm. Projective coverage varies from 40 to 100% in settlements. The average
projective coverage across the total sample was 74 + 4%. The projective coverage
in medium and small settlements was 71 + 4% and 73 + 8% respectively. The only
big settlement also does not differ from the other two categories of settlements by
this feature.
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On the bank of the pond are located 21 out of 24 settlements and only 1 set-
tlement of all is not near the road. Almost all the surveyed settlements (23) have
intensive grazing. An only settlement without grazing is located on overgrowing
arable land. Among all surveyed settlements grass rags are found only in 7 small
settlements.

Skorodumskoye and Rechkalovo settlements were used as model settle-
ments for analysis of habitat preferences of the russet ground squirrel. Our data
show that ground squirrels prefer to burrow in sites located on the slopes of river
valley terraces. Despite the relatively low availability of slopes (the share of sites
on slopes did not exceed 20% in the Skorodumskoye settlement), w: for such sites
is 1.5 times higher than for sites without slopes in this settlement. This difference
is even higher (3.8 times) in the Rechkalovo settlement (Table 3). In terms of ve-
getation type, ground squirrels clearly preferred areas with low grass. For such
sites w; is almost 5 times higher than for sites with medium and high vegetation
in Skorodumskoye and 4.6 times higher in Rechkalovo.

Table 3
Selectivity of the russet ground squirrel by micro-relief and vegetation height
Characteristics of micro- Accessible sites Used sites Savage selectivity
relief and vegetation height Number % Number % index w;

Skorodumskoye settlement

Slope 7 16.7 7 23.3 1.4
No slope 35 83.3 23 76.7 0.92
Vegetation height 1* 31 73.8 28 93.3 1.26
Vegetation height 2, 3 11 26.2 2 6.7 0.25
Rechkalovo settlement
Slope 13 19.7 12 48 2.44
No slope 53 80.3 13 52 0.65
Vegetation height 1 47 71.21 23 92 1.29
Vegetation height 2, 3 19 28.79 2 8 0.28

Note: * according to the vegetation height categories specified in the “Materials and methods” section.

We re-examined the russet souslik settlements near Skorodumskoye, Retnevo
and Rechkalovo villages in 2016. It was found that souslik settlements near Ret-
nevo and Rechkalovo villages had almost completely disappeared, and the territo-
ries of both settlements were overgrown with high grass. In contrast, the Skoro-
dumskoye settlement almost doubled its area and occupied about 50 ha at the time
of the last survey.

Discussion

According to our study, more than half of the russet ground squirrel habitats
are currently not inhabited. About half of all places where animals were found are
disappearing settlements or single burrows. We were able to find only one rela-
tively large settlement, which not only survived, but also increased its area during
the period of observation. This settlement may be considered quite successful in
terms of size parameters and high average density of burrows. The low density of
burrows indicates a decrease in burrowing activity in medium and small settle-
ments. Low burrowing activity seems to be associated with a decline in animal
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numbers, which is indicated by the disappearance of some russet ground squirrel
settlements known from literature and the predominance of small settlements over
most of the species area. This is also indicated by low animal activity in 20% of
settlements we found. In conditions of suitable habitat area reducing, an increasing
press of predators, as well as a factor of human disturbance, can play a significant
role in reducing the number of ground squirrels. The human disturbance may be
critical in some cases, as most of the recent russet ground squirrel habitats are lo-
cated near human settlements. We found burrows filled with plastic bottles, sticks
or other debris in settlements not rare. Local people often talked about a child’s
play of catching ground squirrels with water.

Not less than a fifth part of all settlements found were uninhabited. Apparent-
ly, these settlements were abandoned by ground squirrels during the last 3—5 years.
According to our estimates, the russet ground squirrel burrows completely had
degraded within 5-8 years, and in the formation of high grasses are not found out
within a year. Considering of this, the finding of an uninhabited settlement with
non-living burrows suggests a relatively recent extinction of the species in this
place. The number of discovered abandoned settlements and biotopes, where even
uninhabited burrows can no longer be found, have increased in places with weak
grazing.

The predominance of small settlements, a relatively large number of unin-
habited settlements, the extinction of animals in previously inhabited areas, as well as
the absence of ground squirrels on a wide territory indicate a progressing depres-
sion of this species at present. Therefore, the inclusion of the gopher in the list of
agricultural pests [4] is based on outdated data related to the period of optimal
habitat of the species at the beginning of the last century [23] and seems unjusti-
fied at present.

Development of high-grass plant communities as a result of a sharp drop in
the intensity of grazing on territories previously used for pastures may be the cause
of current condition of this species. A sharp decline in the livestock population by
5-7 times and a reduction in grazing intensity by half below the optimal one occurred
from 1990 to 2010 [24]. It was resulted in vegetation demutation in steppe ecosys-
tems. To date, this trend persists. We found everywhere near human settlements on
the surveyed territory destroyed livestock buildings designed for 3 thousand or
more cattle, according to the local people evidence. Instead of them, usual herds not
exceeding 35 cattle in most of studied places to date. Previously, it was shown that
grazing is a critical condition for the formation of a low-grass plant community [25;
26], which is necessary for the successful living of all ground squirrels [1; 27]. Ab-
sence of grazing leads to the fact that habitats previously suitable for russet ground
squirrel are now high grass floodplain meadows and steppes. Our observations in
most cases correspond to this view (Figure 2). Low grass is preserved mainly near
country roads, on mowed roadsides of large roads and on the banks of water bodies
with intensive anthropogenic pressure. This explains the presence of these land-
scape elements in most of studied inhabited settlements. There are also places with
naturally formed low grass without grazing where russet ground squirrel could be
found, which are located mainly in the south of the species range.

Our study did not show any significant impact of the projective plant cover-
age on the viability of russet ground squirrel settlements. Although the russet
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ground squirrel prefers levelled sites to hilly relief, we have found that it tends to
micro-relief elevations. This can be explained by a better view and protection
against the pouring of holes during heavy rainfall and floods.

The results of our study show that stably existing and developing settle-
ments of russet ground squirrel are characterized by large area and high density of
burrow holes. At the same time, there are critically few large and actively deve-
loping settlements remaining today. However, the number of animals and associ-
ated burrowing activity in medium-sized settlements is considerably lower then in
the large ones. In this case, the stability of a settlement is maintained only due to
the size of the occupied area. Therefore, medium-sized settlements can be consi-
dered as category between stable and endangered settlements. Larger settlements
of this category (with an area above average) may remain stable for a long time or
become successful if current conditions are maintained, while smaller settlements
are more likely to disappear. Our data allows to assume that the minimum area of
a stable settlement should be at least 6 ha under current conditions. If the area of
the settlement is smaller, the animals should be additionally protected from preda-
tor pressure and negative human impact. An example is the settlement of a russet
ground squirrel on the territory of an equestrian sports complex near the Kuyano-
vo village (settlement 9 in Table 1).

For half of the surveyed territories, we obtained species status estimates from
local people. Even though about two-thirds of our respondents reported that this
species is saved at the place of interview, our observations confirmed the presence
of animals only a little more than in half of cases. In contrast, reports of the disap-
pearance of russet ground squirrels in a territory are true in most cases. This indi-
cates a high level of inertness of observations of local people, whose memories of
past meetings of ground squirrels have been preserved. Thus, a differentiated ap-
proach to data in different categories is necessary when using survey data.

Conclusion

Our research data, as well as interview results, show a significant decrease
in the number of russet ground squirrels compared to the past everywhere. Fea-
tures of detected sites with preserved settlements as well as the results of analysis
of habitat preferences of the russet ground squirrel show that low-grass meadow
communities, currently undergoing intensive degradation, are a prerequisite for
the species existence. It is obvious that on the most part of the species range
the decline in the number of species is connected with the change of the vegeta-
tion cover condition caused by the human economic activity, namely, a decrease
in the intensity of grazing of cattle. The observed process of reduction in num-
ber and size of settlements of russet ground squirrel coincides with the common
for the majority of ground squirrels of genus Spermophilus.

Clearly, apart from local factors, there are one or more common reasons for
this process. Global climate change may be one of them. However, regardless of
the reasons for the deterioration of ground squirrels, the problem of their conser-
vation as key species to ensure the sustainability of steppe ecosystems is beco-
ming extremely important at present.
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Annotauus. [TpuBonsarcs pe3ynbTaTbl (IOPHUCTHUECKOTO M THIPOOUOIOTMYECKOTO HC-
CJIeZIOBaHUH, BBINOJIHEHHBIX B Mae — aBrycre 2020 r. Ha Tepputopuu sKkonapka «Camapckas
Benenms» (Camapckast obnacts, Poccust). [TonydeHHbIe TaHHBIE MTOJOXKEHBI B OCHOBY AKOJIOTH-
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Diversity of vascular plants and zooplankton communities
in regard to the ecological assessment of the territory of
the ecological park “Samara Venice”, Samara Region, Russia
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Abstract. The results of the floristic and hydrobiological studies performed in May —
August 2020 on the territory of the ecological park “Samara Venice” (Samara Region, Russia)
are presented. These data form the basis for the ecological assessment of the territory.
The diversity of vascular plants is presented by 4 divisions, 65 families, 205 genera, and
309 species. Among them, 66 species (21.4%) belong to the alien plant species, including
nine invasive. Habitats of the plants included in the regional Red List are found. The zoo-
plankton diversity comprises 60 species and morphs. The zooplankton community has under-
gone significant transformation, manifesting by an increase in the total biomass and in
the biomass of crustaceans and rotifers, and by a decrease in absolute and relative species
richness. It is revealed that a number of the studied water bodies belong to the transitional
type, and may be characterized as of middle position between the meso- to eutrophic type
(moderately polluted and polluted waters).

Keywords: ecological assessment of the territory, vascular plants, zooplankton, eco-
logical park “Samara Venice”, Samara
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BeepneHune

Cuuraercs, 94T0 ypOaHH3aIMs CIIOCOOCTBYET yTpaTe MHUPOBOTO OHOJIOTHYEC-
CKOTO pa3HOO0Opa3usi U roMoreHu3anuu ero ouotsl [1]. B To ke Bpems 6uota yp-
OaHM3UPOBAHHBIX 00ECIIEYMBACT COXPAHCHHUE BUIOBOTO Pa3HO00pAa3Hs, BHITOTHSI-
€T Pl SKOCUCTEMHBIX YCIYT, CIIOCOOCTBYET MPOCBEIIEHUIO0 TOPOJICKOTO Hacese-
HUS TI0 BOIIPOCaM COXpaHEHHsI pHPObl. boiee Toro, reorpaduyeckue 3aKOHO-
MEpHOCTH pacrhpezeneHuss 6uopazHooOpasust U BbIsiBIeHHE (HAKTOPOB (POPMUPO-
BaHUS BHJIOBOTO OOraTCTBa 3aHUMAIOT IICHTPAIBHOE MECTO B 3KoJIOTHH [2; 3].

Puc. 1. PazHoTunHble BOAOEMbI 9konapka «Camapckasi BeHeumns»:
a — y4actok peku Camapa; 6 — 03epo Jlebsixbe
Figure 1. Different types of reservoirs in the ecological park “Samara Venice” borders:
a — section of the Samara river; 6 - lake Lebyazhye
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Oxomnapk «Camapckas Benenus» — TeppuTopusi, pacronokeHHasi B TpaHUALIax
ropojackux okpyroB Camapa, HoBokyiiObImeBck 1 YaraeBcK U MpeICTaBIISIONIAst
co0oi moiiMeHHBIN KOMIUIEKC B MecTe BhaaeHus p. Camapsl B Bonry (Capatos-
ckoe Bojioxpanunume) (puc. 1). O6mas mionaas cocTapuser 540 Teic. M2,

OTtHOCUTENBHAS HEJOCTYITHOCTh HEKOTOPBIX YYAaCTKOB 3a CUET JIaHAIIa(THBIX
0COOEHHOCTEH JeTaeT 3Ty TEPPUTOPHUIO BAXKHOM JJIT COXPAHEHUSI OMOJIOTHUECKOTO
pasHooOpasus. OleHka SKOJIOTHYECKOro COoCcTosHuUs dKomapka «Camapckas Bene-
LU 0 HACTOSIIETO BPEMEHU HE MPOBOJWIIACH, B CBSI3U C YEM HEJIbI0 HCCJIEN0-
BAHUS SBWJIACH HKOJIOTUYECKAsI OLICHKA COBPEMEHHOI'O COCTOSIHUSI TEPPUTOPUH HA
OCHOBE JIAaHHBIX O BHUJIOBOM COCTaBE COCYAUCTHIX PACTEHUH U 300TUIAHKTOHA.

MaTtepuanbi n meToabl

HccnenoBanust (h1opbl U 3001UTAHKTOHA BITIOJTHEHBI B CIIETYFOIINX ITyHKTAX:
1) 03. I'atHoe (53.138226°N 50.108174°E);

2) 6eper p. Camapsri (53.169687°N 50.103503°E);

3) 03. bonrapka (53.155367°N 50.085130°E);

4) 03. y6ossrii Epuk (53.153062°N 50.077025°E);

5) 03. Cetnenbkoe (53.141120°N 50.084475°E);

6) 03. JIByopatnoe (53.130783°N 50.083283°E);

7) 03. bonwmioe Jleosoxbe (53.107975°N 50.028906°E);

8) 6eper p. Tarbsuaku (53.139144°N 50.047895°E);

9) 03. Epuk Momnounsiii (53.126571°N 50.006854°E);

10) p. Tatbsinka y muonepckoro sarepst «Bonrapenok» (52.50733°N 47.91295°E);
11) p. Tarpsaka y HoBokyiiObimescka (53.12697°N 49.99236°E);

12) p. Tatesaka y HoBokyiiOsimeBcka (53.12400°N 49.95060°E).

I'panuisl Tepputopun skonapka «Camapckas Benenus» mpencraBieHbl Ha
puc. 2.

CAMAPCKWW P-H

HoBokyiAGeiwesckan

CuTu Mapk @

Auukoe

{P226]

1BbILLEeBCK
rl(]ﬂ-,‘T-Z_' NHOBKA

BepxHaA | P26

21 Nopctennoska MNpUACPOMKHEIH
T

Puc. 2. 'paHuubl akonapka «Camapckas BeHeuus»
Figure 2. The ecological park “Samara Venice” borders
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BrisiBieHue pa3HooOpasus COCYAUCTHIX PACTEHH OCYIIECTBIISIIOCH METOIOM
MapiipyTHbIX yueToB [4]. CBenenus mo ¢uiope coOpaHbl B MACCHB JAaHHBIX, YTO
MO3BOJISIET 0XapaKTEPU30BaTh €€ COCTaB U CTPYKTYPY IO TAKUM MOKa3aTessIM, KaKk
o0I11ee YMCI0 TAKCOHOB, YUCIIO TAKCOHOB B a0OPUTEHHOM U 4yXKepPOIHOMN (PpaKiiu-
X, JTOJISL YYXKEPOJIHBIX ¥ MHBA3HOHHBIX BHJIOB, CEMEHCTBEHHO-BUIOBOM M POJIO-
BOH CIIEKTPBI, COOTHOIIEHHE OMOMOP(OIOTHYECKUX U XOPOJIOTHYECKUX T'PYIIIL.
Homenknarypa pofoB ¥ BUJOB MPHUBEACHA B OCHOBHOM 0 MEXKAYHAapOIHOU Oa3e
nauubix Plants of the World Online!. UysxepoaHble BUJIbI PACTCHUM MPUBOIATCSA
COTJIACHO OITyOJIMKOBAaHHOMY KOHCTIEKTY [5].

Jl71s n3ydeHus: 300IUIaHKTOHA OTOOPAHHYIO BOJY MEPHBIM LUJIHHIPOM MPO-
MyCKaJIi 4epe3 ceTh ANIITEeHa W KOHIICHTPUPOBAIU Yepe3 HEHIOHOBOE CHUTO C
aueerd 99 mxM. @ukcupoBanu Marepuan 4 %-abiM cnuptoM. IIpoBoaunm kame-
pasibHy10 00paboTKy mpoO [6; 7]. J{ns BUmOBON HMAEHTU(UKAMK 300IUIAHKTOHA
HCIOJIb30BAJUCh onpeaenutenu [7; 8]. OueHuBanu oOliee Yucio BUIOB, CTPYK-
Typy 300ILTAHKTOHA MO TaKUM IOKa3aTessiM, Kak Hajduurue a0OpUTeHHBIX U YyKe-
POIIHBIX BUIOB, a TAK)K€ CUUTAIHN YUCIEHHOCTh, OnoMaccy, unaekc lllenHona mo
guciienHoct 1 oumomacce (Hn, Hg), ko umment tpodrOoCTH M canpoOHOCTH.

Yacts nH(OpMAIIMU O BBISIBIEHHOM OHOJIOTHYECKOM Pa3HOOOpa3uu HMCCIie-
yeMOl TeppuTOpUU pa3MellleHa B MpoekTe «Jkomapk ,,Camapckas Benerums
Ha ratgopme iNaturalist?.

Pe3ynbTaTbl n 06CcyXaeHune

Ha uccrnemxyemoii Tepputopun BbIAEICHBI ClEAYIOMUE (PIOPUCTHYECKHE KOM-
IJIEKCHI: 3apOCIN KYCTapHUKOBBIX UB U ocokops (Salix acutifolia, S. cinerea, Popu-
lus nigra); nyopassl (Quercus robur);, TyroBoe pa3HOTPaBbE; BOAHO-OO0JIOTHAS pac-
TUTEIBHOCTh; HECOMKHYTBIE TPYIIIIUPOBKH COPHO-PYAEPANbHBIX BUIOB; KYIbTYp-
Hasl PacTHTENHHOCTh. PazHOOOpas3me COCYIMCTHIX PACTEHHH IpEeICTaBIeHO 4 oTe-
namu, 65 cemeiictBamu, 205 pogamu u 309 Bumamu, uro coctasisieT 16,51 % ot
¢daopsr Camapckoii obnactu. OCHOBY (DIIOpbI COCTABISIOT MPEACTABUTETH OT/IENa
Magnoliophyta, B oco6ennoctu — kiacca Dicotyledones (233 Buna, umu 75,40 %).
[To BugOBOMY OOTaTCTBY BBIAEIAIOTCS cemeiicTBa Asteraceae (18,40 % BUIOB OT
obmiero uncna), Poaceae (14,80 %) u Fabaceae (5,81 %). CaMbIMH KPYITHBIMH TIO
4yHCIly BUAOB SBISIFOTCS poabl Poa and Carex (o 7 BUAOB B KaXA0M), a TaKxke
Artemisia and Galium (1o 5 BUIOB).

Cpenu BBISIBIEHHBIX BHJIOB MPUCYTCTBYIOT pacTeHus, BKIroUeHHbIe B Kpac-
Hyto kHury Camapckoii odnactu [9]: Iris sibirica L., Plantago maxima Juss. ex Jacq.
and Adenophora liliifolia (L.) A. DC. (puc. 3). Takue pactenus, kak Glycyrrhiza
echinata L., Iris pseudacorus L., Gratiola officinalis L., Althaea officinalis L.,
Senecio tataricus Less. u Salvinia natans (L.) All. sBisitoTcs Bugamu, HyXJ1aro-
UIMMHCS B 0COOOM BHUMaHUM K MX COCTOSIHUIO M MOHUTOPUHIE HAa TEPPUTOPUHU
peruoHa.

! Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew. URL:
http://www.plantsoftheworldonline.org/ (zata o6pamenus: 15.09.2020).

2 iNaturalist. URL: https://www.inaturalist.org/projects/ekopark-samarskaya-venetsiya-samara-
venice-ecopark (marta obpamenwus: 12.09.2020).
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Puc. 3. BybeHunk nunmnenucTHblii (Adenophora liliifolia) — Bun, 3aHeceHHbI B KpacHyto kHury Camapckoi obnactu
Figure 3. Adenophora liliifolia is a species listed in the Red Data Book of Samara Region

Puc. 4. IpynnupoBkn am6po3un TpexpasaenbHOM U UMKNaxeHbl AYPHULLHUKOIMCTHON
Ha OKpanHax cenmMTebHbIX TEpPUTOPUIA
Figure 4. Groups of Ambrosia trifida and Cyclachaena xanthiifolia on the outskirts of residential areas

JlanHbIe (IIOPUCTUYECKOTO aHaIM3a MOKa3allk, YTO, C OJHOM CTOPOHBI, CyIIe-
CTBYET MCTOPHYECKH C(hopMHUpOBaBIIeecs SPO MPUPOIHON (DIIOPBI, C IPYroil CTOPO-
HBI — BBICOKas JOJIsI 4yXKepOAHBbIX pactenHuid (66 Bumos, wm 21,40 %), cBunerens-
CTBYIOILIAsI O 3HAYUTEIHLHOM aHTPOMOI€HHOM Harpy3ke Ha Teppuroputo. Ha nccnenye-
MOH TEpPPUTOPHHU TaKkKe OOHApY>KEHbI MHBA3WOHHBIC BUJIbI PACTEHUH, BHEPUBIIAECS
B €CTECTBEHHBIC MECTOOOUTAHUSI U BIIMSFOIIME HA TIEHOTHYECKUE CBSI3H B COOOIIIECTBAX,
MEHSIOIINE MX OOJNK, 00pa3ys MOHOJOMHHAHTHBIE 3apOCIH M BBITECHSSI MECTHbIE
Buzpl pactenuil. Cpenu Hux Acer negundo L., Echinocystis lobata (Michx.) Torr. et
A. Gray, Elodea canadensis Michx., Parthenocissus inserta (A. Ker.) Fritsch and
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Xanthium albinum (Widder) H. Scholz et Sukopp. Erie onHa kateropust ”HBa3HOHHBIX
BuioB BKIrouaet Conyza canadensis (L.) Cronquist, Fraxinus pennsylvanica Marshall,
Hippophaé rhamnoides L. and Impatiens parviflora DC. — 3T pacTeHUs] aKTUBHO
HATYPAIM3YIOTCSI B €CTECTBEHHBIX U ITOJYECTECTBEHHBIX MECTOOOMUTAHMSIX, HO HE 00-
PpazyroT 0JHOBUI0BBIX 3apoceii [10] (puc. 4).

3Hauenus paccuuTaHHblx wuHAEKCOB Illennona (Hn = 3,09 + 0,36,
Hp = 2,67 + 1,17), Tpoduoctu (5,67 = 2,31) u canpobuoctu (2,48 + 0,89) mo3Bo-
JMITA OTHECTH BOJBI B MCCIIETYEMBIX BOJOEMax M BOJIOTOKAX K MEPEXOAHBIM OT
Me30- K IBTpPOGHOMY THUITy (YMEPEHHO 3arpsi3HEHHbIE M 3arps3HEHHBIC BOJBI).
Bbun BBIABIICHBI M3MEHEHHUSI B 300IUIAHKTOHE, KOTOPHIE MPOSBUIINCH B yBEIINYE-
HUM o01melt GMoMacchl, CHIPKEHHH BUJIOBOTO M YJEJIbHOro OOraTcTBa, yBeJnYe-
HUM OMOMacChl paKOOOPa3HBIX M KOJOBPATOK. DTH MPOIECCHl CXOAHBI C M3MEHE-
HUSMH, TIPOUCXOAIIUMHU OOBIYHO MPH AHTPOIOT€HHOM 3BTPOGHUPOBAHUU BOJIOE-
MOB H BOJIOTOKOB. BeposITHO, yXyAllleHne Ka4ecTBa BOJIBI CBA3aHO C M30BITOUHBIM
MOCTYIJICHUEM B pe3yJIbTaTe JAEATEIbHOCTH YeJIOBEKa B BOJOEMBI U BOJOTOKU
«OMOTEHHBIX 2JIEMEHTOBY, B TIEPBYIO OUEpelb COCTMHEHMI a30Ta U Gocdopa.

Jlpyrum nokasareneM 3BTpOPHUPOBAHUS 03€P U PEK SIBJISETCS pe3Koe yBeIu-
YeHHE YHMCIICHHOCTH KOJOBpaTok U3 cemeictB Brachionidae (Brachionus angu-
laris angularis Gosse, 1851, B. calyciflorus calyciflorus Pallas, 1776, Brachionus
diversicornis diversicornis (Daday, 1883), Keratella cochlearis tecta (Gosse, 1851))
u Trichocercidae (Trichocerca cylindrica (Imhof, 1891), Trichocerca capucina
(Wierzejski & Zacharias, 1893)), BeTBHCTOYCHIX pakooOpasHbIX Bosmina longirostris,
Chydorus sphaericus, Daphnia cucullata n HeKoTOpbIX Ipyrux BuaoB. IIpu ycroii-
YUBOM BH/IOBOM COCTaBE — CMEHY JJOMUHAHT.

3aknyeHue

Teppuropus 3komnapka «Camapckass BeHelus» B 1IeJIOM COXpaHMIa TIPU3HAKH
MIEPBOHAYAJIBHBIX OMOTOIOB, HO TIPU 3TOM MPETEPIEBAET BHICOKYIO CTETEHb aHTPO-
noreHHo Tpanchopmarmu. Ee pacmonoxenne B ypOaHU3UPOBAHHOM PAaliOHE JIeTaeT
MIPUPOHBIE KOMILIEKCHI IKOTApKa, C OAHOM CTOPOHBI, YSA3BUMBIMU K aHTPOIIOTEHHO-
MY BO3JICHCTBUIO, HO C JPYTOH — OTKPHIBAET BO3MOXKHOCTH IT0 UX UCIIOJIF30BAHUIO:

— B IIPOCBETUTENLCKUX M 00pa30BaTEIbHBIX LIETIIX;

— B KQUeCTBE IIOMAIKH JJII MOHUTOPUHTA 32 CYKIIECCHOHHBIMH N3MEHEHH-
SIMU OUOTBI,

— TUTOIIAIKH JUTS KYJIBTUBUPOBAHUS PEIKUX BUJOB C LEIbI0 UX JaTbHEUIICH
PEUHTPOAYKIINH.
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AHann3 nameHeHusa 6MoNOru4ecKoro pasHooopasus
B rpaHMUax namaTHUKa npupoabl «CepeoOpsHbIi 60p»
Ha NpUuMepe peaknx U oXpaHsaeMbiX BUAOB XXUBOTHbIX

A.A. Copoxuna®™, B.M. 3y6KoBa
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AnHoTtanms. ITpuBoasTcsa AaHHBIE MO aHANNU3Y M3MEHEHUs YHCIEHHOCTU PEIKHX BU-
J0B NITHL], MJICKONHUTAOMINX M IPECMBIKAIOIINXCS, OOMTAIONMINX B IPAHUIIAX 0CO00 OXpaHse-
MO NMPHUPOIHON TEPPUTOPHU — MaMATHUKE Tpupozbl «CepedpsHbid 60p» 3a 2018-2020 rT.
B uccnenoBanny NpUMEHSIIMCh METOJ BU3YaldbHOIO y4yeTa, 3MMHMHA MapIIPyTHBINA y4eT, Me-
Toauka MapupyTtHoro yuera ntun E.C. PaBkuHa. B pesynbrare 0OHapyXeHBI peAKHE BUIBI
KUBOTHBIX, HAXOAAIINECS O YIPO30il HCUE3HOBCHHUS U 3aHECeHHbIe B KpacHylo KHHTY, 4TO
00OCHOBBIBAET HEOOXOANMOCTh HCIIOIB30BAHUS MPUPOIOOXPAHHBIX MEPONPHUITHII B TpaHU-
Lax IPUPOJHOI TEPPUTOPHUHU ISl COXPAHEHUS UX B OyIyIIeM.

KaoueBble ciioBa: ocobo OoXpaHseMas MpupoaHas TCPpUTOpPUs, OHOJIOrHYECKOE pas-
Hoo6pa3He, PEAKHE BUADBI, KATETOPHUA PEAKOCTH, YUYETHI 00BEKTOB JKUBOTHOI'O MHupa

HUctopus cratpbm: moctynuia B pemakinuto 25.01.2021; npuHATa K MyOJUKAIMH
31.01.2021.
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CKOTO Pa3HOOOpa3us B TPaHUIIAX MaMATHHUKA MPUpoabl «CepeOpsHbId Oop» Ha MpUMepe pell-
KHX M OXpaHsSeMBIX BUAOB KUBOTHBIX // BecTHHK Poccuniickoro yHuBepcureTa apy>KO6I Hapo-
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Analysis of changes in biological diversity
within the boundaries of the nature monument “Serebryany Bor”
on the example of rare and protected animal species
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Abstract. The data on the analysis of changes in the number of rare species of birds,
mammals and reptiles living within the boundaries of the specially protected natural territory —
the natural monument “Serebryany Bor” for 2018-2020 is presented. The research used
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the method of visual accounting, winter route accounting, the method of route accounting of
birds by E.S. Ravkin. As a result, rare species of animals listed in the Red Book were found,
which indicates the biological diversity of the studied territory and justifies the need to use
environmental measures within its borders to preserve rare species in the future.

Keywords: specially protected natural area, biological diversity, rare species, category
of rarity, records of objects of the animal world
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BBepeHue

Oco60 oxpansiembie pupoHbie Tepputopuun (OOIIT) B rpanumax ropoaa
MOoOCKBBI HUTPAIOT KIIOYEBYIO POJIb B BOMIPOCE COXpaHEHUs] OMOIOTHYECKOTO pas3-
HOOOpa3Hs ¥ YHUKAIBHBIX IPUPOAHBIX 2KOCHCTEM ropoaa’. OXpaHa u coxpaHe-
HUE€ PEeIKHX BUIOB UBOTHBIX BO3MOXKHBI C MOMOIIBIO MOCTOSHHBIX HaOIoze-
HUW 32 UX YHUCIEHHOCTHIO, CPEION OOMTaHUS U U3MEHEHHSIMHU B OKPY>KarOIIEH
cpene [1].

[Tamsarank npupoasl «Cepedbpsnbiii 6op» (ITI1 «Cepebpsiabiii 60p») uMeet
craryc OOIIT?, on pacnonosxen B CeBepo-3anagHoM aJMUHUCTPATHBHOM OKPYTe
MockBsl B paiioHe Xopo1ieBo-MHeBHUKH [2].

O6mras mmomass [T «Cepedpsiabiit 60p» — 328,6 ra, u3 koTopsix 202 ra sB-
nstorest OOIIT. 3enensie Hacaxaenuss Ha OOIIT 3anumaror 144,18 ra (43,8 %),
BoAHBIE 00BEKTHI — 18,72 Ta (6,2 %). OctansHble 165,7 ra (oxomno 50 % ot obuieit
IUIOUIaI OCTPOBA) — ATO BIAJACHMSI CTOPOHHHUX 3€MJIETNOIb30BaTeNel, peKpealu-
OHHBIE, MPOTYJIOYHbIE, A IMUHUCTPATHBHO-XO035IICTBEHHBIC U HHBIE OOBEKTHI, HE OT-
Hocsmuecs k OOIT?.

B pe3ynbraTe u3yueHus: JaHHBIX y4€TOB OOBEKTOB JKHBOTHOTO MUpa Ha Tep-
putopuu 1T «CepebpsHblit 0op» 3a npeabiayimue rojsl (¢ 2012 no 2017 Bkiro-
YUTENHFHO) OBUIO BBISIBIICHO, YTO CHCTEMHBIN U KOMILUIEKCHBIN aHaIN3bl OMOJIOTH-
YECKOr0 pa3HOoOOpa3usi U PeAKUX U OXPaHAEMbIX BUIOB KUBOTHBIX MPAKTHYECKH
MOJIHOCTHIO OTCYTCTBYIOT.

B cBsi3u ¢ 3TUM HEJBI0 UCCAETOBAHMUS SIBUIOCH CUCTEMHOE NPOBEACHHE
KOMIUIEKCHBIX YYETOB OOBEKTOB KMBOTHOTO Mupa. MHpopmanus, nonydeHHas B
XOJIE€ YYETOB, MOKET OBITh HCIIOIB30BaHA JIJIsl OCYIIECTBICHHS IPUPOIOOXPAHHBIX
Lenel, B TOM YUCIIe 7S BBITYCKAa HOBOW aKTyalIu3UpOBaHHOU penakunu KpacHoit
KHUTHU Topoaa Mocksel B 2019 1.

! YerpepTriii HaumonansHeli qoknan «Coxpanenue Guopasnoobpasus B Poccuiickoit Me-
Jaepaun». M.: MUHHCTEpCTBO MPUPOJHBIX pecypcoB u skosoruu Poccuiickoit deneparun, 2009.
174 c.

2 O KOMIUIEKCHOM PasBUTHH U CHCTEME ynpasiieHus teppuropun «Cepebpsubiii Bop»: no-
cranosiieHue IIpaBurensctBa Mocksrel 0T 19.09.1995 1. Ne 783.

3 06 0c000 OXpaHAEMBIX IIPHPOIHBIX TEPPUTOPHAX: (edepaabHbIl 3aKoH (mpuHAT [ocy-
nmapctBerHo# ymoti 14.03.1995 r.) // Cobpanue 3axoHonaTenscTB PD. 1995. No 12.
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MeToabl nccneposaHus

B nepuon ¢ 2018 mo 2020 r. mpoBeneHo 6osee 65 yueToB 00BEKTOB KUBOT-
HOTO ¥ PACTUTENBHOIO MHpA. YUeThbl MPOBOJWINCH 110 PA3IMYHBIM MapuipyTam,
OXBATBIBAIOIIMM pa3zHOOOpa3Hble OMOTONBI, C IIENBI0 MOJy4YeHHUs Hambosee I0-
CTOBEPHBIX JaHHBIX 110 HAJMYUIO M KOJHMYECTBY OOBEKTOB. [IpUMEHSINCH METO
BU3YaJIbHOTO y4eTa [3], 3MMHUI MaplIpyTHBIA yueT [4], METOJUKa MapUIpyTHOIO
yuera ntuil E.C. PaBkuna [5].

JlivHa Ka)Xa0ro U3 MaplipyToOB COCTaBisuIa HE MEHee 4 KM, y4eTbl IPOBO-
JWINACH B TEYEHHUE BCETO T'OZA, YTO CBA3AHO C PA3JIMYHON CE30HHOW aKTUBHOCTBIO
NTHII, MIEKOMUTAIOMUX U MPECMBIKAIOLINXCS, a TAKXKE CO CHeUU(UKON METOTMKN
10 Y4YeTy MJIEKOIMUTAIOIMIMX — BO3MOXKHOCTBIO ONPEJEICHUS UX OT/IEIbHBIX BUIOB
IO CJIEAaM Ha CHE)KHOM TIOKPOBE.

B xozne npoBeeHHBIX Y4eTOB ObUIO 3a()MKCHPOBAHO MHOXKECTBO PEIKUX U
oxpaHsieMbIX BUI0B. B KpacHoil kaure ropoga MOCKBBI y KaKJI0TO BUJIA €CTh Ka-
TErOpusl pEAKOCTH:

— xareropust 0 — uCUE3HYBILINE BUBL;

— Kateropusi 1 — BUbl, HAXOASIIKECS MOJT yTPO30i UCUE3HOBEHNUS;

— KaTeropusi 2 — peAKue WM MaJIOYNCICHHbBIE BUBI C COKPAaTUBLICICS WU
COKpAILAIOLIEHCS YUCICHHOCTBIO;

— KaTeropust 3 — ysi3BUMbIE BUJIbI;

— KaTeropust 4 — BUJbl HEONPEIEIEHHOTO CTaTyCa;

— KaTeropus 5 — BOCCTAHOBHBIIHECS BUIbI.

3aduKCUpPOBaHO ClEayOIIee KOJTUIECTBO BUIOB: KaTeropus 1 — 1 Bug mie-
KOIUTAIOUIMX; KaTeropusa 2 — 5 BUAOB NTHL, 1 BUI MileKOnMTaromuX, | BUJ mpe-
CMBIKAIOIINXCSA; KaTeropus 3 — 4 Buaa NTuil; kKateropust S — 1 BUja nTuUll.

Takxe cyniecTByeT repeueHb BUJIOB )KMBOTHBIX, PACTEHUHN U I'puOOB, HE 3a-
HeceHHBIX B KpacHyro kHUTy ropoaa MOCKBBI, HO HYXAAIOIIHUXCS HA TEPPUTOPUHI
ropoaa MOCKBBI B IOCTOSSHHOM KoHTpouie 1 HaOmonenun (IIpunoxenue k Kpac-
HOM kHUTe ropona Mocksel). I3 Takux BUIOB HalJI€H OJIMH, OTHOCSILUINCS K Tpe-
CMBIKAIOIIMMCS.

Pe3ynbTaThl M 00CyXaeHUue

Haubonbmiee BuaoBoe pasHooOpasue NTHL MIPUYypodeHO K o3epy be3non-
HOMY, KOTOpO€ 3aHHMMAaeT Iuionianb okono 16—17 ra. K HeMy mpumblkaeT Kpyn-
Heifimee B MoCKBEe TPOCTHHKOBOE 0O0JIOTO, YTO Takke OOeCreyMBaeT Haluuue
pEenKHUX BUAOB, KOTOpBIE HE OOMTAIOT B TpaHMIAX Apyrux OwmortomoB. Ha puc. 1
U 2 npezacTaieHsl GpoTorpaduu peIkux BUIOB MTHII.

[IpecMmebikaromuecs, BBISIBICHHbIE B X0/¢ y4eTOB (OOBIKHOBEHHBIH YK U 00-
JIOTHAs Yyeperaxa), TakKe MPeIOUYnTaIOT BIaXKHbIE YYaCTKU, B TOM YHCIIE U TPYA
«Konans». bosoTHas yepenaxa oOUTaeT TOJBKO B 3TOM INPYJy, OHa HE UMEeT Ka-
TErOpUM PEIKOCTH, HO 3aHeceHa B [Ipunoxenue k KpacHoil kHure ropoga Mock-
Bbl. DoTOrpaduu mpecMbIKaOIUXCsl MPEACTAaBIEHbI HA pUC. 3.

40O KpacHoii kumre ropoma MOCKBBL IOCTaHOBJICHHE IIpaBHTENECTBA MOCKBEI OT
19.02.2013 r. Ne 79-I1I1.
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(b)

Puc. 1. Pegkue Bngpl NtuL:
a — Sterna hirundo; b — Dryocopus martius; ¢ — Aythya fuligula
Figure 1. Rare species of birds:
a — Sterna hirundo; b — Dryocopus martius; ¢ — Aythya fuligula

Puc. 2. Peakne Buabl NTuL,:
a — Gallinula chloropus; b — Accipiter nisus; ¢ — Aegithalos caudatus
Figure 2. Rare species of birds:
a — Gallinula chloropus; b — Accipiter nisus; ¢ — Aegithalos caudatus

Puc. 3. Peakune Buabl NPeCMbIKaOLLMXCS:
a, b — Emys orbicularis; ¢ — Natrix natrix
Figure 3. Rare species of reptiles:

a, b - Emys orbicularis; ¢ — Natrix natrix

Tak kaKk y4eT MJIEKONMUTAIOMIMX MPOBOJAUTH OOBIYHBIM BU3YaJIbHBIM CIOCO-
O0M TPYAOE€MKO BBHUJYy UX MYTJIMBOCTH M CKPBITHOCTH, CYIIECTBYET OOIIEIIPHHSI-
Tasg METOJMKA 3MMHETO MapIIPyTHOTO Y4eTa, I'/le OCHOBHBIM MPU3HAKOM, YKAa3bl-
BAIONIMM Ha HAJIMYME MJIEKOMUTAIOLIMX B JAHHOW MECTHOCTH, SIBISIFOTCS MX CJe-
IIbl, OCTaBJICHHbIE HA CHEXKHOM TOKpoBe. OrnpeneneHne NpUHAIeKHOCTH CIIE0B
OCYILECTBIISUIM C TOMOIIBIO SHIUKIONEANYECKOIO CIIPABOYHUKA-ONPEASTUTENSA
B.M. I'ynkoga [6]. Ha puc. 4 npuBeneHs! cieapl 3aiflia-pycaxa.

[To pe3ynpTaTaM aHanu3a MOIYYEHHBIX B XOJA€ YUYETOB JAHHBIX COCTABIICHBI
CpaBHHUTEJbHBIE TpaduKU, KOTOPbIE MOKA3bIBAIOT M3MEHEHUS YHUCICHHOCTH pe-
KUX BUJOB 10 rojaam (puc. 5 u 6). Ha puc. 5 npencraBiieHa 1MHAMUKA YACIEHHO-
CTH OXpaHsE€MbIX BUJOB NTHUILI.
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Puc. 4. Cnepbl penokux BUAOB MEKONUTAOWNX: Lepus europaeus
Figure 4. Traces of rare species of mammals: Lepus europaeus
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Puc. 5. VIameHeHUs YNCNEHHOCTU Peakux U oXpaHsemblX BUOOB NTuL, Ha Tepputopmm MM «CepebpsiHbii 6op»
Figure 5. Changes in the number of rare and protected bird species in the territory of the “Serebryany Bor”
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Puc. 6. VIaMeHeHUs1 YUCNEHHOCTN PEeAKMX N OXPaHSAEMbIX BULOB MJIEKOMUTAIOLLMX U MPECMBbIKAIOLLMXCS
Ha Tepputopum Ml «CepebpsiHbiii 6op»
Figure 6. Changes in the number of rare and protected species of mammals and reptiles
in the territory of the “Serebryany Bor”

MO>XHO OTMETHUTB, UTO Takue BUbI, Kak Gallinula chloropus, Sterna hirun-
do, Larus ridibundus, Dryocopus martius, Aegithalos caudatus, Larus canus,
Accipiter gentilis, Accipiter nisus, Aythya fuligula v Parus ater yBeIUYHINA CBOIO
yucieHHocTh B 2019 u 2020 rr. o cpaBHenuto ¢ 2018 r. B ycnosusx 2020 r. o1-
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MEYEeHO MCYEe3HOBEeHHE Parus montanus, a KonudecTBo ocobeit Buna Dendrocopos
leucotos xonebanock oT 4 B 2018 1. 10 0 m 2 B 2019 u 2020 TT. COOTBETCTBEHHO.

Ha puc. 6 mpencraBneHa YMCIEHHOCTh OXPAHSEMBIX BUIOB MJIEKOMHTAIO-
IIUX U TPECMBIKAIOITIXCS.

HccnenoBanus MOKa3bIBAOT, YTO HAOIIOAAETCS CTAaOMIBHBIN POCT YHCIICH-
Hoctu Lepus europaeus B 2019 u 2020 rr., B 2020 . OTMEUEHO UCYE3HOBEHUE BU-
na Lepus timidus, B 2019 r. — Emys orbicularis, nocneaHuii cHoBa 3a(pMKCUPOBaH
B xoze yueroB B 2020 r., konuuecTBO Natrix natrix B IE€pUOJ UCCIEIOBAHUN HE
MEHSJIOCh.

3aknyeHue

[IpencraBneHHble JaHHBIE CBUAETENBCTBYIOT O TOM, uTo B 2019 u 2020 rr.
BCTPEYAEMOCTb OOJIBIIMHCTBA PEAKUX ITHUILI, a TAKKE MIEKONMUTAIOLINX BUaa Lepus
europaeus BO3pacTala.

3T0 MOXET OBITh CBA3aHO MPEXKIE BCETO:

— C YXYALIEHUEM 3KOJIOTHYECKOW OOCTAaHOBKU Ha JPYIMX NMPHUPOJIHBIX Tep-
puropusix B 2018-2019 rr., rae panpiie oOUTaTU peaKUe BUIBI, B CBS3H C YeM
OHU ObUTH BBIHYKAEHBI epeMecTuThes B 111 «Cepebpsinblit 60p» [7];

— YMEHbILIEHUEM aHTPONOT€HHOW HArpy3KH Ha MPUPOJIHYI0 TEPPUTOPHUIO B
2020 r., obycnosnenusiM mangemueit COVID-19, ocobeHHO B THE310BO-BBIBOI-
KOBBIN TIEPUO/L.

Taxum 00pa3oM, Ha OCHOBE IPOBEIECHHBIX UCCIIEIOBAHUI U aHaIM3a MOJY-
YEHHBIX JaHHBIX MOKHO CJI€JIaTh BBIBOJ, YTO MHOI'ME BHJbI )KMBOTHBIX BOCCTa-
HAaBJIMBAIOT CBOIO YMCIIEHHOCTb, TEM HE MEHEE HEKOTOPHIE BUJIbI TOCTENIEHHO HUC-
4e3aloT C MPUPOIHBIX Tepputopuil. HeoOxoaumo npuHUMaTh Mephl AJis UX coXpa-
HEHUS U JAJIbHEHUIIEr0 BOCCTAHOBJIEHHS YHUKAJIBHBIX BUJIOB, B TOM YMCJIE ITPOBO-
JTUTh CBOEBPEMEHHYIO akTyanu3anuio KpacHol kHurm ropoma MOCKBBEI U OCy-
LIECTBJIATH TOCTOSIHHBIE KOMIUIEKCHBIE M CUCTEMHBIE YUeThl 00BEKTOB ) KMBOTHOTO
mupa Ha OOIIT u, B yacTHOCTH, B MaMATHUKE NPpUpoabl «CepeOpsaHblii 0op» [2].
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AnHoTauus. M3menenue kiaumara B KpbiMy Xapakrepu3yercst IpOCTPaHCTBEHHON HEOTHO-
POIHOCTBIO CMEILIEHUS TIOJIEH TeMIepaTypbl BO3yXa, OOYCIOBICHHON BIMSHUEM PETHOHAIBHBIX
1 MECTHBIX (pakTOpoB. B HacTosimiee BpeMst OTCYTCTBYIOT pabOTHI, TIOCBSIIIEHHBIE N3YUICHHUIO PEaK-
LIMM PErMOHANIBHBIX 3KOCHCTEM Ha U3MEHEHHUE TeMIieparyphsl Bo3ayxa B Kpeimy. B pabote Ha oc-
HOBE OTKPBITHIX 0a3 JaHHBIX peaHasi3a, FeOMH(POPMALMOHHOTO MOJEIUPOBAHUS MIPEACTABICHBI
Pe3yJIbTaThl HCCIEIOBAaHUH TMHAMUKH TEMIIEPaTyphl BO3yXa B OCHOBHBIX THITAaX 3KOcHCTeM [ op-
Horo KpbiMa B ycnoBusX n3MeHeHUs Kiumara. [l Kakaod HUPKYIIALMOHHON 3MI0XU U IIeproja
CeBepHOro Noyapus Moay4eHbl KapThl CPEJHEr0JOBBIX TEMIEPATYp MO JaH A THEIM KOHTY-
pam Kpbivckoro nmomyoctpoBa. IloctpoeHna kapTa CTaHIapTHOTO OTKJIOHEHHS TEMIIEPaTyphI B TIpe-
Jenax JaHIIa(THEIX KOHTYPOB. [IJIs KITIOUEeBHIX YIaCTKOB PAaCCUMTAHBI 3HAYCHHUS CPEAHETOIOBBIX
3HAYCHHUH TeMIepaTyphl BO3AyXa, CTAHIAPTHOTO OTKJIOHEHHS U BEMUIHHBI (PaKTOPHON SHTPOITHH.
BrIsiBNIeHBI OCHOBHBIE 3aKOHOMEPHOCTH TMHAMHKH TEMITEPATyPhI BO3yXa B OCHOBHBIX THITAX KO-
cucteM ['opHoro Kpbima nipy cMeHe HUPKYIIALHOHHBIX 310X U epruoioB CeBEpHOro MoyLapHs.
Ha ocHOBaHmM aHanm3a TMHAMUKH CTaHAAPTHOTO OTKIOHSHWS U (haKTOPHOM SHTPOIHH ITOKa3aHa
POJIb U3MEHEHHUS TeMIIePaTyphl BO3LyXa B (GOPMUPOBAHMU CTPATETHHA Pa3BUTHS WK CTAOMIM3ALIN
OCHOBHBIX TUIIOB PErHOHaIbHBIX KocucTeM ['opHOro Kpeima.

KiroueBble c10Ba: TemepaTypa Bo3ayxa, dKocucTeMa, Janamadr, Kpeimckuii moiy-
octpoB, 'opHbiit KpbiM, cTpaTerus pa3BUTHA, CTpaTETUs CTA0UIU3AIIH
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Dynamics of air temperature in the main types
of mountain Crimea regional ecosystems
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Abstract. Climate change in Crimea is characterized by spatial heterogeneity in the displace-
ment of air temperature fields, due to the influence of regional and local factors. There are currently
no works devoted to the study of the reaction of regional ecosystems to changes in air temperature
in Crimea. Based on open databases of reanalysis, geoinformation modeling the results of studies of
the dynamics of air temperature in the main types of ecosystems of the Mountain Crimea under
conditions of climate change are presented. For each circulation epoch and period of the Northern
Hemisphere, maps of average annual temperatures were obtained along the landscape contours of
the Crimean Peninsula. A map of the standard deviation of temperature within the landscape con-
tours was made. For key areas, the mean annual air temperature, standard deviation, and factorial
entropy were calculated. The main regularities of air temperature dynamics in the main types of
Mountain Crimea ecosystems with the change of circulation epochs and periods of the Northern
Hemisphere are revealed. Based on the analysis of the dynamics of the standard deviation and factor
entropy, the role of changes in air temperature in the formation of strategies for the development or
stabilization of the main types of regional ecosystems in Mountain Crimea is shown.

Keywords: air temperature, ecosystem, landscape, Crimean peninsula, Mountain Cri-
mea, development strategy, stabilization strategy
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BBepeHue

W3meneHune temnepaTypsl Bo3ayxa B KpeIMy onpenensieTcs ee MoBbIIIEHHEM Ha
1 °C, 4r0 pOM301LIO0 B MOCIAETHUNA LIUPKYJISALUOHHBIN nieproa CeBepHOro noya-
pusi. OTO SIBJICHUE JOCTATOYHO IIMPOKO OCBEIICHO B Mpeabiaymmx padorax [1-3].
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OnHako TaHHOE U3MEHEHHUE MPOUCXOUT HE CUHXPOHHO, a IOCTATOYHO CHIIBHO (-
(hepeHIPOBaHO 10 TePPUTOPHH KPBHIMCKOTO TIOIyOCTPOBA, YTO ONPENEISETCS] PETH-
OHAJILHBIMU U MECTHBIMH (hakTopamu. BmecTe ¢ TeM B mpenenax KaxIoro JaHia-
ma)THOTO KOHTYpa MPOWCXOAUT BHYTpEeHHss auddepeHimanms (pakTopHOTO IMpo-
CTpaHCTBA, ONPENEIISAONIAs CTPATETUIO €ro pa3BuTHs [4]. Peus naer o Tom, 4TO, TO-
MHMO W3MEHEHUS 3HAYEHUN TEMIIEpaTyphl B KAKIAOM TOUKE ITPOCTPAHCTBA, IS JIAH/I-
11a(h)THOTO KOHTYpa (POPMUPYIOTCS YCIIOBUS, IPU KOTOPBIX U3MEHSIOTCS BHYTPUIIAH -
madTHRIE MPOCTPAHCTBEHHBIE aMIUIUTYABI 3HAYCHHH TEMIIEpaTypbl W CIOKHOCTH
(aKTOPHOrO PUCYHKA, @ COOTBETCTBEHHO, JTMO0 (POPMHUPYIOTCS YCIOBUS IS €r0 pas-
BUTHS, JTMOO, HAOOOPOT, M3MEHEHUE JAHHOIO KOHKPETHOTrO (paKTOpa CHOCOOCTBYET
cTabWIn3aly BHYTpWIaHAAQTHBIX MpolreccoB. Hawmyummm nokasareneM, oTpa-
KAIOIIMM ITHU SIBJICHUSI, SIBJSIETCS M3MEHEHHE CTaHIapPTHOTO OTKIIOHEHHS M (aKTop-
HOM SHTPOINUM JIAHAIAPTHOrO KOHTYpA, MO KOTOPOW MBI IOHUMAeM HEOTHOPO[-
HOCTb (DaKTOPHOTO MPOCTPAHCTBA, (POPMHUPYEMOT'0 B IpeeIax ONepalOHHO-TEPPH-
TOpUAILHOM eMHULIBL. B TaHHOM citydae nosipasymeBaeTcs BHyTpuIaH(adTHas 9H-
TPOIKS NOJIEW TEMIIEPATyphl BO3LyXa. Eciy BeMYrHA SHTPOIUN IIPU CMEHE LIUPKY-
JSIUUOHHOM 3TTOXH MJIM NIEPHO/Ia YBEINUMBAETCSA, TO (PAKTUUECKU POUCXOIUT (POPMH-
pOBaHHWE YCIIOBUH /IS yCWIeHHs BHyTpriaHmmadTHON auddepenimanmm. Ecim xe
MbI HaOJIO/IaeM CHIDKEHUE 3HaueHUH (DaKTOpHOM SHTPONUH, TO MOXHO TOBOPUTH O
CTabuaM3aluy cucteMbl. ECTeCTBEHHO, MPY 3TOM HAKJIabIBAIOTCSI UHBIE IPOLIECCHI,
KOTOpBIE MOT'YT OBITh YCUJIEHBI H3MEHEHHEM 3HAYEHHI TeMIlepaTyphbl, HalpuMep yBe-
Ir4eHue uenapenus u ap. Kpome toro, 3tu nm3MeHeHus: JOpMHUPYIOTCsI, Kak TIPABUIIO,
W3BHE JIaHA()THOrO KOHTYpa, UMEIOT MECTO MeXJIaHAa(THbIE B3aUMOAEHCTBYSL.
Bwmecre ¢ Tem m3ydeHne BHyTpriIaHAma(THOH (haKTOPHOM SHTPOIHH HAPSY C U3Me-
HEHUEeM 3Ha4eHUH (akTopa MO3BOJISIET ONPENETIUTh POJIb 3TOTO (haKTopa B CTpAaTErnu
pa3BUTHSL KOHKPETHOT'O JJaHIIA(THOTO KOHTYpa.

Taxum 00pa3oM, HeJib HCCaeJOBAHMS 3aKII0YACTCs B aHAIN3€ U3MEHUUBO-
CTH TEMIIEPATYPBI BO3/LyXa B OCHOBHBIX THIIAX PETHOHAIBHBIX 3KOCUCTEM ['OpHOTO
Kppima B yciioBUsIX U3MEHEHMSI KIIMMATa.

Martepuan n metoabl

B kauecTBe onepanoOHHO-TEPPUTOPHATIBHBIX €IMHHII UCCIIEOBAaHUS ObUIN
BBIOpaHbI JaHIa(THRIE KOHTYPHI, IPEICTaBICHHBIE HA JAHAA()THO-TUIIOIOTH-
yeckoit kapte I'.E. I'pumankoBa [5]. XapakTrepucTruka BbIOpAaHHBIX KIIFOUEBBIX
y4acTKOB IIpeJICTaBjIeHa B Ta0I. 1.

Jlnist onucaHus BIUSHUS LUPKYJISIUKA aTMOC(Ephl Ha TPOCTPAHCTBEHHO-Bpe-
MEHHYI0 AUHAMMKY TOJIEH TeMIlepaTypbl BO3yXa MCIOJb30Bajach Kiaccu(uka-
LU 3JIEMEHTapHBIX IUPKYJISLUOHHBIX MEXaHU3MOB, npeanoxeHHas b.JI. I3epa-
3€EBCKHUM C COaBT. [6; 7]. I3yueHue npocTpaHCTBEHHO-BPEMEHHOM JUHAMUKY TEM-
nepaTypsl BO3lyXa OCHOBBIBAJIOCH HA MOJIYYEHUH CPETHEMHOTOJIETHUX KapT pac-
CMaTPUBAEMbIX XapaKTEPUCTUK JJI KaXJA0H LUPKYJIALUOHHON 3M0XU U MEpHoa.
KnuMaruueckue naHHble’ ObUTH CTEHEPUPOBAHBI € TOMOIIBIO POrPAMMHOTO Ia-
kera ClimateEU v4.63, noctymHoro mo azapecy http://tinyurl.com/ClimateEU,
Ha OCHOBE METOJI0JIOTUH, OTIMCAHHOM B [§].

! Climate data for North America, South America, and Europe. URL: https:/sites.ual-
berta.ca/~ahamann/data.html (zata oOpamenus: 13.04.2021).
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C nenplo pacyeTa CpeJHEMHOTOJIETHEH TeMIIepaTyphl BO3AyXa U (PaKTOPHOM
SHTPOIIHMH ITOJTYYEHHBIE KapThl CPEAHETOAOBBIX TEMIIEPATYP COOTHECEHBI C JIAH/-
madrHo-Tunonornyeckoi kaproit I'.E. I'pumanxoa [5]. [Inga kaxzporo jana-
madTHOTO KOHTYpa pacCUYMTaHBl CPETHEMHOTOJIETHHE 3HAUEHUST TEMIIepaTyphl
BO31lyXa 33 KaXAYI0 LUPKYISANUOHHYIO 3II0XY U IEPUOJ, a TAKKE 3HAYEHUS CTaH-
JApPTHOTO OTKJIOHEHUSI.

Tabnuua 1

XapakTtepucTuka BbiGpaHHbIX IaHALWA(THLIX KOHTYPOB
ANS N3y4eHUs AMHAMUKU TeMMepaTypbl BO3A4yXa peruoHasnbHbIX 9KOCUCTEM ropHoro Kpbima

JNanpwadpTHbIN o
MakpocknoH Awad Twvun NnecHo 3KOCUCTEMBI
YPOBEHb
[y6osbie neca
CkanbHony60BbIe MywmnctonyboBbie
54. HU3KOropHbIe KyaCTOBbIE 46. MenkoropHo-KyaCcTOBblEe
CUJIbHO PaCY/IEHEHHbIE BO3BbI- BO3BbILLEHHOCTY C 3apOC-
Hwunakoropbe
LIEHHOCTN C AyOOBbLIMU Necamm naMm Tmna «ayoku» 1 pasHo-
. TPaBHbIMU CTENSIMU
CeBepHblii
71. CTPYKTYpPHbIE HAKNTOHHbIE
cnabo pacyneHeHHble PaBHUHbI
CpepnHeropbe
pea P C Ay6OBbLIMU 1 CMELLAHHBIMY LN~
POKONNCTBEHHLIMY JlIeCamMu
120. Sp0o31oHHOE, OBPAXHO-
6anoYyHoe CTyneH4aTo-CKio-
Hunskoropbe HOBOE HN3KOropbe C AyOO0BbI-
MU lecamMu v LWNBASKOBLIMU
o 3apocnsmun
HOXHbI —
92. CpeaHeropHbili CTyneH4aTo-
CKJIOHOBBI C BbIXOAAMW KOPEHHbIX
CpenHeropbe NnopoA, B BUAE ckars, ¢ Ay6oBbiMU,
rpaboBo-ayboBbLIMM IecamMu 1 ne-
COKYCTapHUKOBbLIMU 3apOCASiMU
XeolHble nneca
CocHoBble MoxokeBenoBble
57. OpO3NOHHOE MENKOropbe
o C MOXOKEBEIOBO-AyO0BbIMUN
BEPHbIi HEropb
Cesep Cpenrieropee JlecamMu 1 KyCTapHUKOBbLIMA
3apocnsmun
93. CpeaHeropHbili CTyneH4aTo-
CKJIOHOBBI C BbIXOAaMW KOPEHHbIX
CpegnHeropbe a P
Nnopoz B BUAe ckan ¢ Ay60Bo-Co-
CHOBbLIMU 1 COCHOBBIMU JleCaMu
[OHBINA 118. 9posuoHHoe ApesHeonons- | 108. Sp0o3NOHHOE HUSKOTOPLE
HEBOE CTyrNeH4aTo-CK/I0HOBOE amduTeaTpoB C COCHOBO-MOX-
HN3KOropbe C COCHOBLIMY fleCaMu | XXEBENIOBbIMU 1 AyOOBbIMU
Hu3skoropbe P Ay
niecamu B KOMMeKce ¢ Wmnb-
NAKOBbIMY 3apocnsamMn u dpu-
raHongamu
Bykossle neca
o 75. CTpyKTypHbIE HAaKJIOHHbIE CNabo pacysieHEHHbIE PABHVHbI
CeBepHblii CpepnHeropbe PYKTYP P p
C OYKOBbIMU 1 CMELLAHHBIMU LMPOKOIMCTBEHHBLIMU JIeCaMu
o 101. CpefHeropHbIin CTyneH4YaTo-CKJIOHOBbIV C 6YKOBLIMU
HOXHbIN CpepHeropbe
1 CMELLAHHBIMY LLIMPOKOJIMCTBEHHBIMU Jlecamu
AlinuHckue naHOwagmsi
80. [leHynaLmoHHOEe BOSIHACTOE MAaTto C LUMPOKUM PasBUTUEM
CpenHeropbe KapCTOBbIX GOPM C FOPHO-NYrOBbIMU CTENSIMMN
85. OcTaHU0BO-AEHYOALIMOHHOE PAaCHIEHEHHOE MIaTo C FOPHBIMU Slyramm
42 GEOECOLOGY
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Table 1

Characteristics of selected landscape contours for studying of air temperature dynamics

of mountain Crimea regional ecosystems

Macroslope

Landscape
level

Forest ecosystem type

Oak forests

Quercus petraea forests

Quercus pubescens forests

Low-mountain

54. Low-mountain, cuesta, strongly
dissected elevations under oak fo-

46. Small-mountain, cuesta
elevations under “dubki”

relief rests skrubs type and forb steppe
Northern 715 ol ——
Middle-mountain 1. tructura_, inclined, slightly
relief d|§sected plains under oak and
mixed broad-leaved forests
120. Eroded, ravine-beam
Low-mountain step-sloped low-mountain
relief relief under oak forests and
sheblyak scrubs
Southern - -
92. Middle-mountain, step-sloped
Middle-mountain relief with rock outcrop in the form
relief of cliff under oak, hornbeam-oak
forests and forest-shrub thicket
Coniferous forests
Pine forests Juniper forests
. . 57. Eroded small-mountain
Northern Mlddliérﬁ];untaln relief under juniper-oak fo-
rests and shrub thickets
93. Middle-mountain, step-sloped
Middle-mountain relief with rock outcrop in the form
relief of cliff under oak-pine and pine fo-
rests
Southern 118. Eroded, ancient landslide 108. Eroded low-mountain
step-sloped low-mountain relief relief of amphitheaters under
Low-mountain under pine forests pine-juniper and oak forests
relief in conjunction with sheblyak
scrubs and phryganoid ve-
getation
Beech forest
Northern Middle-mountain | 75. Structural, inclined, slightly dissected plains under beech
relief and mixed broad-leaved forests
Middle-mountain 101. Middle-mountain, step-sloped relief ¢ under beech
Southern

relief

and mixed broad-leaved forests

Yayla landscapes

Middle-mountain
relief

80. Denudation hogbacked plateau with a wide development
of karst forms under mountain meadow steppes

85. Inselberg-denudation dissected plateau under mountain

meadows

Pacder sHTponHH (aKTOPHOTO MPOCTPAHCTBA OCYIIECTBIISIICS IJIsi BHIOpaH-
HBIX KJIFOUEBBIX YYaCTKOB 10 Gopmyiie

E(A) =-S5 log, &

i

pI) Zf

/e fi — KOJTUYeCTBO TOYEK 3aJaHHOT0 Kjacca 3HaU€HUH; ) fi — KOJIMYECTBO TOUEK B

KOHTYDE.
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C LOEJIbIO MPUBCIACHUA 3HAYCHUU OHTPOIIMU K OTHOCHUTCJIIBHBIM BCIIMYMHAM
Obl1a paccuuTaHa OTHOCHUTECIbHAA SHTPOIINA

E=E(A)/n,

A€ n — KOJIUYECTBO BI)I6paHHI>IX KJIaCCOB.

Pe3ynbTaThbl 1 06CyXaeHne

N3menenue teMiiepatypbl BO3IyXa Mo JJaHAIaQTHBIM KOHTYpaMm KpeiMckoro
MOJIyOCTPOBA MpPEACTaBIeHO Ha puc. 1. s kaxaoro gsanamadTHOrO KOHTypa Mo-
nmydeHa 0a3a JaHHBIX, OTpa)karomiasi CTaTUCTUYECKUE XapaKTePUCTUKUA U3MEHYHBO-
CTH TEMIIEPATypbl BO3AYXa B YCIOBUSIX CMEHBI IUPKYJISILIMOHHBIX AMIOX U IEPUOJIOB
CeBepHOro noJyiymapus.

YcnoeHble 06o3HaveHns / Legend
4-5

Bms5-6

mme-7

-8

e-9

[19-10

10-11

11-12

. 12-13
0 25 50 100 Kilometers

Puc. 1. CpegeHeMHOroneTHsAs Temneparypa Bosayxa B naHawadtax KpbIMCckoro nosyoctposa
no LUMPKYNSLUMOHHBIM 3roxam u nepuogam, °C:
1 — 30HaNbHasA UMPKYNsSLUMOHHas anoxa (1916—1956 rr.); 2 — nepBblii Nnepnoa, MepuanoHansHom
I0XXHOW LMPKYNALUMOHHOM anoxm (1957-1969 rr.); 3 — BTOpOI Nepnos MepnaMoHanbHOM I0XXHOM LIMPKYNSILMOHHON
anoxu (1970-1980 rr.); 4 — TpPETUIN NEPNOL MEPUANOHANBHOW 0XHOM LIMPKYNSILMOHHOM anoxu (1981-1997 rr.);
5 — yeTBEPTHIN NEPUOA MEPUANOHANBHON I0XHOW LMPKYNALMOHHOM anoxu (1998-2013 rr.)
Figure 1. Average long-term air temperature in landscapes of the Crimean Peninsula
by circulation epochs and periods, °C:
1 - zonal circulation epoch (1916-1956); 2 — first period of meridional southern circulation epoch (1957-1969);
3 - second period of meridional southern circulation epoch (1970-1980); 4 — third period of meridional

southern circulation epoch (1981-1997); 5 — fourth period of meridional southern circulation epoch (1998-2013)

[Ipu cpaBHeHUU moKa3aTesaeil cpeHUX TeMiiepaTyp Bo3ayxa Ha KpbsiMckom
MOJTyOCTPOBE OYEBHUIHA OOIIIasi TCHICHIIUS U3MEHEHUS — IMOBBITIICHUE CPETHET010-
BBIX 3HAYEHUH TEMIIEpaTyphl PYU CMEHE 30HATBHOMN IIUPKYJISILIMOHHON TIOXH Tep-
BBbIM IEPUOJIOM MEPUIMOHAIBLHON I0KHOM HUPKYJSIIIUOHHON 3MOXU, CHUKEHHUE
TEMIIEpaTypbl BO BTOPOM MEPHUOJE MEPUAMOHAIBHON FOKHOW LHUPKYJISLUOHHOMN
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SIIOXU U PE3KOE MOTEMJIEHUE B YETBEPTOM IIEPUOJIE MEPUINOHAIBHON F0KHON LIUP-
KYJISILUOHHOM 3I10XH.

Pacripenenenue cpeiHEroJoBbIX 3HAUEHUI TEMIIEPATypbl BO3AyXa Ha TEPPU-
Topun KppIMCKOTro moyocTpoBa MOKHO pa3/ieinTh Ha TPU I'PYNIbI IO NPOCTPaH-
CTBEHHOMY TOJIO)KEHUIO OTHOCUTENBFHO JIAHAA(PTHON CTPYKTYPBI:

— B OOJIBIIMHCTBE CBOEM TEPPHUTOPUS THIPOMOPGHOTO U MIAKOPHOTO JaH-
madTHEIX YpOBHEH, a TakKe YaCTUYHO HU3KOTOPHOTO JaHAMA(THOTO YPOBHS
C MaKCUMAaJIbHBIMU CPEHET010BBIMH 3HAUEHUSIMU TEMIIEPATyphl BO3/1yXa;

— OoJibLIast YaCTh HU3KOTOPHOTO U CPEAHETOPHOTO YPOBHS CO CPEAHUMH 3Ha-
YEHUSIMHU TEMIIEpATyp;

— TEPPUTOPHUH AWIUHCKUX IIJIATO, PACIOJIOKEHHBIE B NIPEAEIaX CPEIHErop-
HOTO JJAHIA(THOTO YPOBHS, C CAMBIMU HU3KUMH 3HAYEHUSMHU.

Jnis TeppUTOpUN THAPOMOPGHOTO U IUIAKOPHOTO JIaHAIA(PTHBIX YPOBHEH,
a TAK)K€ YaCTMYHO HU3KOTOPHOI'O YPOBHSI XapaKTEPHO PaBHOMEPHOE pacIpenerie-
HHUE TeMIIepaTyp ¢ HauOOJIBIIMMH 3HAUYEHUSIMH B LIEHTpaibHOM yacTu KpbiMckoro
MOJIyOCTPOBa. B 30HAJIbHYIO MUPKYIALMOHHYIO SM0XY Ha OOJbIIeH 4acTH Xapak-
tepHa Temneparypa 10—-11 °C. B nepBom nepuojie MEpUINOHAIBLHON F0KHOM LIUp-
KYJISIIUOHHOM SMOXM CUTyalUsl MEHSETCS, OCHOBHBIMU 3HAYEHUSIMH CTAHOBSITCS
11-12 °C ¢ HeOONBIIMMH 30HAMH B CEBEPHOM YaCTH MOJIyOCTPOBA, B KOTOPHIX 3HA-
yeHus TeMneparypsl coctaBisitoT 10—11 °C. Bropoit u Tpetuit nepuoabl MEpUAHO-
HAaJIbHOM F0’KHOM IUPKYJISILIMOHHOM YIIOXU XapaKTEePU3YIOTCS HE3HAUYNUTEIIbHBIM I10-
XoJIoJlanreM. B yeTBepThlid mepruoa MEpUIUOHATBHON I0KHOW IUPKYIISALIMOHHON
3MOXU MPOUCXOJUT CYIIECTBEHHOE noTemieHue 10 12—13 °C Ha OCHOBHOM 4acTH U
11-12 °C B ceBepHoli yacTu KpbIMCKOTO 1TOTyOCTpOBa. B npenenax HU3KOropHOTro
U CPeJHErOopHOro JaHAmapTHOro ypoBHs (opMupyercs Oojbllee pazHOOOpasue
temneparyp — oT 6 1o 10 °C. IloBpllieHNE 3HAUYEHUN TEMIIEpATyphl IPOUCXOJUT
aHAJIOTUYHO, HEOOJIbIIOEe MOTEIUIEHNE MPU CMEHE 30HAIbHON IUPKYISAHMOHHOM
STMOXH MEPUAMOHATEHON I0)KHOM U 00Jiee CYIIECTBEHHOE — K YETBEPTOMY IEPHOIY
MEPUANOHAIBHON F0KHOW HUPKYIALMMOHHOM 3110Xu. IIpu 3TOM pacnpenenenue
TEMIEPATYpPbl BHYTPU 30HBI NPOUCXOIUT OT IPYNI MECTHOCTEH HU3ZKOTOPHOTO
JaHAWAPTHOrO YpOBHS, C HAUOOJBIIMMH 3HAUYEHUSIMU TEMIIEpaTyphl, K rpynnam
MECTHOCTEN CPEHErOPHOTO JIAaHIIA()THOTO YPOBHS, I/1€ PU YBEIHMUEHUU BHICOTHI
Y pacwIeHEHHOCTH penbeda TemmnepaTypa magaer. Hanbonee XOJOIHBIME SIBIIS-
I0TCA TPYINIBI MECTHOCTEH, 3aHATHIC SIMIMHCKUMU ILIATO, B IIpEAeNax CpelHe-
TOPHOTO JIaHAAPTHOrO ypoBHs. Ha 1aHHOH TeppuTOpHH B 30HAIBHYIO LIUPKYJIS-
LUOHHYIO 310Xy 3a(MKCUpOBaHA HaMMEHbIas TeMIlepaTypa Ha IOJIyOCTpOBE —
4-5 °C. BenenctBue o0Iero pocra cpeiHeil Temneparypsl ¢ epBOro 1o TpeTuit
NEPUObI MEPUANOHAIBHOMN FOKHOM LIUPKYJISUOHHON ATIOXY MUHUMAaJIBHBIHN ITOKa-
3arens coctaisieT 5—6 °C, a B uerBepThlii nepuox — 6—7 °C.

[paxTuuecku 171t BCeit TeppUTOPUH THIPOMOP(HHOTO M TIAKOPHOTO JaHmadT-
HBIX YPOBHEW MOKa3aTellb CTaHJapTHOro OTKIOHeHUs coctasisieT 0-0,2 °C, urto
OOBSICHACTCSI paBHOMEPHBIM paclpe/ie]IeHHeM TeIia M0 TMOBEPXHOCTH (puc. 2).
C ycnoxxHeHueM penbeda 1 BBICOTHI HaJl ypPOBHEM MOp# B Ipeesiax HU3KOTOPHOIO
TaHImAadTHOTO YPOBHS MOBBIIIAETCS M CTAHAAPTHOE OTKIOHEHHE U MPeodIaiatoT
IpyHIbl MECTHOCTEN CO 3HaYeHHEM cTaHaapTHoro otkioHeHus 0,2-0,4 °C, Bcrpe-
YalOTCS TPYIIIBI MECTHOCTEW CO CTaHIapTHBIM oTKJIoHeHueM 10 0,4-0,6 °C. Teppu-
TOPHSI CPEAHETOPHOTO JIAHAIA(PTHOTO YPOBHS XapaKTepU3yeTCs MaKCUMaJIbHbIM
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pa3HooOpa3ueM 3HaUeHUH CTAaHIAPTHOTO OTKIOHEHUS — OT MUHUMaIbHBIX 0-0,2 °C
10 MakcuMaibHbIX 1,2—1,4 °C, uTo 00BsICHAETCS CIOXKHOMN JaHamadTHONH CTPYK-
TypOM JaHHOU TEPPUTOPHUHU.

YcnoeHele 0603HaveHus / Legend
ENo-02

o0,2-04
[ ]04-08
[ 106-08
[108-1

L 10-12

0 25 50 100 Kilometers
i2-14

Puc. 2. CtaHgapTHOE OTKIIOHEHWE 3HAYeHN TeMnepaTypbl BO34yxa no naHawadTHbIM KOHTypaMm, °C
Figure 2. Standard deviation of air temperature values along landscape contours, °C

JletanusupyeM BBISBJICHHBIE 3aKOHOMEPHOCTH ISl pa3IMYHBIX TUIIOB PETH-
OHAJIbHBIX 3KOCUCTEM B COOTBETCTBMH C Tabi. 1. Pe3ynbraTsl pacuera cpeiHEMHO-
rOJIETHEH TemIeparypsl BO3/1yXa, €€ CTAaHJAPTHOTO OTKIOHEHHS B MpeaesiaXx KOH-
Typa ¥ 3HA4YEHUS SHTPOIUU IO PaCCMAaTPUBAEMBbIM LUPKYJSALMOHHBIM 3110XaM U
nepuosiaM oToOpakeHsl B Tabu. 2. Ha puc. 3—5 npezacraBieHsl KopoOuarble aua-
rpaMMBbl, KOTOPbIE OKa3bIBalOT MUHUMAJIbHBIE U MAKCUMAJIbHbIE 3HAUEHUS TEMIIe-
paTypbl BO3yXa, a TaKXKe CpeJHee 3HaUCHHE M MeuaHy 3HauYeHHH TeMIepaTyphbl
BO3/yXa B IIPeJeslaX PacCMaTPUBAEMbIX KIIFOUEBBIX YUACTKOB IO MATH pacCMaTpH-
BaeMBbIM IIUPKYJISIUOHHBIM TIEPHOIAM.

DKOCHCTEMBI JyOOBBIX JIECOB Ha INPHUMEPE PACCMATPUBAEMBIX KIFOUEBBIX
YUYaCTKOB XapaKTePU3YIOTCS CIEAYIOIMMH U3MEHEHUSAMHU CPEAHUX 3HAYCHUN TeM-
nepaTypsl BO3IyXa M0 HUPKYISIIIMOHHBIM 3110XaM U IIeproiaM. DKOCHCTEMA ITyIIIH-
CTO-1yOOBBIX JIECOB HU3KOTOPhsI CEBEPHOTO MaKpOoCKJIoHa KpbIMCKHUX rop (JaHn-
madTHEI KOHTYp 46) MMEET CpelHue 3HaYCHHs TeMIlepaTypsl Bo3ayxa ot 10,45
1o 11,70 °C (tabm. 2), sxocucTemMa MyInmcTo-1y00BbIX JIECOB HU3KOTOPbs F0XKHOTO
Makpockiona KpeiMckux rop (manmmadtasii koHTyp 120) — 0T 10,28 mo 11,50 °C,
9KOCHUCTEMA CKAJIbHO-IYOOBBIX JIECOB HU3KOTOPbsI CEBEPHOI'0 MaKpockyioHa KpbiM-
ckux rop (manamadTHeIA KOHTYp 54) — ot 9,73 no 10,94 °C, skocucTema CKaJlbHO-
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IyOOBBIX JIECOB CPETHErophbsi CEBEPHOro MakpockiioHa KpbIMckux rop (J1aHa-
madTHe KOHTYD 54) — oT 8,55 mo 9,51 °C, sxocucTeMa cKaiabHO-TyOOBBIX JIECOB
CPEIHETOphsl F0’)KHOTO MakpockioHa KpbiMckux rop (JanamadTHelid KOHTYp 54) —
ot 9,14 no 10,32 °C. Kak BuaHO U3 Ta0J. 2, B 9KOCHCTEMaX IyIIHUCTO-TyOOBBIX
JIECOB 3a paccMaTpHUBaeMblii BPEMEHHOW MepHOJ CpeAHss TeMIepaTypa Bo3lyXa
MOJTHSUTACh OOJIBIIIE, YeM B MpeIeax 3KOCUCTEM CKaIbHO-TyOOBBIX JIECOB, YTO JIO-
TMYHO U CBSI3aHO C UX MPOCTpaHCTBEHHOH auddepennunanueii B npeaenax I'opHoro
Kpbima.

Tabnuua 2
PesynbTaThl pacyeToB CpeAHEeroaoBbiX 3HaYEeHU TemnepaTypbl Bo3ayxa, °C,
CTaHAAPTHOrO OTKJIOHEHUS U BHTPOMUM Ha TEPPUTOPUN KITIOUYEBbIX Y4aCTKOB
Mo LUPKYNSILLMOHHBIM 3M0Xam U nepuoaam
(ycnoeHsbie o603HauyeHus 1-5 — B nognucu k puc. 1)
Homep KoHTypa NapameTp LIMpKynaunOHHbIE 3MOXU U Nepruoabl
1 2 3 4 5
[Jyboebie neca
Tcp 10,45 11,00 10,90 10,82 11,70
46 TcT. oTKI. 0,2621 0,2599 0,2595 0,2625 0,2602
E 0,4998 0,3758 0,4959 0,3701 0,4875
Tcp 9,73 10,26 10,16 10,08 10,94
54 TcT. oTKA. 0,7532 0,7506 0,7483 0,7570 0,7543
E 0,3649 0,3572 0,3614 0,3642 0,3601
Tcp 8,55 9,10 8,99 8,92 9,81
71 TcT. oTK. 0,3372 0,3348 0,3325 0,3378 0,3374
E 0,3941 0,4000 0,3720 0,3905 0,3921
Tcp 9,14 9,66 9,56 9,47 10,32
92 TcT. oTKA. 0,9146 0,9091 0,9069 0,9166 0,9111
E 0,3547 0,3260 0,4098 0,3916 0,4019
Tcp 10,28 10,80 10,70 10,64 11,50
120 TcT. oTK. 0,5994 0,5962 0,5950 0,5998 0,5964
E 0,3117 0,3134 0,3191 0,3173 0,3126
XeolHble neca
Tcp 9,75 10,27 10,17 10,09 10,94
57 TcT. oTKA. 0,2398 0,2376 0,2375 0,2393 0,2375
E 0,4121 0,4121 0,4172 0,3478 0,5
Tcp 7,25 7,79 7,69 7,58 8,45
93 TcT. oTKA. 1,2586 1,2513 1,2481 1,2598 1,2537
E 0,2881 0,2886 0,2912 0,2934 0,3125
Tcp 10,35 10,87 10,76 10,69 11,53
108 TcT. oTK. 0,4865 0,4817 0,4811 0,4849 0,4811
E 0,3875 0,3875 0,3762 0,3934 0,4090
Tcp 9,27 9,80 9,69 9,60 10,46
118 TcT. oTK. 1,0019 0,9963 0,9936 1,0035 0,9986
E 0,2972 0,2935 0,2887 0,3144 0,3171
Bbykosble neca
Tcp 7,89 8,43 8,33 8,25 9,14
75 TcT. oTKA. 0,3378 0,3359 0,3338 0,3383 0,3376
E 0,3938 0,4179 0,3532 0,3888 0,3929
Tcp 7,19 7,73 7,64 7,55 8,43
101 TcT. oTK). 0,8489 0,8453 0,8435 0,8505 0,8456
E 0,3847 0,3837 0,3837 0,3357 0,3837
AlinuHckue naHOwagmai
Tcp 6,76 7,30 7,21 7,12 8,01
80 TcT. oTkn. 0,3626 0,3614 0,3606 0,3635 0,3637
E 0,4039 0,4009 0,4039 0,3988 0,4008
Tcp 4,70 5,26 5,18 5,04 5,93
85 TcT. oTKI. 0,5033 0,5014 0,4993 0,5056 0,5044
E 0,3635 0,3563 0,3536 0,3264 0,3077
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Table 2

Results of calculating average annual air temperature, °C, standard deviation and entropy
on the territory of key areas by circulation epochs and periods (legend 1-5 — in Figure 1)

Circulation epochs and periods

Contour number Parameter 1 2 3 2 5
Oak forests

Tav 10.45 11.00 10.90 10.82 11.70
46 Tstd 0.2621 0.2599 0.2595 0.2625 0.2602
E 0.4998 0.3758 0.4959 0.3701 0.4875
Tav 9.73 10.26 10.16 10.08 10.94
54 Tstd 0.7532 0.7506 0.7483 0.7570 0.7543
E 0.3649 0.3572 0.3614 0.3642 0.3601

Tav 8.55 9.10 8.99 8.92 9.81
71 Tstd 0.3372 0.3348 0.3325 0.3378 0.3374
E 0.3941 0.4000 0.3720 0.3905 0.3921
Tav 9.14 9.66 9.56 9.47 10.32
92 Tstd 0.9146 0.9091 0.9069 0.9166 0.9111
E 0.3547 0.3260 0.4098 0.3916 0.4019
Tav 10.28 10.80 10.70 10.64 11.50
120 Tstd 0.5994 0.5962 0.5950 0.5998 0.5964
E 0.3117 0.3134 0.3191 0.3173 0.3126

Coniferous forests

Tav 9.75 10.27 10.17 10.09 10.94
57 Tstd 0.2398 0.2376 0.2375 0.2393 0.2375

E 0.4121 0.4121 0.4172 0.3478 0.5

Tav 7.25 7.79 7.69 7.58 8.45
93 Tstd 1.2586 1.2513 1.2481 1.2598 1.2537
E 0.2881 0.2886 0.2912 0.2934 0.3125
Tav 10.35 10.87 10.76 10.69 11.53
108 Tstd 0.4865 0.4817 0.4811 0.4849 0.4811
E 0.3875 0.3875 0.3762 0.3934 0.4090
Tav 9.27 9.80 9.69 9.60 10.46
118 Tstd 1.0019 0.9963 0.9936 1.0035 0.9986
E 0.2972 0.2935 0.2887 0.3144 0.3171

Beech forest

Tav 7.89 8.43 8.33 8.25 9.14
75 Tstd 0.3378 0.3359 0.3338 0.3383 0.3376
E 0.3938 0.4179 0.3532 0.3888 0.3929

Tav 7.19 7.73 7.64 7.55 8.43
101 Tstd 0.8489 0.8453 0.8435 0.8505 0.8456
E 0.3847 0.3837 0.3837 0.3357 0.3837

Yayla landscapes

Tav 6.76 7.30 7.21 7.12 8.01
80 Tstd 0.3626 0.3614 0.3606 0.3635 0.3637
E 0.4039 0.4009 0.4039 0.3988 0.4008

Tav 4.70 5.26 5.18 5.04 5.93
85 Tstd 0.5033 0.5014 0.4993 0.5056 0.5044
E 0.3635 0.3563 0.3536 0.3264 0.3077

DKOCUCTEMbI XBOMHBIX JIECOB MPECTaBIEHBI SKOCUCTEMAMU COCHOBBIX U MOXK-
KEBEJIOBBIX JiecoB. Cpe/lHue 3HaU€HUs TEMIIEpaTyphl BO3yXa B IPaHUIIAX MOXKKeE-
BEJIOBBIX JIECOB M3MEHSAIOTCS B nepenenax ot 9,75 mo 10,94 °C nHa xmoueBoM
y4acTKe MOKKEBEJIOBOIO JIECa, PACIOIOKEHHOM Ha CPEIHErOphe CEBEPHOTO MAKpO-
cxiona Kpemvekux rop (manamadtabiii koHTyp 57), 1 ot 10,35 no 11,53 °C Ha
KJIFOUEBOM YYacTKE MOXOKEBEJIOBOTO JIeCa, PAaCIOI0KEHHOM Ha HU3KOTOphEe F0XK-
Horo mMakpocksioHa Kpbmvckux rop (ranamadrasiil kouTyp 108). Dxocucremsl coc-
HOBBIX JIECOB IIPEJICTABJICHBI KJIOYEBBIMU yUYaCTKaMHU, PACIION0KEHHBIMH B TIpe/ie-
7ax cpeaHeropbs (JaHamadTHeI KOHTYp 93) U HU3KOrOpbs (JTaHAmApTHBIN KOH-
Typ 118) 10)KHOTO MakpOCKJIOHa, TJIe CpeHss TeMIIepaTypa BO3yXa U3MEHSIETCS
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ot 9,75 no 10,94 °C u ot 10,35 no 11,53 °C coorBerctBeHHO. [Ipu 3TOM 3KOCH-
CTEMBbI MOKKCBCJIOBBIX JICCOB xapaKTepmyIOTcs[ 60J1ee BBICOKMMHA CpeI[HI/IMI/I 3Ha-
YEHHUSIMH TEMIIEPATYPhI BO3IyXa MO MUPKYISIIUOHHBIM 3II0XaM U MepHoJaM, YeM
3KOCHUCTEMBI COCHOBBIX JIECCOB, UTO TaK K€, KaK U B cnytlae C )IY6OBBIMI/I JICCHBIMU

OKOCUCTEMAMU OIPCACITIACTCA 0oJiee BBICOTHBIM PaCIIOJIOKCHHUEM COCHOBBIX JIEC-
HBIX 3KOCHUCTEM.

=]
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Puc. 3. PacnpeneneHve Temnepartypbl BO34yxa Ha TePPUTOPUM 3KOCUCTEM AyOOBbIX IECOB —
nanawadTHble KOHTYpbI 46, 54, 71, 92, 120 (ycnoBHble 0603HaveHns 1-5 — B nognvcu k puc. 1)
Figure 3. Distribution of air temperature on the territory of oak forest ecosystems —
landscape contours 46, 54, 71, 92, 120 (legend 1-5 — in Figure 1)
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Puc. 4. PacnpepneneHue Temnepartypbl BO34yXa Ha TEPPUTOPUN 3KOCUCTEM XBOMHbIX J1IECOB —
naHawadTHble KOHTYpbl 57, 93, 108, 118 (ycnoBHble 0603HaYeHus 1-5 — B nognucu k puc. 1)
Figure 4. Distribution of air temperature on the territory of coniferous forest ecosystems —
landscape contours 57, 93, 108, 118 (legend 1-5 — in Figure 1)
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Puc. 5. PacnpeneneHve Temnepartypbl BO3lyxa Ha TEPPUTOPUM SKOCUCTEM DYKOBbIX IECOB —
naHawadTHble KOHTYPbI 75, 101 1 Ha TEPPUTOPUM SKOCUCTEM ANANHCKUX NaHawadToB —
nanawadTHble KOHTYpbI 80, 85 (ycnoBHble 0603Ha4YeHns 1-5 — B noanucu Kk puc. 1)
Figure 5. Distribution of air temperature on the territory of beech forest ecosystems —

landscape contours 75, 101 and on the territory of Yayla landscapes — landscape contours 80, 85
(legend 1-5 —in Figure 1)

CpenHue 3HaueHUs] TEMIIEPATYphl BO3AyXa JJIsi paCCMaTPUBAEMbIX IKOCUCTEM
OYKOBBIX JIECOB M3MEHSIOTCS B Mpelesax KIIOUEBBIX yYacTKOB: JaHAIIA(QTHBINA
KoHTYp 75 — ot 7,89 1o 9,14 °C, nanmmadtasiit koatyp 101 — o1 7,19 no 8,43 °C.

DKOCHUCTEMBI SHTMHCKUX JIAaHAIAQTOB UMEIOT CaMble HU3KUE 3HAUECHHUS TEM-
neparypsl Bozayxa — ot 6,76 no 8,01 °C (xiro4eBoi y4acToK, IpeICTaBICHHbII
naamadTHEIM KOHTYpoM 80) u oT 4,70 o 5,93 °C (k1r04eBO# y4acTOK, IPEICTaB-
JeHHBIN aHamadTHEIM KOHTYpoM 80).

[Tpu sTOoM Tipu aHam3e puc. 3—5 u Tab1. 2 OTYETIIMBO BUIHA TUHAMHKA TEM-
repaTyphbl BO3/1yXa Mo HUPKYISIUOHHBIM 3110XaM U riepuojaam. Co cMeHOM 30Hab-
HOM LUPKYJSIMUOHHOW 3IMOXM JJI BCEX KIKOYEBBIX YYaCTKOB OTYETIMBO BHUACH
POCT TeMIIepaTypbl, KOTOPBIM JOCTUTAET MaKCUMyMa B IIEPBOM MIEPHO]I€ MEPUAUO-
HaJIbHOM F0’)KHOM IUPKYJISILUOHHOM AIIOXH, a 3aTEM ITIOCTEIIEHHO CHUYKAETCS BO BTO-
POM IEpUOAE MEPUANOHAIBHON F0KHOM LIUPKYISALUOHHON IIOXU U JOCTUTAET MU-
HUMAJIBHBIX 3HAYEHUN B TPETHEM MIEPUOJI€ MEPUINOHAIBHON F0KHON HUPKYJISALU-
OHHOM 3MOXH, MOCJE YEro CleAyeT Pe3KUid POCT B UETBEPTOM MEPUOAEC MEPHUIUO-
HAJIbBHOW FOYKHOW LUPKYJISIITUOHHON AMOXH, B PE3YJbTATe KOTOPOTO JOCTUTAKOTCS
3HAYEHMs, MPEBBIIAIONINE 3HAUCHUS TEMIEPATYPhI B MPEAbIIYIINX TEPUOIAX.

[IpocTpaHCTBEHHOE pacnpeereHUue 3HAUeHU CTaHJaPTHOTO OTKJIOHEHUS B
npejeNnax Kaxaoro KOHTypa Ha Tepputopuu KpbIMCKOro moyocTpoBa HapacTaeT
C CeBepa Ha 10T U JJOCTUTAET MAaKCUMAJIbHBIX 3HAUYCHUH B Mpeesiax [ maBHOM rpsiabl
KpbiMckux TOp U ganee yMmMeHbIIAeTCs MO HampasieHuto Kk HOxxHoMmy Oepery
Kpbima. Ecniu yaecTts TOT (hakT, uTo O0sbliiee 3HaU€HHUE CTaHAAPTHOTO OTKIIOHEHHUSI
MOKa3bIBaeT 00BN pa3dpoc 3HAUCHUN B IPECTABICHHOM MHOXECTBE CO CPe/I-
HEW BEJIMYMHON MHOKECTBA, TO MEHbIIIEE 3HAYEHNE, COOTBETCTBEHHO, TOKA3bIBAET,
YTO 3HAYEHUSI B MHOXKECTBE CIPYIIIUPOBAHBI BOKPYT CPEIHEr0 3HAUCHUS, U Mpe/l-
CTaBJISICTCA BO3MOXHBIM IMPUHATH CTAaHAAPTHOE OTKIOHEHHWE 3a MEpy Heolpese-
JICHHOCTH JUTSl KaXXA0ro NaHamadTHOro Koutypa. Ecnu paccMaTpuBath 3HaYCHHS
CTaHJAPTHOI'O OTKJIOHEHUS B pa3pe3e CMEHbI IUPKYJISLHUOHHBIX 310X U IIEPUOOB,
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TO MOYXHO YTBEPXKAaTh, YTO B MEPUO/BI ¢ OOJBIINMHU 3HAUYECHUSIMU CTaHIAPTHOIO
OTKJIOHEHHUSI B IIpe/ieiaX KIIYEBbIX yUaCTKOB Ha0t01at0Tcs O0blasi HEOHOPO-
HOCTB TPOSIBIICHUS TeMIepaTyp U UX O6ombLmii pazdopoc. HecMoTps Ha 3HaUMTENb-
HBIA POCT CPEIHMX 3HAYCHHWU Temrieparypsl Bo3ayxa (Oonee 1 °C), m3meHeHne
CTaHJapTHOI'O OTKJIOHEHUS IPOUCXOAUT Ha COThIE AONM rpaxnyca Llembcus wnm
MIPaKTUYECKH BOOOIIE HE MPOUCXOAUT. Jjii OOJBIIMHCTBA KIIOYEBBIX YYaCTKOB
CTaHIapTHOE OTKJIOHEHHE MAKCUMAJIBHO B 30HAJIBHYIO HUPKYJISLUOHHYIO SIIOXY H
TPETUN NEPUOJ MEPHUIMOHAIBHOW I0KHOM LUPKYISAUMOHHOW 3moxu. Ilocne 30-
HaJIbHOM LMPKYJSLMOHHON 3MOXHM HAOMIONAeTCs CYIIECTBEHHBIN craj 3HaueHUi
CTaHJApPTHOI'O OTKJIOHEHMS B IIEPBOM U BTOPOM MEPHOJAX MEPUANOHAIBHOMN FOXK-
HOM LUPKYJISLUOHHOMN 3MOXH, POCT B TPETHEM M CIaJl B YETBEPTOM IEPUOJIAX Me-
PUAMOHAIBHON FOKHOM LUPKYJSIUOHHON 310XH. IIpy 3TOM ymeHblIeHue 3Haue-
HUI CTaHIApPTHOTO OTKJIOHEHHUs HAOII01aeTCsl IPHU POCTe 3HAYSHUN TeMITepaTyphl.

B mpoctpaHcTBEeHHOM pacmpeneseHnd ToKaszatens (aKTOPHOH SHTPOIHU
Ui TaHAMAa(THEIX KOHTYPOB HE HAOINIOJAeTCs 4YeTKOW 3aKoHOMepHocTH. [lpm
9TOM Ha IPUMEPE KIIFOUEBBIX YYACTKOB BBISBIISECTCS, YTO C U3MEHEHUEM TEMIIEpa-
Typbl BO3[yXa IO PacCMaTpUBacMbIM LUPKYJSLUOHHBIM 3II0XaM M NEpHOJaM B
€AVHHUYHBIX CIIy4asx MOBTOPSETCS paclpeleIcHue, XapaKTepHOe IS pacipenee-
HUS CTaHAAPTHOTO OTKJIOHEHMS, a B OOJIBIIMHCTBE OCTAJIbHBIX CIIy4yaeB IpU CMEHE
30HAJIbHON LIUPKYJISIIMOHHOM SMIOXU MEPBBIM NIEPHUOJIOM MEPHUINOHAIBHOM F0KHOM
LUPKYJSILUOHHON SIIOXHU SHTPOIMS CHIXKAETCS U BO3PACTAcT K YETBEPTOMY IEpH-
01y MEPUAMOHAIILHOM I0KHON LIUPKYJIALIMOHHOMN DIIOXU.

Ecnu paccMaTpuBaTh 9KOCHCTEMBI TyOOBBIX JIECOB, TO Ha BCEX pacCMaTpHUBa-
€MBIX KJIFOUEBBIX YYaCTKaX IPOUCXOAUT OJHOTHUIIHAS CMEHA 3HAYECHHUU CTaHIApT-
HOT'O OTKJIOHEHHsI — INIAHOMEPHOE CHUKEHUE, HAUYNHAs C 30HAIBHOW LUPKYJISIIU-
OHHOM AMOXH A0 BTOPOIr0 NEPHOJA MEPUAMOHAIBHOM FO)KHOW LUPKYJSILTUOHHOU
3IIOXH, POCT B TPETUH ¥ CH)KEHHE B YETBEPTHIN MTEPUO MEPUANOHAIIEHON FOKHOMN
LHUPKYJSITUOHHOM 310XH. [Ipy 3TOM U3MEHEHUE 3HAYEHUH SHTPOIHH 3a paccMmart-
pHUBaeMble LUPKYJISAILMOHHBIE 31I0XU U MIEPUOABI B OOJIBIIMHCTBE CIIy4yaeB HE COOT-
HOCHUTCS HaIIPSIMYIO C YBEIMYEHUEM WM YMEHBIIEHUEM 3HAYEHHH TEMIEPATyphI
BO3/yxa. Ha Teppuropuu Ki1r0oueBoro ydyacTka MmyIIucTo-1y00BOro jeca, pacnoio-
KEHHOTO B HU3KOTOPHOM JIaHIIIA(QTHOM YPOBHE Ha CEBEPHOM MAaKpPOCKIIOHE
KpbIMCKUX rop, 3HaU€HUs! SHTPOIINU MaKCUMAaJIbHbI B 30HAJIBHYIO LIUPKYJIALMOH-
HYIO DII0XY, BTOPOU U YETBEPTHIA NIEPUOABI MEPUINOHAIBHON F0KHOU LIUPKYJISLU-
OHHOM AIIOXH ¥ MUHUMAJIbHBI B IIEPBBII U TPETUM NIEPUOABI MEPUIUOHAIILHOM FOXK-
HOM LMPKYJALMOHHOM 310xu. Ha TeppuTtopun Kir04eBOro ydacrka IyHIUCTO-1y-
00BOrO Jieca, pacrooKEHHOI0 B HU3KOTOPHOM JIaHAIIA(THOM YPOBHE Ha H0KHOM
MakpoCKJIOHe KpBIMCKHMX rop, 3HAYE€HHsI SHTPOIUU MUHHUMAJIBHBI B 30HAJIBHYIO
LUPKYJISALUOHHYIO 310Xy ¥ YETBEPTHIM MEPUO] MEPUANOHAIBHON F0)KHOW LIUPKY-
JSILMOHHOM ATOXH, @ MAKCUMAJIBHBI BO BTOPOU MEPUOT MEPUIUOHATIBHOM FOKHOM
LHUPKYJSIIUOHHOM 31moxu. Takum o0pa3oM, MaKCUMaJIbHbIE C TOUKU 3PEHHsI BIIHA-
HUS TEeMIepaTypbl YCIOBHSI Ui Pa3BUTUS SKOCHCTEM IyIIHUCTO-AyOOBBIX JIECOB
KaK 10KHOT0, TaK ¥ CEBEpHOT0 MaKpockyIoHa KpbIMCKHX rop HaO/Ir01at0TCs BO BTO-
POl epUo MEPUINOHAIBHON FOKHOU LUPKYISAUUMOHHON 31toxu. Ha teppuropun
KIIIOYEBOT'0 Y4acTKa CKaJIbHO-IyOOBOTO Jieca, pacrlo0KEHHOTO0 B HU3KOTOPHOM
"TaHamadTHOM YpOBHE Ha CEBEPHOM MakKpocCKioHe KphIMCKUX Top, 3HaUYEHHS 2H-
TPOIIMY MAaKCHUMAJIbHBI B 30HAJIBHYIO LUPKYJIALMOHHYIO 310Xy U TPETUH IEPUOJ
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MEPHUINOHAIBHON F0KHOM LUPKYJIALIMOHHON 3I10XH; HA TEPPUTOPUU KIIHOYEBOTO
y4JacTKa CKaJIbHO-IyO0BOT0 Jeca, PacloJI0KEHHOTO B CPEIHErOPHOM JIaHAIIAPTHOM
YPOBHE Ha CEBEPHOM MaKpockiIoHE KpBIMCKHMX Trop, 3HAU€HUSI SHTPONUHN MaKCH-
MAJIBHBI B IIEPBBIM MEPUOJ MEPUIUOHAIBHON F0KHON LUPKYJIALUOHHON JIIOXH,
a Ha F0’)KHOM MaKpOCKJIOHE — BO BTOPOM NEPHUOLL.

B npenenax kinro4eBbIX y4aCTKOB 3KOCUCTEM XBOMHBIX (COCHOBBIX U MOKKE-
BEJIOBBIX ) JIECOB HAOII0JA€TCsI OOIIHI TPEH T pOCTa 3HAYCHU SHTPOTIUH OT 30HAIb-
HOM LUPKYJSILIMOHHOM 3MO0XU K TPEThbEMY IIEPHUOY MEPUINOHAIBHOM F0KHOW LIUP-
KYJISILUOHHOM JIIOXYM U PE3KHM CKAYOK B YETBEPTOM IIEPUOJE MEPUIMOHAIBHOU
I0’KHOM LIUPKYJISIIMOHHOM JITOXHU, B KOTOPOM JTOCTUTalOTCSl MAKCHMaJIbHbIE 3HAYeE-
Hus. CrienoBaTenbHO, C POCTOM TeMIepaTypbl (OPMUPYETCS CTpATETUs pPa3BUTH
9KOCHCTEM XBOMHBIX JiecOB KpBIMCKOIO MOIyoCTpOBa, BEAb UMEHHO B YETBEPTOM
MIePHO/IC MEPHUIMOHATBHOM F0KHOM ITUPKYIISIIIMOHHOM 31TOXH HAOIOAF0TCS HAOO0Ih-
M€ MaKCHUMAJIBHBIE 3HAYEHUSI TEMIEPATYPBI CPEAN PACCMATPUBAEMBIX LIUPKYJIS-
LIOHHBIX 310X U NIEPUOJIOB.

B npenenax sxocucteMbl OYKOBBIX JIECOB paclpe/leIeHue SHTPOIHUU TAKXKe
YMEHBIIAETCS KO BTOPOMY NEPUOAY MEPUIMOHAIBHON FOKHOW LUPKYJISALUOHHON
SIIOXM U HE3HAYMTEIIBHO YBEJIMYMBACTCS B AAJIBHEUILIEM, YTO CBUAETEIBCTBYET O
(OopMHPOBaHUHU CTPATETHH PA3BUTHS SKOCUCTEM C POCTOM TEMIIEPATyphl BO3yXa.

[IpoTuBononoxHas KapTuHa HaOIIOAAETCA B IIpeeax 3kocucTeM sitit. Ecnu
pacIpeaenieHIe 3Ha4YeHUI CTaHJapTHOTO OTKJIOHEHHsI aHAJIOTUYHO SKOCUCTEMAaM, OIH-
CAaHHBIM BBILIE, TO PACIIPEACICHNAE 3HAYEHUH SHTPOIUH 110 HUPKYJIIHMOHHBIM 3II0XaM
U nIepuoaM BeJEeT ce0sl MOo-ApyromMy — C YBEJIMUEHUEM CPEIHUX 3HAUCHUN TeMIe-
paTypbl BO3lyXa B IIpeJenax SKOCUCTEM I 3HAYCHUs] DQHTPOIIUU YMEHBIIIAXOTCSI.

3aknyeHue

B pesynpraTe mpoBEIEHHOTIO MCCIEIOBAHUS BBISABICHO MPOCTPAHCTBEHHOE
pacnpeneeHue CpeHUX 3HAUEHUIN TeMIlepaTypbl BO3yXa MO LHUPKYJIALUOHHBIM
3MI0XaM U MEepUoAaM, CTaHAAPTHOIO OTKJIOHEHHMs TEMIIEpaTypbl BO3/1yXa U SHTPO-
IMHH 111 OCHOBHBIX TUMOB 3KocucTeM ['opHoro Kpeima.

Bo Bcex paccmaTpuBaeMbIX HKOCUCTEMAax TEMIEpATypa BO3AyXa IO LIUPKY-
JSUMOHHBIM 3110XaM U IEPUOJIaM MTOABEP/KEHA OJTHUM U TEM K€ U3MEHEHUSIM — I10-
CJI€ 30HAJIbHOM HUPKYISUUOHHON 3TIOXU B IIEPBOM IIEPUOAE MEPUANOHAIBHOM FOXK-
HOHM LUPKYJSIMUOHHOW JII0XM HACTYMAET POCT CPEAHMX 3HAYCHUM TeMIEepaTyphl,
KOTOpPBIN 3aTEM MaJIaeT BO BTOPOM M TPEThEM MEPUOTAX MEPUIUOHATIBLHON FOKHOM
LHUPKYJISALUOHHON AMOXM, TOCTHrasi CaMblX MUHUMAJIbHBIX 3HAU€HUH, U pPe3KUil
pOCT TemnepaTypbl B YETBEPTOM NEPHOE MEPUANOHAIBHOMN F0KHOM LIUPKYJIALN-
OHHOM AMOXU C MAKCUMAJIbHBIMU 3HAYEHUSIMUA BO BCEX LUPKYJSILIUOHHBIX dI10XaX
U NIEPUOJIAX.

B nenmom 11 GONBIIMHCTBA SKOCHCTEM KIIFOUYEBBIX YUACTKOB XapaKTepPHBI
MHUHHMMAaJIbHbIE 3HAYEHHSI SHTPOIIUHU U CTAaHAAPTHOTO OTKJIOHEHUS JJIs1 BTOPOTO Ie-
proaa MEPUAMOHAIBHOM F0KHON HUPKYJSIMUOHHON 3110Xu. 1 ecnu 1t Bcex Kito-
YeBBIX YYaCTKOB B JajibHEHIIeM HaOII0AaeTCsl POCT CTAHAAPTHOT'O OTKIOHEHHS B
TPETHEM M YMEHBILICHHUE B YETBEPTOM NEPHOJE MEPHUINOHAIBHON F0)KHOW LIUPKY-
JSIMOHHOM 310XH, TO 3HAUYEHUS SHTPONUM BEIYT ceOsl He CTOJIb BbhIpakeHo. Of-
HaKo B OOJIBIIMHCTBE CIIy4yaeB K YETBEPTOMY MEPUOIY MEPHIUOHAIBHOU F0KHON
IUPKYJISIIMOHHON 3MOXU HAOMIOAIOTCS YCTOWYHMBBIC TPEHIIBI POCTa 3HAYCHHI
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SHTPOIINH, YTO CBUAETENILCTBYET O (HOPMUPOBAHUU B PACCMATPUBAEMBIX IKOCUCTE-
Max cTpaTeruu JAJis uX BHyTpeHHer nuddepeHumrannu u pa3sutus. [lpexnae Bcero
9TO XapaKTEePHO JJIsl SKOCHCTEM JTyOOBBIX U OCOOEHHO XBOMHBIX JIECOB, B TO BpEMs
KaK B OyKOBBIX JIeCax TPEH] U3MEHEHUs SHTPOIHUU HAXOIUTCS OJIU3KO K HYJIEBOMY
YPOBHIO, a B 9KOCHUCTEME SIMITMHCKUX JaHIIa(ToB HAOII0MaeTCsl OTPHLIATEIbHBIN
TPEH, TO €CTh yYBEJIMUEHHE TEeMIIepaTypbl MPUBOAUT K CTPATErMH CTaOMIN3aLUN
JKOCHUCTEM.
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AHHOTaUMA. DHEPTeTUKA HCKOMAEMOro TOTUIMBA U OOYCJIOBJICHHBIH €10 POCT KOH-
[ICHTPAIMH TTAPHUKOBBIX Tra30B B aTMoc(depe sSBISIOTCS OCHOBHBIMH TMPUYMHAMH TII00ah-
HOTO M3MeHeHus kimMara. Cienyst nessim [1apikcKoro corjamieHus, MUpOBas SHEpreTHKa
HAaYMHAET MEePEBOJIUTh 3HAUYUTEIbHYIO0 YaCTh MPOU3BOJICTBA TOTUIMBHOM 3HEPTUU HA MPOU3-
BOJICTBO BO300HOBJIIeMOH 3Hepruu. llens paboThl 3aKkirovaercs B TOM, YTOOBI JaTh KOJH-
YECTBEHHYIO XapaKTePUCTHKY HEKOTOPBIM MPOIECCaM SHEPrOTEXHOJIOTHUECKOTO Mepexoia.
[IpuBomUTCS IpUMEpHAsi pacueTHasl JIOJIsl Pa3IMYHbIX YHEPTOMCTOYHUKOB B MUPOBOI dHEP-
retrke K koHIy XXI B. BBuay orpaHnueHHOCTH BO3MOKHOCTEH Omocheps! COBpEMEHHBIN
YPOBEHb MPOU3BOJICTBA YHEPTHH 3@ CUET TOJHKO BO30OHOBISEMBIX HCTOYHHKOB MPAKTHYE-
cku HepocTwkuM. [Ipeanaraercss onTUMaNbHBIA CIICHAPUI CHUXKEHUS TJI00aTbHBIX BBIOPO-
COB JIMOKCHJIA YTJIEpOJia 3a CUET CHHMIKEHHS HCIOJIb30BaHUs yrist Ha 170 MiH T/TOJ, KOTO-
poe o0ecreYnT COOTBETCTBYIOIEE CHIKEHUE BEIOPOCOB Ha 620 MIIH T/TOJT M IOCTH)XKCHHE K
2050 r. BelecTBEHHOTO OallaHca YIriieposa B CHCTEME «IMHUCCHUS — CTOK». [Ipu onTuMab-
HOM CIICHapuu MOTpeOyeTcs BBOAWUTH B JKCIUTyaTal[UI0 ajJbTEPHATHBHBIC 3aMelIarolIue
MOIIHOCTH okoyio 160 I'Bt/rox, mpu 3TOoM cpeassisi rioOanbHas TeMIeparypa IOTOJHU-
TEJIBHO MOJHUMETCS IO CPaBHEHHIO ¢ coBpeMeHHOW Ha 0,6 °C. PaccMaTpuBaroTCs BO3MOX-
HOCTH M MIPEUMYIIECTBA PA3BUTHUS POCCUHCKON THIPOIHEPTETUKY B KA4€CTBE IKOJIOTHUECKH
¥ 9KOHOMHUYECKH d(P(HEKTHBHON allbTEPHATHUBBI «YTOJBHBIM MPOEKTaM». B ckiaapIBaromeii-
Cs peajJbHOCTH POCCHMCKHM THAPOIHEPTeTHKAM PEKOMEHIYETCS ONMPENCSIIUTh CBOK aMOH-
LUO3HYIO JIOJI0 POCCUUCKON KBOTHI MO CHIXKEHHUIO BBIOPOCOB U BBOIY A0 2050 r. B 3KCIIIy-
atauuio 30 I'BT 3amemiatonieit ruiposHEpreTHYECKON MOLTHOCTH C JIOTOJIHUTEIbHON BhIpa-
00TKOM ekTposHeprun 10 120 TBT-u/rox.
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BO300HOBIISICMbIC UCTOUYHHUKY YHEPTUH, THAPOIHEPTETHKA
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Abstract. Fossil fuel energy and increase in concentrations of greenhouse gases in
the atmosphere cause global climate change. In pursuance of the goals of the Paris Agree-
ment, the global power industry must switch a significant part of fuel energy production
to renewable energy production. The expected share of various sources in the global power
industry by the end of the 21st century is provided. However, the limited possibilities of
the biosphere make the current level of energy production from renewable sources nearly im-
possible. The most preferable scenario is proposed to reduce global carbon dioxide emissions
by reducing the use of coal by 170 million tons per year, which will ensure a corresponding
reduction in emissions by 620 million tons per year and the achievement by 2050 of the ma-
terial balance of carbon in the “emission — flow” system. Under the most preferable scenario,
it will be necessary to commission alternative replacement powers of about 160 GW per year;
at the same time, the average global temperature will additionally rise by 0.6 °C compared to
the current one. The prospects and advantages of the development of the Russian hydraulic
power industry as an environmentally and economically efficient alternative to “coal projects”
are considered. In the emerging reality, Russian hydraulic power companies are advised to
determine their ambitious share of the Russian quota for reducing emissions and commission-
ing 30 GW of replacement hydraulic power capacities by 2050 with additional electricity gen-
eration of up to 120 TWh per year.
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BeepneHue

YenoBek co3all MAaKCUMAIIbHO OJIaronpHUATHBIEC YCIOBHS ISl CBOETO Pa3BH-
THSI, BOOPY>KMBIINCH B cepenuHe XIX B. SHEPreTUKOM HCKONAaeMOoro TOILUIWBA,
U C TeX MOp IHEPreTHUECKH 00eCIIeYeHHOE MHUPOBOE HACETICHHUE PACTET IO HKCIIO-
HEHTE, pa3pyllas eCTECTBEHHbIE YKOCHUCTEMBI U CTaBs TEM CaMbIM IOJ[ YIPO3y
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cBoe Oyaymee. [lo 3Toif mpUYMHE BOMPOCHI SHEPreTUYECKOH M IKOJIOTHYECKOM
0€30MMacHOCTH YeJI0BEUYEeCTBa SABIAIOTCA Hanbosee oOcyxaaempiMu. B XX B. ye-
noBedecTBO B 10 pa3 yBenuumiio sHepronorpedienue, B 100 pa3 ckopocTs nepe-
newkeHus u B 1000 pa3 MoiHOCTE OpyXKus. B HacTosiee Bpems 3a OJWH JACHb B
TOIKAaX U MOTOpAaX CXKUTaeTcst okosio 15 MiH T yrisg u 10 MiH T HedTH, a 3pdek-
TUBHAsl HEPreTu4ecKasi MOIIHOCTh COBPEMEHHOM IIUBUIIM3AIMY TPUOIMIKAETCS K
20 mupa kBT.

l'uneprpodrpoBaHHast 3aBUCUMOCTh MUPOBOM SKOHOMHKH OT MCKOIIAeMOTO
TOIJIMBA HeceT B cebe HecKoJbKo onacHocTed. [lepBas 3akmouaeTcst B HapacTa-
olel aMuccuy napHUKoBbIX razoB (I1I7) u cooTBeTcTBYIOLIEM YCHIIEHNN MApHU-
koBoro 3¢ ¢dexra. CoBpeMEHHBIE T'OJJOBBIE BHIOPOCHI MHPOBOH 3KOHOMHUKH IIpe-
BoInaT 40 Mapa T CO2, U3 KOTOPBIX B aTMOC(EpPE €KEeroJHO HaKaIUIMBaeTCs He
Mmenee 19 mupn T ocnoHoro I1I" — quokcuaa yraepona. Musuimap aBToMoOuIen
U THICAYM JABIMOBBIX TPyO pacHIaTHIBAIOT KIMMAaTHUYECKYIO0 CHUCTEMY 3EMIIH.
3a 150 neT mpoOMBIIIIICHHOTO C)KUTAHUS YT U HEPTH B aTMOoc(epy BHIOPOIICHO
okono 2 TpaH T CO2, a cpelHss TeMIlepaTypa Ha IUIAHETE yBEJIWYUIIach Ha
1,1 °C [1]. Bropasi omacHOCTh 3aKiIIOYaeTcs B TOM, YTO 3amachl yris, HedTH
Y IPUPOJHOro raza Ha 3emie KOHeuHbl. Eciu denoBeduecTBO OyIeT UTHOPHUPO-
BaTh 3TH OMACHOCTH U CJIE0BATh CErOJHSAIIHENH NapaJurMe sHEproodecrneyeHus,
TO K KOHIIY BeKa [IMBUJIM3AIIMS OKAKETCS Ha MOJAOTPETOMN IIaHeTe U 06e3 HedTH.

Leab ucecaenoBaHus — 1aTh KOJUYECTBEHHYIO XapaKTEPUCTHKY MpolieccaM
9HEProTEXHOJOTrMYecKoro nepexoza. Ilpoucxoasume KIMMaTHIECKHE U3MEHEHUS
OecrpereIeHTHbI KaK M0 CKOPOCTH COOBITUH, TaK U MO UX INI0OATbHOMY OXBaTy.
Kaxneie 10 ner B mupe npoucxonut norerienue Ha 0,18 °C, B Poccunm —
Ha 0,45 °C [1]. HakomeHHasi KIMMaTHYE€CKOM CUCTEMOUM 3eMild TeryioBasi SHep-
rus B konudecTse 52-10'? [l MeHseT KapTHHY OKeaHMIECKMX T€UEHUH M IUPKY-
JSIUIO BO3YIIHBIX IOTOKOB, MOBBIIIAET YPOBEHb MUPOBOIO OKE€aHa, CMEIIaeT rpa-
HUIBI JIECOB M BEYHON MEpP3JIOTHI, MOBBIIIAET YACTOTy HABOJAHEHUH U 3acyx [2].
[locTeneHHo cTupaercs KIMMAaTUYECKas TpaHb MeXAy APKTUKON M TPONMKaMH,
OTYEro MPOUCXOAAT ycuieHHble BbIOpockl CO2 M MeTaHa M3 OTTaWBAIOIIUX Bed-
HOMEP3JIbIX IOPOI.

HebGnaronpusiTHele 1 onmacHble THAPOMETEOPOIOTHUECKHUE SBICHUS IO CUIIE
BO3JICHCTBUSI HA DKOHOMHUKY BBIXOJAT Ha mepBoe Mecto. [Ipenmnomnaraercs, yTo K
2030 r. ymep0 oT riao0anibHOTO W3MEHEHHUs KJIMMaTra COCTaBHT 3,2 % MHPOBOTO
BBII. Yuneam Hopaxayc — HoGeneBckuil naypeat B o6sactu SkoHOMUKH 3a 2018 T.
nipeiaraet BeIOpock 117 cuutath TOBapoM CO CBOEH CTOMMOCTBIO. DTa Mepa IpuBe-
JIET K OTKa3y OT HIMPOKOT0 MCIOJIb30BAaHUS HCKOIIAEMOT0 TOIUIMBA, YTO B IEPBYIO
ouepens kKocHeTcss Poccny, rie ynensHble BBIOpockl CO2 cocTaBnsioT 1,3 Kr/mosut.
BBII, uto B 4 pa3a 6oiblie, yem, HarpuMep, B Anonnn u OpaHium.

MaTtepuanbi u meToAbl

B kadecTBe MCXOIHBIX MaTepPHAIOB MCIOJb30BAINCH PACUETHBIE JaHHbIE
MPEABIAYIIMX UCCIEJOBAHUNA aBTOpPA, JAHHBIE THAPOIHEPrETUUECKOTO OTEHIMA-
na Poccum, a Takke OLIEHOYHBIX JOKJIaJ0B MeEXIpaBUTEIbCTBEHHONW T'PYMIIbI
sKcrepToB 1o u3MeHeHuto knumara OOH [3—7], B KOTOpBIX yTBEPKAAETCSI, YTO
BIIUSTHUE YeNIOBEKa SIBISETCSA «IJOMUHUPYIONIEH MPUUNHOM HabII01aeMOro MoTen-
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nenus». CoBpeMeHHas Hayka INpeicKasaja MOIKAJAIOUINE YEIOBEYECTBO OIac-
HOCTH M IIPU3BIBAET MOCTENEHHO OTXOAMUTH OT UCIOJIb30BAHMS UCKOMAEMOI0 TOI-
JMBa, MHTEHCUBHOCTh KOTOPOTO HapacTaeT rox ot roxa (puc. 1). Ecau npearno-
JOXHTh, 9TO BBIOpOCH! [II" ymacTcst mpekpaTUTh ImpsMO ceiidac, TO riio0anbHas
temneparypa Oyner pactu emie okono 100 net. ITapHukoBblif 3¢dexr obnanaer
netaeil oOpaTHOM CBSI3M, €ro Jierde 3amyCTHTh, YeM OCTaHOBUTH [1; 3]. UToOBI
IIPEKPATUTH AHTPOIIOTEHHBIM POCT TEMIIEPATyphl, HY’KHO HE TOJIBKO MPEKPATUTh
BBIOPOCHI, HO M €XKErOAHO YJIAaBIMBATh U3 aTMOC(epsl M yTUIM3HPOBATH OKOJIO
30 mapa T CO2, 9TOOBI B TEKYIIEM CTOJIETUU U3BATH U3 aTMocdepsl | TpiH T 3T0-
ro HaKOIJIEHHOTo aHTpornoreHHoro [II" u BepHYTh KOHIIEHTpPALMIO 3TOrO ras3a B
aTMocdepe 10 UCXoAHOTo 3HaueHus 280 ppm.
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Puc. 1. AbcontoTHoe yBenudeHune coaepxaHms CO, 1 TeMN pocTa ero KOHUEeHTpauum
B atmocdepe 3emnn ¢ 1960 r. (1 ppm — MUANNOHHAA 06beMHas A0Ns)
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Figure 1. Absolute increase in the global CO, emission, and the growth rate of its concentration
in the Earth’s atmosphere since 1960
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PesynbTaThl

[Mapmxckoe cormamenue (I1C), kotopoe Poccust parndunmpoBana B ceH-
Ts6pe 2019 r., HampaBIeHO HAa OrpaHMYEHHE pocTa II00AIBHOW TeMmepaTyphbl
MaKCUMaJIbHBIM 3HaueHueM 2 °C cBepX JOMHIyCTpUAIbHOIO ypoBHsA. s goctu-
XKEeHHs 0003HAUEHHOW LI KaXJasi CTpaHa J0JKHA BHECTH CBOM BKJIAJ B CTOPO-
HY y’KE€CTOUEHUS MPUPOJOOXPAHHBIX MEP, B YaCTHOCTU OIPAaHUYUTh AaHTPOIOTEH-
Hble BbIOpock! [1I°, 4T0OBI 10OUTHCS «yriiepoHON HelTpanbHOCTHY. [loHsTHE
«KJIMMaTHYecKasi yriaepoaHasl HEHTpaabHOCTh» HE TPeOyeT MOJHOTO UCKIIOUYEHUS
rio0anbHbIX BbIOpocoB CO2 u omyckaeT aHTponoreHHsle BoIOpockl CO2 B KOMH-
gecTBe OKOoo 20 MIIpA T/TOA, KOTOpble CIOCOOHBI MPUHATH U YCBOUTh MUPOBOH
okeaH u 6uocdepa B nenom. Ilo mepe pocra sMuccum Iuokcuaa yriepoaa 6uo-
cdepa MoCTeneHHO MOACTPANBACTCS MO/ HOBYIO 00Jiee BBHICOKYIO KOHIIEHTPAIIHIO
CO2 B atmocdepe 1 HapalBaeT cBOM (POTOCUHTETHYECKHE BO3MOXKHOCTH T10 aK-
KyMYJILIUM TaHHOTO aHTPOMOI€HHOI0 ra3a. TOT HEBUIUMBIN MpOIECC IPOUCXO-
JUT 3a CYeT MOCTENEHHOr0 pocTa (POTOCUHTE3UPYIOIIEH MOLTHOCTH TI00anbHON
(uTOMACCHI U MTOBBIIIICHHOTO 3aKUCIIeHUsT MupoBoro okeana. Hanpumep, B 1965 r.
KJIMMaTU4€eCKasl CUcTeEMa 3€MJIM IETTOHMPOBaJIa OKOJIO 9 MIIpA T aHTPOIIOTE€HHOTO
COz2, aB 2015 1. yxe 19 mapa T. OnHaKko NMpU HBIHEHITHEM TEMIIE POCTa CKUTAHUS
HCKOIIaeMOro TOIIMBa OHocdepa He CHpaBisieTcs ¢ yAaJeHHEeM U3 aTMochepsl
OCHOBHOTO TIApPHUKOBOTO Ta3a. Hampumep, B 1965 r. ocranuchk B atmochepe He-
MOTJIOIEHHBIMU 0KOJI0 5 Mipa T anTpornoreHHoro COz, a B 2015 r. B aTMocdepe
JOTIOTHUTEIHLHO HAKOMIIIOCH yke okojio 18 mupa T COz.

B 2017 r. mupoBast nobbua yriusg, HepTH M raza gocturia 11,5 mupn T
HedTsHOTO SKBHBaNeHTa (1 T H. 3. = 44,76 I'JI)X), IpOU3BEACHO U HCIIOIH30BAHO
SHEpIuu 3a c4eT BO30OHOBISIEMbIX UCTOUHMKOB 3Heprun (BUD) 945 muH T H. 3.,
Ha aToMHBIX cTaHmuAx (ADC) — okono 500 miH T H. 3. Takum oOpa3om, yemoBe-
YeCTBO MOJAOIIIO0 K 00bEMY HCIOJIb30BAaHHSI SHEPTHH B OBITY, IPOMBIIIJIEHHOCTH
U Ha TpaHCHOPTe B KojudecTse 13 MiIp/ T H. 3. B TO.

N3 sToro konuuectsa Poccrs ncnonp3yeT MpOMBIIUIEHHON SHEPTUU OKOJIO
700 maH T H. 3. B rog. Kpome 3Tol «kj1laccCu4ecKoi» 3HEPTUU 4eJI0BEUYECTBO HC-
nosb3yer okoino 7-10'? kBT u/ron «3HEprun kKU3HW», 3aKIOYEHHON B IPOITYKTaxX
nutanus [2]. [IpuMepHOe COCTOSIHHME HPHEPreTUYECKOro OOECICYeHHs YesloBeUe-
CKOM LIMBWJIN3ALIMK CXEMATUYHO MIPEJICTaBICHO Ha pUC. 2.

TeopeTnueckuii MOTEHIIMAI KICTOYHUKOB BO30OHOBIIIEMOI SHEPTUU COJIHEYU-
HOTO MPOUCXOKICHUS XapaKTepU3yeTcs CIEAYIOUIMMU 3HadeHussMu (kBT u/ron):
ruapapiudeckas sHeprus 0,4-10'%; smeprus Berpa 21-10'; conneunas sueprus
1500-10'* [8]. OaHako MO SKOHOMUYECKMM M SKOJOTMYECKHM IIPHYMHAM Pea-
30BaTh 3TOT MMOTEHIIMAJ B MTOJIHOM Mepe He IMpeCTaBiIsIeTcsl BO3SMOXHBIM. J1Jid mo-
JTy4eHHUsl HEPTUU B MPOMBILIUIEHHBIX MacIiTabax ¢ UCIOJIb30BaHUEM COJIHIA U
BeTpa TpeOYyIOTCSI OTPOMHBIE TEPPUTOPHUHU, B TO BpeMs Kak IUIONIAb MUPOBBIX 3€-
MEIBHBIX PECYPCOB OrpaHudeHa u cocTapiseT 130 mun km? (87 % momanu cy-
). K xonmy XXI B. pacuetHast 10515 pa3iIMyuHbIX SHEPTOMCTOYHUKOB B MUPOBOI
JHEpreTuke OyAeT MPUMEpPHO COOTBETCTBOBATH 3HAUEHUSAM, NPUBEICHHBIM B
tabnm. 1 [4]. OnmHako BBHUIY OTPAaHUYCHHOCTH BO3MOXKHOCTEH OHMOCQEpHI coBpe-
MEHHBII YPOBEHb POM3BOICTBA SHEPTHHU B 00beMe 160-10!'% kBT u/rox ToabK0
3a cUeT MpUBEAEHHBIX B Tabm. 1 moneit BUD TpyaHOZOCTHKUM.
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Figure 2. Energy of the Earth and civilization, kWh per year:
1 - radiant energy received by the Earth from the Sun and tidal energy from the Moon;

2 - transformation of the cosmic energy received by the Earth into various forms available for human:

tidal energy, heat energy of photons, wind and wave energy, water evaporation and ocean currents energy,
biomass synthesis energy; 3 — amount of various forms of renewable energy used by human;

4 — amount of nonrenewable energy used by human received by the Earth in past historical epochs:

energy of fossil fuels (formed 50-100 million years ago), geothermal energy (formed 4.5 billion years ago),

atomic energy (formed more than 5 billion years ago)

Tabnuuya 1
MpumepHas [oNsa pasINiHbIX UICTOYHUKOB B MUPOBOI 3HEpreTuke
Foabl Yronb HedT1b ras Buomacca rac A3C BeTtep ConHue
1900 60 3 2 33 2 - - -
2000 28 36 20 5 3 5 1 1
2100 5 5 18 18 6 6 18 18
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Table 1
Approximate share of various sources in the global power industry
. . Hydroelectric Nuclear Wind Solar
Years Coal Oil Gas Biomass energy energy energy energy
1900 60 3 2 33 2 - - -
2000 28 36 20 5 3 5 1 1
2100 5 5 18 18 6 6 18 18

3amaya COBPEMEHHOM MUPOBOI 3HEPreTUKH 3aKII0UaeTCs B epeBoie 00Jib-
et yactu npoussoacTsa 130-10'2 kBT u/roj TONIMBHOM SHEPrUM Ha TIPOU3BOI-
CTBO BO300HOBIIsIeMO sHepruu. Jls pemieHus 3Toi 3ajauu 1enecoodpasHo uc-
MOJIK30BATh IUIONIA/b MTyCTHIHD, HEYTOOMI U aKBaTOPHIO MIeTb(a, TaK KaK COKpa-
1IaTh IUIOIIAJ(b JECOB HEJb3s U3 DKOJOTHYECKHX COOOpa)KeHHil, a ¢ CeabCKo-
XO3SIMCTBEHHBIX YTOAMM — M3 COOOpa)K€HUIl MPOAOBOJILCTBEHHON 0O€30MacHOCTH
IUBWIN3aLUU. Pa3BUThIe CTpaHbl aKTUBHO MEPEXOJAT HAa HU3KOYTJIEPOJHYIO 3KO-
HOMHUKY (Ta0:. 2), BKJIIOYAIOIYIO B ce0sl CHI)KEHHUE UHBECTULIUN B YTOJIbHYIO OT-
pacib U CHU)KeHue cyOcuanpoBaHus ucnonb3oBanus yrist. B 2019 r. ctpanst EC
MIPOM3BEJIN C MOMOILBIO BeTpa U coiHia 6onee 500 mupa kBT 4 anexkTposHeprum,
3a CYeT Yero CHU3WIM CXKHUraHue yris nmpuMepHo Ha 260 MJIH T/TOA WU, COOTBET-
cTBeHHO, cHU3WM Mmuccuto CO2 mpumepHo Ha 930 mutH T/Toa. B eBpomeiickux
CTpaHax ABWKYIIMMH CUJIAMHU YCIIEIIHO OCYLIECTBISIEMbIX IEPEMEH B SHEPreTHKE
SIBJISTIOTCSI BBICOKME HAJIOTH W Tapu(]bl, a TaK)Ke aKTHBHOCTH TOPOYKaH, KOTOPHIE
CMOTPAT Ha HAJIOTH KaK Ha MHBECTHLIMU B 3JI0POBYIO U KaUECTBEHHYIO >KHU3Hb B
Oyymiem.

Tabnuuya 2
Temn BBOAA yCTaHOBJIEHHOW MUPOBOIA MOLLHOCTU Pa3nunyHbix Bugoe BUD B nepnon 2013-2018 rr., BT
MowHocTb 2013 2018 MpupocT, %

O6was 1563 2351 50
rac 1136 1293 14
B3C 300 564 88
CaC 140 486 248
BuoaHepreTuka 85 116 37
FeoTepmocTaHuum 11 13,3 24

Table 2

Rate of commissioning of the available global capacities of various types of renewable energy
sources in 2013-018, GW

Capacity 2013 2018 Growth rate, %
Total 1563 2351 50
Hydroelectric power stations 1136 1293 14
Wind farms 300 564 88
Solar power plants 140 486 248
Bioenergy 85 116 37
Geothermal stations 11 13,3 24

B ocBoennn BUD ocobenno nmpeycnen Kuraif, KOTOpbIil epBbIM B CBOEH
KOHCTHUTYLIMU MPOBO3IJIACHII KYPC Ha CTPOUTENBCTBO «IKOJIOIMYECKON IUBUIIA3A-
num», a k 2060 r. npeamnonaraet 100UThCS «yIIepoIHONW HEUTpaIbHOCTH». B Ha-
CTOsIIIIEE BPEMS COJIHEUHBIE M BETPOBBIEC DJIEKTPOCTAaHIMU KHTas exxerogHo mnpo-
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n3BogaT 630 mupn kBry, a runpasnnueckue — 1300 mapx kBt-u, uro B 7 pa3
MPEBOCXOJUT TOJOBOE MPOM3BOACTBO Bcex poccuiickux ['DC. ObocHOBaHHAs
OLIEHKA «HE3aTPOHYTOr'0» 3KOHOMHYECKOTO MOTEHIHAIa POCCUHCKUX PEeK U Ipu-
JHMBHBIX AJIeKTpocTaHuuii orpomMHa — a0 930 TBt-u/ron. CoBpemennas Poccus
K IIMPOKOMY OCBOEHHIO CBOMX T'MIPOIHEPIreTHUECKUX PECYPCOB MOKa HE MPUCTY-
nayia, ypoBeHb UX HCIIOJIb30BAHUS SIBISETCS CaMBIM HU3KHUM CpPEIN Pa3BUTHIX
CTpaH.

Tabnuua 3
O0ObeMbl BbLIGPOCOB OCHOBHbIX MAaPHUKOBbIX ra3oB B Poccuu, miaH T CO,-3KB.
MapHuKOBbLIV ras 1990 2000 2010 2015
CO, 2590 1504 1663 1675
CH, 942 634 827 860
N.O 183 99 95 91
Bcero 3768 2275 2603 2651
Table 3
Volumes of emissions of the main greenhouse gases in Russia, million tons of CO, equivalent
Greenhouse gas 1990 2000 2010 2015
CO, 2590 1504 1663 1675
CH, 942 634 827 860
N.O 183 99 95 91
Total 3768 2275 2603 2651

Poccus 3aHumaeT yeTBepToe MECTO B MUpPE 10 aHTPONOI€HHBIM BbIOpOCcaM
II" (4,8 %), naHHBIE O KOTOPBIX MpeAcTaBieHbl B Ta0ul. 3 [9]. Ecnu otcnexxuBarth
nuHamMuKy BeiOpocos I1I" mpennpusitusimu Poccuu ¢ 2000 r., korjga Hadaiaoch Boc-
CTaHOBJIEHUE POCCUIMCKOIM IKOHOMMKH, TO BUIHO, YTO OOIIME BHIOPOCHI yBEIUYU-
nuck. B sHeprernyeckom cektope Poccum BBIOpOCHI 3a ATOT NEPUOA TAKKE yBe-
muaniuck ¢ 1,84 1o 2,20 mupa T CO2-3KB.

B Ommxkaiimee Bpemst 3apa0oTaeT KOHLEMIUS «YIJIEPOJHOTO cliefa», B CO-
OTBETCTBHMHU C KOTOPOI1 110 BCeMy MUPY MpeAIaraeTcss BBOAUTh YIIIEPOIHbIM Haor —
IJaTy 3a BbIOPOCHI PKBUBAJIEHTA JAMOKCUIA yriepona. MHorue eBpomnenckue
CTpaHbl JaBHO BBesU Takoi Hanor. Hanpumep, Benuko6putanus ¢ 2013 r. BBena
Hayor B pazMepe 25 nomr./T COz2, mociie 4ero SHepreTHIecKue KOMIaHUN Havdaau
OBICTPO MEPEXOAUTH C YIJIs Ha npupoaHbIii ra3. Ctpansl EC coOuparorcs B3uMaTh
JIOTIOJTHUTENIbHYIO TPAHCTPAHUYHYIO YIJIEPOJHYIO IMOILIMHY € 3KCHOPTHOW Mpo-
IOYKLHU U3 CTpaH, Ilie MOoA0OHas «yriaepoJHas» PeryJsTopHas Mepa He MpHUHATa
Ha roCy/apcTBEHHOM YPOBHE. DTH Mephl B OrpKailiiem aecsTuieTun odecrievar
LIEHOBOM MapUTET ceO0ECTOMMOCTH SHEPTUU OT BO30OHOBIIIEMBIX M TOIUIMBHBIX
HCTOYHUKOB. Poccust kak cTpaHa ¢ JOMUHUPYIOLIUMM HCIIOJIb30BAHUEM TOILIMBA B
9HEPreTUYECKOM M SKCIIOPTHOM OajlaHCce OKa3bIBAETCS B TPYIIIE OYEBHIHOIO PHUC-
Ka, OJJHAKO HCTOPHUYECKOW OTCPOUKH MPOHCXOSIIEr0 HACTYIUICHHUS TI100aJIbHOTO
M3MEHEHMs KJIMMaTa O’KUaTh HE CIeIyeT.

[Tapuxkckoe cornamenue, 0 CyILIECTBY, IIPEAJIaracT NEPEUTH K HOBOM LU-
BWIM3AaLlMM — IMBUJIM3allMM BO30OHOBIISIEMBIX MCTOYHUKOB 3Hepruu. B cero-
JHSIIITHUX KPU3UCHBIX YCIOBHUSX MHUPOBAsi 3KOHOMHUKA [TOCTENIEHHO «OTCOEIUHSET-
Cs» OT MOTPeOJIeHUsT UCKOMAeMOro TOILIMBA U HApalMBaeT Oe3yriepoaHoe Mpo-
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n3BOACTBO sHepruu. K coxanenuto, B Poccum 3aMeTHBIX MOJBUKEK B MOJIb3Y
HU3KOYTJIEPOJHBIX MCTOYHHKOB 3HEPIMM HE HaO/I0faeTcs: 00beM MapHUKOBBIX
BBIOPOCOB OTEYECTBEHHON MHIYCTpUEH B TeUeHHE TocieHuX 20 JIeT yBeTUIHICs
Ha 12 % wu npubnuswmics x 2,7 miupa 1/roa. CoBpeMeHHass MOLTHOCTh pa3BUBAlO-
mieiicss MUpOBOM COJTHEYHOM M BETpoBOM sHepreTuku npessimaer 1200 I'Br,
u Poccust Tonbko k 2024 1. muianupyet BBecTH 5,5 'BT cooTBeTCTBYIOIIEH MOII-
HOCTH, a BBOJ HOBBIX KpymHbIX ' DC BooOIIe He mpenycmarpuBaeTcs. Ha done
MHUPOBBIX TEHJCHIMI BBINIAIUT MPOTHUBOpEYAIEeN 3paBOMY CMBICITY MOCIEIHSIS
Bepcusi DHepreTuuecko crpareruu P®, npeamnonararomas «moJ0KUTEIbHYIO
TUHAMHUKY 00beMOB n00bIun yris». [Ipu aTom Poccust 3aHnMaeT BTOpoe MecTo B
mupe 1o BeiOpocam CO2 Ha nmymry HaceneHus — 11,7 T/rom mpu cpeIHEMHPOBOM
4,8 T/rox. D10 03HaudaeT, uTo Poccus ¢ ee MpenMyIIeCTBEHHO ChIPhEBBIM IKCIIOP-
TOM pa3MelIaeT Ha CBOeH TEpPUTOPHH HauOoJee 3arpsi3HSIONIYI0 YacTh T1o0ab-
HOM MpPOU3BOACTBEHHOH 1Eeno4Yku. CTpaHbI-UMIIOPTEPHI MOJIYHAIOT POCCUMCKYIO
CBIpYIO0 HE()Th, ATFOMUHUA W HUKEIb B UyIIKaX, HEOOpaOOTaHHbIE aiMa3bl U JIeC-
KpYTJSK, AENAl0T U3 HUX MPOIYKIMIO C BBICOKOW M00aBIEHHOW CTOMMOCTHIO U
BTPHUA0pOra MpoJIatoT ATy npoaykiuio Poccun.

Hoctmwxkennto neneit [IC MemarT «KIMMAaTHYECKUE CKENTHKW», KOTOPbIE
YTBEPKAAIOT, YTO YEIOBEUYECTBY HE CleqyeT OOpOThCS C II00aNbHBIM MOTETIe-
HUEM, a HY>KHO BCEro JIMIIb «aJalTHPOBATHCS K MPOUCXOASIIUM H3MEHEHUSIM
okpy:xaromieit cpenp». Kak nmucan Mapk TBeH, «4ailie BCero mMul MorajiaeM B He-
MPUATHOCTH HE MOTOMY, UTO YEro-TO HE 3HAEM, a MOTOMY, YTO HE BEPUM B TO,
YTO 3HAaeM». DTU «AaKTHBHUCTBI» JOJKHBI MOHATH, YTO MEPEXO] K BO30OHOBIIsE-
MBIM MCTOYHHMKAM HHEPIrUU U €CTh UCTUHHOE MPOSBICHHUE aJanTaluu, KOTOpas B
MOJIHOM €€ TIOHMMaHUU PeIaeT ABe 3a7auu: BO-TIEPBBIX, TOPMO3UT POCT TII00aIb-
HOM TeMmIepaTypbl; BO-BTOPBIX, TOTOBUT YEJIOBEYECTBO K CKOPOMY HCUEPIIAHUIO
yrieBogopoaoB. Ecnu Poccust ¢ GombIIuM SKOJIOTHYECKUM CIIEIOM CBOEH TMpo-
OyKIUK He OyIeT IpOosBISATh aKTUBHOCTH IO JA€KapOOHHU3AIMH SKOHOMUKH, TO TIPU
BBEJCHUHM TAMOXKEHHBIX IIaTexeil B 25 eBpo 3a ToHHy CO2 moTepu HaIIero Kc-
MopTa Mo pa3HbIM OIIEHKAaM COCTaBAT OT 4 10 6 MiIpJ eBpo/Toi1. PyKoBOJACTBOM K
NEHCTBHUIO AJIS MPEANPHUATHI «PEHTHOTO OM3HECa» MPO3BYYalld CJIOBAa Ha HEJaB-
HeM ¢dopyme «Poccust Biepe», Cka3aHHBIE COBETHUKOM TpesujieHTa PD, o Tom,
YTO HHU3KOYTJIEpOJHas MOBECTKa — KIII0UEBON (PakTOp B Pa3BUTHUU POCCHICKOTO
JKCIopTa

[Toka >xe mano 4ro gemaercsi, 4ToObl CHATH Pocchio ¢ «UIIbl CHIPHEBOTO
SKCIOPTa» U TEM CaMbIM BBIBECTHU CTPAHY U3 COCTOSIHUS CTaTHUPYIOLIEH HKOHO-
MUKH. Poccust oTcTaer B TeMmnax 3KOHOMHUYECKOTO pa3BUTHS: 3a nocneanue 30 et
poccuiickuii BBII Beipoc Bcero Ha 20 %, B TO BpeMms kak 00bemM MupoBoro BBIIT
3a 3THU rojsl yBenuuuics B 2,2 paza. B To xe Bpemst Komurer no knumaty Poc-
CHICKOro coro3a NMpoMblluIeHHUKOB M npennpunumareneit (PCIII) BeicTynmaer
npotuB MHULMATUBBEL EC MO BBEJEHUIO TPAHCTPAHUYHOIO YTJIEPOAHOTO PETyiu-
poBanus (TYP), Ha3piBas ee «JIUCKpUMHHAITUEH NPEANPUATHNH-IKCIIOPTEPOBY.
B nannowm ciydae PCIIII He cTaBuT aMOUITMO3HBIX 337124 MO AOCTIKEeHUI0 Poccu-
el yramepoaHoit HelTpabHOCTH K 2050 1., Kak Toro tpebyet Ilapmkckoe corma-
LIEHHE M KaK 3TO YCHEUIHO OCYLIECTBIIAIOT BEAYIME CTpaHbl Mupa. IlonbITku Kpym-
HOTO POCCHICKOr0 OM3HECAa OTTAHYTh YHEPTrOTEXHOJOTHUYECKHI MEepexo]l TOIbKO
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YTAYOISIFOT SKOJIOTMYECKUNA U COIUAbHO-DKOHOMUYECKHIM KPHU3UCHI, Jenas UX B
OJbKalIe TOIbl IpaMaTUIHBIMU JIJIS POCCUMCKOTO OIOKETA.

['moGanbHBIN TEepexol K HU3KOYTJIEPOIHOW SHEpPreTHKe IelnecooOpa3Ho
HAaYMHATh CO CHUKEHUSI COKUTAHUS YTJIs KaK HAaMMEHEE SHEPrOeMKOTO U B TO K€
BpeMsl HanOoJee 3arps3HSIONIEro BUAA TOIIMBA, KOTOPOTO B MUpPE A0OBIBaeTCS
0osiee 8 MIIpJ T/TOJT B KOTOPOE HAXOUTCS HA MEPBOM MECTE 110 IIOOATEHBIM BbI-
6pocam CO2 — He menee 24 mapn 1/roa. [Ipu cokpamenun BeiopocoB CO2 Ha 1 T
3a CUET CHIDKCHHS UCIIOJIb30BaHUS HEPTH HEOOXOAMMO MPOU3BOIUTH C TTIOMOIIBIO
3ameniaronieid Bo3oOHoBIsseMoil sHepreTuku 3660 kBt-u, a nng 3amenieHus
«yrojbHOU TOHHBI» BbIOpocoB CO2 Tpedyetcs BbipaboTath Bcero 1530 kBt 3a-
MelIaromiei 3eneHol »Heprun. Takum oOpa3oM, Yroib B dHEPreTUKE 3aMeliaTh
JIerye ¥ MEHEe 3aTPaTHO MO CPABHEHHUIO C BHIBOJOM U3 OOpaIleHusl U 3aMeleHH-
eM sHepreTuueckoil HedTu. VIMEHHO MO 3TOW MPUYMHE MUPOBAsl DHEPreTHKA
B TMEPBYIO Ouepe]hb HauMHAET aKTUBHO M30aBIATHCS OT yriia. EcTecTBEHHO, 4TO
MpH TIEPEKUBAEMOM YEIIOBEUYECKOW IHMBHUIM3ALNUEH YHEPrOTEXHOIOTUYECKOM Tie-
pexojie Hellb3sl IOMYCTUTh CHUKEHUS JIOCTUTHYTOT'O YPOBHS HEProoOeceyeHus,
a TaKKe CHUKEHHsI YPOBHS KU3HU CEME MUJUTMOHOB IIaXTEPOB.

Tabnuya 4

CueHapum CHUXeHUs rnobdanbHbIX BbIGpocoB CO, 3a cHeT CHUKEHUS UCMOJIb30BaHUS yrns
npu pUKCMpPOBAHHOM YPOBHE CTOKa AMOKCUAaa yrnepoaa 22 mnpg 1/rop,

CHMxeHune Cumxenne Top Bbixoaa Poct CO, Utorosas Temn BBOAA
CXUraHust BLIGPOCOB, HaGanaHc B aTmocde- KOHUeHTpauus PocTt tem- . 3ameLualoLen
yrns, MNHT/roa  no yrnepony pe, ppm CO,BaTMO- nepartypsbl, MOLLHOCTH,
MJIH T/ropA, céepe, ppm rBr/ropn
170 620 2050 38 458 0,6 160
255 930 2040 25 445 0,5 240
340 1240 2035 19 439 0,4 320
425 1550 2032 15 435 0,3 400
Table 4
Scenarios to reduce global CO, emissions by reducing the use of coal
at a fixed level of carbon dioxide flow of 22 billion tons per year
inooaibur- _Reduction o (EEL o Inorease  F 0 e remperature Roplacement
ning, min of emissions, carbon n atmosphe- concentra- increase, ° capacity input
tons,/year min tons/year balance ric CO,, ppm tion, ppm rate, GW/year
170 620 2050 38 458 0,6 160
255 930 2040 25 445 0,5 240
340 1240 2035 19 439 0,4 320
425 1550 2032 15 435 0,3 400

B nanpHeimmx pacuerax MOXKHO MPUHSATb, YTO U3 COBPEMEHHBIX 41 Mipa T/rox
IJ100aTBHBIX aHTPOMOTeHHBIX BbIOpocoB CO2 ISt AOCTHXKEHUS TI100aNbHOMN yTie-
POIIHOM HEUTPaATbHOCTH JOCTATOYHO CHU3HUTH BBHIOPOCH! Ha 19 miupa T/rofa, Tak
KaK OCTaJIbHBIE 22 MIIPJT T/TOJ TUOKCHA YTIIepo/ia MOTJIOMATcs: MUPOBBIM OKe-
aHOM U MUPOBOI pacTUTENHHOCTHIO. B pacderax Taxxe mpuMeM, 4TO JOCTHKEHHE
YTJIEPOIHON HEUTPATBLHOCTH MUPOBBIM COOOIIECTBOM OYAET OCYIIECTBISATHCS HC-
KITFOUUTENIBHO 3a CUET CHMYKEHUS MCIIOJIb30BAHUS SHEPTETUYECKOTO YIS, TIPU CHKU-
rauuu 1 T xotoporo BeiOpackiBaetcst 3,6 T COz. [Ipumem Takxke Clemyromme yciao-
Bus: Mpu BbIpaboTke 1 kBT-u smexTposnepruu Ha yronpHOH TOC pacxomyercs
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0,45 xr yrng ¢ yaenasHbM Terutocoaepkanuem 20 M/Dx/kr; KIT-werto 32 %;
K03(p(PHUITMEHT UCTIONB30BAHUS YCTAHOBICHHOW MOITHOCTH [10] COTHEYHBIMHU DIICK-
tpoctanimsamu (COC) pasen 15 %, BerposbiMu (BOC) — 25 %, ruapaBindecku-
mu (I'2C) — 40 %.

Mapa T/ron

45

Mupogsie Bsi6pocsr CO;

10

Toaer
1970 1980 1990 2000 2010 2020 2030 2040 2050

Puc. 3. CueHapum TeMnoB rnobasibHOr0 CHUXEHUS UCMOJIb30BaHUS SHEPIW YIS, MSIH T/FOA;:
1 — BbIGpoCkl CO. 06Lme; 2 — BbiGpockl CO.0T CXMraHna nckonaemMoro Tonimea; 3 — nornotieHve Boiopocos CO.
PacTUTENBHOCTBLIO CyLIN U MMPOBBLIM OKEAHOM; 4 — MOMEHT Hayana CHUXEHUS1 CXXUraHUs MICKOMaeMoro Tonavea
1 BbIBPOCOB; 5, 6, 7, 8 — TeMnbl CHUXeHUs cxunradus yrns 170, 255, 340, 425 MnH T/ron, COOTBETCTBEHHO

A
a

Billion tons/year

5
o

(]
o

N
o

Global CO, emission

=
o

Years
1970 1980 1990 2000 2010 2020 2030 2040 2050

Figure 3. Scenarios of the rates of global decline in the use of coal energy, million tons per year:
1 - total CO, emissions; 2 — CO, emissions from burning of fossil fuels; 3 — absorption of CO, emissions
by ground vegetation and the World Ocean; 4 — moment of the start of the decline in fossil fuel burning and emissions;
5, 6, 7, 8 — rate of decline in coal combustion 170, 255, 340, 425 million tons per year respectively

Jlns pemieHus: KIMMAaTHYeCKOH TPoOJIeMBbl YeJI0BEYECTBO MOXKET B chepe
SHEPreTHKU PEaTu30BaTh HECKOJIBKO CIIEHAPUEB, OTIUYAIOIINXCS 1O TEMIy CHU-
JKEHHS BBIOPOCOB TUOKCHAA yriiepona B atMocdepy (tadm. 4). Haubomnee ocymie-
CTBUMBIM HUX HHX SIBJIIETCS CIeAyromuii: HaunHas ¢ 2021 r. 4yeaoBeyecTBO exe-
TOJTHO CHIDKAeT UCIONb30BaHue yriisd Ha 170 MITH T, 9YTO 0OECIIEYUT CHHUYKEHHUE BBI-
6pocos CO2 mpumepHo Ha 620 miH T/Tof (puc. 3). Ilpu TakoMm clieHapun BelleCTBEH-
HBII OajaHc yriepoja «IMHUCCHS — CTOK» OyleT AOCTUTHYT mpuMepHo K 2050 r.
MpU HAKOIUICHHOW K TOMy BpeMmeHH koHIeHTparuu CO2 B atMocdepe OKoJo
460 ppm (puc. 4). Temn cHKeHHs cxUraeMoil Maccel yriig Ha 170 MiH T/Tox ¢
o01eli TemIOTBOPHON cIOCOOHOCTRIO 944 Mupn kBT u/ron moareBepxkaaeTcst BO3-
MOKHOCTBIO 00€cCIieYeH s 3aMeICHHUs BBIBOAMMON U3 IKCIUTyaTallHd MOIIHOCTH
TEIJIOBOM AHEPreTUKU allbTePHATUBHBIMU MCTOYHMKAMHU 3Hepruu. PeansHOCTH mMO-
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JOOHOTO 3aMelIeHHs] OATBepKIaeTcsa BBeJeHHOM B Mupe B 2017 r. MOLTHOCTBIO
140 I'Bt anbrepHaTUBHON (COJIHEYHOM, BETPOBOM, TMJIPaBINYECKON U aTOMHOM)
reHepaLuy.

460 | /._
440 2/

420
400
380
360

340

KoHneHTpanua

320 Toasl

1960 1980 2000 2020 2040 2050

Puc. 4. PeanbHblil pOCT KOHLIEHTPaUuUK B aTMocdepe aHTponoreHHoro CO, (1)
1 ero nNporHo3upyemMas crtabmnmsaums (2) npu CHUXEHUU rnobasnbHbIX BIOPOCOB Ha 620 MAH T/rog,
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Figure 4. Real increase in the concentration of anthropogenic CO, in the atmosphere (1)
and its predicted stabilization (2) with a decrease in global emissions by 620 million tons per year

Jlns BemonHeHust Poccuelt 00s13aTeNbCTB IO TOCTHDKEHHUIO YTIIEPOTHOW HEHT-
panbHOCTH K 2050 T. 1OCTaTOYHO B HEPIETUYECKOM CEKTOPE CHUXKATH CHKUTAHUE
yris Ha 8 MiH 1/ToA (4,8 % nonu Poccun oT MUPOBOTO ypOBHS) M OJTHOBPEMEHHO
¢ 3TUM o0ecreyuBaTh POCT COBOKYIHOM BeIpaboTku 14 mupna kBt 4/ron snekrpo-
sHeprun Bcemu Bugamu BUD. UtoObl oOecrieunTh Ha3BaHHBIA €KETOIHBIA POCT
BBIPAOOTKH 3aMEUIAIOIIEH abTePHATUBHOM AJIEKTPOIHEPTUH MOTPEOYETCsS €KEroIHO
BBOJIUTH B AKcIuTyaTanuo wim 10,6 Mita kB1/ron momHoctr COC, i 6,4 miH kKBT1/roz
momrHoct BOC, wimm 4,0 mita kBt/rox momaoctu I'OC. [Ipu npumepHO orHAKO-
BOIl CTOMMOCTH KalUTAJIbHBIX 3aTPaT Ha €IUHUILY BBOJIMMON MOIIHOCTH HCIIOJIb30-
BAaHUE 3€JICHON T'MIPABIMYECKON DHEPIrUH B KA4ECTBE 3aMEILAIOLIEH YTOJIbHYIO
SHEPTETHKY SIBJISICTCS HAUMEHEE 3aTpaTHOM U Oosee YHPEeKTUBHOM.
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CeronusmHss cutyanust B Poccun BO MHOTOM HallOMHMHAET 210Xy BEKOBOMU
naBHOCTU — Havana peanuzauuu B 1920 r. [Tnana I'ODJIPO no pexoHCTpyKIMH
BCEX OTpaciied 5KOHOMHUKH C ONEPEKAOIINUM Pa3BUTHEM DHEPIETUKH: Ta YK€ MOA-
CEYeHHas NaHJAEMUEH DKOHOMMKA, TOT K€ JTOMUHHPYIOLUIUN CBIPbEBOW HKCIIOPT,
TSDKETIBIN SKOJIOTMYECKH KPU3HUC, Ta e MOJUTHYEeCKasl U CAaHKIIMOHHas OJokaza
CO CTOPOHBI KOJUIEKTUBHOTO 3arnaja. MoXXHO CKa3aTh, YTO peajiu3alus U OT3BYK
TOr0 TPaHIMO3HOIO IUIAHA B 3HAYMTEJILHON CTENEHH ONPEIEIAIOT COBPEMEHHYIO
OTEUYECTBEHHYIO SKOHOMUKY U 3HepreTHKy. HeobxonumocTs u MacTald co3ganus
O0OHOBJIEHHOH sHepreTudeckoil orpaciau Poccun, a Takke HEOOXOAUMOCTb M 3HA-
YUMOCTbh OTX0/1a OT ChIPEEBOT0 AKCIIOPTA NCKOMAEMOT0 TOIUIMBA TaAKOBBI, YTO MO-
I'yT cTaTh 0a3uCcOM Pa3pabOTKU HOBOTO coBpeMeHHOro miana 'O3JIPO-2.

MBI BUIMM, YTO «HEBHJUMAs PyKa PhIHKa» MHOTO JIET HE MOXET BBIBECTU
Poccuto Ha myTh yCTOWYMBOTO pa3BUTHL. 3AeCh 0€3 KECTKOro rocy1apCTBEHHOIO
perynupoBaHust He 00oiTHCE. [IpencTaBnseTcs, 9To CEeTOIHsI caMOe TOAXOIAIIee
BpeMsl OoOpaTUTbCS K yCIemHOMY onbiTy Mojonoi Coserckoil PecnyGmuku u
IIOATOTOBUTH COOTBETCTBYIOIINM «IEP3HOBEHHBIN IIPOEKT», MPELyCMaTPUBAOLINI
noctwkeHue neneit [laprkckoro cornameHus, nepexos K aeKTpUpUKAILMU CTPaHbI
Ha OCHOBE MPOBEPEHHOW THAPABIMYECKOW W APYTUX BUIOB BO300HOBIISIEMOM
9HEPIUH, a TAK)KE COKPAILEHUE IKCIIOPTA UCKOIIAEMOTr0 TOIUIMBA 3a CUET Pa3BUTHS
COBPEMEHHBIX BBICOKOTEXHOJOTHYHBIX yIjie- U HEPTEXUMUYECKUX MPOU3BOJCTB.
B cxnazapiBaroleincss peaJlbHOCTH POCCUMCKHAM THAPOIHEPTETUKAM CIIENYET Olpe-
JIETUTH CBOIO aMOMIIMO3HYIO JIOJIF0 POCCUMCKOM KBOTHI 1O BBoay 10 2050 r. 3a-
Meraroniei MomHoctTd BUD. Macmitab u 3Ha4MMOCTh JOTH HOBOM THIIPOIHEpTe-
tuku B BUD moryTt ctats 6azucom coBpemenHoro miana [[O2JIPO-2.

B HacTos1ee BpeMsl ycTaHOBIIEHHAss MOIIHOCTh MUPOBBIX I'OC cocraBiser
1,3 miipa kBT, koTopble BhIpabaThiBatoT okoino 4,2-10'? kBt u/ro, To ecTh MeHee
MIOJIOBUHBI OT TEOPETUUECKU BO3MOXKHOT0 ypoBHs. OcoOEHHO Mpeyciien B 0CBOe-
HUH THIpO3HEpropecypcoB Kuraii, KOTOpBI B NOCIEIHUE TOAbI €KETOJHO BBO-
i B oKertyartaruio 6onee 20 muiH kBt momaoctu ['OC, a x 2050 1. mnanupyet
YABOUTH MOIIHOCTH T'HMAposHepreTuku. B bpasunuu tpu xpynueimue I'9C —
Uraiiny, beno Monte u Tykypyu — BeipabaTsiBatoT 169 mapa kBt-u/ron — poBHO
cTosibko BhIpabaTeiBatoT Bce 'DC Poccun. B pa3BuThIX cTpaHax, rie pecypcshl
yIJI€BOAOPOAOB OJIM3KHM K McUepnaHHio, ocBoeHo oT 60 1o 90 % ruaposnepromno-
TEHIHaJIa.

K coxanenuto, B Poccun ypoBeHb HCIIONB30BaHUS THIPOIHEPIOPECYPCOB
0CTaeTCsl CaMbIM HU3KUM CPEJU pPa3BUTHIX cTpaH Mupa — He 6oinee 20 % rungporno-
TeHuuana. O00CHOBaHHAs OLIEHKA HEUCIIOJIB30BAHHOTO THAPOIHEPTETHYECKOTO T10-
TeHIMana pek Poccuum cocrabisser 660 TBt-u/rox [5]. [Ipu cOOTBETCTBYOMNX
MHBECTULUAX POCCUMCKUE THIPOCTPOUTENN, UCIOIb3Ysl COBETCKUN OIBIT, MOTYT
BBOJUTH B 3Kciulyatauuio B nepuon 2025-2050 rr. B cpeanem no 1 I'Bt B roa
THAPOIHEPTETUUECKUX MOIITHOCTEH ¢ 0OecTieueHreM OO0IIIeH TOTOJTHUTEILHOMN BhI-
pabotku 10 120 TBt-u/rox (Tabmn. 5).

Henb3s nuckiarodats U3 cepbl BHUMAHUS THJIPOIHEPTETHKOB BO3MOKHOCTH
npuwinBHbEIX ctaHimi (IT3C). TIpupoansie ycnoBus Poccun mo3BOMSIOT MOCTPOUTH
I[19C ¢ cymmaproi montHOCTBIO 120 ThIc. MBT 1 T0/10BO# BEIPAOOTKON «TYHHBIX
kuioBarToB» 270 TB1-u. C 1966 1. Bo @panimu ycremHo padoraer [19C «JIs Pancy
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MOIIHOCTHIO 240 kBT ¢ aMmuTy 0¥ npuiivBoB 10 8 M. 3a BpeMs pabOThl CTaHIIUS
TaBHO ce0s1 oKymmiia U mpou3BoguT 640 miH KBT 4/Tog ce0ecTOMMOCTRIO BCETO
1,8 nenta 3a kBt-u. B 2011 r. B FOxHoi1 Kopee BBenena B crpoii [I19C moniHo-
cTbio 254 MBT ¢ ronoBoii BeipaboTkoit 553 I'B1-u. Cerogns Tam B CTaiuu CTPOH-
TENbCTBA HaXomATcd ABe Oosiee MouHele cranuud Ha 520 MBT 1 1,3 I'Br. Ene
Bo BpemeHa CCCP Obum cripoeKTHpoBaHbl 0ojiee MOUIHbIE TPOEKThl Tyrypckoii
I[12C na OxotckoM mope mouHOcThIO 10 8 I'BT m Mesenckoit 119C na benom
MOpe MOIIHOCTHIO 70 24 ['BT 1 rogoBoii BeipaboTkoit 40 mupa kBT 4. Takum 06-
pa3zoM, B COBPEMEHHOM MUPE C €r0 IKOJIOTUYECKUMHU KPU3HCAMU U CKaYKaMH IIeH
Ha HE(Tbh, Ta3 U yroyib THJIPABINYECKasl SJHEPTHs COBPEMEHHBIX U Oynymux ['DC
Poccun BeIrIaguT HageKHOM U YUCTOM.

Tabnuuya 5
Mpumep BO3MOXXHO BbIPpabOTKM 3N1eKTpo3Heprum Ha HoBbix MNAC Poccun k 2050 r.
Bacceiin OKOHOMUYECKU 0OGOCHOBaHHbIM JAononHuTtenbHas BbipaboTka,
rmaponoTteHunan, TBt-4/rog TBT4/rop,
Kacnuiickuia 65 5
BapeHueBo-benomopckui 34 5
EHuncelickunia 283 60
JNeHckuin 235 30
O6ckui 73 10
AmypcKkunin 32 5
CeBepo-BocTo4HbIE MOPS - 5
Table 5
Example of potential electric energy generation at new hydro-electric power stations in Russia by 2050
Basin Econqmicallyjustified Additional generation,
hydro potential, TeraWatt-hour/year TeraWatt-hour/year
Caspian 65 5
Barents-White Sea 34 5
Yenisei 283 60
Lena 235 30
Ob 73 10
Amur 32 5
Northeast Seas - 5

B Poccun skonorndecku M 3KOHOMUYECKH 3((EKTUBHON anbTepHATUBON
«YTOJBHBIM IIPOEKTaM» SBIIETCS Pa3BUTHE TMAPOIHEPTETUKH, KOTOpAs SIBISIETCA
HauboJiee YUCTHIM CIIOCOOOM MoyueHHs (UHAIBHOM sHepruu. B coctaB ruiana
I'O3JIPO-2 MoOXxeT ecTecTBEHHO BHHcaThbesl (helepaibHas lLiejeBas Mmporpamma
Pa3BUTHSI THAPOIHEPTETUKU C YETKUM O00O3HAYCHHMEM IoKa3aTesei 1Mo cpokam u
nostanHoMy BBoay nopsiika 30 I'Bt rugposneprernueckoil MomuocTH. I'napo-
SHEepreTuka Kak OCHOBHOW HMCTOYHHMK 3€JIEHOW SHEpruM M Kak Hauboyee Mpu-
OBUTBHBIN crOcOo0 TmosTydeHust (UHAIBHON DHEPTrUU Bcerja peHTalenbHa: cebe-
CTOMMOCTh KMJIOBaTT-4aca COCTaBisieT He Oonee 5 neHToB. B mupe Ha 1 kBt'u
3JIEKTPOIHEPIUHU IPOU3BOAUTCS 0 1 TOJUI. MpoayKumK U yciyr B coctaBe BBII —
9TO O3HAYaeT, YTo FIPPEKT OT UHBECTULIUI B 3Ty OTpacib MHOTOKpaTHbIN. HyxHO
BEPHYTHCA K PACCMOTPEHHUIO BapUaHTOB CTPOUTENHCTBA TaKUX KPYMHBIX CHOUp-
ckux ['DC, xak bparckas n Casno-Ilymenckas, o0mias BbIpabOTKa KOTOPBIX Ipe-
BBIIIIAET COBOKYITHYIO BbIpabOTKy Bcex cTaHiui Bomxcko-Kamckoro kackana.
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OcBoenue poccuiickoir ApKTUKH U TOpTOB CeBEPHOr0 MOPCKOI0 IMyTH MOTpedyeT
MOIITHON JHEPreTHYecKord MH(PACTPYKTyphl, OCHOBY KOTOPOW MOTYT COCTaBHUTh
I'SC B Gaccelinax Takux pek, kak Hwwkusas Tynrycka, Ilogkamennas TyHrycka,
Wunurupka, Jlena, KonsiMa, AHaIbIpb, a TakK€ MOIIHBIC MPWIMBHBIE CTAHIIMH
B Oyxrtax benoro, bapennesa u Oxorckoro mopei ¢ o0ecrieueHMEM CyMMapHOMH
BbIpaboTku 10 120 TBT-4/roz.

EcrectBennoii cocraBHoi yactbio ['ODJIPO-2 mosxket ctath CTparerust A0ro-
cpouHoro pa3BuTus P® ¢ Huzkum ypoHeM BbIOpocos III' no 2050 r. Xopommm
TIOZICTIOPBEM IIJIaHY CTAHET pa3padaThiBaeMblii MPOEKT (henepanabHOro 3akoHa «O roc-
PEryJIMpoBaHUN BbIOPOCOB MAapHHUKOBBIX Ia30B», 3aKJIa/bIBAIOIUN MEpbI MO CHU-
KEHHIO BBIOPOCOB: COOPHI 3a MPEBBIIICHHE YPOBHS BHIOPOCOB, YIIIEPOIHBIN HAJIOT,
KBOTHPOBaHHUE, yriiepogHass otdeTHOCTh. 1lman "'ODJIPO-2 nepenanpaBuT Mui-
JMOHBI TOHH YIJIsl OT CXKUTAaHMSA B KOTJAX Ha Pa3BUTHE B IIAXTEPCKHUX IOPOIAX
YTIAEXUMUU C KPYITHOTOHHAXHBIM IIPOM3BOJCTBOM METaHOJIa, BOJOPO/A, CUHTE3-
ra3a ¥ COTEH JPYI'HX IOJE3HBIX MPOAYKTOB. B coorBercTBUM C tuiaHoM ['O2JIPO-2
poccuiickue 100bIBaONE KOMIIAHUH TTEPEHAIIPABST OOJIBIIYI0 YaCTh HKCIOPTHO-
ro MOTOKa U3 MUJUIMOHOB TOHH YIJIsl M CHIPOW HE(THU B CTOPOHY 3KCHOpTa Ipo-
IOYKIIMU OTE€YECTBEHHOHN yrile- U He()TEXUMHUH C BBICOKOM 00aBIEHHOW CTOMMO-
cTbt0. COOCTBEHHOE Pa3BEpHYTOE MPOM3BOJCTBO CHHTETUYECKUX MPOAYKTOB M3
YIS 1 HePTH TApaHTUPOBAHHO HATIOJHUT POCCUHCKUN OFOJKET U CO3JIaCT COTHH
TBHICSY HOBBIX BBICOKOOIJIAUMBAEMBbIX pabouux MecT. [InmaH momkeH mpemycmar-
pHUBaTh YCKOPEHHYIO razsu(pUKaluio He «4yXJ10i HaM EBponb», a cOOCTBEHHBIX
HAaCEJICHHBIX IyHKTOB, YTOOBI HaJ ropojamu Hamieil Ponunel Obuto romy0oe, a He
gyepHoe He0o.

3akouyeHue

UenoBeuecTBO HAXOIUTCS B HAa4yaje JIOJITOTO MyTH MO Pa3BUTUIO alIbTepHA-
TUBHBIX CIOCOO0B monydeHus »Heprun. [lonkmrouenue Poccun k Ilapmxckomy
cormamennto Pamodnoit koaBennuun OOH 110 W3MEHEHHIO KJIMMaTa SIBISETCS 110-
JUTUYECKU M YKOHOMHUYECKHU OINpPaBJIaHHBIM IIaroM. AKTUBHOE ydactue Poccuu B
[TapmkckoM corTameHuy BO MHOTOM PEIIUT BOTPOCH CTAOMIM3AIUN KIUMaTa 1
pa3BUTHS OTEYECTBEHHON YIKOHOMHKH U, YTO Ba)KHO, HE MO3BOJIUT Poccum oTcTaTh
OT TEXHOJIOTUYECKOU PEBOJIFOLIUH.

Crnenys nensm [lapukckoro coriameHusi, MUpOBasi SJHEPTeTUKa JOJIKHA Te-
PEBECTH 3HAYUTEIbHYIO YacTh IPOM3BOJICTBA TOIJIMBHOW YHEPIHMU HA MPOU3BO/I-
cTBO B0300OHOBIsIeMol sHeprun. K konny XXI B. 101 pa3auyHbIX UCTOYHHUKOB
B CTPYKTYpE€ MHUPOBOM SHEPreTHKM BUIATCA CIEAYIOIIMMH: TeruioBas — 28 %
C IOMUHHUPOBAHUEM Ta30BOTO TOTUIMBA; COJTHEYHAs, BETPOBas U OMOIHEPreTUKA —
o 18 %; ruaposnepreruka — 6 %. BBUIy OrpaHHMYEeHHOCTH aCCUMMIIALIMOHHBIX
BO3MOXKHOCTEH Ouochepsl COBpEeMEHHBIH YPOBEHb MPOU3BOACTBA MPOMBIIIICH-
HOW HEPruu 160-10'? kBt 4/rog TOABKO 3a CUET BO30OHOBISIEMBIX HCTOYHHUKOB
MPAKTUYECKH HEBO3MOXKEH.

Haumenee HanpsKeHHBIM U 3aTPaTHBIM CLIEHAPUEM JTOCTHKEHUS YTIIEPOAHON
HenTpanbHOCTH K 2050 T. sSIBIsSIETCS CHWKEHUE TIO0ATBHBIX BEIOPOCOB AMOKCHIA
yTIEpo/aa 3a CUET CHIDKEHUS HCIOJIb30BaHUS yriis Ha 170 mMiH T/TOA, KOTOpOe
00€CTeYuT COOTBETCTBYIOIIEE CHUKEHUE TTI00AIbHBIX BRIOPOCOB Ha 620 MITH T/TO1
U JOCTH)KEHHE BEIIECTBEHHOTO OajlaHca yriepoja B CUCTEME «IMHCCHS — CTOKY.
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[Ipu peanu3zanuu JaHHOTO CIIEHApUU HEOOXOIUMO BBOJIUTH B SKCILTyaTalllIO0 OKO-
10 160 I'Bt/rox anbTepHaTUBHBIX 3aMEUIAIOIINX MOUIHOCTEH, B PE3yJIbTaTe Yero
K 2050 r. KOHIIEHTpalus TUOKCHIA yriiepoJa B aTMocgepe yBearuurcst 1o 460 ppm,
a rimobanbHas TeMreparypa moBeicutcs A0 1,7 °C 1mo cpaBHEHUIO ¢ JOUHIYCTpPH-
aJIbHBIM YPOBHEM.

Hons Poccun B mpomecce 1i100ambHOTO CHIKEHUS MCTIOJIB30BAHMS YIS
no 2050 r. coctaBnsier 8§ MIIH T/TOJ C OOecCTHeYeHHEM pPOCTa BHIPAOOTKH Ha
14 mapn kBT u/ron 3amematronieit anekTposHepruu ¢ nomouisio BUD. [TogobHoe
YBEJIMYEHUE BBIPAOOTKH AJICKTPUUCCKON IHEPTHH MOKET OBITh 00ecredeHo, Ha-
MpUMeED, 3a CUET eXeroaHoro Boga 10,6 MiiH kBT MOIITHOCTEN COJIHEUHBIX CTaH-
uuid unu 4,0 MitH KBT MoUtHOCTE M ruApaBIMdeCcKuX CTaHIIHU.

IM'maposHepreTrky cieayeT yBEpEeHHO MO3UITMOHHPOBATH KaK MCTOYHHK BO-
300HOBJISIEMOH 3€JICHON PHEPIUH, SBJISIOIIMIACS €CTECTBEHHBIM TPOIOJIKECHUEM COJI-
HEYHOUN SHEPreTHKHU, Pa3BUTHE KOTOPOM SKOJOTMUECKH M SKOHOMUYECKH LIEeNeCco-
00pa3HO B KayeCTBE aJIbTEPHATUBBI «YTOJBHBIM MpOeKTam». B ckiaapiBaromencs
PEANbHOCTH POCCHUICKUM THIIPOIHEPTreTHKAM CJEeIyeT OIpeNeinuTh CBOIO amMOu-
LIMO3HYIO 100 POCCUICKOM KBOTHI 110 BBOY A0 2050 r. 3aMeraroiieii anprepHa-
TUBHOW YHEPIE€THUKHU.

OIHMM U3 MPOTPECCUBHBIX pEIICHUH Mo AocTHXeHuto Poccueit nenen [la-
PUKCKOTO COTNAIeHHs sBisieTcs mupokoe ctpoutenbetBo [DC B Cubupu u Ha
JansHem BocToke, a Takke MPHJIMBHBIX CTAHIIUN HA mIeTb()e 1 MaHEBPOBBIX TH/I-
POAKKyMYJIUPYIOIIMX CTAHIMKI B eBporeiickoit yactu Poccun. Heo6xoaumo B 00-
CY’KJ1a€MOM NPABUTEIBCTBEHHOM MPOEKTE JOKYMeHTa «CTpaTerusi 10JIrocpoyHo-
ro pa3Butus P® ¢ HU3KUM ypOBHEM BBIOPOCOB MapHUKOBBIX Ta3oB a0 2050 r.»
MPeIyCMOTPETh Pa3palboTKy GeaepanbHON LENEBOM MPOrpaMMbl YCKOPEHHOTO
Pa3BUTHS THIPOIHEPTETHKH C YETKUM 0003HAYCHHEM TOKa3aTesel Mo cpoKaM U To-
stantHoMY BBOAY K 2050 r. B skcmutyaTaruio 10 30 I'Bt o0ieit ruaposneprerude-
CKOW MOIITHOCTH C JOTIOJTHUTEIILHOM BhIpaOOTKOI AnekTposHepruu 10 120 TB1-u/rom.
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AnnoTtanusi. VccrenoBaHbl MOMOXKEHUST CTAaHIAPTOB Xalslb, AEUCTBYIOMNUX B Typerkon
PecryOnuke u Ha Teppuropun OObeanHeHHbIX ApaOckux DMuparoB. [IpoaHanu3upoBaHbl pas-
4K B TPEOOBAHUSX K XATSUTHHOW TIPOAYKIIMH, YCTAHOBJICHHBIC B YKa3aHHBIX cTpaHax. [Ipomayk-
IHS XaJBUTh HabWpaeT MOy IPHOCTE Ha MOTpeduTesckoM phiHKe. I1o pesympraTam nokmasa 1mo
HCTIaMCKON SKOHOMHKE, pocT ee momysipHocTH k 2020 1. coctaBut 6,5 %. [Ipu sToM HabrOMaeT-
Csl TIOCTOSIHHAsA TEHIEHLUs pocTa 00beMoB phiHKa. [IpuBoauTcsa otuer ot LleHTpa pa3BuTHs HC-
JaMckor SkoHOMUKH B [lyGae, uro B 2018 r. MmycynbpMane moTpatwiu 2,2 tpiH oyl CIIA,
Torma kak k 2020 r. 3Ta cymMa coctaBmia 2,4 TpiH. [100aibHOE pa3BUTHE MPOTYKTOBOTO PHIHKA
XaJsUTb M YacThle PacXOKJICHUS B TPAKTOBKE JAHHOTO IMOHATHSA, OTCYTCTBUE €IUHBIX MpaBUi 00-
paleHust ¢ MpOIYKIUeH PUBOJUT K Pa300IIEHHOCTH COOTBETCTBYIOIIUX NpaBwil. ClemayeTr mom-
HUTB, uTo Typerkas Pecny6imka n O0beanHeHHbIe ApaOckue IMUpaThl, SBIsSICh wieHamu Op-
TaHU3ALUH MCIaMCKOTO COTPYAHHYECTBA, TAK)KE U OCHOBHBIE MOCTABIIMKH XaJISUTBHBIX TOBApPOB.
[Tpu sToM 00a rocyaapcTBa JOJKHBI UMETh OJMHAKOBBIC TPEOOBAHUS K XaJlslb, KOTOPHIC TEM HE
MeHee paznmyatotcs. B Typenkoit PeciryOinke TpeOoBaHHS K MPOIYKTaM MTUTAHUS XaJsUTh U TIpa-
BUJIaM y0osi u3noxkensl B onHoM cranaapte TS OIC/SMIIC 1 «O61iee pyKoBOACTBO MO MPOAYKTaM
nutanus Xaswib». B OAD ati ke TpebGoBaHus n3noxeHsl B 1ByXx crannaprax: UAE.S GSO 993
«TpeboBanvisi K yOOIO )KUBOTHBIX B cOOTBeTCTBUH ¢ Vcnamckumu nipasunammy» 1 UAE.S GSO 2055-1
«[Ipomyxre! muranus xamswib. Yacte 1. O0mme TpeboBanms». M3ydenue TpeOOBaHHI K MPOIYK-
LUK U TIPOLIECCcaM XaJlsllb, M3JI0KEHHBIX B CTaHIApTaxX JIBYX CTpaH, MOKAa3aJio, YTO MO OCHOBOIIO-
JIararolyM BoIpocaM OHM coBnaaroT. Ho ecTb 1 onpeneneHHble 0TIn4us, KOTOPbIE MOT'YT CTaTh
poOIeMOit IPH MOCTABKAX OJHOM 1 TOU e mpoayKimu B Typrmio u OAD.

KiroueBble ciioBa: OpOAYKIUA XaJIsAjib, MPOAYKTHI MUTAHUS, SKCIOPT, MIPpaBUJiad y60$[
JKUBOTHBIX, IIPU3HAHUE
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Abstract. The provisions of the halal standards in force in the Republic of Turkey and
the United Arab Emirates are examined. The differences in the requirements for halal pro-
ducts established in the indicated countries are analyzed. Halal products are gaining populari-
ty in the consumer market. According to the results of the report on the Islamic economy,
the growth in popularity by 2020 will be 6.5%. At the same time, there is a constant trend o
f growth in market volumes. There is a report from the Center for Development of Islamic
Economy in Dubai that Muslims spent $ 2.2 trillion in 2018, while by 2020 this amount was
$ 2.4 trillion. The global development of the halal food market and its frequent discrepancies
in the concept, the lack of uniform rules for handling products leads to disunity of the rules
for handling products. It should be remembered that the Republic of Turkey and the United
Arab Emirates, being members of the Islamic Cooperation, are also the main suppliers of ha-
lal goods. Moreover, both states should have the same requirements for halal, which never-
theless differ. In the Republic of Turkey, halal food requirements and slaughter rules are set
out in one standard TS OIC/SMIIC 1 “General Guidelines for Halal Foods”. In the UAE,
the same requirements are set out in two standards: UAE.S GSO 993 “Requirements for
slaughtering animals in accordance with Islamic rules” and UAE.S GSO 2055-1 “Halal Food.
Part 1. General Requirements”. A study of the requirements for halal products and processes,
set out in the standards of the two countries, showed that on fundamental issues they coincide.
But there are also certain differences in the requirements that can become a problem when
supplying the same products to Turkey and the UAE.

Keywords: halal products, food, export, animal slaughter rules, recognition
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BBepeHue

[Tponykims ¢ MapKUPOBKOM «XaJIslby) CTPEMHUTENILHO HAOMpaeT MOMyIIPHOCTh
Ha MHUPOBOM IMOTPEOUTEIHECKOM PHIHKE. DKCIOPT MPOAYKIUU XaJsilb pacCMaTpH-
BA€TCsl CETOAHS KaK OJHO W3 MEPCIEKTUBHBIX HAMPABICHUNU Pa3BUTHS BHEIIHE-
TOPTrOBOM JI€SITETLHOCTH.

B moxmnane o rimo0aabHOM HMCIIAMCKOM 3KOHOMHKE, HOATr0TOBIEHHOM Thomson
Reuters («Tomcon Peiitep») u koncantuaroBoir komnanuei DinarStandard («du-
HapCTtaHmapT») 1Mo 3aKa3y MpaBUTENbCTBA dMuparta Jlybait, TOBOPUTCS, YTO MHPO-
BOHM PBIHOK XaJsUThb-IIPOYKTOB M MYCYJIbMAHCKUX YCIyT (0€3 ydera MCIaMCKOTro
OaHKWHTA) B Oyrpkaime roasl Oyaer pactu Ha 6,5 % B rog u k 2020 r. gocTur-
HET 2,6 TpJIH OJI.

O0beM phIHKA MPOAYKTOB MUTAHUS, U3TOTOBJIEHHBIX B COOTBETCTBUU C Tpe-
OoBaHMsIMH Xauisutb, B 2014 1. onenuBancs B 1,13 TpiH o, (3To Gosbiie KUTan-
CKOTO U aMEPHKAHCKOTO MPOJYKTOBOTO PhIHKA), a K 2020 T. JOJKEH BBIPACTH 10
1,585 tpnn mom. [1].

CornacHo omyonmmukoBanHOMY LlenTpom ucnamckoro passutust yoas (DIEDC,
Dubai Islamic Economy Development Centre) oT4eTy 0 COCTOSSHUM MUPOBOU HC-
namckoii sxonomuku (SGIE, Global Islamic Economy Report) 2019-2020 rr.!,
MIPOIOIDKAETCS TII00ATBHBINA POCT B CEKTOPaX SKOHOMHKH, CBSI3aHHBIX C UCIIAMCKUM
00pa3oM ku3HH, (GUHAHCOBOU Chepoi, XasuTb-ITPOyKTaMH.

B ortuere mpuBoasTca naHHsle, yTo B 2018 r. MycynbMaHe MOTpaTHUIN
2,2 tpmH pomt. CIHA B cdepax mporoBoibCTBHSA, (hapMaleBTHKH B 00pa3a KU3HH,
MOKa3aB pocT B pasmepe 5,2 % B ronoBom npomexytke. [lo ['mobansHOMy HHIU-
KaTopy UCJIaMCKON SKOHOMMKH, BKJIFOYAIOIIEMY 73 CTpaHbl, Tuanpyer Manaiisus,
OAD, baxpeiin u CaynoBckas ApaBusi. bonpimux ycnexoB gocturia UHmonesus,
nonmussiascs ¢ 10 ga 5 mecrto.

Ha nauasno 2018 r. B Mupe nposkuBaiio okojo 1,8 mupa mycymnbeMas. [Ipornosu-
pyetcs, uTo K 2060 T. MX YKCIIO0 TOCTUTHET 3 MJIp/] YeJIOBEK, yBETHMUUBIIUCH Ha 70 %.

MupoBoil peIHOK XasIb-TIPOYKTOB U MYCYJIbMaHCKUX ycnyr (0e3 yuera
uciaMckux (puHaHCOB) OyAeT pacTH M MO MPOTHO3aM JOCTHTHET 3,2 TPJiH JOJUI.
CIIA x 2024 r. npu COBOKYITHBIX €5KETOIHBIX TEMIax pocTa B 6,2 %2 [2].

[IpuBeneHHbIe NaHHbBIE CBUAETEILCTBYIOT O TOM, UTO Pa3BUTHE OTEYECTBEH-
HOM XaJsulb-UHIYCTPUH, TIOMUMO YJOBJIETBOPEHHUS 3alIPOCOB BHYTPEHHETO PHIHKA,
MOXHO TaK)X€ pacCMaTpUBaTh KaK OJIHO M3 MPUOPUTETHBIX HANPABICHUN BHEIII-
HETOPrOBOM AESTETbHOCTH.

! TloTpeOuTenbCKE pacxo/bl B CEKTOPaX MCIAMCKON 3KOHOMUKH COCTABJISIOT 2,2 TPIIH JIOJUL.
CIIA // Nadopmarmonroe areHTcTBo smmpatoB. URL: https://wam.ae/ru/details/1395302802098
(mata obpamenus: 12.07.2020).

2 Tam xe.
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[Tpu 3TOM [UIs1 Pa3BUTHS HKCIIOPTHOTO MOTeHNManda Poccun mo moctaBkam
XaJISUTBHOM MPOAYKIMHU Ha 3apyOeKHbIE PHIHKH HEOOX0AUM BCECTOPOHHUN aHAN3
TpeOOBaHUil, MPENBABISIEMBIX K TAKOW MPOIYKIIMH B Pa3IMYHBIX CTpaHaX, a TakK-
Ke KOMITJIEKC MEPOTIPUATHIA 110 B3aUMOJICHCTBHIO C PETHOHAIBHBIMU U MEXKTyHa-
POIHBIMH OpPTaHU3AIMAMHE 110 CTaHIAPTU3ALIMHU, HATIPABIEHHBIX Ha pa3paboTKy Ha-
[IUOHAIBHBIX CTaHIAPTOB, TAPMOHU3UPOBAHHBIX C TOJIOXEHUSIMH COOTBETCTBYIO-
LIUX MEXTYHAPOIHBIX TOKYMEHTOB [3].

B HacTosimiee BpeMsi B MUPOBOM MPAKTUKE CYIIECTBYET HECKOJIBKO TEUEHHI
(1IKOJT) MCIaMCKOro mpasa (Ma3zxaboB), UTO MPUBETO K OTCYTCTBUIO €MHBIX IPHH-
[IUITOB M TPEOOBaHMMA, TPEIBSIBIIEMBIX K XaISUIBHON MPOMYKIIUH M OpTraHam, OCy-
IIECTBIIAIOIINM UX OIIEHKY, YCTAHOBJICHHBIX CTaHIAPTAMU XaJsUIb PA3IHYHBIX pe-
THOHAJIBHBIX OpraHu3anui [3; 4].

Cranpaptbl Typeukoi Pecny6nnku n O0beamnHeHHbIx Apadckux AmMupaTtoB

[lepcniexkTuBBl pa3BUTHS INI0OATBLHOTO PHIHKA MPOIYKLUUU XaJsib U YCIYT,
a TaKKe CYILECTBYIOIIUE ITPOTUBOPEYNS B TOJIKOBAHUU MOHATHS «XaJSUIb) U OTCYT-
CTBHE €IMHBIX MpaBWJ OOpaIleHUs] TPOIYKIMHU Xalsilb B MYCYJIbMaHCKHX CTpaHax
JIeTal0T BeCbMa aKTyaJbHBIM HCCIEOBaHUE TPeOOBaHMI K MPOMYKLIMH U YCIyram
XaJsuTb Ha TIpuMepe ctanaaptoB Typerkoit PecriyOmuku 1 O0beMHEHHBIX ApaOCKUX
OMUpaToB A1l NOTEHIMAIBHBIX MOCTaBIIMKOB B YKa3aHHbIE CTPAHbI, IOCKOJIBKY B HUX
BeJIeTCSl aKTUBHAS Pa3padOTKa M BHEIPEHHUE CTAHAAPTOB B cepe Xasiib. JTO JIeNaeT
MPO3payHbIMU MTpaBUJIa OOpAILCHUS MTPOIYKIIMH XaJIUTb B YKA3aHHBIX CTpaHaXx.

Heob6xoaumo ormeruts, uto u Typerkas Pecriyomika, u O0nemuaeHEbIe Apad-
CKMe DMupartsl sSBIstoTCs WwieHamMu OpraHusanuy ucnamckoro corpyaaudectsa (OIC)
U JEUCTBYIOLIETO Npu He MHCTUTYyTa CTaHJAPTOB M METPOJIOTUU ISl UCIIAMCKUX
ctpan (SMIIC). OnHol U3 1eneu aesaTebHOCTH SMIIC? sBnsiercst BHEJPEHUE CTaH-
naptoB OIC/SMIIC B rocymapcTBax-wieHax W yCTpaHEHHE JTFOOBIX (PaKTOPOB, CBSI-
3aHHBIX CO CTaHJApTaMH, KOTOPbIE MOTYT OTPHUILATENBHO MOBIUATH Ha TOPTOBIIO
Mex 1y rocynapcrsamu-uieHamu. SMIIC HaneneH Ha BHepeHHe rapMOHU3UPOBaH-
HBIX CTAQHJAPTOB B IOCYJIapCTBAX-WICHAX, YCTPAaHEHHE TEXHMYECKHX OapbepoB B TOP-
TOBJIE U PA3BUTHE TOProBiIU MeXAy HUMU. OH yCTaHaBIMBAET CXEMBbl cepTU(UKa-
UM U aKKpEAUTALMHU C LEeJIbI0 YCKOPEHUs] TOBApOOOMEHA MEXy IoCyAapCcTBaMU-
YJIeHaMU, HAYMHAs C B3aUMHOTO TIPU3HAHUS CePTU(DHUKATOB.

Kazanoce 0bl, 3TO AaeT OCHOBaHHME 0KUJATh, YTO TPEOOBAHUS K MPOIYKIIUU
XaJlAab B JIBYX CTpaHax JOJDKHBI ObITh MAEHTHUYHBIMU. HO, mOMHMO 4iieHCTBa B
SMIIC*, OAD Takxe siBisieTcs uneHoM CoBeTa COTPYIHHYECTBA apabCKUX rocy-
napctB [lepcunckoro 3anuBa (GCC) u unenom OpraHu3anuu Mo CTaHIAPTU3ALNT
ctpaH [lepcunckoro 3anusa (GSO).

B paccmaTtpuBaeMbIX cTpaHax rocyAapCTBEHHBIMHU OpraHaMH, M3JarolIUMU
CTaHJApThl XaJsulb, ABIAI0TCA Typeukuil nHcTutyT crannapros (TSE) n Vnpas-
JeHWe cTaHjapTu3auuu U Merposoruu OmupatoB (ESMA). BonpmmHcTBO cTan-
napToB, ory0iankoBaHHbIX ESMA, ocHoBanb! Ha ctangaptax GSO [3].

3 TexHUUECKOE PETYNMPOBAHUE W CTaHaapTuamus xansuib / Cranaaprel kadectsa. URL:
https://standartno.by/information/tekhnicheskoe-regulirovanie-i-standartizatsiya-khalyal/ (zata o6-
pamenus: 18.05.2020).

4 Tam xe.
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B Typenxoii PecrryOnuke TpeboBaHus K MPOTyKTaM MUTAHUS XAJISUTb U IIPABHU-
naMm y0ost nznoxkensl B ogHoM ctanaapre — TS OIC/SMIIC 1 «Obmiee pykoBOJCTBO
MO MPOJIYKTaM MUTAHUS XaJsuib», MPUHATOM Ha ocHoBe ctanaapta OIC/SMIIC 1
“General Requirements for Halal Food”.

B OAD st xe TpeOoBanus u3noxkeHs! B AByX cranaaprax — UAE.S GSO 993
«TpeboBanusi y0osi *UBOTHBIX B COOTBETCTBUHM C McnmaMckuMH mpaBUiaMu» U
UAE.S GSO 2055-1 «IIponyxTtsl mutanust Xamsuib. Yacts 1. O0ume TpeboBaHus».

[Tockonpky unenamu SMIIC siBnsitoTcst 39 McnaMCKUX CTpaH, MOXKHO TPe.I-
noJ10kuTh, yTo cTangaptel OIC/SMIIC no Bompocam Xansib SBISAIOTCS Hauboee
BBIBEPEHHBIMU C TOYKU 3pEHHsl MHTEpecoB cTpaH-ydacTHUL. CtaHmaptel OAD 0oib-
1€ OMUparoTCs Ha XaHOanuTCKkuii Mazxab [4].

3HaHUE O TOM, YTO JI03BOJICHO M HE JIO3BOJICHO YHNOTPEONATh B MHUIILY, BXO-
JUT B KAaTErOpUIO MEPBOCTENEHHBIX 3HAHUHN, KOTOPBIMH JOJDKEH 00JIafaTh Kax-
IbIi MyCYyJIbBMaHUH, TaK KakK 3a ynorpebieHue xapama (HeI03BOJIEHHOI0) obera-
Ha cypoBas kapa. Ho mpu 3TOM CHHMCOK JKHBOTHBIX, MSICO KOTOPBIX 103BOJICHO
yHoTpeOIsITh B MUILY, U KUBOTHBIX, MSICO KOTOPBIX YNOTPEOJATH 3ampeuieHo,
MIMEET CyIECTBEHHbIE OTIIMYHS, B 3aBICHMOCTH OT Ma3xaba’.

Paccmorpenne typerkoro crapmapra TS OIC/SMIIC 1 noka3bIBaeT neraib-
HOE U3JI0KEeHHE TPeOOBaHUM, UTO UCKIIOUAeT BO3MOXHOCTH BOJIBHOTO TOJIKOBaHMUS
TEX WA UHBIX €ro MoJ0okKeHuH. B Typenkom craHnapre B HOPMAaTUBHBIX CChUIKAX
NPUBEICHBI IOKYMEHTBI, UMEIOIINE CTaTyC MEXIYHAPOAHBIX, C YKa3aHUEM, YTO OHU
HEOOXOMMBI [T TPUMEHEHUS JaHHOTO cTaHnapra. [1omyduTs OCTyN K TOKYMEH-
TaM, UMEIOIINUM CTaTyC MEXAyHapOAHBIX, MPOILE, 4TO obserdaer paboTy co CTaH-
naptom. B crangaprax OAD UAE.S GSO 993 u UAE.S GSO 2055-1 cchuiku na-
IOTCSI TOJIBKO Ha PErMOHajbHbIE JJOKYMEHTBI, 4 UMEHHO Ha cTaHAapThl OpraHusa-
LMH 110 cTaHAapTU3auuu crpad [lepcuackoro 3anusa.

B crannaprax Typrmu u OAD oTIMYarOTCS M CIUCKU HEXATSUTBHBIX )KUBOTHBIX,
YTO CBS3aHO, KaK Y>K€ OTMEYAIOCh, C BIMSIHUEM T'OCIIOJICTBYIOIMX Ma3xaOoB. B yact-
HOCTH, B TyPELIKOM CTaHIapTe BCE XHUILHBIC )KUBOTHbIE, IPBI3YHBI, SILEPULII CUUTAIOT-
csl HexarsutbHBIMH. A cortacHO ctanaapty OAD UAE.S GSO 2055-1 u3 uncna Hexa-
JATBHBIX )KUBOTHBIX UCKITIOUYEHbI THEHBI, TYIIKAHYMKH, SILEPULIbI M CapaHya.

Nwmerorcs paznuuus v B TpeOOBaHUSIX K yOOI0 KMBOTHBIX. B Typerkom crannap-
te, B omuue ot crtanaapra UAE.S GSO 993, neranpHo pacniicaHsl paByUia U yCIIo-
BUs y0Os1, paBuiia 0OpaIeHus ¢ YKUBOTHBIMU M TOTOBOM MPOTYKIIUEH.

Cy11eCTBEHHBIMHU SBIISIOTCS OTIIMYMS B TPEOOBAaHUAX K MEPCOHE YOOMIIMKA.
B typenkom cranmapte, npunsatoM Ha ocHoBe cTaHgapta OIC/SMIIC, xoHkpeTHO
yKa3aHo, YTO yOOMIIIMKOM J10JIKeH OBbITh B3POCIIbIM MyCYJIbMaHUH, KOTOPBIH TCH-
XMUYECKH 3JI0pPOB M MOJHOCTHIO TIOHMMAET OCHOBHBIE IIpaBWJia U yCJIOBUS, Kacaro-
muecs yoost xkuBoTHBIX. Ctanmapr OAD UAE.S GSO 993 He pernameHTHpyeT
BO3pacT yOOHIIMKa 1 KpOME MYyCYJIbMaH JIOMyCKaeT K YOOI KUBOTHBIX MPEICTa-
BUTEJEH NYJEHCKON U XPUCTUAHCKOW BEPHI, 3PABOMBICIIAIINX U OCBEIOMIIEHHBIX
o TpeboBaHusAX yoos. [ToHATHO, YTO ¢ TOYKHM 3peHust TpeboBaHMil cranxapra TS
OIC/SMIIC 1 mpoaykiusi, Oy4eHHas! ¢ UCTIONB30BaHUEM TpyAa yOOHIIKa myaes
WM XPUCTUAHNHA, HE MOKET CUUTATHCS XaJISIbHOM.

5 JKMBOTHBIE, MACO KOTOPBIX MOKHO €cTh // Mcmamckunii nEpopManuonnbi moprar. URL:
http://islam.ru/content/veroeshenie/43714 (nata oopamenus: 24.07.2020).
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B Bompoce npumeHeHust oryiieHus npu 3adoe nTul 6onee GeckoMIpoMucc-
HeIMH sBISTIOTCST TpeboBanus crangapra UAE.S GSO 993: ornmymieHne nTuisl He
JOITyCKaeTcsl HU TPU KaKuX OOCTOSITENbCTBAX, B TO BPeMs KaK TYPELKHH CTaHAApT
€ro JIOIyCKaeT pH COOJIOICHNH OTIpeIeIeHHbIX YCIOBUA. B ciyyae Mexannyeckoro
y0o0sI IITHIIBI TYPEIKUI CTAaHIAPT TAK)KE PETIIAMEHTHPYET BpeMsi KPOBOTEUEHUS —
He meHee 180 cexyna. B ctanmapte OMupatoB Tako HOPMBI HET.

Ocob6eHHOCTN TPpeOoBaHU K NPOAYKLUU Xansb

Nzyyenne TpeOoBaHUi K MPOAYKIIUU U MPOIIECCAM XaJlsiIh, U3JI0)KCHHBIX B
CTaHAapTax JABYX CTpaH, OKa3ajio, 4YTO B LIEJIOM, TI0 OCHOBOIIOJIArarolliuM BOIpOCcaMm,
OHH coBMmajaroT. Ho ecTs 1 onpeneneHHble OTINYKMS, KOTOPbIE MOTYT CTaTh IpooJie-
MO ITpH TTOCTaBKaX OHOM U TOM ke mpoaykiwu B Typimro u OAD.

Nwmerommumecs oTmuusi, BEPOATHO, CBsI3aHbl ¢ TeM, 4To OAD u Typrwms otHo-
CATCS K Pa3IMYHBIM IIKOJIaM MCJIaMCKOro Mpasa (Ma3xabam) (tabm., puc.). B uc-
JaMe HanOOJIbIIIee PACIPOCTPAHEHUE CPEA MYCYJIbMaH-CYHHUTOB HMEIOT YEThIPE
Mazxaba: XxaHaduUTHI, MAGUUTHI, MATUKUTH U XaHOanuTe®. Cpemu MycyIbMaH-

IIMUTOB LIMPOKO PACHpPOCTPaHEH JkadapuTcKuil Maszxao.

CTpykTypa nopsigka o6a3aresibHbIX NPaBul

B CUCTEME UHCTUTYLIMOHANIbHbIX OTHOLUEHUI «MCNlaM — BKOHOMMKa»”

Mopsapok T bl Teppurtopusa
pAAokK, PyAl UcTOoYHNKN pp p
OCHOBaTeJlb OCHoBaTens pacnpocTpaHeHus
XaHagpumckuli  «Knutab anb-acap», KopaH, CyHHa, BblICKa3blBaHNS CNOABUX- Typuus, Vpak,
masxab, HymaH «AnvMM Ba ajib-MyTa-  HUKOB (MyCyJibMaHe, BUAeBLune npopoka AdraHucTaH,
n6H Cabut AGy  anamm», «®ukx anb-  Myxammaga) v TabumMHOB (CnepyioLlee no- Y36ekuncTaH,

XaHunoda akbap», «[xkamn anb-  KOSIEHWE MyCYJibMaH 3a CNoABVXKHUKAMMN), MakucTaH, NHansa,
mMacaHug» v ap. KbISIC (CpaBHEHME Mo aHanornm), NCTUX- KunTain, AnoHuns,
CaH (NpegnoyTeHne NPOTUBOPEYaLLErO KasaxcTtaH, Poccusa
KbISICY, HO 6osee Lienecoobpa3Horo B AaH- (TaTapcTaH,
HOW CUTyaummn peLleHns), naxma (egm- BalwkopTocTaH
HOrnacHoe MHeHune ymmbl), ypd (Tpaan- nnp.)n ap.
LLMOHHO PacrnpoCTPaHEHHbIE MHEHUS)
Manukumckuli «Kutab anb-myBatta», KopaH, CyHHa, Tpaauumm meamHuUeB, Bbl- CyaaH, TyHuc,
masxab, Manuk  «Anb-MypassaHaT cKa3blBaHMS CNOABUXKHUKOB, KbISIC, UCTU- Anmxup, Mann,
n6H AHac Aby anb-kybpa», «Tad- cnax (peleHne Ha OCHoBe 0OLLEeCTBEH- Hurepwus n ap.
Abpynna cup Mapub anb- HOW NONb3bl), UCTUXCAH
KypaH», «<Knutab
ac-cupp» 1 ap.
Lacgbuumckuti «Axkam anb-KypaH», KopaH, CyHHa, naxma, BbiCkasblBaHMSA Erunert, MNakuncTaH,
ma3sxab, Aby «NxTnnad anb-xa- CNOABUXHUKOB, KbIAC MHpooHesns, Mnans,
Abpynnax amnc», «MycHag aww- Poccus (CeBepHbIi
Myxammag, Wadum», «Pucana KaBkas) n gp.
1n6H Napuc b anb-yCynb», «Afb-
aw-Ladpwvn YMM» 1 Op.
XaHbanumckuti  «Kutab anb-mycHan», KopaH, CyHHa, BbiCKa3biBaHWUS CMOLABUX- CaypoBckas
ma3sxab, Axmapn, «Kutab at-tadcmp»,  HUKOB, KbIIC, UOXMA, UCTUCXab (BpEMEH- Apasus, Vpak,
noH Myxammapg, «Kutab at-Tapux», HOCTb AencTBuMA Noboi GeTBbl A0 Npeab- Kysent n ap.

1n6H XaHbanb

«Kntab anb-mykapn-
nam Ba ajnib-Myaxap
dun anb-Kypan» 1 gp.

ABNEHNSA HOBbIX AoKa3aTen bCTB)

® Masxa6 // IslamToday. URL: https:/islam-today.ru/veroucenie/mazhab/ (nata obparue-

aus: 13.03.2020).

7 VIHCTHTYT CTaHAaPTOB U METPOJIOTHH MCIaMCKUX cTpaH / OpraHusanus HCIaMcKoro co-
tpyaamdectBa. URL: https://www.smiic.org/index.php/en/smiic (mata obpamenus: 22.09.2020).
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The structure of the order of mandatory rules in the system of institutional relations “Islam — economy™®

Order, founder

Founder's works

Sources

Distribution area

Hanafi madhhab,
Numan ibn Thabit
Abu Hanifa

“Kitab al-asar”, “Alim
wa al-mutaallim”,
“Fikh al-akbar”,
“Jami al-masanid”
and others

Koran, Sunnah, sayings of the Companions
(Muslims who saw the prophet Muhammad)
and Tabiins (the next generation of Mus-
lims for the companions), giyas (compari-
son by analogy), istihsan (preference for
a solution that contradicts giyas, but more
appropriate in this situation), ijma (unani-
mous opinion of the ummah), urf (traditio-
nally widespread opinions)

Turkey, Iraq,
Afghanistan,
Uzbekistan, Pakistan,
India, China, Japan,
Kazakhstan, Russia
(Tatarstan, Bashkor-
tostan, etc.), etc.

Maliki madhhab,

“Kitab al-Muwatta”,

Koran, Sunnah, traditions of the Medinians,

Sudan, Tunisia,

Malik ibn Anas “Al-Mudawwanat sayings of companions, qyas, istislah (de-  Algeria, Mali, Nigeria,
Abu Abdullah al-Kubra”, “Tafsir cision based on public benefit), istihsan and others
Garib al-Qur’an”,
“Kitab al-Sirr”, and
others
Shafi’i madhhab, “Ahkam al-Quran”, Koran, Sunnah, ijma, sayings of companions, Egypt, Pakistan,
Abu Abdullah “Ikhtilaf al-hadith”, qyas Indonesia, India,

Muhammad ibn
Idris ash-Shafi’i

“Musnad ash-Shafi'l”,
“Risala fi al-usul”,
“Al-umm” and others

Russia (North
Caucasus), etc.

Hanbali school,
Ahmad ibn
Muhammad
ibn Hanbal

“Kitab al-Musnad”,
“Kitab at-Tafsir”,
“Kitab at-Tarikh”,
“Kitab al-Mugaddam
wa al-Muahar fi al-
Quran” and others

Koran, Sunnah, sayings of companions,
giyas, ijma, istishab (time duration of any
fatwa until new evidence is presented)

Saudi Arabia, Iraq,
Kuwait, etc.

CYHHHTEI
.| I xamaduts
B XaH0ATHTH
I MATHKHTBI
B wadHHTE

. IMHHATLI
HCMAHITHTHI

pm mxadapHTeL

HHOoHe3ud

\ ¢

K-

-

B 3eHuTh
B npoune

npotHe
B HOamHTH
AXMATHTE

PervoHbl pacnpocTpPaHEHUsi OCHOBHBIX LLKOJ1 UCIaMCKOro npasa (Masxabbil)®
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Regions of distribution of the main schools of Islamic law (madhhabs)™

B OAD, Caynosckoii Apasun u Karape opurmanbHol JorMaTHIecKo-MpaBoBOM
IKOJI0H (Ma3xab) sBisieTcs XxanOamm3M. Cpein 94eThIpeX CYHHUTCKUX Ma3XaboB XaH-
OaNMNUTCKUH SBIIAETCS CaMbIM MAJIOYUCIEHHBIM 0 YUCITY ITPUBEP)KEHLIEB.

Typuus ke OTHOCUTCS K XaHA(PHUTCKOM, caMOif MHOTOYMCIIEHHON IO YUCITY
MoCJIeZI0BATENeH, IIKOJIE NCIAMCKOTO ITpaBa.

Xo0T4 yKa3aHHbIE CTaHIAPThI Xaslb Pa3pabOTaHbl B UCIAMCKUX CTpaHaX —
yireHax SMIIC, B HUX UMEIOTCS OTIIUYHS B TPEOOBAHUSAX K MPOIYKITUH U TIPOIIEC-
caMm, YTO MOXET CTaTh 0apbepoM Ul Pa3BUTHsI MEXKAYHAPOJHOIO PHIHKA MPOAYK-
LU XaJsb.

JlBa roza Hazaa Poccus Taxoke NpUCTyNHIA K pa3paboTKe COOCTBEHHBIX HAllU-
OHAIBHBIX CTaHAAPTOB XalsAab. PenepanbHbIM areHTCTBOM 10 TEXHUUYECKOMY pe-
ryavpoBaHuto u Metposioruu (PoccraHmapT) co3aH MPOEKTHBIN TEXHUYECKHI
komuteT Ne 704 «IIpoayKuust U yClIyru Xaljsiib», OCYIIECTBUBIINN pa3paboTKy
npenBaputenbHoro HaunoHanpHoro cranaapra [THCT 378-2019 «lIpoxykuusa u
yCIIyry Xansiab. O01ue TepMUHBL U OIIPEETICHUSD.

 TeXHUYECKOE PETYJIMPOBAHNE U CTaHAapTh3amus xansuib / Cranmaptel kagectsa. URL:
https://standartno.by/information/tekhnicheskoe-regulirovanie-i-standartizatsiya-khalyal/ (zata 006-
pamenus: 18.05.2020).

10 Tam »xe.
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3aknyeHue

[IpoBenennslit ananu3 tpedoBanuii crangaptoB Typunn u OAD 1no3BoIsET
MPEATNONIOKHTh, YTO MOJIOKEHHS TYPELKOro CTaHAapTa, pa3paboTaHHOIO Ha OCHOBE
crangapra OIC/SMIIC 1, mpuHATOrO ¢ y4eTOM MHEHHUI BCEX CTpaH — YYacCTHUI]
SMIIC, rapMOHM3MpPOBaHbI C MOJXOAAMU BCEX IIKOJ MCIAMCKOro mpaBa (Ma3xa-
00B) MO BOIpOCaM Xajslb MU MOTYT OBITh YUYTEHBI NPHU pa3pabOTKe POCCHUHCKUX
HalMOHAJIBHBIX CTAHIAPTOB, YCTAHABIMBAIOIIUX TPEOOBAHUS K MPOAYKIHH XaJIsIb.
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MuHumMmunsauua Bo3pemncreua
OTXOA0B LW,e0eHOYHOro NPpou3BoACTBa
Ha OKpPYXXaloLLylo cpeay nyTemM ux BoOBJieYeHUus
B COCTaBbl AOPOXHO-CTPOUTEJIbHbLIX MaTepuanoB

H.A. Konosaiosa™, ILII. Maukos, /1.B. Becnointos

3abaiixanvckuil uncmumym sxcene3Ho00PONCHO20 MPAHCNOPMA,
Poccuiickas @edepayus, 672040, Yuma, yr. Macucmpanvhas, 0. 11

B zabizht_engineering@mail.ru

AnHoTtaums. Paccmorpeno Bo3zzaericTBue TanmaHCKOro mebeHOYHOTo 3aBOJa M OTXO-
ZI0B, 00pa3yIONINXCs B IMPOIIECCE €ro ASTENFHOCTH, Ha OKPY’KaIoIIyto cpexy. Ha oTBanbHBIX
MaccHuBax oOrie miomaapio 600 ra HaKOMICHO OKOJI0 2,9 MIIH T OTCEBOB JIPOOJICHUS] TOPHBIX
nopof. ITosTomy TUKBUAAIMS HAKOIJIEHHOTO Bpela OKPY’Kalllel cpejae, BOSHUKIIETO 3a
JonTre Tobl (DYHKIIMOHUPOBAHHS 3aBOJIa, SIBJIICTCS aKTyalbHOH 3a7aueil. OJJHO U3 TeXHOJO-
TMYECKUX PEIICHUH JUKBUAAUUMU 00BEKTOB HAKOIUIEHHOrO Bpela OKpY Karollel cpese, OCHO-
BaHHOE Ha (PU3MKO-XMMHUYECKOM BO3ACUCTBUM HA OTXOAbBI, — CTAOMIM3ALUs, WIH UCKYCCT-
BEHHOE KaMHeoOpa3zoBaHue. BoBieueHne 0TCEBOB JIPOOJICHUS B COCTABHI JIOPOKHBIX IIEMEH-
TOTPYHTOB (MCKYCCTBEHHBIX KaMEHHBIX MAaTEpHAJIOB) TO3BOJHUT PELINTh KOMIUIEKC OCTPBIX
3KOJIOTUYECKHUX NpoOJeM 3a CHeT UX KPYNMHOTOHHAXKHOI'O MPSAMOT0 Mcob3oBaHus. [Ipume-
HEHHE OTCEBOB APOOJICHUS B JOPOXKHOM CTPOMTENBCTBE OYyAET CrOCOOCTBOBATH pallMOHAIb-
HOMY W 3KOHOMHYECKH 3(P(PEeKTHUBHOMY HCIOIH30BAHHIO MPUPOIHOTO MUHEPAIFHOTO CHIPHS,
TaK KaK JaHHBIA IPOIecC He MOBIEUET 3a CO00H yBeIMUYCHUE 3aTpaT Ha €ro JOOBITYy U mepe-
pabotky. KommiaexcoM COBpeMEHHBIX METOJOB (aTOMHO-3MUCCHUOHHAS CIIEKTPOMETPHS C HH-
JIYKTHBHO CBSI3aHHOW ILIA3MOM, pacTpoBas 3JCKTPOHHAS MHKPOCKOIUS, PEHTIeHO(a30BbIi
aHanm3, HHppaKpacHas CIEKTPOCKOIHS) N3yUeHbl XUMHYECKHH, (ha30BEIi COCTaB U CBOHCTBA
oTceBa JIpoOsieHUs Uil 00OCHOBAaHUS BO3MOXKHOCTH €r0 YTHJIM3AIMM B COCTaBax LIEMEHTO-
rpyHTOB. [TokazaHo, 4To BBeJeHHE 8§ Mac. % MHUHEPAILHOTO BSDKYIIETO U CTAOWIIM3HPYOIIEH
Jn00aBKU NOAMMEPHOH npupoabl «nement» (1, 5, 10 mac. %) no3BOJs€T MOMYYUTH LIEMEHTO-
TPYHTHI ¢ Mapkoi npouHocty M100.

KiroueBsble ciioBa: 0TX0/1bI IEOCHOYHOTO MPOU3BOJICTBA, OTCEB APOOIICHHUS, aHTPOIIO-
TeHHOE BO3JICHCTBHUE, 00BEKTHI HAKOIUICHHOTO Bpeia OKPYXKAroIeH cpesie, YTHITU3aIs 0TXO-
JIOB, TOPOXKHBIN IIEMEHTOTPYHT, CTAOMIN3UpyomIas 100aBKa

Hcropus crateu: noctymia B pegakiuro 20.02.2020; npunsita K myomixarmm 20.11.2020.

© Konosanora H.A., [Tarkos ILII., becionuros J1.B., 2021

This work is licensed under a Creative Commons Attribution 4.0 International License

v https://creativecommons.org/licenses/by/4.0/
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Minimization of the impact
of rubble production wastes on the environment
by their involvement in the compositions
of road-building materials

Nataliya A. Konovalova®, Pavel P. Pankov, Dmitry V. Bespolitov

Trans-Baikal Institute of Railway Transport,
11 Magistralnaya St, Chita, 672040, Russian Federation
B zabizht_engineering@mail.ru

Abstract. The impact of Taldan crushed stone plant and wastes formed in process of its
activity on the environment is considered. About 2.9 million tons of siftings of rock grinding were
accumulated in dump massifs with a total area of 600 hectares. Therefore, elimination of accu-
mulated harm to the environment that has arisen over many years of operation of Taldan crushed
stone plant is the actual task. One of the technological solutions of liquidation of objects of ac-
cumulated harm to the environment based on physicochemical impact on wastes is stabilization
or artificial stone formation. Drawing of siftings of rock in soil concrete compositions (artificial
stone materials) allows to solve complex of acute environmental problems due to their large-
tonnage direct use. The use of siftings of rock in road building will contribute to the rational and
cost-effective use of natural mineral raw materials, since this process will not entail an increase
in the costs of its extraction and processing. A set of modern methods (atomic-emission spec-
trometry with inductively coupled plasma, scanning electron microscopy, X-ray phase analysis,
infrared spectroscopy) were used to study the chemical, phase composition and properties of
siftings of rock to substantiate the possibility of its utilization in the composition of soil con-
crete. It is shown that the introduction of an 8 wt. % of mineral binder and polymer stabilizing
additive “Element” (1, 5, 10 wt. %) allows to get soil concrete with a mark of strength M100.

Keywords: rubble production wastes, sifting of rock, anthropogenic impact, objects of
accumulated environmental damage, utilization of wastes, soil concrete, stabilizing additive
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BeBepneHue

Ha nomo ropHOA00bIBatoIIel 1 ropHO-TIepepadaThIBaOIe TPOMBIIUICHHO-
cti npuxoautes 10 80 % Bcex KpyMHOTOHHAXHBIX OTXOOB [1], KoTOphIE HE NpH-
TOJHBI ISl CEIbCKOXO3HCTBEHHOIO HMCIIOJIb30BaHUs, 3aHMMAIOT 3HAYUTEIIbHBIC
IUIOUIAIA, TPUBOAAT K YXYIIICHHUIO SKOJIOTMYECKOW OOCTAaHOBKH Ha IMpHJIEraro-
mmx Teppuropusix [2—4]. JloObua, TpaHCIOPTUPOBAHKE, NIEPBUYHAS TepepadboTKa

3AIIATA OKPYXXAIOILEN CPE/JIbI 83



Konovalova N.A. et al. RUDN Journal of Ecology and Life Safety. 2021;29(1):82-91

MUHEPAJILHOTO CBHIPBS BIEKYT HApYLIEHHE CTPYKTYPHI U HEIOCTHOCTH SKOCUCTEM,
n3MeHeHue penbeda, oOpa3oBaHUE MPOBAIOB U NMPOCEAAHNE 3EMHOM TTOBEPXHOCTH,
nel1e00pa3oBaHue, UIYMBI, 3arps3HEHNE XUMUYECKUMHU BEIIECTBAMHU, UCCYIICHHE
MIOYBEHHO-TPYHTOBOTO MMOKpoBa [5-9].

[Tpu nepepaboTke rOpHBIX MOPOJI HA IMIEOCHOUHBIX 3aBoAax Poccuu exerof-
HO 0bpasyercs 10 90 MIH M> OTCEBOB JIPOOJICHHS, OTBAIb KOTOPHIX 3aHMMAIOT 3Ha-
YUTENbHBIE UIOMAAN ITUIOOPOIHBIX 3€Melb M HapyIIaloT cOalaHCUPOBAHHOE CO-
ctosiaue B okocucteMax [10]. ['opHble nmpennpuaTus miaTaT Hajor 3a UCMOIb30Ba-
HUE 3€Mellb, Ha KOTOPBIX PAcOJI0KEHbl OTBAJIbI OTCEBOB ApOOJIeHHUs, U, KaK Mpa-
BUJIO, BBIHYKJICHBI BKJIIOUATh JIaHHBIE 3aTpaThl B C€O0ECTOMMOCTH BBITyCKaeMOil
npoaykiuu [11; 12]. TexHOreHHble MECTOPOXKJIEHUSI TAKUX OTXOJIOB MPUBOMIST K
MBUICHUIO, U3MEHEHUIO pelibeda, a TakKe HapyLIaloT THAPOre0JIOTnYecKre U KO-
JIOrO-T€0JIOTHYECKUE YCIIOBUS Ha TEPPUTOPUM UX pasmelneHus [13].

Bmecre ¢ Tem yTuiauzanus KpyNMHOTOHHXKHBIX OTXOJOB TOPHONPOMBIII-
nensbix npennpuaruid B CIIA u EBpone nocturaer 8590 % [14]. B Poccuu ro-
JI0BOI 00BEeM peanm3alyy TaKUX OTXOJ0B He mpeBbImaeT 4 %, 4To CBSI3aHO € MX
HaJIM4YMeM MPaKTHUYECKH Ha BCeX MPEANpUATHAX A0ObIBaloIel U mepepadbarbiBa-
IOLLEN TPOMBIIIIIEHHOCTH, a TAK)KE C 3aTpaTaMu Ha TPAHCIIOPTUPOBKY U, COOTBET-
CTBEHHO, C POCTOM IIeH Ha HuX [15]. YTunuzauusi oOTCeBOB SIBISETCS CEPhE3HEM-
el npo6sieMoi npeanpusTuil, NPOU3BOIAIUX MeOeHb, MOCKOJIBKY BBIXOJ OTCE-
BOB JIpOOJIEHUSI MOKET COCTaBIATH 110 40 % OoT oOBema ToBapHOTO IeOHs [16].

B HayuHOI1 nmuTepaType moka3aHo, YTO OCHOBHOM OTpPaciibi0, MPUMEHSIOIIEH
OTCEBBI JAPOOJICHUSI TOPHBIX MOPOJI, sIBIsieTcst cTpoutenbHas [17-19]. Onnako aB-
Topbl [19] monararoT, 4TO YTUIIM3ALMSA OTCEBOB B CTPOUTEIBLHON MHIYCTPUU CHEP-
KHMBAETCS COJEP)KaHUEM INbUICBHIHBIX YacTHLl (10 25 %) u dopmoii 3epen. Knac-
cuuKaIyst OTCEBOB MO (PpaKIMsM SBISIETCS YHEPTOEMKOM, a CJIe0BaTEIbHO, J0-
porocrosieit [16]. [Ipou3BoauTenu CTPOUTEIBHBIX MAaTEPUATIOB OTAAIOT MPEJIO-
YTEHUE TEPBUYHBIM IPUPOJHBIM MaTepHaiaM, IOITOMY PECYPCHBIM NMOTEHIMAI
OTXOJIOB HE JIOCTAaTOYHO MOJHO ucnonb3yercs [20]. Bmecte ¢ Tem oTceBsl npoliie-
HUsI 00J1aJaI0T PECYpPCHBIM MOTEHIIMAIIOM, BOBJIEYEHHUE KOTOPOTO B MPOU3BOJICTBO
JIOPOXKHBIX LIEMEHTOTPYHTOB MOYKET 3HAaYUTEIbHO COKPATUTH UCIIOJIb30BaHUE TEp-
BUYHOI'O MUHEPAJIbHOTO CBIPbs, 0COOEHHO B Tex pernoHax Poccuiickoit denepa-
UM, TAe AEQUIUT U BBICOKAsi CTOMMOCTh KOHJAMLMOHHOTO MUHEPAIBHOTO ChIPbSI
SBJISIETCS OCHOBHOM MPUYMHON yIOPOYKAHHSI CTPOUTEIHCTBA.

Ieap uccaenoBaHus 3aKJIIOYAETCS B aHAJIN3€ 3KOJOTMYECKOW 00CTaHOBKHU
Ha TeppuTopun TanmmaHCKOro meOeHOYHOTo 3aBojla U pa3paboTke crocoda yTH-
JU3AI[UU OTCEBOB JAPOOJICHHSI B COCTaBaX JOPOKHBIX IIEMEHTOTPYHTOB.

MaTtepuanbi n meToabl

Tanganckuii meOeHOYHBIN 3aBO/I, OCHOBaHHBIN B 1981 ., HaxoauTCs Ha Tep-
putopun nocenka TangaH (CKOBOpPOAMHCKHMI palioH) B 2 KM K IOro-3amagy OT
craniuu Tannan 3a0alkambCKoH skene3Hon goporu (puc. 1). UMeercs moabe3qHOM
KEJIE3HOJOPOKHBIM MYyTh MPOTSIKEHHOCTHIO 4 KM JI0 IOTPY304YHOIO IyHKTa IIe-
6enounoro 3asoja. Ilnomans CKOBOPOAMHCKOrO paifoHa coctasiseT 20,5 Thic. M2,
HaceneHue — 33 000 ugenosek. Ha teppuropun paiioHa pacronokeH KOMILIEKC-
HbIM YpylUMHCKUN 3aKa3HUK, miomanas kotoporo 30 000 ra, a Takke MaMsTHUK
npupoasl — UrHamMHCKUI MUHEpadbHbIA UCTOYHUK. [I0 TeppuTOpHM MpOTEKAIOT
pexu Amyp, Ypka, OMyTHas, Ypyma.
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lake Platia

siftings of rock grinding

Figure 1. Taldan crushed stone plant

Tanmanckuii mebenounsiii 3aBoa ¢ 2008 r. sBasercs dunuamom OAO
«IlepBas nepynnas komnanus» (OAO «ITHK»), ocHoBaHHBIM Ha 0a3e UMyIIeCTBA
OAO «Poccuiickue xenesnbsie goporn». OAO «ITHK» — onna n3 kpynHenmux
KOMITaHWH, OCYIIECTBISIOMNX T00BYYy U NepepadOTKy HEPYIHBIX IMOJIE3HBIX HC-
KOMAEMBIX ¢ MPOM3BOAUTENLHOCTBIO 0K0JI0 17 MiiH M® B ro. IIpoekTHast Moll-
HocTh TanpaHckoro meGeHouHOro 3aBoja cocrasiser 780 000 m® mebHS B TOJI.
[IlebGeHouHBIN 3aBOJ 3aHUMAETCs Pa3pabOTKOM MeCTOPOXKAEHUS MOPPUPUTOB U
Ty(}oB, OCyImecTBIsIsI COOCTBEHHBIMHU CHIJIAMH OypOB3pBIBHBIE paOOTH. OCHOBHBIM
noTpeduTeneM NpoayKIMM 3aBoja siBiseTcs 3abaiikaibckas xele3Has Aopora —
¢umman OAO «PXK]», a Takke MpeANPHUATHS CTPOUTEIHLHOM OTpaciu 3abaiikaib-
CKOT0 Kpasi U AMypcKoi 001acTH.

[IpoBenenue nmpeanpusATHEM OTKPHITHIX TOPHBIX padoT corpoBokaaeTcs (op-
MHUPOBAHUEM OTBAJIOB M HapYIIEHHUEM 3HAUUTENIbHBIX 36MEIbHBIX PECypCOB, MPH-
YeM HEraTUBHOMY BO3/CHCTBHUIO TMOJBEPrarOTCsS HE TOJBKO 3€MJIM U BOJTHBIE pe-
CYpChl B Tpelenax Kapbepa, HO U TEepPPUTOPHH, 3aHHUMaeMble O] BHEUIHHE OT-
BaJIbHbIE MacCuBhI (puc. 2). PsaomM ¢ 3aBOJIOM U OTBaJIOM OTCEBOB PACIOJIOKEHO
o3epo [Inatuna u pyueit Tannan (puc. 1).

PentrenoasoBeiii ananu3 oTceBa IpoOJIeHHs W 00pa3IOB HA €ro OCHOBE
BBITIOJTHSUTM METOJIOM TMOPOIIKOBOM NU(paKUuu Ha PEHTIT€HOBCKOM AH(pakKTo-
Mmetpe D8 Advance (Bruker AXS, I'epmanus). UK-cniekTpsl peructpupoBaid HH-
¢dpakpacueiMm Dypre-cnekrpomerpom SHIMADZU FTIR-8400S. Xumudeckuii
COCTaB MCXOJHOTO MHMHEPAJIBHOTO CHIPbSl ONPEAEISUIA ATOMHO-DMUCCHOHHOW CIIEK-
TpOMETpHUEH ¢ MHAYKTUBHO cBsi3aHHOM masmon (ADC-UCII) ¢ momompio Criek-
TpoMeTrpa amuccuonHoro Optima 5300DV (167-403 um) PerkinElmer, CIIIA.
O6pa3iel npensaputenbHo pactBopsiin B cmecu kuciotr HCl, HNOs, HCIO4 u
HF. MukpocTpykTypy 00pa3ioB UCCIEI0BAIN PACTPOBBIM AJIEKTPOHHBIM MUKPO-
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ckonioM JSM-6510LV-JEOL (SlmonHwust) ¢ cuctemMoii MUKpoaHallu3a — YHEProuC-
MEPCUOHHBIM PEHTI€HOBCKUM criekTpomerpoM mojenu INCA Energy 350, Oxford
Instruments (Benuko6purtanus). ToHKuUI cloii MIaTHHBI HA HEMPOBOAAIIUI 00pa-
3e1l HanbUIsIM nocpeactBoM yctaHoBk JFC-1600 (BenukoOputanus).

Puc. 2. OTBanbHble MacCUBbI OTCEBOB APOONEHNS
Figure 2. Dump massifs of sifting of rock

Lementorpynt nomy4anu corinacHo 'OCT 23558-94 ¢ npumeneHuem cradbu-
TM3UPYIOLIEH 100aBKH OIMMEpHON npuposl «nement» (TY 5775-001-01107272-
2017). JIo3UpOBKY HCXOJHBIX CBHIPHEBBIX KOMIIOHEHTOB OMNPEACISIN METOI0M
noxoopa. PU3NKO-MEXaHUYECKHE XapaKTEPUCTHKU OOpa3lOB LIEMEHTOTPYHTa B
Bo3pacte 28 cyt uzydasm o ['OCT 23558-94 Ha oOpasnax, moaBeprHyThIX MOJI-
HOMY BOJIOHACBILIEHUIO.

PesynbTaTbl M 00CyXaeHue

Ha otBanmpHBIX MaccuBax TanmmaHCKOTO IIeOEHOYHOTO 3aBoja OOIIEH Iiola-
1610 600 Ta HAKOIIJIEHO OKOJIO 2,9 MITH T OTCEBOB JpobieHus. HapyieHHbie 3em-
JIX CTAHOBSITCA OYaraMu 3arpsi3HEHUI BO3/yXa, OYB, FPYHTOBBIX U MOBEPXHOCT-
HBIX BOJ. Bce 3TO mMpUBOAMT K yXyAIIEHUIO CAHUTAPHO-TUTHUEHUYECKUX YCIOBUI
YKU3HHU HACENEHUs, THUIPOJIOTMUECKOr0, THAPOreOJOTUYECKOr0 PEXKUMOB OKpYKa-
IOIIEN MECTHOCTH U, KaK CJEICTBHE, CHUKEHUIO YPOKAWHOCTU CEIBCKOXO3SIHCT-
BEHHBIX KYJIbTYp, THOCIH PACTEHUI Ha MPUJIETAIONUX K TOPHOMY OOBEKTY TEppH-
Topusix. [IpumeneHne 6ypoB3phIBHOTO CHIOCO0A Pa3yNpPOYHEHUS! BCKPBILIIHOTO CIOS
SIBJISIETCSL OJHUM U3 CaMbIX BPEAHBIX IO BO3JCUCTBUIO Ha OKPY’KAIOIIYIO Cpeay.
B3poiBHBIE paOOTHI BBI3BIBAIOT 3arpsi3HEHUE aTMOC(HEPHOTO BO3/AyXa MIBLIBIO U
razamu, IPUBOJAT K HAPYIICHHUIO MOYBEHHOTO MOKPOBA, YBEIUYEHUIO TPEIIUHO-
BAaTOCTH TFOPHBIX MOPOJ, a TaK)K€ MCYE3HOBEHHIO TPYHTOBBIX BOJ. [IblierazoBbie
BBIOPOCHI CO3/IAI0T OLIYTHMBIE OTpHUIaTeIbHbIE ((EKTHI B CBA3U C OCAKICHUEM
MBUTA B JKWJIBIX pailoHax M Ha CeIbCKOXO3AWCTBEHHBIX yroamsx. IIpu sTom Ha-
rpy3ka Ha aTMocepy B MOMEHT MpPOBEICHHS B3phIBA SIBISETCS 3HAYUTEIHLHOM
Jake Ha OOJIBIIIOM PAacCTOSHUU OT MCTOYHHUKA. 3arpsi3HeHUe aTMochepsl MbUIbIO
MIPOUCXOUT TAKXKE MPU TPAHCIIOPTUPOBAHUH, TIEpepabOTKE MUHEPATLHOTO CHIPHSI
u ¢opmupoBaHur oTBajioB. CTENeHb MBUICHUS OTBAJIOB 3aBHCHUT OT BIAXXKHOCTH
Marepuaia, CKOPOCTH BETpa U BBICOTHI OTBajia. B mouBax, HaXOASMMIMXCS MOA OT-
BaJlaMH, ITPOUCXOUT FreOXUMHUYECKasi TpaHchopMalus, MpUBosAIIasl, KaK MMpaBu-
710, K pa3pylIeHUIO MOYBEHHBIX KOJIOUIOB, HAPYLICHUIO TTOYBEHHOI'O MOTJIONIA-
IOLIEro KOMIUIEKCa, YBEIMYEHHUIO MOABMKHOCTH OpraHmdeckoro BemiectBa. He-
OnaronpusaTHOE BO3JEHCTBHE HA aTMoc(epy OKa3bIBaeT KapbepHash TEXHHUKA, aB-
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TOTPAHCHIOPT U Apyras BCIIOMOTaTellbHAs TEXHUKA. YBEIHUEHUE 3aTa30BaHHOCTH
Y 3albIICHHOCTH BO3yXa MOXKET OKa3bIBaTh (PMOPOTCHHOE W pasapakaroliee Jeii-
CTBHE Ha OpraHU3M YeJIOBEKa M CIIOCOOCTBOBATH MOBBILIEHUIO YPOBHS 3a00eBae-
MOCTH COTPYIHUKOB TPEANPUATHS ¥ HACEICHHUS, TIPOKUBAIOIICTO B JAHHOM paii-
OHE, MBUIEBBIMU OPOHXUTAMH, CHIIMKO30M U Jp., a TaKKe MPUBOJIUTH K Hapyle-
HUIO TIEJIOCTHOCTH M €CTECTBEHHOHN CTPYKTYPHI JIAHAIMA(TOB, SCTETHUCCKOHN MPH-
BJICKATEJIILHOCTH MaMATHUKOB MPUPOJIBI, TOTEPE MPOAYKTUBHOCTH 3E€MEINb.

AHaM3 TEXHOJOTUYECKUX PEHICHHUN, MPUMEHSEMBIX JUIS JIMKBUIAIUH 00B-
€KTOB HAKOIUICHHOTO Bpe/Ia OKpYyKaromiel cpeze, mokazain 3QPeKTHBHOCTh (PH3HKO-
XMUMUYECKUX METOJIOB, TAKUX KaK 3aTBEp/IeBaHME/CTaOMIN3alINs, IPOMBIBKA [TOYBHI,
copOmmst u punmpTpanys. 3aTBepAcBaHue/cTa0MIM3aIMs (MCKYCCTBEHHOE KaMHE00-
pa3oBaHue) SBISETCS OJHUM U3 CaMbIX MEPCHEKTHBHBIX HAIPaBICHUN IS perie-
HUS DKOJIOTMYEeCKUX MpobieM. beicTpast yTunuzaiusi oTceBoB apoOnenus: Tannan-
CKOTro 11e0€HOYHOTO 3aBOJIa BO3MOXKHA MPHU UX BBEJIEHHH B COCTaB I[EMEHTOTPYH-
TOB (MCKYCCTBEHHBIX KAMEHHBIX MaTepUaJiOB), TPUMEHSIEMbIX MPH YCTPOMCTBE KOH-
CTPYKTUBHBIX CIIOEB JOPOXHBIX OJIXK], OCHOBAHHM, ()YHIAMEHTOB 3[aHHUA U CO-
OPYKEHHIA, TUIOMIAJ0K pa3NTudHOro HazHadeHus. [1ockombKy 3 (EeKTUBHOCTD MPH-
MEHEHHS JAaHHOTO METO/Ia B 3HAYHUTEIBHON CTENEHH 3aBHCUT OT TIOHUMAHHS IMPO-
IIECCOB CTPYKTYpOOOpA30BaHHS IIEMEHTOTPYHTA, TO B MEPBYIO OYepe/b HEOOXO -
MO OTIPEICTUTh COCTaB M CBOMCTBA MCXOTHOTO MUHEPATLHOTO CBHIPHSI.

OtceB napobnenus ppakunu 0—5 MM OTHOCHUTCS K THILy TOPHOM MOPOJIBI —
M3BEP)KCHHBIC, MHTPY3UBHBIC (aHIE3UTOMNAIIUTOBBIC) TOpPUpUTHI, Ty(dbl. Xapak-
TEePUCTHKU OTCEBA APOOJIEHHs: HACKIMHASA MIOTHOCTH — 1397 Kr/mM>; conmepxkanue
MBUIEBUIHBIX U TJIIMHUCTHIX YacTull — 7,3 %; Moayib kpynHocty — 2,3 en. JlaH-
HbIE, TIOJYYEHHbIE METOJAOM PACTPOBOM IIEKTPOHHOW MHKPOCKOIMUU, MOKA3bIBa-
10T, YTO HUCCIIEyeMbIii OTCEB HEOJHOPOACH IO CBOEMY IUCIEPCHOMY COCTaBY
U COJEPKUT 3€PHUCTHIC YACTHIIBI HETPABUIBHOU (POPMBI pazMepoM MeHee 1 M.
Bennuuna ynenbHOM 3 (GEKTUBHON aKTMBHOCTH €CTECTBEHHBIX PAIHOHYKIHI0B
(**Ra, 2?Th, *K) cocrasnser 110 Bk/kr, cea0BaTeIbHO, OTCEB APOOIEHHS MOKHO
MPUMEHSITh B CTPOUTEIHHON MHAYCTPUU O€3 OTpaHUICHHM.

XuMHUYeCKUi cocTtaB orceBa apooneHus, o, %: 0,12 MnO; 0,18 P20s;
0,66 TiO2; 2,36 K20; 2,59 Na2O; 5,01 MgO; 5,79 Fe20s; 8,81 CaO; 13,90 Al2Os3;
49,6 Si02; notepu npu npokaauBaHuu — 9,18; npumecu MukposnemeHToB — 1,80.
Pentrenodazoreiii ananmu3 (P®A) orceBa mokaszain, 4To B €ro COCTaB BXOJST
kBapi SiO2 (4,26; 3,35; 2.45 A), nonessie mmats NaAlSizOs (4,04; 3,19; 2,99 A),
xnoput (Mg, Al)e(Si, Al)aO10(OH)s (7,14; 3,56; 2,85 A) kamsuur CaCOs3 (3,77;
3,03; 2,45 A), nonomur CaMg(CO3)2 (2,90; 1,79 A).

AHanu3 pe3ynabTatoB POA mopTnanaineMeHTa mokasaj, YTO B €ro COCTaB
Bxoaat amut CasSiOs (5,95; 3,03; 2,97; 2,74; 2,18 A), 6emur Ca2SiO4 (3,43; 2,88;
2,81; 2,28; 1,76 A), moptnanmur Ca(OH)2 (3,19; 2,65 A) u xBapu SiO:2 (3,35;
2,44; 2,32; 2,21; 2,11; 1,82 A). To pesynbratam ADC-UCII, 6a30Bblii XUMU4e-
CKH COCTaB MOPTIAHIIEMEHTa, M, Mac. %: 6,75 Al2Os; 36,55 CaO; 4,41 Fe20s3;
4,04 MgO; 27,90 SiO2; 2,80 SOs.

TakuM 00pa3oM, UCXOTHOE MUHEPATHHOE CHIPhE MOXXHO OTHECTH K MHOTO-
(ha3HBIM MOJMMHUHEPAIBHBIM CHUCTEMaM, TIOITOMY MPU UX MOAU(PHUKAIUU CTAOH-
Au3upyrolel 100aBKoi «NEeMEHT» ClleyeT YAEeIUTh BHUMaHUE OMOHOJINYNBA-
HUIO0 MEJIKOPa3IpOOICHHBIX YaCTHII.
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B o6pasnax nemMeHTorpyHTa BaphupOBaIl MacCOBBIE JOIU MOPTIAHIIIEMEH-
Ta (6, 8, 10 mac. %) u crabunusupytoueit fo6asku «AnemeHt» (1, 5, 10 mac. %).
DKCIepUMEHTAILHO YCTaHOBIIEHO, YTO ONTHUMAJIbHOE COJIEp:KaHWEe MOPTIIaHIIe-
MEHTa cocTaBisieT 8 Mac. %. BBenenue B coctaB crabuimsupytromei 100aBku 1,
5, 10 mac. % mo3BOJISIET MOTYYUTH MOPO30CTOHKHE 00pa3Ibl C MPOYHOCTHIO MPH
cxkaruu 6,29; 13,13 u 14,30 MIla, a takxe mpoyHOCThIO mpu usruode 1,52; 1,98
u 2,56 MlIla coorBercTBeHHO. [loydeHHbIE IIEMEHTOTPYHTHI COOTBETCTBYIOT MapKe
npoyHoctd M60—-M100, Torma kak KOHTPOJIbHBIE 00pa3ilbl, HE COJEPIKAIIUE JO-
0aBKy «DneMeHT», UMEI0T MapKy M20 u XapakTepu3yroTcsi HU3KOH MOPO30CTOM-
KocThi0. [loBbIIEHHE (U3UKO-MEXaHUYECKUX XAPAKTEPUCTHK OOpas3IoB MOXKET
CBUJICTENLCTBOBaTh 00 aKTUBHOM YYacTHM CTAOMIM3HMPYIOIIeH M00aBKH B MPO-
mecce CTpykrypoodOpasoBanus. Ha puc. 3 mpuBeneHbl JaHHbIe UHPpaKpacHOU
cnektpockonuu (MKC) o0Opa3iioB 11eMEHTOTPYHTA C Pa3IMYHBIM COAEpKaHUEM
nobasku «OnemeHT» (1, 5, 10 mac. %), a Taxxke nudpakrorpamma odpasiia ¢ Mak-
CHUMAaJIbHBIMH IPOYHOCTHBIMH XapaKTEpUCTUKaMH, coaepskamiero 10 mac. % cra-
OWIM3UPYIONIEH TOOABKH.
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Puc. 3. VIK-cnekTpbl LEMEHTOrPYHTOB (&) 1 andpakTorpamma obpasua ¢ nonen crabunuzaropa 10 mac. % (6)
Figure 3. IR spectrum of soil concrete (a) and a diffractogram of a sample with a stabilizer fraction of 10 wt. % (6)

BrisiBieHo, 4TO yBeNMUYEHHUE COACPKAHUSA NOOABKU «DIIEMEHT» MPUBOIUT
K YCUJICHHIO THApaTanuu (TOJO0CHl MOTJIOUICHUs ¢ MakcuMyMaMu mpu 3620 u
3420 CM’I), a TaKKe IOSABJICHUIO JOIMOJHUTEIBHEIX 10JI0C Iorioenus B MK-crekr-
pax mpu 1869 cM ' M yBeNMUEHMIO MHTEHCUBHOCTH MOJIOC IIOIJIOIIEHMS HpU
1796 cm™!, oTHOCSIIEHCS K BaJIEHTHBIM KOJICOAHUSIM rpynnel C = O, Bxoasuien
B CTPYKTYpPY CTaOUIM3UpYIOMIeH 100aBKU MoTuMepHO npuposl. Jlanaeie POA
oOpa3iia ¢ MaKCUMaTbHBIMU MPOYHOCTHBIMU XapaKTEPUCTHUKAMU CBUICTEIHCTBY-
0T O MPOTEKAHUH Tpoliecca KapOOHU3AIUHU, YTO MOATBEPKAACTCS YBEITUUCHUEM
comepxkanus CaCO3(3,0298; 1,8717; 1,6330 A).

Takum 00pa3om, MEXaHW3M JEUCTBHUS CTAOMIM3UPYIOMIEH J00aBKH BKIIIO-
YaeT MPOIECChl TUAPATAMU U KapOOHU3AIMK MMOBEPXHOCTH CHJIMKATHBIX MUHE-
pajoB, MPEMATCTBYIONICH BBIETAYMBAHUIO THAPOOKHUCH KAJTBITHSL.

88 ENVIRONMENTAL DEFENCE



Konosanosa H.A. u dp. Bectauk PYJTH. Cepusti: Dxosorus 1 6e30macHOCTS xusnenestensaocti. 2021. T. 29. Ne 1. C. 82-91

3aknyeHue

TannaHckuii meOEHOYHBINA 3aBOJ U 00pa3yeMble B XOJE €ro AEATebHOCTH
OTBAJIbHBIE MAacCUBBI OTCEBOB JIPOOJIEHUSI TOPHBIX MOPOJ OKa3bIBAIOT HETAaTUBHOE
BO3/ICCTBUE HA OKPY’KAIOLIYIO Cpeay. ITO NPUBOJIUT K YXYALICHHUIO 3/J0POBbS ye-
JIOBEKa, U3MEHEHHIO MPUPOJHBIX YCIOBUN 0OMTaHUS BOIHOHN (biopbl U ayHsl, 3a-
IPA3HEHUIO MOJ3EMHBIX M MOBEPXHOCTHBIX BOJ, U3MEHEHUIO pelibeda MECTHOCTH,
CHIKEHMIO IIJIOJOPOJHOCTH [TOYB, U3MEHEHUIO MUKPOKIMMATA U MH. .

[TepcrieKTUBHBIM CIOCOOOM JTUKBUAAIIMN OTBAJIOB OTCEBa ApoOeHus (00b-
€KTOB HAKOIUJICHHOT'O BpeJa OKpPY>Kalollel cpezie) sIBIIseTCsl UX BOBJICUYEHHUE B CO-
CTaBbl TOPOKHBIX IEMEHTOTPYHTOB C MPUMEHEHHEM (PU3UKO-XUMHYECKOTO METO-
Ja ctabuiau3anuu (MCKyCCTBEHHOTO KaMHEoOpa3oBaHUs). BhISABIEHO, UTO UCXO/-
HOE€ MUHEPAJIbHOE ChIpb€ OTHOCHUTCS K MHOTO()a3HbIM MOJIMMHUHEPAIbHBIM CHUCTE-
MaM, MO3TOMY MX Moaudukanus cTaOuinM3upyroume no0aBKoOM MoJuMepHOU
MPUPOJBI «DIEMEHT» IMO3BOJISIET MOJYYUTh KOMIO3UTHI C MapKOW MPOYHOCTH
M60-M100.
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AHHOTanms. Beicokne TeMnsl pocTa moTpebiieHus NMPUPOIHBIX PECYPCOB JNIOJBMHU B
MIPOLJIOM BEKE OKa3aJld 3HAuMMOE HEeraTHMBHOE BO3JEHCTBME Ha SKOCHCTEMBI M IPUBEIU K
yTpaTe OuopazHooOpasus. B Hacrodiee BpeMs Ba)XHO NMPHUHATH HEOOXOIMMBIE Mephl IS
o0ecriedeHNsl YCTOIHUMBOTO Pa3BUTHSI M COXPAaHEHUSI OMOpa3HO0Opasus. DKOJIOTHYECKUE CeTH
UTPArOT BAXHYIO POJIH B MOJICPKAHUU M KOHTPOJIE CTAOMIBHOCTH M OajlaHca CBSI3H MEXIY
9KOCHCTEMHBIMU KOMIUTeKcaMu. C 3TOH LeJIbl0 M3y4YeHa BO3MOXKHOCTb CO3JaHHsI DKOJIOTHYE-
CKOM CeTH, BKJIIOYAOLIEH OCHOBHBIC TEPPUTOPUU, Oy(EepHBIC 30HBI, FKOIOTUUECKUE KOPHUIO-
pBl U 30HBI BOoccTaHOBJIEHUA Ha ydacTke IllemaxuHckoro paiiona Illaxgarckoro HaruoHab-
Horo mapka. Obo3HaueHHas OyQepHas 30Ha HAMMOHAIBFHOTO MapKa BKIOYaeT 14 nepeBeHb
1 agMUHHUCTPATUBHYIO €IUHHMILY MMOCEIKOBOTO TUMA. 3/1eCh MpeoliagatoT ropHble JaHamad-
ThI, a0COIIIOTHAS BBICOTA KOTOPBIX Konebnercs B mpenenax 500-200 m. Pycna pek, Mexrop-
HBIC BIIaIUHEI, TOPHBIC TIEPEBAJIBI, TPOIIBI H JIeca, KOTOPhIe JODKHEI OBITH 3aca)XEHBI Ha Mpe-
JIaraeMbIX TEPPUTOPUAX, PACCMATPUBAINCH KaK OCHOBHBIE (DaKTOPHI PU CO3JAHUU IKOJIOTH-
YEeCKUX KOPHUIOPOB B HAITMOHATIBHOM INapke U OydepHbIx 30HaX. [Ipn unentndukanuy ygact-
Ka HCTIOJE30BaHbl MaTepHabl, TIOyYCHHBIEC U3 JTUTEPATYPhl B COOCTBEHHBIX MTOJICBBIX HCCIIE-
JIOBaHUH, a TaK)Ke BEKTOPHbIE U pacTpoBble JaHHble. OOpabOTKa JaHHBIX OCYLIECTBISIACH B
ArcGIS 10, ERDAS Imagine, Global Mapper, Google Earth u nap. CymecTByroiue 3K0CH-
CTEMBI MICHTU(HUINPOBAHBI, a IUIOMIAIN PACCUNTAHBI B OTAEIBHBIX JJIEMEHTAaX SKOJOTHUC-
CKOM CETH B palilOHE MCCIEAOBAHHUS.

KurroueBble ¢JIOBA: 3KOJIOTUYECKASI CETh, IKOJIOTMYECKHE KOPUIOPHI, Oy(hEpHBIE 30HBI,
skocucteMbl, [llaxqarckuii HAMOHANBHBIN MapK, A3epOaiikaH

HUctopusi crarbm: moctynuiaa B penaknuio 01.03.2020; npuHATa K MyOJUKAIHH
20.05.2020.

Hdas uutupoBanus: Jabrayilov E. Exploring environmental connection: ecological
network opportunities in the Shahdagh National Park, Azerbaijan / Bectauk Poccuiickoro
yHHUBepcUTeTa JIpyX0bl HaponoB. Cepusi: Dkojorus U 0€30HaCHOCTh JKU3HEICSITEIbHOCTH.
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Introduction

The high rate of growth using of natural resources by the human in the last
century have seriously negatively affected ecosystems and led to the biodiversity
loss [1]. Strengthening ecological coherence and sustainability as a prerequisite
for biodiversity conservation and sustainable development is currently increasing
its relevance. Ecological networks have been developing for over 40 years as
a model in order to preserve the integrity of environmental processes. Since
the 1980s, several national environmental programs have been developed in Cen-
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tral and Eastern Europe based on the concept of a “polarized landscape” [2] by
Russian geographer Boris Rodoman. In most other regions of Europe, the ecolo-
gical network model is based mainly on MacArthur and Wilson’s Theory of Is-
land Biogeography [3]. Since the 1990s, regional and national programs aimed
at expanding and coordinating protected areas have been accelerated in the coun-
tries of Western Europe, North America, Latin America and Australia.

Generally, these approaches, which are classified as ecological networks
share two common goals: preserving ecosystems to facilitate the protection of
species and the environment and reducing the impact of human activities on bio-
diversity by promoting sustainable use of natural resources or increasing the value
of managed landscapes [4]. Ecological networks represent a general approach to
how they can be applied at the local level by distributing specific functions in va-
rious fields, depending on their environmental value and their potential [5].

Protected areas are essential for protecting biodiversity and supporting envi-
ronmental processes [6; 7]. It is highly advisable to plan ecological networks in
protected areas that play a special role in maintaining environmental integrity.
In practice, due to different land ownership and management forms, it is possible
for ecological networks to cover some or all of the protected areas. The differenti-
ation of protected areas in terms of type, purpose, and use requires that manage-
ment mechanisms should be organized according to local conditions.

The Shahdag National Park, which studied in the article, is the largest na-
tional park in the South Caucasus and covers mainly the middle and high moun-
tains of the Greater Caucasus in Azerbaijan. The current territory of the national
park, created in 2006, is 130,508.1 hectares. The main goals of the establishment
of the national park are restoration and management of mountain ecosystems, pro-
tection of endemic and endangered species, carrying out scientific research, envi-
ronmental education of the population, development of ecotourism and so on'.
The territory of the national park, combining the important and unique mountain
landscapes of the country, begins at an altitude of 1000 m above sea level and
continues to the highest peaks (Bazarduzu mt, 4466 m; Shahdagh mt, 4243 m; Tu-
fandagh mt, 4191 m; Bazaryurd mt, 4126 m; Yaridagh mt, 4116 m) of the coun-
try. The national park, which borders the Russian Federation from the north, co-
vers the mountainous parts of six administrative regions of Azerbaijan — Oghuz,
Gabala, Ismayilli, Shamakhi, Guba and Gusar. There are two main highways from
the capital towards the national park. One of them in the direction of Baku,
Shamakhi, Ismayilli, Gabala and Oghuz regions, and another one towards Baku,
Guba, and Gusar regions.

Defining and establishing an ecological network in the park is essential for
the development of the national park, including the protection of the environment
and biodiversity, reducing the impact of human activities and ultimately ensuring
sustainable development of ecosystems.

! Regulation on Shahdag National Park of the Republic of Azerbaijan. 2008. Available from:
http://www.e-qanun.az/framework/16011 (accessed: 22.02.2020).
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Materials and methods

Study area. The study area is part of the Shahdag National Park within
Shamakhi District and its surrounding areas (Figure 1). Coordinates: 40°41° —
40°50°N; 48°28° — 48°42°E. The designated buffer zone of the National Park in-
cludes 14 villages and 1 settlement type administrative unit. The creation of this
protected area dates back to 1968. The Pirgulu State Nature Reserve, established
at that time, played an exceptional role in the protection of mountain landscapes,
vegetation, soils, and valuable fauna. Since 2006, the nature reserve has been part
of the Shahdagh National Park.

\ 1:100,000
" N : 4 2 0 4 8 Km

Figure 1. Field of study, Shamakhi section of Shahdag National Park

Methodological approach. The conceptual model of the research used the eco-
logical network model [1]. Literature and field research materials, vector and raster
data were used in the analysis. Topographic maps, satellite images (from Sentinel 2
and Landsat 8), such as raster data, were used to obtain information about the area,
boundaries, and infrastructure of the park. The vector data was included in the de-
velopment of ecological network elements. ArcGIS 10, ERDAS Imagine 15, Global
Mapper, Google Earth software programs were used during data processing.

Analysis and discussion

Natural resources. As in other sections of the Shahdagh National Park,
the study area which is included in the Shamakhi region has a complicated moun-
tainous terrain. The mountainous landscape is predominant in the area and the ab-
solute height varies between 500-2200 m above sea level (Figure 2). The main
mountain systems are Mount Pirqulu, Girkhbulag, Gart, Alifdagh and Jangi.
Aghsuchay river and its tributaries Kirkhbulag, Avakhil, Marmarakhar, Sis and
others, and Pirsaatchay river with its Janut (Mustafalichay) tributary is the base of
the river network in the area. On the banks of Janut river, there is a forest of Ta-
xus. Here the forests are of two tiers. While oak, maple, and ash-trees are over in
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the first tier, the second half contains the taxus forests [8]. There are landslides
and slides on the mountain slopes. The area is more widespread with oak-horn-
beam, beech-hornbeam, beech-oak forests at the middle uplands, and forest-steppe,
steppe and subalpine meadows at the low highlands.
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Figure 2. Hypsometric map of the study area

The mountainous relief of the area is one of the key factors affecting climate
formation. Here the temperature and precipitation indicators vary depending on the alti-
tude. The average annual temperature in the Pirgulu stationary is 8 °C. The average
temperatures in January and July are —4 °C and 19.7 °C, respectively. Annual precipita-
tion varies between 600 and 900 mm depending on the altitude. Spring and autumn
precipitation become more intensive and stronger. July and August are the dryest peri-
ods. Heavy rains occur frequently and cause the soil to wash and eroded [9; 10].

The relief and climatic conditions of the national park also contributed to
the enrichment of biodiversity. Iberian and eastern oak, eastern beech, Caucasian
hornbeam, ash-trees, maple and taxus, and types of shrubs, including hawthorn,
medlar, blackberries, rose hips, etc., predominate in the forests. Among the spe-
cies of animals — brown bear, deer, wild boar, wolf, eagle, fox, badger, jackal,
rabbit; poultry, pheasants, quail, woodpecker, etc., settled here.

Legislative base. Relevant legislative acts adopted to protect these and other
beauties of nature are very important elements in this area. Thus, the basis of this
legislative framework is the laws of nature protection and ecology adopted in
the country, a number of international conventions and protocols that have been
ratified. Examples of these laws, currently in force at the local level, are the Law
of the Republic of Azerbaijan on Environmental Protection (1999), the Law on
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Environmental Security (1999), the Low on Specially Protected Nature Territories
and Objects (2000), the Low on Ecological Education and Awareness (2002).

At the international level, such documents as the Ramsar Convention (1971),
the Bonn Convention (1979) and the Berne Convention (1979), and the Conven-
tion on Biological Diversity (1992) were signed. The Ramsar Convention is the first
major international agreement in this regard. This agreement marks the first time
a major and significant step towards international protection of wetlands such as
brooks, rivers, lakes, and springs [11]. The convention, signed in Bonn, aims
at the protection of migratory species, while the Berne Convention provides for
the protection of fauna and flora within international cooperation. Although
the Convention on Biological Diversity?, adopted in 1992 in Rio de Janeiro, does
not play a direct role in the creation of ecological networks, it is a universal doc-
ument with two important provisions. The first is that the law recognizes sove-
reignty within each state with respect to biodiversity, and the second is the decla-
ration of state responsibility for the protection of biodiversity.

Each of the aforementioned international documents has been ratified by
the legislature of the Republic of Azerbaijan. It is important to take into account
such environmental-oriented legislations when establishing an ecological network,
including its elements in national parks.

According to the Article 10—1 of the law of the Republic of Azerbaijan on
Specially Protected Natural Territories and Objects’: “The sanitary protection zone
of protected areas (equivalent to a buffer zone) shall be established within 3,000 m
of the entire perimeter of the land and water boundaries of protected natural areas”.

According to this law, a number of admissible activities, as well as prohibi-
tions, apply in these areas. Scientific-research activities, environmental monitoring
and control of ecosystem changes, fire protection and maintenance of forest areas,
use of land for economic purposes, as well as grasslands and pastures, restoration
of biodiversity and natural ecosystems activities, recreational purposes, use of mi-
neral water and other therapeutic resources, sport and amateur hunting of fish and
other aquatic bioresources are types of activities with permitted. But otherwise,
construction of new settlements, placement, and operation of enterprises that cre-
ate environmental hazards, including chemical, nuclear energy, and metallurgical
industries, geological exploration, extraction and processing of minerals, use of
forests, using of agrochemicals and pesticides, introduction of species not compa-
tible with local fauna and flora, and activities that violate the hydrological regime
of the area and affect the soil fertility are prohibited.

Article 29 of the Law on Wildlife of the Republic of Azerbaijan* states that
individuals and legal entities must ensure the protection of the habitat, breeding
conditions and migration routes of animals when carrying out any activities that
may have a detrimental effect on the state of wildlife. According to the law, there

2 Convention on Biological Diversity, United Nations, June 5, 1992. Available from:
https://www.cbd.int/doc/legal/cbd-en.pdf (accessed: 22.02.2019).

3 Law of the Republic of Azerbaijan on Specially Protected Natural Territories and Objects.
2000. Available from: http://www.e-qanun.az/framework/617 (accessed: 22.02.2019).

4 Law of the Republic of Azerbaijan on Wildlife. 1999. Available from: http:/www.e-
ganun.az/framework/3850 (accessed: 22.02.2020).
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should establish and implement measures designed to protect the habitat, repro-
ductive conditions and migration routes of fauna species when designing and im-
plementing human-designed activities (settlements, businesses, installations, pipe-
lines, transport routes, etc.). Operation of such facilities and the application of
technology without the protection of animals and their habitat are prohibited.

Elements of the ecological network in the national park. The creation of
an ecological network in the national park, along with the rationale for the legis-
lation, must also be analyzed with the elements of the network. Such elements in-
clude core areas, ecological corridors, buffer zones, and recreational areas.

Core areas are landscapes, species and ecosystems that are protected and
have particular value. Such areas are defined by landscape diversity, existing eco-
systems and surface cover configuration. The development of these parameters
also leads to an increase in species. The larger the area and the greater the envi-
ronmental conditions, the lower the risk of species depletion. Wide range of core
areas results in better conservation of biodiversity in the region, leading to higher
migration activities of the species.

The area covered by the national park is designated as a core area (Figure 3).
The total area of the core area is 5896 ha, most of which is covered by oak-
hornbeam, beech-hornbeam, beech-oak forest ecosystems of low and middle up-
lands (Table 2). As a protected area, human activities in core areas are governed
by relevant legislative acts. Since the territory has the status of a national park,
in accordance with the regulation there is possible to create zones as follows
to ensure the functioning of the national park: zones where special legal protection
regime is applied, tourism and recreation zones, service zones for tourists and
others, economic and production zones. The distribution of the territory of the na-
tional park by zones of protection with special regimes is defined by the Cabinet
of Ministers of the Republic of Azerbaijan based on the presentation of the Minis-
try of Ecology and Natural Resources of the Republic of Azerbaijan.

Ecological corridors, as key elements of ecological networks, play an ex-
tremely important role in facilitating the migration of animals and plants in special-
ly protected areas. In today’s rapid population growth, ecological corridors are es-
sential for the long-term survival and sustainable development of biodiversity [12].

Increasing human exposure to nature also leads to an increase in the number of
depleted species. For one reason or another, the migration process is disrupted, which
leads to the depletion of species of animals and plants that correspond to local condi-
tions, and the inability to return to the process at a later stage. This tendency can be
effectively prevented by protecting nature and restoring ecological corridors.

During the construction of the ecological corridors in the Shahdag National
Park, riverbeds, intermountain depressions, mountain passes, trails, and forests,
which should be planted in the proposed areas, were taken as a basis (Figure 3).
Physiognomicly, all three types of ecological corridors [13] were applied in the study
area, taking into account the presence of lines, steppe-stones, and landscapes. Line
corridors have been identified along the 200 m width and 72 km length of the ri-
ver beds. The type of stepping-stone corridors facilitates the establishment of in-
terconnection between the core areas through planting trees and greenery. For this
purpose, this type of ecological corridors has been identified in four different di-
rections. The landscape type of ecological corridors has been proposed for the or-
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ganization of communication between core areas and linear corridors near the Sis
and Kaleybugurt villages, covering relatively large areas.

The ecological corridor features play a role in the linking of species habitat
and restoration of natural biological migration. Since the selection of species as
a target during corridor identification is required, we have focused on mammalian
species such as brown bears, roe deers, wild boars, badgers and rabbits living in
the park. Because these animals prefer moving in the forest and vegetated green
areas, their lifestyle is also considered in the study. The habitats of such animals
are suitable sites for the development of ecological processes, with the role of mi-
gration “sources” [14].

Buffer zones are areas that are responsible for maintaining and protecting
the core areas or are particularly important for maintaining balance in geosys-
tems [15]. Functionally it divided into protective and geosystem buffer zones.
Buffer zones serve to improve ecosystems, preserve and enhance the geosystem
balance, and neutralize the environmental impacts between agricultural and pro-
tected areas in the ecological network.

The buffer zone of the study area was set at 3,000 m along the border of
the core area with the admission of the relevant article of the Law of the Repub-
lic of Azerbaijan “On Specially Protected Natural Areas and Objects”. The total
area is 19 400 hectares. The main ecosystems are mountain-forests, mountain
meadow, forest-steppe, subalpine meadows and seliteb zones. This zone includes
14 villages and 1 settlement (Table 1). In the ecosystems located here, it is only
possible to engage in economic and other activities in the manner prescribed by
the legislation we have analyzed above.

Table 1
List of settlements in the buffer zone
No. Settlements (villages) No. Settlements (villages)
1 Damirchi 9 Kechmaddin
2 Archiman 10 Galadarasi
3 Avakhil 11 Ahmedli
4 Yusif Mammadaliyev s. 12 Talishnuru
5 Chukhuryurd 13 Dadagunash
6 Nagharakhana 14 Chaghan First
7 Sis 15 Chaghan Second
8 Galeybughurd

Restoration areasare created for the restoration of biological or geomorpho-
logical conditions of the territory. Typically, such zones are areas that are not
profitable, despite the various efforts and methods used, or have greatly deterio-
rated as a result of anthropogenic impacts. Therefore, the restoration is inevitable
to the recovery of such soils and saving the ecosystems. Such areas may become
core areas or buffer zones at the next stage.

A number of problems or questions may arise during the design of the resto-
ration areas. One of the problems may be against the interest of any stakeholder in
the selection of such areas and in making decisions for the common good. Coor-
dination of rehabilitation activities, effective use of resources for positive results,
and decision-making based on the advice of scientific researchers and experts du-
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ring implementation are basic terms. These conditions have been taken into ac-
count when determining the restoration areas around the national park in the study.
Such areas have been identified along the northern and southern boundaries and
within the interior structure of the national park, especially in areas where natural
ecosystems are essential for restoration (Figure 3). Over time and the recovery
process, showing positive results, the boundaries of the national park will also be
expanded at the expense of such areas.

Table 2
Ecological network elements and ecosystems in the study area
Network elements Area, ha Ecosystems
Oak-hornbeam, beech-hornbeam,
Core area 5896 beech-oak forests ecosystems
of low and medium highlands

Ecological corridors:
- linear 1437 Mountain forests, mountain meadows,
- stepping-stone 64 river ecosystems
- landscape 648
Buffer zone 19400 Mountain forests, mountain meadows,

forest-steppe, subalpine meadows, seliteb zones

Mountain forests, mountain meadows,
forest-steppe, mountain steppe

Restoration areas 2550
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Figure 3. Ecological network model of the study area

Proposals

Ecological networks as a model represent an ecosystem approach that pro-
motes the conservation of biodiversity and the sustainable use of natural re-
sources. The basis of this approach is that economic development is not possible
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without the effective management of ecosystems for the benefit of society [16].
The involvement of various sectors of the economy and society in the manage-
ment of ecosystems is an important factor for the implementation of the approach.
Proposals for the study area to address such issues are as follows:

1. The management of ecosystems, including all elements of the ecological
network, should be centralized and the impact of adjacent ecosystems should be
taken into account.

2. Reduce economic activity, which negatively affects biodiversity in the
development of ecosystem management programs, and promote the conservation
and sustainable use of biodiversity.

3. To achieve the integrity of the ecological network, long-term goals should
be set, and scientific approaches, knowledge of local communities and all forms
of information should be taken into account.

4. Measures aimed at the protection and sustainable use of natural complex-
es require a broader and more comprehensive approach. Therefore, there is a need
to develop additional activities and ecosystem services in residential areas. Fruit
and its processing, expanding beekeeping, collecting medicinal herbs, selling local
crafts, handicrafts, and stimulating activities for local businesspersons will lead to
improved living standards and at the same time protecting biodiversity.

5. During the implementation and execution of this approach, scientific in-
stitutions such as geography, zoology and botany, the relevant executive govern-
ment authorities, Ministry of Ecology and Natural Resources, as well as environ-
mentally-oriented public associations, NGOs, and local businesspersons, stake-
holders should be actively involved to the programs.

Conclusion

The paper proposes an environmental network model in the study area, for
the first time in Azerbaijan, which selected as a pilot site. Core area and buffer
zones were determined following the legislation, and ecological corridor types
and restoration areas have been identified taking into account natural conditions in
this study. An electronic map was developed for the network model, and the area
of each network element was calculated within the relevant ecosystem.

It became clear that the theoretical part of the research, connectivity of eco-
systems and natural habitats play an important role in sustainability. Therefore,
relevant legislative and strategic documents and programs should be developed to
integrate environmental networks into public policy at the national level. Since
this approach does not require large financial resources, it is advisable to apply it
in the future to the whole country.

The ecological network model presented in the article will help to conserve
biodiversity, reduce anthropogenic impacts, eliminate environmental barriers, and
promote appropriate forms of land use. However, the more sophisticated optimum
configuration of the environmental network to promote regional sustainable de-
velopment can be determined by future research.
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[14]

[15]

[16]
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Pa3paboTka npupoaooxXpaHHbIX MEeponpUuaTUin
MO YMEHbLLUEHMIO NbIJ1IeoOpa3HbIX BbIODPOCOB KAMEHHOI0 yrns
npu NOrpy304HO-pa3rpy304HbIX paboTax
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AnHoTanus. B Hacrosimiee Bpemst Poccust 3aHUMAaeT 0OJHO U3 BEIYLIMX MECT B MHpE IO
J00bIYe KaMeHHOTo yrist. [Ipu moObrde, QpoOJIeHUH, COPTHPOBKE M TPAHCIIOPTHPOBKE YIS Ya-
CTHUIIBI HEM30SKHO MIEPEXOAT B a3PO30JIBHOE COCTOSIHIE, 00pa3yst MbLIb, KOTOpas B TaJIbHEHIIIEM
BBIOpachIBaeTCs B aTMoc(epHbIid Bo3myX. JlaHHas MbUTb MaryOHO BIMSET Ha 370POBbE PaOOTHH-
KOB TOPHOJOOBIBAIOIIEH OTpaciy, a TakKe Ha HacelIeHne CeNMTeOHOH 30HbL. B cBs3M ¢ 3TUM BO3-
HHKaeT BOIpoc 00 d(PPEKTUBHON OYNCTKE BO3AyXa B paboUeii 30HE OT YTrONBHOW IBUTH U CHIDKE-
HUM ee KoHleHTpauuu. Llenb uccienoBanus — pa3paboTaTth CUCTEMY KOMIUIEKCHOW OYMCTKH Ta-
30BO3/YIIHBIX BEIOPOCOB OT MBUTM KaMEHHOTO YIS B paboyeld 30He, Ilie MPOUCXOIUT €ro TPaHC-
noptupoBaHue. OCHOBHas 3ajjaya — CO3/IaHHE JOMOJIHUTENILHOM CTENEeHH OYMCTKU BO3/AyXa OT
yrojpHOM TbUTH. C 3TOH LIENbI0 UCTIONBb30BaJics BUXPEBOH abcopOep, MpenCcTaBISIOIINN co00i
anmapar IHJIMHAPUICCKON (POPMBI, B KOTOPOM PACHOJIOKEH KOHTAKTHBIN 3JIEMEHT C MPOCEYHBIMU
otBepcTrsiMu. OrmperniesieHsl TeoMeTpHYecKIe pa3Mepsl abcopOepa 1 ero OCHOBHEBIE TTapaMEeTpEL.
Pazpabotanssiii abcopOep Mokazall OueHb XOPOIINE Pe3yNbTaThl Kak anmapar Uil (GUHUIIHON
OYHCTKH Ta30BO3IYIIHBIX BHIOPOCOB. D(P(HEKTUBHOCTD YNABIMBAHUS MEIKMX TBEPALIX YACTHIL B
IIpeACTaBIEHHON cxeme focturaer 99 %. Bmecte ¢ TeM B pesyibrare BHEIpEHHE JaHHOM ycTa-
HOBKH OCyIIeCTBIIsIeTCS 3P (peKTUBHAS OYMCTKA BO3IyXa OT YACTHII TBUTH AUAMETPOM MOPsIIKa
0,2 MKM, a TaKKe YBEIUYMBACTCSI IIPOM3BOJICTBO YTOJBHBIX OPHKETOB Ha 144 T B rog.

KnroueBble cj10Ba: Ta30BO3MYIIHBIC BEIOPOCH], HUTH KAMEHHOTO YTJISI, OYHCTKA BO3AyXa
paboueii 30HBI, Ta3009HCTHOE 000PYAOBaHKE, BUXPEBOI abcopOep, OPIKETHPOBAHUE ITBLITH
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Abstract. Now Russia is one of the world’s leading coal producers. Particles inevitably
pass into an aerosol state, forming dust, which is subsequently emitted into the atmosphere
during the extraction, crushing, sorting and transportation of coal. This dust negatively affects
the health of workers in the mining industry, as well as the population of the residential area.
In this regard, the question arises about the effective air cleaning in the working area from
coal dust and reducing its concentration. The work purpose is to develop a comprehensive
cleaning of gas-air emissions from coal dust in the working area where it is transported. The main
task is to create an additional degree of air purification from coal dust. For this purpose, a vortex
absorber was used, which is a cylindrical apparatus in which a contact element with perforated
holes is located. The geometric dimensions of the absorber and its main parameters have been
determined. The absorber developed by the authors has shown very good results as a device
for the final purification of gas-air emissions. The efficiency of trapping small solid particles
in the presented scheme reaches 99%. At the same time, as a result of the introduction of this
installation, effective air purification from dust particles with a diameter of about 0.2 microns
is carried out and the coal briquettes production is increased by 144 tons per year.

Keywords: gas-air emissions, coal dust, air purification of the working area, gas puri-
fication equipment, vortex absorber, dust briquetting
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BeBeneHue

B nacrosmiee BpeMs TpaHCHOPTUPOBAHUE KAMEHHOTO YIJI OCYILLECTBIISIETCS
MIOCPEICTBOM JKEJIE3HOAOPOKHOTO M MOPCKOTIO TPAaHCHOPTA. B yacTHOCTH, SKCIIOPT
B CTpaHbl A3uM, HanpuMep ANoHUI0, IPOU3BOAUTCS IPEUMYILIECTBEHHO MOPCKU-
Mu cynamu. OIMH U3 KPYIHBIX MOPCKHUX IIOPTOB, YEPE3 KOTOPBIN KCIIOPTUPYETCS
yroiib B Ipyrue cTpaHbl, — BaHuHo — pacnonoxxeH B XabapoBckoM kpae. O0bemMbl
MIPOXOZSAILIETO YEPE3 HETO €XKETOJHOTO SKCIOPTa KAMEHHOT'O YIUISl JOCTUTAlOT 24 MIIH T,
1 3Ta TEHAEHLUsA pacTeT ¢ KaxabM rogoM. K konny 2020 r. niuaHupyeTcs yBenu-
YUTh NMEepeBO3KY yrist 10 30 MaH T B rox [1].

CoBpeMeHHBIH MOPT CEroHsI — 3TO KPYIHBIM M OUYEHb CII0XKHBIN TEXHUYECKUN
KOMILJIEKC, IPU 3TOM YTOJIbHBIN TEPMHHAJI BKIIFOUAET B ce0sl Mapk MpHeMa Moe30B
C yIJeM, Iie Toe3ja OTCOPTUPOBBIBAIOTCS 110 BUIY YIVIS, U LI€X BarOHOOIPOKH/IbI-
BaTeliel, IIe yrojb U3 BaroHa MOrpy’KaeTcs Ha JICHTOYHBIA KOHBEWEp, 3aTEM OT-
MIPABIISIETCS HA OTKPBITHIN CKJIAJ U IIEPEBO3UTCS HA MOPCKHUE CyAa.
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PesynbTaThl M 006CyXaeHue

OHUM U3 CaMBIX OTIACHBIX MECT JJIsi pA0OTHUKOB MOPCKOTO TTOpPTa SIBIISET-
Csl IEX BaArOHOOIPOKUABIBAETEIIEH, PACIIOIOKEHHBIN B 3aKPHITOM IIOMELICHUH TUIO-
IIa/IbI0 OKOJIO 5 ThIC. M>. B HEM yCTaHOBJIEHHI IBa BArOHOONPOKHU IBIBATENS, KO-
TOpBIE B CpEIHEM 3a CYyTKHU TnepeBopaunBaroT 810 BaroHoB. [l CHIKEHUS KOH-
LIEHTPALMNU NIbUIX TIPU NIEPEBOPAUYNBAHUN BarOHOB B ITOPTY YCTAHOBJICHBI AUCIIEP-
cuonnsle cucteMbl DUSTEX, kortopsle paGotaioT ¢ OMHApHBIMH (OpPCYHKAMHU
IIpY HU3KOM JaBJIEHUU CO CpellaMu: BoAa M cxkatblil Bo3ayx [1]. Ilpu BeIrpy3ke
yIJIsl U3 MIOJTyBaroHOB B MPUEMHbIE OyHKEpbI JaHHAs cCUCTeMa cpabaThIBaeT aBTO-
MaTHYECKU M TEHEPUPYET MPH MOMOIIN JBYXKOMIIOHEHTHBIX PacHbUIIOMUX (op-
CYHOK MEJIKOJIUCIIEPCHBI TyMaH BBICOKOM IJIOTHOCTU. Boponorpebnenue nucrep-
CHOHHOIi cucTeMbl coctaBnseT 120 m*/cyT, apdexTurocts ounctku — 80 % [1].
B oceBi1yt0 BOJIOYTOJIBHYIO CYCIIEH3UIO JOOABISIOT MIICHUYHYIO MYKY JUISL TIPU-
JaHWUsT HEOOXOAMMBIX Ka4eCTBEHHBIX XapaKTEPHCTUK MPOAYKTY M OTHPABISIOT B
anmapar OpUKETUpOBaHMS, IJl€ CIPECCOBBIBAIOT, U HA BBIXOJE MOJIYyYaeTcsi roTo-
BBII IIPOAYKT U3 IPECCOBAHHON YIOJIbHOW IIBUIM, KOTOPBIM 110 COCTaBy HUYEM HE
yCTyTaeT OOBIYHOMY KaMEHHOMY YTIIIO.

OUMIEHHBIX BO3IOYX
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Puc. 1. BuxpeBoii abcopbep [2]:
1 — KOHTaKTHbI 3NeMeHT; 2 — cenapatop; 3 — KanneoTaenmTeNb; 4 — KONEKTOP BBOAA OPOLLAIOLLIEN XMAKOCTY; 5 — ra3oBas pybaluka
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Figure 1. Vortex absorber [2]:
1 - contact element; 2 — separator; 3 — drop separator; 4 — scrubbing liquid inlet collector; 5 — gas jacket

Jns 6onee 3¢ HeKTUBHONW OYUCTKU BO3/yXa OT YrOJbHOM MBLUTH HAMU ObLIa
pa3paboTaHa cxeMa OYMCTKH, AOMOJHUTEIBHO BKIIIOUYAIOIIAs €IIe OAHY CTYIEHb —
BHXpeBO abcopOep. Pa3zpaboranHbiii HamMmu abcopOep Mmoka3aja OYeHb XOPOIIHE
pe3ynbTaThl KaK anmapaT 18 (PUHMITHON OYMCTKHM Ia30BO3AYIIHBIX BHIOPOCOB!
[2; 3].

AbGcop0bep (puc. 1) mpeacrasnsieT coboi anmapaTt HUIXHAPHIESCKON (GOPMEI,
B KOTOPOM PAcCMOJIO0XKEH KOHTAKTHBIM AJI€MEHT C MPOCEYHBIMU OTBepCTUsIMU. Jle-
MECTKU TMPOCEUEK OTOTHYTHI BO BHEIIHIOK CTOPOHY OOKOBOH IMOBEPXHOCTH Ha
30°. IlpuHun neicTBUA amnmapara cienyromui. Opomaromas BoJa MOCTYIaeT
4yepe3 KOJUIeKTop 4, T1ie o0ecreunBaeTcs paBHOMEPHOE pactpeieNieHue 5KUIKOCTH
M0 TEepUMETPY KOHTAKTHOTO 3JieMeHTa | W MepBOHAaYallbHAs ee 3aKpyTka. Tem
BpEMEHEM 3arpsi3HEHHBIM BO3JyX MOCTyNaeT 4yepe3 ra3oByr0 pyOaiiky 5, 3aTem
MIPOXOUT Yepe3 MPOCEYHbIE OTBEPCTHUS KOHTAKTHOTO AJIEMEHTa, pHoOpeTas TaH-
TeHIIMAILHOE HampaBleHHUe, U Aanee 0apOoTHpyeT uepe3 oW KUIKOCTH, TOMOJI-

'Oraer 06 ycrodumeom paseutmn CYDK 3a  2016-2017 rr. URL:
http://’www.suek.ru/upload/iblock/9c9/SUEK_SDR 16 17 WWW __.pdf (mara obpamienns 10.02.2020).
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HUTENBHO ee nojakpyuuBas. [lpoiins uepes HEHTPOOEKHBIN KaIrIeoTAEIUTEND 3,
OUMILIEHHbIE Ta30BO3YIIHbIE BRIOPOCHI BHIXOAAT B pabouee momenmienue’ [2; 3.
OnHO U3 TIaBHBIX NPEUMYLIECTB JAHHOTO amnapara — Ipu JOCTaTOYHO BBICOKOM
3 PEKTUBHOCTH OH UMEET HU3KOe rupaniuueckoe cornporusierue (700-1150 Ila),
OT KOTOpPOTO B 3HAUMTEIBHOW Mepe 3aBUCUT pacxoi 3Hepruu. s cpaBHEHUS:
IIPU MPOYUX PaBHBIX YCIOBUAX CPEJHEHANOPHBIN CkpyOOep BenTypu umeer rua-
paBinueckoe conporusieHue 1500—4500 Ila.

[Ipu pacyere TEXHMYECKMX XapaKTEPUCTHK armapara UCHOJIb30BAIUCH CIIEeTy-
IOIME JaHHbIE: 00BEM 31aHHsl BATOHOONIPOKMIBIBATENS 45 ThIC. M°, TpeOyeMoe KOIH-
4ecTBO Ta3a HpH 8-KPaTHON LUPKyIAuH 360 ThiC. M/4, TeMIepaTypa OpOIIAroIeil
BoJ1bI 20 °C, OMyCTUMBII MIPOBA KUIKOCTU JT0JbKEH ObITh He 6omee 10 % oT obriero
pacxozia JKHJIKOCTH, CBOOOJHOE CEYeHHE KOHTAKTHOIO AnieMeHTa 3 %, CKOpOCTh rasa
B IPOCEYKAX KOHTAKTHOTO 3JIEMEHTA 4 M/C, TNIOTHOCTh opomienus 15 m>/m?-uac [3].

Pacyem esuxpeeozo abcopbepa

Onpenenensl reoMeTprdecKre pasMepbl abcopOepa U ero OCHOBHBIE TTapaMeT-
pbl. MeTonuka pacuera mapaMeTpoB BUXpeBOro abcopbepa mpeacTaBiieHa B KaH-
muparckor aucceptammu A.B. Jlykannna «Pa3paboTka MaccooOMEHHBIX ammapa-
TOB JJI1 CUCTEM ITPOU3BOACTBA MUKPOBOJOPOCIEH, X THAPABINYECKHE U MacCCO-
oOMeHHbIe XxapakTepucTukm» 1984 r. [2].

[To pe3ynpTaTam pacueTa omnpezesneHo, 4To JuaMmeTp abcopdepa cocTaBIseT
5 M, BBICOTa — 8 M, 00BbEM rasa, IPOXOAdIuil uepes anmapat, 360 Teic. M>/4, pa-
0ouast MOBEPXHOCTh KOHTAKTHOTO AyieMeHTa 126 M, pacxoj OpoIIAKIIEH KUIKO-
ctu 188 M*/4, monmHoe ruapasIMuecKkoe conpoTuBienue anmnapara 740 Ia.

[TpoBan &UAKOCTH yepe3 KOHTAKTHBIA 3JIEMEHT BUXpPEBOro abcopbepa om-
penensinu o gopmye [2]

I'= L6W (0,1 + tga)* () 1501+ ),

rae W — ckopocTh ra3a B IpOCEYKaX KOHTAKTHOTO 3JIEMEHTa, M/C; |, Wo — AM-
HaMHYECKas BA3KOCTh KHIKOCTH, H'C/M?; 0 — HAIMYKME BCTABOK (€C/IM HET BCTa-
BOK, TO Oepetcst 3HaueHue 0); o — yroa pa3BopoTa MpOCEYEK KOHTAKTHOTO 3iie-
MEHTa OTHOCHUTEJIBHO €ro OCH, Tpaj.

Ilo pe3ynbTaTaMm pacdera IpOBal KUAKOCTH cocTaBui 1,7 m*/4, mmm 0,91 %
OT OOIIET0 pacxoaa KUJIKOCTH.

TonmuHa MIEHKH KUIKOCTH HAXOIUTCS M0 YpaBHEHHIO [2]

h= 3’56H—0,15q0,35(0’1 4 i)0,18,

rae H — BHICOTa anmapara; ¢ — IUIOTHOCTh OPOIIEHMs, M>/M?-4ac; ® — HAINYHeE
BCTaBOK (€CJIM HET BCTABOK, TO Oepercs 3HaueHwue 0).
[To pacderaM TONIIMHA TJICHKH KUIKOCTH COCTaBUIIA 4 MM.

20raer 06 ycrodumeom paseutmn  CYDK 3a  2016-2017 rr. URL:
http://’www.suek.ru/upload/iblock/9c9/SUEK_SDR 16 17 WWW __.pdf (mara obpamienns 10.02.2020).
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Puc. 2. Cxema KOMMIEKCHOM O4MCTKM BO3ayXa paboyei 30Hbi:
1 — BaroHoONpPoKnabiBaTeb; 2 — GOPCYHKM; 3 — BbITAXHO 30HT; 4 — NbinenpoBos; 5 — Buxpesoii abcopbep;
6 — wnamMmoHakonuTesnb; 7 — TPy6ONopoBOd, HEKOHANLUMOHHbLIX CYCNeH3nit; 8 — npecc
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Figure 2. The working area complex air cleaning scheme:
1 - car dumper; 2 — nozzles; 3 — exhaust hood; 4 — dust pipe; 5 — vortex absorber;
6 - sludge collector; 7 — substandard suspensions pipeline; 8 — press

BHCI[peHI/Ie I[&HHOfI YCTaHOBKH IMO3BOJIMJIO JOCTUYDL CICAYIOIIUX PE3YJIbTATOB:

— yBenuueHus 3QPeKTUBHOCTH OYUCTKHU BO3ayXa OT IbLIU Ha 19 % (oOuras
CTETNEeHb OUUCTKU COCTABUT 99 %);

— 3(hpeKTUBHOTO OYUIIEHUS BO3AYyXa OT YaCTHUI] MbUIA TUAMETPOM TMOpsIIKa
0,2 MKM;

— pocTa MPOU3BOCTBA YTONBHBIX OpUKETOB Ha 144 T B rox;

— I[OHOHHHTGHBHOﬁ OYHMCTKH BO3ayXa OT IIbJIM KaAMCHHOT'O YTJId IO CXEME
Ha puc. 2.
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Ha mecte 0OCHOBHOTO MCTOYHMKA MBUIEBBIICIEHUS, T1€ IEPEBOPAUNBAIOTCS
BaroHsl 1, yCTaHaBIMBAETCS 30HT W3 CTaJbHOTrO Marepuana 3. [Ipu momomu BO3-
JOYIIHOTO HAacoca MEJKHE YacTUIbl MbUIM MO TPYOOIpoBoLy 4 HampaBisioTCs B
OpoIIaeMblii BUXpEBOI abcopbep S, B KOTOPOM OHHM YJIABJIMBAIOTCA. 3aT€M IOJY-
YMBILASCS BOAOYTOJbHAS CMECh MOMNaJaeT B IIJIAMOHAKONUTENb 6, Ie mepeme-
[IMBAETCS C KUAKOCTHIO, 00pa30BaBIICHCS B PE3yIbTaTe OCHOBHON OYHCTKHU BO3-
nyxa ¢ ¢opcynkamu 2. Ilocie oTcTauBaHusl 4acTh KUAKOCTH 3a0upaeTrcst Ha Mo-
BTOpHOE OpomieHue abcopOepa M (POPCYHKH, a OTCTOW C BIAXKHOCTHIO B 50—70
NoJlaeTcs Ha BhICYIIMBaHUE. Tak e B IUIAMOHAKOIMTENb MOJAeTCsl CBeXasl BoJia
gyepe3 TpyOomnpoBo. [Tocne 00e3B0kMBaHUS B CMECh JTOOABIISIIOT CBSI3YIOIIUE Be-
1iecTBa U OPUKETUPYIOT BAJKOBBIM IpeccoM 8. CucTema BKIIHOYAETCs MpH Iepe-
BOpaYMBAHNU BaroHOB WJIM B CIIydYae, KOT/Ia 3allbJICHHOCTh BO3/yXa MPEBBIIIAET
cpennecyrounyro ITJ[Kce (6 mr/m*) [4]. JlaHHast ycTaHOBKA PacIoNaraeTcst HEMo-
CPEACTBEHHO HaJl MECTOM IIEPEBOPAYNBAHUS BarOHOB.

Cxema 6pukemupoeaHusi u pacyem 6pukemoe

Tlocie KOMILIEKCHOM OYMCTKU BO3QyXa 00pa30BaBILIAscs BOAOYTONbHAS CMECh
HOMajaeT B 3arpy30uHbIi OyHKep U Jaiee CyCHeH3UI0 HOAroTaBIuBaloT K OpuKe-
TupoBanuio (puc. 3). MaccoBas KOHIEHTpalMs TBEpAOH (a3bl B TAKOH IIyJIbIlE
cocrasisier 7,1 kr/m>.

ity Ok ==

Puc. 3. Cxema 6pukeTMpoBaHUs yrojibHOM Nblan:
1 — 3arpy304HbIil ByHKEp; 2 — CyLuMIbHaa kamepa; 3 — GyHKep C Cyxoli CMechlo; 4 — GyHKep CO CBA3YIOLNM BELLLECTBOM;
5 - cmecuTensb; 6 — npecc; 7 — TpybonpoBoa, A 0TceBa CMecu
Figure 3. The briquetting coal dust scheme:
1 - loading bunker; 2 — drying chamber; 3 — bunker with dry mixture; 4 — bunker with a binder;
5 — mixer; 6 — press; 7 — pipeline for mixture screening

Tak kak MCXOIHBIM MaTepuana He 00JaJaeT HEOOXOIUMBIMHU CBS3YIOIIMMH
CBOMCTBaMH, JOOABJISIOT CBS3YIOIIUE BEIIECTBA, KOTOPBIE BBOISAT MOCIE 00€3BO-

XKUBaHUS cycneHsuu (1o 15 % Bnaxunoctu npu temmeparype 100-150 °C ¢ no-
MOIIIBIO I'a30BbIX CYHINIIOK 2)3 Han60nee ONTHUMAJIBHBIM CBA3YIOIIHUM 3JICMCHTOM

3 TlocTaHOBIIEHWE TJIABHOTO CAHUTApHOTO Bpada PD «O6 yTBEpXIEHHM THTMEHHYECKUX
HopMmatuBoB ['H 2.2.5.3532-18 ,IlpenensHo momyctumbie koHmeHTparmu (I1JK) BpemHbIX Be-
IIeCTB B BO3IyXxe paboueii 30HEI» oT 13 ¢deBpams 2018 1. No 25.
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U1 OpUKETUPOBAHUS YIUI SBJSETCS MIIEHUYHAs MyKa, KOTOpas pacrlojoXkeHa B
3arpy3o4HoM OyHkepe 4. [Ipu BbICOKHMX TemmepaTypax MyKa JIMITHET K BIa)KHOM
yroJpHOU MblH. Jlanee cMech oXJ1ax/aeTcsl U IepeMeIInBaeTCs B CMECUTENE S5 U
MI0/Ia€TCsl HAa MPECC IITEMIENBHOIO TUMa 6, BO3IEHCTBYIOMIMI Ha CMECh MO/ JaB-
nenueM 0,03-0,05 MIla. OtceB cmecu o TpybonpoBoay 7 oTmpasisercs: oopat-
HO B OyHkep 1. Ha BbIXoze MOIy9aroTCs yroibHbIE OPHKETHI, KOTOPBIE B TIOCIIE-
JyrolleM UAyT Ha peanuzanuio. CTaHaapTHbIE OpUKEThl UMEIOT (OopMy MOAyIIe-
yek, pazmMepoM ot 1,5 10 60 cm® ¢ TemnoToit cropanus 27 614,4 xJx/xr* [5-7].

be3 nonosHUTENbHOTO yNaBIMBAHUS YTOJIBHOM MBUIM BUXPEBBIM abcopOe-
poM B neHb BbIyckaercs 14 T OpukeroB (ctommocts 69 500 py6.). [Ipu kom-
IUIEKCHOM OYMCTKE BO3AyXa 00bEM BBITYCKAEMBIX OPUKETOB yBeIW4MUTCS 10 17 T
B JieHb (cToumocTth 86 000 py0.).

3aknyeHue

HpCI[CTaBJ'IeHHafl KOMINIJICKCHAad O4YMCTKA Ia30BO3AYyIIHBIX BI)I6POCOB B IIEXEC
BaroHOONPOKH/IbIBaTENs 00ecneunBaroT 3((PEeKTUBHOCTh yaaBIuBaHUs 10 99 %.
[Ipu yBennuenun nepeBo3ku yris 10 30 MIH T B TOJ JaHHas cUCTEMa IO3BOJIUT
JIOMIOJTHUTEBHO MOIY4YUTh OpUKeTOB Ha cyMMy 900 Thic. py6. B TOA U MPH 3TOM
He npeBbIaTh cpennecytounyto [1JIK B paboueii 30He.
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0030p paHee NCNoNb30BaHHbIX MEeTOA0B
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AHHOTamUsA. DKOJOrHYecKasi KOMIIEHcausl — 3T0 (GopMa OIuIaThl 3a 3arps3HeHue
MIPUPOJIbI U OKPYIKAIOLIEH Cpe/ibl, a TAK)KE 32 YHUUTOXKEHUE 3€MJIM, PACTEHUHN WU )KUBOTHBIX.
OnHa u3 mpobieM yrpasieHus oTxonamu B KeHun 3aKiroyaercst B OTCYTCTBHH SIUHOTO WH-
CTpPYMEHTa U3MEPEHUS] HEraTUBHOTO BJIMSHUS MPOMBILUIEHHON JESITeIbHOCTH U OTXOJIOB Ha
OKPY’KaIOIIYI0 Cpey, SKOHOMUKY M 3J0POBbE YeJIOBEeKa. XOTS pa3Mep KOMIICHCAIIUH JI0JDKeH
YCTaHABJIMBATbCA HAa OCHOBAaHMU 3KOJIOTO-3KOHOMHYECKOHN OLIEHKU OKpY’Karolle cpenbl, OH
TaKXe JOJDKEH OBITh OCTATOYHBIM Ul pealu3allid Mep, HalpaBJIEHHBIX HAa BOCCTAaHOBIIE-
HHUE, BOCIIPOU3BOJICTBO M YyJydllleHHe 3Toi cpenbl. KeHus emie He pa3paboTana 4eTKyro mpa-
BOBYIO OCHOBY JIJIsl KOMIICHCAITUH 32 SKOJOTHUYECKUH yiepO, HECMOTpS Ha HAJIM4YHE MOAPOO-
HOTO 3aKOHA 00 YNIPaBICHUH OKPY’KAIOIIEH Cpemoil W KOOpAWHANIWY [UIS 3aIIUTHI OKpPY>Karo-
el cpensl. B mpenpiqymmx ucciaeqoBaHIsIX CTOMMOCTH yIiepOa okpykaromen cpene B Ke-
HUU YCIIEUIHO MCIOJB30BAIMCH JIBE METOJOJOTHH: 3aTPaThl HAa Ype3BbIYAilHbIE CUTyallMH U
3arpsisHEHUE TI0YBBI, BO3/lyXa M BOJABL. B cTaThbe paccmarpuBaeTcs CYHIHOCTh dTHX METOJIOB,
a Taxke BO3MOKHOCTH HMX IPHMEHECHHUS TP OIICHKE CTOMMOCTH yIIepOa OKpyskaromeil cpene
B pe3yJIbTaTe X03HCTBEHHOM JeSTENbHOCTH YEI0BEKA.

KiroueBble cJI0Ba: SKOJOTMYECKUI yIepO, MPOU3BOACTBO AKCEPTUM, SKOIOTUUECKHUE
U3EPIKKHU, 3arpsA3HCHNE

Hcropusa craTtbu: noctymwia B pemakiuio 15.10.2020; npuHsaTa kK myOnmkamuu
01.11.2020.

Jas uutupoBanusi: Mamboleo M. Methodology for the economic estimation of the envi-
ronmental damages caused by land, soil and air pollution in Kenya: a review of previously used
methods / Bectauk Poccuiickoro yHuBepcutera JpyxO0bl HaponoB. Cepus: Dkoyorus u 0e3-
OIMacHOCTH Xi3HeaesTenpHocTh. 2021. T. 29. No 1. C. 112-120. http://dx.doi.org/10.22363/2313-
2310-2021-29-1-112-120

Introduction

Sections 78 and 93 of Kenya’s environmental legislation provide for air
quality standards and prohibit the release of chemicals, hazardous substances and
materials or oil into the environment and liability for spills, respectively'. These
sections provide that a person convicted of a crime must pay the cost of cleaning

! Environmental Management and Coordination Act 1999.
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up the pollution, as well as any costs that may be incurred by any government
agency or the agencies in rehabilitating the environment destroyed or damaged
by the released wastes.

The environmental impact is expressed in a number of costs. On the one hand,
this is economic damage from a negative impact on the environment, on the other,
the cost of preventing pollution or implementing environmental protection actions.
From the point of view of rational management of production activities, it is es-
sential, firstly, to determine the optimal ratio of these two types of costs, and, sec-
ondly, to rationally take them into account when assessing the efficiency of enter-
prises. For this, it is necessary to estimate as accurately as possible the quantita-
tive damage caused by the industry to the environment. The economic assessment
of enterprises’ damage to the environment is carried out based on mathematical
modelling methods, generalized indirect estimates, specific damage (calculation
for a mono-pollutant), or direct calculation. The practice of calculating the pre-
vented environmental damage is also used to assess the negative impact.

Environmental damage can negatively affect a large number of species,
their habitats and ecosystem functions, as well as human consumption or non-
consumption values. However, in practice, ecosystems are a rather complex con-
cept, and therefore it can be significantly challenging to understand and calculate
the degree of environmental damage. The problem with calculating damage arises
in connection with environmental damage, and the benefits of resources or ser-
vices obtained as a result of remediation activities carried out as a result of da-
mage compensation require specific professional skills from the equivalence ana-
lysis team.

Methodology for calculating damage to land resources
from environmental pollution

Land valuation is carried out in different ways and is divided into zones
depending on the type of use, purpose and distance from settlements or densely
populated areas. When calculating the economic assessment of damage that can
be caused to land by economic activities, direct damage can be determined by
multiplying the area affected by economic activities by the base price of land in
the relevant region. To calculate the indirect damage, it is necessary to determine
the economic damage from a decrease in livestock productivity as a result of nar-
rowing of pastures and a decrease in the number of crops and vegetables, hay
and forage caused by shearing agricultural land area.

Deficiency-related damage. Direct damage includes areas that will be da-
maged by direct industrial impact, as well as areas covered by roads, paved areas
and other industrial facilities. The economic value of land affected by direct scar-
city is measured by the value of the lost economic opportunity that should have
been obtained if the land in question was used for another purpose (or for its pre-
vious purpose).

Pollution-related damage. In general, land pollution can be divided into
5 levels. The concept of an acceptable pollution level means that the soil’s chemi-
cal content does not exceed the safe exposure level. The five levels of land con-
tamination are: 1) unpolluted; 2) slightly polluted; 3) notably polluted; 4) serious-
ly polluted; 5) dangerously polluted.
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Estimating the cost of soil erosion. The value of the soil can be quantified
using various methods. The highest estimated cost is based on the market value of
replacing free services provided by degraded soils (for example organic additives,
fertilizers); some equate the costs of downstream rehabilitation, such as dredging
a reservoir, with external costs [1]. Others draw inferences about costs based on
the value that consumers place on non-degraded land. Finally, the quantification
of environmental services is usually realized through studies to estimate the peo-
ples’ willingness to pay for the soil’s services [2]. The objective, for each of them,
is to estimate the value that can allow comparison with market prices. Previous
studies of the cost of environmental damage in Kenya have successfully used two
methodologies: emergency costs and soil pollution [3].

Methodology for calculating damage to a land plot
using the emergy synthesis process

Emergy is the energy indirectly or directly used to generate a product or
service [4]. Since each input to the process is itself a product of energy conver-
sion, the occurrence is usually referred to as energy memory. The units refer to
a reference energy source (typically solar energy). The emergent unit is the solar
emjoule (sage). This unit indicates that emergence arises from energy flows but
is qualitatively different. In particular, emergy considers energy losses (losses of
the 2nd law) during the successful conversion of standard (solar) energy into other
forms of energy. The available energy after each transformation has properties
that qualitatively distinguish it from heat.

In the past, the emergency welding method has been used to estimate soil loss
in Kenya (the author refers to the open patch panel by [3]). Their study noted that
sharply accelerated soil loss is prevalent throughout Kenya, especially in the wes-
tern counties where high rural population concentrations, harsh climatic impacts, and
delicate soils converge. At the national level, 25 to 180 million tons of soil is lost
annually due to erosion [5]. This flow has been quantified to include other aspects
of the economic/ecological system for direct comparability, assuming that mitiga-
tion investments will be required to understand the problem’s magnitude better.

In Kenya, the emergy synthesis has been applied to economic/ecological sys-
tems at three scales, that is, starting with the vast scale and gradually localized sys-
tems. During the emergy synthesis study, [3] developed The National Assessment to
quantify land degradation’s significance to the national economy. They also created
conditions for smaller assessments for three counties in Kenya’s western region.

An unanticipated synthesis of regions, countries, and land uses (all on an an-
nual basis) has been standardized to convey summarized information about the ener-
gy base for economic and environmental conditions [6; 7] this standard with five
analytical steps [6] for details) was followed by [3] in their study:

1) compilation of transboundary flows, an internal transformation of economic
and environment and resource depletion through erosion, deforestation, and mining;

2) data collection — identifying sources of data on transboundary flows and
rates of depletion of domestic natural capital;

3) stream aggregation/index development. Composite indices have been de-
veloped [7] to capture various aspects of the interaction between environment and
economy;
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4) system diagram design — use of energy systems language to describe the re-
source base;

5) tabular valuation — a standard accounting system is applied. Each resour-
ce flow is valued in physical units modified by appropriate conversion to adjust
the energy quality.

Soil loss indices. The authors of [3] developed two new indicators precisely
to quantify the loss of soil natural capital reserves in the context of Kenya’s regional
energy base. Generally, soil loss is considered a depletion of non-renewable energy
reserves. However, grouping these streams with mined minerals and local fossil
fuels ignores the direct ecosystem services these reserves contribute. Moreover,
while the immediate economic benefits of fuel extraction or mining are clear,
the benefits of degraded topsoil are not obvious. In [3] authors assumed that some of
these flows can be prevented through more effective land administration policies.

Ecosystem
Production

RunolT

=

Erosion

iz \L_\ Qxidation

Geologic
Inputs

Simplified schematic of topsoil genesis [3]

The first new index balances costs and benefits for agriculture. Soil intensity
in agriculture (SIA) compares the yield of crops (livestock and cereals) to the pro-
duct of eroded soil:

SIA = Yo

oa

where Noa — erosion; Yag — the output of income from agriculture.

The second new index links the developing foundations of the regional sys-
tem to soil loss. The fraction of soil erosion use (FUSE) is expressed as a percent-
age of total use (U) due to erosion (Noa):

FUSE = Yoa
U
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Since erosion is an integral part of agricultural yields, the index’s minimum
is one. Large FUSE values designate high external costs to the economy whereas
the values that are close to one imply a very harmful consequence on agriculture.
The authors of [3] found out that both SIA and FUSE are independent of other
typical regional analysis indices and can be calculated for all countries for which
emergy assessments have been made for comparison purposes. Voluntary health
insurance should differ significantly within and between regions and farming sys-
tems; identifying agricultural and/or livestock activities is not relevant at the local
level. Also, to note is that SIA is the inverse of FUSE; this is not the situation on
a larger scale, where (U) is not only used in agriculture.

Methodology for calculating damage from soil pollution

The correct and practical determination of soil pollution’s degree and scale
is a rather tricky task requiring a lot of effort, money, and a relatively long time.
The damage from soil pollution is the basis for calculating the cost of cleaning
or cleaning contaminated soils. Thus, there is a methodology for calculating
the damage caused by soil contamination, which is applicable when it was impos-
sible to calculate costs in Kenya directly.

The high content of polluting elements in the soil is not always associated
with human activities and can sometimes represent a natural or litho-geochemical
anomaly. So, the study of soil pollution should be done by a highly qualified and
experienced soil scientist. The quality of work on assessing soil pollution will di-
rectly depend on the correctness of sampling, the reliability and accuracy of la-
boratory test results, the correctness of determining the contaminated site, and
the conditions for processing the results.

Methodology for calculating the baseline assessment of soil pollution

When calculating soil pollution’s ecological and economic assessment,
the economic and environmental evaluation of the corresponding territory’s soil
is multiplied by the coefficient of soil pollution for each of the pollutants.

Esp = Es(Ksp(1)Kspr(1) ... Ksp(i)Kspr(i),

where Esp — the basic environmental-economic assessment of soil pollution, Ke-
nyan shilling (KES)/ha; Es — the basic ecological and economic assessment of
the soil, KES/ha; Ksp(i) — the coefficient of soil pollution by each of the pollu-
tants; Kspr(i) — pollution factor for each of the pollutants.

Soil pollution factor is calculated in two ways:

1) calculation based on the degree of soil pollution: soil pollution factor,
Ksp(i) is equivalent to exceeding permissible level (2), exceeding threshold value (5)
and exceeding dangerous value (10);

2) calculation by precaution value:

)

N c(i
Ksp(i) =1+ e
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where Ksp(i) — coefficient of soil pollution by a pollutant or element; C(i) — the con-
tent of the pollutant or element; Cs(i) — is the warning value of a pollutant or element.
Pollution factor. Since the adverse effects of different pollutants and ele-
ments are very different, there is a requirement to use a pollution rate correction
factor, which depends on the contaminants and elements’ specific properties.

Pollution factor, Kspr(i)

Parameter Coefficient, Kspr(i)
Arsenic (As) 3
Benz-(a)-pyren
Boron (B)
Cadmium (Cd)
Chrome

Circular-structured scented hydrocarbons (CSSH)
Cobalt (Co)

Copper (Cu)
Cyanide (CN)
Dioxin/Furan (PCDD/F)
Fluorine (F)

Lead (Pb)

Mercury (HQ)
Molybdenum (Mo)
Nickel (Ni)
Petroleum products
Phenol
Polychloridebiphenols (PCBs)
Selenium (Se)
Six-valence chrome (Cr6+)
Strontium (Sr)
Vanadium (V)

Zinc (Zn)

= = = N = DW= =S WON =W =S WwNDDN =W

Calculation of the total damage to the environment from soil pollution.
After determining the area of contaminated soil, and the depth of contamination,
the total volume of contaminated soil could be determined. Besides, the volume of
contaminated soil can also be expressed in terms of weight. The total environmen-
tal damage from soil pollution is calculated as follows:

XTotal = EsprKtKh 1074,

where Xtotal — total damage from soil pollution by chemical substances, KES; Es, —
the basic ecological and economic assessment of soil pollution, KES/ha; V), — ¢
ontaminated area covered with soil, m%* K; — calculation factor depending on
the period of restoration of contaminated soil; K» — calculated coefficient depen-
ding on the depth of soil contamination; 10~ — factor for converting hectare to m?;

Ki=2.8228In(r) — 0.2318; K» = 0.00524 + 0.9634,
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where ¢ — the period of recovery of contaminated soil by years; 4 — depth of soil
contamination, hence

Xrotal = EspVp(2.8328In(t) — 0.2318)(0.0052h + 0.9634 x 107%).

Methodology for calculating damage from water pollution

The damage caused by pollution of surface waters depends on the composi-
tion, content and virulence of pollutants, both directly and indirectly entering sur-
face waters. Loss of environmental property is here defined as the damages and
denotes a decrease in the value of the environment, including groundwater, sur-
face water and sediment. Emissions of pollutants from the accident deteriorate
water quality and reduce the value of surface waters.

Lgp = Cow + Cso + Cows

where Lep — loss of environmental property (KES); Csw — cost of removing pollu-
tants from surface water (KES); Cew — cost of removing pollutants from ground-
water (KES); Cso — sludge removal cost (KES).

Since the volume of contaminated groundwater is usually not available,
the volumetric coefficient of contaminated surface water was used to estimate
this parameter, which can be easily calculated by summing the diffusion spread of
pollutants. According to [8] a 1: 1 ratio is considered moderate. Removal of envi-
ronmental pollutants can also be done by contacting appropriate environmental
remediation consulting companies.

Methodology for calculating damage from air pollution

The damage caused to the environment by toxic substances released into the
ambient air is calculated using the formula below. The amount of waste is also
taken into account here:

XTotal = TerMKlKZa

where Xtotal — damage to the environment from emissions of toxic substances into
the atmosphere (thousand KES/year); 7. — damage from 1 (one) standard ton of pol-
lutant emissions into the atmosphere, KES/standard ton (measured by the amount of
compensation to be paid for air pollution); o — index of the relative hazard of air
pollution in the pollution zone (depends on local characteristics); /' — is a correction
factor reflecting the air solubility of a mixture of substances emitted into the ambi-
ent air; M — is the recalculated annual amount of toxic waste emitted to the atmo-
sphere from the waste source, standard tons/year; K1, K> — coefficients reflecting
the source of waste and the height of waste discharge respectively.

Conclusion

The system for assessing the impact of production activities on the envi-
ronment should be aimed at solving the problem of the transition of mining enter-
prises to modern technologies for the extraction and processing of mineral raw
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materials that ensure a minimum negative impact on the environment. These tasks
cannot be solved without a quantitative monetary assessment of enterprises’ da-
mage to the environment. The performance indicators of companies should be ad-
justed, taking into account environmental factors. When making investment deci-
sions, it is necessary to assess the negative impact on the environment and calcu-
late the prevented damage when implementing ecological investments.

Thus, when the factor of negative impact on the environment is included in
the assessment of enterprises’ actions, it is necessary to consider the decrease in
payments for the negative impact, which is carried out by the method of genera-
lized indirect assessments. The method of specific damage allows to assess the pre-
vented damage, and the method of direct calculation — to include factors of nega-
tive impact in the analysis of business profitability.
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