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Variability of leaves
of Betula pendula Roth during the growing season
in the recreation area in the industrial center

Olesya V. Tagirova!(9®, Alexsei Yu. Kulagin?
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*Ufa Federal Research Center of the Russian Academy of Sciences,
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Abstract. Research was carried out at the Ufa Industrial Center on the territory of rec-
reational zone. Morphological changes in birch leaves (Betula pendula Roth) during the grow-
ing season of 2019 are shown. Model birch trees grow on a permanent trial plot. On the trees,
10 leaves were numbered. During the growing season (June — September) photographs of
each leaf were taken. The integral indicator of the stability of leaf development is calculated
on five grounds. Statistical processing of the data obtained. It has been established that there
are deviations in the morphological development of birch leaves. It is shown that an individu-
al trajectory of morphological development is characteristic of leaves. The phenomenon of
adaptive polymorphism of birch leaves is noted. Moreover, the morphological and functional
features of the leaf are inextricably linked.

Keywords: birch, integral indicator, leaf polymorphism, industrial center
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U3meHuynBOoCTb NUCTbEB Betula pendula Roth
B Te4eHUe BereTaumoHHOro nepuoaa
B peKpeauuoHHON 30HEe NPOMBbILLUJIEHHOrO LLleHTpa
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'Bawxupcruii 2ocyoapcmeennviii nedazozuueckuii yuusepcumem umenu M. Axmyinol,
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2Vpumckuii pedepanvuuiii ucciredosamenvexuii yenmp Poccutickoti akademuu Hayx,
Poccuiickas @edepayus, 450054, Ya, np-km Oxmsodps, 0. 69
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AHnHoTanms. VMccnenoBanus NpoBOAWINCH B Y (PUMCKOM MHAYCTPUAIILHOM LIEHTPE Ha
TEPPUTOPHUN peKpeantnoHHON 30HBI. [lokazaHsl MOpGoIoTHIecKHe U3MEHEHHS JINCTHEB Oepe-
361 (Betula pendula Roth) B Bereranmonnsrii nepuon 2019 r. MonensHble Oepessl pacTyT Ha
IIOCTOSTHHOM OITBITHOM yuacTke. Ha nepeBnsix Obuin nmpoHyMepoBansl 10 muctbeB. Bo Bpems
BETeTAIIMOHHOTO Meproaa (MI0Hb — CEHTAOPH) caenaHbl Gororpadun kaxmoro nucra. MHre-
TpaNbHBIN MOKa3aTeslb YCTOHYMBOCTH Pa3BHTHA JIHNCTHEB PACCUMTHIBACTCS IO IIATH NPHU3HA-
KaM. BrimonHeHa cratuctiyeckas o0pabOTKa IMOMyIEeHHBIX JaHHBIX. Y CTAaHOBIIEHO, YTO HMe-
I0TCS OTKJIIOHEHUS B MOP(OJIIOTHIECKOM Pa3BUTHH JINCTheB Oepe3bl. [1okazaHo, 4To A1 JIHUCTh-
€B XapaKTepHa MHIVMBHIyaJlbHas TpaeKTOpus Mopgoornyeckoro passutus. OtMedaercs eHo-
MEH aJalTHBHOTO noiauMopdu3Ma aucTbeB Oepessl. [Ipn sToM Mopdonornueckne u GpyHKIM-
OHAJIbHBIE 0COOEHHOCTH JIUCTA HEPA3PhIBHO CBSA3AHBI.

KaioueBsbie cioBa: Oepe3a, HHTETPAIBHBIN [TOKA3aTelb, TOTUMOP(HU3M JIUCTHEB, IPO-
MBILUIEHHBINA LIEHTP

BaaronapaocT u puHAHCHMpOBaHMe. VccienoBaHys BBIIOIHEHHI 110 IPOrpaMMe Hay4dHO-
00pa3oBaTeNbHOTO LEHTpa «JIeHIPOIKOIOT ST W MPUPOIOTIOIH30BAHNEY C HCIIOJIE30BAHUEM
obopynoBanus LIeHTpa KOMIEKTUBHOTO MONIB30BaHUS «ATHIICNIEY Y (HUMCKOTo (heiepatbHOro
HCCIIEIOBATENLCKOTO LeHTpa Poccuiickoil akageMun Hayk. MccnenoBaHus BBIIOJHEHBI TEME
No AAAA-A18-118022190103-01.

Hctopust cratbu: moctynmia B pemakumio 25.01.2021; mpumsta K myOIMKamuu
31.01.2021.

Jasa untupoBanus: Tagirova O.V., Kulagin A.Yu. Variability of leaves of Betula pendula
Roth during the growing season in the recreation area in the industrial center / Bectauk Poccuii-
CKOTo yHHBepcuTeTa ApykO0bl HapomoB. Cepusi: DKOJIOTHS U 0€30IaCHOCTD JKU3HEICSITEIBHO-
cru. 2021. T. 29. Ne 2. C. 127-0137. http://dx.doi.org/10.22363/2313-2310-2021-29-2-127-137

Introduction

The features of leaf growth [1] during the growing season are not well un-
derstood. Peculiarities of morphological changes in leaves during the growing
season should be taken into account when organizing monitoring studies [2].

In assessing the resistance of plants, depending on the conditions of their growth,
the method of assessing the development stability and asymmetry is used [3—10].

The aim of the work was to study the morphological changes in Betula
pendula Roth leaves under environmental pollution.

The subject of the research is Betula pendula plantations.
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Materials and methods

The studies were conducted in the recreation area on the territory of the Ufa In-
dustrial Center. A general description of the stands has been presented previously [2].

Objects of study — model trees Betula pendula Roth. One tree is large-leaved,
the other is small-leaved. In the crown of each tree, 10 leaves are numbered. Each
leaf was photographed during the growing season (June — September). In August,
reconstruction activities were carried out in the park. Small-leaved tree was cut
down. Therefore, data on small-leaved tree are presented for June, July and August.
Used a Nikon D40 digital camera. Photographs of the leaves were computer pro-
cessed using standard programs.

A method was used to study the morphological characters of leaves [11; 12].
The stability of the development of leaves of tree stands is estimated. The studies
were carried out in 2019, which was characterized by average values of weather
and climatic conditions.

The actual material for assessing the stability of development of birch leaves
is the morphological characteristics of the right and left halves of the leaf accor-
ding to 5 signs [13]:

1) the width of the left and right halves of the sheet;

2) the length of the vein of the second order from the base of the leaf;

3) the distance between the bases of the first and second veins of the second order;

4) the distance between the ends of these veins;

5) the angle between the main vein and the second vein of the second order
from the base of the sheet.

Statistical processing of the research results was carried out in the programs:
STATISTICA, GraphPad Prism, Microsoft Excel.

Results

Shown are changes in birch leaves during the growing season [14]. The in-
tegral indicator of the stability of leaf development (small-leaved tree and large-
leaved tree) was calculated according to five criteria [15] (Figures 1-5). The ob-
tained data were statistically processed, 1-way ANOVA, ANOVA (Tables 1-15).

Integral indicator
Integral indicator

Plant leaf number Plant leaf number
a b

Figure 1. Integral index of stability of leaf development (the 1st sign):
a - large-leaved tree; b — small-leaved tree

OKOJIOI'UA 129



Tagirova O.V., Kulagin A.Yu. RUDN Journal of Ecology and Life Safety. 2021;29(2):127-137

Table 1
Column statistics (the 1st sign)

Month June July August September
Large- Small- Large- Small- Large- Small- Large- Small-

Tree leaved leaved leaved leaved leaved leaved leaved leaved
Number of values 9 8 9 8 9 8 9 -
Minimum 0.005 0.012 0.003 0.011 0.006 0.011 0.009 -
Maximum 0.132 0.117 0.061 0.092 0.080 0.154 0.116 -
Mean 0.063 0.042 0.032 0.034 0.038 0.061 0.056 -
Std. Deviation 0.043 0.034 0.024 0.026 0.029 0.060 0.036 -
Std. Error 0.014 0.012 0.008 0.009 0.010 0.021 0.012 -

Lower 95% Clofmean  0.030 0.014 0.014 0.013 0.016 0.011 0.029 -
Upper 95% Clof mean  0.096 0.071 0.050 0.055 0.060 0.111 0.083 -
Coefficient of variation 68.28% 80.93% 74.00% 75.48% 75.69% 98.86% 63.48%

Sum 0.569 0.338 0.289 0.272 0.340 0.488 0.505 -
Table 2
1-way ANOVA (the 1st sign)
Value
Parameter
Large-leaved tree Small-leaved tree
P value 0.180 0.445
P value summary ns ns
Are means signif. different? (P < 0,05) No No
Number of groups 4 3
F 1.735 0.841
R squared 0.140 0.074
Table 3
ANOVA (the 1st sign)
ANOVA Table SS df MS
Large-leaved tree
Treatment (between columns) 0.00587 3 0.00196
Residual (within columns) 0.03611 32 0.00113
Total 0.04199 35
Small-leaved tree
Treatment (between columns) 0.00306 2 0.00153
Residual (within columns) 0.03825 21 0.00182
Total 0.04131 23
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Figure 2. Integral index of stability of leaf development (the 2nd sign):
a - large-leaved tree; b — small-leaved tree
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Table 4
Column statistics (the 2nd sign)
Month June July August September
Tree Large- Small- Large- Small- Large- Small- Large- Small-
leaved leaved leaved leaved leaved leaved leaved leaved
Number of values 9 8 9 8 9 8 9 -
Minimum 0.001 0.007 0.005 0.004 0.003 0.001 0.002 -
Maximum 0.033 0.039 0.088 0.041 0.030 0.051 0.039 -
Mean 0.016 0.022 0.028 0.021 0.013 0.016 0.017 -
Std. Deviation 0.012 0.012 0.025 0.011 0.009 0.018 0.013 -
Std. Error 0.004 0.004 0.008 0.004 0.0083 0.007 0.004 -

Lower 95% Clof mean  0.007 0.012 0.009 0.012 0.006 0.000 0.007 -
Upper 95% Clof mean  0.025 0.033 0.047 0.030 0.019 0.031 0.027 -
Coefficient of variation 75.32% 55.30% 90.32% 50.51% 69.22% 117.91% 78.57%

Sum 0.140 0.179 0.252 0.171 0.113 0.125 0.150 -
Table 5
1-way ANOVA (the 2nd sign)
Value
Parameter
Large-leaved tree Small-leaved tree
P value 0.207 0.600
P value summary ns ns
Are means signif. different? (P < 0,05) No No
Number of groups 4 3
F 1.609 0.523
R squared 0.131 0.047
Table 6
ANOVA (the 2nd sign)
ANOVA Table SS df MS
Large-leaved tree
Treatment (between columns) 0.00124 3 0.00041
Residual (within columns) 0.00819 32 0.00026
Total 0.00943 35
Small-leaved tree
Treatment (between columns) 0.00021 2 0.00011
Residual (within columns) 0.00426 21 0.00020
Total 0.00448 23

1st sign — the width of the left and right halves of the leaf. Bartlett’s test for
equal variances. Large-leaved tree: bartlett’s statistic (corrected) 3.014; P value
0.389; P value summary “ns”; Do the variances differ signif. (P < 0.05) — “No”.
Small-leaved tree: bartlett’s statistic (corrected) 5.063; P value 0.080; P value
summary “ns”’; Do the variances differ signif. (P < 0.05) — “No”.

2nd sign — the length of the vein of the second order from the base of the leaf.
Bartlett’s test for equal variances. Large-leaved tree: bartlett’s statistic (corrected)
10.1; P value 0.018; P value summary “ns”; Do the variances differ signif. (P < 0.05) —
“Yes”. Small-leaved tree: bartlett’s statistic (corrected) 2.128; P value 0.345;
P value summary “ns”; Do the variances differ signif. (P < 0.05) — “No”.

3rd sign — the distance between the bases of the first and second veins of the se-
cond order of the leaf. Bartlett’s test for equal variances. Large-leaved tree: bartlett’s
statistic (corrected) 1.746; P value 0.627; P value summary “ns”; Do the variances dif-
fer signif. (P < 0.05) — “No”. Small-leaved tree: bartlett’s statistic (corrected) 0.086;
P value 0.958; P value summary “ns”; Do the variances differ signif. (P <0.05) — “No”.
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4th sign — the distance between the ends of the first and second veins of the se-
cond order of the leaf. Bartlett’s test for equal variances. Large-leaved tree: bartlett’s
statistic (corrected) 2.054; P value 0.561; P value summary “ns’”’; Do the variances dif-
fer signif. (P < 0.05) — “No”. Small-leaved tree: bartlett’s statistic (corrected) 0.158;
P value 0.924; P value summary “ns”; Do the variances differ signif. (P < 0.05) —“No”.

Sth sign — the angle between the main vein and the second vein of the second or-
der from the base of the leaf. Bartlett’s test for equal variances. Large-leaved tree: bart-
lett’s statistic (corrected) 0.808; P value 0.848; P value summary “ns”’; Do the variances
differ signif. (P < 0.05) — “No”. Small-leaved tree: bartlett’s statistic (corrected) 2.52;
P value 0.284; P value summary “ns”; Do the variances differ signif. (P <0.05) —“No”.
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Figure 3. Integral index of stability of leaf development (the 3rd sign):
a - large-leaved tree; b — small-leaved tree
Table 7
Column statistics (the 3rd feature)
Month June July August September
Tree Large- Small- Large- Small- Large- Small- Large- Small-
leaved leaved leaved leaved leaved leaved leaved leaved
Number of values 9 8 9 8 9 8 9 -
Minimum 0.008 0.036 0.017 0.008 0.016 0.014 0.010 -
Maximum 0.130 0.214 0.101 0.188 0.127 0.195 0.128 -
Mean 0.060 0.106 0.052 0.064 0.068 0.060 0.070 -
Std. Deviation 0.039 0.068 0.029 0.064 0.035 0.060 0.046 -
Std. Error 0.013 0.024 0.010 0.022 0.012 0.021 0.015 -
Lower 95% Clof mean  0.030 0.049 0.030 0.011 0.041 0.010 0.034 -
Upper 95% Clof mean  0.090 0.162 0.074 0.117 0.095 0.111 0.105 -
Coefficient of variation 64.24% 63.97% 55.21% 99.23% 51.41% 99.83% 66.29% -
Sum 0.541 0.845 0.470 0.512 0.612 0.483 0.628 -
Table 8
1-way ANOVA (the 3rd feature)
Parameter Value
Large-leaved tree Small-leaved tree
P value 0.746 0.310
P value summary ns ns
Are means signif. different? (P < 0.05) No No
Number of groups 4 3
F 0.411 1.241
R squared 0.037 0.106
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Table 9
ANOVA (the 3rd feature)
ANOVA Table SS df MS
Large-leaved tree
Treatment (between columns) 0.00175 3 0.00058
Residual (within columns) 0.04547 32 0.00142
Total 0.04722 35
Small-leaved tree
Treatment (between columns) 0.01012 2 0.00506
Residual (within columns) 0.08562 21 0.00408
Total 0.09573 23
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Figure 4. Integral index of stability of leaf development (the 4th sign):
a - large-leaved tree; b — small-leaved tree
Table 10
Column statistics (the 4th sign)
Month June July August September
Tree Large- Small- Large- Small- Large- Small- Large- Small-
leaved leaved leaved leaved leaved leaved leaved leaved
Number of values 9 8 9 8 9 8 9 -
Minimum 0.022 0.010 0.007 0.022 0.016 0.010 0.004 -
Maximum 0.136 0.175 0.086 0.171 0.119 0.175 0.099 -
Mean 0.083 0.072 0.056 0.062 0.065 0.060 0.061 -
Std. Deviation 0.041 0.059 0.027 0.052 0.034 0.060 0.026 -
Std. Error 0.014 0.021 0.009 0.018 0.011 0.021 0.009 -

Lower 95% Clofmean  0.051 0.022 0.036 0.018 0.039 0.010 0.041 -
Upper95% Clofmean 0.115 0.121 0.077 0.105 0.091 0.110 0.081 -
Coefficient of variation 49.68% 82.85% 48.02% 83.99% 52.01% 99.89% 43.46%

Sum 0.748 0.574 0.508 0.495 0.582 0.478 0.548 -
Table 11
1-way ANOVA (the 4th sign)
Value
Parameter
Large-leaved tree Small-leaved tree

P value 0.341 0.905

P value summary ns ns

Are means signif. different? (P < 0,05) No No

Number of groups 4 3
F 1.157 0.101
R squared 0.098 0.009
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Table 12
ANOVA (the 4th sign)
ANOVA Table SS df MS
Large-leaved tree
Treatment (between columns) 0.00371 3 0.00124
Residual (within columns) 0.03417 32 0.00107
Total 0.03787 35
Small-leaved tree
Treatment (between columns) 0.00066 2 0.00033
Residual (within columns) 0.06858 21 0.00327
Total 0.06923 23
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Figure 5. Integral index of stability of leaf development (the 5th sign):
a — large-leaved tree; b — small-leaved tree
Table 13
Column statistics (the 5th feature)
Month June July August September
Tree Large- Small- Large- Small- Large- Small- Large- Small-
leaved leaved leaved leaved leaved leaved leaved leaved
Number of values 9 8 9 8 9 8 9 -
Minimum 0.015 0.014 0.005 0.001 0.015 0.003 0.010 -
Maximum 0.150 0.193 0.129 0.113 0.158 0.085 0.119 -
Mean 0.052 0.049 0.050 0.035 0.046 0.035 0.039 -
Std. Deviation 0.041 0.059 0.046 0.040 0.046 0.032 0.034 -
Std. Error 0.014 0.021 0.015 0.014 0.015 0.011 0.011 -
Lower 95% Clof mean  0.020 0.000 0.014 0.002 0.011 0.008 0.012 -
Upper 95% Clof mean  0.084 0.098 0.085 0.068 0.081 0.062 0.065 -
Coefficient of variation 79.04% 119.82% 93.14% 113.74% 99.09% 92.32% 88.61% -
Sum 0.470 0.393 0.447 0.278 0.415 0.280 0.349 -
Table 14
1-way ANOVA (the 5th feature)
Value
Parameter
Large-leaved tree Small-leaved tree
P value 0.914 0.768
P value summary ns ns
Are means signif. different? (P < 0,05) No No
Number of groups 4 3
F 0.173 0.268
R squared 0.016 0.025
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Table 15
ANOVA (the 5th feature)
ANOVA Table SS df MS

Large-leaved tree
Treatment (between columns) 0.00092 3 0.00031
Residual (within columns) 0.05690 32 0.00178
Total 0.05780 35

Small-leaved tree
Treatment (between columns) 0.00108 2 0.00054
Residual (within columns) 0.04250 21 0.00202
Total 0.04358 23

Discussion

ANOVA analysis of variance showed that there are no differences between
the average values of the compared groups on five grounds.

Using the Bartlett test, an approximate criterion was determined to assess
the uniformity of variance for equal deviations on five grounds.

To the question whether these deviations differ significantly between large
leaves (according to the first, third, fourth and fifth characteristics), the answer is
received — there are no differences. According to the second criterion (the length
of the vein of the second order from the base of the leaf), these deviations differ.

To the question whether these deviations differ significantly in small leaves,
the answer is received — there are no differences.

The formation of an individual development trajectory occurs at each leaf.
This can be seen in the figures presented. It is associated with growing conditions —
a recreation area in an industrial center with a high recreational load. Under extreme
growing conditions, an adaptive reaction of the leaves is manifested. The pheno-
menon of adaptive polymorphism was noted in birch leaves. However, the mor-
phological and functional features of the leaf are inextricably linked.

Conclusion

During the growing season on the territory of the recreation zone in the Ufa in-
dustrial center, deviations in the development of Betula pendula leaves were noted.

It was noted that leaf asymmetry indices can be used to characterize the state
of Betula pendula trees.

The need to monitor the state of the stands, as well as the timely detection
of violations and changes in the condition of individual trees, is associated with
the development of measures for the care of the stands and for the reconstruction
of the stands.
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AHHoTaums. bonplioe KOIMYEeCTBO CENbCKOXO03SIMCTBEHHBIX YrOAUNH HaXOOUTCSA B He-
MOCPEACTBEHHON ONM30CTH K KPYIMHBIM FOpOJaM, a 3HA4YUT, TPOMBIIUIEHHBIM MPEINPUATHIM
U MarucTpajbHBIM JOPOTaM, YTO MPUBOAMUT K HEM30EKHOMY 3arps3HEHHIO MOYB TSDKEIBIMU
MeTaJIaMH, M3 KOTOPBIX HanOoJee TOKCHYHBIMH SIBITIOTCS] KaMHU, pTYTh, CBUHEN. PacTeHu-
€BOJUeCKas IPOIYKLUS, ONyUYeHHasl ¢ MOAO00HBIX IIOLIAJEH, BCe Yallle COJAECPIKUT TsDKEJIbIe
METaJlIbl, KOTOPBIE JIEJIAI0T €€ HeNPUTOJHOM I yIOTPeOIeHNs B IUIILY YeIOBEKOM HIIH KH-
BOTHBIMH. MccienoBaHms mMoKas3aay, 4To MpeIroceBHas 00paboTKa CeMSH SPOBOTO STUMEHS
CENICHOM M KPEMHHEM T03BOJISIET CMATYUTH HETaTHBHOE BIMSIHAE aOMOTHYECKIX CTPECCOB Ha
POCT 1 pa3BUTHE PACTEHUH M PEaTn30BaTh YPOBCHb YPOXKAHHOCTH, 3aJI0KCHHBIN OHOIOTHEH
KyJbTYpPHI B JJAaHHBIX YCIOBUAX — 3,7-3,9 T/ra. Kpome Toro, Takol arpoTeXHUYECKUN TpUEM
CHIDKAET YPOBEHb HAKOIUIEHUs KaJMHUs B rOTOBON mponaykiuu (3epue) Ha 11-12 % npu BbI-
palIMBaHUU SIPOBOTO SUYMEHS Ha MOYBAX C BBICOKOW KOHIIEHTpaLUed KaJaMusl.

KiioueBble cji0Ba: TsDKETbIe METAIUTBI, KaMUH, CEJIEH, KPEMHHH, SPOBOU STIMEHb, 3a-
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Agroecological assessment of changes
in cadmium content in spring barley plants
under the influence of selenium and silicon
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Abstract. A large amount of agricultural land is located in close proximity to the met-
ropolitan areas, it means near industrial enterprises and highways which giving rise the inevi-
table soil pollution by heavy metals, the most toxic of them are cadmium, mercury and lead.
The plant products harvested from such areas are most frequently contains heavy metals
which make them unsuitable for human or animal consumption. Studies have shown that pre-
sowing treatment of spring barley seeds by selenium and silicon allows to mitigate the nega-
tive impact of abiotic stresses on plant growth and development, deliver the crop yield level,
laid down by crop biology under these conditions — 3,7-3,9 t/ha. Moreover, this agricultural
method reduces the level of cadmium accumulation in the finished products (grain) on 11-12%
when growing of spring barley on soils with high concentration of cadmium.

Keywords: heavy metals, cadmium, selenium, silicon, spring barley, soil pollution,
anthropogenic load, yield
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BeBepneHue

Kanmuil Hapsy ¢ pTyTbIO M CBUHLIOM OTHOCUTCSI K TOJUTPOIHBIM S/IaM,
HETaTHBHO BIIHSIONIMM HAa MHOTHE (DYHKIIMH M CHCTEMBI KHMBBIX OPraHu3MoB [ 1; 2].
BpIcoKkast KOHLIEHTpaLUs 3TOr0 3JIEMEHTA B II0YBE OKa3bIBa€T TOKCUYECKOE ICH-
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CTBUE HA PACTCHMS, 3aKJIFOYAIOIIEECs] B HAPYIIEHUU CUHTe3a U PyHKIMU pepMen-
TOB, BUTAMHUHOB, TOPMOHOB U T. 1., TPUBOSIIEMY K AUCOANIaHCY MHUTATEIbHBIX
KOMITOHEHTOB B PaCTEHUSX, YTO B UTOTe MPOBOLIMPYET 0Opa30BaHME XJI0OpPO3a JH-
CThEB, MOBPEXKIICHUE KOPHEBOM CUCTEMBI, 33JIEP’KKY pOCTa M, KaK CIEACTBHUE, CHU-
KEHHE YpPOKAMHOCTH M KadyeCcTBa CEJIbCKOXO3AMCTBEHHOM MNpoaykuuu. Kammwii
CIOCOOEH HAKAaIJIMBAThCS B PACTEHUEBOMYECKOW MPOIYKIUH, TAaKOH KakK 3€pHO,
COJIOMa, CEHO, 3eJIeHasi Macca M1 0OCOOCHHO B KOPHEIUIOaxX M KIyOHEeIIoAax u aa-
Jiee MOCTYNaTh B OPraHWU3M >KUBOTHBIX U YEJIOBEKA, BBHI3BIBASI PA3JTUYHBIC BUIBI
3aboneBanuit [3—5]. 30bITOUHbIE KOHLIEHTPAIIMU KaAMUSI OOHAPYKEHBI BO MHO-
rux mnouyBax P®. VYBenuueHue HACHIILIEHHOCTH IOYB CEJIbCKOXO03IMCTBEHHOTO
Ha3HAYCHHS TSDKEIBIMU METaJJIaMU, B TOM YHCJI€ KaJIMHEM, TAaKKe MPUBOAHUT K
He00XOIMMOCTH YaCTUYHOTO WJIH MOJHOTO WX BBIBOJA U3 000poTa. EcTecTBeHHOE
colepKaHue KaaMHUsl B MOYBAX 3aBUCUT OT KOHIEHTPALMM €ro B MAaTEPUHCKOM
MOPOJIE U MOXKET MEHATHCS TI0JI BO3JCHCTBHEM MMOYBOOOPA30BATEIBHBIX MPOIIEC-
COB M TaKMX XAapaKTEPUCTHUK MOYB, KAK MEXAHWYECKHM COCTaB, pPEaKIUs CpPEe.bl,
CoJIepKaHre TyMyca U OPraHMYecKoro BeniecTsa v T. A. [loaTomMy pa3inyHbIe THUITBI
MOYB COJIEPKAT pa3Hoe (HPOHOBOE KOJMYECTBO KAJIMUS: JEPHOBO-TIOJ30JIHCTHIC —
0,01-0,6 mr/kr, cepwie necusie — 0,03—0,7 mr/kr, yepnozem — 0,01-1,0 mr/kr.
Cpennee coaepkaHue KaaMus B IMovBax Apyrux crpad coctasmser 0,07—1,1 mr/kr,
B Poccum ot 0,01 mo 1,0 mr/kr. B mouBy kaaMmuiii Takke €KEroJHO MOCTYIAET
BMECTE C MBUICBBIMU BHIOPOCAMH METAJUTYPTUYECKUX MPEATNPUATHI, dJIEKTPOHHOM
U DJIEKTPOTEXHUYECKOW MPOMBIIIJIEHHOCTH, aBTOTPAHCIIOPTAa U TEIUJIOBBIX JJICK-
TpocTanuwmii [6; 7]. Ellle 0IHUM UCTOYHHUKOM €ro MOCTYIUICHHUS B TOYBEHHBIN TO-
KpOB SIBJISIFOTCSA OCaJKH CTOYHBIX BOJI, IIUPOKO IMPUMEHSIEMBIE B TIOCIIEITHEE BPEMSI
B kKauecTBe ynoopenuii [8]. [To onenke BO3, 3a mocnennue 100 et TeXHOTEHHOE
3arpsi3HEHUE OKPYXKAIOIIEH Cpeibl KaJIMHUEM BBIPOCIIO IPUMEPHO B 5 pas.

B Poccun 185 ThIC. Ta MOYB pa3NUYHOrO HA3HAYEHHS] HEOOPATUMO 3arpsis-
HeHbI kKaamueM. COKpaTUTh €ro BAJIOBOE COZIEpKaHNe B HUX HeBO3MOkHO. Hanbornee
ySI3BUMBIMU CTAHOBSITCS PAacCTEHUSs, BBIPAIIMBAEMbIC Ha 3arpsSi3HEHHBIX TEPPUTO-
pUSX U TIOJBEPTaloIInecs JONOTHUTENBHBIM a0MOTUYECKUM CTpeccaM, B YaCTHO-
ctu 3acyxe [9; 10]. CymecTByeT MHEHHE, YTO TPUMEHEHUE MpenapaToB, B COCTAB
KOTOPBIX BXOJUT CEJICH U KPEMHUH, B KQU€CTBE MPEANOCEBHOTO YI00pEeHUs TIPH-
BOJIUT K CTPECC-IPOTEKTOPHOMY (3aIUTHOMY) A€HCTBUIO. JlaHHBIE IIEMEHTHI 00-
JaJat0T CIIOCOOHOCTHIO K YBETMYCHHUIO YCTOMUYUBOCTH PACTCHUH K aOMOTHYECKUM
cTpeccaM, BBIPAXKAIOIIYIOCS B YTOJIICHUH SMHACPMAIbHBIX TKaHEH, YCKOpEHUU
pocTa W pa3BUTUS KOPHEBOM cUCTEMBbl. OJHAKO MEXaHU3MbI MOJOXKUTEIBHOTO
BJIMSIHUA CE€JI€HA M KPEMHUS Ha PACTCHHS B YCJIOBUSX 3arpsI3HEHUS MOYB TSKEIIbI-
MU METaJlJIaMU €Ille HeoCTaTouHO u3ydeHsbl. Lleblo ucejieqoBaHus cTano u3y-
YEeHUE JEHUCTBUS CEJIeHa M KPEMHHMs Ha YPOXKAWHOCTh SAPOBOTO SUMEHS IpPH pas-
HBIX YPOBHSIX 3arpsi3HEHUS MOYBBI KAIMUEM.

MeToabl U maTepuanbl

Jl1s1 BBISIBIIEHHSI MEXAHU3MOB ITOJIOKUTEJIBHOTO JIEHUCTBUS CEJIEHA U KPEMHMS
Ha POCT U PAa3BUTHE SPOBOTO SIUMEHS B YCIOBHUSX 3arpsA3HEHMs MOYBBI KaJMHEM
OBLT MPOBEICH BEreTallMOHHBIA OMBIT Ha Kadenpe arpoHOMHYECKOH, Omosoruye-
ckoil xumuu u paguosiorun PI'bOY BO PI'AY-MCXA umenn K.A. Tumupsizesa.
Jlns 3axyiafiky omnelta Oblia 0TOOpaHa JEpHOBO-MOJ30IMCTAsl TOYBA U3 MAaXOTHOTO
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ropusoHta ¢ JloaronpyaHoil arpOXMMHUYECKON ONBITHON CTAaHIIMA UMEHU aKaJIeMU-
ka JI.H. IlpsuumnukoBa (JJAOC). Arpoxumuueckasi XapakKT€pUCTHKa MOYBBI MO-
Kazaja, 4To oHa Xxopoio obecrieueHa pocpopom (P20s — 93 mr/kr cyxoit mouBsl)
n kamuem (K2O — 82 wmr/kr cyxoif mouBbl), ompeaesneHHbIX Mo KupcanHoBy
(I'OCT 26207-91), conepxkanue rymyca — 2,1 %, no Tropuny (I'OCT 26213-91),
pHkcri-4,5 (OCT 26483—85). CemeHna BbiceBasi B cocyibl MuTuepianxa ¢ Maccou
a0COJIFOTHO CyXO# MOYBHI 5 KT, B 4-KpaTHOI NMOBTOpHOCTH. [Ipn HabuBKE COCyI0B B
nouBy BHocuiH pactBopbl coneit NHaNOs, KH2POs4 u NH4H2PO4 st co3nanus
YPOBHSI MUHEpAJIbHOTO MUTaHus pacTteHuit pocdopom u kamuem — 200 mr/kr nou-
BbI, a30ToM — 300 Mr/kr mouBbl. HeratnBHOE BIMSTHUE KaaMUs MPH BHICOKOW €T0
KOHIICHTPAIIMK B TIOYBE M3y4YalIOCh C MOMOIIbI0 BHeceHHs pacTtBopa CdSOs B mo3e
25 mr/kr nouBbl. OOBEKT HcCleIoBaHUS — SIMEHb ApoBoii, copT Hanexusiil. B nenb
BBICEBA MPOBOJIMIN 00pabOTKy ceMsiH ceneHuToM Hatpus (NaxSeO3) u cuimmkaTom
HaTpus (Na:SiOs*9H20), myTreM cMadmBasi COOTBETCTBYIOIIMMHU pacTBopamMu (5 %
OT Beca ceMsH) B HopMme 2,5 1 50 1 a1eMeHTa Ha FeKTapHyI0 HOPMY CEMSTH COOTBET-
CTBEHHO. B kauecTBe KOHTPOJISI ceMeHa 00padaThIBAIN JUCTIILIMPOBAHHOM BOJIOM.
Pacrenust suMeHs BbIpalMBaIMCh IO IOJIHOM crenocty 3epHa. Ilocie ananmsa
YPOXaWHOCTH U CTPYKTYpPbI Yposkasi 00pasiibl 3epHa U COJIOMbI pa3MajibIBAIUCh VIS
OTIpeIeNIeHus COACP KaHUs B HUX OCHOBHBIX MakpoaieMeHToB nutanus (NPK).

P63yﬂbTaTbl nccnenoBaHNd u ux chy)Knel-me

Pe3ynbraThl 3KCIEpUMEHTa TMOKa3ajH, YTO IOBBIIIEHHAS KOHIEHTPALUs
KaaMusl B TIOYBE HE3HAYMTENIHHO TOBIHUSUIA HA YPOXKAWHOCTH 3€pHA SUMEHS, Ha
KOHTpoJe (ONTHMAaNbHBIA QoH 0e3 mpeanoceBHONH 00pabOTKU CEMSH) B CpeIHEM
noy4yeHo 3epHa 12,3 r/cocyn, B cocyaax ¢ kaamueMm — 11,9 r/cocyn, 4ro, BeposT-
HO, 00ycJOBJIeHO Onosoruen KynpTypsl. [Ipu aHanmm3e macchl coJOMbI HabIOAA-
JUCh CIEIYIONINE 3aKOHOMEPHOCTH: TIPEANIOCEBHAsE 00pabOTKa CeMsIH KpEeMHHUEM,
CEJICHOM M COBMECTHO JBYMs 2JIEMEHTAMHU B ONTUMAJIBHBIX YCIOBHSIX JIOCTOBEPHO
yBeJIMYMBajga MPHOaBKYy MacChl COJIOMBI, 10 CPAaBHEHHIO C KOHTpoOJeM — OT 15
1o 41 % (pucynok). Ha mouBax ¢ MOBBIIIEHHON KOHIEHTpanuei kaaMus ekt
OT MPUMEHEHHUS TIPEANOCEBHON 00paOOTKM HAOIIOAICS TOIBKO MPH MTPUMEHESHUN
kpeMHus — oT 10 1o 16 % k KoHTpoOIIO0.
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The influence of pre-sowing treatment with selenium and silicon
on the grain and straw yield of spring barley with the high cadmium concentration in the soil

[oBbIIeHHOE copep)kaHue KaaMHs B MOYBE CKAa3aJOCh HA TaKOM Ba)KHOM
nokaszaresne, kak macca 1000 3epeH — oTMe4anoch CHHXKEHUE MOJYYEHHBIX 3HAUYe-
HUH B cpeaHeM Ha 3 T 1o AaHHOMY BapuaHTy. OJHAaKO MPUMEHEHHUE MPEearoceB-
HOI 00pabOTKU CEMSH CeJIEHOM U KPEMHHEM IPH BBICOKOW KOHIEHTPALUU KaIMUs
B TIOYBE HE OTPA3WIOCh Ha KadyecTBe 3epHa (mpu oOpaborke Bomoit macca 1000
cemsiH coctaBmia 38 T, mpu 006paboTke ceneHoM — 35 T, ipu 00paboTKe KPEeMHHUEM —
38,5 T, Ipu COBMECTHOI 00pabOTKE CEIeHOM U KpeMHHUeM — 35,4 1).

Boinoc ocHoBHBIX 2n1eMenTOB nutanus (NPK) — BaxkHas arpoxumuyeckast xa-
paKTEepHCTUKA BCEX CENbCKOXO3SIIICTBEHHBIX KYJIbTYp, KOTOpas HEOOXOoAMMa s
OTIpeIeNIeHUs] X TIOTPEOHOCTH B MAaKPOAJIEMEHTAX M PACYETOB 103 MUHEPAIbHBIX
ynoOpeHui U UX ONTHUMAaJIBLHOTO COOTHOIICHHUS MTPU BHECEHUH YIOOpEHUIl, a TakKe
OTpaKaeT BIMSIHUE U3yJaeMbIX (PAKTOPOB HA yCIIOBHS ITUTAHUS OMBITHBIX KYJIBTYP.
BwMmecte ¢ ypokaem 3epHa M €ro NoOOYHOH MpOayKIMEeH — COIOMOI — 3epHOBBIE
BBIHOCAT OKOJ10 20—40 kr/ra azota, 8—15 kr/ra ¢pocdopa u 20—40 kr/ra xamus [4].
3HauuTeNbHAs KOHIICHTPAIHsI KaAMUs B 1ouBe (25 I/KT) B 1I€JIOM HE MOBIUsIIA HA
BBIHOC a30Ta 3€PHOM SIPOBOTO SUMEHS. B cpeHeM 1o OmbITYy Ha ONTHMAalbHOM
¢done conepkanue azota cocTaBuio 2,6 %, a ¢ IOBBIIIIEHHBIM COEPKAHUEM Kajl-
mus B mouse — 2,8 %. B conome azora coaepxainoch 1,4 u 1,5 % cOOTBETCTBEHHO.
[IpennoceBnass 00paboOTKa CENEHOM M KPEMHHEM TPU ONTHUMAIbHBIX YCIOBHUSIX
BBIpAIIMBAaHUS SPOBOTO SYMEHS HE BHECIA KOPPEKTHB B BBIHOC a30Ta 10 CPaBHE-
HUIO ¢ BapuaHToM 0e3 00paboTku cemsH. OpHako Ha (oHEe ¢ BBHICOKOW KOHIIEH-
Tpamuel KaJMus B TOYBE NMPUMEHEHHE CelieHAa W KPEMHUS, YBEIWYWIA BBIHOC
a30Ta 3epHOM sIpoBOro siuMeHs Ha 7,4 %. [Ipu cOBMECTHOM MCIONB30BaHUU JIBYX
3JIEMEHTOB yBEJIMYECHHE BBIHOCA a30Ta 3epHOM cocTaBuiio 3,7 %. IIpu aTom oOpa-
00TKa ceMsiH MUKPOYJIEMEHTaMU HE TIOBIHUsIA Ha MPOILEHTHOE COAepKaHUe a30Ta
B COJIOME Ha 000UX M3ydaeMbIX (pOHaX.

®ochop B pacTUTETBHBIX KJIETKaX BXOJUT B COCTaB HYKJIEHMHOBBIX KHCIOT,
13 KOTOPBIX COCTOHMT T€HETUYECKHH ariapar sapa, B coctaB Gpochomummios, a Takxke
COEIMHEHUH, OMPEENAIOINX CBOWCTBA KIETOYHBIX MeMOpaH. Docdop sBisieTcs
BTOPBIM 3JIEMEHTOB 110 KOJIMYECTBEHHOMY COAEP)KAaHHIO aTOMOB B CyXOM BEILIECTBE
TUIIUYHOTO pacTeHus nmocie azota [4]. [Ipu mpoBeneHuN uccienoBaHUi yCTaHOB-
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JICHO, YTO TIPOLIEHTHOE coaepkanue gochopa B 3epHE IPOBOTO SUMEHS HA ONTH-
MajapHOM (poHe coctaBmiio B cpexaeM 0,6 %, mpu 3ToM BeIHOC dochopa ¢ ypoxka-
eM ObUT HanboJee BBICOKUM TP 00pabOoTKe CeMSIH MUKPOIJIEMEHTAMHU: CEJICHOM —
82 mr/cocyn, kpemanem — 80 mr/cocyn, ceneH+tkpemunii — 103 mr/cocyn. Kpemunii
Y COBMECTHOE MPHMEHEHHE CelieHa U KPEeMHHUs TIOJIOKHUTEIbHO OTPa3UINCh Ha Be-
JTMYUHE HaKOIUIeHUs (ocdopa 3epHOM SPOBOTO SUMEHS MPH TOBBIIICHHON KOH-
LIEHTpaluK KaaMusi B ouBe. BeiHOC docdopa mo cpaBHEHHIO ¢ KOHTPOJIEM yBe-
muawiics Ha 5,2 u 6,7 % cooTBercTBeHHO. [Ipu 3TOM NMpUMeHeHHe celieHa B Mpel-
MOCEBHYIO0 00pabOTKy CHU3MIIO HaKoTuieHue ¢pocdopa B paCTEHHUSIX, YTO CBS3AHO C
0oJiee HU3KOM YPOKaWHOCTHIO 3€pHA HAa ATOM BapuaHTe. J|0CTOBEPHOTO BIUSHUSA
n3y4aeMbIX (pakTopoB Ha HaKoIUIeHHe Gocdopa B COJIOME OTMEUEHO He OBLIO.

Bricokas konuentparus nonoB kanus (50—100 MM) siBnisieTcst XxapakTepHOi
0COOEHHOCTBIO BCEX PACTHTENHHBIX U KHUBOTHBIX KIJIETOK, OMaromapsi UM OCYIIIECTB-
JISTFOTCSI TIpOLiecChl OmocuHTe3a Oenka, (OTOCHHTE3, AbIXaHWEe, CUHTE3 Kpaxmaa,
KHUPOB U yrieBoJoB. [Ipu 3ToM B 3epHE copepkuTca IpUMepHO B 4 pa3a Oosiblie
azota u pocdopa, ueM B cojiome, a Kaaus U KalbIUs B coJoMe B 2—3 pasza 00Jib-
1e, ueM B 3epHe [4]. [Ipu onTUManbHBIX YCIOBUSAX BhIPAIIMBAHUS SPOBOTO SUMe-
HS U3MEHEHUH B COIEpKAaHUM Kallus OT MPEANOCeBHOTO MPUMEHEHHUS MUKpOdJIe-
MEHTOB B 3€pHE M cojoMe He Habmomanock. B cpeanem ono coctasuio 0,3 %
B 3epHe U | % B conome. O6paboTKa ceMsH CelieHOM Ha (pOHE MOBBIILIEHHOTO CO-
Jiep’KaHusl KaJIMMs B TIOYBE YBEIMUYMIIA COAEp)KaHME Kaius B 3epHe Ha 33,3 %,
a ceneHoM — Ha 16,7 %, 1o cpaBHEHHIO C BapuaHTOM 0e3 00paboTku cemsH. CoB-
MECTHOE MPUMEHEHHE 000UX MUKPOIJIEMEHTOB HE TOBIHIIO HA CO/CpKaHUE Ka-
JHS B 3€pHE, HO TIPU 3TOM YBEJIMYMIICS BBIHOC Kayus ¢ cosioMoii. [lpu onrnmans-
HBIX YCIIOBHSIX BBIPALIMBAHUS M COBMECTHOM MPUMEHEHUH MUKPOIJIEMEHTOB BBI-
HOC KaJis ¢ coyiomoit coctaBui 157—-180 r/cocyn, BeiHOC 0€3 00pabOTKH CeMsIH —
147 r/cocyn. Ha ¢oHe moBBIIIEHHON KOHIIEHTPAIIUU KAJMUSI BBIHOC KaJIUSI YBEJIH-
YWJICA TOJBKO MpH 00paboTKE CEeMSH KPEMHHEM U MPH COBMECTHOM MPUMEHEHUH
KpEMHUS U CeJleHa. DTO CBSA3aHO C MOJIOKUTEIHHBIM BIUSHUEM KPEMHHUS Ha Ha-
KOIUICHHE KaJIMsl B COJIOME M MPAKTUYECKH HE CBSA3aHO C YBEIHMUCHHEM €€ ypoKaid-
HOCTH. BBIHOC Kaiusi cocTaBui MpU MPUMEHEHUU kpemHus — 374 wmr/cocyn,
IIpU COBMECTHOH 00paboTke ceneHoM M kpemHHeM — 390 wmr/cocyn, uto Ha 11
u 16 % BbIllIe, YeEM HA KOHTPOJIE.

CornacHO HEKOTOPBIM HMCCIICIOBAHUSAM, MTOBBIIICHHAs KOHLIEHTPAIUs KaIMHUs
B TIOYBE CHIDKACT CoziepKaHus (ocdopa, KaIbIKs, MarHUS, JKeJie3a U IUHKA B pac-
TeHusx [3]. HakomeHne TSHKENBIX METaUIOB pacTeHUSIMU Ha (DOHE 3arps3HEHUs
MOYBBI KaJIMUEM €Il HeTOCTaTOYHO M3y4eHo. B pesynbraTe sKcriepuMeHTaIbHON
paboThI MOYUYEHBI TaHHBIE, COTJIACHO KOTOPBIM 3arpsA3HEHHE MOYBHI KaIMUEM,
B 41 pa3 mpesblmaroniee (poHOBOE 3HAYEHUS AJSl AEPHOBO-IMOJ30JIMCTHIX IOYB,
YBEIMUMBAJIO €0 COAEPYKAHUE B PACTEHUAX B 35 pa3. ITO MPEBBIIIAET MAKCUMAIIBHO
nonyctumblil ypoBeHb (M/Y) TskensIx MeTalIoB B pacTeHHsX B 25 pa3 (Talbnu-
ua). [Ipu sToM mpeanoceBHast 06pabOTKa CEMSH CEICHOM M KPEeMHHEM HEe3Hauyu-
TEJTHHO CIOCOOCTBOBAJIA HAKOIIJICHUIO KaaMUS B PACTEHHUSIX, HO CHIYKAJIa HAKOI-
JIeHHWE CBHMHIA. B ONTHMaibHBIX YCIOBUSAX BBIPALIMBAHUS COJEpPKAHUE CBHHLA B
CPEIHEM I10 OTBITY COCTABWIO 2,95 MI/KT MOYBBI, IPH ATOM HaOII0AAJIOCh MOBHI-
IIEHHOE HAKOIUICHWE KaJMUsI PaCTEHUSMH NpH 00paboTKe ceMsH KpeMHHEM, TpaK-
TUYECKH Joxojsmiee 10 ypoBHT MY — 4,9 mr/kr moussl. [IpuMenenue npearmo-

OKOJIOT'UA 143



Lapushkina A.A. et al. RUDN Journal of Ecology and Life Safety. 2021;29(2):138-146

CEBHOM 00pabOTKM CeMSH MHKPOIJIEMEHTaMU Ha ()OHE BHICOKON KOHILIEHTPALUU
KaJIMUsI B TI0YBE CIIOCOOCTBOBAJIO 3HAUUTEIHHOMY COKPAIIICHHIO HAKOTUICHHS CBUH-
1a B pacteHusix. O6paboTka ceMsiH TOJIBKO CEJIEHOM CHIKAIa 3TOT MOKa3aTeNb Ha
51,7 %, Tonbko kpemHueM Ha 17,2 %, COBMECTHOE MPUMEHEHHUE CeeHa U KPeM-
Hus — Ha 27,6 % OTHOCUTENBHO KOHTpOJIs. Bee nokaszarenu ObuiH B 2—3 pa3a HUXKE
MJY. B onbiTe He HaOMI01ATI0Ch 3HAYUTEIHPHOTO CHIDKCHHSI HAKOILJICHUSI pacTe-
HUSMH IIUHKA Ha TI0YBAX, 3arps3HEHHBIX KaJIMHEM, UTO HE MOATBEPKIAET PE3YIIb-
TaThl, IOJyYEHHbIE B APYTUX HCCIEAOBAHUSAX.

BnuvsiHMe BbICOKOI KOHLEHTPauumM KagMus B novse n o6paboTkmn cemMsiH MMKpPO3JieMeHTaMm
Ha coaep)XaHue B 3epHe IPOBOro SYMeHsi MUKPO3JIEMEHTOB, MI/KI NOYBbI

Ycnosusa MpeanoceBHas

BblpaliuBaHus o06paboTka ceMsaH Cd Pb Zn Cu NI Cr
H,O 0,20 2,4 33,5 5,1 2,1 1,1

Se 0,13 3,4 27,4 3,7 1,4 1,3

Ot Si 0,18 4,9 37,8 4,7 2,0 1,7

Se+Si 0,13 1,1 31,3 5,0 1,9 1,5

H.O 7,00 29 37,8 4,3 4,0 1,8

cd Se 7,80 1,4 38,6 5,6 2,7 0,6

Si 7,90 0,9 38,1 4.3 2,7 0,8

Se+Si 7,10 1,7 36,5 4.1 2,8 1,1

MakcrmanbHO JOoNYyCTUMbI YPOBEHb 0,3 5,0 50 30 1,0 0,5

The influence of high cadmium concentration in soil and seed treatment with microelements
on the micronutrient content in the spring barley grain, mg/kg of soil

conditions ceodnanding  C4 PbZn  cu N cr

H,O 0.20 2.4 33.5 5.1 2.1 1,1

Opt Se 0.13 3.4 27.4 3.7 1.4 1,3

Si 0.18 4.9 37.8 4.7 2.0 1,7

Se+Si 0.13 1.1 31.3 5.0 1.9 1,5

H.O 7.00 2.9 37.8 4.3 4.0 1,8

cd Se 7.80 14 38.6 5.6 2.7 0,6

Si 7.90 0.9 38.1 4.3 2.7 0,8

Se+Si 7.10 1.7 36.5 41 2.8 1,1

Maximum allowable level 0,3 5.0 50 30 1.0 0.5
3aknovyeHue

TexHOreHHOe 3arpsi3HEHHE M0YB TSUKEJIBIMUA METAIUIAMU YCHIIMBAETCS C KAYKIABIM
TOJIOM U 3HAUUTEIHHO CKA3bIBAETCS HA YPOXKAHHOCTU U OE30MacHOCTH MOTpede-
HUSl PACTEHHEBOAUECKOW U KMBOTHOBOIYECKON MPOAYKIUH 4yesioBeKoM. CenbcKo-
XO3SIIICTBEHHBIE YTO/1bsl, PACIIOJIOKEHHBIE B pallOHAX MPOMBIIIUIEHHOTO 3HAYEHUS,
B OJM3KOM NOCTYNMHOCTH K TPAaHCHOPTHBIM MarucTpajiiM U KPYNHBIM TOpojam,
HanboJee CUIbHO MOJBEP)KEHBI 3arpS3HEHHIO TIOYB TSDKENbIMU MeTaiaMu. Ocaaku
CTOYHBIX BOJ KPYIHBIX TOPOAOB, Takux kak Mocksa u Cankr-IlerepOypr, conep-
KaT 3HAUYUTEIHHOE KOJIMYECTBO KaJAMHS — OT 5 10 125 KI/Kr MOYBBbI, KOTOPBIi
Hapsily C MBIIIBSIKOM CUUTAETCsl HauOoJee OMAcHBIM TSKENIbIM 3JIEMEHTOM, 3a-
TPA3HAIOIIMM IOYBY. YK€ UMEIOIIMECS JaHHBIE O HETATUBHOM BO3JEHCTBUM Kal-
MHsI Ha CEIIbCKOXO3SMCTBEHHBIE PACTEHUS U OPraHU3M YEJIOBEKa IIPUBOMAT K He-
00XOUMOCTH BBIBEICHUS TIOJIEH, CUIIBHO 3arpsS3HEHHBIX KaIMHUEM, U3 CEIbCKO-
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XO035IMCTBEHHOTO 000pOTa, OJJHAKO ATO PE3KO CHIKAET BAJIOBOE NMPOU3BOACTBO IPO-
TYKUUH, HEOOXOUMOM Py AalbHENIIeM pocTe HaceleHus IiaHeTsl. VMccnenoBanus,
HanpaBJiCHHbIE Ha U3yYyeHHE MEXaHM3MOB aJalTallid BBIPALIMBAEMBIX CEIbCKO-
XO3SIICTBEHHBIX PACTEHUH B YCIIOBHSX 3arpsi3HEHHS MOYB KaJMHEM, JOJIKHBI pe-
LIMTh psAJ IPobsieM ¢ oOecredeHneM HacesIeHUs] KaueCTBEHHBIM IPOI0BOJIbCTBHU-
eM. [IpumeHeHre MUKPO3I€EMEHTOB, 00JIAAIOLINX CTPECC-IIPOTEKTOPHBIM JI€HCTBU-
€M, TaKuX Kak CelleH U KPEeMHUH, M03BOJIIET YBEIHUUTh YPOKANHOCTH CEIbCKO-
XO35IIICTBEHHOM MPOAYKIMH B ONTUMANIBHBIX YCIOBUSAX M COXPAaHUThH €€ YPOBEHb
pU HeOJIAronpHUsITHHIX.
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AHHoTanus. [TomyAIMOHHO-OHTOr€HETHYCCKUE HCCIICIOBAHNS SIBIISFOTCS 3HAYMMOH CO-
CTaBJLIOIIEH OMOPKOJIOTHYECKOT0 MOHUTOpUHTa. OHTOTCHETHYECKast CTPYKTypa UrpaeT Poilb IIPH
OTpeIeTICHII COBPEMEHHOTO COCTOSIHIS IIPUPOIHBIX MOITYILIIHH, OIIEHKE CTaTyca PSIKOCTH BHIA
B PETMOHE U Ha BCEM IIPOTSDKEHUM apeaia, IPOrHo3e JajibHelniero passutus sujga. B Camapckoit
00JIaCTH M3yYeHBI MPUPOTHBIC IIEHOIOMYISINU Anemonoides altaica (C.A. Mey.) Holub Ha Tep-
purtopru 3aBoinkbst (Cokonbu ropsl). [1o kputepHio «aensTa — oMeray OONBIIMHCTBO U3 HUX SIB-
JISIFOTCSL 3pETIbIMU, HEKOTOpbIE — MEPEXOHBIMU M MOJIOABIMU. BBIBIEHHBIE OCOOEHHOCTH OHTO-
T€HETHIECKOH CTPYKTYPHI M pacCUMTaHHBIE JEMOTpadHIeCKe HHACKCH MOy YKa3bIBalOT
Ha HECOMHEHHYIO PEIIKOCTh U YSI3BIMOE TIOJIOXKEHHE BHIA B PETHOHE.
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State of Anemonoides altaica (C.A. Mey.) Holub
cenopopulations in the south-east of the natural area
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Abstract. Population ontogenetic studies are an important component of bioecological
monitoring. The ontogenetic structure plays a role in determining the current state of natural
populations, assessing the rarity status of a species in the region and throughout its range, and
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predicting the further development of the species. In the Samara region, natural cenopopula-
tions of Anemonoides altaica (C.A. Mey.) Holub were studied on the territory of the Trans-
Volga region (Sokol'ya mountains). According to the delta — omega criterion, most of them
are mature, some are transitional and young. The revealed features of the ontogenetic struc-
ture and the calculated demographic indices of populations indicate the undoubted rarity and
vulnerable position of the species in the region.
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Samara region
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BeepneHue

OxpanHa OMOJIOTHUECKOTO M (PUTOLICHOTHYECKOTO pazHooOpas3usi 6azupyercs
Ha pa3IMYHbIX JAHHBIX MO OMOJOTHMHM U 3KOJOTMU KOHKPETHBIX BHJIOB, a TaKXke
CTPYKType U AMHAMHKE PACTUTEIBHBIX co00mecTB. OHAKO B OOJIBIIUHCTBE CITY-
YyaeB B KOHKPETHBIX PEerMOHaX MPUPOJO0XPAHHBIE MEPOIIPUATHUS Pa3padaThIBAIOT-
csl 6e3 yuera pe3yJIbTaToB ayTIKOJIOTMUECKUX U IEMIKOJIOTHUECKUX UCCIIEOBaHUI.
B Tom umcne npu cocraBieHn 04epkoB KpacHBIX KHUT perMoHaibHOTO U (ene-
paJIbHOTO YPOBHEH M0I00HBIE OPUTHHATIBHBIE UCCIICAOBAHUS YUNTHIBAIOTCS 3a4a-
CTYIO JIMIIb B MUHUMAJIbHOM KOJIMYECTBE M NOBepXxHOCTHO. KoHeuHo, cnemyer
OTMETUTH TOT ()aKT, YTO CTENEHb Pa3pabOTAHHOCTH MOMYJISIIMOHHO-OHTOTEHETH-
YECKUX aCIEKTOB IOKa €lIe HEJOCTaTOUYHO BBICOKA, a JJI OXBaTa BCEX PEIKHUX U
ySI3BUMBIX PAaCTEHHUI B Ka)KJJOM PErHMOHE Halllei cTpaHbl TpeOyeTCsl 3HAUUTENbHOE
YUCJIO CHELHAIUCTOB U JAJIUTENbHOE BpeMsa. OIHAKO BaKHOCTh MOMYJIALIMOHHBIX
WCCIICZIOBAaHUM IS OTIpesieieHns] OMOIKOIOTMYECKIX XapaKTepUCTUK BUIIOB pac-
TEHHI HE BBI3BIBAET COMHEHHH [1-6].

B Camapckoii obnactu uzyueHrne OHTOMOpP(OreHe3a u CTpyKTypHO-AUHAMU-
YEeCKUX O0COOCHHOCTEH MPUPOIHBIX MOMYJISAIUN B TOM WJIM MHOM 00BeMe ocy-
LIECTBISIETCS IPUMEPHO sl 70 peaKuX U ysI3BUMBIX BUIOB, UTO COCTABIISIET OKOJIO
20 % ot oxpaHseMbIX npeacTaButTeseit u 5 % ot ¢Gopsl peruoHa.

Cpenu m3yyaeMbIX BHJIOB caMapcKou (yopsl 0co00e MECTO MMEIOT BHIBI,
MPOU3pacTalOINe B JIECHBIX (UTOLIEHO3aX. B CBsA3M ¢ TeM, 4TO JIECOMOKpBITAst
wiomaaps Camapckoi o6mactu coctaBisieT MmeHee 14 %, 4uco JIOKaIUTeTOB Jiec-
HBIX BHJIOB OOBEKTUBHO HEBEJIWKO. Kpome TOro, momyssiiuu peaKkux BHIOB pac-
MIOJIOXKEHBI HAa 3HAYUTEJIIBHOM PAaCCTOSIHUM JPYT OT JIpyra, YyTo MpPEemsITCTBYEeT 00-
MEHY JUaCIOpaMH.

Berpennuka anraiickas (Anemonoides altaica (C.A. Mey.) Holub, Ranuncula-
ceae) SIBIIAETCS PETUKTOBBIM IMPEACTaBUTEIEM IIUPOKOJIUCTBEHHBIX JiecoB [7; 8].
Apeait 0XBaTbIBa€T BOCTOUHBIE PaliOHBI €Bpolnelickol yactu Poccun, 3anagnyro u
Bocrounyro Cubupb. Buj BKIIFOUEH B CIIHCKU OXPaHSIEMBIX Ha TEPPUTOPUU HEKO-
TOPBIX PETMOHOB, B TOM YHCJIE B €Bporelickoil yacTu Poccuun (B ApxaHTenbCcKoi,
Bounoroackoi, Koctpomckoit, [len3zenckoit, Camapckoi, YIIbsiHOBCKOH, Spocias-
cKoil obmactax, pecmyonukax Komum, Mapwmii On, Tarapcran, UyBamickoit pec-
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nyOnuke) U HekoTopblx peruoHax Cubupu (Pecnybnuka bypsitus, UpkyTckas
obnacte). OgHAKO PE3yNbTATOB, MOJYUYCHHBIX MPU BBHIMIOJHEHUU LIEHOIOMYJISAIIN-
OHHBIX HCCIeIOBaHUN (B Pa3IMYHBIX acleKTax) Ha MPOTsUKEHUM apeania Anemo-
noides altaica, He Tak y)X ¥ MHOTO, HEKOTOpPbIE CBEIICHHS U3JI0KEHBI B psijie Imy0-
mukaumi [3; 9-15].

BaxHO OTMETHUTB, YTO JpyTHE BUABI JAHHOTO POJa TAKXKE SBISIOTCS 00BEK-
TaMU LIEHONOIYJIALIMOHHOrO MoHMTOpHHra [16; 17]. ITomyueHHble pa3sHbIMU aB-
TOpaMH Pe3yJbTaThl MOTYT OBITh MHTEPECHBI B CBSI3U C OOIIUMH OHMOIKOJIOTHYE-
CKUMH XapaKTepUCTUKAMHU BUIOB M Ba)KHBI JUIS MOJIyYEHUs MEPBUYHBIX JaHHBIX
st Anemonoides altaica.

Heab paGoTbl — ONpENENIUTh COBPEMEHHOE COCTOSIHUE MPUPOJTHBIX MOMY-
st Anemonoides altaica B Camapckoil 067acT (Ha I0T0-BOCTOYHON TPaHUIIS
pacnpocTpaHeHHs).

MaTtepuanbl u meToAabl

B nacrosmee Bpems B Camapckoit obnactu Anemonoides altaica oxpanseT-
Csl Ha PETMOHAJILHOM YPOBHE C KaTeropueul peakoctu 3 — peakuii Bua [18]. B Ca-
MapcKoi 001acTy U3BECTHO JIBa JIOKAJIMTETa, OAWH U3 KOTOPhIX Haxoautcs B [Ipen-
Bommkbe (Camapckas Jlyka), npyroit — B CamapckoM 3aBosnkbe (COKOJIBH TOPBHI).
[Tox nokanuteToM B JAaHHOM Ciy4yae MOHHMMAETCs reorpaduyecKky WM 3KOJOTH-
YEeCKH YETKO OrpaHMuYeHHasi 001acTh, B KOTOPOH OAHO KaTacTpo(uyeckoe coObl-
THE MOXKET OBICTPO 3aTPOHYTh BCE 0COOU TaHHOTO BUA.

Cocrosinue reorpaduueckoil nomynsiuun Anemonoides altaica Cokombux
rop B YCJIOBHSIX HU3KOW aHTPOMOTCHHOW HArpy3Kd CUMTAETCS YIOBJIETBOPHUTEIb-
HBIM Ha MPOTSHKEHUH TOCIEAHUX JIET, YTO YKA3bIBACTCS M JPYTUMHU CaMapCKUMU
uccnegosatensimu [19; 20].

B xozne pabot ncnosnb30BaHa METOAMKA U OCHOBHBIE TEPMUHBI, pa3paboTaH-
HbI€ OTEUECTBEHHBIMU YUYEHBIMH B paMKaX MOMYJSAIMOHHO-OHTOT€HETUYECKOTO
HanpasiieHus [2; 4; 21-24,]. TpaHceKTbl JUisl U3y4€HUs IPOCTPAHCTBEHHOM U OH-
TOTEHETHYECKOW CTPYKTYphl TOMyJSIUA Anemonoides altaica 3akinagpiBagach
nonepek ckjoHa ¢ maroM B 1 M. OueHka gemorpaduueckux mapameTpoB OcCy-
LIECTBJIEHA COTJIACHO OCHOBHOM peKoMeHAauusaM [21; 22], cocTosiHuEe MOMyJIALHiA
OIICHEHO IO KPUTEPHIO «JIeNIbTa — oMeray [2].

Bcero uzyueno 10 nenononyssiiuii (LIIT) Anemonoides altaica B pacTUTENbHBIX
cooOmectBax CoKoJbHX Top (B cocTaBe AyOpaBbl KIEHOBO-PAa3HOTPAaBHOM, 1yOpaBbl
JIEUIMHOBO-Pa3HOTPaBHOM, KIICHOBHUKA OepecKIIETOBO-pa3HOTPaBHOI0). B cpennem
U3ydeHHbIe [eHOMONYIAUN UMEIOT TUIOMAb 0kolo 50—120 M? u XapakTepusy-
10TCA YUCIEeHHOCThIO 0koJio 150-300 (mo 500) reneparuBHbIX ocobeit. Ha manHoit
TEPPUTOPUU OTMEYAIOTCS peKpearusi, pyOkHu jeca, moxKapbl, HECAHKIIMOHUPOBAH-
HBIE CBAJIKK MyCOpPa, B HEKOTOPBIX CIIydasX OTUYKICHHE YIaCTKOB.

Pe3ynbTaTbl M 06CYyXAEHUE

[TomydeHHbIE B X0/iIe MOHUTOPUHTOBBIX HCCIICJIOBAHHUN JaHHBIE O TMOIYJIs-
LIUOHHOM opranu3auuu Anemonoides altaica na Tepputopun Coxonbux rop (Ca-
Mapckasi 0071acTh) JIETTIM B OCHOBY 9KCIIEPTHOM OIEHKH COBPEMEHHOTO COCTOSIHHS
MX LIEHOIONYJIALMMI B YCIOBHUAX aHTPOIIOIE€HHOM, IIPEXKIE BCETO PEKPEALNOHHOM,
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Harpy3ku. B Tabnuie npuBeaeHbl OCHOBHBIE AeMOrpaduyecKkue MoKa3aTenu s
10 o6cremoBaHHBIX IEHOMOMYJISIIAN.

YcpenHeHHbI OHTOT€HETHYECKHUI CIIEKTp LEHONIONYISMi Anemonoides altaica
MPAaBOCTOPOHHMH C OJJHUM MaKCHMYMOM Ha CTapbIX TeHepaTHBHBIX 0c00sx (34,1 %).
OOBIYHO TOMUHHPYIOIIEE U CYOJOMUHUPYIOIIEE MOJI0KEHNE B BO3PACTHBIX CIIEK-
Tpax KOHKPETHBIX LIEHOMOMYJIAIMA UMEIOT CTapble TeHEPATUBHBIC U 3pEJIbIe TeHe-
paTUBHBIE 0COOU, JTUIIH B HEKOTOPHIX IEHOMOMYISIUSIX 3HAYUTEIbHBIM SBISETCS
BKJIaJI MOJIOABIX T€HEpPaTUBHBIX pacTeHuil. JloJisi reHepaTUBHBIX ocolel B cpe-
HEM B COCTaBe IIEHOMOMYJISIIHMI HAacuuUThIBaeT Okojo 73 %, mpereHepaTHUBHBIX
pacTeHuii — okoJio 25 %, mocTreHepaTUBHBIX — 4yTh Oosiee 1 %.

Wnpnexc 3amemnienusi ocodeit (/;) B 00cIe0BaHHBIX LIEHOMOMYIANUIX Ane-
monoides altaica nmeet cpennuii nokasarens 0,34, 6a3a Bapuanuii HHAEKCA CO-
ctasisiet 0,17-0,64. Manekc BocctaHoBleHUs (/s) TOMyNANNNA B CPEAHEM TaKKe
paseH 0,34, 6a3a Bapuanuii uaaexca — 0,17-0,64 (Tak kak B MOMYJIALUAX C Kpa-
HUMU 3HAYCHHUSIMH WHICKCOB 3aMEIEHUS M BOCCTAHOBICHUS CEHUIIBHBIE OCOOH
OTCYTCTBYIOT WJIM UX YHCIIO HeBbICOKoe). Hmekc crapenust (lcr) MOyl co-
craisier 0,01 (6aza Bapuaumii uHaekca ot 0, B caydyae OTCYTCTBHUSI CEHUIIBHOM
TPYIIBI 0COOEH B COCTAaBE IEHOMOMYJISANUNA, 0COOM OTMHUPAIOT Ha OoJiee paHHUX
sTamax oHTtoreHesa, m0 0,04). DTO CBHIETENBCTBYET O 3aTPyIHEHHOM MpOIEcCe
CaMOBOCCTAHOBJICHHS U CAMOTIOJIJIEP>KAHMS BUJIA B PACTUTEIBHBIX COOOIIECTBAX B
CJIOKHBIIHUXCS YCIOBHSIX.

HNunexc Bo3pactHocTu A coctaBui B cpeaneM 0,44 (MUHUMaIbHOE 3HAUe-
nue 0,34 B L1 9, makcumansnoe — 0,51 B LI1 6 u 8). Uuaekc a¢pdexTuBHOCTH ®
UMeeT cpeiHMi moka3atenb, paBHbM 0,71 (MuHumansHbll — 0,63 B LI 4 u 9,
MakcumanbeHblid — 0,78 B LI 7). Muaexc 3ppexkTuBHOCTH B M3ydaeMbIX MOMYJIs-
[USX CBUACTENBCTBYET O JOCTATOYHO BBHICOKOM YPOBHE HArpy3Kd, CO31aBaEMOM
0CO0SIMH, Ha PECYPCHI CPEIbL.

Orenka jgeMorpaduaecKux MmoKa3aTeiei Mo3BoJIMIa YCTAHOBUTh OCHOBHBIC
THUIIBI EHOTIOMYJISAIUN BETPEHUYKU. B OCHOBHOM OHHM OTHOCATCS K 3peJbIM HOp-
ManbHbIM (70 %) — LIT 1-3, 5-8. IlsTas yacTh 00OCIENOBAHHBIX 1IEHOIOMYJISIIHI
XapakTepu3yroTcs Kak nepexonnbie Hopmanbhbie (LI1 4 u 10). Jlumbs onHa 1eHo-
nonyysius (9) sBasercs MoJao0M HopMabHOU (4uTo coctaBmiio 10 % ot obcne-
JTIOBaHHBIX LIEHOTOIYJIALINN).

Aemorpaduyeckme napamMeTpbl LeHONONyNAUNn

Homep UN p-v,% g,—Gg:;, % ss-s,% 1, I, I, A » Twun ueHononynaAUUN

1 26,0 72,0 2,0 0,35 036 002 040 0,72 3penas

2 18,6 79,7 1,7 0,23 0,23 0,02 044 0,74 3penas

3 27,1 69,7 3,2 0,37 0,39 0,03 0,40 0,71 3penas

4 38,9 61,1 0 064 064 - 038 063 MepexoaHas
5 25,5 74,5 0 034 034 - 042 0,70 3penas

6 17,8 79,6 2,6 022 022 003 051 074 3penas

7 16,2 83,8 0 019 019 - 048 0,78 3penas

8 14,6 84,1 1,3 0,17 0,17 001 051 077 3penas

9 36,6 62,0 1,4 0,58 0,59 0,01 0,34 0,63 Monopas
10 27,4 68,8 3,8 0,38 0,40 0,04 0,43 0,69 Mepexoaxas

Cpenree 55 4 73,41 1,3 0,34 0,34 0,01 044 0,71

3HayeHne
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Demographic parameters of the population

Number p-v,% g,-0s,% ss-s,% I, 1, - A ® Type of coenopopulation
1 26.0 72.0 2.0 0.35 0.36 0.02 040 0.72 Mature
2 18.6 79.7 1.7 0.23 0.23 0.02 0.44 0.74 Mature
3 27.1 69.7 3.2 0.37 0.39 0.03 0.40 0.71 Mature
4 38.9 61.1 0 0.64 0.64 - 0.38 0.63 Transitional
5 255 74.5 0 0.34 0.34 - 0.42 0.70 Mature
6 17.8 79.6 2.6 0.22 0.22 0.08 0.51 0.74 Mature
7 16.2 83.8 0 0.19 0.19 - 0.48 0.78 Mature
8 14.6 84.1 1.3 0.17 0.17 0.01 0.51 0.77 Mature
9 36.6 62.0 1.4 0.58 0.59 0.01 0.34 0.63 Young
10 274 68.8 3.8 0.38 0.40 0.04 043 0.69 Transitional
Average 553 7344 13 034 034 001 044 0.71
value
3aknoyeHue

BrisiBieHue 3aKOHOMEPHOCTEHN Pa3BUTHUS U TEKYIIETO COCTOSHUS PUPOTHBIX
MOMYJISIUI PeKUX BUAOB PACTCHHI TpeOyeT MHOTOACTIEKTHOTO N3YYEeHHSI CTPYK-
TYpHOH OpraHM3aluy Kak caMoi MOMYJISINH, TaK U Bcero ¢urorenos3a. [lomyns-
LIMOHHO-OHTOT€HETHYECKHE METOIbl UCCIIEI0BAHUS TIO3BOJIAIOT BBISIBUTH (PAKTOPBI,
JVMUTHUPYIONINE PA3BUTUE [IEHOMOMYJISAIUN U PACTHTEIBHBIX COOOIIECTB B LIEIOM,
a TaKKe CyKIECCUOHHbIE U3MEHEHHS.

CoBpeMeHHOE COCTOSTHUE MPUPOIHBIX MOy Anemonoides altaica B Ca-
MapcKoil 00JIaCTH OLIEHEHO C KCMOJIb30BAHUEM OCHOBHBIX JIEMOTpadUuecKuX MHICK-
COB, XapaKTEPU3YIOLIMX OHTOICHETUUYECKYIO CTPYKTYPY LICHOIOIYJISAIMNA. BrriBieHa
OHTOTE€HETHYEeCKask CTPyKTypa 10 HEHOTHYECKUX MOMYJISIUN BUAA. Y CPETHEHHBIN
OHTOTE€HETUYECKUN CIIEKTP IEHOMOIMYJISIIIUN XapaKTepu3yeTcs: Kak MpaBOCTOPOH-
HUW ¥ IMEET OJIMH MUK (Tpeo0IIaaroT cTapble TeHEpaTUBHBIC pacTeHus). s 1eHo-
OIS CBOMCTBEHHO HAKOILJICHUE T€HEPATUBHBIX 0COOCH.

OnHTOreHeTHYecKass CTPyKTypa IeHOnmony i Anemonoides altaica B Ca-
MapcKoM 3aBOJKbE B II€JIOM HEOJHOPOJHA, OOHAPYKUBACTCS BapbUPOBAHUE OC-
HOBHBIX JIeMOrpapUyecKuX HHIEKCOB, YTO MOXET OOBSICHITHCS KOHKPETHBIMHU
9KOJIOTO-(DUTOLIEHOTUIECKUMH YCIOBUSIMH U CTETIEHBIO aHTPOIIOTEHHOMN HATPY3KH.

Paccunrannbpie nemorpaduueckre MHIEKCHI MO3BOJMIA YCTAHOBUTH THIIBI
LIEHOMOMYJISILIUM, B OCHOBHOM 3TO 3p€Jible HOPMaJIbHbIE MOMYJISALINH.

AHamM3 CTPYKTYphI IIEeHOTONYJIsIi Anemonoides altaica (C.A. Mey.) Holub
MO3BOJISIET CIIENIATh BBIBOJ, YTO JIaXKe NP JOCTATOYHO BBHICOKOM YMCIICHHOCTH U TUIOT-
HOCTH 0CO0€l B KOHKPETHBIX reorpaueckux MyHKTaX, STOT BUI TpeOyeT TIaTeib-
HOT'O COOMIOZIEHNSI MEPOIPHATHIA 10 COXPAHEHUIO U PETJIAMEHTHPOBAHUIO pEeKpeal-
OHHOTO U XO3SICTBEHHOTO UCTIONb30BAHUSI IPUPOTHO-TEPPUTOPUATTBHBIX KOMILIECKCOB.
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Monoson aumopdPu3mM pa3mMepoB Tesia Pa3sHOLBETHOMN ALLLYPKU
B IOro-BOCTO4YHOM YacTn HnxHero NMoBonxba
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AnHoTaums. B nporecce u3ydeHns MOMyJISIIMOHHON CTPYKTYPHI 3aMaHOTO MTOABUAA
pasHouBeTHOW sAMYpKH (Eremias arguta deserti Gmelin, 1789) B mONymycCTBIHAX FOTO-
BocTouHOH yactu Hrxuero [1oBOMKES MONTydeH 3HAYNATENBHBIA 00BeM MOP(POMETPHIECKUX
JIAHHBIX, 00pabOTKa KOTOPOTO IO3BOJIMIIA BBIIBUTH MOP(OIOTHIECKHE OCOOCHHOCTH HCCIIe-
JOBaHHOW momysauuy. OCHOBHBIE METOJIbI UCCIEAOBAHUM: U3MEPEHUE JUIMHBI TYJIOBUIIA U
XBOCTa C TOYHOCTBIO 0 MUJUTUMETPA, CTaTUCTHUYECKas 00paboTKa JaHHBIX C TOMOLIbIO KpH-
tepusa Konmoroposa — CmupnoBa B nporpamme STATISTICA 12. Cratuctuyeckuii aHanus3
NOKa3al HAJM4KE Yy MOMYJISIUY MTOJIOBOTO IuMopdr3Ma Mo mapaMeTpaM Tema: JIIMHA XBOCTa
CaMIIOB JIOCTOBEpHO OoibIle, yeM caMok. PacdeT mokasaTessl CTaTHCTHYECKON 3HAYMMOCTH
pazuYuil MeXly CpeHel ATMHON TYJIOBMILA U JUIMHON XBOCTA MOATBEPINII, YTO Y CAMIIOB U
CaMOK XBOCTBI JUIMHHEE TYJIOBHIIA. B TO *e Bpems 10 mapameTpy pa3Mepa TyJIOBHUILA M0J10-
BO3peible caMIlbl M CaMKM JJOCTOBEPHO APYT OT Apyra He oTiindarorca. ONHOBPEMEHHO CaMKHU
00J1a1a10T ONpeIeIeHHOH BapHaTHBHOCTEI0 MOP()OMETPUIECKUX JAHHBIX, YTO CITYKHUT OJHUM
13 OCHOBHBIX NOKa3aTesIel BHY TPUIIONYIALMOHHON U3MEHYUBOCTH.

KuroueBble cjioBa: pasHOLBETHas Sliypka, Eremias arguta deserti, IOMyJsLUA, TO-
noBo# tuMop¢usM, MmoppomeTprudeckne aannsie, Hikuee [ToBomxbe

BbaarogapHoctu um ¢uHancupoBanue. [TyOnuKkaiys BbITIONHEHA TipU mojuiepkke [Ipo-
TpaMMBbI CTPATETUYECKOro akageMudeckoro tuaepcrsa PY JIH.
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Sexual dimorphism of the body size of a multicolored lizard
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Abstract. The investigation in the population structure of the western subspecies of
the multicolored lizard (Eremias arguta deserti Gmelin, 1789) was carried out in semi-deserts
of the Lower Volga region. The purpose of the study was to find out the features of the population
morphometric data. The main research methods: measuring the length of the trunk and tail with
an accuracy of up to a millimeter, statistical data processing using the Kolmogorov — Smirnov test
in the STATISTICA 12 program. Statistical analysis showed the presence of sexual dimorphism
in the population in terms of body parameters: the length of the tail of males is significantly
greater than that of females. The calculation of the statistical significance of the differences be-
tween the average length of the trunk and the length of the tail confirmed that males and females
have longer tails than the trunk. Yet sexually mature males and females do not differ signifi-
cantly from each other in terms of body size. At the same time, females have a certain variability
of morphometric data, which serves as one of the main indicators of intra-population variability.

Keywords: multicolored lizard, Eremias arguta deserti, population, sexual dimorphism,
morphometric data, Lower Volga region

Acknowledgements and Funding. This paper has been supported by the RUDN Uni-
versity Strategic Academic Leadership Program.

Article history: received 16.12.2020; revised 10.01.2021.

For citation: Mishustin SS, Polynova GV. Sexual dimorphism of the body size
of a multicolored lizard in the south-eastern Lower Volga. RUDN Journal of Ecology
and Life Safety. 2021;29(2):155-161. (In Russ.) http://dx.doi.org/10.22363/2313-2310-
2021-29-2-155-161

BeBeneHue

C MoMeHTa BBIXO/Ia KOJUIEKTUBHOW MOHorpadum «PazHomBerHas sirypkay [1]
nox penakiueit H.H. IllepOaka HayuHast juTepaTypa MOCTENEHHO JIOMOJIHSETCS HO-
BBIMH JJAHHBIMU 00 3TOM BHIE. [losBUIMCE MaTepralibl IO PacpocTpaHeHuto [2—6],
Tepmobuonoruu [7; 8] u reretuxke [9; 10]. Mabopmarus o sirypke BXOJUT U B (ayHu-
CTUYECKHE ONKCAHUS COOTBETCTBYIOILIMX apeay perroHos [11; 12].

B pamkax u3yuyeHMs MpOCTPaHCTBEHHOro pactpeneneHus [13] u monosos-
pacTHOM CTpyKTyphl [14] 3amagHOro mojaBHUIA pa3HOLBETHOW sAurypku (Eremias
arguta deserti Gmelin, 1789) MbI coOpanu 3HaUUTENHHBIA 00beM MOpdoMeTpHye-
CKHX JaHHBIX U PEUIMJIM OLEHUTh €ro C TOYKH 3pEHUs IMOJIOBOTO IuMopdusma,
YTO U SBUJIOCH LeJIbI0 HAIIEr0 MCCIeJOBAHHUS.
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MaTtepuanbi n meToabl

Hamu naGmronenus npoxoaunu BOim3u nocenka [Jocanr KpacHosipckoro
paiiona ActpaxaHckoit obmacti (N 46° 54'08.7264" E 47° 54' 52.5312"). Mopdo-
METPUYECKUI MaTepHasi cOOpaH B TEUEHUE CIEAYIOUIUX MOJEBbIX CE30HOB: Maii
2017,2018 u 2019 rr., koHen aBrycrta — Hayano ceHTs10pst 2017 u 2018 rr.

CoOpaHHbIe JaHHBIE — 3TO MPHKU3HEHHBIC TIPOMEPHI 0c00el OJTHOTO Mmoce-
JIEHUs1 Pa3HOLBETHOM SIIYPKH, COOTBETCTBYIOIIETO YPOBHIO 3JIEMEHTAPHOM Momy-
asuu [15] nam BHYTpUNONyISUMOHHONW rpynnupoBku [16]. Obmee yucio npo-
MEpEHHBIX JKMBOTHBIX COCTaBWJIO 141 3K3. U BKIOUMIO 59 caMlOB U 82 caMKH.
W3mepeHne )KMBOTHBIX OCYIIECTBISUIOCH ¢ OPIOIIHOW CTOPOHBI OT KOHYMKA MOP-
IIbl 10 TIEpEIHEro Kpast KJII0aKaJlbHOTO OTBEPCTUA (AJIMHA TyJoBHIIa — L.) 1 OT me-
penHero Kpasi KJI0aKaJbHOTO OTBEPCTHSA /0 KOHYMKAa XBOCTa (IJIMHA XBOCTA —
L.cd.) ¢ Tounoctpto 10 1 MM. ¥V smepun ¢ npusHakamu ayrotromuu (12 ocoOeit)
HCIIOJIb30BAJIM TOJIBKO MapaMeTp JAJUHBI TYJOBHILA.

YroObl n30ekaTh MOBTOPHOTO M3MEPEHUSI OJHOTO U TOTO K€ JKUBOTHOTIO,
SIIEPUI] METHJIM BPEMEHHOW (HOMEp Ha CITUHE YKMBOTHOTO, TOCTABJICHHBIN CITUP-
TOBBIM MapKepOM) M MOCTOSHHOI MeTKaMHu (OTpe3aHne KOHUMKOB (haJlaHT Malb-
1LIEB IO KJlaccuueckoi cxeme) [17].

[Tonyuyennsle naHHble obOpabortanu B mporpamme Microsoft Office Excel.
HopmanbsHOCTh pacnpenenenus onpenessuid ¢ moMouso kpurepus Konmoropo-
Ba — CmupHoBa B nporpaMmMme STATISTICA 12. Ouenka 10CTOBEpHOCTH pa3iu-
YHil clienaHa Ha OCHOBE HemapameTpuyeckoro kpurepus Kpackena — Yoiuca.

PesynbTaTbl M 00CyXaeHue

[TonoBoit tumopdu3M 1o pa3HbBIM MOKa3aTeNIM U TOM YHCIE IO pa3Mepam
TeNa — MUPOKO PacHpOCTPaHEHHOE SIBJICHME Y pa3HbIX BUAOB smepur [18; 19].
J1nst pa3HOIBETHOM SIIYPKU XapaKTEPHO HAIMYKE TIOJIOBOTO TUMOpdH3Ma B OKpac-
Ke M MpHU3HaKax Gosuro3a.

O0paboTka NOIYyYEHHBIX HAMH JIaHHBIX Ha HOPMaJIbHOCTb PaclpeesIeHus ¢
nomoIneto kputepusi Konmoroposa — CMupHOBa mokasaia, 4To y CaMIIOB Mapa-
MeTpsl JuymHbl Tynosuma (K-S d = 0,12802, p > 0,2; Lilliefors p < 0,05) u amuHs
xBocta (K-S d = 0,12672, p > 0,2; Lilliefors p < 0,05) umeroT HeHOpMalbHOE
pacnpeneneHue. AHaJOTMYHAas CUTyalusi OTMEUEHA U Yy CaMOK: MO JUIMHE TYJO-
Bumia (K-S d = 0,11290, p > 0,2; Lilliefors p < 0,05) u mo anune xBocta (K-S
d =0,11687, p > 0,2; Lilliefors p < 0,05), moaTomMy IIsl OIIEHKH JOCTOBEPHOCTH
pa3nuuMii OTMEUEHHBIX BEJIMYMH HAMU HCIOJIb30BAH HEMapaMeTpUYeCKUil KpuTe-
puii Kpackena — Yoiuca.

Pacuer cpenHux 3HaueHH pa3MepoB TYJIOBHILA U XBOCTA, CAMIIOB M CAMOK
Pa3HOLIBETHOM SAIIYPKHU pHUBEACH B Ta0I. 1.

CraTucTHueckuil aHaJIu3 MoKa3ai, 4To M0 JUIMHE TYJIOBMIA CaMIbl HE OT-
JUYAIOTCSA OT CaMOK, HO UMEIOT JIOCTOBEPHO OOJBIIYIO JUIMHY XBOcTa (Tadu. 2).
Pacuer nmokaszatens CTaTUCTUYECKONW 3HAUMMOCTH pa3INuuil MEXIy CpeaHel Juim-
HOM TyJIOBUIA U JJIMHOM XBOCTa MOJTBEPAWJI, YTO y CaMILIOB M CaMOK XBOCTBI
JUInHHee TyJoBuIa. OJHAKO B MOIMYJISALUU OTMEUYEHO 9 CaMOK, MMEIOLINX MHbIE
MIPOIOPLIMH, YTO, OUEBHUIHO, SIBJSIETCS NOKAa3aTeJIeM BHYTPHUIIONYJIALIMOHHONW H3-
MEHYUBOCTH.
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Tabnuuya 1
A nuvHbI TYIOBULLLA U XBOCTA CaMLIOB 1 CAMOK Pa3HOLBETHOM SILLLYpKU
Mon Yucno ocobei, n L. Yucno ocobeit, n L.cd.
@ 59 61,2+5,9(45-72) 56 81,6 +7,5(65-96)
Q@® 82 59,9 + 6,0 (46-75) 73 66,4 7,4 (41-85)
Table 1
Body and tail lengths of Eremias arguta deserti males and females
Sex Number of specimen, n L. Number of specimen, n L.cd.
@) 59 61,2+5,9(45-72) 56 81,6 +7,5(65-96)
Q@® 82 59,9 + 6,0 (46-75) 73 66,4 +7,4(41-85)
Tabnuya 2
JOCTOBEPHOCTb pa3nnynii napamMmeTpoB TeJsia CaMLOB U CaMOK Pa3HOLBETHOMN ALLYPKU
CpaBHuBaemble Yucno Kputepumn YpoOBeHb CTaTUCTUYECKON
3HauyeHus ocobeit, n Kpackena — Yonnuca, H 3HauYUMMocCTn
LREQ-LLBB 59-82 2,6 p<0,05
L.cd.(@ (@-L.cd.
56-73 68,5 p < 0,00001
Gis)
@) (L.-L.cd.) 56 79,2 p < 0,00001
@@ (L.-L.cd.) 82 42,2 p < 0,00001
Table 2

Reliability of differences in body parameters between males and females of Eremias arguta deserti

Number Kruskal — Wallis .
Values to compare . Significance level
of specimen, n test, H
LQQ-LLBB 59-82 2.6 p<0.05
L.cd.(@ @-L.cd.
56-73 68.5 p < 0.00001
Gi]&)
@@ (L.-L.cd.) 56 79.2 p < 0.00001
@@ (L.-L.cd.) 82 42.2 p < 0.00001

Takum 06pazom, mokazaresneM MoJ0BOro AuMopdusmMa y Buaa CIIyKUT JIJTH-
Ha XBOCTa, KOTOPAasi y CAMIIOB B CpeTHEM OOJIbIIe JITMHBI XBOCTA CAMOK.

OnucaHHOe COOTHOIIEHHE MapaMeTpOB Teja Pa3HOLBETHOHN SLIYpPKU SIBIIS-
€TCsl 0COOCHHOCTBIO JAaHHOW MOMYJISIIUU. AHAIOTUYHBIC MaTEPHAIBI CYIIIECTBYIOT
o sImepuIiaM, KUBYIUM B BopoHekckoit obnactu [5]. B apyrux gactsax apeana
JUTMHA TYJIOBUIIA MOXeT ObITh MeHbIle XBocTa (Kanmbikus, [larectan) wiu paBHa
ero niuHe — (Camapckast, CapaToBckasi, Bonrorpaackas u PoctoBckas oGmactu,
Kpacnonapckuii kpaii) [4].

3aknyeHue

[Monmynauuu 3anagHOroO MOABUIA PA3HOLBETHOW SIYPKH, KUBYLIEH B HOrO-
BocTouHOM yacTi Hmkaero [10BOIKbS, XapakTepeH MOJIOBOW TUMOp(H3M pa3me-
POB Tena, 3aKIIYAIOLINICS B TOM, YTO CaMIIbl 00JIaAal0T JOCTOBEPHO OoJiee JITHH-
HBIMH XBOCTaMH, Y€M CaMKH.
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I[J'II/IHa XBOCTOB B3pPOCJIbIX JKUBOTHBIX CTATUCTUYCCKH 3HAYUMO AJIMHHEC TY-

JIOBUILIA.

MOp(i)OMeTpI/I‘ICCKI/Ie JJaHHBbIE CAMOK OTJIMYAIOTCS 3HAUMTEIIHLHOM BapI/Ia6eJ'IL—

HOCTBIO, YTO CIIYKHUT OJAHHWM H3 OCHOBHBIX ImoKa3aTeiei BHy’[‘pI/IHOHYJ'ISIHI/IOHHOI\/JI
HU3MCHYHUBOCTH.
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UccnepoBaHue ponn npupoaHbIX U aHTPOMNOreHHbIX pakTopos
B popmMupoBaHUM Ka4yecTBa BOAbI MaJibIX pek
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Annotanmsi. Manbie peku L{ertpansHoii Poccnn 3a4acTyro UCIIBITHIBAIOT BHICOKYIO aHTPO-
MIOTeHHYIO HArpy3Ky, IPH 3TOM WX M3YYEHHOCTh U MEpHI, IPUHUMAEMBIE JJIS MX COXPaHEHUS,
HECPaBHUMO CKPOMHEe, YeM AJIsl KPYIHBIX BOAHBIX apTepuil. B nccienoBanuu Ha mpumepe
p. Benerbmbl Hmxeropockoit ob6mactu paccMOTpeHbI (haKTOPhI, BIHSAIONUE HA (OPMHPOBA-
HHUE KadecTBa BOI MaJioi peku. J[aHa sKojoro-reorpaduueckas XxapakTeprucTrka p. BeneTsMel.
Ioxa3zaHo, 4TO AEHCTBYOIAsi METOAUKA OLEHKU KauecTBa BOJ KPYIMHBIX PEK IO yAEIbHOMY
KOMOMHATOPHOMY HHJICKCY 3arpsi3HEHHOCTH BOZBI HE IMO3BOJISIET OMpPEIC/INTh, KAKOH BKIAJ B
yXyIIIeHHe KadecTBa BOJIBI BHOCUT aHTPOIOT€HHAs Harpy3Ka, a KaKod — IPUPOJHEIC (aKTo-
pbl. BrinonHeHs! uecnenoBanus psifga GU3NKO-XUMHUSCKUX XapaKTePUCTUK BOJ p. BeneTsmel,
KOTOpbIE IIOKA3aJlid, YTO HAa KOPOTKOM y4acTKe pekH, cocTasisitouieM MeHee 400 M, npoucxo-
IIT 3HAYUTEIbHBIE H3MEHEHUS (PU3NKO-XMMHYECKOTO COCTaBa BOJBI, [0 HEKOTOPHIM ITOKa3a-
TersM gocturaronue 45-95 %. Ctonp 3HaYATEIbHBIE U3MEHECHUSI CBS3aHBI, C OJHON CTOPOHEI,
C BIMSHHEM OYHCTHBIX COOpYykeHMH I. HaBammHo, a ¢ Apyroit CTOpOHEI, ¢ 0COOBIM PaCIIOIIO-
KCHHEM 03. 3eJICHOTO Ha IMyTH peKH. Ha CIyTHHKOBBIX CHIMKAaX 30HBI BIaJeHUST BeneToMbI B
03epo 3a(hUKCHPOBaH IUTIOM. BEIIBUHYTO PEAIIONOKEHUE O IIPOTEKAHUU B 03€pE MPOIECCOB,
XapaKTEePHBIX VIS BIAJCHUS KPYMHBIX U CPEITHUX PEK B MOPSI U 03€pa, HA3bIBAEMBIX Mapru-
HAJIBHBIM (UIBTPOM, TIPH KOTOPOM IPOUCXOIUT 3aJep)KaHHe HE TOJIBKO B3BEHICHHBIX, HO H
PacTBOPEHHBIX MTPUMECEH, YTO MONTBEPIKAACTCS Ta00PATOPHBIMHU HCCIICIOBAHHIMH.
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Study of the role of natural and anthropogenic factors
in the formation of water quality in small rivers on the example
of the Veletma river in the Nizhny Novgorod region

Maria V. Smirnova”'® Anastasia I. Batanina

Volga State University of Water Transport,
5 Nesterova St, Nizhny Novgorod, 603950, Russian Federation

B igoninam@yandex.ru

Abstract. Small rivers of Central Russia often experience a high anthropogenic pressure,
and at the same time their study and measures taken to preserve them are incomparably more
modest than for large rivers. On the example of the Veletma river in the Nizhny Novgorod region,
the factors affecting the formation of the water quality of the small river are considered. The eco-
logical and geographical characteristics of the Veletma river are given. It is shown that the current
methodology for assessing the water quality of large rivers by the Specific Combinatorial Water
Pollution Index does not allow to determine what is the contribution of anthropogenic pressure to
the deterioration of water quality, and what is the contribution of natural factors. Studies of a num-
ber of physical and chemical characteristics of the waters of the Veletma river have shown that on
a short section of the river, which is less than 400 m, there are significant changes in the physical
and chemical composition of water, reaching 45-95%. Such significant changes are associated on
the one hand with the influence of the treatment facilities of the city of Navashino, and on the other
hand, with the special location of the lake Zelenoe in the path of the river. Satellite images of
the Veletma's confluence with the lake Zelenoe show the plume. It is suggested that the lake is
characterized by the same processes that take place in the confluence of large and medium-sized
rivers into the seas and lakes, called marginal filter, in which not only suspended but also dissolved
impurities are retained. This fact is confirmed by laboratory studies.

Keywords: small rivers, the Veletma river, water quality, physical and chemical cha-
racteristics of water, plume
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BBepeHue

Mansie pexu Hmkeropoackon o01acTi 10 CUX MOP OCTAIOTCS MaJOU3y4yeH-
HBIMHU, HECMOTPS Ha TO YTO JUIUTEIHLHOE BPEMsI MCIIOJIB3YIOTCSI MECTHBIM HaceJe-
HUEM JJISl pa3IMYHbIX 1eJield. MHOTHe HuccaeoBaTeNn MOICPKUBAIOT MHEHHE O
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TOM, 4TO THJPOIKOJIOTMYECKUE U3MEHEHHS B KPYIHBIX peKax SIBISIIOTCS CIIEICTBU-
€M M3MEHEHUH MaJblX PEK, MUTAIIKX KpymnHble BogoTokH [1-3]. CymecTByror
JTaHHBIE O TOM, YTO BKJaJ MallbIX PaBHUHHBIX pEK B 3arps3HeHHE OWOTE€HHBIMH
ANIEMEHTaMH — a30TOM U (pochopoM — KpyTHBIX BOJHBIX apTEPUil MOXKET COCTaBIISATh
ot 40 1o 90 % 3a cuer muddy3HOrO 3arpsA3HEHMS, TOCTYIAOIIETO C TUIOMIAIN BO-
nocOopa Masbix pek [4]. [loaToMy sKooruyeckoe coctosiHue p. Benetbmbl, pacmo-
JIOKEHHO! B YCITIOBHSIX CPABHUTEILHO BBICOKOH TIOTHOCTH HaceneHns (32,5 den./km?)
U SIBJISIFOIIEHCS TIPaBBIM MPUTOKOM elle Ooiee rycroHaceneHHou p. Oxu, sBhseT-
Cs BaXHBIM (PAKTOPOM ONAromoiaydusi 3HAUYUTEIHHONW YaCTH HACENEHHs IOro-
3anaga Hmxeropoackoit obmactu. OpHaKko, B OTIMYHE OT XOPOIIO H3YYEHHBIX
KPYITHBIX peK, TaHHBIE 00 IKOJOTHYECKOM COCTOSIHUU p. BeneTbMbl u Tem Oonee
0 JJMHAMHUKE 3TOTO COCTOSIHHS KpaiHe CKYIHBI U OOPBIBOYHEI.

Leuablo ucese10BaHms CTajla MOMBITKA CHCTEMATU3UPOBAThH CYIIECTBYIOIINE
JTaHHBIE 00 SKOJIOTHYECKOM COCTOSIHUH p. BeneTbMbl, a Takke MpoBeCTH (HU3UKO-
XUMHUYECKHE UCCIIeIOBaHNs BOJbI B peke B paifoHe T. HaBammHo 1 OIIEHUTH BKIIA]
MIPUPOIHBIX U aHTPOTIOTEHHBIX (PAKTOPOB B POPMUPOBAHME KaYECTBA €€ BOJI.

XapakTtepuctuka paiioHa uccsie4OBaHU U COCTOSSHNE N3YYEHHOCTU

Peka Benerbma mpotekaet B roro-3amnagHoi yactu Hikeropoackoit odnacrtu.
Ilo maHHBIM rocynapcTBeHHOro BogHoro peecrpa Poccun, ona otHocures k Ok-
CKOMY OacceiHOBOMY OKpYTY, BOJOXO3AWCTBEHHBIN ydyacTOK peku — p. Oxa ot
BraseHus p. Mokwma no Bnanenus p. Téma. J{nuna pexu — 99 kM, momans Bo1o-
cbopHoro OacceitHa — 685 kM2 Ycrhe peku Haxoautcst Ha 206 kM p. Oku 1o mpa-
BoMy Oepery. McTok peku Haxomurcs roxkHee c. Yymnaneiika, B 28 KM K FOr0-BOCTOKY
ot I. Beikcel. ['eHepanbHOE HanpaBiieHHe TeUeHUs1 — ceBepo-3anal. Pexa umeer aBa
IIPUTOKA: JIEBBIM, HA 44 kM — p. Mnbmuc nporsxeHHOCTbI0 12 KM M IIpaBblii,
Ha 60 kM — p. Tonkasa npotsokeHHOCTHIO 21 kM. [To manubM [5], Benetbma umeer
Takxke 44 mpuroka aauHON meHee 10 kM u obmieit mmHoi 86 kM. Ha BomocOope
p. BenetsMel pacnionoxeHsl 29 o3ep o61eil miomaasio 3epkana 5,20 k2.

ITutanue peku, Kak ¥ 'y OOJBIIMHCTBA PeK BO3BbIIeHHOr0 Hikeropoackoro
[TpaBoOepexbst Bonrw, riaBHEIM 00pa3oM poaHUKOBOE. BecHOl B pe3yibTare ObICT-
poro cOopa TaJbIX CHETOBBIX BOJ IO OBparaM M CKJIOHaM BOJA U3 PEKU OBICTPO
YXOIUT, TOTOMY Il BenmeTbMBbl XapaKTepeH 3HA4YMTENbHBINA Nepenaja ypoBHER
BOJIbI MEX]Jy BECEHHHUM II0JIOBOJIbEM M JIeTHe MexeHbto. [lo Oeperam — jeca,
noiima mectamu 3abosnodeHa. /[HO peku COCTOUT U3 TIIMHBI U HAHECEHHOTO IecKa,
B HEKOTOPBIX MECTax JHO WINCTOE. BeneTbma B CBOEM BEpXHEM TEYEHHHU IPOTE-
KaeT MO0 CYTJIMHUCTHIM JEPHOBO-IIOI30JUCTHIM U OOJIOTHBIM MOYBAM, @ B CPEHEM
U HWKHEM TEUEHHUSIX B OCHOBHOM IO CYIECYAHBIM JIEPHOBO-NOA30JIMCTBIM I0Y-
BaM [6]. B HixHeMm Teuennn Benetbma BxoauT B oOmmpHyto [Iprokckyro noimy,
rae Ha pexe crodt r. HaBamuuo u c. bonemoe OkynoBo. Bnagaer B crapuiy
p. Oxu Hwxe r. Mypoma (puc. 1). KpynHsle HaceleHHbIe ITyHKTHI 10 Oeperam
p. Benerbmsl: ¢. Uynaneiika, nrt Benersma u ppioxo3 Benerbma, c. CaBacneiika
U pacroJio’KeHHas K I0ro-3amaay oT cena aBuabasa, c. bonbmoe Okynoso, 1. Ha-
BalIMHO U ¢. Manoe OKyJ0Bo.

B paiione r. HaBammno p. Benerbma Briagaet B 03. 3ejieHOE ¢ BOCTOKa, a 3a-
TEM BBITEKAET U3 HEero Ha 3anaje. CaMo 03epo UMEET NOMMEHHO-TBUIOBOE IIPOUC-
XOKJIEHHE U 3aHUMAET IUIomaas mpumepHo 20 000 M2, JIeToM y TTIOBEpXHOCTH 03epa
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HaOJIOAAI0TCS CHHE-3elIeHble BOAOPOCIIM, KOTOPhIE BBI3BIBAIOT LIBETEHHE BOJIOE-
Ma. [lo yTBEpKI€HNUAM MECTHBIX KUTEJIEW, IMEHHO 110 3TOW NMPUYUHE 03€pO I10-
JTy4YMJIO Ha3BaHUE «3eJeHoe». DTOT (aKT MOXKET CBUACTENbCTBOBATh O BHICOKON
BEPOSTHOCTH MPHUBHECEHHS B 03€PO OOJIBIIIOTO KOJMUYECTBA OMOTEHHBIX BEIIECTB,
HCTOYHHUKOM KOTOPBIX MOTYT OBITh XO3SIICTBEHHO-OBITOBBIE CTOKU MJIU CEIbCKOE
XO35IUCTBO.

Y yCTbe p. BenetbMbl PO{',‘C
Veletma mouth
il
Mypom
o c. bonbwoe OkynoBo

Haga: Bolshoe Okulovo
r. HaBawwuHo
Navashino
c. CaBacneiika

. MyxTon
Savasleika y o

Oka river [pemsayeBo
nrT Benetbma o

the village Veletma

KK B BenleTbMUHCKOE BAXP.
s Veletminskoe reservoir
/

O aBnabasa
Qp, Oka airbase Iomoska

Bunsa AppaTtos
0 o
esbl [0
'D'MMTDMOBM e c. Yynanewnka
HoBogMUTpUeBK: Chupaleika
O

NCTOK p. Benetbmbl
source of the Veletma river
/,

Qunexcuw

RnarAanaraova

Puc. 1. leorpadunyeckoe nonoxeHune p. Benetombl
Figure 1. Geographical position of the Veletma river

JleiicTBUTENBEHO, Ha Oepery 03. 3eJICHOTO PaCIOIOKEHBI OMOJIOTHUECKHE OUHCT-
Hele coopyxenus (BOC) r. Haanmuo OOO «Bopokanam». [IpoekTHas mpon3Boau-
TeTBHOCTh OYMCTHBIX COOPYKEHHH — 8,8 ThIiC. M° B CyTKH, (pakTiyeckas — 1,8 Toic. M
B cyTkH (o naHHBIM Ha 2016 r.). O6beM HporylieHHONH BOJABI Yepe3 OYHCTHBIC
coopyxenus B 2018 r. coctaBun 713,39 Teic. M3, a B 2019 — 609,66 ThIC. M. BHI-
IIyCK OYMIIEHHBIX CTOYHBIX BOJ BOC mpom3BOAUTCS HEMOCPEACTBEHHO B 03€PO.
OO6mue cBeneHus O riayOWHE OYMCTKHM M KadecTBe cOpacbiBaeMbix u3 bOC ounm-
IICHHBIX CTOYHBIX BOJI IIPUBEICHHI B Ta0M. 1.

Kak BusHO 13 TabnuIbl, HE BCE MOKA3aTeNU MOCIE OYUCTKH JOCTUTal0T HOP-
MaTUBHBIX 3HaueHuit!, B wactHoctu BIIKs (mopma 2,1 mr/am®), CITIAB (mopma

! ITpukas Muncensxo3a Poccun ot 13.12.2016 1. Ne 552 (pex. ot 10.03.2020 r.) «O6 yTBEp-
KJICHUM HOPMaTHUBOB Ka4yeCTBa BOJIBI BOJHBIX OOBEKTOB PHIOOXO3SHCTBEHHOTO 3HAYCHHUSI, B TOM YHCIIC
HOPMATHBOB MPEJICIIbHO JIOIyCTUMBIX KOHLICHTPALM BPEHBIX BEILIECTB B BOJAX BOAHBIX OOBEKTOB
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0,1 mr/am?), asor ammoHnwuiinsli (0,4 mr/mv®). Ho u Jpyrue mnoka3areiau 3Hayu-
TEJIPHO TIPEBBIMIAIOT COJIEPKAHUE TAKOBBIX B pekax Hrokeropoickoi oGmactw,
HanpuMep (ocdarbl, KOTOPbIC SBISIOTCS TJIABHBIM (PAKTOPOM pa3BHTHS CHHE-
3eJIeHBIX BOJOPOCIEii’.

Tabrnuuya
JaHHble 0 Ka4yeCcTBe O4YUCTKMU CTOUYHbIX Bog Ha BOC r. HaBawwmHo
HanmeHoBaHue 3arpsaA3HeHui Ao ounctkn, mr/om® Mocne ouncrkn, mr/am®
Buoxummnyeckoe notpebnenne
kmcnopopa (BrKs) P 174 15
B3BelueHHbIe BeLeCcTBa 194 15
BopopogaHbin nokasartens pH, e, 6,5-8,5 6,5-8,5
HedTenpoaykrbl 1,2 0,025
Xnopuapl 17 16.5
Cynbodathl 20 1,32
CuHTETUYECKNe NOBEPXHOCTHO- 4 4
akTmeHble BewecTsa (CMAB)
Xeneso 0,12 0,003
Menpb 0,002 0,002
LinHk 0,05 0,05
A30T aMMOHWHbIN 19 10
docdarthl 1,73 1,2
Table
Data on the quality of wastewater treatment at the treatment facilities of the city of Navashino
Paramater Before treatment, mg/dm?® After treatment, mg/dm®
Biochemical oxygen demand (BOD5) 174 15
Suspended solids 194 15
pH level 6.5-8.5 6.5-8.5
Oil products 1.2 0.025
Chlorides 17 16.5
Sulphates 20 1.32
Synthetic surface active substances 4 4
(surfactants)
Ferric iron 0.12 0.003
Cuprum 0.002 0.002
Zinc 0.05 0.05
Ammonium nitrate 19 10
Phosphates 1.73 1.2

OpHOM U3 akTyaJdbHBIX IpobiieM p. BeneTbMbl sBIseTCS yMEHbIIEHUE €€
BOJHOCTH: 10 HaOMOeHUSAM x)uTene ¢. bompmoe OKyI0BO, cpeHUE TITyOHHBI
ee B 3TOM paiioHe 3a mnocieanue 10 ner ymMeHbIIWINCH NpuMepHO Ha 70 cM,
a JHO PEeKH 3amiInioch. B [2] mOATBEPKIEHO COKpAlLllEHUE NPOTSHKEHHOCTH pyC-

PBIOOXO3SHCTBEHHOTO 3Ha4YeHUsD (3aperucTprupoBaHo B Muntocte Poccun 13.01.2017 1. Ne 45203. URL:
http://pravo.gov.ru/proxy/ips/?searchres=&bpas=cd00000&intelsearch=%CF%F0%E8%EA%E0%E
7+%CC%E8%ED%F 1%ES%EBY%FC%F5%EEY%E7%E0+%D0%EE%F 1%F 1 %E8%E8+%EE%F2
+13.12.2016+%E3.+%E2%84%96+552&sort=-1 (nara oopamenus: 10.12.2020).

2 TocynapcTeenHbIi jokna)] «COCTOsHIE OKPYKAIOIIEH CPeJIbl U IPUPOJIHBIX pecypcos Hike-
ropoyickoit obmactu» // Exxeronauk / MUHHCTEPCTBO 3KOJIOTHH M MPUPOAHBIX pecypcos Hmxero-
poxnckoit oomactu, 2011-2018 rr. URL: https://ecology.government-nnov.ru/activity/1604/ (gara
obpamenns: 10.12.2020).
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JIOBOH CEeTH 3JeMEHTapHBIX BOJOTOKOB B BOJOCOOpPHOM OacceiiHe p. BeneTbMsl,
HaIpsIMyIO CBSI3aHHOM C BOJHOCTBIO peku. OHON U3 BBISBICHHBIX IIPUUUH 3TOTO
nporiecca SBISIETCS COKpallleHHe JIECUCTOCTH Ha TepPUTOPUH €€ BOJ0COOPHOro
Oacceiina. K coxayieHnto, JaHHBIE O TOJAOBOM CTOKE p. BenmeTbMbl mim 0 ee Boa-
HOCTH OTCYTCTBYIOT [7]. B TO ke Bpems, 1o gaHHbIM [8], mpaBoOepex HbIe TPUTOKU
HIDKHETO TeueHnss OKU XapaKTepu3yrOTCsl 3HAYSHUSIMU MOIYJISl CTOKa 45 11/(c-km?).
Torna, mo rpyObIM OIlEHKaM, IOJI0BOM CTOK p. BeneTbMbl MOXET cOCTaBIATh OT
86 747 no 108 093 ThIC. M.

MaTtepuanbi n meToabl

Jnst viccrnienoBaHus BIMSHUS TaKUX (PaKTOPOB, KaK pa30aBlieHNE peUHOMN BOJBI
B 03€p€ U BIIMSHUE OUUCTHBIX COOPYKEHHH Ha TMAPOIKOJIOTHYECKHE TTOKA3aTeNn
p. Bemerbmbl, ocenpro 2020 1. OBUT BBITIOIIHEH OTOOP MPOO B JBYX CTBOPAX: BHIIIE
BIIQJICHUS PEKU B 03. 3enieHoe 1 Hixke copocHoit Tpyost BOC r. HaparmHo (puc. 2).

Creop 2 (Site 2)

Q C6poc o4MLLEHHBIX CTOYHBIX BOA
(

Discharge of treated wastewater)

Q Creop 1 (Site 1)
I

Image © 2012 DigitalGlobe. Inc.. © Q00 UTLL «CKAHIKC». © SlHnekc Ycnoeus ucnonszosaxms BT

Puc. 2. PacnonoxeHue cTBopoB 0T6opa Npob 1 BbiNycka O4YNLLLEHHBIX CTOYHbIX Bog, BOC r. HaealuvHo
(cxema co3paHa Ha OCHOBE cepBuca «AHAEKC.KapTbl»)
Figure 2. Location of the sampling points and the release of treated wastewater
from the Navashino treatment facilities (the scheme was created on the basis of the Yandex.maps)

[Tpo6s1 uccnenoBammck B adbopatopuu «xonorusy»y GI'BOY BO «Bomkckuit
TOCYapCTBEHHBI YHUBEPCUTET BOIHOTO TPAaHCTIOpTay. [lepedeHs aHaIM3UPYEeMbIX
XapaKTePUCTHK BKJIIOYAl B ceOs IBETHOCTh, MPO3PAYHOCTh, BOJIOPOIHBIN MOKa3a-
tenms pH, corneconmepkanue, MyTHOCTh, OOIIEe JKeNe30, KECTKOCTh U COACPIKaHHe
JIETKOOKHCIISIEMON OPTaHUKH 10 BEJIMYMHE OMOXUMHUYECKOTO MOTPEOICHHS KHCIIO-
pona (BIIKs). LiBeTHOCTH ompenensyiach M0 XpoM-KOOAIbTOBOM IIKaje, Mpo3pad-
HOCTbh — 10 METONy «IIPU(Ta», KOHIEHTPAIUS PACTBOPEHHOTO KUCIOpO/Ia Ha HY-
JIEBOHM M TIATHIA JeHh MHKYyOaruu nmpo0 Ha mokaszatens bIIKs nm3mepsucek ¢ momo-
mpio kucnopogomepa «MAPK-3029y. M3mepenne o01iero conecoaepskaHusi mpo-
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M3BOJMIIOCH Ha KOHAYKTOMETpe «AHMOH-4120», BOOZOPOIHOrO MoKa3aress — ¢ IMo-
Moteio pH-mMerpa «MAPK-901». @ortomerpuueckoe n3MepeHre MyTHOCTH MIPOU3-
BOJIMIIOCH Ha Tipubope «Ikcnept-001», n3mMepeHne KOHIIEHTPALMH Keje3a MPOBO-
JTJIOCH CYJTb(hOCATUITMIIOBOM KUCIIOTOM ¢ POTOMETPUICCKIM OKOHYAHHEM, a YKECT-
KOCTH BOJIbl — TATPUMETPUUYECKUM METOJIOM.

OOcyxaeHue pe3ynbTaToB

Kaxk nokasan 0030p JuTepaTypHbIX HCTOYHUKOB, JaHHBIE 00 HKOJIOTHYECKOM CO-
CTOSIHUM p. BenerbMbl 1 ee (U3HKO-XMMUYECKOM COCTaBE KpaiiHe cKyaHble. EiauH-
CTBEHHbIE O(UIIATIbHBIE CBEJICHUSI O KAaueCTBE BOJbI B PEKE CONEPHKATCS B €KErol-
HOM JIOKJIaJIe O COCTOSTHUM OKpY>Karoliei cpensl B Hinkeropoackoii o6nactu, coctaB-
nsemoM Bepxue-Bomkckum YIMC?. To faHHBIM 3TOr0 J0KIajAa, U3MEPEHHUs Ha
p.- Benerema npoBoasiTCS B ABYX CTBOPAX, PACHOJIOKEHHBIX BhIIIE U HIbKe T. HaBamm-
Ho. [lo pe3ynpTaram u3mepeHuii B 3THX CTBOpax, KauecTBO BoA p. Benersma B mepron
¢ 2011 mo 2018 1. mocTeneHHo yXyAaloch ¢ pa3psaa «Ay» kiacca 3 «3arpsi3HeHHBIC
70 paspsiga «A» kimacca 4 «rpsizabiey. OnHako Takas YHU(MUIMPOBAHHAS OICHKA HE
MO3BOJISIET ONPEAETNTh, KaKOM BKJIaJ B yXY/IIEHUE KaueCTBa BOJIbI B PEKE BHOCUT
AHTPOIIOT€HHAs HAarpy3Ka, a KaKkoi — MpUpoHbIe (aKTopbl. B yacTHOCTH, OBBIIICH-
HbI€ KOHLIEHTpALMY KeJle3a B BoJax p. BenerbMbl MOIyT HOCUTh MPUPOIHBIA Xapak-
Tep. AHAJOTWYHBINA BBIBOJ OBbLT MOMy4eH B [9] mpu CpaBHUTEIHHOM aHAIH3E DKOJIO-
ruyeckoro cocrosHus p. Kyasmel u JIunael Huskeropoackoit oonactu.

[To pe3ynbpTaTaM aHaan30B IPOO BOJIBI MOCTPOEHA BOCHMUIIETIECTKOBAS A1a-
rpaMMa, XxapakTepusylolas cienyromue nokasarenu: bIIKs, sxene3o obriee, xect-
KOCTB, TIPO3PAYHOCTh, IIBETHOCTH, pH, 0o0IIee coneconepkanne 1 MyTHOCTh B BEPX-
HEM M HIDKHEM CTBOpax (puc. 3).

N3menenue BIIKs Mexny BEepXHUM M HUKHUM CTBOPaMHU OKa3aJoCh BECbMa
3HAYUTENBHBIM U cocTaBuiio 95 % — ¢ 2,19 no 4,28 mrO2/1. D10 TOBOPUT O TOM,
YTO B BOJE HM)KHETO CTBOPA IOCJIE€ BBITYCKA OYMIIEHHBIX CTOYHBIX BOJI BBICOKOE
COJIepKaHUE OPraHUYECKUX BEILECTB, XOTs BCE K€ HE TaKOE€ BBICOKOE, KaK B He-
OUYHWIICHHON CTOYHOU Boje (cM. TaOmwmily). Pe3ynbpraTel HaOmoneHnit BepxHe-
Bomxckoro YI'MC noareepxaaroT ¢GakT MEepUOIAYECKOTO MOBBIIMICHHS TTOKa3a-
tens BIIKs B ctBope nocne Buimycka BOC?,

[loBeIlIEHHOE CcoAep:kaHME Kenle3a B NPUPOIHBIX Bojaax Hasammzckoro
palioHa TUIIMYHO JJII MHOTHX IOJA3EMHBIX M NMOBEPXHOCTHBIX MCTOYHUKOB CpPEJI-
Hel nonockl Poccun [10]. B HI>kHEM cTBOpe KOHLIEHTpaLUs ejle3a CHU3WIACh Ha
30 % o cpaBHEHHUIO ¢ BepXHUM — ¢ 1 10 0,7 Mr/am>, 4To Bce ellle HEJOCTATOYHO
71 Hyk7a Kak nuteesoro (0,3 mr/am?), Tak u peidoxossiicteennoro (0,1 mr/mv?)
BOJIONONIE30BaHus. Takoe CHI)KEHHE MOXKET OBITh CBSI3aHO C TEM, YTO B HIDKHEM
CTBOpE IMPOUCXOIUT pa30aBiCHHE OYMUINEHHBIMH OT eJjie3a CTOYHBIMU BOJAMHM
(ounctka BOC cocrasnser g0 0,003 Mr/z[M3).

3 TocynapcTeennbiit joknas «CocTosHIE OKPYKArOIIEH CPEJIBI U IPUPOIHBIX pecypcos Huke-
ropoyickoit obiactu» // Exxeronnuk / MUHHCTEPCTBO 3KOJIOTHH M IPUPOAHBIX pecypcoB Hmxero-
poxnckoit oomactu, 2011-2018 rr. URL: https://ecology.government-nnov.ru/activity/1604/ (gara
obpamennst: 10.12.2020).

4 Tam xe.

168 GEOECOLOGY



Cmuprosa M.B., bamanuna A.J. Bectank PYJTH. Ceprst: Dxonorns 1 6e30macHOCTs xisHeestensHocTy. 2021. T. 29. Ne 2. C. 162-173

XKectkocTh mocie cOpoca CTOYHBIX BOJA YBEIMYMIIACh, HO HE3HAUUTENBHO,
B MpeJienax MOrpelHOCTH U3MEpEeHUH. B 1iesioM Bojia Msrkas, CopepKaHue conei
JKECTKOCTH B Hell MeHee 3 Mr-okB/mM>. OTCyTCTBHE U3MEHEHHIH 0 3TOMY MOKa3a-
TEII0 MOYKET 00BACHITHCS TEM, YTO Ha OYHUCTHBIX COOPYKCHUAX HC IMPOUCXOAUT
OUYHUCTKHU OT COJIEN )KECTKOCTH.

BMK (BOD)

MyTHOCTb . 4;28
Turbidit '
(Turbidity) &5

——/[o cbpoca

CTOYHbIX BOJ,
s HecTkocTb  (Sjte 1)

" (Hardness)
——[locne cbpoca
CTOYHbIX BOA,
(Site 2)

'y

Conun
(Salinity)

25  Mpo3pauHocTb
-~ (Transparency)

LiBeTHOCTb
(Colour)

Puc. 3. Pe3yanaTb| I/I3MepeHI/IIZ nokasarenein ka4ectsa BOAbl B BEPXHEM N HUXKHEM CTBOPaAx
Figure 3. Results of water quality measurements in the upper and lower sections

Image © 2012 DigitalGlobe, Inc. ® 000 UTL... Mpasoobnanareny

Puc. 4. O6nacTb BbIHOCa BeneTbmoli B3Becu B 03. 3eneHoe (Ha OCHOBe cepBuca «AHAEKC.KapThbl»)
Figure 4. The area of removal and deposition of suspended substances
from the Veletma river to the lake Zelenoe (based on the Yandex.maps)
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[Ipo3padnocTs 0 MeTonMy «mpudTa» B HMKHEM CTBOPE YBEIWYMIACh HA
47 % — ¢ 17 1o 25 cM. DTO MOKET OBITh CBSI3aHO C 3aMEJICHUEM JIBUXKECHHS BOIbI
npu BriajeHuu p. Benetsmbl B 03. 3eieHoe, Tie peyHO MOTOK YCIOKAaWBaeTCs U
B3BECH HAUMHAIOT OCENaTh Ha JHO. DTOT (DaKT MOATBEPKAAECTCS CITyTHUKOBBIMU
CHUMKaMH 03epa, Ha KOTOPBIX BUACH XapaKTEPHBIN TUIIOM, B KOTOPOM IPOUCXO-
JTUT aKTUBHOE OCaXKJIEHUE B3BECEH, MPUHECEHHBIX peKol (puc. 4). U3BecTHO, 4TO
MOI00HBIE TTPUYCTHEBBIC 30HBI CMEIICHUSI KPYITHBIX PEK U 03€PHBIX MIIH MOPCKUX
BOJI UTPAIOT POJIb TaK HA3bIBAEMOTo MapruHayibHOTO (prutbtpa [11; 12], KoTOpHIH
yaepxkuaetr 10 90-95 % B3BemeHHbix U 10 2040 % pacTBOPEHHBIX BEILECTB,
MOCTYMAIOIIUX B 03€PO WM MOPE C PEYHBIM CTOKOM.

[[BeTHOCTh B HIIKHEM CTBOpPE yMEHBIIMIACh Ha 25 % MO CpaBHEHHIO C
BepxHUM — ¢ 120 10 90° uBetHOCTH. C OHOI CTOPOHBI, 3TO MOXKET OBITH CBSI3aHO
¢ pa30aBJICHHEM BOJIbI OUYMINCHHBIMUA CTOYHBIMHU BojilaMu. Ho X romoBoi pacxon
He nipeBbIaeT 1 % ot rogoBoro croka p. Benersmbl. C 1pyroit CTOpOHBI, B CBOEM
HIDKHEM TeueHuH, rocie c. bompmoe OkynoBo, BeneTbMa mpoTekaer mo cymec-
YaHBIM JIEPHOBO-TIOJI30JIMCTHIM TMOYBaM, KOTOpPbIE HE MPUIAIOT BoJE OOJBINOM
[IBETHOCTH, B TO BPEeMsl KaKk B BEPXHEM M CpPEJHEM TEUEHHUAX peKa HACHIIIACTCS
TYMHHOBBIMH KHUCIIOTaMH OT JAEPHOBO-TIO/I30JIUCTHIX K OCOOEHHO OOJIOTHBIX MOYB.
Kpome Toro, MoxHO MpeANoNIOKUTh, YTO 03€pO UIPAET POJib «MAPTHHAIBHOTO
dbunsTpay ans p. BeneTeMbl, TOTIa CHIDKEHHE IIBETHOCTH BOJIBI Ha 25 % XOpoIio
cornacyetcs ¢ oneHkamu [11] o koauMdecTBe 0caXKAaeMbIX UM PACTBOPEHHBIX Be-
IIECTB, MOCTYMAIOIINX U3 PEKH.

Bonoponnsriit moka3atens pH kak B BepXHEM, Tak U B HUKHEM CTBOpax CO-
CTaBWI 6,72 eIVHMII, YTO TOBOPUT O CIA0OKHCIION cpelie, HO BCE K€ HE BBIXOS-
el 3a gomyctumMble mpenens (6,5—8,5). KucinotHocTs BOIbI Tak ke, KaKk U IBET-
HOCTb, CBSI3aHa CO CBOMCTBAaMU IMOYB, IO KOTOPBIM OHA MpoTekaeT. HemsmMeHHOCTH
3HaueHui pH B BepXHEM M HIKHEM CTBOPAX TOBOPHUT 00 OTCYTCTBHH BIIMSIHHS Ha
3TOT IOKAa3aTellb Kak 03. 3eJICHOr0, TaK U OYHUIIEHHBIX CTOYHBIX BoJg BOC.

Hutepecen ToT (akT, 4TO COJIECOAEp)KAHUE TTOCIIe cOpoca CTOYHBIX BOJ YBe-
maunock Ha 45 % — ¢ 105,9 1o 154,0 mr/mv?. BeposTHee BCero, coy MPUBHOCATCS
B PEKy CO COpPOCOM OYHMCTHBIX COOPYXeHHH. J[eificTBUTEIHHO, 110 TaHHBIM TaOIu-
ubl, BOC He ynayistoT U3 CTOYHOHN BOJIBI COJIM, IIPU 3TOM CTEIEHb MUHEPATU3ALUHI
TOPOJICKUX CTOYHBIX BOJ MOXeT Koiebatscs oT 400 mo 800 Mr/aM>, a BO MHOTHX
NPOU3BOJICTBEHHBIX CTOYHBIX Bojax gaxe gocturats 1000-3000 mr/am> [13]. He-
CMOTpPSl Ha TO YTO HOPMAaTHBa MO MPEJEILHOMY COJIEP>KaHUIO COJieil B cOpachiBa-
€MBbIX BOJaX HE CYIIECTBYET, CTOJIb PE3KOE YBEIUUECHHUE COJIECOJIEPKAHUS MOKET
YTHETaTh JKU3HEACATETHHOCTh THIPOOHOHTOB.

MyTHOCTh B HIJ)KHEM CTBOpE CHM3MJIAch Ha 9 % MO CpaBHEHHUIO C BEPXHUM
CTBOPOM — € 65 10 59 Mr/amM>. DT0, aHATIOTUYHO YIy4IIEHUIO TIPO3PAYHOCTH, MO-
KET OBITh CBS3aHO KaK CO COPOCOM OYUCTHBIMU COOPY>KEHUSMU MEHEe MYTHBIX
BOJI (110 JaHHBIM TaOJIHUIIBI, MyTHOCTb MOCIIE OUMCTKU COCTABIISET BCero 15 mr/am?),
TaK ¥ C OCaXJICHHEM B3BCIICHHBIX BEIIECTB B 03. 3€JICHOM 3a CYET YCIIOKOCHHSI
TEUYCHHUS B HEM.
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3aknyeHue

Kax moka3zan 0030p JuTepaTypHbIX HUCTOYHHKOB, JAHHBIE 00 HIKOJIOTHYE-
CKOM COCTOSTHUH p. BenerbMa u ee PU3NKO-XUMHUYECKOM COCTaBE KpalHE CKY-
Hble. EMuHCTBEHHBIE OHUIIMANBHBIE CBEACHUS O KAUYECTBE BOJBI B PEKE COJEpKAT-
Csl B ©KEroJHOM JIOKJIaJleé O COCTOSHHM OKpYy»karomiei cpenbl B Huxeropoackoit
obnactu, coctaBiseMoM Bepxne-Bomxkckum YI'MC. CornacHo eMy, u3MepeHus
Ha p. BeneTbma mpoBoAsTCS B IBYX CTBOpax — BhIIIEe M HWKe T. HaBammHo, U 1o
pe3yibTaTaM dTUX U3MEPEHHUI BOJBI p. BeneTbMbl B OCIEIHIE TOABI OTHOCHIIHCH
K «TPS3HBIM», Klacc 4A, mpUyeM Ka4ecTBO BOJ yXYALIANOCh. TeM He MeHee Takast
yHH(UIIIPOBaHHAS OLIEHKA HE MO3BOJISIET ONPEACTNTh, KaKOH BKJIAJ] B yXyAIICHNAE
KauecTBa BOJBI B PEKE BHOCHT aHTPOIIOT€HHAs Harpy3ka, a Kakoll — MPHUPOJHBIE
¢dakTopsl. B yacTHOCTH, TIOBBIIIEHHOE COJEPKAHWE B BOJE JKEJIe3a W IMOBHIIICH-
HbI€ [[BETHOCTb M MYTHOCTBH BOJIbI B IAaHHOM CJIy4ae HOCST IPUPOHBIN XapaKTep
Y HE OTPAKAIOT CTENEHb aHTPOTIOT€HHOTO BIMSHHUS Ha BOJIOTOK.

B mporuecce uccnenoBanus mpo0 BoAbI, B3STHIX Ha p. BeneTbMe BhIiie 03. 3e-
JICHOTO W HIDKE OYHMCTHBIX COOpY)KeHHWH r. HaBammHo, yCTaHOBJICHO BIMSHUE HA
KauecTBO PEYHOM BOJBI KaK CaMOT0 03epa, TaK U OYUCTHBIX coopyxeHuil. Ha ko-
POTKOM Yy4acTKe peku, coctaBiisitonieM mMeHee 400 M, TpOUCXOASIT 3HAUUTEIbHbBIE
M3MEHEHHUs (PU3MKO-XUMHUYECKOTO COCTaBa BOJBI, KOTOPHIE 1O HEKOTOPHIM IMOKa-
3atensaMm pocturaiorT 45-95 %. bnaromapsi oco60My OTHOCHUTENIBHOMY Pacmoio-
KEHHIO, 03. 3eJIEHOEe U OYUCTHBIE coopykeHus r. Hapammuo nemst p. Benetemy
Ha JIBa pa3IMYHBIX 110 CBOMM XapaKTEPUCTHKaM IMOTOKa. [IpucyrcTBue o3epa Ha
MyTH BEJIETHBMUHCKOTO BOJOTOKA (popMHpyeT OIarompusTHBIE YCIOBHS IJis OcCa-
KJICHUS B3BEIICHHBIX BEIIECTB, YTO MOJATBEPKAACTCS CITyTHUKOBBIMH CHUMKAMH.
Ha ocHoBanuu Habm0Ja€MOr0 Ha CHUMKAX XapaKTEPHOTO PEYHOro IUIIOMAa U MO
JAHHBIM O CHWD)KEHUH TIOKa3aTellel COAep)KaHUs PAaCTBOPEHHBIX M KOJUIOMIHBIX
BEIIECTB B PEKe J0 U MOCJe 03€pa, BBIIBUHYTO MPEINOI0KEHNE O JEHCTBUH TaK
Ha3bIBAEMOT0 MapruHaiIbHOTO (priIbTpa B 30HE BHajeHUs BemeTbMbl B 03. 3eneHoe.
[TosTomy Gnarozmapst 03epy, KpoMe OCaxJIeHUsI B3BeCel, B ITOM 30HE MOXKET IMPOUC-
xoauTh 3anep:kanne 20—40 % pacTBOpEHHBIX BELIECTB, IPUHOCUMBIX pekoi [11].
Tax, B oToOpaHHBIX MpoOax HAOMIOAANOCh CHUKEHHE LIBETHOCTH BOABI Ha 25 %,
a sxene3a — Ha 30 %.

HeratuBHoe BiMsiHHE OYUCTHBIX COOpYXKeHUI . HaBammHo nposBisercs B
MOBBIIIIEHUN MUHEPAIN3aIlliK BOJIbI HAa 45 % W yBEIIMYEHUU COJCPKAHUS OpraHH-
yeckux BemecTs Mo BennunHe BIIKs Ha 95 %.

Takum 0Opa3om, Ha pUMEPE OMUCAHHOTO y4acTKa MaJIOM PEKH MOKa3aH ypo-
BEHb AHTPOIIOT'€HHOTO 3arpsi3HEHUsI MaJlbIX PEK, MPOTEKAIOIINX B CEIbCKOM MECT-
Hoctu LlenTpanpHoro IToBOmKbs, a Takxke (PaKTOpPHI, TIO3BOJSIIOIINE COXPAHUTH
YHHUKAIbHYIO CITIOCOOHOCTH MaJIbIX BOJAOTOKOB K CAMOOUHIIICHHIO.
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OuyMCTKa CTOYHbIX BOA, NPOMbILUJIEHHbIX NPeanpUaTUn
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AnHoranus. C pa3BUTHEM TEXHUKH M TEXHOJOTHIA Bce OOJIbIIee BIUSHUE HA OKPYKa-
IOIIYIO Cpey OKa3bIBAIOT MIPOMBINIICHHBIEC Tpeanpustus. OqHON n3 mpobiieM COBPEMEHHOCTH
SIBJIIETCS 3arpsA3HEHUE BOJOEMOB MPOMBILUIEHHBIMH TOKCHUYHBIMH OTXOAaMH. VIHHOBallMOH-
HBIMHU B 00JIACTH OXpaHbl OKPYKAIOIIEH CPEIbl SBISIFOTCS METO/Ib UCTIONB30BAHUS HEIOPOTUX
aJICOPOCHTOB [UISI OYHCTKH CTOYHBIX BOJ, TJ¢ (DAaKTOPHI CTOMMOCTH WTPAIOT TJIABHYIO POJIb.
B Tedenmne mocTaToyHO JONTOTO BPEMEHH aKTyalbHOU 3afadyei BEICTYMAaeT pa3paboTka Hemo-
porux anacopOeHTOB, KOTOPBIE MOT'YT CTaTh aJIbTEPHATHUBOM CYIIECTBYIOLIMM Ha OOBEKTaX OUHCT-
KU CTOYHBIX BOA. Hemoporme amcopOeHTH MOKHO MOJYYUTH M3 IIUPOKOTO CHEKTPA CHIPHS,
OOMJIBHOTO U IIEIIEBOTO 32 CYET BHICOKOH COpPOIMOHHOM criocoOHOCTH. PaccMoTpeHa BO3MOXK-
HOCTh OYUCTKH OT ()€HOJIOB MPOMBIIUICHHBIX CTOYHBIX BOJ MPOU3BOJACTB HedTenepepaboTKu
Ha npumepe TOO «AxTobe HedTenepepadoTka». [Ipu ourcTKe MPOMBIIUICHHBIX CTOYHBIX BOJ
[IMPOKO IMPUMEHSETCS METOM aJCOPOIIMOHHON OYMCTKH, MO3BOJIIIONINN TPOU3BECTH OYHCTKY
ot 3arpsizuaurenei 1o K (mpenenbHO-10MyCTUMBIX KOHIEHTPAHUK) U ABJSIOMIMNACS SKOHO-
MHIUYeCKH 3()()EeKTUBHBIM IPH BHEIPEHHH. DKOHOMHIUYECKas 3()(HeKTHBHOCTH 00yCIOBIEHA HC-
MTOJIF30BaHMEM NPOMBIIIIICHHBIX OTXOMIOB B Ka4eCTBE aJCOPOLIMOHHBIX MaTepHajoB, MTOKA3kI-
BaIOMIAX BBICOKYIO A()()EeKTUBHOCTh OYHCTKHA M PEIIAIOIINX BOIPOC YTHIM3AIMH OTXOIOB
IPOM3BOACTBA. B mccienoBaHNM B KadyecTBe aJCOPOIMOHHOTO MaTepHaIa UCIOIb3YETCs OT-
XOJI PHEPTEeTUKU — KapOOHATHBIN IIJIaM XUMBOJIOMOATOTOBKH AkTioOMHCKOW TOILI. Jlns mo-
CTIDKCHHUS BBHICOKOW CTENICHH OYUCTKH OT 3arps3HSIONIAX BEIIECTB IOIYyYeH MOTU(PHIIUPO-
BaHHBIA KapOOHATHBIN IIJIaM, UCIIONB3YEMBIH Kak aJcOpOIMOHHBIA MaTepuan B (UIbTpax.
Paccmotpen meron monydeHUs] MOIU(PHUITMPOBAaHHOTO KapOOHATHOTO IIIIJaMa XMMBOJIOTIOITO-
ToBKH. [IpennoxxeHa npuHIUIIMAIbHAA TEXHOJOTHUECKAas CXeMa OYMCTKU CTOYHBIX BOJA OT
(heHOTIOB, IOJO0paH U pacCYUTaH COPOLUMOHHBIA (DHIBTP OUMCTKH CTOUHBIX BOJ C HAIOJIHHU-
TeneM — MOAU(DUIIMPOBAaHHBIM KapOOHATHEIM HIaMoM. s peanu3amnuy TeXHOJIOTUH OYHCT-
KH CTOYHBIX BOJ OT ()€HOJIOB pacCUMTaHa SKOHOMHYECKast d(PPEKTHBHOCTD U MPEIOTBPAIICH-
HBI SKosorudeckuii Bpea Ha mpumepe npennpuatus TOO «Axrobe HedrenepepaboTkay.
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Abstract. With the development of engineering and technology, industrial enterprises
have an increasing impact on the environment. One of the problems of our time is the pollu-
tion of water bodies with industrial toxic waste. Innovative in the field of environmental pro-
tection are methods of using inexpensive adsorbents for wastewater treatment, where cost fac-
tors play a major role. For quite a long time, an urgent task has been the development of inex-
pensive adsorbents that can be alternative to those existing at wastewater treatment facilities.
Inexpensive alternative adsorbents can be obtained from a wide range of raw materials that
are abundant, cheap, and highly absorbent. The article discusses the possibility of purification
of industrial wastewater from phenols of oil refining industries on the example of LLP “Ak-
tobe Oil Refining”. In the treatment of industrial wastewater, the method of adsorption treat-
ment is widely used, which allows not only to purify from pollutants to maximum permissible
concentrations (maximum permissible concentrations), but is also cost-effective when intro-
duced. Economic efficiency is characterized by the use of industrial waste as adsorption mate-
rials, which in turn show high cleaning efficiency and resolve the issue of disposal of produc-
tion waste. In this work, energy waste is used as an adsorption material — carbonate sludge
from the chemical water treatment of the Aktobe TPP. To achieve a high degree of purifica-
tion from pollutants, a modified carbonate sludge was obtained, which is used as an adsorp-
tion material in filters. A method for obtaining modified carbonate sludge from chemical wa-
ter treatment is considered. A basic technological scheme of wastewater treatment from phe-
nols has been proposed, a sorption filter for wastewater treatment with a filler — modified car-
bonate sludge has been selected and calculated. To implement the technology of purification
of wastewater from phenols, the economic efficiency and the prevented environmental harm
were calculated using the example of the enterprise LLP “Aktobe Oil Refining”. The technol-
ogy of regeneration of waste carbonate sludge is considered. The heat effects of combustion
of spent carbonate sludge as a fuel material are calculated using the example of Aktobe TPP.

Keywords: wastewater, phenols, wastewater treatment, hydrophobization, sorption
material, adsorbent, carbonate sludge
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BeepgeHue

CoBpeMeHHbIE TEXHOJIOTHH IMPOMBIIUIEHHBIX He(TeT0OBIBAIOIINX, HE()TEXUMH-
YECKHX U XMMHYECKUX KOMIUIEKCOB 00YCIIaBIMBAIOT 00Pa30BaHME CTOYHBIX BO. Takue
CTOYHBIE BOJIbI COJEPIKAT LIEJIbI KOMIUIEKC OPraHMYECKUX 3arpsi3HAIOIINX BEIIECTB,
B TOM 4HCJIe apoMaTHyecKX. K MMPOKo paclipoCTpaHEHHBIM 3arps3HUTENSAM U3 apo-
MaTHYECKUX COSTMHEHUI OTHOCATCS (DEHOITBI, KOTOPBIE YPE3BBIYAIHO TOKCHIHBI.

B 3akoHOzIaTenbHOM MOPSAJKE YCTAHOBJICHHBIE CAHUTAPHO-TUTHEHUYECKHE
HOPMBI TIpeniesibHO aomycTuMblx KoHIeHTparui (ITJIK) denonor crnenyromme:
B BO3IyXxe paboueil 30HBI MPOM3BOACTBEHHBIX NOMeIIeHui — 1 mMr/m?, B Boze —
0,001 mr/om>.

@deHobl HaMEHee 3aMETHbI Ha (JOHE IPYTMX UCTOUYHHKOB 3arps3HEHUsS] OKPY-
JKAIOIIei cpeJibl, 4To 00yCIaBINBAET UX onacHocTs! [1].

Cy1ecTByIOT pa3iIn4Hble METOBI U CIIOCOOBI OUMCTKH CTOYHBIX BOA. Psmom
NPEUMYIIECTB Mepesa APYTUMH METOJaMH OYUCTKH 00JalaloT aJcopOIMOHHBIE.
Pa3paboTka sxoHOMHYECKH 3()(HEKTHBHBIX COPOLMOHHBIX MaTEpUAIOB HA OCHOBE
OTXOJIOB ITPOM3BOACTBA UMEET OOJIBIIOE IPAKTHYECKOE U HayyHOe 3HaueHue [2; 3].

B kadecTBe Takux COpOLMOHHBIX MaTEpUANIOB MpeaIaracTcs UCIoIb30BaTh
MOU(UIIMPOBAHHBIA KapOOHATHBIN 1taM XxuMBoonoarotoBku (XBIT). Ipomecc
OYHUCTKH CTOYHBIX BOJ OT (heHos0B TOO «AKTOOE HEedTIEpepabOTKa» OCYIIECTB-
nsietcss copOumoHHbM MaTepuasioM «I'pCM-1». Otpaborannsiii «['pCM-1» wuc-
M0JIb3YeTCsl KaK BTOPUUHBIN sHepreTudeckuil pecypc AO «Akrode TOL».

Ilenbo padoTbl ABISETCS CHUKEHUE AHTPOIIOIEHHOI'O BO3AECHCTBUS MpO-
MBILIUIEHHBIX MPEANPHUATHN Ha OKPYKAIOLIYIO0 CPEdy 3a CUeT NIPUMEHEHUs TeXHHU-
YECKUX U TEXHOJOIMYECKUX pelIeHUN aJCcOpPOIMOHHON OUMCTKU cTOUHBIX BoJ (CB)
oT (P€HOJIOB MOJUPHUIMPOBAHHBIM KapOOHATHBIM IILIIAMOM.

MaTtepuasnbl u meToAabl

JIJ1s1 OYMCTKY CTOYHBIX BOJT OT PeHOIIOB copOIoHHbIM MaTepraiioM «I pCM-1»
paccMOTpeHa TEXHOJIOTMYECKask CXeMa, MPOU3BEAEH pPacueT COPOIMOHHOTO (DUIIBTPa
dCY 3,0-0,6. B pannux padotax [3; 4] onpeereHbl OCHOBHBIC TEXHOJIOTHYCCKUE
XapaKTepUCTUKHU U aJCOpOLMOHHAsI EeMKOCTh COPOLIMOHHOIO MaTepuaia Mo OTHO-
LICHUIO K (PeHOITy.

Hcnonb30BaHbl METOUKK pacueTa SKOHOMHYECKOH 3(dekTuBHOCTH U Tpen-
OTBPALIEHHOIO KOJIOTUYECKOT0 yIiepOa Ha OKPYKaroIIyIo Cpeny.

DOxoHomuueckas 3Q(HEeKTUBHOCTh MPHU BHEAPEHUU TpPEIaraeMoil TEXHOIIO-
MM paccuUMTaHa MyTeM COIMOCTAaBJICHUS PAacXOJIOB U JI0XOJOB, MOITYYEHHBIX Ha

' Vaanosa O.B., Canxogpep C.II., Bionw K. KOMIUIEKCHOE YCTOWYMBOE YIIPABICHUE OTXO-
namu. JKMITHITHO-KOMMYHAIIBHOE XO3UCTBO: yaeOHoe mocobme. M.: M3matensckuit 1om Axane-
muu ecrectBo3nanus, 2016. 520 c.

176 INDUSTRIAL ECOLOGY



Huxonaesa JI.A. u dp. Bectuuk PYJIH. Cepusi: Dkosiorus u 6e30macHoCTb u3HeaesTensHoctd. 2021. T. 29. Ne 2. C. 174181

npeanpusita TOO «AkTobe HedTenepepaboTka» B COOTBETCTBUU C METOIAMH,
onucaHHBIME B [5]°.

B kadecTBe copOIIMOHHOTO MaTepuasa HCIONb3yeTcs TUAPOPOOHBIN MuTaM
«I'pCM-1» — orxox xumBononoarorosku TOLI. J[ing ero mpousBoacTBa npesia-
raeTcsi OCHOBHOE 000pynoBaHue — rpanyssitop-cmecutens TJI-080 OO0 «De-
HUKCY», kKamepHas neds tuna [IBO-1,2-500 OO0 «Ypamsnekrponeuby, mkad cy-
mnibHbld [13-4630M OO0 «9KPOCXUM», nepememmBaroniee yCTpOMCTBO —
neppoparop Bosch. [Ipoussenen temnoBoil pacuer cxuranus «['pCM-1» Ha npen-
npusitun AO «Axkro6e TOL».

PesynbTaTbl M 00CyXaeHue

B 3KkcriepuMeHTaTLHBIX HCCIICAOBAHUSAX PAOOTHI MCIIONB3YETCS BBICYIIICHHBII
nuiaM MenkoauctepcHoro nopoika «I'pCM-1». [lpu onpeneneHun copOUMOH-
HOM criocoOHocTH rpanyn «I'pCM-1» nonydeHsl U30TEpMUUYECKHE KPUBBIE a1copO-
MU, U30CTEPBI, KHHETHKA Tpoliecca ancopOruu, ancopomus denona «I'pCM-1»
M3yuyeHa B TUHAMUYECKHUX U CTATUYECKUX YCIOBUSAX [3].

KapOoHnaTtHslii 1iam oOpasyercst Ha CTaluM MPeBApUTETbHON OYNCTKU B TEll-
JIOBBIX 2JIEKTPOICHTPAISAX M KOTENbHBIX. [IpeaBapuTenbHas o4ncTKa BOJbl Ha «AKTO-
6e TOL» ocymiecTBiseTcs B KoTne-yrunuzatope. Koten-ytunmusatop npeaHazHaueH
JUTS YTHJIM3AIUH TeTia JbIMOBBIX Ta30B OT Ta30TYpOMHHON YCTaHOBKH ITyTEM BBIpa-
OOTKH BOJITHOTO Tapa cpenHero AaBieHus Ppas = 3,0 MIla, Tpas = 420 °C u3 nura-
TeNbHOW BOABI. ChIpbeM MJIsi TIPOM3BOJICTBA BOASHOTO Tapa CPETHETO TaBJICHUS B
KOTJIe-yTUJIN3ATOpE ABJISAETCS MUTATeNbHAS BOJIA, IPUTOTOBJIEHHAS U3 TIPOYKTa OJI0Ka
BOJIOTIOJITOTOBKH — TiepMeara (J00aBOYHOM BOABI) M BOASHOTO Tapa HU3KOTO JIaBJie-
Hus u3 cymectBytonmx cereit TOLl. Ceippem ams mpousBojaCTBa mepmeata (goba-
BOYHOM BOJIbI) HA OJIOKE BOJIOTIOATOTOBKHU SIBJISIETCS IepMear (00eccoieHHas! BOa)
u3 cymecTByromero mnexa XBO-2 «Akrode TOLy», KOTOpbIi HoovHIIaeTcs Ha yCTa-
HOBKE BOJIOMOATOTOBKH. [lepmear (oGeccosienHast BoJia) MoIaeTcs Ha OJI0K BOJOIIO -
TOTOBKH 10 TpyOompoBoay auamerpom 150 mm. [TapameTpsl o0ecconeHHOM BOIBI Ha
BXo/Ie B ycTaHOBKY: AasneHue 0,5 MIla, remneparypa 25 °C.

Hcxonnas Boaa i O10Ka BOIOMOATOTOBKY — MiepMeat (obeccoreHHas Boja),
MOCTYTIAET OT cyIIecTBytomiero nexa XBO-2 «Akrooe TOLy» mo tpyborposoy. Mc-
XOJHasl BOJIa M3 eMKOCTH HAacOCaMH TofaeTcsl B OJI0K JOOYHCTKU JOOABOYHOM BOIBI.
brok moouncTku 100aBOYHOW BOIBI BKIIIOYAET B CEOsl KapTPUKHBIC (HIBTPEI,
HACOCHI BEICOKOT'O JIABJICHUS], MEMOpaHHBIN OJIOK, CTAHIIMY JO3UPOBAHHUS aHTHCKAJIAH-
Ta 1 MeTabucysb(huTa HaTpusi, OJIOK IPOMBIBKH MeMOpaH. B Gyioke J00YMCTKH UCXOT-
Hasl BOAA OYMIIAETCS B KapTPUIKHBIX (PUIBTPax, MOCIE Yero HACOCAaMU BBICOKOTO
JABJICHUS TIOIaeTcs Ha MeMOpaHHbIi 0710k, [locre Giroka 1oouucTku nepmear (nooa-
BOYHAs BOJIa) HANPaBIISIETCA B EMKOCTh M HACOCAMH TojiaeTcsi moTpedutemnsim. Jloba-
BOYHAs BOJIA MCTIOB3YETCS JJIs IPOM3BOJICTBA MIUTATENTHHOM BOJIbI KOTJIA-yTHUIIN3ATOPa,
pa3baBieHus CyXUX PeareHTOB B IO3MPOBOYHBIX CTAHIUSIX, KOPPEKTUPOBKU KOHIICH-
TpalMy MPOMBIBHBIX PEareHTOB MEMOpaH B OJIOKE MPOMBIBKH. BJIOK TOKUMHOM KOM-
nipeccopHoit cranimu (JIKC) cocTout U3 AByX BUHTOBBIX KOMITPECCOPOB, KOMITIEKTHO

2 Cepeees M.B. DxoHoMHKa IpeanpusaTus. M.: ®Gunanch u cratuctuka, 2000. 166 c.; Boa-
ko8 O.HU. Dxonomuka npennpusatist: yueOnuk. M.: UH®PA, 1997. 176 c.; Cemenog B.M. JxoHO-
MUKa IpeAnpuaTus: yaeoHoe ocodue. M.: LleHTp S5KoHOMUKHK 1 MapkeTHHTa, 1996. 184 c.
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MOCTABISEMBIX C MEXKCTYIIEHUAThIM XOJOMIBHBIM M CEMapalliOHHbBIM 000pyA0Ba-
HueM, cuctemon cmasku u cpeactBamu KUIIuA. Jlns paboTel koMmpeccopoB HUc-
nonib3yercs anekrpudeckuii mpusoa. JIKC npeanasHaueHa A KOMIPUMHUPOBAHUS
TOTTUBHOTO Ta3a 10 pabounx rnapaMeTpoB ¢ mocienyromien nogaueit na I'TY.

JI71s OUMCTKU CTOYHBIX BOA OT HedTenpoaykToB U (penonoB TOO «Axkrobe
HedTenepepaboTKa» MPOM3BOAUTENLHOCTIO 120 M>/4 mpesnaraercs TPUHIUIH-
anbHas TexHonoruueckas cxema (TC) [3; 6].

B nannHo# npuniunuansHoit TC B ancopOIMOHHYO QHIBTPYIOIIYIO KOJIOH-
Hy Tpejuiaraetcs 3arpykarb pazpabotannbiii Mmatepuan «['pCM-1». Takxe mpo-
M3BEJICH pacueT aJIcCOPOIMOHHOTO GriIbTpa mpu 3arpyske «I'pCM-1» [3; 4; 7].

Bennunna npenoTBpaliieHus: aHTPOIIOT€HHOTO BO3/ICHCTBUS HA BOAHYIO CpEIy
OLIEHUBAETCS TOKA3aTeNIeM YAEIHHOIO PETHOHAIBHOTO yIiepOa, KOTOPbIA OIUCHI-
BaeT maryOHOe BIUSHUS 3arpsi3HUTENel Ha BOAHBINA OacceiiH U MO4BY, CBOMCTBA
KOTOPBIX M3MEHSIOTCS HPH BO3JEHCTBHH 3arps3HUTENEH .

[Tpu ounctke CB ot (eHonoOB rpaHy rpoBaHHBIM KapOOHATHBIM IIIAMOM
«I'pCM-1» ocymiecTBasieTcss pacueT NpeAoTBPAIaeMOro IKOJOTHUECKOro yiiepoa
Ha OKpY>KaroIyo cpexny (Tabdm. 1).

Tabnuua 1
PacueT npeaoTepalleHus yuiep6a okpyxatolieil cpeae npv o4McTKe NPOMbILLIEHHBIX CTOYHBIX BOJ,
Ne HanmeHoBaHue nokasareneu 3aTpar LleHa, TbiC. py0./ron
1 BenuumHa npepoTtBpalleHHoro yuiepba Bogoemy npu peaynbraTe 26 604
NPUPOLOOXPaHHON AeATENbHOCTN
2 BenvumHa npepoTepalleHHoro yuiepba ot aerpagaumm noys B pe- 157
3ynbTare NpMpoOaOOXPAHHON AEATENBHOCTHU ’
3 BenunuunHa npegoTBpalleHHoro yuiepta BogoemMy BOAOXPaHUANLLA 674,1
Table 1
Calculation of environmental damage prevention in industrial wastewater treatment
No. Name of cost indicators Price, thousand rubles/year
1 The amount of prevented damage to the reservoir as a result of envi-
8 . 26 604
ronmental protection activities
2 The amount of damage prevented from soil degradation as a result 157
of environmental protection activities ’
3 The amount of prevented damage to the reservoir 674.1

[Ipu BHEIpEHUU IPUPOAOOXPAHHBIX TEXHOJIOIMI OYUCTKH CTOYHBIX BOJ OT
¢denonoB Ha TOO «Axktobe HedrenmepepaboTKay paccuWTaHHAs Macca YTHUIIU3H-
PYEMBIX 3arpsi3HSIONIUX BEIIECTB, KOTOPHIE BO3JCHCTBYIOT Ha OKPYKAIOIIYIO Cpe-
JIy, COCTaBJISET 5,2 YCIOBHBIX T/TOI.

TakuM 00pa3oM, BeTUYHHA MPEJOTBPAIICHHOTO yIepoa BOI0eMy BOJIOXpa-
HUJTUIIA OLICHUBAETCs B 674 ThIC. py0./TOI.

TexHonorum OYMCTKU MpOMBIIIIEHHBIX CB 0TX010M 3HEPreTUKN AEMOHCTPU-
pyeT SKOHOMUYECKYIO 3((HEKTUBHOCTh BHEAPSIEMON TEXHOJOTHH M SIBISETCS OC-
HOBHBIM ITIOKAa3aTCJICM IMPUMCHCHUA JAHHOI'O MCTOAAa NOOYUCTKH CTOYHBIX BOJ OT
3arps3HeHul (eHonamu.

3 MeTomuKa onpeeNeHns MPeaoTBPAIEHHOTO 3KOJIOTHIECKOTO BpEIa: YTBEPKACHA U BBeE-
nena B aeiictBue Ilpencenarenem I'ocynapctBenHoro komutera Poccuiickoir denepauuu 1o
oxpane okpy>katoueit cpeast B.W. Jlanunosbim-Janunbsaom 09.03.1999 r.
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Jlns peanuzanuy NpeioKEHHOTO METOJ1a MTPOU3BOAUTCS pacyeT KamuTasb-
HBIX M 9KCIUTyaTallMOHHBIX 3aTpPaT, KOTOPhIE HEOOXOAUMBI il ()yHKIIMOHHPOBA-
HUS HOBOM TEXHOJIOTMU B CHCTEME OXpaHbl BOJHON cpefpl [8], 3HaueHus 3arpar
Mpe/icTaBjIeHbl B Ta0M. 2.

O¢pdextuBnocts npumeHenus «I'pCM-1» kak ancopOeHTa cOCTaBIsET
1 899,9 ThIc. py6./ron. YaenbHble 3aTpaThl Ha 1 M> ounmaemoii Bojibl agcopOeH-
ToM — 3,61 ThIC. pyO./TOA. DPHEKTUBHOCTH NPUMEHEHHS JaHHOW TEXHOJIOTUU
paBHa 87 %.

Pacuer sxoHOMHUeCcKOW 3((EKTUBHOCTH BHEIPEHUS MPECTABICHHOMN Tex-
HOJIOTHH OYHCTKH CTOYHBIX BOJI TIOKA3bIBAET SKOHOMHUYECKYIO Y(PPEKTHBHOCTD U
JIOKa3bIBAET LIEIeCO00Pa3HOCTh €€ BHEAPEHHUS.

Tabnuua 2
OkoHoMu4veckas 3¢pPeKTMBHOCTb
apcopOLVOHHO TEXHOIOMMU OYUCTKU NPOMBILLIIEHHbIX CTOYHbIX BOA, B rog,
Ne HaumeHoBaHue nokasaTtenei saTpar LleHa, TbiC. py0.
1 KanuntanbHble BNOXeHUS 4519 peann3aumm TEXHOI0rm 1704,8
2 TpaHcnopTUpOBKa Matepuana, rog, 2,7
3 MpenoTBpaLLeHHbIN 9KONOrM4eckuii adpdekT BOAOEMY BOAOXPAHUAULLA 674
4 AMOPTN3ALMOHHbBIE OTYUCNEHUS 204,3
5 kcnnyaTaumoHHbIe 3aTpaThl 837,7
6 MokasaTenb NpuBEAEHHbIX 3aTpaT 305,1
7 MprpPOCT HEOCYLLLECTBNEHHBIX BO3MOXHOCTEN MNOMy4YeHUs 40X0Aa 67,4
8 opoBas akoHoMMyeckas 3dDEKTUBHOCTb BOAOOXPAHHbLIX MEPONPUATUN 7414
9 OkoHoMumyeckast aDEKTUBHOCTb BHEAPEHUS TEXHONOMMM OYUCTKU CTOY- 436.3
HbIX BOJ,
Table 2
Economic efficiency of adsorption technology for industrial wastewater treatment per year
No. Name of cost indicators Price, thousand rubles
1 Capital investments for the implementation of the technology 1704.8
2 Material transportation, year 2.7
3 Prevented environmental impact to the reservoir reservoir 674
4 Depreciation and amortisation 204.3
5 Operating costs 837.7
6 Indicator of reduced costs 305.1
7 The increase in unrealized revenue opportunities 67.4
8 Annual economic efficiency of water protection measures 741.4
9 The economic efficiency of the introduction of wastewater treatment 436.3
technology
Tabnuuya 3
PacuyeT TennoBoro acggekta KoTna npu CXXUraHum HacbiweHHoro ¢peHonamum «FpCM-1»
Ne HaumeHoBaHue nokasatenen 3HauyeHune
1 O6beM okucnnTens (sosayxa) B o6beme (M%), M°/kr 6,3
2 [elcTBUTENbHbIN pacxom Bo3ayxa, M°/Kr 6,6
3 MaccoBbilh pacxof, Bo3ayxa, Kr/Kr 7,74
4 0O6beM AbIMOBLIX Fa30B, BbibpachbiBaeMblx B aTMocdepy, Kr/c 55
5 KnAkotna, % 84,35
6  O6wwin pacxopn Tonamea, Kr/c 1,98
7  Pacxopa TonnvBea B KOTJE, Kr/C 0,925
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Table 3
Calculation of the thermal effect of the boiler when burning saturated with phenols “GrSM-1”

No. Name of indicators Value

1 Volume of oxidizer (air) in volume (m?), m*/kg 6.3

2 Actual air flow, m*/kg 6.6

3  The mass flow rate of air, kg/kg 7.74

4 Volume of flue gases released into the atmosphere, kg/s 5.5

5 Boiler efficiency, % 84.35

6 Total fuel consumption, kg/s 1.98

7 Fuel consumption in the boiler, kg/s 0.925

[Ipu ucnonp3oBaHUM OTpabOTaHHOTO copOumonHoro marepuaia «['pCM-1»
KaK TOIUIMBHOI'O, KOTEJIIBHOW MPOU3BOJIUTCA TEIUIOBOM pacyeT €ro CHKUTaHMS.
Tennosoii pacuer cxxuranus «I'pCM-1» npencrasnen B Tao. 3.

3aknyeHue

OKCHepUMEHTAIIbHbIE HCCIIEA0BaHUS MIPEITIOKEHHONW CXEMBI a7cCOPOLIMOHHON
ounctku CB TOO «Axkto0e HedrenepepadoTka» OT (HEHOJIOB rpaHyIMPOBAHHBIM
MOAU(PHUITMPOBAHHBIM KapOoHaTHRIM nutamoM «I pCM-1» moka3piBatoT dhpexTrB-
HOCTB 0uncTKH 90 %.

Ha ocHOBe MONYy4YEeHHBIX SKCIEPUMEHTAIBHBIX MTaHHBIX 3(PPEKTUBHOCTH
OYHUCTKH CTOYHBIX BOJ KapOOHATHBIM IIUTAMOM MPOM3BEACH pacueT dKOHOMHYE-
cKkor A(pPEeKTUBHOCTH M TIPEIOTBPAIIECHUST YKOJOTUUECKOTO yiepda mpu mpumMe-
HEHUU MPEI0KEHHON TEXHOJIOTUN OYUCTKU CTOYHBIX BOJ OT (DEHOIIOB.

Pe3ynbpraT 5KOHOMHYECKOTO pacyeTa BOJIOOXPAHHBIX MEPONPHUATHIN COCTaBISIET
741,4 TBIC. py0./TOI, 2 5KOHOMIUUECKast 3(P(HEKTUBHOCTD OT BHEAPEHHS IIPUPOIOOXPAH-
HBIX TEXHOJIOTHH OYMCTKH CTOYHBIX BOJA OT ()eHosoB paBHA 436,3 ThIC. pyO./TOI.
Cpok OKyImaeMocTH JaHHOW TEXHOJIOTUU — 4 TOo/a.

[IpousBeneHbI TEIUIOBOM pacdeT KOTia, B TOM YHCIIE pacdyeT oObeMa BO3ayXxa
Y TPOJYKTOB CTOPAHUs, pacueT BPEIHBIX BHIOPOCOB B aTMOC(hepy NpH COKUTAHUHU
«I'pCM-1», pacuer sHTaNBIUU NPOAYKTOB cropanus, pacyeT KIIJ] kotma u pac-
X0J1a TOIUTUBA, pacueT TOKCUYHOCTU 00pa30BaHHOM 3011kl Tipu Cxkuranuu «I' pCM-1».
KIIJ] xotna cocraBun 84,35 %, pacxox Torusa B kotie — 0, 92 kr/c.

[TpumeneHne aacopOIMOHHON OYMCTKH CTOYHBIX BOJ COPOIIMOHHBIM MaTe-
puanom «I'pCM-1» sBisieTcss peHTaOEIbHBIM U 00J1aIaeT BUANMBIM KOHOMHYE-
ckuM 3(pPexToM, Takke BIUSIHNE Ha OKPY>KAIOIIYIO Cpely MUHUMU3UPOBAHBI IS
TOO «AkT0b6e HedTenepepaboTKay.
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AnHOTanmst. M3yvyena BO3MOXXHOCTh YTHIIH3AINK BCKPHIITHBIX MOpox UepHOBCKOTro Oypo-
yrobHOTO B baneiicko-TaceeBCKOro 30J0TOPYAHOTO MECTOpOKACHUH (3a0alikalbCKuil Kpaid) B
TOPO’KHO-CTPOUTEINIFHOM HHIyCTpri. B kauecTBe cTaOmim3HupyIOmuX 100aBOK B COCTaBax JIOPOXK-
HO-CTPOUTENBHBIX KOMIIO3UTOB BBIOPAHBI JI0OOABKH TMONMMEpHOM nprponasl Kpuoremut u StabOL.
HcxoaHbie MUHEpaTbHBIE 00pa3ilbl H3yYeHBI METOJAMU aTOMHO-3MHCCHOHHOMN CIIEKTPOMETPUH
C MHIYyKTUBHO CBSI3aHHOM ILIa3MOM, MOPOIIKOBOH JuMPaKIiy, HHPPAKPACHON CIIEKTPOCKOIHH.
YCTaHOBIIEHO, YTO BBEACHHE B COCTAB KOMIIO3UTOB Ha OCHOBE BCKPBIIIHBIX Iopo § Mac. % mopT-
nmaHmueMenTa 1 10 mac. % 301161 yHOCA, a Takoke crabmmisupyronmx nodaBok «Kproremr» (Yep-
HOBCcKoe mectopoxenue) 1 StabOL (baneticko-TaceeBCKkoe MeCTOPOXKICHHUE), MO3BOJISIET TONTY-
9UTh 00pasIbl ¢ MapKoi 1o npoyHoct M40 1 Mapkoii mo Moposoctoiikoctu F15. Meromom 6uo-
TECTHPOBAHH JI0Ka3aHO, YTO TIOJTy4YeHHbIE KOMIIO3UTBI HE OKa3bIBAIOT OCTPOrO TOKCHYECKOTO JIeH-
CTBUSI HA TECT-00BEKTHI M OE30TIacHBI ISl OKPYIKAIOIIEH CPe/ibl ¥ 310POBbS YeIOBEKa.

Ki1roueBble €JI0Ba: aHTPONIOI€HHOE BO3JEHCTBUE, OTXO/AbI TOPHOIIPOMBILIUIEHHOTO KOM-
IUIEKCa, BCKPBIILIHBIE TIOPO/IbI, 30J1a YHOCA, CTA0MIU3UpYIolIas 100aBKa, JOPOKHOE CTPOUTEIb-
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Utilization of overburden in formulations of environmentally
friendly compositional materials for road construction
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Abstract. The possibility of utilization of overburden rocks of the Chernovsky brown
coal and Baleysko-Taseevsky gold occurrences (Trans-Baikal Region) in the road construction
industry is studied. Polymeric additives “Cryogelite” and “StabOL” were chosen as stabilizing
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additives in the compositions of road-building composites. The initial mineral samples were
examined by methods of atomic emission spectrometry with inductively coupled plasma,
powder diffraction, and infrared spectroscopy. It was found that the introduction to formula-
tion of composites with use of overburden rocks of 8 wt. % Portland cement and 10 wt. % fly
ash, as well as stabilizing additives “Cryogelit” (Chernovskoe occurrence) and “StabOL” (Baleysko-
Taseevskoe occurrence), allows to obtain samples with strength grade M40 and frost re-
sistance grade F15. The biotesting method proved that the obtained composites do not have
an acute toxic effect on test objects and are safe for the environment and human health.
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BeepneHue

Peruons! ¢ pa3BuTOM ropHOIOOBIBAIOIIEH MPOMBIIIIIEHHOCTBIO XapaKTepH3Yy-
FOTCSI HAJIMYUEM OCTPBIX MPOOJIeM, CBA3aHHBIX C COXpPAaHEHUEM MPUPOAHBIX JIAaH[-
madroB u 6nopasnoodpasus [1]. JloObrya moe3HbIX UCKOMAEMBIX COMIPOBOXKIAETCS
W3BJICUEHNEM BCKPBIIIHBIX ¥ BMEILAIOIIHX MTOPOJI, HE IIPUTOTHBIX JUIS CETTbCKOX03SHMCT-
BEHHOT'0 MCI0Jb30BaHUs. OTBaIbHBIE MAaCCHUBBI BCKPBIIIHBIX ITOPOJI, 3aHUMAIOLIUE
3HAYUTENIbHbIE IUIOUIA/IA, HAPYIIAIOT CTPYKTYPY U LIEJTOCTHOCTh IKOCHCTEM, M3-
MEHSIOT penbed, CocOOCTBYIOT MbLIEOOPA30BAHUIO U 3arPSI3HEHUIO XUMUYECKU-
MU BElIECTBaMU MpHileraoumx teppuropuit [2—4]. Ilnomaab BHIBOIUMBIX U3 JIECO-
1 arpoobopora 3emenb MoeT focturarh 0,8 ra Ha 1 ThIC. T U3BJIEKAEMOro U3 Heap
MUHEPAJILHOTO ChIPbA [5], @ OTUyX,AaeMble 3eMJIM TOPHBIX Pa3pabOTOK COCTaBIIs-
10T 60-90 % [6]. HapymeHnHble 3eMIM MTOABEPTratOTCs PO3HH, 3arpsA3HIIOT aTMO-
cepHbIi BO3IYX, MOYBBI, BOAHBIE PECYPCHI, PACTUTEILHOCTh U CpeAy OOMTaHus
yeJoBeKa B 1eiaom [7-9].

D¢ heKTUBHOCTh TEXHOJIOTUUECKHUX PEIICHHH, HAPaBJICHHBIX HA JIMKBUIAIHIO
00BEKTOB HAKOIIJICHHOTO Bpea OKpY KalolIeil cpesie, 3aBUCUT OT BUJIa 1 00bEMOB
OTXOZIOB, CTENICHH MX OMACHOCTH, BPEMEHH CYIIECTBOBAHHS U pa3MepoOB 0OBEKTa
HaKOIIJIEHHOTO Bpe/a, a Takke MacuTaboB BO3/aeHcTBUS Ha 3kocucTemsl [10].
B aT0i01 cBs13u 118 penieHus: npo0aeM BOCCTAHOBICHHUS TEXHOIC€HHO HapYLICHHBIX
3eMelb Tpebyercst pa3paboTka 3(PpPEeKTUBHBIX CIOCOOOB JIMKBUIALUN OTBAJIOB
BCKPBILIHBIX MOPO/I, SABJSIOLIMXCS 00bEKTaMU HAKOIUIEHHOTO BpeJa OKpYy: Karomei
cperne.

Haubomnee >ppexTuBHEIMI METOaMU JTMKBUIAIIMH OObEKTOB HAKOTUIEHHOTO
BpeZia OKpYXKaroLIel cpesie ABISAI0TCS (PU3MKO-XUMUYECKHE, CpeIi KOTOPhIX 0c000e
MECTO 3aHMMAET 3aTBep/eBaHue (CTaOMIM3aIus), WK UCKYCCTBEHHOE KaMHeoOpa-
3o0BaHMe. [IpoBeieHHBIN aHANN3 OTEYECTBEHHBIX U 3apyOekKHbBIX HCCIeI0BaHUN B
00J1acTH yTUIM3AIMU TEXHOTEHHBIX TPYHTOB TOKa3aJl L1EJIeCO00Pa3HOCTh UX KPYITHO-
TOHHA)KHOTO MPSIMOTO HCIIOJIb30BAHUS B COCTAaBaX JOPOKHO-CTPOUTENBHBIX KOM-
no3utoB [11-14]. TeopeTnueckne acmeKThl MPUMEHEHUS METOJA CTAOWIH3AIUN
pu MOAU(UKAIIMKE MHUHEPAILHOTO CHIPhSl OTpakeHbI B padotax B.M. bespyka [15;
16], a pa3paboTka METOJONOTMM XUMHYECKO! cTadbumisanmu npuHamiesxxut .U, bpoii-
ny, A. Herzod, J. Mitchell [17; 18] u mp.
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OpnHako BOBJI€UYEHHE BCKPBILIIHBIX MOPOJ B IOPOKHO-CTPOUTEIHHOE MPOU3-
BOJICTBO CIEPKMBAETCSI HEOJHOPOTHOCTHIO MX CBOWCTB M cocTaBa. [[is ymyudnre-
HUS (PUBNKO-MEXaHUYECKUX XAPAKTEPUCTUK JOPOKHO-CTPOUTEIHHBIX KOMITO3U-
TOB Ha OCHOBE TEXHOT€HHBIX TPYHTOB 3()()eKTUBHBIMU MOTYT OBITH KOMIUIEKCHBIE
METOIbl CTAOMITU3AINH, COUYETAIOIINE TPUMEHEHNE BSUKYIIMX BEIIECTB U CTa0WIIHU-
3aTOPOB PA3IMYHON HPUPOABI, ITIOCKOJIBKY HEKOTOPBIE BHJBI TPYHTOB HE MOJJa-
1oTcs 3 (HeKTUBHOM cTabMITM3aINK C UCTIONF30BAHMEM JIUIIb BSOHKYIIIETO MaTepyaa.
TaK, KOMIIO3HUTBI HA OCHOBE I'PYHTOB, YKPCIIJICHHBIX 6I/ITYMaMI/I, U3JIUIIHC I1JIa-
CTHYHBI, a IEMEHTOTPYHTHI HIMEIOT MOBHIIICHHYIO UCTUPAeMOCTh. [10aTOMYy Tonck
0oJiee COBEPIIEHHBIX METOAOB CTAOWMIIM3allMd TEXHOTEHHBIX TPYHTOB, COYETAIO-
IIMX TPUMEHEHHUE BSDKYIIMX BEIIECTB U CTaOMIM3HPYIOMIMX JT00aBOK, CHUXKAIO-
X X OTPHULATCIbHBIC CBOﬁCTBa, IMO3BOJIUT MMOJIYYHUTH KOMITIO3UTHI C OIITUMAJIb-
HBIMH JIJIS1 JOPOXKHOTO CTPOUTENHCTBA CBOWCTBAMU U PEIIUTh KOMIUIEKC OCTPBIX
9KOJIOTUYECKHUX TTPOOIIEM.

Lesan padoThl 3aKTI0YANIACH B M3YYEHUH BOZMOXKHOCTH YTUIM3AIIUH BCKPBIIII-
HBIX TTOPOJI B COCTABaX IKOJIOTHYECKU OE30TMACHBIX IOPOKHO-CTPOUTEIHHBIX KOM-
MO3UIIMOHHBIX MAaTEPUAJIOB.

MaTtepuanbl u meToAabl

B kauecTBe ChHIPHEBBIX KOMIIOHEHTOB HCIIOJIb30BAJIM BCKPBIIIHBIE MOPOIbI
YepHoBckoro OypoyrosnbHoro u baneiicko-TaceeBCKOro 3010TOPYIHOTO MECTO-
poxnenuit (baneiickuii, TaceeBckuii, KameHnckuit kapbepsl), 3011y yHoca TOLI-2
Yurs! (3a0alikaabCKuil Kpail), B Ka4eCTBE BSIKYLIETO — MOPTIIAHAUEMEHT MapKu
HEM II/A-1I1 32,55.

OTBaJibl BCKPBILIHBIX OPOJT YEpHOBCKOT0 OYpOYrojJbHOIO MECTOPOKIEHHUS,
KoTopoe 3kcrryaruposanock ¢ 1907 mo 1989 r., pacnonoxxensl B UepHOBCKOM
paitone Yutbl. CornacHo apXWBHBIM JIaHHBIM, JJISl OJATOTOBKH BCKPBIIIHBIX OPO/]
MOIIHOCTBIO 70 30 M MPOBOAMINCH OypOB3pBIBHBIE PAOOTH. OTMEUYEHO CABHKEHUE
3eMHOM MOBEPXHOCTH, 33 BpeMs dKCILTyaTallud MECTOPOKIEHUSI MEp3J10Ta IpOTa-
sJ1a Ha TIIyOouHy 110 50 M.

baneticko-TaceeBckoe MeCcTOpOkKACHUE, OTKpbIToe B 1934 1., siBnsercs of-
HUM M3 Ba)XHEHIINX 30JI0TOPYJIHBIX MeCTOpoxaeHuil ¢ 3amacom 105,6 T. 3a Bce
roJel pabotel baneiickoro pyaHoro mois 6s110 10061TO 0K0J10 250 T 307072 [19].
[Ipu pa3Beake MectopoxaeHus mpoiaero 118,4 kM MoA3eMHBIX TOPHBIX BBIPadoO-
TOK, poOypeHo 334,5 KM CKBa)KMH, a 3a NepBble 35 JIET 3KCIUIyaTallud MECTO-
POXIEHUS MPOTHKEHHOCTh MOJ3EMHBIX BhIpaOOTOK cocTtaBmia 412 km [20].

[Ipu skcnmyaTanuy JaHHBIX MECTOPOXKAECHUM MPAKTUKOBAJIOCH HECEIEK-
TUBHOE OTBaJIO0OpA30BaHME, O YEM CBHUAETENIBCTBYET XaOTHMUHOE Pa3MelleHHe
BCKPBIITHBIX MOpOJ B oTBanax. OTKpbITas pa3paboTka MpUBelia K reéOMeXaHuve-
CKUM HapyIICHUSM OKpYXKarolleil cpelibl B pe3ysibTaTe CTPOUTENbCTBA Kapbepos,
OTCBITIKA OTBAJIOB, 1e()OpMAIMX TOBEPXHOCTH, a TAKXKe BO3JIEHCTBHS KapbEePHOTO
000pyI0BaHUS, UTO MPUBEIIO K U3MEHEHHIO peibeda MECTHOCTH M YHUUTOKEHHIO
nous (puc. 1).

JIOpOKHO-CTPOUTENbHBIE KOMITO3UTHI HA OCHOBE BCKPBILIHBIX MOPO/] MOJTY-
gamu cornacHo ['OCT 23558-94 ¢ mpumeHEHHEM CTa0MIN3UPYIOMIHUX JT00aBOK
nonumepHoit npuposl «Kpuorenut» (TY 5775-002-01107272-2012) u StabOL
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(TY 5775-001-01107272-2020). B coctaB KOMIIO3UTOB Ha OCHOBE BCKPBIIIHBIX
nopo; YepHOBCKOTO MECTOPOXKICHHS, MOTUPUIIMPOBAHHBIX 100aBKOi «Kpuore-
JIUT», TOTIOJIHUTENILHO BBOJWIIN 301y YHOCA 0€3 ee mpeaBapuTebHOH 00paboTKH.
Jliig yBenu4eHus IPOYHOCTHBIX XapaKTEPUCTUK KOMIIO3UTOB HA OCHOBE BCKPBILI-
HbIX mopoj baneticko-TaceeBckoro MECTOpOXKIAEHHUM, MOAUDHUIIMPOBAHHBIX JOOABKOM
StabOL, nomosHUTEIHHO MPOBOIMIN MEXaHHYECKYI0 aKTHBAIMIO 30JIbI HA MCTH-
parene BuOpaumonHoM yameBoM MIBU-3 B reuenne 1 MuH. J[03MpOBKY HCXOAHBIX
CBIPHEBBIX KOMITOHEHTOB ONPEAEIISUIA METOJIOM Moaoopa. MaccoBasi A0s MOpT-
JAHALIEMEHTA U 30Jbl YHOCA B cMecu cocTaBmwia 8 u 10 mac. % COOTBETCTBEHHO.
['panynomerpuueckuii aHaau3 BCKpIIHBIX nopoa nposoauy o 'OCT 12536-2014.
DU3NKO-MEXaHNYECKUE XapaKTEPUCTUKN KOMIIO3UTOB B BO3pacTe 28 CyT U3ydaln
mo 'OCT 23558-94 na oOpa3max, MOABEPTHYTHIX MMOJTHOMY BOJIOHACHIIICHHIO.
Brnaxnocts 30iel yHOCca onpenenstimi o 'OCT 8735-88. VenbHyr0o MOBEPXHOCTH
YacTHI] 30JIbI OTpeesuii Ha npudope ToBapoBa T-3 MeTOIO0M BO3IyXOIPOHHIIA-
€MOCTH, HACBIITHYIO IUIOTHOCTb B CyX0oM cocTosiHuK u3ydanu no ['OCT 9758-2012,
ourymoemkocth — o 'OCT 32766-2014. CreneHsb MyYHHUCTOCTH 30JIbI OTIPEIc-
s Ha nipubope YIII-MI'4 «'pynt» o I'OCT 28622-2012. Bona ans npuro-
TOBJIEHUS 00pa31oB cooTBeTcTBOBaNA TpeboBanusm ['OCT 23732-2011.

0

Puc. 1. JlaHgwadTHbIE N3MEHEHUS HAaPYLLUEHHbIX TEPPUTOPUIA:
a - YepHoBckoe 6ypoyrosibHoe MecTopoxaeHue; 6 — baneiicko-TaceeBckoe MeCTOPOXAeHMe
Figure 1. Landscape changes of disturbed areas:
a — Chernovskoe brown coal occurrence; 6 — Baleisko-Taseevskoe occurrence

MyIbTHANIEMEHTHBINA aHAIA3 MUHEPAIBHOTO ChIPbsl BBIITOIHSIA METOJIOM aTOM-
HO-3MUCCHOHHON CHEKTPOMETPHH ¢ UHIAYKTUBHO-CBsi3aHHOU miazmoit (MCII-ADC)
C IpHUMEHEHUEeM 3MHUCcCHOHHOro crnekrpomerpa (Optima 5300DV, 167403 uwm,
PerkinElmer, CIIA), cxema ICP95A. Pertrenodasobiii anami3 (POA) moprianmie-
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MEHTA BBIMOIHSIA METOJIOM MOPOIIKOBO qudpakimn Ha qudpakromerpe JJPOH-3.0,
mnydyenne — CuKy, Ni-punstp, U =25 kB, /=20 MA, yrioBoii nuamnasos: 26, © = 3-55,
CKOpOCTh M3Mepenust — 1 °/muH. ). @a30BbIi cocTaB Mpobd pacmudpoBaId ¢ ITOMO-
1pto porpamMmbl EVA (DiffracP™). UK-criekTp 305151 periucTpipoBaiy MH(pakpac-
HbIM Dypre-ciekrpomerpom SHIMADZU FTIR-8400S na tabnerkax ¢ KBr, mpu-
TOTOBJICHHBIX IO CTAHJAPTHON METOJIUKE.

DKONOrn4eckyro 0e30MacHOCTb KOMITIO3UTOB Ha OCHOBE BCKPBIIIHBIX MOPOJT
M3y4Yaid KOMILIEKCOM METOJIOB. Y IeNbHYIO d()()EeKTHBHYIO aKTUBHOCTh €CTECTBEH-
HBIX PaJMOHYKIIMIOB B 0oOpasmax ompeaensii B coorBerctBuu ¢ HPB-99/2009
(CanlluH 2.6.1.2523-09) u 'OCT 30108-94. Paguonorndyeckue UCIbITAHUS ITPOBO-
T Ha CTIEKTpoMeTpe-paanoMeTpe ramma- u Oeta-mnyueranii MKI'B-01 «PAJIDK»,
ramma-crekrpomerpe MKCII-01 «PA/I29K», caHuTapHO-XMMUYECKHE — Ha Ta30BOM
xpomatorpade «Xpomarek-Kpuctamn 5000.2». TecT-00beKThI 1151 OMOTECTHPOBA-
uusi — Daphnia magna Straus v Chlorella vulgaris Beijer.

PesynbTaTbl M 00CyXaeHUue

EcrecTBeHHOE 3apacTaHue OTBAJIOB BCKPBIIHBIX IOpoxa YepHoBckoro u ba-
nercko-TaceeBCKOro MeCTOPOXKIACHUN MPOUCXOAUT HEPABHOMEPHO, TaK KaK BbI-
HECEHHBIC Ha MOBEPXHOCTH MTYOMHHBIE TIOPOJIbI XapaKTEPU3YIOTCS HE3HAYUTEIb-
HBIM COJIEP>)KaHHEM JJIEMEHTOB MUHEPAJIbHOTO MUTAHUS M UMEIOT OTIUYHBIE OT
mouB cBoiicTBa. OOHAPYKEHBI MPOSBIICHUST HETATUBHBIX I'€OJOTUYECKUX MPOIIEC-
COB: JIeTpaJlaliusi U 3pO3Us MOYB, Pa3MbIB U OIMOJI3aHUE HAPYLIEHHOW MOBEPXHO-
CTH OTBAJIOB M UX OOpylleHue, oBparoodpa3zoBanue. JIMKBUAAIMS OTBAJIOB BO3-
MO>KHA 32 CYET KPYIMHOTOHHAXXHOTO MPSIMOTO MCHOJIb30BaHUS BCKPBIIIHBIX MTOPOJ]
B JIOPOKHOM CTPOUTENHCTBE. D(PPEKTUBHOCTh MPUMEHEHHUS METOla CTaOuiH3a-
U (MCKYCCTBEHHOTO KamMHeoOpa3oBaHMs) 3aBUCUT OT MOHUMAaHHUS IPOIIECCOB
CTPYKTYypOOOpa30BaHMsI KOMIIO3UTA, MOITOMY Ba)KHBIM SIBIISIETCS H3y4EHHUE CO-
CTaBa M CBOMCTB UCXOJHOIO MUHEPAIHHOTO CHIPHS.

CopepxaHrie TBUICBUAHBIX U TIIMHUCTBIX YaCTHUIl B 00pa3liax BCKPBIIIHBIX
nopof, %: Kamenckuii kapsep — 15,96; baneiickuit kapeep — 33,46; TaceeBckuil
kapbep — 20,42; YepHoBckoe MectopoxkaeHue — 39,00.

BckpsliiHable MOpoabl UMEIOT XUMUYECKUI cOCTaB, ®, %: Kamenckuii kapo-
ep 67,6 SiO2; 12,1 Al20Os3; 3,6 Fe20Os; 2,7 K20; 2,5 Nax0; 0,9 CaO; 0,5 MgO;
0,4 TiOz; 0,1 P20s; 0,1 Cr203; 0,1 MnO; 3,7 — moTepu nipy NMpOKIMBaHUH (I1. T1. T1.);
5,7 — npuMecH MHKpPO3JIeMEHTOB (I1.M.); banetickuii kapwvep 62,1 SiOz; 12,8 ALOs;
4,2 Fe203; 3,5 K20; 1,4 CaO; 1,2 MgO; 1,1 Na20; 0,4 TiOz; 0,2 P20s; 0,1 Cr20s3;
0,1 MnO; 7,0 — m.ii.i.; 5,9 — n.m.; Taceesckuti kapvep 67,0 SiO2; 12,6 Al2Os3;
2,1 Fe203; 1,5 K20; 0,6 TiO2; 0,4 MgO; 0,3 CaO; 0,1 Cr203; 0,1 P20s; 0,1 NaxO;
9,3 — mn.m.; 5,9 — n.m.; Yeprnosckoe mecmopodcoenue 66,1 SiOz; 12,5 Al2O3;
0,9 Fe20s3; 3,9 K20; 0,2 TiO2; 0,3 MgO; 0,3 CaO; 0,1 Cr203; 0,1 P20s; 1,1 NaxO;
5,7 —mnu.; 8,8 —m.m.

Hccnemyemas 301a OTHOCHTCS K KaTETOPUM HEMYYUHUCTBIX M UMEET allto-
MOCWJIMKATHBIN cocTaB: ®, Mac. %: 36,1 SiO2; 10,2 AlO3; 7,8 Fe203; 1,4 MgO;
0,6 Na20; 1,2 K20; 0,4 TiO2; 0,6 SO3; 9,4 CaO; 0,4 CaOcs. [1o runpaBimueckum
CBOMCTBaM 30J1a OTHOCUTCSI K CKPBITO-aKTUBHBIM. BiaxkHocTh cocrasmiia 0,59 %,
HaCBINHAsA IUIOTHOCTh — 660 KI/M°, GHTYMOEMKOCTh — 54 T, yjenbHas IOBEpX-
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HOCTB yacTu1l — 276 M%*/kr (mpu HopMe He MeHee 150 m*/kr). CornacHo JaHHBIM
UKC (puc. 2, a), B coctaBe 3076l 0O0HApYKEH KaJbLMT (TOJIOCHI MOIJIOMIEHHUS C
MakcuMyMaMu Tipu 1454; 1435 u 876 em™!), kBapi u kpucrobamut (797; 779 cm™!
1 692; 671 cm), rematur (563 u 461 cm V).

T,%

‘1.0

25

‘y, esrl

4[] TR ™
o

Puc. 2. VIK-cnekTp 305bl yHOCa (a) u andpakTorpaMmma noptnaHuemMeHTa (6)
Figure 2. IR spectrum of fly ash (a) and a diffractogram of Portland cement (6)

st obGecriedeHnss MOPO30CTORKOCTH T0POKHO-CTPOUTEIBHBIX KOMIIO3UTOB
MMeeT 3HaYeHHUE COJIep)KaHHe OCHOBHBIX CTPYKTYpPOOOpPa3yIOIIMX MUHEPAIOB MUHE-

palibHOTO BSDKYIIEro. ba3oBbIii XUMHUUYECKHUI COCTaB MOPTIAHILIEMEHTa, ®, Mac. %o:
6,8 Al203; 36,6 CaO; 4,4 Fe20s; 4,0 MgO; 27,9 SiO2; 2,8 SO3. Ananu3 pe3yibTa-
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ToB POA (puc. 2, 6) mokaszai, 4To B COCTaB NOPTIAHAIIEMEHTa BXOIAT auT (5,95;
3,03; 2,97; 2,74; 2,18 A), 6emur (3,43; 2,88; 2,81; 2,28; 1,76 A), noprmanaut
(3,19; 2,65 A) u xBap (3,35; 2,44; 2,32; 2,21; 2,11; 1,82 A).

Y CcTaHOBIIEHO, YTO UCCIEIyeMble MPOOBI MUHEPATBHOTO CHIPBS 1O pajua-
LIUOHHOMY IPHU3HAKY OTHOCHUTCS K TMEPBOMY KJIACCY, IMOCKOJBKY BEIUYMHA Aspd
He npeBbimaet 370 Bk/KT 1 chIppeBON MaTepHall MOXKET UCIOIB30BATHCS B CTPOU-
TENbCTBE 0€3 OrpaHUYEHUH.

JIOpOKHO-CTPOUTENbHBIE KOMITIO3UTHI HA OCHOBE BCKPBIIIHBIX Nopo baneii-
ckoro, TaceeBckoro u KameHckoro kapbepoB, MOANPUIIMPOBAHHBIE JOOABKOH
StabOL, Tak ke Kak ¥ KOMIO3UTHl Ha OCHOBE BCKPBIIIHBIX MOPOJ YepHOBCKOIrO
MECTOPOXKJEHHsI, MOAUPUIIMPOBaHHBIE 00aBKOM «Kpuoremaut», cOOTBETCTBYIOT
Mapke 1o npoyHoctd M40 m mapke no moposocroiikoctu F15, uro mo3Bosiser
PEKOMEHIOBATh UX K MPUMEHEHHUIO Ha JIOPOrax C MEePEXOJHBIM M HU3IIAM TUIIOM
JOPOKHBIX ofex]1. HaliieHo, 4To mpoIlecc MOBBIIIEHUSI MPOYHOCTH MOIUDHUIH-
POBaHHBIX J100aBKaMu 00pa3lloB OCHOBAH Ha (POPMHUPOBAHUHU KPUCTAILTH3AIIMOH-
HOTO Kapkaca M3 OKCHJI-CHJIMKATOB KaJIbLUS U KOAryJsLIMOHHON CETKU U3 Iblie-
BaTBIX U TJIMHUCTBIX YaCTHUL, COETMHEHHBIX MPOCIOWKaMU MOJIUMEPA U BOBI.

[IpoBeseHHBIMU HCCIIEIOBAHUSAMH YCTAHOBJIEHO, YTO B MOJIETIHHBIX YCIIOBH-
ax (maceimenHocTs 0,01 M*/M>, Temneparypa cpeasl +20 °C) ypoBeHb MUTpAIUK
OeH3ona, nubyTuiagTanarta, JUOKTWI(TaNaTa, STUIALETaTa, aleToHa, METaHoIIa,
BHUHUJIAIIETATa C TIOBEPXHOCTH KOMIIO3UTOB, MOAM(UIIMPOBAHHBIX To0aBkoi StabOL,
a Take OeH30Ja, TOJyOoJla, CTUPOJIA, dTHJAIeTaTa, aleToHa, MeTaHoia, OyTHiia-
nerara A KOMIIO3UTOB, MOJU(HUIMPOBAaHHBIX T00aBkoil «Kpuorenur», cozgaer
B aTMOC(EepHOM BO3/yXe KOHLEHTpAIMM, HE MPEBBIIIAIOIINE CPEIHECYTOYHBIC
[IJK, ycranoBieHHble rurneHndeckumu HopmatuBamu (CanlluH 1.2.2353-08,
I'H 2.1.6.3492-17, TH 2.1.6.2309-07). VIlHTeHCUBHOCTh 3amaxa BCEX COCTAaBOB
orieneHa B () GayutoB (mpu HOpMaTuBe He OoJee 2 6amoB).

OneHka TOKCMYHOCTH MPOO HCCIIETyEMbIX JOPOKHO-CTPOUTEIBHBIX MaTepH-
aJIoB, OMNpeJeNIeHHasi 0 CMEPTHOCTH (JietanbHocTH) Daphnia magna Straus v 110
U3MEHECHHIO ONTUYECKOM IUIOTHOCTU TECT-KYJIBTYPbl — 3€JI€HOW IIPOTOKOKKOBOM
Bogopocnu Chlorella vulgaris Beijer, m03BONMIA 3aKIIOYUTh O O€30MACHOCTH IS
OKpYXalollel cpesibl U 370pOBbs YEIOBEKa JOPOXKHO-CTPOUTENBHBIX KOMIIO3UTOB,
MOJIU(PUIUPOBAHHBIX CTAOMIM3UPYIOIMMU fobaBkamu «Kpuoremut» u StabOL.

3aknyeHue

OTBasnbl BCKPBIHBIX opoa YepHoBckoro OypoyroiasHoro u baneiicko-
TaceeBckoro 3oso0TopyaHoro mectropoxkaenuit (baneiickuii, TaceeBckuii, Kamen-
CKUI Kapbephl) SIBJIAIOTCS 00bEKTaMH HAaKOIUICHHOTO Bpe/ia OKpY Karollel cpene.
[Ipumenenne pU3NKO-XUMHUYECKOTO METO/1a CTA0MIIN3allMl MUHEPATbHOTO ChIPbsI
MIO3BOJIMT YTHIIM3UPOBATH BCKPBIIIHBIE TOPOABI B COCTaBaX JOPOKHO-CTPOUTEIIBHBIX
KOMIO3UIIMOHHBIX MaTeprasioB. HailieHO, 4TO MCIOIb3yeEMOE MUHEPATILHOE ChIPhE
OTHOCHTCS K MEPBOMY KJIAcCy IO yJEeNIbHOM 3((PEeKTUBHOM aKTMBHOCTH €CTECTBEH-
HBIX paguoHyKIuaoB (*2°Ra, 232Th, 4°K), nosToMy MOXeT NpUMEHSATHCSA B JOPOK-
HOM CTPOUTENIbCTBE 0€3 OrpaHMYeHHMH. YCTaHOBJIEHO, YTO BBEICHHE B COCTaB
KOMITO3UTOB 8 Mac. % nopmianauementa u 10 mac. % 301bl yHOCa, a TakXke cTa-
ounmsupyromux 106aBok «Kpuoreaur» (BCKpbILIHbIE TOPOABI YepHOBCKOIO Me-
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cropoxxaenust) u StabOL (BckpselmHble nopoasl baneiicko-TaceeBckoro mecto-
POKIEHMS), TIO3BOJISIET MOJYYUTh 00pa3lbl, COOTBETCTBYIOLIUE MapKe MO Mpoy-
Hoctu M40 u mapke o mopo3octoiikoctu F15. BeisiBieno, uro ctpykTypooOpa-
30BaHKe 00pa3mnoB, MoauduIupoBaHHbIX ao0aBkamu «Kpuoremut» u StabOL,
OIpEACIIAETCS HaJTMYNEM KOaryJIIIUOHHOIO U KPUCTAJUIM3ALMOHHOTO THUIIOB KOH-
TAaKTOB MEXAy 4acTULIAMU. Y CTaHOBJIEHO, YTO IOJIyYEHHbIE KOMIIO3UTHI HE OKa-
3bIBAlOT OCTPOr0 TOKCHUYECKOIO JEUCTBHS Ha TECT-OOBEKTHl U 0€30MacHbI IS
OKPYKaroIIeH CPelbl U 310POBbs YEIIOBEKA.
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AnHoTanms. PaccMarpuBaercss pojib COBPEMEHHOTO AHTJIOA3BIYHOTO MEAHAINCKypca
B NPOJIBMKEHUHU UAEH DKOJIOTHYECKOIO aKTUBU3MAa B COBPEMEHHBIX Pa3BUBAIOILUXCSA CTpaHax
Ha npumepe Poccun, Kuras u rocynapcts FOro-Boctounoit Azuu. OcHOBHas Leib UCCIIEN0-
BaHUS 3aKJIFOYAETCS] B OCMBICICHUH M aHAJIN3€ JIMHTBUCTUYECKUX U IKCTPAITUHTBHCTUYECKUX
COCTaBJISIFOIINX (DEHOMEHA KOJIOTMYECKOT0 aKTHBHM3Ma B Pa3BUBAIONIMXCS CTPaHAX CKBO3b
MIPU3MY BOCTIPHSITHS HH(pOpManny B aHTIIOSI3BIYHEIX CMU, (OyHKIIMOHUPYIOMNX HA TEPPUTO-
PHUH HCCIeNyeMbIX FOCyIapCcTBEHHBIX 00pa3zoBaHuii. [IpuHuMas BO BHUMaHUE pOJb aHIJIMIA-
CKOTO fI3bIKa KaK sI3bIKa MEXITyHapOJHOTO oOIIeHus, win lingua franca, B COBpeMEHHOM MUpE,
HACTOsALIEEe UCCIEA0BAaHUE BBIABUIAeT I'MIIOTE3Y O TOM, YTO AHIJIOA3BIYHBIN MeIuagucKypc
MPEBPATHIICS BO BJIMSATEIbHBI MHCTPYMEHT NPOABHKEHHS IKOJOTHYECKU APY>KECTBEHHBIX,
3€JIEHBIX MJIEH, BKIIIOYast 3KOJOTMYECKUN aKTUBHU3M, B PETMOHAX C Pa3BUBAIOIIEHCS 3KOHOMHU-
KOH. Pe3ynpTarsl KaueCTBEHHOI'O M KOJIMYECTBEHHOI'0 aHAJIN3a SMIMPUUYECKUX JAaHHBIX B KOMIIb-
roTepHOi mporpamme QDA Minor Jokasand, 9TO aHTIOS3BIYHBIA MEIHaIUCKypC CIOCOOCH
OKa3aTh BIIMSHUE Ha HBOJIOIHIO SKOJIOTMYECKOTO CO3HAHUS JIIOJIEH B pa3BHBAIOIIUXCS CTpa-
Hax. HecMoTps Ha pasznuuHble MI€OJOTMUECKUE LIEHHOCTH U HallMOHAJIbHBIE U MEXIyHapo.l-
HbIE CTpaTernyecKue Lesd, CTpaHbl ¢ pa3BuBatoleics s3koHoMukoi (Poccus, Kurait u apyrue
HalMoHanbHble rocyaapctBa KOro-BocTouHoil A3uu) MocTeNeHHO alanTHPYIOTCA K HIESIM
9KOJIOTUYECKOTO aKTUBU3MA M HAYMHAIOT BHEAPATH 0oJliee YCTOWUYHMBYIO HSKOJIOTHYECKYIO TIO-
JUTHUKY Ha CBOEH TEPPUTOPUH.

KaroueBble ¢jioBa: SKOJIOTHUECKUM AKTHUBU3M, AHTJIOS3bIYHBIN MEAUAAUCKYypC, pa3BU-
Baromiyecs CTpaHbl, 3C€JICHAsA UACOJIOTUA, SKOJIOTMYECKOC CO3HAHUE

Hcropus crateu: noctynmia B peaakimro 18.01.2021; npunsTa k myOmakarmun 30.01.2021.
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Introduction

Environmental activism is an integral part of human life in the 21st century.
The idea of the pro-environmental behaviour which is close to the concept of
the human’s “identification with nature”, was born due to multiple ecological
concerns which the globe has faced in recent decades, i.e. rising sea levels, cli-
mate change, environmental pollution, toxic wastes, deforestation and many other
issues. One of the most important conductors and mediators of environmental ac-
tivism and green ideas has become the English language as the language of
the international communication and a strong popularizer of various global agen-
das including environmental issues and a sustainable development ideology on
the planet. Moreover, the English language media have turned out to be a unique
digital platform which united different countries and nations across the world in
trying to find solutions to environmental threats and disasters. The World Eng-
lishes' of the third millennium, as well as the English language media channels,
are being actively used by billions of people in different corners of the planet for
the work in collaboration in social, scientific, political and conservational fields.

Thus, the main purpose of this research is to estimate how the present-day
English language media discourse helps to accelerate the environmental activism
and pro-environmental behaviour in emerging countries on the example of Rus-
sian Federation, China and the states of Southeast Asia.

The research questions raised in the article are the following ones:

RQI1. Can the English language as a lingua franca and the speculation of
the environmental concerns and environmental activism in the English language
media discourse unite the ecological policy of the emerging countries?

RQ2. Are there big differences in the environmental language used in each
of the emerging countries and how are they represented in the English language
media discourse?

RQ3. How is environmental activism introduced on linguistic and non-
linguistic levels in the English language media of Russia, China and Southeast
Asia and how can it affect the local cultures, national languages and ideology of
these countries in a more eco-friendly way?

We hypothesize that the English language of the third millennium in its cor-
relations with the global media discourse is making a significant impact on the con-
structive development of peoples’ environmental activism and pro-environmental
behaviour in the modern emerging countries.

The language of environmental activism in present-day Russia, China and
East Asian countries. Although the notion “environmental activism” is not inter-

' World Englishes. Wikipedia. Available from: https:/en.wikipedia.org/wiki/World Englishes
(accessed: 10.02.2021).
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preted consistently by scholars [1], nevertheless, in general, this concept means
“environmental efforts which are typically not restricted to the critique of envi-
ronmental problems but also include attempts, efforts and actions to solve those
problems, leading to a broader concern with the policies and politics of sustaina-
ble transitions” [Ibid.].

Thousands of people around the world contribute to the protection of nature
every day. They solve problems of different scales. For example, someone col-
lects batteries in their entrance to properly dispose of them, others find and stop
illegal logging, or they organize eco-lessons and charity events at their schools,
universities or other public institutions. All these people are united by a sense of
responsibility for the well-being of nature and a desire to preserve it.

It is important to highlight that the language of ecological activism can be
different, varying from extremely radical ideas, actions, slogans, banners and mot-
toes to more tolerant promotion of eco-friendly ideology in the form of the so-
called “environmental diplomacy” [2]. But its target point is the only one and it is
the environmental protection of a particular place of living.

The language of environmental activism in modern Russia, China and South-
east Asian countries has both their similarities and differences. On the one hand,
a particular flash of interest towards the protection of the environment goes back
to the end of the 20th century when The United Nations began discussing ecologi-
cal problems within the framework of the first Earth Summit on Environment and
Development (UNCED) in Rio de Janeiro, in 1992, known as Agenda 21. Later
on, the United Nations Secretary-General Ban Ki-moon (2007-2016) pronounced
a rather decisive statement by saying that: “We don’t have plan B because there is
no planet B.”? This utterance played the role of the incentive in the further deve-
lopment of the Sustainable Development Goals (SDGs).

This global environmental agenda made an impact on the ecological acti-
vism in the emerging countries like Russia, China as well as other Southeast
Asian states, for example, Japan, South Korea, Taiwan and Singapore, etc.

Environmental activism has a rich history of environmental philosophy and
science in these countries. For example, it appeared in the Soviet period of the pre-
sent-day Russian Federation. A special slogan emerged in Russia that claimed that
environmental activists would protect nature together with the people (“We will
protect nature together with the people!”) [2]. Over the past 20 years, Russian eco-
activists have gained knowledge and practical experience to participate in various
forms of environmental protection: state and public hearings, public examination,
litigation, organizing rallies, protests, single pickets, developing social technologies
for promoting environmental requirements in the political arena [Ibid.].

It is also evident that activists and NGOs (non-governmental organizations)
have contributed successfully to the rise of public environmental awareness in
Southeast Asian societies [3].

China’s rapid industrial development over the past quarter of a century has
resulted in heavy pollution and environmental degradation. The truth is twenty of

2 United Nations Secretary-General. Secretary-General’s remarks to the press at COP22.
15 November 2016. Available from: https://www.un.org/sg/en/content/sg/press-encounter/2016-
11-15/un-secretary-generals-remarks-cop22-press-conference (accessed: 11.02.2021).
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the thirty most polluted cities in the world are located in the People’s Republic of
China. One of the primary concerns for the Chinese people is pollution: the safety
of the air they breathe, the water they drink, the food they eat. Even the Chinese
Communist Party (CCP) itself admits that the country is not only in charge of high
levels of pollution, but also suffers significantly from it. The costs of public health
and the inability of the government to turn the environmental situation around are
raising social discontent. In recent years, environmental organizations have begun
to emerge in China, and in some cases have had remarkable success in affecting
policies that would have had significant adverse impacts on the environment.

In Japan, environmental activism emerged vigorously in 2011 after the Fu-
kushima Daiichi nuclear disaster. Earlier the Japanese government had preferred
a “soft” and gradual approach towards their ecological policy [4].

In South Korea, ecological campaigns have been an integral part of the de-
mocratic transition since the 1980s. Most of the first generation of environmental
activists were university students. Nowadays South Korean eco-friendly campaign
tactics include environmental symbolic acts to trigger a dramatic public reaction
and push for policy change (see Figure 1).

I
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Figure 1. Young eco-activists outside Samsung’s Seul HQ in August 2020,
protesting against the controversial Vung Ang 2 coal power plant in Vietnam

\

Source: www.chinadialogue.net

In Singapore environmental activism is also mostly represented by the local
youth’s drive and inspiration to raise awareness about the climate crisis or hyper-
consumerism. Young people, who have a formal education in environmental sci-
ence, hope to make an impact on environmental education. Besides, they hope
that people recognize that tackling the climate crisis requires a collective effort
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and they can influence others by raising awareness on social media or changing
their daily habits to be more sustainable.?

Overall, Southeast Asia is a region in constant political and social flux. It is
home to myriad forms of social activism, including eco-friendly pro-environmen-
tal movements [5]. All these events targeting at protecting the local and global
environment and trying to build a more sustainable world are being actively co-
vered in the media discourse space and the global English language media dis-
course framework. Such a “lingua mundi” approach allows promoting sustainable
ideology in the world and emerging countries, in particular, and unifying the envi-
ronmental policy of the developing countries in their intention to become much
greener nations.

English language media as an influencer of the eco-friendly policy in
emerging countries. As we have already stated, present-day Russia, China and
other Southeast Asian countries all have their media to broadcast local, regional
and international news. The feature that unites the media platforms of these coun-
tries is the presence of the English-language media resources in each of the above-
mentioned regions of the planet.

English is spoken by hundreds of millions of people worldwide and it is
the world’s favourite lingua franca — the language people are most likely to turn to
when they don’t share a first language.*

Research findings suggest that there are no immediate competitors to English
as present on the horizon [6]. This indicates that English will continue to dominate
international communication and the media in the foreseeable future and become
the language of global communication for users to meet their needs [7; 8].

The media platforms represented in the English language can be characte-
rized as “digital town squares” (the term of Bill Gates) where people of different
nationalities, races and religions can get together and speculate about various ur-
gent problems, including environmental issues and sustainable development.

“Globish” English is a mediator of promotion of important social issues
which people have to deal with today. Breakthrough inventions, ideologies and
philosophies first appear in the English media discourse and then “spread like
fire” across media discourses represented in other languages. The English media
discourse space is a dynamic force which plays an important role in the interac-
tion between cultures as well as between thought systems and the world [9].

The language of environmental activism and eco-friendly policy in Russia,
China and other Southeast Asian countries has adopted a lot of constructive eco-
logical ideas from the media discourse space of the English-speaking world today.
For example, the green principle of 3R economy (Reduce, Reuse, Recycle) which
is being implemented not only in the developed countries of Western Europe and
North America but also in the rest of the world, i.e., in the countries with emerging
economies.

3 Lee L. Youth in action: environmental activist raises climate issues on doodle at a time.
Today. 20th December 2020. Available from: https://www.todayonline.com/singapore/youth-
action-environmental-activist-raise-climate-issues-one-doodle-time (accessed: 25.01.2021).

4 Lustig R. Can English remain the ‘world’s favourite’ language? BBC. 23rd May 2018.
Available from: https://www.bbc.com/news/world-44200901 (accessed: 20.01.2021).
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Green metrics of academic institutions, clothes and food recycling policy,
climate change debates and other key ecological issues have become a part of en-
vironmental activism introduced in the media discourse space of Russia and
Southeast Asian countries daily. We are going to present the results of the re-
search which will help to understand the main ways the English language media
discourse may affect collective eco-consciousness and behaviour of developing
countries in their search for a more secure future.

Methods and results

This research represents the findings of the data analysis conducted on lin-
guistic and extra-linguistic levels of the present-day English language media dis-
course circulated in the emerging countries of Russia, China and Southeast Asia.
The following media editions which helped to estimate and measure the language
of environmental activism were used: The Moscow Times, Russia Today (English
version), Tass — Russian News Agency (Russian Federation); China Daily, Bei-
jing Today, The Shanghai Herald, China Dialogue (China); The Japan Times (Ja-
pan); Today (Singapore); The Jakarta Post (Indonesia); The Korea Times (South
Korea); The Bangkok Post (Thailand), etc. We selected 200 media texts related to
the problem of environmental activism and sustainable development in the above-
mentioned media discourses and conducted quantitative and qualitative content-
analyses or “text mining” by using a special computer program QDA Minor.

The results of the analysis showed the following features of the environmen-
tal activism presented in the English language media discourses of Russia, China
and Southeast Asia (Table).

Key concepts which define environmental activism issues in emerging countries

No. Country Environmental activism

1 Russia Climate change, local climate change, pollution, air quality, protracted
drought, reemerging deadly viruses (e.g. anthrax); the dangers of
a rapidly warming world; decarbonization and demethanization;
permafrost thawing, etc.

2 China Emissions of carbon dioxide, endangered species; China as an “eco-
civilization”; green cities; slowing global warming
3 South Korea Pollution, landfill sites, waste collection, climate change, respon-

sible production, consumption, reuse and recovery of products,
packaging and materials, etc.

4 Singapore Climate crisis, green goals, education on climate change, the Green
Plan, electric vehicle targets

5 Thailand Water conservation, floods, smart city, food donation, recycled
plastic, sustainable business policy, circular economy, etc.

6 Japan Throwaway society, climate crisis, extreme weather, single-use

plastic waste, a “reuse and refill” business model, water policy
“Refill Japan”, decarbonization, hydrogen energy, etc.

7 Indonesia Skyscrapers of waste, poor waste management, environmental
and health disturbances, etc.

As it can be seen in Table, the most essential concepts of environmental ac-
tivism in the English language media discourse of Russia, China and Southeast
Asia are climate change, zero waste lifestyle, methane and carbon dioxide emis-
sion ceilings, energy policies, the ban of fossil fuels, electric vehicle targets, de-
carbonization and demethanization, etc.
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The data presented above demonstrates and confirms the presence of almost
the same environmental problems in emerging countries. In a certain way,
the English language media discourse helps to unite their ecological policy.
The environmental language sounds almost similar in each of these countries,
although there are differences which can be explained by geographical, political
and economic factors of the regions these states are located.

In modern Russia and China, for example, one may pay particular attention
to the intention of national governments to find some balance between developing
the sustainable policy of the country and maintaining environmental activism and
protecting the state interests at the same time.

The English language media often criticize Russian authorities for their lack
of desire to promote pronounced campaigns of decarbonization and demethaniza-
tion in the country. “On the global scene, Moscow sees attempts to link climate
change with security issues as a threat to its security and economic stability, un-
surprisingly”.’ This information is proved by the statistical data presented in Fi-
gure 2. One can see that the Russian authorities are trying to find the compromise
between their response to the climate change activities (22%) and the potential
hazards (20,6%) these “green innovations” may bring into the traditional system
of the country’s legal ecological regulations.

Moscow's dilemma

Potential hazards 20,6%

Global warming 10,2%

Economic stability 10,4% Emissions 9,0%

National security 13,4%

Climate change 22,2%

International cooperation 14,2%

Figure 2. The English-language media perception of the Russian government’s interest in environmental activism
in Russia, % (based on the information presented in the English-language media discourse)

The same trend can be observed in China. The language of environmental
activism is carefully managed by the Communist Party. Sometimes “talking about
climate change can just be awkward. Chinese culture considers it taboo to discuss

5 Lazard O. Moscow’s climate change dilemma. The Moscow Times. 10th February 2020.
Available from: https://www.themoscowtimes.com/2021/02/10/moscows-climate-change-dilemma-
a72885 (accessed: 11.02.2021).
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impending disasters when there are no easy solutions.” Moreover, “China’s pro-
paganda in recent years keeps telling people to be wary of the infiltration of so-
called foreign thoughts and influences”.® It means that the Chinese authorities
watchdog the spread of environmental ideologies in the English language media
discourse and try “to convince people that China needs development instead of
protests or expressions of different opinions”.’

Some Chinese environmental activists use metaphorical expressions and be-
lieve that “it feels like a dead end,” because “more people are showing a willing-
ness to participate in activities to reduce waste”® and build a more sustainable fu-
ture in the country.

At the same time in neighbouring countries like South Korea, Japan, Thai-
land and the Republic of Singapore national governments are more loyal to
the information content of the English language media discourse dedicated to eco-
logical problems and also support local businesses and citizens in keeping a sus-
tainable lifestyle.

For example, for consumers who want to participate in the zero-waste programs,
several eco-friendly shopping centres help reduce waste by selling plastic-free items.

South Korean “Almaeng Market which opened last June in Seoul’s Mapo
District, sells cosmetics, shampoo, detergent, coffee beans and various kinds of
grain without containers. Visitors are asked to put the amount they need into re-
usable containers that they bring, and pay for the products per gram (Figure 3).
Almaeng means ‘substance’ in Korean™.’

One more inspirational English language slogan which tries to persuade
Japanese people to take care of their environment is the imperative “Refill Japan.”
“...a platform called ‘Refill Japan’, which maps places where people can drink
water or fill up their water bottles for free, including cafes and restaurants. Refill
Japan is also involved in improving existing water fountains and installing new
ones around the country...”!?

Figure 3 demonstrates that all the motivational slogans and announcements
are written in English as the language of international communication and envi-
ronmental activism.

Overall, the analysis of the English language media discourses in Japan
proves that environmental activism is helping to develop a new mindset in this
country. Probably, the key concept of modern Japan is sustainability as “Japanese
people don’t like letting things go to waste... and there is a chance that a particu-
larly Japanese sense of sustainability will emerge.”!!

¢ China teaches children its own version of the climate change story. Japan Times. 11th Febru-
ary 2021. Available from: https://www.japantimes.co.jp/news/2021/02/11/asia-pacific/china-children-
climate-change/ (accessed: 11.02.2021).

7 1bid.

8 Ji-hye J. Zero-waste lifestyle draws attention during pandemic. The Korean Times. 2rd Febru-
ary 2021. Available from: https://www.koreatimes.co.kr/www/nation/2021/02/371_303327.html
(accessed: 11.02.2021).

? Ibid.

10 Mckirdy A. Throwaway society: rejecting a life consumed by plastic. Japan Times.
Available from: https://features.japantimes.co.jp/climate-crisis-plastic/ (accessed: 09.02.2021).

1 Ibid.
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The same environmental policy can be observed in Singapore and Indonesia,
the countries which are promoting the idea of the Green Plan for their future natio-
nal development and gradual elimination of environmental and health disturbances.

[© A MORE
BEAUTIFUL
WORLD

REFILL STATION

Figure 3. The English language “refill station” of a cosmetic Korean brand “Amorepacific” as an example
of environmental activism in South Korea, presented by the English language media in the country'

To sum up, most states of Southeast Asia begin to adopt the idea promoted
in the English language media discourse which regards humans as “a truly dan-
gerous species, who are alive because of the Earth and, if something happens to
it, people won’t be able to survive.”"> The ideology of the present-day environ-
mental activism says that “the Earth does not exist for our convenience. And if we
act selfishly, it will break down.'*

Conclusion

Everyone knows a story of the Tower of Babel when people were able to
speak a single language and were trying to build a city and a tower tall enough to
reach heaven. However, God confounded people’s speech and they could no longer
understand each other. Finally, they scattered around the world. In our opinion,

12 Ji-hye J. Zero-waste lifestyle draws attention during pandemic. The Korean Times. 2rd Febru-
ary 2021. Available from: https://www.koreatimes.co.kr/www/nation/2021/02/371_303327.html
(accessed: 11.02.2021).

13 Tto M. Japan 2030: tackling climate issues is key to the next decade. Japan Times. Avail-
able from: https://features.japantimes.co.jp/climate-crisis-2030/ (accessed: 10.02.2021).

14 Ibid.
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this myth proves the importance of the existence of one language on the planet
which can unite peoples in achieving their common goals. In the modern era, Eng-
lish has become such “a dynamic force which plays an important role in the inter-
action between cultures as well as between thought systems and the world” [9].
The English language media discourse space has turned into an influential media-
tor and instrument of solving global concerns of the humanity including sustaina-
ble development policy and the promotion of environmental activism. Nowadays
it seems almost impossible to escape the influence of the English language media
which are present in almost every country of the world and the overwhelming ma-
jority of the world’s population are exposed to the English language media dis-
course space daily via the English language press, social media, brand names, ads
and commercials, through subtitled anglophone TV, film and DVD productions,
lyrics and titles of all kinds.

Thus, directly or indirectly the English language media discourse is making
an impact on the evolution of people’s eco-consciousness in the emerging coun-
tries like Russia, China and other states of Southeast Asia by promoting “green”
ideology of environmental activism there. Even though each of these developing
countries has its own national and multinational interests in the region and on
the world stage, the language of environmental activism implemented on linguis-
tic and non-linguistic levels in the English language media discourse of the above-
mentioned countries, affect their local cultures, people, national languages and
mentality. One can observe growing inspiration and motivation of national lea-
ders, authorities and common population to build an eco-civilization as a gesture
of resistance to environmental degradation and as a sense of cultural and national
continuity as well as a part of the solution for the planet’s sustainable future.
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Abstract. The article examines experience and approaches of teaching to foreign stu-
dents who came to the Institute of Environmental Engineering of the RUDN University for
short-term exchange programs (2-3 months). The short duration of the exchange programs
imposes additional restrictions on the order of studying the material — it is necessary to give
an idea not only about the requirements of environmental protection legislation applied,
for example, in Russia and the European Union, but also to give students the opportunity to
actively participate in the classes during the workshops, taking into account the adaptation
period when in their thoughts they are still at home, but are already in the host country.
As an example, the courses conducted at the RUDN for students from Indonesia who arrived
to participate the program “Sustainability management” and studying Environmental Impact
Assessment and Management of Environmental Risks courses. The experience of teaching
these disciplines shows the expediency of practical tasks related to the homeland of students —
this allows them not only not to miss their homeland, but also to study in more detail the re-
quirements of their country legislation related impact assessment on the environment, but also
the impact of various types of industries on the environment. Thus, the students not only does
not fall out of the educational context in home country for several months, but also inde-
pendently receive more in-depth knowledge. As an exam at the end of the course, it is advisa-
ble not to give a traditional test with questions, but to prepare a project that can be carried out
jointly with colleagues who have remained at the university in their homeland and allows ap-
plying the knowledge gained through the exchange program to create a visually evaluated
result (project) on environmental protection in their homeland.
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OOGyuyeHMe 3KONOrM4ecKum ANcunnanHam
MHOCTPAaHHbIX CTYAEHTOB, NpuexasLUnx
Mo KPaTKOCPOYHbIM OOMEHHbIM NporpaMmmMmam:
onbIT U noaxoansl PYAH

T.H. Jlenamesna, B.E. ITunaep™

Poccutickuii ynusepcumem opysicOvl Hapooos,
Poccutickas @edepayus, 117198, Mocksa, yn. Muxnyxo-Maxnas, 0. 6

B pinaev-ve@rudn.ru

AHHOTanus. PaccMaTpuBaeTcst ONBIT M MOAXOMAB!I K 00YYEHHIO HHOCTPAHHBIX CTY/CH-
TOB, IIPUEXABIINX HA KPATKOCPOUYHbIE OOMEHHbIE MporpaMMel (2—3 Mecsina) B MHCTUTYT 3KO-
norun Poccuiickoro yHmBepcutera ApyxObl HaponoB. KopoTkas MpomoKHTEIBHOCTE 00-
MEHHBIX ITPOrPaMM HAKJIAbIBAET JOMOJIHUTENBHBIE OTPAHUYEHHS HA MOPAJOK M3Y4YEeHUs Ma-
Tepuana — He00X0IUMO JaTh MPEACTaBIEHUE HE TOIBKO O TPEOOBAHUIX 3aKOHOATENbCTRA 10
OXpaHe OKpyXarolllell cpefbl, IpUMEHsIEMbIX, HanpuMep, B Poccuu u EBponeiickoMm corose,
HO U TPEOCTaBUTh BO3MOXXHOCTb CTYIE€HTaM aKTHBHO y4acTBOBAaTb B paboTe, IPHHSB B pac-
4eT TepuoJ afanTalun, KOTAa OHH elle NpeOBIBaloT B MBICIAX JI0Ma, HO yXKe HaxomsaTcs B
cTpaHe npeObBanus. B kadecTBe mpumepa m30paHbBl Kypchl, npoBogsmuecs B PY/IH s
CTYJeHTOB u3 VH0HEe3WH, MpuOBIBIIUX B paMKax mporpammsbl Sustainability Management u
oOyuaronmxcsi Ha Kypcax Environmental Impact Assessment m Management of Environ-
mental Risks. OnbIT npenogaBaHust JaHHBIX JUCIUILINH MOKa3bIBAET 11€J1€CO00Pa3HOCTh
NPAKTHYCCKUX 3aJJaHNi, CBA3aHHBIX C POJUHON CTYAECHTOB, — 3TO MO3BOJISICT UM HE TONBKO HE
CKy4aTh IO POAWHE, HO M OoJiee AETANbHO M3YyYUTh TPEeOOBAHHS 3aKOHOMATENbCTBA CBOEH
CTpaHbl U BO3JCHCTBHE HAa OKPYXAIOLIYI0 Cpely, a TakKe BO3ICUCTBHE Pa3IUYHBIX BUIOB
IPOM3BOACTB HA OKPYXKAIOIMIYIO cpefy. TakuM o0pa3oM CTYyAEHT He TOJBKO HE BBIMAJAcT Ha
HECKOJIBKO MECSILIEB U3 y4eOHOT0 KOHTEKCTa B CBOEH CTpaHe, HO M CAMOCTOSTENIFHO MOIyJaeT
Oonee yriyOneHHble 3HaHUS. B kauecTBe 5K3aMeHa IO 3aBEpIIEHHM Kypca MpeACTaBIseTCs
11e71eCO00pa3HBIM HE TPAAUIMOHHBIN TECT ¢ BOIPOCAMH, a TIOJI'OTOBKA IPOEKTA, KOTOPBIH MOXKET
BBINOJIHATBCS COBMECTHO € KOJUIEraMH, OCTABINMMUCS B YHUBEPCUTETE HA POIUHE, U T0O3BO-
JeT IPUMEHUTD MOTyYeHHBIE B paMKax IIPOrpaMMbl OOMEHa 3HAHMS IS CO3JIaHUs BU3yallb-
HO OIICHMBAEMOTO pe3yJbTara (IIPOeKTa) 10 OXpaHe OKPY>KAIOIIEH Cpebl Ha POAMHE.

KaioueBsble cioBa: mporpaMMbl 0OMeHa, OIIeHKa BO3ACHCTBUS HA OKPYKAIOIIYIO Cpe-
Iy, YIIpaBJICHUE 3KOJIOTUUECKIUM PUCKaMH, KPaTKOCPOUHOE MPeOBIBaHKE, IIEPHOJ adalTalllH,
PYJIH, npoexTHas paborta

Hcropus crateu: noctymuia B pegakiuro 30.10.2021; npunsiTa K myomikammm 19.11.2021.

Jast warupoBanusi: Ledashcheva T.N., Pinaev V.E. Environmental disciplines taught
to foreign students participating short term exchange programs in RUDN University: experience
and approach // Bectauk Poccuiickoro ynusepcureTa Ipysk061 HaponoB. Cepust: DKoJorus u
Oe3omnacHocTh xu3HenesTerpHocTr. 2021. T. 29. Ne 2. C. 204-208. http://dx.doi.org/10.22363/2313-
2310-2021-29-2-204-208

Introduction

Short term exchange programs (2-3-month period) for students became
more and more popular despite current COVID-19 restrictions. Experience of
studying abroad is a precious asset which allows student to have a fresh approach
to state of home country, including environmental aspects.

Such programs require grate involvement not only from students but also
from professors, in part of environment protection and environmental risk mana-
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gement in theory and practice. Besides knowledge it is necessary to keep proper
level of English language among teachers and students, since English language
currently is the one which is used for international cooperation.

It is also necessary to take into account approaches already existing in
teaching practices — legal requirements [1], international realities, to cover in-
volvement of certain countries in international organizations [2], approaches relat-
ed to the impact on different components of environment vegetation [3], human
society [4], ambient air [5], waste disposal practices [6] and other.

Thus, the main purpose of this report is to demonstrate how short term
environmental classes can be done not only interesting but also rewardable for
students in the future, since clear that in period of restrictions is easier to create
own job, than to get employed by someone.

The research questions raised in the report are the following ones:

RQ1. Can the workshops for environmental disciplines activate students to
study hard?

RQ2. Are there big differences to give a test in the end of the course or to
defend a project on environment protection or environmental risk decrease?

RQ3. How studying abroad helps student to understand home environment
protection legal requirements and practices applied in different industries?

We hypothesize that people when out of the home country still think about it
and this can be an additional instrument, that allows students to receive an in depth
knowledge of environmental disciplines regarding not only international practices
but also regarding practices of environment protection in home country.

Results and discussion

This report represents the results of studying at short term courses on Envi-
ronmental Impact Assessment and Management of Environmental Risks. These
disciplines are both aimed on assessment and decrease of the impact on the envi-
ronment. To avoid students participating in both courses it is necessary to form
both programs allowing the students to learn something new during both disci-
plines even environment protection practices can be counted rather limited.

During the classes students need not only to present at the lectures and digest
the knowledge presented by the lecturer, but also actively participate in the work-
shop classes. For this we implement following approach — professor describes and
explains local conditions, legal requirements, environment protection and environ-
mental risk assessment practices in Russia and foreign countries, i.e. European Union,
and offers the student home task — prepare 10—20 minutes presentation on legal require-
ments and environment protection practices related to home country, i.e. Indonesia.

So, the students having natural homesick are selecting industries in their home
country, which they are interested in and review all available legal requirements
and environment protection practices. In the class they are presenting the results
orally not only in front of the professor but also all colleagues who are encouraged
to ask questions and be involved in each presentation. Such approach allows to
form also reasoning and presentation skills.

At the end of the course students are requested to present a case study or
a project which they can develop jointly with their colleagues in parent university.
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Such project can not only increase cooperation between the students but also re-
sult in a full-scale environmental protection project in home county, what may
give them better understanding of environment protection state in home country.

It is also necessary to take into account background of students to make the
education process more comfortable for them [7; 8] and rewarding in the future [9],
allowing to locate environment protection knowledge among other disciplines.

Conclusion

At the end of the exchange courses, we expect students be not only familiar
with local legislation and practices of environment protection in the country of
presence, but also start an environment protection activities or project in a home
county. Proposed approach allows to set up interregional cooperation between
students, set a project which can result in a business activity in the field of envi-
ronment protection and receive in depth knowledge of home country environment
protection legislation. Such approach also permits to show practical application of
environmental disciplines and enable student to find the place in environmental
business in future.
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is devoted to the consideration of three of the six directions of the implementation of
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Introduction

Currently, the problem of greening the economy and rational use of natural
resources is coming to the fore. Since the industrial revolution, society has been
using an economic model that implies the predatory use of natural resources, a high
anthropogenic load on the Earth’s biosphere. With his economic activity, a person
changes natural landscapes, some animal species disappear. More and more often,
scientific and political circles are talking about changing the economic model of
development, about the need to transition to a new economy, an economy based
on the principles of rational use of human resources, principles that would create
well-being for all, and not for individual groups of the population, principles that
allow for the sustainable development of society. This model of economic deve-
lopment is called the green economy. The term “green economy” was proposed in
1989 by environmental economists David Pierce, Edward Barbier, Emil Markand
in his work “A plan for a green economy”. The term was reborn in 2008, when
the global economy entered the phase of one of the most serious crises since
the Great Depression in the United States. It was during this period that UNEP
proposed the development of “green incentive packages” to provide analysis and
policy support for investments in green sectors and industries that intensively pol-
lute the environment.!

But what is a green economy? There is no single interpretation of this term.
Since 2008, it has undergone several interpretations: from “economic activities
related to the production, distribution and consumption of goods and services
that lead to improving people’s well-being in the long term, at the same time,
without exposing future generations to significant environmental risks and redu-
cing the shortage of environmental resources” to “an economy that focuses on using

opportunities to simultaneously promote economic and environmental goals”.?

'The concept and essence of the green economy. (In Russ.) Available from:
http://greeneconomy.kg/theory/ponyatie-i-sushhnost-zelenoy-ekonomiki/ (accessed: 05.07.2021).
2 Ibid.
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Whatever the interpretation of the term “green economy”, its main goal is to
ensure economic growth that improves the quality of the environment and social
integration.

The following main directions of implementation of this economic model of
development are distinguished (Figure 1).

I The main directions of the implementation of the green economy ]

Clean energy and clean technologies, including recycling

\ 4

| J
4 \
> Agricultural energy, including the use of biomass and other types of renewable
energy sources
| J
' A

Sustainable agriculture, including organic agriculture

Ecosystem infrastructure

. J

' ™
Reduction of emissions due to deforestation and forest degradation

4 J

- N

A4

Sustainable cities, including planning, transport and green construction

Figure 1. The main directions of the implementation of the green economy

Source: compiled by the authors according to: UNEPCOM. Russian National Committee for support-
ting UNEP. Global green new deal. Available from: http://greeneconomy.kg/theory/ponyatie-i-sushhnost-
zelenoy-ekonomiki/ (accessed: 05.07.2021).

Let’s take a closer look at three of these directions.

Results and discussion

One of the most important areas is the development of clean energy and
clean technologies. Clean energy is understood as a promising branch of energy
that involves the use of unconventional (renewable and practically inexhaustible)
energy sources, which include: solar radiation, kinetic wind energy, water move-
ment in rivers, heat of the earth’s surface, biofuels and others.

Analyzing the data, we note that oil consumption increased by 0.9 million
barrels per day. This is due to the growth of consumption in China, Iran, India,
Algeria and Russia. A decrease in consumption is noted in Mexico, Italy, Pakistan
and other countries. The growth of gas exports is noted in the United States,
Russia, Australia, Algeria, and a decrease — in Indonesia. The growth of imports
is in China, Great Britain, France, Spain, and Italy. As for the production and
consumption of coal, its consumption in the world decreased by 0.6% in 2019.
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As a result, the share of coal in primary energy has decreased to 27%, which is
the lowest value in the last 16 years. Coal consumption is increasing in developing
economies. So, the growth is observed in China, Indonesia, Vietnam. According
to analysts, a steady increase is observed in the consumption of energy obtained
from renewable sources. The consumption of energy received from hydroelectric
power plants increased by 0.8%, and the consumption of energy received from
nuclear power plants increased by 3.2%.?

Table 2
Fuel shares of primary energy and contributions to growth in 2019*
Energy Consumption, Annual change, Share of Point change in share
source exajoules exajoules primary energy from 2018, %
Oil 193.0 1.6 33.1% -0.2
Gas 141.5 2.08 24.2% 0.2
Coal 157.9 -0.9 27.0% -0.5
Renewables 29.0 3.2 5.0% 0.5
Hydro 37.6 0.3 6.4% -0.0
Nuclear 249 0.8 4.3% 0.1
Total 583.9 7.7

According to some experts, “the industry is becoming more ‘green,’ despite
the opposition of the countries exporting hydrocarbons.” Many companies invest
in renewable energy sources. Many, such as Statoil, are diversifying their busi-
ness.’ At the same time, there are changes in the energy policy of entire states.
For example, in the United States, a plan was developed according to which
the American energy sector will get rid of carbon emissions by 2035, by 2050
it is planned that the country will become carbon neutral.” The proposed plan will
give an additional boost to growth. Analysts expect an increase in the share prices
of companies related to solar energy. South Korea plans to become a carbon neu-
tral economy by 2050, and China by 2060.

The second equally important area of implementation of the concept of
green economy is agricultural energy, including the use of biomass and other
types of renewable energy sources. It should be noted that biomass has been used
for human energy production for a long time. Every year, up to 83 billion tons of
biomass are produced on Earth, from which people process 9 billion tons no more

3 British Petroleum. Statistical Review of World Energy 2020. 69th edition. Available from:
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-
economics/statistical-review/bp-stats-review-2020-full-report.pdf (accessed: 05.07.2021).

4 Ibid.

5 Proskuryakova L. Russia and clean technologies: on the strategic vision of green
economic growth. Valdai. International Discussion Club. (In Russ.) Available from:
https://ru.valdaiclub.com/a/highlights/rossiya-i-chistye-tekhnologii/ (accessed: 05.07.2021).

6 Ibid.

" RBC. Biden added hype to the “green” stocks. Investors are even buying up nounames.
(In Russ.) Available from: https://quote.rbc.ru/news/article/60081ab39a794793c8f7f8ea (accessed:
05.07.2021).

8 Proskuryakova L. Russia and clean technologies: on the strategic vision of green
economic growth. Valdai. International Discussion Club. (In Russ.) Available from:
https://ru.valdaiclub.com/a/highlights/rossiya-i-chistye-tekhnologii/ (accessed: 05.07.2021).
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than 15-20% is used for food production [1]. One of the distinctive features of
biomass is its self-creation. The following forms of biomass can be used for ener-
gy purposes (Figure 2).

p
Forms of biomass used in the energy sector ]
N
' ™
—» Agricultural waste
| J/
' ™
—» Waste from the forest industry
| J/
' ™
- Productivity of energy plantations
| J
4 N\
> Organic waste
J
' ™
Biofuels and biogas
. J

Figure 2. Forms of biomass used in the energy sector

Source: compiled by the authors according to: Alter 2020. Biomass as an energy source. Available
from: https://alter220.ru/bio/biomassa-kak-istochnik-energii.html (accessed: 05.07.2021).

p
Technologies of biomass processing ]
N\
' ™
»| Pyrolysis
. J
' ™
»| Gasification
\ J
' ™
»| Cogeneration
\ J
( N\
»| Biochemical processes
| J

Figure 3. Technologies of biomass processing

Source: compiled by the authors according to: Alter 2020. Biomass as an energy source. Available
from: https://alter220.ru/bio/biomassa-kak-istochnik-energii.ntml (accessed: 05.07.2021).

According to experts, in some countries, the use of biomass for energy pur-
poses can account for up to 50% of total consumption. At the same time, it is ex-
pected that by 2025, the global consumption of biomass can reach 85 KW/h of elec-
tricity and 250 kW/h of thermal energy [1]. Currently, various technologies for pro-
cessing biomass have been developed and are being implemented (Figure 3).
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The third direction of the development of the green economy is the deve-
lopment of sustainable agriculture, including organic agriculture. As noted by
A.A. Askarov and A.A. Askarova, the modern system of agricultural production
has led to negative consequences, among which they distinguish [2]:

— soil erosion;

— poisoning of the natural environment with the remnants of mineral fertilizers;

— violation of the natural mechanisms of biological balance.

The processes caused by these phenomena slow down the development of
ecosystems. Modern society meets its emerging needs at the expense of future ge-
nerations. And as A.A. Askarov and A.A. Askarova note, “modern agricultural pro-
duction has become, along with other spheres of human activity, a serious threat to
achieving the goals of the global program of the world community” [2]. As a result,
there is a transition to completely different principles of conducting activities in ag-
riculture. First of all, environmental aspects are taken into account. This, in turn,
contributed to the emergence of organic agriculture. The main indicators characte-
rizing the development of organic farming in the world are presented in Table 3.

Table 3

Organic agriculture: key Indicators and top countries in 2019°

Indicator Word Top countries
Countries with organic activities 187
Organic agricultural land 72.3 million hectares Australia, Argentina, Spain
Organic share of total agricultural land 1.5% Liechtenstein, Austria
Wild collection and further non-agricultural arias ~ 35.1 million hectares Finland, Zambia, Namibia
Producers 3.1 million producers India, Uganda, Ethiopia
Organic market 106.4 billion euro US, Germany, France
Per capita consumption 14 euro Denmark, Switzerland, Luxemburg
Number of countries with organic regulation 108 countries

According to many experts, sustainable agriculture will be aimed at achie-
ving three main groups of goals:!°

— economic;

— social;

— environmental.

The first group includes achieving economic security, economic viability,
increasing value added, striving for minimal investments, and others. The second
group of goals consists of creating good working conditions, ensuring food sup-
plies, meeting local needs, creating gender balance, instilling respect for local cul-
ture, and ensuring product safety. The third group is based on: ensuring the ba-
lance of the system, ensuring no chemical pollution, increasing soil fertility, en-
suring biological diversity, conservation of natural resources. The implementation
of all three groups of goals is aimed at creating such agricultural production that
does not have an adverse impact on animals.

% FIBL. The word of organic agriculture. Statistics & emerging trends 2021. Available from:
https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-2021.pdf (accessed: 05.07.2021).

10 Organic farming. Agrovestnik. Available from: https://agrovesti.net/lib/advices/uchebnoe-
posobie-po-organicheskomu-selskomu-khozyajstvu.html (accessed: 05.07.2021).
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Conclusion

Thus, summing up, we can draw the following main conclusions. First,
the society understands the need to change the existing model of economic deve-
lopment. If we continue to adhere to the model used, humanity may simply perish.
Secondly, it is necessary to develop in detail the ways of transition to a new eco-
nomic model of development. Thirdly, it is necessary to remember that the results
of the efforts that are being applied today will affect future generations.
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