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The possibilities of using multispectral data of remote sensing of the Earth and field research to highlight plant com-
munities using the example of the Pizhemsky State Nature Reserve (SNR) of the Kirov region are shown. The Pizhemsky
SNR is defined as a complex (landscape) reserve. It is especially valuable for maintaining the integrity, protection and
restoration of aquatic biogeocenoses, preserving in the natural state of the unique natural objects of the region.

Selection of plant communities in the Pizhemsky reserve with the use of remote sensing data was carried out
in several stages: pre-field cameral, field expeditionary and office generalizing. The pre-field cameral stage included
the selection of satellite images from the Landsat 7 and Sentinel 2 satellites and their interpretation to isolate areas
of vegetation that are homogeneous in interpretation. At this stage, several areas that were homogeneous in terms of
certain features (color, microtexture of the pattern, phototones, etc.) were identified, caused by various natural objects
and plant communities of the region. In the field expeditionary stage, work was carried out to identify vegetation types
on the ground. The characteristic of plant communities was carried out according to generally accepted geobotanical
techniques.

The peculiarities of the coenotic composition of forests in the reserve were studied. The composition of the plant
communities of the Pizhemsky SNR reflects the characteristic zonal features of the vegetation of the studied region and
is associated with certain landscape elements. Based on the analysis of the available cartographic material and satellite
images, it has been established floodplain meadows occupy more than 60% of the study area, forests — about 20%. In
order to identify plant communities, the most characteristic and most accessible direct interpretation features (photo-
tone, shape, structure) were selected. In addition, we used the synthesis of standard combinations of “artificial colors”
channels from the Landsat 7 and Sentinel 2 satellites, which made it possible to identify grassy communities, deciduous
and coniferous forests. The completed classification with training provided important information on the distribution
of the majority of plant communities typical for the region. The NDVI vegetation index made it possible to isolate pine,
deciduous forests and meadow phytocenoses, as well as to recognize water bodies and open soils. The obtained results
will allow to substantiate new approaches to environmental management.

Keywords: Pizhemsky State Nature Reserve, satellite imagery, interpretation, Normalized Difference Vegetation
Index, plant communities.
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MokKazaHbl BO3MOXHOCTU MCMOb30BaHUS MY/IbTUCMEKTPa/IbHbIX AaHHbIX AUCTAHLMOHHOIO 30HAMPOBaHUS 3eMan
N NOMEeBbIX NCCNefOBaHUI 4151 BblAeNEHNS PacTUTeNbHbIX COO6LLECTB Ha MPMMeEpPe rocyAapCTBEHHOro NPUPOAHOro
3aKa3HuKa «[vkemMcKnii» KnupoBckoli 06nacTu. MocyfjapcTBeHHbIV NpUPOoAHbIN 3akasHUK (MT13) «MvkeMCKnin» onpeaenéH
KaK KOMMMeKCHbI (naHAwadTHbIR). OH MMeeT 0c060 LIeHHOe 3HayYeHWe AN MOLAEPXKaHUSA LLeNIOCTHOCTM, OXpaHbl
1 BOCCTAHOB/IEHNS BOAHbIX 6MOreoL,eH030B, COXPaHeHWS B eCTECTBEHHOM COCTOSIHUM YHUKa/bHbIX MPUPOAHBLIX 06bEKTOB
obnactn.

BbigeneHve pacTutesibHbIX COOBLLECTB Ha TEPPUTOPUN 3aKasHUKa «[TMXKEMCKUA» C UCMOMNb30BaHMEM [aHHbIX
[OMCTaHLMOHHOIO 30HAMPOBaHMA 3eMv NMPOBOAMAN B HECKO/IbKO 3TaroB: MPeAnosieBoii KaMmepasbHbIi, MNONeBON IKC-
NeJULVOHHBIN 1 Kamepa/ibHbIi 0606LLatoLnia. Mpesnonesoi KamepasibHbI 3Tan BKIKYas B ce6 NoA60p KOCMUYECKNX
CHUMKOB €O cnyTHUKOB Landsat 7 n Sentinel 2 n nx gelundpurpoBaHme 413 BblgeneHNsA 0AHOPOAHBIX MO AeLundpo-
BOYHbIM MPU3HAKaM Y4acTKOB PacTUTeNbHOCTU. BbifeneHbl HECKOMbKO OAHOPOAHBIX MO OnpejeneHHbIM NpMU3HaKam
(uBeT, MMKPOTEKCTYpa PUCYHKA, POTOTOH U [p.) YHACTKOB, 06YCMOBNEHHbIX Pa3/IMYHbIMU MPUPOAHLIMU 06beKTaMu
N pacTuTe/bHbIMM CO06LLECTBaMM paiioHa. B moneBoi akcneanLMOHHbIV 3Tan NpoBefeHbl PaboThl C Liefblo AeHTU(MKa-
LN HA MECTHOCTM TUMOB PacTUTENIbHOCTMW. XapaKTepUCTMKa PacTUTe/IbHbIX COOOLLECTB MPOBOAMIACH MO OBLLENPUHATLIM
reoboTaHMYeCKMM METOAMKAM.

M3yyeHbl 0CO6EHHOCTY LIEHOTUYECKOrO COCTaBa /1eCoB 3aKa3HuKa. CocTas pacTuTenbHbIX coobLects M3 «Mukem-
CKWIi» OTpa>KaeT XapaKTepHble 30Ha/bHbIe YepTbl PACTUTENIbHOCTM UCCIEAYEMOr0 PErMoHa 1 NpMypoYeHHOCTb K OMnpeje-
NEHHbIM NaHALWaMTHLIM 3/1eMeHTaM. Ha 0CHOBe aHa/IM3a MMEHOLLIErocs KapTorpauyeckoro matepuana u KOCMUYeCKMX
CHMMKOB YCTaHOB/IEHO, YTO MOMMEHHbIE yra 3aHUMatoT 6onee 60% mccnesyemoli TeppuTopum, neca — okono 20%. Ans
NOEHTUNKALMW PaCTUTE/TbHBIX CO0BLLIECTB ObIM BbIGpaHbl Hanbonee xapakTepHble U Hanbosee JOCTYMHbIE MPSAMbIe fe-
LNPoBOYHbIE MpU3HaKy (POTOTOH, hopma, CTPYKTypa). Kpome Toro, MCnoib30Basiv CUHTE3 CTaHAAPTHBIX KOMOUHaL M
KaHas0B «MCKYCCTBEHHbIe LiBeTa» CO CMYTHMKOB Landsat 7 1 Sentinel 2, 4To N03B0MM0 BbIAENNTb TPABAHUCTbLIE CO0OLLE-
CTBa, /IMCTBEHHbIE 1 XBOIiHbIE fleca. BbINonHeHHasA KOHTpoMpyemMas Knaccudukaums ¢ 06yyeHneM nNo3Bonmia noayunTb
BaXKHYH0 MH(OpMaLMio 0 pacnpesenieHnm 60/bLUMHCTBA XapaKTepHbIX 4/18 paioHa MCCNeA0BaHNS PacTUTE/TbHbIX COOBOLLECTB.
Vcnonb3oBaHvie HOPMaIM30BaHHOMO ANdepPeHLMPOBaHHOIO BereTaLMoHHoro nHaekca NDVI no3Boanno BblgenunTb co-
CHOBbI€, INCTBEHHbIE /leca M TyroBble (OUTOLIEHO3bI, & TAKXKE PACMO03HATb BOAHbIE 06bEKTbI 1 OTKPbITbIE MOYBbI. [1oyYeHHble

pe3ynbratbl NO3BONAT 060CHOBaTb HOBbIE noaxobl K paunoHaibHOMY NMpPUpPOoAONo/ib30BaHUIO.

KntoueBble C/10Ba: FOCYapCTBEHHbIN NPUPOAHbI 3aKa3HUK «[TMXKEMCKUIA», KOCMUUYECKIME CHUMKW, AeLLIN(PUPoBaHUE,
HOPMasIM30BaHHbIN AN hepeHLMpPOBaHHbI BEreTauNoHHbIN MHAEKC, pacTUTeNbHble CO06LLeCTBa.

To ensure the necessary ecological balance
and maintain the qualitative state of the bio-
sphere as the environment of human life, it is
necessary to preserve the maximum biological
diversity of ecosystems including the animal and
plantworld [1]. Russia's unique natural diversi-
ty is protected by a system of specially protected
natural areas (SPNA) which play a huge role in
the preservation of natural ecosystems and the
ecological conditions of the regions.

The implementation of environmental
management is impossible without monitoring
forest biodiversity providing an assessment of
its current state, analysis and forecast of pos-
sible changes against the background of natural
processes and under the influence of anthropo-
genic factors [2]. Studying plant communities
in SPNAs is of paramount importance. At the
same time, the use of satellite images of the Earth
surface obtained from spacecrafts and related
ground-based research is indispensable [3].

The use of remote methods allows you to
quickly getafairly complete amount of informa-
tion about the state of plant ecosystems in the
study area [4, 5].

The purpose of these research is to develop a
methodology for selecting various types of plant
communities on the territory of the Pizhemsky
state reserve in the Kirov region based on remote

sensing data (RSD) in combination with field
studies.

Objects and methods of research

The “Pizhyemsky” State Natural Reserve
(SNR) of regional importance was created as
a hydrological reserve in 1990 on the territory
of Kotelnichsky, Tuzhinsky, Pizhansky, Arba-
zhsky and Sovetsky municipal districts of the
Kirov region along the Pizhma River and its
right tributary — the Nemda River with a width
of 0.5 to 3.5 km (on average about 1.7—2.0 km)
and a length of 173 km.

The natural reserve “Pizhemsky” has a
particularly valuable significance for maintain-
ing the integrity, protection and restoration of
aquatic biogeocenoses, preserving the unique
natural objects of the region in the natural state.
In accordance with the objectives of creating
the reserve, its profile is defined as a complex
(landscape) reserve.

The Pizhemsky reserve is located in the
belt of southern taiga forests. Its vegetation is
described only on the plot of the Nemda River.
Itis noted that the native vegetation in this area
is spruce-fir and fir-spruce forests in some places
with linden undergrowth, with open moss cover,
boreal grasses and shrubs [6].
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Studies on the selection of plant communi-
ties in the framework of this work were conduct-
ed inareas located along the Pizhma Piver in the
territory of the SNR and directly adjacent to it.

Selection of plant communities of the Pi-
zhemsky reserve on the basis of RSD was carried
out in several stages: pre-field cameral, field
expeditionary and cameral generalizing stage.

The pre-field stage included the selection of
satellite images using the SAS. Planet Internet
resource (Google, Bing and Yandex maps) with
1 mresolution, as well as imagery from Landsat
7 and Sentinel 2 satellites (30 m and 10 m reso-
lution, respectively), and their interpretation
for selection homogeneous vegetation areas in
accordance with interpreting signs [7, 8].

According to the results of the pre-field
cameral stage, several “plots” uniform for certain
features (color, microtexturing of the pattern,
photo tone, etc.) due to various natural objects
and plant communities of the area were identified
in the spring and summer Bing maps and Yandex
satellite images. These sites were selected for
field research.

During the field expeditionary stage in
July 2017, the authors carried out work aimed
at searching on the ground the types of vegeta-
tion identified in the cameral interpretation of
satellite images. The characteristic of plant com-
munities was carried out according to generally
accepted geobotanical techniques [9].

Geobotanical descriptions were performed
within plant communities, homogeneous in flo-
ristic composition, composition of dominants of
each tier, community appearance (aspect, com-
munity structure) and habitat conditions, on
sample plots of 20 x 20 m using GPS positioning.

The cameral generalizing stage included
the process of interpretating satellite images in
order to isolate different plant communities. In
this work, direct interpretation signs of objects
(photo tone, shape, structure) were used. In ad-
dition, we used the synthesis of standard channel
combinations, classification with the training
of multi-zone high and medium resolution im-
ages, the calculation and estimation of the NDVI
vegetation index.

Results and discussion

Based on the analysis of the available
cartographic material and satellite images of
different seasons, it has been established that
in most sections the Pizhma River intensively
meanders. There are numerous channels and
many old lakes. Floodplane of the Pizhma River

occupies more than 70% of the area of the SNR.
During the spring floods, the reserve’s territory
is flooded by 50—80% (Fig. 1, see color insert).

In geomorphological terms, the SNP covers
the floodplain of the Pizhma and Nemda rivers,
the firstand second terraces above the floodplain,
and also partly the indigenous shores repre-
sented by Upper Permian terrigenous-carbonate
sediments. This circumstance determines the
nature of the vegetation. There are mainly flood-
plain meadows (more than 60%). The banks of
the mainstream, channels and lakes are covered
with thickets of shrubs (mainly willow). Forests
within the boundaries of the SNR occupy about
20% (Fig. 2, see color insert).

In the process of deciphering the plant com-
munities of the Pizhemsky reserve, direct in-
terpretation signs were taken into account. The
photo tone acts as the main interpretive sign that
forms the outlines of the boundaries, the size and
structure of the image of the object [10]. In the
photographs, water spaces that absorb light are
displayed dark to black. Vegetation is displayed
in various shades of green, while the darker the
green, the darker its color in nature. So, pine
and spruce forests in the Pizhemsky reserve are
distinguished by a darker color in the picture
than mixed and deciduous forests.

Another important interpretation is the
form. The form sets both the presence of the ob-
ject and its basic properties. For natural objects
of the areal nature, such as meadows, forests,
areas of thickets, there is an indefinite form, and
for anthropogenic, they are regular (arable land,
roads, buildings, etc.).

The structure of the image is the most stable
direct interpretive feature, practically indepen-
dent of the shooting conditions. It is a complex
trait that combines some other direct interpretive
signs, such as shape, tone, size, shadow. The sign
of the structure is the most stable of the direct
signs, less dependent on shooting conditions
than others [11]. When interpreting complex
objects, especially in pictures of relatively small
scales, as in our case, this feature became one of
the defining features.

The grain structure is characteristic for the
image of forests. The pattern is created by gray
round-shaped spots (crowns of trees) on adarker
background created by shaded spaces between
the trees. The forest vegetation of the Pizhemsky
reserve is characterized by an irregular image
structure.

Fragments of images for Figures 1 and 2
(Fig. 3, see color insert) clearly demonstrate the
differences in color, photo tone and microtexture
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in different parts of the Pizhemsky SNR (SAS.
Planet Internet resource: Yandex (top row) and
Bing maps (bottom row)).

At the same time, synthesized images (stan-
dard combinations of channels “artificial colors”
6, 5, 2 or 5, 6, 4 from Landsat 7 and spectral
bands 2, 3, 4 from Sentinel 2 satellites) were used
to isolate various types of vegetation. However,
the resolution of these images does not allow to
select homogeneous areas with a size of less than
150 m in one dimension (without taking into
account transition zones).

A synthesized image of the territory of the
Pizhemsky reserve, obtained from the Landsat
7 apparatus using a combination of spectral
channels 7-5-3, is shown in Figures 4, 5 (see
color insert).

This combination gives an image close to the
natural colors. The undisturbed vegetation looks
bright green, the grass communities are green,
the pink areas detect open soil. Dry vegetation
looks orange, water as blue [12]. Olive-green
color is characteristic of forests, and a darker
color is an indicator of conifer admixture.

Classification of high-resolution multichan-
nel images with the training provided important
information on the distribution of the majority of
plant communities observed in the region (Fig.
6, 7, see color insert).

The classes of vegetation obtained in the
analysis of satellite images coincided quite well
with those that were identified during field work.
At the same time, the accuracy of determining
certain classes turned out to be rather low. The
highest separation accuracy is obtained for water
bodies and areas without vegetation.

The paper assesses the values of NDVI. This
index helps to identify pine, deciduous forests and
meadow phytocenoses, as well as to identify water
bodies and open soil [13] (Fig. 8, see color insert).

An analysis of the obtained values of the
NDVI vegetation index revealed that for conif-
erous and deciduous forests the index values
range from 0.32t00.68 [14, 15]. This suggests a
poor and sparse tree and shrub vegetation, since
dense forest vegetation corresponds toan NDVI
value of more than 0.67—0.80. The same trend is
characteristic of plant communities (from 0.68).
Low NDVI values for these types of vegetation
can be associated with a rather low monthly aver-
age air temperature and heavy rainfall. Rather
low temperatures for the vegetation period of
plants disrupt the flow of biochemical processes
in cells, and thus can cause irreversible changes
in them, leading to the cessation of plant growth
and even their death.

In the course of field studies within the Pi-
zhemsky SNR, the following plant communities
were identified: floodplain meadows, coniferous,
deciduous and mixed forests.

Meadows, depending on their location in
the floodplain of the Pizhma River, were char-
acterized by different species composition. The
meadows of the high floodplain were attributed
to the formation of true mixed grass and cere-
als. Their total projective cover was 95%. In
the herbage prevailed: Deschampsia cespitosa,
Alopecurus pratensis, Galium boreale. Forma-
tions of the lower floodplain were large-grass
with a projective cover of 60—70%. Their herb-
age was represented by the Filipendula ulmaria,
Thalictrum flavum, Phalaris arundinacea, Carex
nigra, and others.

The forests in the reserve are mostly mixed,
characterized by different ratios of coniferous
and deciduous trees. We have described oxalis
spruce-birch-fir forest and oxalis-carex birch-
fir forest.

Among the coniferous forests in the Pizhem-
sky SNR the following community options are
noted: cowberry pine forest with may-lily and
cowberry-green moss pine forest. Pine forests
occupy the high banks of the Pizhma River and
stretch along them in a narrow strip or create
significant arrays in elevated areas.

In the study area there are sites of both
small-leaved and broad-leaved forests. They
are located in the depressions and along the
river. These forests occupy small areas, so they
are hardly visible on the map. During the field
studies, 2 oak forests were described within the
territory under study: oyster oakwood with may-
lily and ostrich oakwood. Phytocenoses formed
by linden are marked along the low bank of the
river. On moist soils the forest cuttings are over-
grown with birch and aspen.

Conclusion

The processing of Earth remote sensing
data is an up-to-date and important method of
biological research. Satellite images are indis-
pensable in the selection of plant communities.
They are very effective in studying forest com-
munities.

On the basis of ground and remote data,
floodplain meadows occupying more than 60% of
the area and forests (about 20%) were allocated
in the territory of the Pizhemsky State Natural
Reserve in the Kirov region. When deciphering
forests were divided into mixed and coniferous
(pine). Unfortunately, the areas of deciduous
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forests occupying small areas were not identi-
fied on the map.

For identification of plant communities, the
most characteristic and most accessible direct
interpretive features were selected. Synthesis
of standard combinations of channels “artifi-
cial colors” from satellites of high and medium
resolution allowed us to distinguish grassy
communities, coniferous and deciduous forests.
The classification carried out by the maximum
likelihood method yielded important informa-
tion on the distribution of the majority of plant
communities characteristic for the region. Maps
obtained in the calculation of the vegetation in-
dex demonstrate the possibilities of using NDVI
for the isolation and subsequent classification of
plant communities.

The results of the interpretation of satellite
images by the proposed methods can be used to
compile different-time vegetation maps and to
study the dynamics of plant communities. The
obtained results will allow to substantiate new
approaches to environmental management.

The work was carried out as a part of the project
supported by a grant from the President of the Rus-
sian Federation for state support of young Russian
scientists MK-2120.2017.5.
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MpoBefeHa OLEHKa COCTOSHWUS YeTbIPEX KPYMHEeMLMX BOLOXpaHUAUL, K1poBCKol 061acTh ¢ MCNo/b30BaHNEM
KOMM/eKca MeTOf0B (PU3MKO-XUMNYECKOTO, BUOMHANKALIMOHHOIO Y MMKPOGMOOTMYECKOrO aHann3oB. OnpeseneHbl
KombuHaTopHbili (KU3B) 1 yaenbHbIii KombuHatopHbii (Y KN3B) nHAEKCbI 3arpsa3HEHHOCTM 1 Knaccbl KavecTBa BOJ,.
YCTaHOB/IEHO, YTO MO XMMUYecKUM rnokasarensam KN3B ymeHbLuaeTcs B pALy BofoxpaHuamwy: BosbLuoe KnpcnHekoe —
OMYTHUHCKOEe — YepHOX0NYyHNLIKOe — BenoxonyHuLIKoe. MokasaHo, YTo HanbonbLUIWI BKNag B 3arpsisHeHve BOAOXPaHLL,
BHOCST aMMOHWIiHbIV @30T 1 OpraHnyYecKue BeLLeCTBa. BbisiB/IeHO MpeBbILLeHME NpefebHO AoMYCTUMbIX KOHLEHTpaLuia
ANs1 BOIOEMOB Ky/bTYpHO-6bITOBOTO Micnofb3osaHust (MAK, ) no >kenesy obuiemy (ot 2 40 9,5 MAK ) BO Bcex 06beKTax
nccnegoBaHus, B Bonbliom KMpCMHCKOM BOAOXPaHUIMLLE — MO XMMUYECKOMY MOTPe6/IeHNIO chnopo,qa (XTK) (1,6—
1,7M0K ;). B OMyTHUHCKOM BOZOXPaHW/LLE BbISIB/IEHbI PACTEHNA-NHAVKATOPbI OPraHNYecKoro 3arpasHeHns — Typha lati-
Jolia L.v Potamogeton natans L., 4to cornacyetcsi ¢ BennunHoii XK (53 mrO/gm®). Y cTaHoBEHa NOOXNUTENbHASA PeaKLms
pAcku Lemna minor L., L. trisulca L. n MHOTOKOpeHHWKa Spirodela polyrhiza (L.) Schleid. Ha noBbILLEeHHOE coaepXkaHne
aMMOHMIAHOr0 a30Ta B MeCTe BblMyCKa CTOYHbIX BOJ B OMYTHMHCKOE BOAOXPaHW/MLLE, TAe cofep>XXaHne aMMOHUSA Oblno
B 2,1 pa3a BblLUe Mo CPaBHEHWIO C APYTMMY yYacTKamy BOAOEMA.

Ha ocHoBaHW1 MUKPOBMONOrMYecKoro aHam3a Bogbl OMyTHUHCKOr0 BOLOXPaHUNLLA BbISIB/IeHa Me30canpobHas 30Ha
BofoéMa (LeHTpasIbHbIA U MPUMIOTUHHbIA YYacTKK), YTO NOATBEPXKAAETCS OTHOLLEHMEM BMOTONMYECKOr0 NOTpebeHns
KMC0poga K nepMaHraHaTHoM okucnsemocT (B cpegHem 27%).

KntoueBble C/10Ba: BOAOXPAHWIIVLLE, UHAEKC 3arpsi3HEHMS BOAbl, CaPOGHOCTL, 3BTPO(UPOBaHME, PUTONHANKALMS.

Application of ground-based research methods for the diagnostics
of pollution and eutrophication of water reservoirs of the Kirov region
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The status of the four largest reservoirs of the Kirov region was assessed using a set of methods for physicochemical,
bioindicative and microbiological analyzes. The combinatorial index of water pollution (CIWP), the specific combinatorial
index of water pollution (SCIWP), and water quality classes are defined. It has been established that in terms of chemical
indices CIWP decreases in the series: Bol’shoye Kirsinskoye — Omutninskoye — Chernokholunitskoye —Belokholunitskoye
reservoirs. It has been shown that ammonium nitrogen and organic substances make the largest contribution to the pollu-
tion of reservoirs. The maximum permissible concentrations for reservoirs of cultural and domestic use (MPC_,) for total
iron (from 2 t0 9.5 MPC_ ) are exceeded in all objects of study, in the Bol’shoye Kirsinskoye reservoir —on bichromate
oxidation (COD) (1. 6-1. 7 MPC_). In the Omutninsky reservoir, indicator plants for the presence of organic pollution
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were found — Typha latifolia L. and Potamogeton natans L., which is consistent with the COD value (53 mgO/dm?). It
is established the positive reaction of Lemna minor L., L. trisulca L., Spirodela polyrhiza (L.) Schleid. to the increased
content of ammonium nitrogen in the place of sewage discharge into the Omutninsky reservoir, where the ammonium
content was 2.1 times higher compared to other parts of the reservoir.

Based on the microbiological analysis of the water of the Omutninsky reservoir, the mesosaprobic zone of the reser-
voir (central and dam sections) was detected, as evidenced by the ratio of biological oxygen consumption during 5 days

to permanganate oxidation (an average of 27%).

Keywords: reservoir, water pollution index, saprobity, eutrophication, phytoindication.

Mpobnema 3arpA3HeHMA NOBEPXHOCTHbLIX BO/
C KaXX/bIM rofJoM CTaHOBUTCS BCE 60/1ee aKTyalb-
HOW. CBA3aHO 3TO B OCHOBHOM C pa3BuTUEM MPO-
MbILLIEHHOCTW, POCTOM rOPOLOB, MOCTYMN/IEHVNEM
B BOLOEMbI OFPOMHOI0 KO/IMYyecTBa 3arpss-
HAOLLMX BELLEeCTB, GMOreHHbIX 3/1EMEHTOB Yepes
CTOYHbIE BOAbI MOCENEHWNIA, CENbCKOXO3ANCTBEH-
HbIX YrOoAWM, NPOMbILLIAEHHbLIX NPeANPUATUNA,
4TO MPMBOAUT K 3HAYUTEIbBHOMY YBEIMYEHNIO
KOMM4ecTBa 3BTPOYMPOBaAHHbLIX BOLOEMOB, fe-
rpagaumn B HUX KakK OTAe/IbHbIX KOMMOHEHTOB
3KOCUCTEMbI, TaK U1 Lie/IbIX COO6LLIECTB OpraHm3-
MOB [1—2]. 3BTpPOhMKaLMA NPUBOANT K CHUKE-
HUIO PblBOX035AMCTBEHHOIO N PeKPeaLoHHOro
noTeHLMana BoLOEMOB, OKa3blBaeT HeratMBHoe
B/IMSIHME HA CUCTEMbI OYMCTKU BObl N3 BOAHbIX
06BLEKTOB /151 MUTLEBOI0 BOJOCHa6XKeHWA [3, 4].
Mpw 3BTPOdMKaLMM YacTo HabNtOJaeTCA «LiBeTe-
HMe» BOfbl, & TAaKXKe MacCOBOE Pa3BUTUE BbICLLNX
BOAHbIX pacTeHWIA. B HacTosiLLee BpeMs aHTpOro-
reHHas 3BTPOYNKaLMA ABISAETCA OAHUM U3 BaXK-
HelLwmnX (haKToOpOB HeraTMBHOIO BO3AeNCTBUSA
NPOMBbILLINIEHHOW, CENbCKOX03ANCTBEHHOM 1 MHOW
[eATeNbHOCTN Ha BOAHblE 00beKTbl [2]. PeLue-
HVe npobaem No CHUXXEHWUIO 3BTPOPUPOBAHNSA
BOLOEMOB — aKTya/lbHasi 3aZiaya COBPeMEHHOW
HayKu 1 NpakTnku. Heobxoanumo nonyyats 6o-
Nlee TOYHbIEe KONMMYECTBEHHbIE OLEHKMW, BbISAB/ATb
Hamboee 3Ha4YMMble MH(OPMATMBHbIE (haKTopbI
B pasBUTUM MPOLECCOB 3arpPA3HEHNSA BOLHbIX
06BLEKTOB 1 NX 3BTPOP1pPOBaHNSA, pa3padbaTbiBaTb
ONTUMa/bHble METOAbl K aNrOpUTMbl AUarHo-
CTUKW MPOLLecCcoB 3BTPOPMPOBAHNA BOLOEMOB
4119 pa3paboTKy Mep Mo MUX coLMabHOM 3aLuTe
n peabmnnutaymn.

Llenb paboTbl — OLEHUTb COCTOSAHME BOLOXPa-
HUNnW, KnpoBcKom 061acTu ¢ UCMOoJIb30BaHNEM
KOMI/1eKca Ha3eMHbIX METOA0B UCC/ef0BaHNS.

O6bEKTbI U MeToAbl nccnegosaHnA

O6bekTamun nccrefoBaHus NMOCNY>XUIK ca-
Mble KpYyTHble BogoxpaHunvia (npyasl) Knpos-
CKoli 06nactu: benoxonyHuukoe, OMyTHUHCKOE,
Bonblioe KupcnmHckoe 1 YepHOX0NYyHULLKOE.
CornacHo Knaccugukauum no nonoXKeHUo
B reorpacdmyeckoii 3oHe [5], Bce 06beKTbI UC-

CnefoBaHNA ABAAKOTCA NIeCHbIMU, MO NPUYPO-
YEeHHOCTWN K Makpopesibedy — paBHUHHbIMU, M0
naowiaam BogHoOro 3epkana [6] — He6onbLIMMMN.
O6LWMMKM YepTamK /151 BCeX BOJJOEMOB SABNSKOTCS
CXO[Hble NPUPOSHO-KINMATUYECKNE YCIIOBUS.
PactuTenlbHOCTb 1 XXMBOTHbLIA MUP B paioHax
pacnofioXKeHNs BOAOEMOB TUMWYHbI NS TaXKHOA
rnosiockl. Bece BogoxpaHunuila cosfaHbl B XVIII
BEKe B paioHax A06bI14un 1 pa3paboTKM XKene3HbIX
pys. C MoMeHTa co3faHua Lo cepegnHbl XX B.
OHM BbINOMHANN 06LYH0 (PYyHKUMIO — obecne-
YyeHVe BOLOCHAOXeHUA MeTanyprmuyeckoro
npomnssoactBa. OCHOBHble OTINYNA BOLOEMOB,
BbISIB/fIeHHbIE MO JaHHbIM MOMEBbIX UCCNef0Ba-
HWI N aHaIM3y KOCMOCHVMKOB, COCTOSIT B MOP(DO-
MeTPUYEeCKNX napameTpax, pasHom opreHTaLmnm
B MpOCTpaHCTBe, (hOpMe yalln 1 1U3pe3aHHOCTU
6eperoBoi IMHUN, B UHTEHCUBHOCTM BOA006Me-
Ha, CTerneHn aHTPOMOreHHOM Harpy3kun n B pas-
BMTUM NpoLeccoB 3BTpodmKauum [7]. Hanbornee
OCBOEHbl Y MHTEHCUBHO MCMNOMb3YHOTCA Gepera
B MPUNNOTUHHbIX y4acTKax BOAOXpaHUULL. Mc-
TOYHMKaMW 3arpsa3HeHns Ha beperax BOLOEMOB
ABMIAOTCA MeTa/yprnyeckne npousBOACTBa,
06beKTbI NIErKOM MPOMbILLIEHHOCTH, aBTOL0POr U,
HacefiéHHble MYyHKTbI, CAA0BO4YECKME 06LLeCTBa.
Ha OMyTHUHCKOM BogoxpaHunuuie ¢ 2010 .
(huKcnpyeTca MHTEHCUBHOE «LBETEHME» BOAbI,
YTO CBULAETENbCTBYET O Pa3BUTUM MPOLLECCOB
3BTPOPMPOBAHMSA B laHHOM BOAoEMe. [Npn 3ToM
Hanbonee ABHO «LBETEHNE» NPOABNIAETCA Ha NPU-
MJI0TMHHOM YYacTKe, Fje OTCYTCTBYET BbICLLAA BO-
[Haa pacTUTENIbHOCTb M NOCTYMaeT HeOpraHn3o-
BaHHbI SIMBHEBbIV CTOK C FOPOLCKOM 3aCTPOIKM.
MNHTEeHCMBHOCTb «LBETEHUA» MOATBEPXKAAeTCA
BE/IMYMNHOIM oNTMYecKor nnoTHocTn (D) BoAbl,
oTobpaHHoM y noeepxHocTu (0,3 M): OHa Bapbu-
pyeT B npefenax D = 0,15—0,22 npu namepeHnun
B KIOBETE C TO/ILLMHOWM MOrnoLwatoLLero cios 1 cm
W A7TMHE BOJTHbI 615 HM [8].

HabnogeHna NpoBogUINCL Ha akBaTo-
pUn nccneayembliX BOLOXPAHWUNLL B TeYeHue
2011—2018 rr. NMpobbl BOAbI ANA NpoBeLeHUS
(PU3MKO-XMMNYECKOTO aHann3a, onpeaeneHns
BM0BOr0 COCTaBa BOAOPOC/Ie 1 MUKPOBMOIOrn-
YeCKOro aHa/IM3a 0TbMpann HeCKO/IbKO pas B Te-
YeHVie NleTHe-0CeHHEro rnepuoaa: B UoHe, aBrycre
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CpefHAsA MHTEeHCMBHOCTb BOLO06MeHa Mo cpas-
HEHWIO C ApYrMMU 06beKTaMu UCCnefoBaHUA,
k=4,4ep.

Mo pe3ynsratam rmipoxXmMnUyYecKoro aHamsa
3a2011—2014 rr. paccuntaHbl KN3B n YKN3B
(tabn. 3).

CornacHo paccumTaHHbIM HAeKcaM (Tabn. 3),
Boja B BenoxonyHuuKom v YHepHOX0TYHULLKOM
BOAOXPaHMANLLAX ABMAETCA MeHee 3arpA3HéH-
HOM, YeM B iBYX ApYrnx Bofoémax. HanbonbLuein
3arpA3HEHHOCTLIO XapaKTepusyTcsa BonbLioe
KunpcrHckoe 1 OMYyTHUHCKOE BOAOXPpaHUNLLA.
3arpasHeHve Bogbl Bonblioro KupcmHckoro
npyaa Habnto4aeTcsa No CoAepXKaHnio aMMOHWIA-
HOro a3oTa, 06LLero »enesa, s3HavyeHnsam XK.
B BOgoéme oTMeyeHa cnabokucnas peakums
cpeapl (Tabn. 1), 4to He6NaronpusaTHO BAUSIET
Ha COCTOsIHME BOA0EMA U XXMBbIX OPraHM3MOoB.
3arpssHeHune gaHHoro npyga OB B 0OCHOBHOM
BbI3BAHO MPOBOAUMbLIMU paHee Topopaspa-
6oTkamu. 3arpssHeHne Bofbl OMYTHUHCKOTO
npyga HabnoLaeTca rno CoAep>KaHuio >enesa,
amMmmoHusa 1 XIK. Mo oTHoweHuto BIK /nep-
MaHraHaTHas OKucisaemMocTb (B cpefHeM 27%)
yCTaHOB/eHO, YTO OMYTHWUHCKOE BOAOXPaHU-
NINLLLEe UCNbITbIBAET CUNbHOe canpobHoe 3a-
rpssHeHe. 3TO NOATBEPXKAAETCA pe3yibTatamu
MUKPOBMONOrMyYecKoro aHaamsa, cornacHo Ko-
TOPOMY BOJa B LEHTPa/IbHOM W MPUMNJIOTUHHOM
yyacTKax Mo CTeneHun pasBnUTUA retepoTpodHbIX
MMUKPOOPraHM3MOB OTHOCUTCST K ME30Carnpo6HOi
30He (CpefHASA YACNIEHHOCTb MUKPOOPraHM3MoB
B BOfe BapbupoBasna B npegenax ot 4700 go
59000 KOE/mn). CornacHo knaccuukaymu
BOL0EMOB MO 6aKTepmanbHbIM MoKasaTensam
BOAa B BEPXOBbe BOLOEMA ABNAETCHA «y[OB/ET-
BOPWUTENIbHO YNCTOW», B CPEAHEN YacTn COOTBET-
CTBYET KJ/1acCy KayecTBa BObl «3arpsaA3HEHHaA»,
B MPUNIOTUHHOWN — «rps3Hasa». 3arpsasHeHue
OMyTHMHCKOro BogoxpaHunuuia OB cBA3a-
HO C MOCTYMNJ/IEHMEM 3arpsA3HALWNX BeLeCcTB
B BOJJ0EM C X0351iCTBEHHO-0bITOBbIMU CTOYHbIMW
BOAaMM 1 MOBEPXHOCTHbIM JINBHEBbIM CTOKOM, C
B/IMSAHWEM MPOMbILLIEHHbIX MPEANPUATUNA.

MNoBblILWEeHHOE cofiep>KaHme BMOreHHbIX 3/1e-
MeHTOB 1 OB B OMYTHVHCKOM BOAOXPaHUINLLE
0Ka3blBatoT BNNAHME Ha pa3BUTMe BOAHbIX pac-
TEHWI, 4YTO NOATBEPXKAAeTCA 06Hapy>XeHUeM
NHAMKATOPHbIX BUAOB PacTeHU B LIEHTPa/IbHOM
N MPUNIOTUHHOM Yy4yacTKax Bogoéma. benoxo-
JNIYHULKOE BOLOXPaHWNLLE, COTIaCHO NHAEK-
cam KN3B n YKIN3B (Tabn. 3), noaBep>XeHo
3arpsA3HEeHNIO0 B MeHbLUEe cTerneHn. Ansa atoro
BOZl0EMa OTMeYeHa HeBbICOKas aHTpPOMoreHHas
Harpy3sKa v BblICOKasi CKOPOCTb BOL0O0OMEHa, UTO
Croco6CTBYET CaMOOUMLLEHNIO BOAbI.

CornacHo Knaccujurkaunm KayecTsa Bog no
TPoho-canpobHbIM NokKasatensam (PacTBOPEHHbIN
KNCNOPOA, cofep>KaHne 6UOreHHbIX 3/1EMEHTOB
n OB), npegnoxkeHHow B NOCT 17.1.2.04-77,
BCE M3y4yaemble BOAOXPaHUINLLA ABNAKOTCA
B-Me30canpobHbIMK, YTO MO TPOPUYECKON LLKa-
Nle Knaccugurkauum BogoéMOB COOTBETCTBYET
3BTPOPHOMY KJiaccy.

3aK/t4YeHne

TakumM 06pa3om, NpoBeeHa IKoNornyeckas
OLleHKa YeTbIpEX KPYMHENLINX BOAOXPaHUINLL,
KunpoBCcKoii 06nacTu ¢ NpUMeEHEHNEM KOMI/leKca
Ha3eMHbIX MeTOLOB uccnefoBaHus. Onpegene-
HO, YTO HambonbLLaa NMPUPOAHO-TEXHOTEHHas
Harpyska xapakrtepHa A1 OMYTHMHCKOro BO-
foxpaHunuiia. EE npupoaHasa coctaBsoLLas
obycroBfieHa BNVsiHMEM 60/10T, PacrofIoXeHHbIX
Ha TeppuTOopMn B6M3M BnageHnsa p. OMyTHOMN
B NpYA, XO/IMUCTOro penibeda BOAOCOOPHOM no-
Wwaan npyga B LEeHTPasIbHOM U NPUMIOTUHHOM
y4yacTKax, pa3sBUTMEM 3PO3UOHHbIX MPOLLECCOB,
4TO B MepPBYIO o4epelb MOATBEPXKAAETCH BbICO-
KNM cofep>kaHnem 06LLLero »enesa B Boge. Bknag
B TEXHOTEHHY HarpysKy BHOCAT MeTannyp-
rMYecKuin 3aBOA N ropojckas 3acTpolika, pac-
NOJIOXKEHHbIe B NPUM/IOTUHHOM YacTu, neyebHo-
03[,0pOBUTE/IbHbIE YUPEXKAEHWSA N CAlOBOSYECKME
o6LLecTBa B LIEHTPa/IbHOWM YacTn BOA0EMA, 0 YéM
CBUAETENbCTBYIOT BbICOKOE COfep>KaHne B BOofe
OB, aMMOHUMINHOrO a3oTa, MaccoBoe pasBuUTUE
canpoTpOHbIX 6aKTEPUI N MHTEHCUBHOE «LIBE-
TeHVe» BOAbI.

BbICOKYIO MPUPOLHO-TEXHOTEHHYIO Harpy3-
Ky ucnbiTbiBaeT bonblioe KupcnHckoe Bogo-
XpaHunvile. Ero xapaktepHbIM1 NPUPOLHbIMU
0COBGEHHOCTSIMU SIBMSIETCS PACMONOXEHWE B pai-
OHe NpeobnagaHnst 6010THO-MOA30/INCTbIX MNOYB
n nutaHne Bogamn Kmnpcosoro 6onota, pac-
NOJIOXKEHHOIO BblILLE MO TeYeHUIO p. JanbHASA,
4TO OTpaXKaeTCA Ha CofepXKaHUKN B BOJE >Kenesa
obulero, nokasatensax pH n uBeTHocTU. TexHO-
reHHas Harpy3ska Ha Bof0éM 06yc/ioB/ieHa BNnS-
HveM Topopa3paboTok Ha Knpcosom 60n0Te,
YKNNOM 1 NPOMbILLIEHHON 3aCTPOiiKoiA I. Kupca.
BofoxpaHnnuie xapaktepuayeTcs MeHbLUel
NPOTOYHOCTLIO MO CPaBHEHUO C OMYTHUHCKNM
BOLOXPaHW/INLLEM, YTO He6MaronpusATHO BNNSA-
eT Ha KUCNOPOAHbIN pexkum npyga. benoxo-
NYHUUKWIA NpyL, NO CPaBHEHUIO C BOLOEMaMM
B I. Knpce n r. OMyTHUHCKE, UCMbITbIBAET MEHb-
LUy Harpy3ky. MprpoaHbIe YCN0BUS, B KOTOPbIX
CO34aHO0 N (PYHKLUMOHMPYET BOAOXPaHUINLLE,
NPaKTUYeCKN He BAUAIOT Ha MNOCTYMN/eHne 3a-
rPA3HSAOWMX BELLECTB B BOJOEM. HavMeHbLLIas
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NPUPOAHO-TEXHOTeHHaA Harpy3Ka B HacTosiLLee
BpPeMs 0TMeYeHa 151 HepHOX0NYHULIKOro nNpyza.
OHa cKnablBaeTCA U3 BIUAHUA HEMHOTOYUC/IEH-
HbIX 60/10T, PACNOMOXKEHHbIX BbILLE M0 TEYEHNIO
p. YépHasa XonyHuua (BepXoBbe Mpyaa) v XKnnomn
3aCTPOMKM OLHOMMEHHOr0 NOCéNKa B NpUnIo-
TUHHOW YacTu, YTO NPOABNSAETCS B MOBbILLEHHOM
cofiepXkaHy aMMOHMIAHOTO a30Ta B LieHTPa/IbHOM
y4acTKe BOAOXpaHUINLLA.

Mcnonb3oBaHwe B paboTe KoMr/ieKca hn3nKo-
XUMWNYECKNX, MUKPOBMONOTMYECKNX METOL0B
aHann3a u 6MOVHAMKaLMY NO3BOMNIIO BbISIBUTb
Y4YacTKU1 BOAOXPaHWUINLL, Hanbosee NoBep>KeH-
Hble 3arpsA3HeHNIO 1 3BTPOPUPOBAHUIO, OLIEHUTb
B/ISIHWE NPUPOAHBIX Y aHTPOMOreHHbIX (DaKTOpPoB
Ha (hopMUPOBaHME KavyecTBa BOLb! NPYLOB.

PaboTa BbINosIHEHA NpY NOALEP>KKE rpaHTa
Mpe3ngeHTa Poccniickon deaepaunn ansa rocygap-
CTBEHHOW NMoAAep>XXKM MOJIOAbIX YYEHbIX — KaHaM-
paTos Hayk (MK-86.2019.5).
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NpeHTnurkaymsa n nsyvyeHme CBOMCTB
Streptomyces geldanamycininus 3K9, BblgeneHHOoro
N3 MoYBbI NOJ 3apocnsamu 6opLieBrka COCHOBCKOIo
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AHTaroHNCTUYECKU aKTUBHBI 6aKTepuasibHbIA LuTaMm 3K9 BbieneH 13 MoyBbI Moz 3apoc/IsMmn MHBa3VMBHOMO BUaa Herac-
leum sosnowskyi Manden. aeHTndunkaymio wtamma 3K9 npoBoAMAN € UCNOMb30BaHWEM Ky bTYpasibHO-MOPGOI0r MYeCKMX
NMPU3HAKOB, a TakXXe Ha OCHOBe aHan3a (hparmeHTa reHa 16S pPHK. YctaHoBneHO HambonbLlee cxoacTeo (98,54%)
HYKJ/eO0TUAHO NnocnefoBaTe/ibHOCTU LUTaMMa 3K9 ¢ mocneoBaTe/lbHOCTLIO HYKIeoTUAOB Streptomyces geldanamycininus NRRL
3602 (Lwumdp NCBI NR_043722.1). Cpeau crieKTpa npoayumpyembix ltammoM 3K9 aHTUOMOTUKOB C MOMOLLIbHO OMTUYECKOA
CNeKTPOCKoNuu o6Hapy>xeHbl Mak6eLmH | (0,50 mkr/n) n sanvaammumH A (0,78 MKr/n). Y ctaHOBeHa COCOGHOCTh LUTaMMa
3K9 K cuHTesy 1-(a3abeH3mmungason-2-mn)-2,5-gurngpo-3H-nuppono[2,1-a]usonHgona — coeaMHEHUS, N3BECTHOTO Kak
VMHIM6UTop akTMBHOCTM 6e/1ka Hsp90. C MOMOLLIbHO BbICOKO3(h(eKTUBHOM XXNAKOCTHOM XpoMaTorpadum B aK3omeTabonmtax
nccneLyemMoro LwraMmMa o6Hapy>KeHbl NenTubl, aMMHOKUCOTbI B KonmnyecTse 145,00; nnkonuH — 117,62; ntotenH — 19,06;
tmTonH — 0,97 MKr/n. B nabopaTopHbIX YCN0BMAX MOKa3aHo, YTo MpogyLmpyemble WTamMmmMom S. geldanamycininus 3K9
BelllecTBa (NeTyune n gudyHANPYOLLME B arap) UHrMOMpYT pocT UTONAaToreHHoro rpnba Fusarium proliferatum.
B ycnoBursix COBMECTHOIO Ky/bTUBMPOBaHUS leTyume MeTabonuTbl S. geldanamycininus 3K9 3aMefNA0T pagnanbHbIil pocT
KONMoHWiA F. proliferatum noutn B fBa pasa. [MoMUMO aHTMOMOTMKOB, WTamM 3K9 NpoayumpyeT BHEKIETOUHBIA (DEPMEHT,
paspyLuaroLLmii Lennonosdy. Ha cpese M'eTYMHCOHa COOTHOLLIEHME LUMPUHbI 30HbI pocTa LTamma 3K9 1 06pa3yemMori UM 30HbI
paspyLLeHNst KapboKCUMETUIILLENH0N03bI cocTaBnsieT 2,5. B xugkohasHoi Kynbtype S. geldanamycininus 3K9 He nposiBun
CMOCO6GHOCTY MPOAYLIMPOBaTh ayKCUHbI (MHA0NN-3-YKCYCHYIO KACNOTY). B X04e nccnefoBaHus YyBCTBUTENILHOCTY S. gel-
danamycininus 3K9 K aHTMBNOTMKAM YCTaHOB/IEHA €r0 Pe3UCTEHTHOCTb K pUaMnuLMHY, aMOKCULMNINHY, HUCTATUHY
W NTEBOMULIETVHY B K/IMHNYECKM 3HAUYMMbIX KOHUeHTpaumax. LLitamm 3K9 nposBnseT 4yBCTBUTENIbHOCTb K aHTUOMOTUKAM,
VHTMOUPYIOLLMM CUHTe3 6enka (TeTpaunKInH, KaHaMULMH, 3pUTPOMULMH) U CUHTE3 K/IETOYHOW CTeHKM (Leta3onuH,
6aumTpauunH). CaenaH BbIBOG 0 TOM, UTO S. geldanamycininus 3K9, 6narogaps HamMumo aHTMONOTUYECKOW aKTUBHOCTH,
MO>KET NMPOTMBOAENCTBOBATL BTOPXKEHMNIO NATOreHHbIX BUA0B MUKPOCKOMMYECKNX P1G0B B MPUKOPHEBYIO 30HY PacTeHWin
60pLLeBrKa COCHOBCKOIO 1 TeM CaMbIM CMOCO6CTBOBATbL MOBLILLEHMIO 0 MHBAa3UBHOCTH.

Kntouesble cnosa: Streplomyces geldanamycininus, Heracleum sosnowskyi, Fusarium proliferalum, MONeKYNAPHO-
reHeTnyecknin aHanus, 16S pPHK, mak6euuH I, BanvaammumH A, aHTUOMOTUKOPE3UCTEHTHOCTb.

Identification and study of the properties
of Streptomyces geldanamycininus 3K9, isolated from the soil
under the bush of Heracleum sosnowskyi
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The antagonistically active bacterial strain 3K9 was isolated from the soil under the thickets of the invasive Herac-
leum sosnowskyi Manden. species. Identification of the 3K9 strain was performed using cultural morphological traits,
as well as based on the analysis of a fragment of the 16S rRNA gene. The greatest similarity (98.54%) of the nucleotide
sequence of the 3K9 strain to the nucleotide sequence of Streptomyces geldanamycininus NRRL 3602 (Accession number
NCBI NR_043722.1) was established. Macbecin I (0.50 pg/L) and validamycin A (0.78 ug/L) were detected among the
spectrum of antibiotics produced by the 3K9 strain using optical spectroscopy. The ability of the 3K9 strain to synthesize
1-(azabenzimidazol-2-yl)-2,5-dihydro-3H-pyrrolo[2,1-a]isoindole, a compound known as an inhibitor of the activity
of the Hsp90 protein, has been established. Using high performance liquid chromatography, peptides, amino acids in
the amount of 145.00 pg/L were detected in the exometabolites of the studied strain; lycopene — 117.62; lutein — 19.06;
phytoin — 0.97 pg/L. Under laboratory conditions, it was shown that substances produced by S. geldanamycininus 3K9
(volatile and agar diffusing) produced by the strain inhibit the growth of the phytopathogenic fungus Fusarium prolifera-
tum. Under co-cultivation conditions, the volatile metabolites of S. geldanamycininus 3K9 slow down the radial growth of
the colonies of F. proliferatum almost doubled. In addition to antibiotics, the 3K9 strain produces an extracellular enzyme
that destroys cellulose. On the Hetchinson medium, the ratio of the width of the growth zone of the 3K9 strain and the
carboxymethylcellulose destruction zone formed by it is 2.5. In a liquid-phase culture, S. geldanamycininus 3K9 did not
show the ability to produce auxins (indolyl-3-acetic acid). During the study of the sensitivity of S. geldanamycininus
3K9 to antibiotics, its resistance to rifampicin, amoxicillin, nystatin and chloramphenicol in their clinically significant
concentrations was established. Strain 3K9 shows sensitivity to antibiotics that inhibit protein synthesis (tetracycline,
kanamycin, erythromycin) and cell wall synthesis (cefazolin, bacitracin). It is concluded that S. geldanamycininus 3K9,
due to the presence of antibiotic activity, can counteract the invasion of pathogenic species of microscopic fungi into the

root zone of the plants of Heracleum sosnowskyi and thereby increase its invasiveness.

Keywords: Streptomyces geldanamycininus, Heracleum sosnowskyi, Fusarium proliferatum, molecular genetic analysis,

16S rRNA, macbecin I, validamycin A, antibiotic resistance.

Hannuue B3aMMHbIX CBA3EM MeX Y pacTeHN-
SAMW 1 MOYBON UrPaeT BaXKHYHO Posb B PYHKLMO-
HUPOBAHMWN Ha3eMHbIX 3KocucTeM. B3anmo-
[eNCTBNE MeXAY HAMW MOXKET HECTU KaK OTpu-
uatenbHbIA AN pacTeHU ageKT, ecnm peyb
NAET 0 NATOreHHbIX MMUKPObax, TaK 1 MooXKu-
Te/lbHbI — B C/lyYae CUMOMOHTOB M ECTPYKTOPOB
pacTuTesibHbIX OCTaTKoB [1, 2].

M3BecTHO, 4YTO pacTeHUs NocpeAcTBOM Kop-
HeBbIX 9KCCYATOB CMOCOOHbI MU3MEHATL MUKPOO-
HOe OKPY>KeHMe, BHOCA TeM caMbIM BKaf, B hop-
MUpOBaHMe MUKPO6HbIX coobLuecTs noys [3].
OJHOBpPEMEHHO OTAe/IbHble MPeACTaBUTENN ITUX
COOGLLIECTB MOTYT B/IMATb HA POCT pacTeHWn 3a
CYUET CBOEW (DYHKLMOHaNbHOW aKTUBHOCTY [4, 5].

Bo/bLLION NHTEPEC B CBA3W C 3TUM BbI3bIBaOT
BTOPUYHbIe MeTab0/INTbl aKTUHOMULIETOB, /151 KO-
TOPbIX XapaKTepeH LLINPOKUIA CReKTP bronornye-
CKOW aKTMBHOCTW, BK/ItOYasi PUTOPErYNATOPHYHO
[6]. N3BecTHO, UTO NpeacTaBuUTENIN aKTUHOMMU-
LeToB npoayuupytot 6onee 70% KIANHUYECKN
3Ha4YMMbIX aHTMOMOTNKOB, 80% N3 KOTOPbIX —
BTOPUYHbIe MeTabonuTbl poga Streptomyces [7].
LLInpokoe pa3Hoobpasme aHTUONOTUKOB CTper-
TOMWULETHOrO NPOUCXOXKAEHNA BK/IOYAET aH-
CaMULMHbI, aMVHOTIMKO3UAbI, TETPaUVKIVHbI,
B-naktambl, Makponuabl, NenTuAbl, NOJNEHDI,
aHTpaUMKANHbI, Nonatmpsl 1 ap. [8]. MHorume
N3 HUX 06/1a4at0T aHTUYHTaNlbHbIM JEACTBUEM.

Llensmu gaHHO paboTbl ABUINCH MAEHTUGN-
Kauus n nsyyveHme purusnonoro-6MoxXmmMmyecKmnx
ceoncTB wWramma 3K9, BblgeNeHHOro U3 MoYsbl
nog 3apocnsmu 6opuyesrka COCHOBCKOro, Ans
BbISICHEHMSI BO3MOXHbIX MEXAHM3MOB €ro aHTU-
(byHranbHoO aKTUBHOCTW.

O6beKTbl 1 METOAbI

Ltamm 3K9 6bIn BbIAENEH B YNCTYHO Ky/lb-
TYPY M3 MOYBbI Y4acTKa MaccoBoro pocra 6op-
wesunka CocHoBckoro (Heracleum sosnowskyi
Manden). MecTonosoXeHve yyacTka npobooT-
6opa — danéHckuii paioH KnpoBcKoii o6nactu
(N 58°21,558" E 51°33,533"). Ons nsonaumn
KYNbTYpPbl UCMONb30BaNIN O6LLENPUHATLIA Me-
TOL CepuUHbIX pa3BefeHNn ¢ nocneyroLmnm
BbICEBOM MOYBEHHOW CYCNEH3UN Ha Ka3ewH-
rNLepuHOBLIN arap [9]. OUMCTKY 1 XpaHeHue
LITamma OCYLLECTB/IANN HA MUHEpPaIbHOM arape
layse 1 [10].

NpeHTudurkaymo wramma 3K9 nposogunm
cornacHo onpegenutenam [10, 11] n pykoBog-
cTBy [12], a Tak>Ke C NOMOLLbIO MOMEKYNAPHO-
reHeTmyeckoro aHanmsa. CekBeHupoBaHue
(pparmeHTa reHa 16S pPHK nposogunn B Ha-
YYHO-MPOM3BOLCTBEHHOM KOMMaHUN «CUHTONM»
(MockBa). MonyyYeHHY HYK/IeOTUAHYIO MO-
CnefoBaTeIbHOCTb COMOCTaB/IANN C MaTepUaom,
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AenoHNpoBaHHbIM B reH6aHKe NCBI ¢ ucnonb3o-
BaHMeM naketa nporpamm BLAST [13]. MHOXKe-
CTBEHHOE BblpaBHMBaHWe HYK/1eOTUHbIX Moc/e-
poBatenbHocTel reHa 16S pPHK 1 noctpoeHune
(P1IOreHeTNYECKOr o lepeBa OCYLLECTB/ISANN C MO-
MoLLbto Nporpammbl MAFFT [14]. Ona noctpoe-
HUA JepeBa MCMob30Ba/IN METO[ 00bejHEHNSA
«bnvkanLmx cocegeri» —neighbor-joining (NJ).
B kayecTBe pethepeHCHOro (He NpUHaIeXallero
K poay Streptomyces) opraHmu3mMa 6bls1 BblbpaH
wrtaMmm Rhodococcus rhodochrous DSM43274T.

Ona nonyyeHns aK30MeTabosIMTOB LUITAMM
3K9 KynbTMBMpOBanu B Konbax dpneHmeiepa
(250 mn) ¢ MmnHepanbHou cpeaoii Mayse 1 (06bEM
50 mn) Ha weiikepe (180—200 06/MMH) B Teve-
Hue 7 cyT npu 22 °C. KynbTypabHYH XXUAKOCTb
LeHTpupyrmvposann B teyeHne 10 MuUH npu
7000 06/MWH /151 OTAENEHMSA BUOMACCHI KTETOK.
CynepHaTaHT OAHOKPATHO 3KCTparnposasu,
BCTPAXMBAA XXMULKOCTb C paBHbIM 06BbEMOM reK-
caHa nNpu KOMHaTHO TemnepaType B AeNINTeb-
HOM BOPOHKE B BbITSXKHOM LUKady. SKCTpaKT
(10 mn) KOHLEHTpMPOBaIN, peakcTparnposa-
HVe NPOBOAUNU 3TUIOBLIM CNUPTOM. OUYUCTKY
N aHann3 3TaHO/IbHOro 3KCTpaKTa MpoBoMIN
METO/0M BbICOKO3((WEKTUBHOM YKUAKOCTHOW
xpomatorpagun (B3>XKX) Ha xpomartorpacde
GILSON npwu cnefyowmx ycnoBuax: KoaoH-
ka — Ultrasil-Si (250—7,8 mm; 10 Mkm) 1 (250—
4,6 MM; 5 MKM) COOTBETCTBEHHO; MOABMXXHaA
(haza — 97,5% rekcaH + 2,5% m3onponaHosn;
CcKopocTb npoToka — 2,0 1 0,5 Mn/MUH COOTBET-
CTBEHHO; 06bEM NMP0o6bl, HAHOCUMbIA Ha KOTOH-
Ky, — 2 M1 1 100 MK/1 COOTBETCTBEHHO; [eTeK-
TnpoBaHne — Y® npu 240—280 n 260—280 HM
COOTBETCTBEHHO. Y®-CNeKTpbl BayingamuuHa A
n MakbeLnHa | CHUMan Ha cnekTpohoToOMeTpe
SPECORD UV VIS (I'epmaHus).

BrnaHve HenetyumMx BHEK/ETOUYHbIX MeTa-
6onntoB wtamma 3K9 Ha poct F. proliferatum
onpegenanmv MeToLoM Anddysnm B arap. BnnsaHve
netyymx sewects (J1B) wramma 3K9 Ha pocTt
rpuéa F. proliferatum nccnefoBasiv ¢ MOMOLLbIO
ABOWMHOI KyNbTypbl, CO34aBas (hn3nN4ecKoe pasje-
NTeHVE MeXXly CTPENTOMMULIETOM Y MUKPOMULIETOM.
[N 3Toro B LEHTP foHUA Yallky MeTpu Ha nnoT-
HYI0 MuTaTesIbHYI0 cpefy Yaneka oCyLLecTBAANN
OJHOKPAaTHbIN NOCEB «YKONIOM» F. proliferatum.
B KpbILLKY Yallkuy [MeTpy Ha 3aCTbIBLUYIO Kansio
arapa nomewanu 651o4ek (10 Mv) rasoHa LuTamMmMa
3K9, npeasapuTeNibHO BblpalLeHHOr0 Ha NI0THOM
MUHepasibHoOM cpefe May3e 1. Yawiky MNetpu 3a-
KpbIBa/IX, repMeTU3NpPYS CTbIK NIEHKOM Parafilm,
yTo6bl NpPeaoTBpaTUTL yTeuky J1B. IHKy6upo-
Ba/IM Yallkuy npu 27 °C. B KOHTpone aelicTBue
J1B wramma 3K9 Ha F. proliferatum NCKNOYau,

nomewas Ha KpblLWKY Yalkn Metpu 6104ek
CTepUIbHOM MUHepanbHoM cpeabl Mayse 1. MNo-
BTOPHOCTb OMbiTa TPEXKpaTHasa. IHrvomnposaHue
pocta rpu6a J1B wramma 3K9 onpegenanu nyTém
N3MEPEHUA auameTpa KoNnoHun F. proliferatum
B [BYX B3aMIMHO MepreHANKYAPHbIX Hanpas/e-
HUAX. [MameTp KOIOHUIA yYnTbiBaIn Yepes 3, 4,
5 un 7 cyT nocne nocesa. PaguanbHyH CKOPOCTb
pocTa KOJIOHUW BbIYUCANN M0 (hopMyTie:
d—d

K ===,

roe K — paguanbHasi CKOpocTb pocTa Koslo-
HUW, MM/Y; d W d ,— AnaMeTp KOMTOHWM B AaHHbIA
N Ha4yas/IbHbI MOMEHTbI BPEMEHW, MM; [ — BPEMS
NHKy6aLmu, vac.

Llennononmtnyeckyo akTMBHOCTb LUTaMMa
3K9 onpefensnu Ha NI0THOM NUTaTENbHOM cpe-
Ae F'eT4MHCOHA C KapbOKCUMETUILLEN/TH0N030M
(KMLL). O Hannumn uenniononnTnyeckom ak-
TUBHOCTU Ha cpege ¢ KML, cyamnu no nossne-
HUIO 30HbI MPOCBET/IEHNA OKOJI0 TECTUPYEMOTO
n3onATa nocne okpacku cpegbl 0,1% BoAHbIM
pacTBOPOM KOHI0 KpacHoro [15].

OnpegeneHne NHAONNN-3-YKCYCHOM KNCO-
Tbl (MY K) npoBoawv B BOAHOM pPacTBOpe 3K30-
MeTabonnToB ¢ peakTneBoM CanbKOBCKOro [16].
BuipawmBaHue wtamma 3K9 ocyllecTsnanu
B TeYeHMe MATU CYTOK B XXMAKOW NuTaTelbHOM
cpege Yaneka ¢ TpuntogaHom (0,2 r/n). Kynb-
TYPa/IbHYH XXMAKOCTb, KOTOPas Cofiep>Kasa KoM-
nnekc sk3ometabonuntos Wwrtamma 3K9, otaenann
0T 6roMacchl MNyTEM LIEHTPUGYTrMpoBaHUS.

UyBscTBUTENBHOCTL WITamMMa 3K9 K aHTu-
6noTmkam onpeaensinv ANCKo-andhdy3MoHHbIM
MeToLOM. [nd 3TOro UCnosb30Baau SUCKMK
(An-nnac-50-01, HALL®, CankT-IeTepbypr)
N3 pasHbIX FPynn U KNaccoB aHTUONOTUKOB,
B K/IMHUYECKM 3HAUNMbIX KOHLIeHTpauuax. Mpyn-
na B-naktamoB 6blna npegcrasneHa LetasonMHOM
(uepanocnopuHbl), 30 MKI 1 aMOKCULUITIHOM
(neHNUMNNNHBI), 20 MKT; MaKPOJIM0B —3PUTPOMM -
UMHOM, 15 MKT; aHCaMULIMHOB — pUdamMmLMHOM,
5 MKr; aMUHOTNMKO3U0B — KaHaMULMHOM,
30 MKr; rpynna TeTpaumKINHOB — TETpauUKIN-
Hom (Knacc nonuketnabl), 30 MKr; xnopamde-
HWUKO/10B — fieBoMuLEeTMHOM, 30 MKr, baunTpa-
UMHbl — 6aunTpaymHom, 10 Ea; nonveHos —
HuctatuHowm, 80 Eg.

JloCTOBEPHOCTbL 3KCMEepUMEHTa/IbHbIX LaH-
HbIX OLleHWBaIN MeTOAaMn MaTtemMaTnyecKomn
CTaTUCTUKKU. Pacyétbl, NOCTPOeHME rpadinkos
M NX OMNMcaHne OCYLLEeCTB/IANM C NMOMOLLbIO
npunoxxeHnin Microsoft Office Word v Excel,
NOCTPOEHNE CTPYKTYPHbIX (DOpMY/T aHTUOMO-
TUKOB — ChemOffice.
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Pe3ynbTaTbl 1 06CYyXKAEHWE

Ltamm 3K9 chopmupyeT cnupasbHble
Lenoykun crnop. Ha MmHepasbHoM arape 1 Bos-
AYLWHbIA Myuenvii (BM) witamma MMeeT LBeT
oT 6en0ro o ceporo, OTAe/ibHble KOJIOHUU CO
BpeMeHEeM YepHetoT, 6narofapsa aBToNn3y; cy6-
cTpaTHblii Muuenmin (CM) — 6ecuBeTHbIn. Ha
OBCAHOM W TNULEPUH-HUTPATHOM arape LBeT
BM — o1 6enoro ao ceporo, CM — 6ecuBeTHbIN,
pacTBOpUMbIE MUTMeHTbI OTCYTCTBYHOT. MenaHo-
NAHble NUTMEHTbI He obpasytoTca. Ha opraHu-
yeckom arape 2 uset BM — ot 6esioro Ao ceporo,
CM 6ecLBeTHbIN, 06pa3yeTcs cnabdblii >XenToBa-
TbI NUTMEHT. Ha OCHOBaHUW KyNbTypasibHbIX
N MOPOIOrNYecKnxX rnpmu3Hakos, wrtamm 3K9
Ob1/1 NepBOHAYa/IbHO OTHECEH K BUAY Streplomyces
hygroscopicus [10].

TakCcoHOMMYeCcKasa NAeHTUMUKALMSA, OCHO-
BaHHas Ha aHann3e (hparmeHTa reHa 16S pPHK,
nokasasna, 4to wramm 3K9 Hambonee 611M30K
(98,54% cxopfcTBa) No nocneoBaTe/lbHOCTU FreHa
16S pPHK K genoHnposaHHoMy B NCBI witammy
S. geldanamycininus NRRL 3602 (Homep ao-
cTynaB reH6aHke NCBI NR_043722.1) (ta6n.).

B pe3ynsrate MHOXECTBEHHOIO BblpaBHUBA-
HUA HYKNEeOTUAHbIX NOC/eA0BaTe/IbHOCTEN reHa
16S pPHK v nocTtpoeHns ounnoreHeTUYecKoro
AepeBa ObI/10 NOKa3aHo, YTO AOCTOBEPHOCTb K/ia-
cTepusaumm wtamma 3K9 ¢ S. geldanamycininus
NRRL 3602 coctaenset 97% (pwc. 1). eHapo-
rpaMmMa MnocTpoeHa Ha ocHoBaHUM Metoga NJ
c nomMoLysto nporpammvbl MAFFT. Lindgpamm noka-
3aHa cTaTucTnYecKas JOCTOBEPHOCTb MOPSAKa BET-
B/IEHWSA, ONpefenéHHasn ¢ NoMoLLbio «bootstrap»-
aHasmsa 1000 anibTepHaTUBHbLIX AePeBLEB.

Bugosoii ctatyc S. geldanamycininus no-
ny4dnn B 2007 r. Ha OCHOBaAHMW FrEHOTUMNYECKOI0
N PEeHOTUNMYECKOro aHan3a TUMNoBoro LTam-
mMa NRRL 3602, gaHHoro B [17]. PaHee aToT
LWITaMM paccMmaTtpuBanca Kak S. hygroscopicus

var. geldanus, S. hygroscopicus subsp. geldanus.
CornacHo faHHbIM nuTepatypsbl, S. geldana-
mycininus CNOCO6EH MPoAyuMpoBathb refjgaHa-
MUUnH (MonekynsipHas copmyna C,.H, N,O,)
— MNPOTMBOOMNYX0/EBbIA aHTNOMOTUK 1,4-6eH30-
XWMHOHa aHCaMULMH, OAMH U3 NepPBbIX OTKPbITbIX
NHIrM6uTOpOoB 6esika Hsp90, npeAcTaBNAOLLEro
NHTEPEC B CBA3M C MOMCKOM MPOTUBOOMYXO0/EBbIX
cpeacTs [18].

Cpean aHTUOMOTUKOB, NMPOLYLMPYEMbIX
S. geldanamycininus 3K9, C MOMOLLbIO ONTUYe-
CKOW CMEeKTPOCKOMNK 6bI/T 06HapY>KeH MaK6eLMH
| (CAS 73341—72—7, moneKynsipHas hopmyna
C,H,,N,O,) B konnyectse 0,50 mkr/n. Kak n
rengjaHamuumH, Mak6eunH | — aTo aHTMOMOTUK
aHCaMULIMHOBOW rpynnbl, CMOCOOHbIA UHIM6U-
posatb 6enok Hsp90 [19] (pwc. 2).

OfHako oT rengaHammumnHa, mak6eumH |
OT/IMYaeTCA 60/1bLLIEN PACTBOPUMOCTbLIO, CTAOW/b-
HOCTbIO M adpprHHOCTBIO [20].

Momnmo MakbeLmHa |, cpeam ak3omeTabom-
TOB LUTaMMa 3K9 o6Hapy»KeH eLLé oanH aHT16KMO-
TUK rpynrbl aMUHOT IMKO3UL0B — Ba/INLaMULNH
A (CAS 37248—47—8, monekynsipHas copmyna
C,,H.,NO,,) B konnuectse 0,78 mKr/n. OH n3sse-
CTeH KaK MOLLIHbIA MHIMOUTOP aKTUBHOCTM TPera-
nasbly rpnbos, a Tak)Ke pacTeHUIN U HACEKOMbIX
[21]. B cBA3W ¢ aTUM Ba/IMAaMULMH A LLMPOKO
MCMOMb3YHOT KaK MOLLHbI NPOTUBOrpUOKOBbLINA
arpoaHTMomnoTuK [22].

B meHbLuem kKonnyectse (0,06 mkr/n), vem
Mak6eunH | n BanmgaMmmunH A, B cynepHartaHTe
wtamma 3K9 o6Hapy»xeH 1-(azabeH3nMmgason-
2-un)-2,5-gurnagpo-3H-nmnppono[2,1-a]-
N30UHAON. [laHHble 0 MUKPOGHOW npupose
3TOro COefIMHeHUs OTCYTCTBYIOT. B nuteparype
OHO YNOMMHAETCA KaK MPOn3BOAHOE M30UHL0/10B
(6eH3130KCca30/1a), NO/TyUYeHHOe NYTEM XMMUYe-
CKOr0 CMHTE3a 1 PeKOMeHyeMoe K 1CMNo/b30Ba-
HWUIO B Ka4eCTBe MHIMOUTOpa aKTUBHOCTY 6enka
Hsp90 [23]. Takmum o6pas3om, B Hallel paboTe,

Tabnuua / Table

Bavkaiiwime poactBeHHUKM WiTamma 3K9 B 6a3e gaHHbIX Genbank (Ha 0CHOBaHMM CONOCTaBIEHNS
thparmeHToB reHa 16S pPHK) /7 The closest relatives of the 3K9 strain in the Genbank database
(based on a comparison of fragments of the 16S rRNA gene)

PofcteBeHHbIe LUTaAMMbI Howmep poctyna Genbank CxopcTBo
Related strains Accesson Number Similarity, %
Streptomyces geldanamycininus NRRL 3602 NR_043722.1 98,54
Streptomyces sporoclivatus DSM 41461 NR_117954.1 98,43
Streptomyces sporoclivatus NBRC 100767 NR_041413.1 98,43
Streptomyces antimycoticus NBRC 12839 NR_041080.1 98,43
Streptomyces sporoclivatus LMG 20312 AJ781369.1 98,32
Streptomyces castelarensis DSM 40830 NR_117953.1 98,32
Streptomyces castelarensis NBRC 15875 NR_112479.1 98,32
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| .8 R Streptomyces_hygroscopicus_

NBRC_13472__NR_041145_1

.1_3K9
97 | =

—

| .2__R_Streptomyces_geldanamycininus_
80, NRRL_3602__NR_043722_1
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56 =, DSM_40830__NR_117953_1
= .4_R_Streptomyces_mordarskii_
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", JJY4_NR_146825_1
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Puc. 1. ®dunoreHeTnYecKoe gepeBo, MoTly4eHHOe Ha OCHOBaHUW aHaIn3a MnociefoBaTe/lbHOCTeN parmeHTa
reHa 16S pPHK unccnegyemoro witamma 1 ero 65vmKaiwmx poacTBEHHUKOB, HalAEHHbIX cepBrucom BLAST
Fig. 1. Phylogenetic tree, obtained on the basis of sequence analysis of the 16S rRNA gene fragment of the
test strain and its immediate relatives, found by the BLAST service

Puc. 2. CTpyKTypHble hopmynbl rengaHamumumnHa (a) n makoeuuHa I (b)
Fig. 2. Structural formulas of geldanamycin (a) and macbecine I (b)

Nno-BMANMOMY, BrepBble 06HapYy>XeH GUOCMHTES
AAHHOro CoeiHEHNA aKTUHOoGaKTepuen S. gel-
danamycininus 3K9. CNoCo6HOCTb MPUPOAHOIro
n3onaTa K npogyKuum AaHHOro coefnHeHUs
MOXXeT MMeTb NpaKTU4YecKne nepcneKTuBhbl,
B CBSA3M C NPUMEHEHMEM B Ka4yecTBe [eiCTBYO-
LLIero BeLecTBa NpoTMBOPaKOBbIX Mpernapartos.

MomMnmMo aHTMBMOTMKOB, CPeAN 3K30MeTabo-
nnToB WwrammMa 3K9 ¢ nomoLbio B3>KX 06Hapy-
YKEHbI XapaKTepHble 419 6aKTepuii CoeUHEHWS.
Cpean HUX — NenTuibl, aMUHOKMCNOTbI B KOMN-
yectBe 145,00; Takne KapoOTUHOUAHbIE MUTMEH-
Tbl, KakK MKOMUH — 117,62 n ntotenH — 19,06,
aTakoKe NPeALIeCTBEHHNK IMKONMMHA — (OUTOMH —
0,97 mkr/n.

3BeCTHO, YTO B ECTECTBEHHOM Cpefie, B YC/10BU-
AX OrpaHNYeHHbIX NMULLEBBLIX PecypcoB, aHTUOMO-
TUKM HEOOXOANMbI 6aKTEPUSAM [/151 MHTNOMPOBaHWUS
KOHKYPEHTOB. 1151 NPOBEPKM HaIM4nsA aHTU-
(PyHrasIbHOM aKTUBHOCTW Yy LWITamMma S. geldana-
mycininus 3K9, NpoAyLMpYHOLLIEro aHTUOMOTUKMN,
onpeensnn ero aHTaroHUCTUYeCKoe felicTBme
B OTHOLLEHUU rpuba F. proliferatum. C NOMOLLbIO
MeToga anddoysnn B arap yCTaHOBMEHO UHIMOU-
pyHoLLIee feliCTBUE IK30METAB0INTOB UCC/IEAYEMOrO
LiTamma CTpenToMuueTa Ha pocT F. proliferatum.
CpepHAsa BeNMUMHA 30HbI MHIMOUPOBaHUA pocTta
F. proliferatum coctaBuna (24+1) Mm.

B nocnefHee Bpemsi, Npm co34aHM MUKPOO-
HbIX CPeACTB 3alUnTbl pacCTeHWA OT muTonaro-

o/
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Puc. 3. nHammKa CKOpPOCTU pafmanbHoro pocta F. proliferatum
noA LeCTBUEM NeTYUnX BewecTB S. geldanamycininus 3K9
Fig. 3. Dynamics of the rate of radial growth of F. proliferatum
under the action of volatile substances S. geldanamycininus 3K9

reHHbIX rpnboB, 0C060e BHMMaHWe nccneno-
BaTesiell NpuMBIEKaloT NleTyuymne opraHnyeckume
COeVHEHUSA B COCTaBe BTOPUYHbIX META60INTOB
[24, 25]. MpeactaBnsas cobov nMnogubHbIe
BeLLlecTBa C BbICOKUM [aB/ieHVeEM MapoB, B OT-
nn4yuve 0T pacTBOPUMbIX COEAUHEHUI, OHU
CNOCO6HbI CBOBOAHO MPOHMKATL Yepe3 6K1oso-
rmyeckme MembpaHbl, ANMPPYHLMPOBATL Yepes
BO34YLUHbIE Y Ta30HAMO/IHEHHbIE MOPbI B NMOYBe
[26]. B xofe 6eCKOHTAKTHOr0 TeCTUPOBaHUSA
S. geldanamycininus 3K9 Ha Hann4me neTyumx
MeTabo/IMTOB ObINO BbISAB/IEHO NHIMOMPOBaHME
pocta F. proliferatum.

Ha 4—5—7-e cyT COBMECTHOr 0 Ky/IbTUBMPOBa-
HUS CKOPOCTbL pafmansHoro pocta F. proliferatum
nof AencTBmem neTyumx BewecTs S. geldana-
mycininus 3K9 6blna H/XKe, YeM B KOHTPOJIe Ha
32—19-51,6% cooTBeTCTBEHHO (pUC. 3).

CnocobHocTb S. geldanamycininus 3K9
K NPoAYyKUMN aHTU(YHTa/IbHbIX MeTabo/INTOB
OLIeHVBa/IN He TOJIbKO C TOYKM 3PEHUS CUHTE3a
aHTMOMOTMKOB, HO N TUAPOINTUYECKNX (hep-
MeHTOB — 3K3ouesn/onas. B xoge nccnenosaHus
LEeNN0INTUYECKON aKTUBHOCTY Ha cpefe
"'eTunHcoHa ¢ KML, pernctpmposann cpefHee
3HayeHMe WNPUHBbI 30HbI paspyLlleHnsa KMLL
O0KO/10 TECTUPYEMOr0 N301ATa MOCNe OKPacKu
cpefnbl 0,1% BogHbIM PaCTBOPOM KOHIO KPacHOro,
paBHoe 8+1 MM. COOTHOLLUEHME LUMPUHBI 30HbI
pocta S. geldanamycininus 3K9 n obpasyemoit
1M 30HbI MPOCBET/IEHNSA ObISI0 PaBHO 2,5.

B >knakodasHoi Kynetype S. geldanamycini-
nus 3K9 He 6b11 cnocobeH K NnpoayLmMpoBaHuIo
WNHAONINN-3-YKCYCHOWM KNCNOTbI (QYKCUH).

M3BeCcTHO, YTO NpoayLMpoBaHNe aHTUOMO-
TUKOB M YCTONYMBOCTb K MHTMOMPOBAHMWIO aHTU-
6roTMKamMun — ABe YepTbl, KOTOPble HEOOXOAMMbI
MUKpPOOpPraHn3mam A1 BbDKMBAHUA B ecTe-
CTBEHHbIX cpeaax obutaHmsa [27]. Kpome 3aToro,
aHTUOMOTMKOPE3UCTEHTHOCTb BbICTYMNaeT Kak
MeXaHW3M 3aLLMTbl NPOAYLEHTa OT COOCTBEHHbIX
aHTnomnotmkos [28]. VccneposaHune YyBCTBU-
TenbHOCTU Wtamma 3K9 K aHTMbmnoTnkam, Bbis-
BWJI0 €ro Pe3nCTEHTHOCTb K 4 13 9 nccnefyembix
aHTUOMOTMKOB. Cpean HNX NONYCUHTETUYECKME
aHTUOMOTUKMN — pUdamMnmLUmH, aMOKCULIUIINH,
HUCTATUH N CUHTETUYECKUI aHTUOMOTUK — Ne-
BOMULETUH.

LWrtamm S. geldanamycininus 3K9 npo-
ABJIAN YYBCTBUTE/IbHOCTb K aHTUOMOTUKAM,
WHIMOMPYOLLVM CUHTE3 Genika (TETPaLUKIIVH,
KaHaMWLH, 3pUTPOMULMH) U CUHTE3 K/TETOYHOW
cTeHKM (uedasonnH, baumTtpaymH). B Hanbonb-
LLeli cTeneHn pocT wramma 3K9 orpaHmnymsancs
KaHaMVLMHOM (30Ha MHrnbmnposaHus 50+1 mm).
BTOpbIM M0 CcKne AelcTBUSA cpefm aHTUONOTUKOB,
NHTUBUPYIOLLMX CUHTES 6e/1Ka, ObI1 3pUTPOMULH.
HecMmoTpsi HaTo, 4T ero uccnegyemas gosa (15 Mkr),
Oblna BABOE MeHbLLIE, YeM Y TETPAUMKIVHA, 3pU-
TpoMULUMH (31+£1 MM) MHrMbupoBan pocT S. gel-
danamycininus 3K9 B 60/1bLUEN CTEMEHWU, YEM
TeTpauMKnnH (17+£1 Mm). 30Ha MHIMGMPOBaHNSA
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pocta S. geldanamycininus 3K9 ueasonnmHom
coctaBmna 20+1, baymTtpaumHom — 37+1 mm.

BbiBOAbI

Ha ocHOBaHMM KoMMeKca KynbTypasib-
HbIX, MOP(OIOTNYECKUX N MONEKYNAPHO-
reHeTUYEeCKNX NPU3HAKOB YCTaHOB/IeHa NMpUHag-
ne>kHocTb wtamma 3K9 K Bugy S. geldanamy-
cininus (MNN S. hygroscopicus var. geldanus, NN
S. hygroscopicus subsp. geldanus). iccnepyembiii
lWTaMm cnocobeH K CUHTe3y makbeumHa | n
BangamumnHa A. Hanmume aHTMONOTMYECKOWA
aKTMBHOCTW Yy mnccnegyemoro wramma 3K9 co-
NPS>KEHO C aHTUBMOTUKOPE3UCTEHTHOCTbIO K 4
13 9 TeCT-aHTMONOTUKOB C/EefHOLLINX K/1acCoB —
3-nakTambl, aHcCaMULMHbI, X/10paMg)eHMNKO/bI,
nonneHbl. Kpome aHTUOMOTUKOB, ANDAOYHLM-
pytowmx B arap, wramm 3K9 npogyumpyert J1B,
CMOCO6HbIE MHIMOMPOBATL POCT PUTOMATOreHHO-
ro Mmukpomuueta F. proliferatum, a Tak)Ke 3K30-
Lie/INt0/1a3bl, 0 YEM CBMAETENIbCTBYET paspyLUeHne
KML] B TecTe ¢ KOHI0 KpacHbIM. YUuTbIBas TO,
yto wramm S. geldanamycininus 3K9 BblgeneH
Ha yyacTkax MaccoBoro pocra f. sosnowskyi, OH
MOT KOCBEHHO B/IUSATb Ha X0, HenpegHaMepeHHOM
NHTPOLYKUMM 60pLieBrKa COCHOBCKOIO 3a CHET
orpaHNYeHnNs pasMmHOXKEHWS BUAOCHELNPUUYHBIX
pacTuTesIbHbIX NaTOreHOB B NOYBe.

MpaKTNYeCKNi MHTEPEC TaKXKe MOXKET npes-
CTaBNATb BrepBble BbISAB/IEHHAsA Y UCCNef0BaH-
Horo wramma S. geldanamycininus 3K9 cnoco6-
HOCTb K 61oCKHTE3Y 1-(a3abeH3nmnaason-2-mn)-
2,5-gurngpo-3H-nuppono[2,1-a]usonHpona,
paHee Nnosly4aemoro T0/IbKO MyTéM XUMUYECKOr0
CUHTE3a N UCMO/Mb3YEMOr0 B Ka4ecTBe MHIMom-
Topa aKTMBHOCTW 6enka Hsp90, yyacTByHoLLIEro
B OHKOreHe3e ayKapmoTUYeCKMX KETOK.

Pab6oTa BbINosHEHA Mpu NOALep>KKe rpaHTa
MpesngeHTa Poccuiickoi depepauunm gnsa rocygap-
CTBEHHOW MOoAAep>XKM MOJIOAbIX YYEHbIX — KaH4M-
paTos Hayk (MK-2880.2018.5).
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MOHUTOPUHT coCTaBa pacTUTeNIbHbIX COOBLLECTB Ha 0TBanax
13 0TX0/10B 060ralLleHu1s LIBETHbIX MeTan/10B

© 2019. A. A. TamaxuHa, 4. C.-X. H., foueHT, A. A. AXKybeKoBa, acrmpaHr,
KabapanHo-BankapcKuii rocyaapCTBeHHbI arpapHblil YHUBEPCUTET,
360030, Poccus, r. Hanbuuk, np. JleHnHa, 4. 1.,
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V13yyeHbl COCTOSIHVE PACTUTE/ILHOIO NOKPOBA M COCTaB PacTUTE/TbHbIX COO6LLECTB Ha Teppacax Aambbl XBOCTOXPaHWIN-
Lwa ThIpHblay3CKOro Bonbhpamo-MonbAeHOBOr0 KOMOMHaTa. B akKyMynaTUBHOM 3KOTOME TEPPAC HUXKHETO YPOBHSA Aamobl
(Bo3pact 34—49 net) NpeobnafatoT 31aK0BO-MOJIbIHHBIE U Pa3HOTPABHO-MO/bIHHbIE COOOLLIECTBA C MPOEKTUBHBLIM MOKPbLITUEM
59%. B TpaHCa/110BMasibHOM 3KOTOIE Teppac CpeAHero ypoBHs (Bo3pacT 24—33 roga) 0TMeYeHbl pyiepasibHO-eCTECTBEHHbIE
3/1aK0BO-Pa3HOTPaBHbIE CO0OLLECTBA C NMPOEKTUBHbLIM MOKPbITUEM 36,6%. B 3it0BManbHOM 3KOTOME Teppac BEPXHErO
ypoBHSA (Bo3pacT 14—23 roga) opMmpyroTCa MOHOLOMUHAHTHbIE COO6LLECTBA MaTb-N-MaYexu, LIMKOPUs 06bIKHOBEHHOTO
1 60asKa 06bIKHOBEHHOIO C MPOEKTMBHbLIM MOKPbITUEM 13%. CTapoBo3pacTHble Teppachl MMEKOT HanbosIbLLEee CXOACTBO
C 30Ha/IbHOV (hI0POIA N XapaKTePU3YHTCS OTHOCUTE/TbHO BbICOKMMU BUA0BLIM 60ratcTBOM (62 BMAA) M HACBILLEHHOCTbIO
(24 wT./Mm?). C yBeNMYeHVEM NPOJOMKUTENBHOCTU CYKLECCUN OTMEYEHbI U3MEHEHMS B JOMUHUPYIOLLNX YKN3HEHHbIX
thopmax, CHUXKeHVE LoV BUJO0B C LUMPOKUMU apeasiaMu, Bo3pacTaHye YMCEHHOCTN FTeMU3BPUBNOHTOB 1 Me30OMOHTOB.
OTMeYeHbl BUAbI TPaBAHUCTbIX PACTEHWUIA, MEPCMEKTUBHBIX 411 (hUTOpeMeamaLIin.

KntoueBble c/ioBa: CyKLECCUSI, MMOHePHast CTaamsl, 3KOTOM, PacTUTEIbHOE COOBLLIECTBO, XBOCTOXPAHWMLLE, MEPBUYHbIN
cybcTpart, TsKEnble MeTa/bl.

Monitoring of structure of plant communities on waste
dumps from non-ferrous metals enrichment

© 2019. A. Ya. Tamakhina

ORCID: 0000-0001-8958-7052"

. A A. Akh_kL‘Ibekova ORCID; 0000-0001-8633-1094"
Kabardino-Balkarian State Agrarian University,
1v, Prospect Lenina, Nalchik, Russia, 360030,

e-mail: kbgsha@rambler.ru

The state of the vegetation cover and the composition of plant communities on the terraces of the tailing dump of
the Tyrnyauz tungsten-molybdenum combine were studied. Control was a section of the mountain steppe at a distance
of 3—4 km up the valley of the Baksan river. Ecotopes at different levels of the terraces of the tailings dump dam differ in
the nature of moistening, the qualitative composition and alkalinity of the substrate. In the accumulative ecotope of the
terraces of the lower level of the dam (age 34—49 years) forbs and wormwood communities predominate with a projec-
tive cover of 59%. Rural-natural cereal and wormwood communities with a projective cover of 36.6% were noted in the
transeluvial ecotope of medium terraces (age 24—33 years). In the eluvial ecotope of the upper-level terraces (age 14—
23 years), the monodominant communities Tussilago farfara L. and Cirsium vulgare (Savi) Ten. with a projective cover
of 13% are formed. Old-aged terraces have the greatest similarity with zonal flora (control) and are characterized by
relatively high species richness (62 species) and density (24 pcs/m?). With increasing duration of succession, a change
in the dominant life forms from the terophytes to hemicryptophytes was established, a decrease in the proportion of spe-
cies with wide ranges, an increase in the number of hemieurybionts and mesobionts. Species with no deviations from
ecological regimes growing in ecotopes of early and middle-aged terraces are characterized by indifference to chemical
pollution of the habitat and are promising for phytoremediation.

Keywords: succession, pioneer stage, ecotope, plant community, tailings storage, primary substrate, heavy metals.

CNaBHLIMK (haKTOpamu, OnpefensiowmnmMmn  SIBASIIOTCA UCXO4HOe COCTOsIHWe cy6cTpaTa
HanpaB/fIeHHOCTb BOCCTAHOBUTE/IbHOM CyK- U 3KOTOMA B Lie/IOM, HA/IUME BOKPYT HapyLLEeH-
LIECCUN U ANINTENLHOCTb OTAENbHBIX €€ CTafnii  HbIX 3eMe/lb BbICOKOMPOAYKTUBHbBIX MPUPOAHBIX
B HeoMaHALaMTax KapbepHO-0TBA/IbHOIO TUMa, W Ky/IbTYPHbIX NaHALwagToB, NOTOK AMacrop 13
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(hoHOBbIX PUTOLLEHO30B U GaHK cemsiH [1—4].
CYKLECCMOHHBbI NpoLecc Ha TOKCUYHbIX Cyb-
cTparax OT/In4aeTcsi BbICOKOW NPOAO/IKUTENb-
HOCTbIO MUOHEPHON CTagun, NpescTaBNeHHON
3KONOMMYeCKM NNACTUYHBLIMU pyLepanibHbIMU
BMAaMU C LUMPOKMMIM apeasiaMy 1 MeXaH13mMamm
3alLMTbl OT BbICOKOW KOHLIEHTpauum TOKCUY-
HbIX 3/1EMEHTOB, HE3HAYMTE/IbHbIM MOKPbITUEM
1 6eLHOCTbIO (PNIOPUCTUYECKOTO COCTaBa, MasibiM
4MCNOM BMAOB-AOMUHAHTOB, YAPOLLEHHOW Npo-
CTpaHCTBEHHOW CTPYKTypoii [2, 3, 5—11].

Ha Tepputopun KabapanHo-bBankapckoii
Pecnyb6nnkun K HeonaHgwagpTam KapbepHo-
OTBa/IbHOI0 TUMa OTHOCUTCH XBOCTOBOE X035~
CTBO oboratutenbHoi habpmkm OAO «ThIpHbla-
Y3CKWNiA BONbpamMo-MoNno6aeHOBbI KOMOUHAT
(TBMK), 3a nepuog pabotbl kKotoporo (1963—
2001 rr.) HakonneHo 6onee 80 mMaH M* 0TX040B
oboraLlleHns Bo/b(HPaMoBOro, MombaeHoBOro
N MeJHO-BMCMYTOBOI0 KOHLIEHTPaTOB, 061ajato-
LLMX BbICOKON TOKCMYHOCTbIO N MOBbILLIEHHOWA
pacTBOPUMOCTbLIO B FPYHTOBbIX Bogax [12].

B cBs3M C OTHOCUTENbHO CNaboi n3y4eH-
HOCTbHO 0CO6EHHOCTEN NPOTeKaHUA NepBUYHON
CYKLEeCCMM Ha TOKCMYHOM cyb6cTpaTe Lesblo
nccnefoBaHUA ctasl MOHUTOPUHI cocTaBa pac-
TUTENbHOr0 CO06LLIECTBA Ha OTBa/1ax U3 OTX0A0B
oboralleHunst LBETHbIX METas1/IoB XBOCTOXPaHU-
nnuwa Ne 1 TBMK.

O6BEKTbI 1 METO/bl MCCNefoBaHNS

B x04e MOHUTOPUHra pacTUTEIbHOIO MNOKpPO-
Ba fambbl XxBocToxpaHunmwa (2016—2017 rr.)
06BbeKTaMN M3YyYeHUS CTalM YHaCTOK rOpPHOWA
CTeNu Ha paccTosHUM 3—4 KM BBepX Mo Ao-
nnHe p. bakcaH ()oH) 1 3KOTOMbI Ha pasHbIX
YPOBHSAX Teppac 3anajHoro ckjioHa gamo6bl
XBOCTOXpaHunuwa. Knmmarmyeckune ycnoBsus
parioHa XBOCTOXpaHUAMLLA 6/IM3KN K apuaHbIM
CO CPeAHerofoBbIM KOIMYECTBOM OCALKOB OKOJ/10
350 mm. CpefiHee cofiep>KaHue rNaBHbIX META/1/10B
B MOBEPXHOCTHOM C/10€ MPOMbILLIEHHbIX OTX0A0B
coctaenset (r/71): W —420, Mo — 145, Zn — 290,
Cu—69, Sr— 315, Rb—118 [12]. Knumart npu-
Nerawwmx K XBoCTOXpaHUINLLY TeppUTOPUIA
YMEPEHHbIA CO CPeJHEr010BO CYMMOIi 0CagKoB
600 mm. MouBbl TEMHO-KaLUTaHOBbIE, peaKuns
BEPXHUX ropn3oHToB (0—40 cm) HelTpanbHas
n cnaboulenoyHas (pH = 6,9—7,5), cogep>kaHune
obulero asota coctasnsiet 0,26%, BOAOPaCTBO-
pumblIx coneit — 0,05—0,06%.

AnnoBMasbHbIN NaHaWagT BEPXHUX paHHe-
BO3pacTHbIX Teppac (TB) XxapaKTepu3yeTcH BbICO-
KOW MJIOTHOCTBIO FPYHTA, CU/IbHO LLLE/IOYHON pe-
akuwmei cybctpara (pH = 9,3-9,5), TpaH3UTHBbIA

TPaHCaMOBUaA/bHBIN CpeAHeBO3PacTHbIX Teppac
(Tc) — 60nee pbIX/bIM U YBNAXKHEHHbLIM FPYHTOM,
MOKPbITbIM CMIOLHBLIM TOHKMM C/T0eM MOJI0L0M
NOYBbI TO/ILMHOM [0 2 CM C LLLeNI0YHON peakLmei
cybctpata (pH = 8,3—8,7), akKyMyNATUBHBbI
HUXHUX cTapoBo3pacTHbIX Teppac (TH) —
YBN@XXHEHHbIM FPYHTOM, C MEPBUYHON MOYBON
CNoeM A0 5 CM 1 MeHee LLeNIOYHON peaKLuei
cy6etpata (pH = 7,9-8,2).

B Xo4e MOHMUTOpWMHIra NpPoBOAMIOCH Feo-
6oTaHMYecKoe obcrefjoBaHNe Teppac XBOCTOXpa-
HUAMLWA U (hOHOBOro yyacTKa, cocTaB/ieHue
60TaHMYEeCKMX OMUCaHNIA C yKa3aHNeM 3HaYeHWA
NPOEKTUBHOIO NOKPbLITUSA BUJOB B MEPUOL MaKCU-
MaslIbHOr 0 pa3BuUTUS TpaBocTos (MH/1b — aBrycr).
Bcero 6b110 coctaBneHo 35 onucaHuin hnopebl
NMUOHEPHbIX FPYNNUPOBOK U 7 ONUCaHWNi (HOHO-
BOro naHgwagra. Pasmep YUYETHbIX M0OLLAA0K
5 x 10 m2. CXOACTBO pacTuUTEe/bHbIX COOOLLECTB
Teppac 1 (hOHOBOI0 y4yacTKa OLeHNBasI1 KO-
LieHToM XKakkapa (K)), cTeneHb paBHOMepPHOCTM
pacnpegeneHnsa oounua —unHgekcom Mueny (E),
BM0BOe 60ratctBo — MHAEKCOM LLIeHHOHa—Yn-
Bepa (H). [ns aHann3a BMA0BOro pa3Hoobpasus
NPUMEHANNCL KPUBbIE «0MUHMPOBAHUS — pa3-
HOO6pasns».

SKO0/I0rMYecKme OLEHKM BUAOB OMNpesensun
No aMnInUTYAHbIM U TOYEeYHbIM 3KOI0TMYECKUM
kanam [13—15]. Mo 3Ha4eHnAM KNIMMaTN4ecKo-
ro (It knum.) 1 nouseHHoro (It NoyBs.) MHAEKCOB
TONEPaHTHOCTU BUAbI TPABAHUCTbIX pacTeHWU
nogpasfenann Ha cteHobuoHTHble (CB), remu-
CTeHO6MOHTHble (FCB), Me306MoHTHble (MB),
reMnaBpunomnoHTble (F3B) M 3BPUOUNOHTHbLIE
(3B). Ona sKonoro-reorpauyeckoro aHaan3a
pacTUTe/IbHOCTM MUCMO/1b30Ba/IN CBOAKM MO (/10-
pe KabapavHo-Bankapckoii Pecnybnukin [16].
YK13HeHHbIe (hOpMbl pacTeHWA onpeaensnn no
Knaccumnkaumm PayHknepa. CogeprkaHme TSKE-
NbIX MET1/10B B MOYBE M pacTUTE/NbHbIX 06pa3uax
onpesensann atoMHO-abCopOLMOHHBIM METOA0M
C 9/1eKTPOTEPMUNYECKON aToOMMU3aumeii. CTeneHb
YCTOMNYMBOCTU OTAEMNbHbIX BUAOB K TSXKENbIM Me-
Tas11am oLeHMBasIM KO3(PDULMEHTOM BUOTOr NYye-
ckoro HakonneHns (KBH) v TpaHCIoKaLOHHbIM
KoahpumymeHtom (KT), paBHbIM OTHOLLEHMIO
COflepP>KaHNA 3/1eMeHTa B HaA3eMHOM YacTu K ero
coflep>XaHunto B Noa3eMHoln hutomacce [17].

Pe3ynbTaTbl 1 06CYXAEHWE

B cTapoB0o3pacTHbIX Teppacax MpUcyTCTBYHOT
co00bLecTBa 3/1aKOBO-MeTeNbYaTO-MOJIbIHHbIE
N pa3HOTPaBHO-MeTe/1b4aTo-MNoJIbIHHbIE C [0-
MUHUPOBaHWEM Artemisia scoparia \Waldst.,
pa3HOTPaBHO-MOJIbIHHbIE C JOMUHMPOBaHNEM
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A. austriaca Jacq. n A. marschalliana Spreng.
Bcneacteue BbICOKOM pIOPUCTUYECKO HaCbI-
LLIEHHOCTI 06LLIee NPOEKTUBHOE NMOKPbITUE Tpa-
BAHWUCTbIX pacTeHWin focturaet 59%. Ha cpegHe-
BO3PACTHbIX Teppacax O0TMe4eHbl pyAepasibHO-
eCTeCTBEHHbIe 3/1TaK0BO-pa3HOTPaBHbIe CO-
obLecTBa ¢ NPOEKTUBHbLIM NOKpbITUEM 36,6%.
Cpeav 3n1akoB Haunbosiee 06UbHbI Festuca
valesiaca Gaudin, Elytrigia repens (L.) Nevski,
Melica transsilvanica Schur, Setaria viridis (L.)
P.Beauv., Achnatherum caragana (Trin.) Nevski.
Pa3HoTpaBbe npeacTaB/ieHO KCepoUibHbIMUN
n pygepancHbiMu BUgamu (Verbascum thapsus L.,
Cichorium intybus L., Achillea millefolium L.,
Pyrethrum partenifolium Willd., Scabiosa bipin-
nata K. Koch, Tussilago farfara L. n gp.). Ha
MOJIOfbIX Teppacax C NOKPbITUEM TPaBAHUCTbIX
pacteHuii 13% oTMeYeHbl MOHOAOMUHAHTHbIE
coobuwectBa Tussilago farfara L. v Cirsium
vulgare (Savi) Ten. KycTbl 0651ennxum KpyLmn-
HOBWAHOW, NOCaXXeHHbIE C LeNblo MePBUYHON
pekynbTMBaLIMM, HAXOLATCA B YTHETEHHOM CO-
CTOAHMW N MACCOBO 3aCbIXatoT.
DNOPUCTUYECKUIA COCTaB U3YYEHHbIX KO-
TOMOB BK/OYaeT 71 BUA COCYANCTbIX PAaCTEHUIA.
PacTutenbHOe CO06LECTBO TeppaCc HUXKHETO
YPOBHSA XapaKTepn3yeTca 0THOCUTE/IbHO BbICO-
KUM BMLOBbIM 60oraTcteoM (62 BMAa) M Hacbl-
LLIEHHOCTb0 (24,1+3,2 LIT./M?) 10 CPaBHEHUIO CO
cpesHuMK (53 BMAa; 18,6+2,4 LUT./M?) 1 BEpXHUMU
(19 Bunpos; 6,5+1,8 wr./m?) Teppacamu. Cywm-
MapHOoe NPOeKTUBHOE NOKpbITMe TH (108,8%)
B 1,3—2,8 pa3a npeBbllUIaeT aHa/I0rMYHbIN No-
KasaTenb Tc n TB. PacTuTeNbHbIA NOKPOB TH
xapaktepusyetcs Hanbosiee BblIpaBHEHHbIM

pacnpegeneHvem obunma no takcoHam (E =
0,76) n cTeneHbto pasHoobpasmsa (H = 4,50) no
CpaBHeHM IO C rnokasateniamu Tc (COOTBETCTBEHHO
0,65 1 3,49) n T (cooTBeTcTBEHHO 0,52 1 2,23).
dopma KpUBbLIX «AOMUHUPOBaHNA-pa3-
HOOOpa3nsa» CBUAETENIbCTBYET O MOBbILLEHUN
6nopasHoobpasna N ycuieHUn LOMUHUPOBa-
HUSA BUAOB B CYKLECCMOHHOM BO3PacTHOM psady
B CBSI3M CO CHVDKEHMEM CTPECCOBOM HarpysKm
aKoTonos. Monorasa S-obpasHas hopma KprBOii
«AOMUHMPOBaHNA—Pa3Ho06pa3nsa» TH 61mn3Ka
K JIOrTHOpMa/nibHOMY pacnpegeneHuto MpectoHa
(60/1bLLUNHCTBO BMAOB [aHHOro 3KoTomna nmeet
cpefHee 06unne; LOMUHUPYHOLMX U eJMHUYHbBIX
BMAOB Maso). PaHrosoe pacnpefeneHve BUL0B
akoTona TB NpmbAnKaeTcsa K reomeTpruyeckomy
pacnpegeneHnio MoTomypbl, XapakTepHOMY A/1A
6eflHbIX MasIOBMUAOBbIX COO6LLECTB Ha paHHUX
cTagusax cykueccun. PaHroeoe pacnpegeneHve
BMAOB 3KoTOMa TC XapaKTepusyetcad HUIKUM
COOTBETCTBMEM FEOMETPUYECKON MOAeNn, npu-
6/1vKasicb K norHopMasibHomy (puc. 1).
CrapoB03pacTHble Teppacbl UMerT Hanbosb-
LLIee CXOACTBO MO (PIOPUCTUHECKOMY COCTaBY CO
cpeaHeBo3pacTHbIMK Teppacamu (K. = 0,53)
1 (POHOBbLIM 3KOTOMOM (KjH_mz 0,29). HanmeHb-
Lee CXOACTBO C (DOHOBbLIM 3KOTOMOM MMEKT
paHHeBO3pacTHble Teppachl (Kja_mz 0,13). lNo
CpaBHEHWIO C fJaHHbIMU MOHUTOPUHra 2003 .
(K;,.= 045K, =035 K, =0,08) ycraHos-
JIEHO BO3pacTaHume CXOACTBa (PIOPUCTUYECKOTO
cocTaBa CTapo- U CpefHeBO3PacTHbIX Teppac,
a Tak>XXe paHHeBO3pacTHbIX Teppac M (oHa.
CHM>XeHMe CX0ACTBa CTapOoBO3PaCTHbIX Teppac
1 (HOHOBOr0 3KOTOMNa CBA3aHO C MofaBleHNEM

O = N W AU NI X®

[IpoexTuBHOE MOKpPHITHE, % |
Projective cover, %

1 6 11 15

20,5 26,5

44 44
Panr Buga / Rank specie

31 37 5L5 56,5 605

—— T/ Tl——Tc/Tm —+«—TB/Tu

Puc. 1. KpuBble «40MUHPOBaHMSI-Pa3HO06pasms» B 3aBUCMMOCTM OT NPOJ0/IKUTENIbHOCTU CYyKLLECCUM
Fig. 1. Domination-diversity curves depending on the duration of the succession
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Tabnmua l/ Table 1

YKM3HEHHbIE POPMbI PACTEHUIA B 3aBUCMMOCTM OT MPOAOIXKUTENBHOCTM CYKLIECCUN
Life forms of plants depending on duration of succession

34—-49 net/ 24—-33ropa / 14—23ropga/
YKunsHeHHas dopma / Life forms 34—49 years 24—33 years 14—23 years
LuT. % LuT. % LT, %
®daHeponTbl / Phanerophytes 4 6,45 2 3,77 0 0,00
Xamentbl / Chamephytes 5 8,06 4 7,55 2 10,53
Meooutbl / Geophytes 3 4,84 2 3,77 0 0,00
MemukpunTodntel / Hemicryptophytes 35 56,45 29 54,72 8 42,10
Tepocutsbl / Terophytes 15 24,20 16 30,19 9 47,37
Buposoe 6orarctBo / Species richness 62 100,00 53 100,00 19 100,00
% 601
50 -
40 1
30 I? =
20 = =
101 ::l — =
0+ = = = - s
xmM, (Tw) / xmam. (Tc¢) / xmam. (T8) / mous. (Tw)/ mous. (Tc)/ mous. (Ts)/ It
clim. (Tl) clim. (Tm) clim.(Tuw soil (T1) soil (Tm) soil (Tu)
OCE/SBEICE/HSBOMB/MBETISE / HEB E 55 / EB

Puc. 2. PacnpegeneHne akoMopd no 3HayeHUAM KoadhuLmeHToB TonepaHTHocTy (It kM., 1t nouys.)
B pacTUTE/bHbIX COOBLLECTBAX Ha pa3HbIX YPOBHSAX Teppac: CB — cTeHOOMOHTLI, FCB — reMmcTeHO61OHTI,
MB — Me30610HTbI, 3B — reMnaBpuonOHTbI, 35 — 3BPNOUOHTbI
Fig. 2. Distribution of ecomorphs by values of tolerance coefficients (It clim., It soil)
in plant communities at different levels of terraces: SB — stenobionts, HSB — hemistenobionts,
MB — mesobionts, HEB — hemieurybionts, EB — evribionts

YKV3HEHHOr 0 MoTeHUMasa 30Ha/TbHbIX BUJOB B YC-
NOBUSIX BbICOKOW TOKCUYHOCTK cybeTpara u, Kak
cnencTeue, cnabot BCXOXKECTbIO CeMAH U/nnm
noTepei CNOCO6HOCTM K MX 06pa30BaHMI0.

VHunumanbHble cTafmm BOCCTaHOB/IEHNSA pac-
TUTEIbHOT0 MOKPOBa CHOPMUPOBaHbI MPenMy-
LLLeCTBEHHO reMUKpuTouTamm 1 Tepomtamm.
C yBenunyeHveM NpojomKnTeNbHOCTU CyKLEeCCUn
[onsa TepoddnToB CHMXKaeTcsa Ha 23,17%, xame-
thutoB — Ha 2,5%, reMmkKpunTonTOB N (haHe-
pothnToB BO3pacTaeT COOTBETCTBEHHO Ha 14,3
n 6,45% (Tabn. 1).

diopa hOHOBOI0 yyacTKa 1 MMOHEPHbIX CO-
06LLecTB Teppac npeActasfieHa 17 reoasieMeHTa-
MK. O6LIMPHbIe apeasbl (NIOPUPErNOHATbHbIN,
roNlapKTUYECKNA N naneapKTUYeCKnNin) nmeet
6onee TpeTn BUAOB (34,95%). Hanbonee LUMPOKO
B pacTuUTe/IbHOM NMOKPOBE YYaCcTBYHOT BU/bI Nnase-
apPKTMYECKOro, KaBKa3CKoro 1 KoYKHO-CMBUPCKOro
reoanemeHToB (COOTBETCTBEHHO 26,52; 21,70

n 14,47%). B pacTuTeNbHbIX coobLuectsax TB n
Tc Bo3pacTaeT yyacTue BMAOB C LLUMPOKOM 3K0/0-
rMyecKon amnanTypon (COOTBETCTBEHHO 46,67
n 42,31%) no cpaBHeHUIO ¢ 60/1ee 6naronpuaT-
HbIMUK ycrnoBuaAMN TH (35,49%). B NUOHEPHbIX
coobuectBax Tc 1 TB 0TMeYeHO 0b6efHeHMe reo-
rpamyeckoro cnekTpa BUAOB, NPeLCTaBIeHHOro
COOTBETCTBEHHO 13 1 8 reoanieMeHTaMu.

B cyKLEeCCMOHHOM BO3pPacTHOM pPALYy Hau-
60Nbllee pacnpocTpaHeHMe Ha BCex aTanax
CYKL,ECCUN NMEIT ME30OUOHTHbIE N TEMU3BPU-
OMOHTHbIE BUAbI. B Xofe cyKueccumn Jons 3Ko-
Mopdp Bo3pacTaet B pagy b — Nvb — Mb —
Cb —Cb (puc. 2).

CBA3b MeXAY MHAeKCamMu TONepaHTHOCTH
N MPOEKTUBHbIM MOKPbITUEM yMepeHHasa (r =
0,32). [lonsa BUAOB C OTK/IOHEHWEM PEXMMOB
3KOJIOrMYeCcKNX (PaKTopoB OT KOM(OPTHbIX yBe-
NINYNBaeTCs B BO3PACTHOM CYKL,ECCUOHHOM pPSALy
[0 42,0—45,3% (puc. 3).
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Puc. 3. [1ons BUAO0B C OTK/IOHEHMEM PEXKMMOB 9KOMOTMUYECKMX (DAKTOPOB 0T KOMAOPTHbIX:

Tm — TepMmyecknin pexknM, Kn — KOHTUHEHTaNbHOCTb, Hd — yBiaXkHeHMe Mnoys,
Rc — K1McnoTHocTb NoyB, Nt — a30To06ecneqeHHOCTL MOYB, Tr — CONIEBOM PEXKUM MOYB

Fig. 3. The share of types with a rejection of the regimes of ecological factors from the comfort:

T — thermal regime Kn — continentality, Hd — soil moisture, Rc — soil acidity,

Nt — soils of the nitrogen, Tr — salt regime of soils

Tabnmua 2 / Table 2
Copgep>xaHue B pacteHumn (C, MKr/r cyxoro BewecTBa), buonormnyeckoe HakonneHne (KbH)
n TpaHcnokauus (KT) TsHKENbIX MeTal/IoB B Haa3eMHol (H) v nogzemHoi () domtomacce™
Content in a plant (C, ug/g dry matter), biological accumulation (CBA) and translocation (CT) of heavy
metals in the elevated (e) and underground (u) phytomass*

Mokasatenn / Ephedra Phleum Melilotus | Taraxacum Inula Inula
Indicators procera phleoides officinalis officinale britannica germanica
CH/Ce 1,12+0,12 | 37,94+4,01 | 74,08+7,83 | 43,66+4,62 17,12+1,81 29,11+3,08

Cn/Cu 3,46+0,30 | 54,72+4,73 | 11847+1025 | 74,46+6,44 | 110,87+9,59 | 132,56+11,47

Mo |[KT/CT 1,55 1,44 1,60 1,71 6,48 4,55

001 0.46 0.90 053 021 035

KBH/CBN 0,04 0,67 1,44 0,91 1,35 1,62
CH/ Ce 0,34+0,11 | 3,17+1,00 | 0,16+0,05 | 2,12+0,05 0,58+0,16 0,93+0,18
Cn/Cu 0,71+0,15 | 4,35+0,91 | 0,94+0,20 | 3,52+0,54 0,71+0,14 1,43+0,30

Pb KT/CT 2,09 1,37 5,87 1,66 1,22 1,54

0,02 0.19 0,01 0,12 0.03 0,05

KBH/CBN 0,04 0,26 0,05 0,21 0,07 0,08
CH/ Ce 1,49+0,46 | 5,43+1,67 | 1,18+0,36 | 6,21+1,91 18,07+4,56 14,32+3,41
Cn/Cu 3,56+0,82 | 8,13+1,88 | 4,52+1,04 | 9,78+2,56 20,63+4,76 18,45+4,25

Zn [KT/CT 2,39 1,50 3,83 1,57 1,14 1,29

0,01 0.05 0,01 0,05 0,16 012

KBH/CBN 0,03 0,07 0,04 0,08 0,18 0,16

*[Ipumewanue: Cpednee sanosoe codepacanue ¢ cybempame Mo — 82; Pb — 17; Zn — 115 mke/2 cyxozo sewecmasa.
B uucaumene KBH nadzemnoit iumomaccoi, 6 snamenamene — KBH nodsemnoii giumomaccor.
*Note: Average gross conlent in substrate Mo — 82; Pb — 17; Zn — 115 ug/g dry matter. In the numerator, CBA elevated
phytomass, in the denominator — CBA underground phytomass.

Haun6onbluee 0TKNOHEHNE OT KOMGOPTHbIX
YCNOBUIA Ha BCEX YPOBHSAX Teppac 0TMeYeHOo Mo
spamyeckum gaktopam (Nt, Tr, Rc). Bugbl ¢
OTCYTCTBUEM OTK/IOHEHWI OT 9KO/TIOrMYECKNX pe-
XUMOB (Artemisia scoparia Waldst., Cichorium
intybus L., Taraxacum officinale F.H. Wigg.,

Inula britannica L., I. germanica L., Phleum
phleoides (L.) H. Karst., Plantago major L.,
P. media L., Ambrosia artemisiifolia L., Meli-
lotus officinalis (L.) Pall., Scabiosa bipinnata
K. Koch, Ephedra procera Fisch. et Mey.,
Echium vulgare L.) 0TMe4YeHbl B PaCTUTE/IbHbIX

65
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coobulecteax Tc n Te. AHann3 3HavyeHnin KbH
n KT 3Tux BUAOB CBUAETENLCTBYET 006 YCTOM-
YMBOCTW K MOBbILLIEHHbIM KOHLEHTpauusam Mo,
Pb n Zn, cBA3aHHOW C HAKOMJEHMEM TAXKENbIX
MeTaJ1/10B MPenMyLLLECTBEHHO MoA3eMHOM (hnTo-
maccoi (tabn. 2).

B c00TBETCTBMM C MO/IMBAPUAHTHOM MOZESbIO
nepBUYHON cyKueccum [18] Ha TB MpogomKaeTcs
nepBbIA 3Tan NMOHepHoON cykueccnn. CocTosi-
HVe pacTUTeNbHOro NOKpoBa TC COOTBETCTBYET
nepexofHON «31aKoBOM» cTagnn, a TH — nepe-
XO[IHOW «KYCTapHUKOBOW» CTauu BTOPOro aTana
NMUOHEPHOW cyKLeccun. B Lieniom, npotekaHme
NMMOHEPHOM CYKLIECCMM HA TOKCUYHOM CybCcTpaTe
COOTBETCTBYeT KOMOMHMPOBaHHOM S-R—mope-
N OpraHu3aummn pactTuTeNnbHbIX COO6LLECTB C
yyacTveM NaTUEHTOB 3KCTPeMa/IbHbIX YC/T0BUA,
(hopmMnpoBaHMEM cereTasibHbIX U pyaepasbHbIX
rpynnuposok. MNMepexog kK C-R-S—mogenn Ha
CTapOBO3PaCTHbIX Teppacax CAep>XKMBaeTcs Bbl-
COKOW TOKCMYHOCTbIO XeMO3éMa.

3aK/to4eHne

Mo pe3ynbratam MOHUTOPUHIa pacTUTe lb-
HOro nokposa xBoctoxpaHnnmuwa TBMK ycTa-
HOBJIEHO, YTO 3apacTaHue aMbbl NPOTEKAET Mo
TUNY MEePBUYHONM CYKLEeCCUWN, HanpaBieHHOM’
Ha MOCTerneHHOoe 3aMeLleHne pyaepasnbHbIX
pacTeHWUii BUAaMun ecTeCTBEHHOW hiopbl U
yBenMyeHne B1A0BOro pasHoobpasnsa. C BO3-
pactaHueM MPOAO/IKUTENIbHOCTU CYKLECCUU
OTMeYeHbl U3MEHEHUA B LOMUHUPYHOLLNX
YKM3HEHHbIX JopMax, CHUXKeHWe [0/IN BUL0B
C LUMPOKMMW apeanamu, Bo3pacTaHMe YNCIIeH-
HOCTW reMnaBpUONOHTOB 1 Me306MOHTOB. Bugbl
C OTCYTCTBMEM OTK/IOHEHWUIA OT 3KOJIOTMYECKUX
Pe>XX1UMOB, NMpomn3pacTaroLLme B 3KOTonax MoJsio-
AbIX U CpeAHeBO3pacTHbIX Teppac, Xxapakrepu-
3yHTCA NHAUGDIEPEHTHOCTLIO K XMMUYECKOMY
3arpsA3HeHUI0 cpefbl 06UTaHUA N ABNAOTCA
nepcneKTUBHbIMU 4718 UTOpEMEeANALLIUN.
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MpoaHann3mposaHo cofiep>kaHne (hOTOCUHTETUYECKUX MUTMEHTOB B JIMCTbAX ab0PUTEeHHbIX Y MHTPOLYLMPOBAHHbIX
[PEBECHbIX PaCTEHWI, NOABEPXKEHHBIX BIVSIHMIO YTO/IbHOrO TepMUHana MypMaHCKOro MOPCKOro TOproBoro nopTa /18 nog-
60pa yCTONUMBbIX B1AO0B, CMOCOOHBIX YYULLMTb 3KOMOTMYECKUE YCNOBUS HA TEPPUTOPMM MPOMIIOLWAAKMN 1 I. MypMaHcKa
B Lenom. O6beKTaMn nuccriefoBaHNS NOCAY>XKNAM abopureHHble pacteHnst (Betula sp., Salix sp., Sorbus gorodkovii Pojark,
Pinus friesiana Wichura) n uHtpogyLeHTbl (Picea glauca (Moench) Voss, Larix sibirica Ledeb). B koHue aBrycta 2017 T.
0T06paHbI NPO6bI CPeAMHHbIX IMCTLEB PacTeHNIA. B CNPTOBbIX 3KCTPaKTax CBEXMX 06pasL/0B ornpeseneHo KomyecTso hoTo-
CUHTETUNYECKNX NMUTMEHTOB: X/I0POPUINIOB @, b N KapOTUHOUA0B CMEKTPOOTOMETPUYECKM METOAOM. BbISABNEHO, UTO NX
HanbosbLLee CofiepXKaHne B aCCUMUNMPYIOLLIMX OpraHax IMCTBEHHBIX NMOPOA fepeBbeB. OCHOBHASA 10151 B CBETOMON/I0LLAIOLLLEM
KOMI/IEKCE MPUHAZIEXNT xnoponnny a. Y Betula sp., Salix sp. v Larix sibirica Ha npoMniowaske HabmogaeTcs npeobnaga-
HVe KapOTMHOWO0B Haj X/I0POQU/IIOM b, BbINOTHAIOLLMX MPOTEKTOPHYHO (PYHKLMIO B PACTUTENILHOM OPraHn3mMe. Y 13yYeHHbIX
[lepeBbeB COAePXKaHNe NUIMEHTOB BbILLIE B YC/IOBMAX MOPTa, YeM B rOPO/E, UCK/TKOUeHWe cocTaBuiaSorbus gorodkovii. NoKa3aHo,
YTO B/INSIHWE YIO/IbHOTO TePMUHAsIA He ABAETCH 3HaUMTENbHbIM NPU BO3AENCTBUM Ha NMUTMEHTHBIN (hoHZ 06cnefyeMblX pac-
TEHWIA. [lpeBecHble BUAbI YCMELLIHO afanTUPOoBaHb! K CYLLECTBYOLLIMM YC/IOBMSM Y MOTYT ObITb PEKOMEHZ0BaHbI NPy CO34aHNN
CaHUTapPHO-3aLLMTHbIX MO/0C 3 3e/1EHbIX HaCaXKAEHWIA, IKPaHUPYHOLLIMX PacnpocTpaHeH e Nblan B BO3AYLLIHOW Cpeje ropoja.

KntoyeBble crioBa: (hOTOCUHTETUYECKIME MUFMEHTbI, aCCUMUASILMOHHBIV annapar, ApeBecHble pacTeHUsi, ropoAcKas
Cpefa, yronbHasi Mbib.
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The aim of our work was to study the photosynthetic pigment content in the leaves of native and introduced woody plants
that are affected by the coal terminal activities, in order to select a resistant species that could improve the environmental condi-
tions of the terminal site and the city of Murmansk in general. The objects of our study were the native (Betula sp., Salixz sp.,
Sorbus gorodkovii Pojark, Pinus friesiana Wichura) and introduced plant species (Picea glauca (Moench) Voss, Larix sibirica
Ledeb), growing within and outside the seaport territory (Murmansk). At the end of August 2017, medium-sized leaves of the
plants were sampled. A spectrophotometric analysis of the raw sample alcohol extracts revealed the following photosynthetic
pigments: chlorophylls a, b, and carotenoids. It has been revealed that the hardwood species had the highest photosynthetic
pigment content. Chlorophyll a formed the major component of the light-harvesting complex. In Betula sp., Salix sp., Larix
sibirica growing within the terminal territory, carotenoids prevailed over chlorophyll 6. These pigments perform a protective
function for the plants. For the majority of the tree species in the study (except for Sorbus gorodkovii), the pigment content
in the seaport was higher than the content of the trees in the city. It has been shown that the coal terminal does not have a
significant impact on the photosynthetic pigment content in the leaves of the plants under consideration. These plant species
have successfully adapted to the existing conditions; therefore, we can recommend using them for protective forest belts to
shield the city from dust.

Keywords: photosynthetic pigments, assimilatation apparatus, woody plants, urban environment, coal dust.
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OfHOW N3 COBPEMEHHbIX 3KOMOTMMYECKNX
npo6nem siBAsIeTCA co3fgaHne 61aronpUSATHOMN
ropoACKOI cpefpbl A5 310P0BbS U NO/THOLIEHHOA
YKN3HeAesATeIbHOCTU YenoBeka. Cpean MHOXKe-
cTBa (DYHKLWIA LpeBECHbIX PacTeHWUn B ropose
0c060 BblfjefieHa UX Po/ib B KayecTBe caHUTap-
HbIX (nnbTpoB [1—-5]. Cnoco6HOCTL 3eNEHbIX
HacaXKeHWI ounLLaTb BO3AYX OT BPeHbIX Npu-
Meceii 3aBMUCUT OT BMAOBOI0O cOCTaBa M MOHOThI
[PeBOCTOEB, (DOPMbI Y @XKYPHOCTU KPOH, BbICOTbI
N pasMeLLeHns fepeBbeB U KyCTapHUKOB [6—8].
AncbanaHc ecTeCTBEHHbIX (PU3M0N0TUYECKUX
(PYHKUWI 1 NPOLLECCOB B paCTeHUAX B YCNOBUAX
rOPOACKON cpefibl ABMSIETCA OTBETHOM peakLu-
el opraHmM3ama Ha HeratuBHble akTopbl [9].
OfHVM 13 YyBCTBUTE/bHbLIX (IN310NOTNUYECKNX
NPOLLeCCOB PacTeHWUI K BHELLIHEMY BO3LeNCTBUIO
ABnAeTca potocmHTe3 [10—12].

MpombILLIeHHOE 3arpsi3HeHNe aTMoCcqepHO-
ro BO3gyxa NpMBOAUT K pa3HOHanpas/ieHHOMY
N3MEHEHWIO COAEPXKaHUSA U COOTHOLLEHUS NMUT-
MEHTOB B INCTbSAX APEBECHbIX pacTeHwni [13—18].
B psage paboT nokasaHo, 4YTo 'y lepeBbeB B rOPO/-
CKOW cpefie HabnaaeTcsi CHKeHMe hOTOCUHTE-
TWUYeCKOW CNoCcoBHOCTU MX aCCUMUNALMOHHOIO
annapara [19, 20]. K ogH1uM 13 dhakTopos., Mno-
HU>KaIOLLMM 3Ty CNOCOBHOCTb, OTHOCAT Mbl/b U
caXXy B BO3fyxe. Apyrumn uccnegoBatensimu
BbISIB/IEH POCT COAEPXKaHWSA 3eN1EHbIX MUTMEHTOB,
CBA3bIBaEMbI C pa3BUTUEM afanTaunm pacTeHUM
K CTpeccoBOMY BO3fencTeuto [21, 22].

Llenb HacTosiLLiel paboTbl—aHaIn3 CoAepXKaHmA
MMrMeHTOB (POTOCKHTE3A B IMCTbSAX/XBOE abOpUreH-
HbIX 1 UIHTPOAYLIMPOBaHHbIX APEBECHbIX PACTEHWIA,
NOABEP>KEHHbIX B/IMAHWIO YrO/IbHOTO TepMUHaNa
MypmaHcKoro mopckoro Toprosoro nopta (MMTI)
Aans nopbopa yCcToMuMBBLIX BMUAOB, CAOCOBOHbIX
YNYULLNTB 9KONOMMYECKUE YCI0BUS Ha TEPPUTOPUM
NPOMIM/OLLALKN U B I. MypMaHCKe B Lie/IOM.

MaTtepuasbl 1 MeTOAbI

K ofHOMY 13 MOTEHUNAIbHBIX UCTOYHMKOB
B/INAHNSA NPOMbILLNEHHOW NHMPACTPYKTYypbI
r. MypmMaHcKa Ha 3KO0JIOrM4ecKyro 06CTaHOBKY
OTHOCUTCA AedATenbHoCcTb MMTT, ocyLecTBNAO-
LLLero nepeBasiKy 3KCMOPTHOW Yro/lbHON NPOAYK-
LK, NPUBOAALLYIO K NMOBbLILLEHWNIO cCofepXKaHnsA
B3BELLUEHHbIX BELLECTB B aTMOC(EePHOM BO3AYXE,
yBenuumBas TeM camMmbIM 3KONIOrMYECKME PUCKN.

[na nposefeHWs nccnesoBaHUii 3a/10XKEHO
5 npo6HbIX naowagok HabnawgeHnn (MMH)
pa3mepom 10 x 10 m (NeNe 1, 2 — Ha TeppuTO-
pun MMTTT (10—20 M OT YrosibHOro TepmMu-
Hana) n NeNe 3—5 — 3a eé npegenamu, B yepTe
r. MypmaHcka). O6beKkTamn nccnefosaHus ro-

CNy>Xunu abopureHHble pacteHus (Betula sp.,
Salix sp., Sorbus gorodkovii, Pinus friesiana)
n nHTpogyueHTbl (Picea glauca, Larix sibirica).
Heobxo4MMo OTMETUTL, YTO Picea glauca, Larix
sibirica, Pinus friesiana BbICRXKEHbI B MOPTY B UC-
cnepyembiii rog (MoHb 2017) KpynHOMepPHbIMU
pacTeHUAMN, NONYYEHHbIMU U3 MUTOMHUKA
MonspHo-anbNMnCKoro 60TaHNYecKoro caja-
nHctutyTa (r. Anatutel). MNMocagka KpynHoOMepoB
OCYLLIeCTB/1EHA C Lie/1b0 A0MOTHUTENIbHOMO 0CaXK-
[eHNA TBEPAbIX MbINEBbIX YacTuLL,.

B koHUge BeretaymoHHoro nepuoga 2017 r.
(aBryct) otobpaHbl NPo6bl CPeANHHbIX JTUCTLEB
BblLLEeyKa3aHHbIX BULOB pacTeHMiA. B cnnpToBbIX
akcTpakTax (96% aTaHON) CBEXUX 06pa3L,oB
ObI/10 OMpegeneHo cogep>kaHve POTOCUHTETU-
YeCKMX MUTMEHTOB: X/I0POYUIINIOB a, b N Kapo-
TUHOWAO0B CNeKTPOohOTOMETPUYECKMM METOL0M
npu ganHax BoSH A = 665, 649 1 470 HM cOOT-
BETCTBEHHO, pacyéTbl cfieN1aHbl Mo hopMyiam Ans
cbiporo Beca [23]. OLEeHKY COCTOAHUSA PEBECHbIX
nopog onpeaensann no metoanke [24].

Pe3ynbTaTbl 1 06CYy>XXAEHWE

Mony4eHHble pe3ynbTaTbl Nokasanu (puc. 1),
4YTO HambosbLLee cofdep>kaHue xaopodunna a
XapaKTepHO /151 IUCTBEHHbIX jepeBbeB, 0COOEH-
HO aNns Betula (NopT). Y XBOMHbIX NOPOA AaH-
HblA NoKasaTtenb Bbiwe Y Larix sibirica (NOpT),
Hanbonee HU3KUN — y Pinus friesiana (FOPOL).
CpaBHWUTENbHbIM aHa/IM3 NPOAEMOHCTPUPOBa,
41O A4/15 60/IbLUNHCTBA BUAOB (3a NCK/THOYEHVEM
Sorbus gorodkovii) cogepXXaHue xnopogunna a
BblLLE B MopTy, YeMm B ropoge. OAnaA Salix sp. He
BbISIB/IEHO 3HAYMMbIX Pa3/INynii, TONIbKO Anana-
30H cofiepXkaHus xnopodunnia a LWnpe B ropoge.
Picea glauca Bropofe He 06Hapy>keHa, N03ToMy
pe3ynbTaTbl NPUBOAATCA TObKO 4151 TEPPUTOPUN
npomMniowanskm MMTT, 30eck cofep>kaHue faH-
HOro NUrMeHTa Ha YPoBHe Pinus friesiana. TakKUM
obpas3om, Ansa 60/bLUMHCTBA BUAOB N3YUYEHHbIX
pacTeHWN CHUXKEHME CoepPXKaHWs Xnopodunna a
Noz BANAHNEM YTO/IbHO NbINN He HA6MH04aN0Ch.

OLeHKa COCTOSAHUA pacTeHMI NoKasana, YTo
JINCTBEHHbIE NMOPOAbI B FOPOAE 3HAUNTENBHO STyY-
Lue, Yem Ha TeppuTopun nopta (puc. 2). XBoHble
NHTpoayueHTbl (Larix sibirica, Picea glauca)
B NePBbIN rof NocagKM Ha NpoMnaoLLaaKe 6binm
NpenMyLLEeCTBEHHO 6e3 MPU3HAKOB 0CNabeHNs,
TONLKOY Pinus friesiana LOMUHNPYIOT 3K3eMMNA-
pbl B 0CnabneHHOM COCTOAHUN.

Konunuectso xnopodunna b Haxoanaochb
B 06n1acTn 60/1€e HNU3KMX 3HAYEHUIA, MaKCUMyM
XapakTepeH AN NUCTBEHHbIX nopog (puc. 3).
B nnctbax Betula sp. Ha NPOMMNOLLIAAKE NoKa3a-
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Puc. 1. CTatmucTnyecKme napaMeTpbl Coaep>XKaHUs X10potmia a B IMCTbAX APEBECHbLIX PacTeHWI
Fig. 1. Statistical parameters of chlorophyll « content in leaves of arboreal plants

a b
| ! | ! T
Picea,gla,uca, :’:':’:':’:":f':f':’:':|’:':f':’:':’i':’:':’:'Zfi:f':f':f' ‘ ‘ ‘
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Pinus friesiana Pinus friesiana Z-Z-Z-Z-Z-Zii-:-:-:-:-:-VM/
Sorbus gorodkovii | Sorbus gorodkovii [ W
Betula sp. Betula sp. :-:-:-:-:-:i:-:-:-:-:-: LSS AY.
Saliz sp. Salix sp.
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[0 6es npusnaxos ocnabnenuns FJ]cnaboocnabneHHble [ without signs of weakening 7] weakly weakened
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Puc. 2. PacnipefeneHue rno Kateropmsam coctosiHUA fiepeBbeB B nopTy (a) v B ropoge (b), %
Fig. 2. Distribution of woody plant conditions in the seaport (a) and the city (b) by categoties, %

HO YBe/IMYeHMEe CoLepXKaHNA aHHOro NUrMeHTa
Mo CpaBHEHUIO C ropofom. B accumunupyowmx
opraHax ocTa/ibHbIX IMCTBEHHbIX Habnwganachb
obparHasa KapTuHa, B 0CO6eHHOCTW ans Salix Sp.
Cpeau XBOMHbIX AepeEBLEB MAKCMMYyM COAep>Ka-
HUA BbISBNEH Y Larix sibirica (ropof), y Pinus
Jriesiana 3TOT NOKa3aTe/lb BbILLE B MOPTY.
M3BECTHO, YTO KapOTUHOWUAbI BbIMOMHAOT
NPOTEKTOPHYIO (DYHKLINKO B pacTUTe/IbHOM Op-

raHu3me 1 yBenMUMBaKT ero yCTOMYMBOCTb K
cTpeccoBbIiM BO3fericTBuAm [12]. CogeprkaHue
KapoTUHOWOB Y 00/bLUMHCTBA BULOB pacTeHui
HECKO/IbKO BblLLe, Yem xnopodunna b. YMeHb-
LLeHWe KO/INYecTBa JaHHOro NMUrMeHTa B NopTty
BbISAB/IEHO Y Sorbus gorodkovii (pyc. 4).

Taknm 06pa3om, 04EBULHOE CHUDKEHME CO-
Aep>XaHus POTOCUHTETUYECKUX MUTMEHTOB B
30He B/IUSAHUA YTONIbHOr0 TepMuHana MoXHo

TeopeTnyeckas 1 npuknagHasa akonorma. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2



MOHWUTOPWHI AHTPOIMOIMEHHO HAPYLLUEHHbIX TEPPUTOPUI

KOHCTaTMpoBaTb TONLKO ANA NNCTbEB Sorbus
gorodkovii, NP 3TOM MoKasarte/lb Ko/inyecrtsa
3[0POBbIX pacTeHW BbliLle (32%), YeM Y APYTNX
JINCTBEHHbIX MOPOL.

O cTeneHn chopmMmpoBaHHOCTU (HOTO-
CUHTETUYECKOro annapara MOXXHO CyAuTb Mo
COOTHOLLEHMIO Xsiopodhniina a K Xnopotuiny b
(a/b). 310 OTHOLLIEHWNE CBA3AHO C aKTUBHOCTbIO
«rNaBHOro» xsopoguana a, Yem OHO BblLLE,

TEM MHTEHCUBHee hoTOCUHTE3. B HOpme aToT
rnokasaresib JO/I>KeH COOTBeTCTBOBaThH 2,2—3,0.
PaccumTaHHble 3Ha4YeHMS 3TOr0 COOTHOLLEHUS
B HallleM MccnefoBaHUN Bbllle HOPMabHOMo
(Tabn.), noaTomy haKT MoBbILLEHNSA COAEPXKaHUS
xnopounna a B JaHHbIX 06pa3Liax MOXXHO pac-
cmatpuBaTb Kak rnpucnocobneHne pacTeHUn K
HebnaronpuaTHLIM ycioBuaM cpefbl. Hanbonee
BbICOKME 3HaUYeHUSA MoJlyYeHHOro COOTHOLLEHUS
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Fig. 3. Statistical parameters of chlorophyll 6 content in leaves: 1 — port; 2 — city
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Tabnuua / Table

BennunHa cooTHOLLEHUS (POTOCMHTETUYECKMX MUTMEHTOB B /INCTbAX PaCTEHWIA
Correlation of photosynthetic pigment content in the lamina of the trees

a+ b/KapoTMHOMAbI
Bug pacteHus a/b a+ b/carotenoids
Species of plant - -
nopt / port ropog / city nopt / port ropop / city

Sorbus gorodkovii 3.67 4,14 5,25 4,89
Betula sp. 4,41 4,32 5,25 5,12
Salix sp. 4,62 3,65 4,57 4,95
Pinus friesiana 411 4,94 4.41 3.85
Larix sibirica 4,46 3.47 4.22 5,13
Picea glauca 4,81 — 4.22 —

Ipumewanue: kypcusom c noduéprusanem oloeievbl MUHUMALLHBLE SHALCHUSL, ICUPHBLM WUPUPHMOM — MAKCUMALLIBLE;

«—» — danmnwvle omcymcemeyrom.

Note: the minimum values are underlined; the maximum values are shown in bold; “—" — no dale.

XapakrtepHbl 4ns Picea glauca — B NOpPTy N Pinus
Jriesiana — B ropoge. Camasi HU3Kas Be/iM4nHa B
MopTy OTMeYeHa B INCTbAX Sorbus gorodkovii, B
ropoge — Larix sibirica.

OTHOLLEHME CyMMbl X/TOPOIUIIIOB K Kapo-
TMHonaam (a+b/KapoTUHOU/bI) UrpaeT Ccylle-
CTBEHHYIO pPOJib MPU XapaKTepUCTUKe paboThbl
(POTOCMHTETMYECKOrO annapara, B HOpMe OHO
CTabW/IbHO N OYeHb YYTKO pearvpyet Ha U3me-
HeHNA pa3/iMyHbIX (PaKTopoB cpefbl. [Npu cpas-
HEHUW NOJTYYEHHbIX BE/IMYUH, B 3aBUCUMOCTHU
OT YC/I0BWUI NMpoun3pactaHNsA MOXKHO OTMETUTb,
yTo 60s1ee BbICOKME 3HAYEHUA XapaKTepHbI 4715
Sorbus gorodkovii N Betula sp. B nopTy. AKTU-
BaLNA CMHTE3a MUTMEHTOB MOXKET ObITb CBA3aHa
C HeobOX0AMMOCTbIO MOoALepXKaHUSA (POTOCUHTe-
TUYeCKMX MPOLECCOB Ha onpeaenéHHOM YpoBHe
B HEGNaronpuATHLIX YCI0BUAX NPOM3pacTaHus.

Taknm 06pa3om, 4718 CO34aHUA 3aLUTHbBIX
Haca>K[ileH NPOTMB B3BELUEHHbIX BELeCTB Ha
npomMmnsiowagke MMTTI1 BaXKHO MCMO/b30BaTH
afanTMpoBaHHble K JaHHOMY TUMY U YPOBHIO
3arpA3HeHNS Nopoabl AepeBbes.

3aKueHune

Mo cofep>XaHUO POTOCUHTETUYECKNX
MUIMeHTOB B aCCUMUNVPYIOLLIMX OpraHax Bbl-
LensTCA IMCTBEHHbIE MOPOLbI AePeBLEB, B OCO-
6eHHOCTU Betula sp. n Sorbus gorodkovii. Cpean
XBOMHbIX MO 3TOMY MoKa3saTe/ito LJOMUHUPYeT
Larix sibirica. OCHOBHas JONs B CBETOMOrnoLa-
rOLLLEM KOMIIeKCe MPUHALNEXNT X1I0POPUINY a.
Y Betula sp., Salix sp. v Larix sibirica Ha Npom-
nnowwaake MMTI1 HabntogaeTcs npeobnagaHue
KapOTMHOWAO0B Haf, X/T0POdU/IIOM b, BbIMOMHA-
LWMX MNPOTEKTOPHY0 (DYHKLMIO B pacTUTENIbHOM
opraHusme. [ins 60nbLLUMHCTBA BULOB [ePEBbEB
COfiep>KaHue NUIrMeHTOB BblLLIe B YC/I0BUSX MOPTa,

Yyem B ropoge. VicknwoyeHune coctasuna Sorbus
gorodkovii, COCTOSIHWE KOTOPOW He BbI3blBaeT
onaceHus. MNpoBeaéHHbIE NCCef0BaHUSA MO-
Kasa/n, YTo B/INSIHME YTO/IbHOIO TeEpMUHasTA He
ABNSAETCA 3HAYUTE/IbHbIM MPU BO3LENCTBUN Ha
NUIMEHTHbIA QOHA pacTeHWii. iccneaoBaHHble
Buabl (Betula sp., Salix sp., Sorbus gorodkouvii,
Pinus friesiana, Picea glauca, Larix sibirica)
yCMNewHo afanTupoBaHbl K CYLECTBYHOLLUM
YC/IOBUSIM U MOTYT 6bITb PeKOMEHAOBaHbI Mpu
CO3[aHnN CaHNTapPHO-3aLMTHbIX NOM0C U3 3eN1é-
HbIX HaCaXKeHW, SKpaHUPYHOLLMX pacnpocTpa-
HeHWe MbleBbIX YacTuL, Ha I. MypmaHcK.
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An evaluation of the level of contamination of microplastics in the coastal marine sediment from Kattegat Sea in
Denmark has been conducted. The evaluation is based on sediment samples collated from beaches located on coasts par-
tially surrounding the Kattegat Sea: Mou, Bogense, Hasmark, Zealand Odde, and Rorvig. Microplastics were extracted
from the sediment samples using a newly developed density and flotation apparatus. Afterwards, the extracted micro-
plastics were categorised under a stereo microscope, and the criteria for visual identification as synthetic polymers were:
shape, colour, degradation and surface contours. This study indicate the presence of microplastics in coastal sediments
throughout the Kattegat Sea i.e. between two and 55 particles/550 g Dry Weight were found in the sediment across the
five locations. The total abundance of microplastics were 210 particles. Among the samples — fragments (46.1%) were the
most dominate shape whereas fibres (34.8%) accounted for the second largest fraction. Our results highlight widespread
occurrence in coastal sediments from the Kattegat Sea and provide valuable information for further environmental as-
sessments of microplastics in Denmark.

Keywords: microplastic, extraction device, sediment, synthetic polymers.
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OnpejeneHne MUKponiacTnka
B NPUBPEXKHbIX OT/IOXKeHMAX mopa Katterat (JaHns)
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e-mail: rah@btech.au.dk

Bbinia npoBeeHa OLeHKa YPOBHSA 3arpPsA3HeHNA MUKPoYacTULaMmmn NnacTMKosB (MMKPONAacTMKaMm) NprubpexKHbIX
MOPCKUX 0TNoXeHWn Mopsa Katterat B JaHuun. AN oLeHKN UCMob30Banu 06pasLibl 0TN0XKEHUA, COOPaHHbIX Ha NNS-
»Xax nobepexkbs, okpy>katowero mope Kartrerat: Moy, BoreHce, Xacmapk, 3enaHausa Onge v Popsur. MukpoyacTuLbl
6b11 M3BNEYEHbI U3 06Pa3LLOB OT/IOXKEHWUI C UCNONb30BaHMEM HeaBHO pa3paboTaHHOro annapara 4ns gaoraunm
1 onpegeneHns nNaoTHOCTU. MN3BneYéHHble MUKPONIACTUKM 6bINn KNacCUULMpoBaHbl Moj CTEPEOMUKPOCKOMOM.
Kputepnsimu ans BU3yanbHOW NAeHTUMUKaL MM CUHTETUYECKNX MONMMEPOB 6blin opma, LBeT, ferpafauns u KoH-
TYpbl MOBEPXHOCTU. 3TO UCCNeA0BaHME yKa3blBaeT Ha NMPUCYTCTBUE MUKPOMIACTUKOB B NMPUBPEXKHbBIX OT/IOXKEHUSAX MO
BCEMY MOpto KaTTeraTt — B NATM MecTax 6b1710 06Hapy»>XeHo 0T 2 A0 55 vactuy, Ha 550 r cyxoi Macchbl 0T10XKeHWU . ObLee
KO/IMYECTBO MUKPOYACTUL, N1acTMKOB cocTaBuno 210. Cpefmn 06pasLoB AOMUHUPYOLLEN hOpMOi Bblin hparMeHThbl
nnactmka (46,1%), BTOpyto No BeNnyuHe pakLmio coctTaBnsanm BonokHa (34,8%). MonyyeHHble pe3ynbrarbl MNoKa-
3bIBAOT LLUMPOKOE PacnpocTpaHeHe MUKPOMIACTUKOB B MPUOPEXKHbIX OTNIOXKEHNAX Mopsa KaTtTerart n npeacraBnsaoT
c060/ LeHHYI MHhOopMaLMo ANa fanbHERLWNX NCcCnefjoBaHNA N0 3arpsA3HEHMI0 MUKPOMNIACTUKOM OKPY>KatoLLeit
cpefbl B JaHnu.

KrtoyeBble cnoBa: MMKPOMIACTUK, IKCTPaKLUMOHHOe o6opy,q0|3aHme, OTNOXXEHNA, CUHTETUYECKNE NONTMMEPDI.
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During decades, plastics have become an
integrated component of modern society. Glo-
bal annual production of plastic is now rising
to above 335 million tons [1]. Approximately
50% of all plastics today are disposed after a
single-use [2] and the quantities recovered as
a fraction of total discards shows that recycling
rates are relatively low [3]. A consequence of
this is that between 4.8 and 12.7 million tons
of plastics were estimated in 2010 to enter the
marine environment. The cumulative input of
mismanaged plastic’s debris to the oceans is
predicted to reach as high as 250 million tons
in 2025 [4]. Further studies predicts that during
the next decades, total production of plastics will
increase and approximately 12 billion tons of
plastic waste will be in landfills or in the natural
environment by 2050 [5].

Carpenter et al. published the first identifica-
tion of marine microplastics [6]. They found abun-
dant polystyrene spherules in sizes 0.1 to 2 mm
(average 0.5 mm) in coastal waters of southern
New England, US. Currently, marine plastic
pollution receives major attention and has been
reported in different marine environments glo-
bally including (1) benthic sediments, (2) inthe
water column, and (3) deep-sea sediments [7].

However, limited focus has been on coastal
sediments in the Nordic region. Strand et al.
studied microplastics investigate sediments
samples from seabed in Danish territorial water
northwest of Skagen, and identified microplas-
tics in all collected sediment samples. In that
study both fibres and fragments were identified
in ranges from 0.6 to 36 particles per 10 g dry
weight (DW) of sample [8]. Noren took nineteen
samples from the sand sediments at the Swedish
west coast sediments: particles found in these
samples ranged from 150 and 2400 particles/m3[9].
Furthermore, Noren also examined a harbour
located in near distance to a polyethylene (PE)
production plant, and found 102,000 particles/
m?® with diameter between 0.5—2.0 mm.

This paper presents the first study of mi-
croplastic occurrence and types in the coastal
sediments in Kattegat Sea in Denmark (Fig. 1,
see color inset). Samples has been taken from
five beaches along the western and southern
boundaries of the Kattegat Sea in order to estab-
lish data on potential variations in accumulation
and occurrence patterns.

Field campaign

Sampling sites. Five sampling sites (S1—
S5) were selected in order to have a good repre-

sentation of both sites in the inner Danish waters
and sites facing the inflow from the Skagerrak
Sea and the Baltic Sea. In Figure 1 are the sam-
pling locations plotted, in Table 1 the sampling
locations and GPS coordinates are shown, and
Table 2 depicts an overview of site-specific
features that potentially serves as contributing
contamination sources. The following describes
briefly the general characteristics of the sample
locations:

Mou (S1) isasmall town in northeast Him-
merland with 1,130 inhabitants [10], located on
the southern shores of the eastern mouth of Lim-
fjorden inlet. The town is located in the North
Jutland region and belongs to the municipality
of Aalborg with a population of 213,558 and an
area covering 1,143.99 km? [10]. The sampling
areais located where Limfjorden inlet meets the
Kattegat Sea.

Bogense (S2) is a small seaport located on
the north-western coast of Funen, the population
is 3,710citizens [10], and belongs to the munici-
pality of Nord Funen with 29,030 inhabitants.
The municipality covers an area of 451 km . To-
day, Bogense is a popular tourist-attraction and
only little industry is located in the area. This is
an interesting site since research has shown that
microplastic abundance tends to increase near
recreational areas [11].

Hasmark (S3) beach is located on the north-
east part of the coast of Funen. The beach areas at
Hasmark are a very popular place for recreation
activities and many summerhouses are posi-
tioned directly in connection to the beach with
only a minor dirt and cement barrier between
the houses and the sea. This sampling location
was selected because it is the most isolated part
of beach in the area.

Zealand’s Odde (S4) was in recent times an
areawith great ship traffic due to the ferry routes
from Odden harbor on the south coast to Ebeltoft
and Aarhus in Jutland. Today fast catamaran
ferries with more than 15 daily departures serve
these two routes. No heavy industry besides the
ferry activities are located in the areas. The city
size is small, however due to large areas with
holiday homes the actual population differs de-
pending on seasonal activities.

Rervig (S5) is a cottage and port city in
Northwest Zealand with 1,051 inhabitants [10].
Rervig is located on the northern part of Isefjord
at the western shores of the northern mouth of
Isefjord inlet. The town is located in Odsherred
Municipality and is located in Region Zealand.
The area is a frequented recreational area with
significant seasonal fluctuations of humans.
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Table 1
Sampling locations, ID, and GPS coordinates
Site ID Location Longitude Latitude
S1 Mou 56°58’53.1”N 10°18'25.3"E
S2 Bogense 55°32’29.8”N 10°00’30.8"E
S3 Hasmark 55°33’23.0”N 10°28'49.7"E
S4 Zealand Odde 55°59’03.5”N 11°19'11.2"E
S5 Rervig 55°57°'11.7"N 11°43'00.2"E
Table 2
Five site specific features potentially affecting the abundance of microplastics
Site specific features (located nearby)
Location ferry recreational area(public beaches, water .
harbour - inlet
berth vacation homes etc.) stream
S1 (Mou) X X X — X
S2 (Bogense) X — — — —
S3 (Hasmark) — — X — X
S4 (Zealand Odde) X X — — —
S5 (Rervig) X X X X X

Note: x — presence of a factor, — lack of a factor.

The specific locations are chosen due to
their spatial coverage of coasts encompassing
the Kattegat Sea. Also, the locations are located
in or in near-proximity to larger inlets linked
to Kattegat Sea. In addition, Kattegat Sea
serves as water gateway between the North Sea
in northwest and the Baltic Sea in east. Sea
currents through the inner Danish waters are
mainly northerly direction.

Sampling method. A nested sampling
methodology as suggested by [12] was selected
for sampling of the coastal sand sediments.
Procedures on the sampling locations follows
those by [13] and adapted as depicted in Figure 2.
The samplings were performed using two
transects; the first in the intertidal zone and the
second in the berm area of the beach. All sampling
were performed on a straight-line perpendicular
to the low tide line and approximately 15 meters
apart. Samples in the zones were taken 15
meters apart from each other perpendicular to
the shoreline, see illustration on Figure 2. At
each sampling point a quadrat (30 x 30 cm) was
excavated, using a metal spoon. The sediments
were stored in pre-rinsed certified glass containers
suitable for environmental sample purposes
(Fisherbrand, Soda lime glass, 1000 mL, screw
cap of PE). Excavation depth was approximately
1.5 centimeters. Larger non-plastic debris, for
instance biological material e. g. seaweed, plants
and larger stone gravel were removed manually to
minimize filling up the sample container.

To collect samples exactly at the low tide
beach zone tidal table data from the Danish

Meteorological Institute were consulted. The
sampling was conducted between September
8th and September 10th 2015. To ensure
reproducibility of the study, GPS coordinates
were secured using an iPhone 4 device with
a GPS tracker app installed. In total, six
sand sediment samples were taken from each
sampling site.

Laboratory procedures

For extracting microplastic from the
collected sediments, a laboratory procedure
was developed, in the following the applied
laboratory procedures are described in details.

Extraction equipment. Inspired by the
extraction instrument developed by [14] we have
constructed the extraction instrument (Fig. 3).
As can be observed in Figure 3 the instrument
consists of two main parts: a separation column
(A) where water is filled in and used as carrier
of low-density particles, and an inlet chamber
(B) where air and water is pushed through.
The separation column (A) is equipped with
an outlet pipe (E). The inlet chamber consists
of an air inlet (C), and water inlet valve (D).
In the intersection between the two main parts
(A and B) two 5-mm/60-um bottom mesh
filters (F), and a rubber seal (G) is located. To
support the weight of a sediments sample, the
5 mm mesh screen is positioned below the 60-pum
mesh screen as structural support. Also, the
inlet chamber is fitted with two air diffusers
(Eheim air diffuser) for aeration upward into
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Fig. 2. Nested sampling design (adapted from [13])

the separation column. Even though air diffusers
made of lime wood or porous stone exist, diffusers
made of PE were selected as these were tested to
distributed airflow more homogeneously.

The differences between our extraction
instrument and the instrument developed by
[14] are:

The material of the instrument was altered
from polyvinylchloride (PVC) to food-graded
stainless steel, since sediment particles such as
quartz might continuously mechanically slide
on the inside surface of the column meaning
that microplastic particles might be generated
and released into the sample.

Using stainless steel components counteracts
the risk of the corrosive effect from salt particles
in the dried sand sediments coming from the
seawater where the samples were taking.

All the steel components were electro-polished
to create a smooth surface to allow a smooth
transcend of particles from the sediment upwards
through the water column to the surface area and
output area (Fig. 3 —right part of Figure).

Dimensions of [14] and the developed
instrument differs not in height, however 5%
in diameter increasing the total water volume
assuming this would be beneficial to the release

of trapped microplastics during full suspension
in water column.

Extraction procedure. First, efficiency test
were conducted to evaluation to which degree
the instrument could deliver both separation of
high- and low-density particles from a sediment
matrix. All samples were loaded through the top
of the cylinder. The success criteria of the initial
experimental process of floatation was that
sediment sample should provide full suspension
of all sample material in the lower 1/3 section
of the flotation cylinder. At an airflow of
approximately 1.3 bar was this criteria achieved.
The airflow at this level were maintained for
5 minutes to provide time for low-density
particles to be released from the sediment and
trans-located into the water column from which
further separation were possible.

For testing the extraction efficiency of the
newly developed instrument used in this study three
samples were prepared. Each sample contained
10 fragments of PE (p = 0.89—-0.93 g/cm?,
size = 300—450 pm), 10 fibres of nylon and
polytetrafluoroethylene (PTFE) (p = 2.1—
2.3 g/cm3, size = 1000—2000 um), and a volume
of laboratory quartz sand (450-550 g DW,
particle size = 0.2—0.4 mm).
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The efficiency tests showed that our instru-
ment performs with an efficiency 98 to 100%
with respect to both the PE fragments and the
PTFE fibres. In the efficiency tests conducted by
[14] their instrument showed an extraction ef-
ficiency of 75 (plastic granules) to 98% (fibres).
The reason for a higher filtration efficiency is
achieved in this study compared to the study by
[14] could be the inner surfaces of the separa-
tion column. During construction of the column
considerable effort were placed on smoothing the
surface allowing the microplastic particles not
being retained by small irregularities on the in-
ner surfaces of the column allowing the upward
particles not to get retained.

Laboratory treatment of sediment samples.
Extraction of the microplastics were performed
in accordance with the procedure by [14] with
minor modifications. Prior to extraction, all
samples were placed in aluminium foil and dried
at 60 °C yeilding constant weight to minimize the
water content in the sample.

Characterisation by visual microscopy.
To quantify the number of microplastics the
extracted materials were examined by visual
microscopy (Motic BA210, CCIS EF-N Plan
Achromatic objectives 4X/0.10, 10X/0.25,
40X/0.65). Positive identification was based on
(a) particle characteristic of colour and shape
proposed by [15] combined with in accordance
with criteriaformulated by [16] and (b) visually
determined according to following criteria:

—no cellular or organic structure are visible
in the particles,

—fibers are equal in thickness in their entire
length,

— particles show clear and homogenous
colours [17].

All the identified microplastic particles were
categorised into three types acording to their
shape: fibres, fragments and spheres. Each type
of identified microplastic were photographed
with a microscope equipped with a photo tube
option (Motic BA210).

Results

Our study detected microplastics in Danish
coastal marine environment with abundance of
2, 32, 44, 35, 41, 55 particles per 500 g DW
sediment at Mou, Bogense, Hasmark, Zealand
Odde, and Reorvig respectively (Fig. 4). This
corresponds to an average concentration of
420 kg/site.

In all samples (apart from Mou) both fibres,
fragments and spheres were detected and in

different colours ranging from opaque bluish to
black. In terms of shape, a higher percentage of
fragments were found compared to fibres and
spheres. Other findings were black flakes and in
some minor instances sphere-shaped particles.
Spherical particles, indicating microbeads
presence (Fig. 5A, see color inset) this was found
only in limited numbers. Fragments (Fig. 5B, see
color inset) were the dominant shape observed at
all sites (apart from Bogense) with a proportion
of 46.1% while fibre (Fig. 5C, see color inset)
proportion is 34.8%. Spherical particles and
particles of unknown origins were observed
occasionally (3.8 and 11.9% respectively).

Discussion

Observed microplastics in sediments. The
quantities of microplastics identified in all five
samples shows lower level of microplastics in
the sediments than the amount of microplastic
observed by [8]. Furthermore, the quantities of
the found fractions of microplastic particles in
the different locations were distributed rather
evenly (Fig. 4). It is also observed in Figure 4
the abundance of microplastics at Rervig were
significantly higher than Mou, but only slightly
higher than Bogense, Hasmark and Odde. Across
all the samples, the quantities varied from 3 to
55 items/550 g DW of sample.

The significant lower concentration of mi-
croplastics was identified at Mou compared to the
microplastic observed from the other sites. This
indicates that Mou represent a kind of outlier
among the five sites. This characteristic could
be explained by the position of the five sites in
relation to the water flow in Kattegat. Bogense,
Hasmark, Odde and Rgrvig are located directly
in the water flow of Kattegat, since the main
water streams of Kattegat comes from the North
Sea and Baltic Sea. This is opposite to Mou which
has a location perpendicular to the dominant
current direction through the inner Danish wa-
ters. Conversely, Bogense, Hasmark, Odde and
Rervig locations are more exposed to the volume
of water flowing through these waters, see also
figure 1. Thus, they may function as deposition
sites for microplastics.

A Slovenian [18] study found more than
93% of total microplastic were fibrous in the
sediments, this is in contradiction with the
results from this study where only 34.6% were
detected. However, even though fibres not being
the largest proportion in this study it is still sig-
nificantamounts. The high amount of fibres was
expected due to research showing that fibres can
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originated from multitude of sources including
the production, washing and natural degradation
of textiles [19], e. g. recent research by [20] show
thatas much as 6 million particles are discharged
into the wastewater by washing 5 kg of clothing.
Also, research shows that building materials
could contribute to microplastics as for instance
abrasive beads used in sandblasting, might be
discharged or in accidental spills run into the
environment [21]. Even wear and tear from tyres
contributes to the flow of microplastics into the
environment [22].

A recent study by [23] shows that abrasion
from paintings and coating might contribute to
generation of microplastics, thereby also mak-
ing shipping industry a potential pathways of
microplastic into the environment. Denmark is
the major maritime gateway to the Baltic Sea,
consequently high levels of maritime freight
transportation by larger vessels are sailing close
to the sampling sites. According to data from
the association of Danish Port, the total annual
number of cargo ships and cruise ships between
the year 2010 and 2014 varied between 502,405
and 519,613 excluding fishing vessels. All of the
five sampling sites in this study are located close
to some of the largest regional ship fairways in
Kattegat Sea. Furthermore, four of the sites are
situated close to a harbour (Mou, Bogense, Zea-
land Odde and Rorvig) and three of them close to
a ferry berth (Mou, Zealand Odde and Rorvig).
However, it is not possible from our study to see
a similar correlation. For example at Mou was
only found three microplastic particles. Hasmark
has no harbour in the area but at this site 44 par-
ticles were found, i. e. the site with second most
pieces of microplastics. This could indicate that
the detected microplastic in this study is either
from local source or from Skagerrak inlet. It is
very difficult to link sources to the particles in
the environmental samples and consequently
these sources may be speculative in nature.

Conclusion

This paper has presented results on micro-
plastic occurrence in Danish coastal sediments
using a newly developed extraction instrument
based on the novel design of [14]. In conclu-
sion, amethod for extracting microplastics from
sediment samples was developed. Samples are
subjected to an upward water flow in a column
to separate lighter particles from heavier sedi-
ment particles. Finding shows that the developed
instrument is capable of efficiently extracting
small microplastics using tap water exclusively.

Though, only testing the efficiency in particle
size fractions larger than 1000 um was con-
ducted, it has been shown that the instrument
has almost complete efficiency (29 out of 30
particles were recovered). In these size fractions,
itis concluded to be a highly effective instrument
for microplastic extractions.

The laboratory sand used in the efficiency
study is very homogeneous in terms of particles
diameter (0.2—0.4 mm) and may differ from
sample of natural sediments were the compo-
sition and sizes of grains varies significantly
more. In addition, samples of laboratory sand
and natural sediment may also differ due to
absorbed substances in a natural sample might
affect properties such as adhesion. In relation to
the methodologies used, it is evident that more
research is needed to develop proven method-
ologies capable of sampling small particles as
the areas continue to be exposed to smaller and
smaller size fractions.

The results is part of a Danish multi-year
field campaign covering five Danish and three
Swedish locations headed towards the Kattegat
Sea and reveals relatively low concentration
of microplastic in sediments of the Inner Dan-
ish coastal zone compared to those in similar
geographic area. But, the finding still confirms
awidespread occurrence in the marine environ-
ment.

There is a critical need for further research
to understand the impact and contamination
level from the “Baltic Sea Port to the Atlantic”
towards the Kattegat Sea and the coast areas
along Kattegat Sea. The special geographic lo-
cation of The Kattegat Sea as a water gateway
between Baltic Sea and North Sea might also
constitute a deposition zone for microplastics.
Due to the degraded nature of a microplastic
particle, it is difficult to know the specific source
of microplastic, microplastics occur in diverse
shapes such as spheres, fibres, and fragments
in environmental samples.

The authors thanks Marianne Glasius and
Seren Nergaard Jergensen and furthermore ac-
knowledge the facilities, and the scientific and
technical assistance of the Department of Chemistry
and Interdisciplinary Nanoscience Center (iNANO),
Aarhus University.
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OueHKa NoyKapHo aM1Uccum yrneposa B COCHOBbIX U 1y60BbIX necax
ANTUHCKOr0 rOPHO-/1ECHOr0 MPUPOAHOr0 3aroBeHMKa

© 2019. B. I'. KobeunHcKas, K. 6. H., goueHT, O. B. Apouu, a. 3. H., npodeccop,
KpbIMCKUMiA heaepanbHbIi yHMBEpPCUTET UM B. . BepHaackoro,
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npocnekt Akagemmnka BepHagckoro, 4. 4,

e-mail: valekohome@mail.ru, iarosh.olga@gmail.com

B TeyeHne 10-Tn neTHero repuofa rnposefeHbl NCCNeA0BaHNSA M0 IMUCCUAM Yriepoja B COCTaBe Yr/IeKUC/IOro rasa
BC/IeiCTBME BO3AEMCTBMA MMPOreHHOro hakTopa Ha APeBOCTON, MOAMNECOK, ONas U MOACTUIKY B Pa3HOBO3PACTHbIX (DUTO-
LileH03ax 0XKHOro MakpocknoHa KpbIMCKMX rop. O6beKTamu UccrefoBaHUsA SABAIOTCA FOPe/lbHUKN COCHOBBIX 1 [y60BbIX
JIeCOB, PacroOXXeHHbIe Ha TEPPUTOPUM ANTUHCKOTO rOPHO-/IECHOT0 MPUPOAHOTO0 3aMnoBefHNKA, KOTOPbI B3AT B KAUecTBe
MOZeNbHOW TeppuTopmn. PaboTbl Mo OLeHKe 06bEMOB 3MUCCUN YTIEKMCIONO rasa Nnpu ropeHnm B necax Kpbiva paHee He
NPOBOAW/NC.

B pesynbTare NpoBeAEHHOIO MCCEf0BaHUA Ha MprIMepe COCHOBbLIX U Ay60BbIX (DUTOLLEHO30B ANTUHCKOIO FOPHO-
JIECHOTO MPUPOAHOrO 3aroBefHNKa, KOTOpble 3aHMMaOT HanbosbLUVe MoLwaaun, bblia paccumTaHa sSMUCCUs yriepoga
B COCTaBe Yr/IEKMC/IOr0 rasa, BbiAeIMBLLErocs Npu nokapax 3a 10-neTHuiA neprog. 310 N03BONSIO0 OLEHUTb CyMMapHbIE ero
06bEMbI Ha ypoBHe 14170 T unn 13,03 T/ra. 3T1 nokKasateny MoryT CBUAETEIbCTBOBATH O CYLLLECTBEHHOM B/IMSHUN JAHHOTO
NapHMKOBOT 0 rasa Ha KNIMMaTUYeCKMe XapaKTePUCTUKIN K0XKHOOEPEXKHbIX aKocUcTeM KpbiMa, Ha M3MEeHeHWE MorofHbIX Xa-
paKTepUCTUK B CTOPOHY yualleHWs 3acyX B /IETHE-0CEHHWNIA MepMOog, YTO B pe3y/ibTaTe BeET K 0c/1abieHni0 BOJ0OXPaHHbIX,
K/IMMaTOPEryMPYIOLLIMX N NOYBO3ALLMTHBIX CBOMCTB 3TUX N1eCOB. JaHHaa TeHAEeHLUMA NOATBEPXKAAETCSA MPUBEAEHHBIMN
B paboTe MeTEOPOIOrMYECKMMMN AaHHbIMU CO CTaHLMKn AR-TMeTpu.

Mcnonb3oBaHHas B paboTe MeTOAMKaA OLIEHKM 3anacoB yrnepoja Ha 1ecornoKpbIThbIX NOLLAAAX, TaKXe AaéT BO3MOXK-
HOCTb MPVIMEHATb €€ AN PaCHETOB peasibHbIX 00BEMOB BbIAEIMBLLErOCA B aTMOC(EPY YI/IEKMCIOr0 ra3a B pesy/brare rno-
>kapoB. OHa anpo6rpoBaHa Ha 0CHOBE /1IeCOTaKCALMOHHbIX AaHHbIX HACaXKAEHW KOHKPETHbLIX TEPPUTOPUIA MO KBapTasiam
1 Bblfenam € y4ETOM Ka4eCTBEHHbIX 1 KOJIMYECTBEHHbIX XapaKTEPUCTUK APEBOCTOSA, MOAMNeCKa, MOLCTUNKM U MHOTOJIETHETO
y4éTa BEPXOBbIX M HU30BbIX JIECHBIX MOXaP0B, YTO AeN1aeT NPeAIoXKeHHY0 B paboTe MeTOAMKY 3(htheKTMBHBIM MHCTPYMEHTOM
[/191 OLLEHKW BENNYMHBI YLLlepba, HAHECEHHOTO /IECHLIM 9KOCUCTEMaM B pe3y/ibTarte NoXkapos.

KntoueBble cnoBa: yrinekucsblii ras, nec, Kpbim, 3anoBefHUK, MMPOreHHbIA (hakTop, BbIGPOCHI.

Evaluation of fire carbon emissions in pine and oak forests
of the Yalta mountain forest natural reserve

© 2019. V. G. Kobechinskaya

. O.B. Ya_rosh ORCID: 0000-0001-9663-2528"

Crimean Federal University V. I. Vernadsky,

4, Vernadsky Prospect, Simferopol, Republic of Crimea, Russia, 295007,
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ORCID: 0000-0001-9467-9533"

We performed studies for a 10-year period for carbon emissions in carbon dioxide due to the influence of the py-
rogenic factor on the stand, undergrowth and litter in uneven-aged stands of the southern macroslope of the Crimean
Mountains. The relevance of the chosen topic is due to the fact that work to assess the volume of carbon dioxide emissions
from burning in the forests of Crimea has not previously been carried out. As a result of the study on the example of pine
and oak phytocenoses of the Yalta mountain-forest nature reserve, which occupy the largest areas, carbon emission in
the composition of carbon dioxide released during fires over a 10-year period was calculated. This allowed us to estimate
its total volumes at the level of 14170 t or 13.03 t/ha.

These indices testify to the significant influence of this greenhouse gas on climatic characteristics of the southern
coastal ecosystems of the Crimea, to changes in weather characteristics in the direction of increasing droughts in the
summer-autumn period, which as a result leads to a weakening of the water protection, climate-control and soil-protective
properties of these forests. This trend is confirmed by the meteorological data given in the work from the Ai-Petri station.

The method used for estimation of carbon stocks in wooded areas is also used to calculate the actual amount of car-
bon dioxide released into the atmosphere as a result of fires. It has been tested on the basis of forest plantation data by
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quarters and areas, taking into account the qualitative and quantitative characteristics of the tree stand, undergrowth,
debris layer in long-term records of high and low forest fires, which makes the method proposed in the work an effective
tool for assessing the damage to ecosystems caused by the forest fire.

Keywords: carbon dioxide, forest, Crimea, reserve, pyrogenic factor, emissions.

J1ecHOM NMOKpPOB SAB/MISIETCH €CTECTBEHHbIM
NnornoTuTesIeM NapHMKOBbLIX ra30B U, B MepBYIO
ouepefb—yrnekucnororasa[l, 2]. OueHke smuc-
CUM YTNIeKUCIOro ra3a npu noxkapax B /IeCHbIX
aKocuctemax Poccum v Ipyrmx CTpaH rnocBsLeHo
3HaunTeIbHOE KO/In4ecTBOo paboT [3—10]. OgHa-
Ko ansa necos Pecny6nnkn Kpbim ata pabota He
BbIMOJTHANACH B CUTY TEPPUTOPUASIbHBIX 0CO6EH-
HOCTel pernoHa. B cBsi3u ¢ YeMm, Lienbio 4aHHOMN
paboTbl ABNSETCA NOSyYeHWe HOBbIX aHHbIX 06
amuccum yrnepoga B pesysibtrare BO3LeNCTBUSA
OrHA B MHOTOJIETHEN AUHaMMUKe Ha 3TK coobLue-
cTBa. B COOTBETCTBMU C 3TUM MOCTaB/EHbI ABe
OCHOBHbIE 3aa4n:

— anpobupoBaTtb METOANKY, MO3BO/IAIOLLYIO
OLeHMBaTb 06BbEMBI MOXAaPHOW aMUCCUN YTiie-
poza Ha npumepe 04HOr0 U3 KPbIMCKMX NIECHbIX
3anoBefHVKOB;

— MPOBECTM KOMIJ/IEKCHY0 OLIEHKY YT/1epos-
HOro 6rofpkeTa o Bblbpocam yrieKncioro rasa B
pe3ynbTaTe BO3AEACTBUA MMPOreHHOro hakTopa
Ha COCHOBble 1 Ay60Bble fieca ropHoro Kpbiva un
OUEHUTb UX BIMAHWE HA KNUMAT pervoHa.

B nepuropg ¢ 1990 no 2003 rr. B YKpanHe 6binu
BbIMO/IHEHbI PaboThl, FAe cAenaHa oLeHKa 06bE-
MOB BbIOPOCOB YI/IEKMC/ION0 rasa npu rnoxapax
B Jlecax Ha OCHOBe Y4éTa MacCbl OpraHM4yecKoro
BELLLeCTBa, ero XMMMUYeCKOoro coctasa 1 yCoBUiA
ropeHus. lNoxkapHasa aMMUCCUA MapHUKOBbIX
rasoB oLeHmMBanuch B 5—35 1/ra B 3aBUCUMOCTU
0T COCTaBa, BO3pacTta U TMna NecHbIX Hacarkie-
Huii [11]. OfHako, B AaHHbIX UCCeAoBaHUAX
He npusfeKanncb Matepnasbl No KpbIMCKOMY
noslyocTpoBy. N8 UX COMOCTaBMMOCTU Bblna
NCronb3oBaHa MeTOAVKaA OLLeHKMW yrnepoja, ge-
NMOHNPOBAHHOIO B JIECHbIX 3KOCUCTEMAX, KOTopas
6blna paspaboTaHa COBMECTHO XapbKOBCKUM
HauMoHaNbHbIM YHMBepcuTeTOM M. B. H. Kapa-
3uHa n HMI necHoro xo3aiicTea u arposiecome-
nvopaumn um. I, H. Bbicoukoro [11]. Hamu 6b1na
npoBefeHa OLeHKa 3(PheKTMBHOCTM 3TO MeTOAN-
KW NS pacyéta pacxoAHOM 4acTu yriepogHoro
Oro[pKeTa o yrnekKmncromy rasy rnpu Bbibpocax B
pe3ynbTaTe MoXapoB pa3HOW MHTEHCUBHOCTU B
COCHOBbIX 1 y60BbIX niecax Pecnybnmku Kpbim
Ha npumMepe ANTUHCKOro ropHO-/1eCHOIO Npu-
poaHoro 3anoeeaHuka (Ar/1r3). B pesynbrate
BO3[eNCTBUA OrHA MPOUCXOAMT 3KOJI0rnMyecKas
aectabmnmnsaums NpUpPoaHO cpepl, CHMXKaeTCA

YPOBeHb LIEHOTUYECKOro pasHoobpasunsa pactu-
TeNIbHOr0 NOKPOBA, MAET COKPALLIEHME MoLLafel
NPUPOAHBIX TPYNMUPOBOK N YMNPOLLEHUE UX
CTPYKTYpbI, YTO HapyLlaeT roMeocTas 3arnosej-
HbIX naHgwadTos [10]. daHHOe nccnegoBaHve
BbIMOJ/IHEHO BrEPBbIe 4/151 3TOr0 pernoHa.

MeTogmKa nccnefoBaHuA

CyLLEeCTBYIOT pasHO06pa3HbIe METOANKN, MO-
3BOJISAIOLLME HA OCHOBE MCMO/b30BaHUA AUCTaH-
LMOHHOI0 30HAMPOBaHNA 3eMN IECOMOKPbITbIX
niowazei Npm oTCyTCTBUM NOHOM 6a3bl AaHHbIX
Mo fiecam OueHMBaTb NMPUPOCT Macchl yriepoga
B Ha3eMHbIX YacTaX APeBOCTOSA MO0 rnapameTpam
WHTEHCMBHOCTW (DOTOCMHTE3a [6, 8]. Tak>Ke BO3-
MO>XHO OLIeHUTb YacTb 3anacéHHOro yrnepoja
Nno akKKyMynsiuum ero B ApeBoCTOe, UCMNO/b3yS
KOHKPETHbIE CHUMKW MPOOGHbIX M/IOWaaen, Ho
o6s13aTe/IbHOE YC/I0BUE — BPEMEHHbIE FpaHn-
Ubl, T. €. JO/HKHO ObITb MOJIHOE COBMafeHWe Mo
CpPOKaM CHUMKa W [JaHHbIX Ha3eMHOWN CBHEMKMN
Npo6HbIX nnowager [12—13]. Ho 6onee nonHbIM,
6e3yCNoBHO, ABNSETCA KOMMIEKCHbIN Moaxos,
NPVBeKatoLL M TaK)Ke B aHa/IM3e OLeHKM 06LLie-
ro KO/IMYecTBa yryepoja B iecax eLé: onag, noa-
CTUNKY 1 cyxocTon [9, 14—16].

LOns pacyéta KonmyecTsa yrnepoga B Ha-
CaXKAEHMSAX NCNOJb30Ba/INCb COOCTBEHHbIE NO-
NeBble Matepuasbl, CO6paHHbIe Ha ropesibHU-
Kax [15], npuBnekanacb Tak>xe 6a3a faHHbIX
Nno 1eCOyCTPOMUCTBY MnoLLagen, NponaeHHbIX
OrHEM MO Bblgenam U KBapTasjsam, Knaccam
6OHWTETa, NOMHOTLI N BbICOTbI APEBOCTOA C YYé-
TOM nopoabl 1 hpakunin: onaga, NoACTUAKMN
N MoAJIecke.

OC06eHHOCTU CyXOro cy6Tponmyeckoro
KAnmarta jaHHOr 0 pernoHa rnposiBNsATCA B TOM,
4TO B BECEHHWI NEPUOZ BbiNafaeT Masio 0CafiKoB,
B cpegHem 70—111 mm, a netom — 90—104 mm,
CO CHMXKeHuem no rogam Ao 25—50 mm. Sletom
CpefHAA Temnepartypa B 3TOM paloHe CoCcTaBseT
29 °C, yTO BEET K BbICYLLUVBAHNIO NPU3EMHOI0
cnos onaga v NOACTUIKKU U CO34aET 6naronpu-
ATHblEe YCNOBUSA 47151 BOSHUKHOBEHMS NOXXapOB.

3amMeTuM, 4TO MUCCNefoBaHNEe Kacanocb
TOMIbKO Ay60BbIX N COCHOBbLIX HAaCaXKAEHWI, 3a-
HUMaLWKMX HanbonbLluMe Naowanm Ha Teppu-
TOPUM KOXKHOIO0 MaKpOCK/I0Ha KpbIMCKKX rop
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Tabnmua l/ Table 1

PacuéTHble COOTHOLLEHWS AN onpefesieHns coepykaHns yrnepoga no pakumsiv B COCHOBbIX U y60BbIX
necax / Calculation ratios for determination of carbon content in pine and oak stands on fractions [11, 16]

Ne chopmyribi / KOMMNOHEeHTbI dopmynbl
No. of Components Formulas
formula
1 AR KPOHB! COCHB (0,05 + I, » KAH® « KAP¥ + KAMG » KASS) * r,+ S

crown of pine

pns k, k,, k, CTBONA COCHBI

. . k2 o _ . . ii3) . .
2 for with &, k,, k, pine trunk (0.5« k, » KAH® + (10,5 « KAP) « KAP¥) ~ 1, S
3 419 KpoHbI ay6a / oak crown (0,05 + k, » RAA¥ « KAPY « KAMG + KASS) *r,* S
ansak, k,, k,cteona gy6a . ). . . PR
4 for with &, k,, k,an oak trunk (0,5« k,*« KAH® « (1 -0,5 « KAP) « KAP¥) = r,*S
[N NoA/ecka CocHbl . . B . o oRey e
5 undergrowth pine 0,45 + (2,561 « AP — 1,311 « HAP*—~0,0263) * k = rg* S
[Ana nofnecka fyba L . . - o
6 undergrowth oak 0,45 + (2,561 « KAP — 1,311 « KAP* - 0,0263) * k = r,* S
7 fin onana v ToACTITIEH ke, v (ky* KAA® + &, » KAA+ k) « KAPY <7+ S

litterfall and litter

Ilpunewanue: KAH — svicoma, KAP — noanoma, KAMG — zanac na 1 ea, KASS — koadipuyuenm cocmasa, KAA —

sospacm, S — naowads svrdena.

Note: KAH — height, KAP — the fullness of the plantation, KAMG — stock per 1 ha, KASS — composition ratio, KAA — the

age of the stand, S — area of allotment.

Tabnuua 2 / Table 2

KoHBepPCHOHHbIE KO3h(PULMEHTbI k& NS onpefeneHns CoaepyXKaHus yrnepoja B Noanecke
COCHOBbIX 1 Iy60BbIX HacaxxaeHui / Conversion factors 4 for determination of carbon content
in the undergrowth of pine and oak stands [16]

BospacT HacaxkaeHusA Knacc Bo3pacrta CocHa Ly6

Age of planting Age class Pine Oak

MonoaHsikn / young growth 2,3 0,5 0,45
CpenHeBo3pacTHble/ middle-aged 4,5 0,6 0,6
Mpucnesatowme / ripening 6 0,65 0,65
Cnenble / ripe 7,8 0,7 0,7

B npefenax AMJ1MN3. PacyétHble COOTHOLLIEHUA
47191 ONpeaeneHns cogepyXkaHns yrnepoja B gpe-
BOCTOe, NoA/ecKe, ornage 1 NoACTUIKE COCHOBbIX
1 y60BbIX HaCaXKAEHWIA BbIN NPUHSATI, UCX0ASA
N3 cneayowmx COoTHoLEHN (Tabn. 1).
KoHBepCMOHHbIe KOshprLMeHTbI (OTHOLLE-
Hus) (k,, k,, k, k,) N KOIPHOULNEHTDI pasmep-
Hoctn (r . r,, ... 1y, T ,), NOMYHEHHbIE PACHETHBIM
nytém [11, 16] ans necos cTpaHbl, 6bIN Bbl-
BeleHbl 419 BCeX OCHOBHbIX /1eC006pa3yroLmx
nopog ¢ y4&ToM MUX BO3pacTa, BbICOTbI, MO/HOTbI
APEBOCTOEB U UX YCNOBUIA Npon3pacTtaHus. OHK
nepeBOAW/IV 3aMackl Yriepoja, akKyMy/iMpoBaH-
Hble B CTBO/I0BOW ipeBecrHe, B 3aMachl yriepoja
AN151 BCEVA XKMBOW 1 MEPTBOI (hToMacchbl, BK/Ho4ast
BETBW, JINCTbS/XBOID, CyXOCTOM M IECHYIO MOA-
CTUNKY. TakKe B aHa/InM3e oTMevanacb NpuHag-
JIEXKHOCTb 3TUX COOOLLECTB K TOMY UM UHOMY
JIecopacTuTe/IbHOMY parioHy € Y4ETOM LLUMPOTHON

1 BbICOTHOI 30Ha/IbHOCTM CTpaHbl. B faHHOM pa-
6oTe 6bI11 UICNO/L30BaH PAL U3 KOHBEPCUOHHbIX
KO3(P(hMLIMEHTOB 3TUX MUCC/eA0BaTeNEN.

C yuéToMm BO3pacTa HacaXkaeHWuii BBOAATCA
KOa(hpuLMeHTbl AN pacyéta mMacchl yrieposa
B M0//1eCKE COCHOBbIX 1 1y60BbIX N1ecoB (hopMy-
b Ne 5 1 Ne 6), 0HM TaK>Ke 3aBUCAT 1 OT YC/I0BUIA
npomuspactaHus (Tabn. 2).

JInwb B MONIOAHAKAX OHM OTINYAKOTCA: ANS
COCHBbI 370 0,5, ana fyba — 0,45. Anda cpejHeBO3-
PacTHbIX, MPUCEBAKOLLMX U CNesblX COO6LLECTB
pacyéTHble KO3(h(ULUMeHTbI, He3aBUCUMO OT
nopoabl B Nofnecke, oAMHaKoBble (NPOLO/IKM-
TeNbHOCTb Klacca Bo3pacTa gpeBoctosi — 20 fieT).

TakKe pacyéTHbIM NYTEM UMK BbINX NOSY-
YeHbl KO3h(ULMEHTbI N0 hpakuysiM ApPeBOCTOS,
onafa v NoACTUIKM ANst Kaxkao nopofpl (Tabs. 3).

Mcxopst n3 pacyéTtos, 04eBUHO, YTO 06LLas
macca yrnepoga npu noXapHoi smuccum no

85
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Tabnmnuya 3/ Table 3

KoHBepCHOHHble KOA(hULMEHTBI A15 ONpPefeNieHUs CoLepXKaHWA yrneposa no gpakunam
[PeBOCTOSA, onajga 1 NOACTUKM COCHbI 1 fy6a [11] / The proportion of the fractions of the stand
of pine and oak by formulas and coefficients [11]

Mopoaa dpakuums Ne chopmyribi / i p p i
Species Fraction No. of formula ‘1 %2 %3 ‘1
CocHa / Pine | KpoHa/ crown 1 0,346 -0,793 -0,705 -0,695
CocHa / Pine |ctBOn/ trunk 2 5,701 1,464 1,525 1,589
[y6 / Oak KpoHa/ crown 3 0,265 -0,254 -0,128 -0,114
[y6 / Oak ctBon/ trunk 4 0,385 0,06 0,11 0,14
. onag v nogcTunka/ }
CocHa / Pine litterfall and litter 7 0,48 0,003 0,51 0,63
onag v noactunka / )
[y6 / Oak litterfall and litter 7 0,42 0,0012 0,24 0,25

rogam nuccnefgoBaHuim B N3y4YeHHbIX COCHOBBIX U
Ay60BbIX HacaXxaeHUAX Kpbima, bbina oueHeHa
KaK CyMMma BCeX pacCymMTaHHbIX cnaraemMbix. Mpu
3TOM MO>XHO NPEAMNON0XMUTb, YTO OKOHYaTe/IbHble
[iaHHble OylyT HECKO/bKO HKE, TaK KaK He yuu-
TbiBa/laCb aKKyMynsAuusa yriepoga B KOPHAX U
NnoyBe 3TUX PacTUTE/bHbIX COODLLECTB.

Pe3ynbTaTtbl 1 UX 06CYy>KaeHMe

JNeca AlMJ1MN3 Hanbosee 4acTo nojsepraroTca
BO3AeicTBUIO OrHsA (71% 0T BCex rapeii nonyocT-
poBa), Mo3ToMy MX UCMOMb30BaIN B KayecTse
MOJeNbHOM TeppuTopun Ana anpobupoBaHnsA
AaHHOW meToaMKM. Ero obwas nnowagb —
14523 ra, NpMYém neconokpbiTaa fgocTuraet
75,8%. Begyuwme npmynmHbl BOSHUKHOBEHNA
3[eCb NOXKapoB — 3TO aHTPOMOreHHbIN (haKTop U
OTCYTCTBUE 3alMTHOM BY(DepHOI 30HbI, T. K. OH
CO CTOPOHbI MOPS NpWeraeT K HOXXHOOepeXXHbIM
KYPOPTHbIM rnocénkam [15].

HawnbonbLume nioLLaam B 3anoBeHUKe, 0bpa-
3ys1 CM/I0LLHOM XOPOLLIO BbIPaXKeHHbI Nosic, 3aHU-
MatoT MMPOUTHbIE fIeca U3 COCHbI KPbIMCKOW U
Mannaca (Pinus pallasiana D. Don) (5600 ra —
38,5%) — 30Ha NX pacrpocTpaHeHWst BAO/b HOXK-
Horo 6epera Kpbima ot 60 g0 1240 M Hag y. M., Co-
CHbl 06bIKHOBEHHOW (Pinus sylvestrisvar. hamala
Steven) (863,3ra—5,9%), KoTopas NpuypoyeHa K
BblcoTam 750—1350 M Hag y. M. N He3HAYNTE/IbHbIEe
nnowaan cocHol CtaHkeBuya (Pinus stankewic-
zii (Sukacz.) Fomin), KoTopas BCTpeyaeTcs oT
nobepexkbs go 200 M Hag y. M. Bcero atm neca
B CyMMe 3aHMMatoT 46,6% OT BCell TeppuTopun
3anosegHuka. Ay6 nywnctblii (Quercus pubescens
Willd) npnypoyeH K HUXKHEMY MPUMOPCKOMY
nosicy, npomspacrasa no ckjoHam fo 660 M Hapg
Y. M., n ay6 cKanbHbli (Quercus petraea Liebl),
obutatoLmin B npegenax 290—1100 m Hag y. M.
B coBOKyMHOCTV OHM 3aHMMaloT 2689,6 ra, uto

coctasnsieT 18,5% ot obwenn nnowaam AraM3.
Ha TeppuTopum 3anoBeAHMKa B 06LLE CIOXHOCTA
npongeHo orHém 2251,3 ra, B Tom uncne 447,9 ra—
3T0 BepXO0Bble MoXapbl C MNO/IHbIM YHUUTOXXEHNEM
JIeCHOro nokpoBsa. [ons KoimyecTsa KpymnHbIX
No>XapoB B LIe/IOM He3HaunTenbHa (3,1%), HO Ha
HUX npuxoanTca 1o 95,5% ot BCceX NOBPeXXAEHHbIX
OrHém nnowaaein. B paHHoO paboTte Mbl NPOBENA
OLIEHKY 3MMCCUM YTNepoaa Npu NECHbIX MoXKapax
B pe3y/ibTate ropeHuss brmomaccel. locnenoxxap-
Hble OCTaTKWM Ha rapsax, KOTopble pasnaratTcs
Me[/leHHO — [eCATUNETUSA, B YUET He GpasincCh.
JaHHble 6bI1N NOMyYeHbl HA OCHOBE COOCTBEH-
HbIX MONEBbIX NUCCNEAOBaHMI, COOPaHHbIX Ha
18 Npo6HbIX N/I0LLAASAX O4HOMOPOAHBLIX HacaKae-
HMIA pa3HOBO3PACTHbIX FOPe/IbHMKOB 3a 10-neTHWIA
nepuoz, B leCHNYeCTBax 3TOro 3anosegHunka [15],
NecoTakcalMOHHOW 6a3e MaTepunanos 3TOM Teppu-
TOPWUW C AONO/THEHUAMWN HEKOTOPbIX L06aBOUYHbIX
nokasatesiei, KacatoLnxcsa pacyéToB aMmMccmmn
yrnepoja ¢ npuBeyeHnemMm KOHBEPCUOHHBIX KO-
3P PULIMEHTOB.

MepBOHaYasIbHO ObINV COCTaB/EHbI TAb/INLLbI
No rogam MccnefoBaHin As KadKAoro y4acTko-
BOrO /IECHMYECTBA C YYETOM KBapTa/lbHOW CeTn
N BblfeNoB., rae 6bin 3apUKCMpoBaH MNoxXkap, ero
naoLaan 1 coctasa Nopog, Bo3pacTa v NOMHOThI
ApeBocToA. HanbosnblLuee KOMMYeCcTBO BO3ropa-
HUI neca (MKCUpyeTcs Ha Tepputopumn Anyn-
KWUHCKOro necHnyectsa (6onee 65%), 0CO6EHHO
B KBapTasie 23 n Onon3Hésckoro (B ke. 13 n 14),
HanmeHbLlee — B Jlnsaamiickom (5—10%). Mo
necoTakcauMOHHbIM ONUCaHUAM HacaXKAeHWN
OTAENbHO, C YYETOM KO3(D(IULIMEHTOB, paccun-
TbIBA/IUCb [JaHHbIe MO 3MUCCUWN Yrnepoja AN
nog/1ecka, onajga v noACTUAKM No KaXKAoi nopoje
Nocsie BEPXOBbIX M HN30BbIX NMOXXapOB.

B Tabnuue 4 NnpuBogATCA CyMMapHble rnokKa-
3aTe/IM IMUCCUM YTIepofa B COCTaBe Yr/IeEKUCIONo
rasa, o6pasoBaBLLUErocs B pe3ysibTaTe ropeHus
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Tabnuua 4 / Table 4
PacuéT BbIGPOCOB M0 Yriepoay 13 hpaku My ApeBOCTOSA MPU BEPXOBbIX MoXKapax ANTUHCKOro
rOPHO-/IECHOrO MPUPOAHOI0 3anoBeAHNKa A1 Ay60BbIX 1 COCHOBbLIX HacaxkaeHwuii / Calculation of carbon
emissions from the forest stand fraction in mountain fires of the Yalta mountain-forest nature reserve
for oak and pine plantations

[on [Mopoga Mnowans ropenibHNKOB, ra / CymmapHi Bbi6poc
Year Species KAA | KAP | KAMG | KASS Area burners, ha yrnepoaa, 1.
Total carbon emissions, t
2007 | Ay6 / Oak 70 | 0,5 120 10 200,77 7780,87
2007 | CocHa / Pine| 85 | 0,7 190 10 135,52 1520,61
2008 | [Ay6 / Oak 80 | 0,6 130 10 1,37 53,21
2008 | CocHa / Pine| 90 | 0,7 200 10 0,92 10,53
2012 | Ay6/ Oak 65 | 0,5 110 10 0,89 34,71
2012 | CocHa / Pine| 80 | 0,7 180 10 0,60 6,87
Bcero/ Total 340,07 9406,81

Ilpunewanue: KAA — sospacm dpesocmos; KAP — noanoma nacaxcoenus; KAMG — s3anac na ea; KASS — cocmas.
Note: KAA — the age of the stand; KAP — the fullness of the plantation; KAMG — reserve per ha; KASS — composition ratio.

Tabnnuya 5/ Table 5
Pacuét ammccmm yrnepoga 13 hpakunii nognecka, onaga v NoACTUNAKA ANTUHCKOMO FOPHO-/IECHOTO
NpUPOAHOro 3anoBeAHNKa 415 Ay60BbIX M COCHOBbLIX HacaXKAeHMIN Npy HN30BbIX noXkapax / Calculation of
carbon emissions from the undergrowth, the litter and litter fraction of the Yalta mountain-forest nature
reserve for oak and pine plantation in case of grassland fires

Bblibpoc yrnepoga|Beiopoc yrnepoga| CymmapHbIi
Mnowaab OT (hpakunii oT hpakuuii BblGpOC
Fo KAAKAP| KAA | KAP ropeanm—q) AKLAN BMAOB Ayba, T | BUAOB COCHbI, T/ |  yrnepoga ot
Ye:fr [y6 | Ay6 |CocHa|CocHa| Ka, ra F?actLi"on Carbon Carbon thpakunii, T/
Oak | Oak | Pine | Pine Area emissions in emissions in Total carbon
of fire, ha fraction from oak| fraction from emission in
species, t pine species, t fraction , t
1 124,74 91,95 216,69
2007| 70 | 0,5| 100 | 0,8 | 1002,4 ’ 2704.0 1484.66 4188 7
1 6,63 4,89 11,52
2008| 60 | 0.4 80 0.6 53,3 2 143,80 78,94 222,74
1 0,46 0,34 0,80
2009 80 | 05| 85 0,6 3,7 5 9.98 5.48 15 46
1 0,30 0,22 0,52
2010 70 | 05| 90 0,7 2,4 > 6.47 3.55 1002
1 0,11 0,08 0,19
2011 60 | 0,4 | 80 0,6 0,9 ’ 242 133 3.75
1 2,44 1,80 4,24
2012 75 |04 | 75 0,5 19,6 ’ 52.88 2902 81.90
1 — 0,002 0,002
2013 — | — 60 0,4 0,02 5 — 0.03 0.03
1 — 0,07 0,07
2014 — | — 70 0,5 0,795 > — 117 117
1 — 0,24 0,24
2015 — | — 80 0,6 2,628 ’ — 3.88 3.88
1 — 0,13 0,13
2016 — | — 60 0,4 1,42 ’ — 2.10 2.10
Ntoro 1 134,68 99,722 234,40
Total 1087,16 2 2919,25 1610,16 4529,75

Ipumewanue: 1 — nodaecor; 2 —onad u noocmuara; KAA — sospacm dpesocmosn; KAP — noanoma nacaxcoenust.
Note: 1 — undergrowth; 2 — litlerfall and litter; KAA — the age of the stand; KAP — the fullness of the plantalion.
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[PeBOCTOSA COCHbI KPbIMCKOM, COCHbI 06bIKHOBEH-
HOW, Iy6a NyLUXCTOro 1 flyba CKasibHOr o B LIE/IOM
QNS BCero 3arnoBefHuKa 6e3 anddepeHUmanmm
Nno BUAaM 1 y4aCTKOBbIM JIeCHNUYeCTBaM Nnpu Bep-
XOBbIX MOXKapax, KoTopble Obl/IN 3a rofbl yyéta
TONbKO B 2007, 2008 1 2012 rr.

Tak, CyMMapHbIin 06bEM 3MUCCUN YTNEPOAa,
HaKOMJ/IEHHOr0 B [JpeBOCTOE 3arnoBefjHuKa C 06-
wen nnowaam 340,07 ra oT BEpXOBbIX NOXKapoB
pocturaet 9406,81 1. B nepecuéte Ha 1 ra (6e3
pasfefnieHns No nopogam) BbI6POCHI yriepoaa
COCTaBW/IN B cpefiHeM 27,66 1. CnefoBaTenibHo, €
YYETOM BO3pacTa HacaxK4eHWIA, BKNaz no aMuc-
CUW yInepoja B pe3ynbTare BepX0BbIX MoXapos
B NMPUPOAHbIX (PUTOLEHO3aX 3anoBeHMKa [0-
CTaTOYHO 3HAYUTE/NIEH N MpPEeBbILIAET CPeAHUIA
nokasare/ib /191 1eCOB 3TOW 30HbI B 2,5 pa3a [11].

OueHka 06bEMOB aMmUCCUM yriepoja n3
nojsiecka, onaja v rMoACTUKU Ha rapsax npuv
HM30BbIX NOXKapax npueefeHa B Tabnuue 5.

C2013—2016 IT. He 6b1/10 HM30BbIX NMOXapoB B
Aybpasax, Noatomy B Tabnvue 53T aHHbIe OTCYT-
CTBYIOT. Pe3ynbrartbl pacyéToB MOKa3bIBaAKOT, UTO
06bEMbI 3MUCCUM YT IEPOLA OT CrOPEBLLMX Onasa u
MOACTU/IKM focTuratot 4529,75 T, UTO COCTaB/IAET B
cpenHem 4,17 1/ra, npn4yém BKag no nopogHomMy
cocTaBy (hUTOLIEHO30B Ayb6a NyLuncToro n ayba
CKa/lbHOr 0 BbiLle B 1,8 pa3a, 4em COCHbI KPbIMCKOA
N COCHbI 06bIKHOBEHHOW. BbIGpOCHI B pe3y brare
HM30BOr0 MNoX<apa OT roPeHus Nof/1ecka cpaBHU-
Te/IbHO HeBbICOKMe — 234,40 1, T. €. 0,22 T/ra.

CpaBHUTE/bHbIA aHann3 BK1aja BbIGPOCOB
yrnepoga npu noxapax no pakunsam 4Y€TKo
BbISIB/IAET, UTO MUMEHHO B JPeBOCTOe HaKOrM/IeHO
camoe BbICOKOe ero Konm4yectso — 66,4%, BTopoe
MECTO 3aHMMAaET CropesLUas noactunika—31,96%,
BK/1af, rnoj/iecka KpaviHe He3HauUTeNleH — BCero
1,64%. CnepoBatenibHO, ec/iv He anddepeHLm-
poBaTb MO KOMIMOHEHTHOMY COCTaBy Jieca U Bbl-
BECTW CpefHMe MoKasaTenm NoXkapHo aMmmccmnm
yrfepofa B cocTaBe Yr/ieK1Coro rasa, Bblgenms-
LLMecs B aTMOC(pepy B pe3ysibTaTe ropeHus!, Kak
pe3ybTaT NoXKapoB Pa3HON MHTEHCUMBHOCTH, TO
OHU OLleHMBaOTCA Ha ypoBHe 13,03 1/ra.

Monaraem, YTo 3TOT METOZ, OLLEHKIM NO3BOSIAET
NOJTy4nTb BMOJIHE JOCTOBEPHbIE JaHHbIe, UTO JaéT
BO3MO>XHOCTb Ha OCHOBe MepBUYHbIX Matepua-
NOB flecoTaKcaLnm NeconoKpbITbIX TEPPUTOPUNA,
NPOBOAUTL HE TONIbKO OLIEHKY AeMOHMPOBAHHOMO
yrnepoga B fieCHble COO6LLECTBA, KaK rnpegnaratT
aBTopbl [12, 18], HO 1 yCreLHOo NCM0/1b30BaTh 3TU
AaHHbIe 47151 pacyYETOB PacXOHOM YacTy 6rogpKeTa
HEeTTO-CTOKa 3MUCCUU Yriepofa B COCTaBe yrie-
KMCOro rasa c 4oCTaTo4yHOM JOCTOBEPHOCTLIO MPK
nokapax B fiecax. AT0 NO3BOMSAET OLEHNBATL He
TO/TIbKO 06bEMbI CropeBLLel 6ruomacchl No gopak-
LLMOHHOMY COCTaBy, HO M BK/1aZ, MOXapoB aHHOW
TEpPPUTOPUN B «NapPHMKOBbIN 3PEKT» N N3MEHE-
HVIe PervoHa/IbHbIX KNMMaTUYeCKNX napameTpoB
[19]. MoaTBepXKaeHMe fAHHOMO (hakTta MOXKHO
HaliT B METEOPO/IOrMYECKUX HAbMOAEHNAX MO
3TOMY pervoHy. 3a nocnegHuve 50 neT cpefHero-
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Fig. Frequency of occurrence of temperatures
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AoBasi TemnepaTypa nosbicunack Ha 0,5°C, anpun
paccMOTpeHUY METEOPOSIOrMYeCKNX LaHHbIX CO
cTaHuumn Aii-IeTpu, pacronoXXeHHOW Ha siine, 1
HaxogsLlelics B paccmaTpmBaemMoii 30He, BULHO,
YTO M3MeHeHUA eLLg 6onee 3HaUNTENbHbIE (pUcC.).

Tak, ecnu cpefHerofoBsas Temneparypa
B 2006 r. cocTaBnsna 5,79 °C, a megnaHHoe
3HayeHue 6bINI0 Ha ypoBHe 6 °C, To B 2017 T.
cpefHerogoBasi Temrneparypa coctasnsnia 7,06 °C,
C MeAguaHHbIM 3Ha4veHnem 7,1 °C. YBennuyeHme
TeMrnepaTypbl BO3fyxa U YMeHbLUEHNe KO-
InyecTBa atMocepHbIX 0CafKOB yCUIMBaeT
BEPOATHOCTb BO3HVUKHOBEHUSA TOPEHUS JIECOB.
MoBbILWeHVE NPU3EMHO TeMMepaTypbl BO34yxa
B pe3y/ibTaTe YacTbIX NOXXapoB MOXET COMpPOBO-
XOATbCA yyallleHVEM 3acCyX B YXapKue nepunogpl
rofa, CoKpaLleHeM KO/INYeCTBa 0CaKOB, Hapy-
LLIEHNEM MOYBEHHO-TMAPOIOTMYECKOI0 peXXnma.
B pe3ynbraTte 3T0 BefET K CHUXKEHMIO 00LLein Npo-
AYKTUBHOCTW NIECHbIX PMTOLIEHO30B U HapyLLe-
HWIO MX TOMeoCTasa, YTo CKaXKeTCs BNOC/eACTBUN
Ha yXy[LLEHN NX KNNMATOPerynpyroLyx, noy-
BO3aLMTHbIX N BOLOOXPaHHbIX (PYHKLMIA, 0CO-
6eHHO 4151 FOXKHOGEPeXKHbIX 3KocucTeM Kpbima.

BbiBObI

[na ropHbix necos KpbiMa Ha nprmMepe coc-
HOBbIX U AY60BbIX (PUTOLEHO30B ANTUHCKOIO
rOPHO-/1eCHOr0 NPUPOAHOr0 3arnoBefHMKa bblia
paccunTaHa aMuUccUA Yriepoga B cocTase yrie-
KWC/IOro rasa, BbIGPOLUEHHOrO Npu noxxapax
3a 10-neTHWUIn Nepnog, 4To NO3BONIIO OLIEHUTb
CyMMapHble ero 06bEmbl Ha ypoBHe 14170 T unu
13,03 T/ra. 3T1 nokasarte/si CBUAETENLCTBYHOT O
CYLL,ECTBEHHOM B/IMAHUW JaHHOT0 NapHUKOBOIO
rasa Ha KIMMaTUyecKue XapakKTepUCTUKN HXK-
HOGepeXKHbIX aKocucTeM Kpbima. [aHHas TeH-
JEeHLNA MOATBEPXKAAeTCHA MeTEOPOIOrNYECKUMN
nokasarefnisiMu co ctaHuum Ain-Metpu.

Wcnonb3oBaHHasA B paboTe METOAMKA OLIEHKM
3anacoB yrfepoga Ha N1econoKpbITbIX NoLWwagax
Tak>Xe 4aéT BO3MOXXHOCTb MPUMEHATL eé AN
pacyéToB peasibHbIX 06 bEMOB BbIAe/IMBLLUENOCH
B aTMOC(hepy Yr/IeKUC/I0ro rasa B pesynbraTe
no>xapos. OHa NPOBOAUTCA Ha OCHOBE JlecoTaK-
CaLMOHHbIX AaHHbIX HaCaXKAeHW KOHKPETHbIX
TEeppUTOPUIA MO KBapTasiam 1 Bblgesiam ¢ y4ETOM
KayeCTBEHHbIX N KOMMYECTBEHHbIX XapaKTepu-
CTUK [peBOCTOSA, NoA/ecKa, onaga 1 rnoLCTUNKK
NpY MHOTOMIETHEN PerncTpaLmm Bcex BEPXOBbIX
N HN30BbIX JIECHbIX MOXapoB, YTOo JenaeT rnpea-
JIOXKEHHYIO B paboTe METOAUKY 3(hPEKTUBHBIM
WHCTPYMEHTOM [/151 OLLeHKW BENVNYUHBI YLLep6a,
HaHeCEHHOr0 OrHeBbIM BO3AEACTBMEM JIECHbIM
3IKOCUCTEMAM.
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lMprBegeHa KONMYECTBEHHAA XapaKTepmcTMKa 3anacoB 1 pacrpejesnieHUs yriepofa opraHMYyecKoro BellecTBa
B CUCTEME NOYBa—(MTOLEHO3 BbIPYOKM NMOC/IE CR/IOLLIHOIECOCEUYHOM PYOKM APEBOCTOS ABYX TUMOB e/IbHNKOB Ha TOP(SIHNCTO-
MOZ30/IMCTO-TNIeeBaTbIX NMOYBax. Y CTaHOB/IEHO, YTO B 3KOcUcTeMax 4—6—neTHel BbIpy6KM elbHUKOB aKKyMy/npyeTcs
115-121 Tbic. KrC/ra, 60/bLUIasA YacTb KOTOPOro KOHLEHTPMpPYeTCS B noyse. OLeHEeHbI MPOAYKLMOHHO-AECTPYKLNOHHbIE
npoveccbl YUTOMACChI B CUCTEME (IUTOLIEHO3—M04Ba. Ha BbIpyOKe e/TbHMKOB 3aTpaThl yriepoAa atmoctepbl Ha MPoaYKLMIO
tutomaccol (1,8—2,2 Tbic. Kr/ra) npeobnagaloT Haf ero Bo3spartom ¢ onagom (1,4—1,7 Teic. kr/ra). B roguyHom
6110/10rMYeCKOM KPYTrOBOPOTE Yr/ieposa BbIpyOKM e/IbHUKOB BEAYLLYHO POJib BbIMOTHAT pacTeHMNS HAMOYBEHHOMO MOKPOBaA.
B yrnepogHom LMKe BbIpyOKM 60/1bLLIOE 3HAYEHME NMEET KPYIHbI ApeBeCHbIN febpuc (CyXoCcToi, BanieX, NopyboyHble
0CTaTKW, KOPHW BbIpY6/1EHHbIX IEPEBLEB), B MACCe KOTOPOro KOHLEHTpupyeTcs 22,0—27,6 Tbic. KrC/ra v necHast NoACcTUKa,
rae akkymynupyetcs 18,6—27,8 Tbic. KrC/ra.

Kntouesble cnosa: Cesep, CPefHss Taiira, CroLHonecoceuHasi py6ka, BbipybKa, eNbHUKM, 3amnac yrnepoaa, NoToku
yrnepoga.

Pools and carbon fluxes in felling ecosystems
spruce forests of the middle taiga of the Komi Republic

© 2019 N V lehanoval ORCID:0000-0002-¢_13:].7-_7872’ K S BOkaV&Z ORCID: 0000-000’3:-0346-2_879’
Pitirim Sorokin Syktyvkar State University,
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The quantitative characteristics of the reserves and distribution of carbon of organic matter in the soil—phytocenosis
system after clearing the stand of two types of spruce forests on peaty-podzolic-gleyed soils are shown. It is established
that in the ecosystems of 4—6 years old felling of spruce forests 115—121 thousand kgC/ha are accumulated, most of which
is concentrated in the soil. The production-destructive processes of organic matter in the phytocenosis-soil system are
estimated. It is shown that on the cutting of spruce forests the carbon costs of the atmosphere for phytomass production
(1.8—2.2 thousand kg/ha) prevail over its return with fall (1.4—1.7 thousand kg/ha). In the annual biological carbon
cycle, felling of spruce forests is dominated by the plants of the ground cover. In the carbon cycle of cutting down, large-
scale wood debris (deadwood, brushwood, felling remains, roots of cut trees) is of great importance, in the mass of which
22.0—27.6 thousand kgC/ha are concentrated, and forest litter accumulating 18.6—27.8 thousand kgC/ha.

Keywords: North, middle taiga, clear-cutting, felling, spruce forests, carbon stock, carbon flows.

Ha eBponeiickom CeBepe Poccum Ha npo-  HuA. Pybka neca ABASIeTCA OAHUM U3 MOLLHbIX
TSXKEHMW BCEM UCTOPUM Pa3BUTMSA NECHOM O0T-  (DaKTOPOB AUHAMUKM NECHbIX CO0OLLECTB, 06Y-
pacnun NpoMbILINEHHOCTX €10Bble fleca 6bIN  COBANBAKOLLMX TPAHCHOPMALMIO CTPYKTYPHbIX
O4HWM 13 OCHOBHbIX 06bEKTOB /1eCOMN0/Ib30Ba-  KOMMOHEHTOB /IECHbIX 3KOCUCTEM U HapyLLEHME
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B HMX 06MeHHbIX npoueccoB. OLEHKY M3MeHe-
HW (PYHKLUWOHUPOBaHUSA NeCHbIX 61OreoL,eHo-
30B B rnpouecce py6Ku HeEBO3MOXXHO NPOBOAUTL
6e3 BCECTOPOHHErO M3yYeHUs CBA3EN Mexay
huToLleHO3aMM 1 MoYBoN. pw aTom crnegyet
OTMETUTb, YTO (PUTOLLEHO3 ABMSETCA Onpeje-
NAKLWNM KOMMNOHEHTOM 6uoreoLeHosa, op-
MUPYIOLLMM ero CTPYKTYPHYHO OpraHun3aumio.
B necHbIx coobLLecTBax rnocse pyoku nponcxo-
[AT CYLLLeCTBEHHbIE U3MEHEHUS 3KO/TOTMYECKNX
YCNOBUIA cpefbl, PU3NKO-XMMUYECKNX CBOMCTB
NMoYyB M B TpaHcopMaLmm NOTOKOB BeLLecTBa
MeXAy no4Bol n comtoueHosom [1-3]. Cnegyet
OTMETUTb, YTO KOJINYECTBEHHASA XapaKTepUCTn-
Ka COCTOSIHUA 1 B3aMMOLENCTBUA OCHOBHbIX
3BEHbeB YINepPoAHOro 61AxKeTa Ha Bbipyoke
AB/ISIETCA OCHOBOW PasBUTUA Teopun GMonpo-
AYKUMOHHOIO npotiecca, noyBoobpaszoBaHns
B MPOM3BOAHbIX BMOreoLeHo3ax Ha paHHUX
CTafnAX UX pasBUTUA.

Llenb HacTosiLen paboTbl — onpegeneHne
3arnacoB M OCHOBHbIX MapamMeTpoB rofu4HOro
O10/I0rMYeCKOro KpyroBopoTa yrieposa B cucte-
Me NoYBa—MUTOLLEHO3 B 3KOCMCTEMAX BbIpy6OK
cpefHeTaéXXHbIX eIbHUKOB Ha TOPMPAHUCTO-
NoA30/UCTO-T/IeeBaThbIX NoyBax. B xoae paboThbl
Mbl MPOBEPANN FMMOTE3Y, YTO Ha BbIPyOKax eflb-
HWKOB B rOJM4HOM Yr/N1epogHOM LIMKJ/Ie BeAYLLaA
pO/b MPUHAANEXUT PacTeHUAM Harno4yBeHHOro
NnoKpoBa — 3andukaTopam aKocuctem. B yrne-
pPOAHOM GrOAXKeTe AaHHbIX COOOLLLECTB TaKXXe
3HauYMMa ponb KPYMHbIX [peBecHbIX 0CcTaTakoB
(KOO): Banexa, cyxocTos, Nopybo4HbIX ocTaT-
KOB, KOPHEM BbIpy6/1IeHHbIX 1epeBbEB.

O6beKTbI U METOAbI

VccneposaHua nposoannn B 2009—2014 rr.
Ha TeppuTopmn YepHaMCKOro /IeCHOro crauuo-
Hapa MHcTutyTa uonornm Komm HLL ¥YpO PAH
(62°01" c.ww., 52°28" B.A4.). PaboTa BbINo/IHEHA Ha
ABYX MOCTOSAHHbIX NPO6HbIX nnowaaax (Mrrt)
pasmepamm 0,20 1 0,25 ra, 3a/10>KeHHbIX B CMesibIX
efbHUKax B 1978 r. cornacHo NOCT 16128-70.
B enoBbix coobuiectBax 40 pyOKM NpoBeAeHb!
nccnefoBaHUA YriepoAgHOro LUKIa U OCBELLEHbI
Hamu paHee [4, 5]. B 3umHunin nepuog 2005—
2006 rr. B paccmaTprBaeMbIX e/10BbIX CO06LLEe-
cTBax Ha 500 ra npoBefeHa CN/IoLLIHOIecoceYHas
py6Ka C X/1bICTOBO TPENEBKOW APEBECUHDI.

Bbipy6Ka eflbHMKa YePHUYHOI 0 B/IAXKHOT 0.
Mpw py6Ke eflbHNKa COXpaHUINCb TOHKOMEPHbIe
nepesbst (HeAOPYO, CEMEHHUKN) B KOMMYECTBE
400 n cyxocToiiHble — 30 3k3./ra. Banex co-
ctaBnset 185 3k3./ra ¢ 3anacom [ApeBeCcUHbI
12,5 m3/ra. CamoceB 1 nogpoct (8315 3K3./ra)

nwvetoT coctaB 6E3B1P6+en COc. TpaBsHO-
KYCTapHWUYKOBbIV SIPYC C 0OLLUYM NPOEKTUBHbIM
nokpbitem (OMIMM) 50—60%, o6pa3oBaH bpyc-
HUKOW, YePHUKOW, NMHHEEN CeBEPHON, OCOKOW
LLIAPOBWAHOM, XBOLLLOM, /TYTOBMKOM U3BU/IUCTbIM.
MoxoBblIii nokpos ¢ Ol 80—90% copMupytoT
Pleurozium schreberi (Brid.) Mitt., Sphagnum
wulfianum Girg., S. girgensohni Russ., S. rus-
sowii Warnst., natHamu BcTpeyatoTca Polytri-
chum commune Hedw., Hylocomium splendens
(Hedw.) Br. n Dicranum polysetum (Mich.) Sw.

Bbipyb6Ka eflbHMKa LO/IrOMOLLUHO-car-
HOBOro. Ha BbIpy6Ke coxpaHeHbl TOHKOMepPHbIe
AepeBbS €11, COCHbI, 6epé3bl N CEMEHHUKM — 588,
CYXOCTOMHbIe — 212 3K3./ra, BaneXX — 223 3K3./Ta
C 3anacom gpesecuHbl 5,9 m3/ra. MogpocTt m
camoceB (6760 3k3./ra) umetoT coctaB 7E3B.
TpaBAHO-KyCTapHUUKOBBIN ipyc ¢ OINIM 60—70%
o6pa3oBaH 6PYCHUKOW, YePHUKOWN, INHHEEN
CeBEPHO, OCOKOW LLIApOBUAHOW, XBOLLLOM, Ny-
FOBMKOM M3BUNCTbIM N MBaH-4aeM. MOXO0BbIl
MOKPOB MOYTM CMOLLHOM 06pasytoT Polytrichum
commune N Sphagnum wulfianum, S. girgensohnii,
S. russowii, NATHaMW BCTpeYvaetca Dicranum pol-
ysetum. 'oyBa Ha BbIpy6Ke 0601X nccregyembix
eNIbHNUKOB TOP(AHUCTO-NOL30/INCTO-T/IeeBaTas
WNIBUanbHO-rymycosas [6].

YTrNnepoaHblii G0gKeT Ha BbIpyOKe M3y4deH
no 6ronpoayKTUBHOCTW. Maccy 1 NpupocT opra-
Huyeckoro BewecTBa (OB) ApeBeCHbIX pacTeHWIA
Ornpeaensann MeTogoM MOAE/bHbIX [epeBbes [7,
8]. MNMpoaHann3nposaHo 20 MOAE/bHbIX JepPeBLEB
Ha BbIpyOKe eflbHMKa YepHUYHOro n 23 — Ha
BbIpy6Ke eflbHMKa LONroMOLLIHO-C(harHoBoro,
10 MoAenbHbIX 3K3eMMNIAPoB nogpocTa enu, 10 —
6epésbl, 8 — psi6bUHbI. Maccy CTBOJI0B CyXOCTOS,
BasieXka, Nopy6b0UHbIX OCTAaTKOB BbIYUC/SAIN M0
NX 06bEMY 1 6A3UCHOM MIOTHOCTU [PEBECUHBbI.
MprpocT CTBO/IOBOM APEBECUHbI OLIEHUBASIN MO
TeKyLLeMy NPUPOCTy 06bEMa CTBOMA MOAE/TbHbIX
JepeBbeB, Npu oMoy npmnoopa LINTAB 5
C UCnosib3oBaHMeM nporpammel Tsap Win Basic.
PacuéTt TeKyLLLero NnpupocTa KOpHen ApeBecHbIX
pacTeHui onpegensnu no [9], ncnonb3ys dop-
mMyny 1:

Hr(p:t—: (1)

rae M, — NpUpoCT KOpHei (eAnHNLbI Mac-
cbl); M_— NpMpoCT CTBO/IOB 1 BeTBeN (eANHNLbI
macchl); K — 1ons KopHei 0T cyMmmapHO# Mmacchl
CTBONA, BETBEW N KOpHei, %; C — gons creona
1 BeTBEM OT CYMMapHOW Macchbl CTBO/A, BETBEW
N KOpHen, %.

Hapa3eMHy0 maccy pacTeHMin HanoYBeHHOr0
NMOKPOBa OMnpejensnv MeTogoM YKOCOB Ha MJio-
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waakax pasmepom 0,20 x 0,20 m B 20-KpaTHOIA
NOBTOPHOCTU. [oAnYHas NPoLyKLUUS Tpass-
HUCTbIX pacTeHU PaBHSAETCA UX HaA3eMHOMN
(huToMacce. ¥ KycTapHWYKOB MPUpPOCT Npu-
HMMa/CA paBHbIM Macce Mob6eroB TeKYLLEro
roga ¢ MMCTbsiMU. MOANMYHYIO MPOAYKLNIO MXOB
onpegenann, cpesas nobern TekKyLwero roga
y 100 pacTeHuii Kaxkaoro Buga. Onaj apeBecHbIX
pacTeHUIA y4nTbIBa/IN C MOMOLLLbIO OMazoynasnn-
Batenein paamepom 50 x 50 cm B 20-KpaTHOIA rno-
BTOpPHOCTU. Maccy onaja KycTapHU4YKOB 1 MXOB
onpesensnv no ux NpupocTy. ExkerogHo otmmnpa-
FOLLLYHO Maccy MX0B NPUHMManv pasHoi 70, vep-
HUKM — 100, 6pycHnKn — 30% oT npupocTa [1, 9].
[MpurpocT 1 onag KopHen MHOroNeTHNX PacTEHNIA
TpPaBSAHO-KYCTapPHUYKOBOI0 sipyca COCTaBNsAoT
B cpeaHeM 25% oT 06Lei maccbl KopHei [5, 10].
Pa3noxeHre KOMIMOHEHTOB N YY&T MoTepb Mac-
Cbl pacTUTe/IbHbIX OCTAaTKOB onaja usy4vanm rno
[11]. O6pa3ubl pa3HbIX (hpakumii pacTUTENIbHOIO
onaga B 5-KpaTHOW NOBTOPHOCTU 3aKNafblBaIv B
MeLLIOYKaXx 13 HeNoHOBOM ceTKM (pasmep saueek
1x2 MM) Ha NOBEPXHOCTb SIECHOM NOACTWUIKN U MO
ncteueHnn 12 n 24 mec. onpeaensinm yobifb B Bece.
Onpepensinu CKOpoCTb pasfioxkeHns (BeCoBble
noTepn) OTAeNbHbIX NOAroOpPU30HTOB (SINCTOBOWA,
(hepMeHTaTUBHBIN, FYMYCOBbIIA) NECHOM NOACTUN-
KW. 3anacbl NOACTUIKN ONPeAEeN AN C MOMOLLLbHO
MOHOJINTOB, B3ATbIX METIINYECKMM LLAG/IOHOM
nnowanbto 98 cm? B 20-KpaTHOM MOBTOPHOCTYU
C YYETOM TEXHOreHHOM Harpy3ku (naceka, BO-
noK). Cofep>kaHuve yrnepoja B LpeBecHbIX pac-
TEHUAX BbIYNCASIN HA OCHOBAHMM MOMYYEHHbIX
HamMu faHHbIX (UTOMAacChl U KOHLEeHTpauum
yrnepoga B OTAe/IbHbIX e€ hpakLnsAX, UCMOosb3ys
Koa(hpmumeHTbl, NpuBeaEHHbIE B paboTe [12].
Ona KOO ncnonb3osanu KoahduumeHT 0,5.

3anacbl C [1/ra] B noyBe BbIpyoKuM onpeae-
nanu no gopmyne 2 [13]:

C [1/ra] = C [%]p,h, )

roe C [%] — cofep>kaHume rymyca 0THOCUTE/b-
HO MacCbl CyXOUi MOYBbI OTAE/IbHbIX FOPU30HTOB,
p [T /cM3] —MNOTHOCTL NouBbI, h [cM] — MOLLHOCTb
C/0SA NOYBbI, B KOTOPOM COCPeSOTOYUEH YI/IEPOL.

KoHueHTpauuio yrnepoga v asota B obpas-
Lax pacTeHWii 1 pacTuUTe/IbHbIX OCTaTKOB MOA-
CTU/IKM Ornpefensnn Ha 6ase akKkpeLUTOBaHHOM
3KoaHannTMYecKon naboparopmm MHCTUTyTa
6mnonornn Komn HLL ¥YpO PAH (attectat POCC
RU.0001.511257 ot 26.02.2014 r., f[eiCTBYET A0
26.02.2019 r1.). Copep>kaHuve yrnepoga n asorta
B MOYBEHHbIX 06pa3Lax onpegensnv MeToLom
razoBoi xpomatorpauu Ha aBTOMaTU4eCKOM
aHanmnsatope EA-1100 dupmbl Carlo Erba

(NTanua). MartematMKo-cTaTUCTUYeCKUe pac-
YETbI BbINONHANMCHL N0 [14]. AHanu3, 0bpaboTKa
maTepuasna NpPoBOAMIaCk Ha MEPCOHa/IbHOM KOM-
NbOTepe C UCrosib3oBaHWeM nporpamm Microsoft
Word, Microsoft Excel.

Pe3ynbTaTbl 1 X 06CY>KAEHWE

OueHKYy 6ropKeTa yrnieposa B pacTUTENIbHbIX
coobLLecTBax cnefyet NPOBOAUTL MO 4 nynam: pu-
TOMacce, MEPTBOW ApeBecrHe, MOYBe M NMOLACTUSIKE.

Yenepod gumomaccor. Ha BbIpybKe yrnepos,
thuTomacchl 06pa3ytoT TOHKOMEpPHbIE JepeBbs
Hefopy6a, CeMEHHUKW, NOAPOCT, CaMOCEB, pacTe-
HUS YKMBOr0 Harno4BeHHOr 0 Nokposa. Ha ocHoBe
aHa/IM3a Moje/bHbIX AepeBbeB HAMU BbIBeeHbI
perpeccuoHHbIe YpaBHEHUSA CBA3M MaccChbl OT-
[eNbHbIX OPraHoB [peBeCHbIX pacTeHUi ¢ ana-
MeTPOM CTBO/1a Ha BbIcoTe 1,3 M, pacTeHuUl nog-
pocTa c Maccoli 0TAe/IbHbIX OPraHOB U BbICOTOA.
OnpegeneHbl 3anacbl OB apeBecHbIX pacTeHWi
[15]. Moka3aHo, 4To B (hUTOLEHO3aX BbIPYO-
KN eNbHUKOB aKKymynmnpyetca 55,35—
72,96 Tbic. KrC/ra (Tabn. 1). Tak, cogep>kaHue
yrfepoja opraHMyecKoro BeLLeCcTBa B JpeBeCHbIX
pacTeHUsAX Ha BblpybKe eflbHUKa YePHUYHOIo
BMaXKHOro coctaBuno 16281, Ha BbIpyOKe eflb-
HMKa 4ONTOMOLLHO-CcparHoBoro — 22263 Kr/ra,
N3 HUX B TOHKOMePHbIX AepeBbAX, Hegopyba
N ceMeHHSAKoB 91,3 n 94,4% COOTBETCTBEHHO.
B thtomacce pacTyLLmMX OpraHoB LpeBeCHbIX pac-
TEeHWIA camoceBa 1 NoApoCcTa Ha BbIpyOKe e/lbHMKa
YePHMUYHOI0 BNaYXKHOI0 KOHUEHTpUpyeTcsa 972,
Ha BbIpyOKe eflbHUKa [0NroMOLLHO-CarHoBo-
ro — 883 krC/ra. B qputomacce pacteHuin Hano-
YBEHHOr0 MOKPOBa Ha BbIPYOKe e/lbHMKa YepHNY-
HOro BNaXKHOro akkymynmpyetcs 4143 krC/ra,
13 HMX 56% cocpefoTOHEHO B KOPHAX TPaB N Ky-
CTapHWYKOB. B KOHLIEHTpaLnK yrieposa Hag3em-
HbIX OpraHOB pPacTeHWii HarNno4YBEHHOro NMOKpPOBa
NPUOPUTETHYHO POJIb BbIMOMHAKT MXU (Tabn. 1).

Ha Bbipy6Ke AONTOMOLUHO-C(harHOBOro
eNbHMKa 3anacbl Yriepofa B pacTeHUsIX Hamnouy-
BEHHOr0 MOKpoBa paBHbl 4574 Kr/ra, U3 HUX
B KOPHAX TpaB N KYCTapHUYKOB KOHUEHTPUPY-
eTca 66%. CnegyeT OTMETUTb, YTO Ha BbIpybOKe
NMPOVCXOANT MHTEHCUBHOE pa3BuTme 6pyCHUKN,
TPaBAHUCTbLIX pacTeHUn U MXOB, OCOGEHHO Ha
BOMOYHbIX NpocTpaHcTBax (Tabsn. 1).

Yrnepog KOO. B necHbIx akocuctemax
hnTtopeTpUT ABNAETCA JUHAMUYHBLIM N 3Ha-
UYNTE/IbHLIM KOMMOHEHTOM Yr/1Iepo4HOro nyna,
Yy4acTBYHOLLMM B KPYroBopoTe BELLECTB U Bbl-
NOJTHAIOLLMM MPOMEXYTOUHYHO (DYHKLVIO B €ro
NMoToKax B cucTeMe noysa—puToueHo3 [16].
B KO Ha Bblpy6Ke eNbHUKa YepHUYHOIO aK-
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Kymynupyetca 21,96 Tbic. KrC/ra, n3 Hux 23%
KOHLLEHTpUpYeTcs B NOpy60YHbIX OocTaTtKax,
B Ba/1eXKe — 25, B CYXOCTOMHbIX 1ePEBbSIX N CYyXMX
BETBAX PacCTyLLUX fepeBbeB — 1, B KOPHAX —51%.
Ha BbIpybKe e/lbH1Ka LO0/ITOMOLLHO-CharHOBOro
B KOO 3aknto4eHo 27,57 Tbic. KrC/ra, N3 HUX
B CYXOCTOMHbIX A€PEBbSX U CYyXUX BETBAX — 8%,
B Nopybo4HbIX ocTaTkax — 24, B Bajiexxe — 15,
B KOPHAX — 53%.

Takum 06pa3oM, Ha BbIpybKe eflbHMKa Yep-
HUYHOrO B/I&XKHOI0 Ny yrnaepoga guromaccsl
cocTtaBnsieT 42,38 Tbic. Kr/ra. Ha HayanbHOM
aTane hopmmpoBaHNsa PUTOLIEHO3a Noc/e pPyoKu
[PeBOCTOA B aKKyMyNnAuMn yrnepoga sHaunma
(51,8%) ponb KAO. B KOHUEHTpauun yrnepoga
[0N15 y4acTUsi TOHKOMEPHbIX [epeBbeB Hegopyba
N CEMEHHWKOB cocTaBnfeT 36,3%, ApeBeCHbIX
pacTeHuiA camoceBa U nogpocta — 2,3, pacTeHWi
Harno4yBeHHOro nokposa — 9,6%. Ha BbIpy6Ke
e/IbH/Ka [0/ITOMOLLIHO-CharHOBOro Ny yriepoga
thutomacchl paBeH 54,41 TbIC. Kr/ra 1 pacnpege-
nsaetcsa: 50,7, 39,3, 1,6 n 8,4% coOTBETCTBEHHO.
Cnepyet 0TMETUTb, UTO PasNNUUA MeXLy nynamu
yrnepoga Ha Bblpy6ke ABYyX TUIMOB e/lbHUKOB, pa3-
BMBAIOLLMXCA Ha MONYyruapomMopHbIX rnoysax,
HepocToBepHbI (p > 0,05) 1 HaxoasTCs B npegenax
cny4aliHbIX KonebaHwii aToro nokasartens (taon. 1).

3anacbl yrnepoja B ro4se. B BepxHei yactu
NOYBEHHOI0 NPOhUNA BbIpYOKN eNlbHUKA Yep-
HUYHOTO B/IAXXHOro YETKO BblpaXkeHa oTopgo-
BaHHas MOACTM/IKA A, MOLHOCTbIO Ha Mnaceke
12,2+1,0, HaBonoke — 11,8+0,9 cm, nog KOTopon
3a/ieraet NoA30IMCTbIV FOPM30OHT A, (MOLLIHOCTbBHO
12—17(20) cm) co cnegamu OrfieeHmst B HUXKHEN
4yacTu, NepexofALni B rOpnU30oHT A,B,, moLl-
HoCTbto 17(20)—41 cMm. B mMeTpoBOM C/l0e rou-
Bbl JaHHOM BbIPYOKM eNlbHMKa aKKyMyIMpyeTcs
72,1 TbiC. KrC/ra, U3 HMX 25,8% KOHLEHTPUPY-
eTCcs B OpraHoreHHOM ropun3oHTe (Tabn. 2).

B nouseHHOM npochusie BbIpYOKU eflbHUKA
AONTOMOLLIHO-C(HarHOBOI0 FOPU30HT A IMEET MOLLL-
HOCTb Ha naceke 19,0+1,1, Ha Bonoke 18,4+0,7 cm,
Nnoj KOTOpbIM 3as1eraet rnog30/NCTbIi FOPU3OHT
A.g9" (MoLHOCTbIO 15—19 cm), nepexoasiymit
B ropun3oHT A2g°" MoLLHOCTbIO 19—26 cm 1 A Bfg
MOLLIHOCTbIO 26—31 cM. B MeTpoBOM C/i0e Mou4Bbl
BbIPYO6KM JAHHOI0 e/ibHUKa aKKyMy/MpyeTcs
66,7 Tbic. KrC/ ra, B TOM uncre B noactuike —41,0%
(Tabn. 2). B uenom, B TOpSIHUCTO-MNOA30INCTO-
rNeeBaTol MoYBe BbIPYOKWN e/lbHMKA YEPHUYHOIO
B/T2XKHOIO 3arachl yrnepoga rymyca (Copr) B MU-
HepaslbHOM YacT METPOBOIO C/10S cocTaBum 53,5,
Ha BbIpy6Ke e/lbHMKa [0/TTOMOLLUHO-C(HarHoBoro —
38,7 TbIC. Kr/ra. Obume 3anacbl OpraHNYecKo-
ro yrnepoja B METPOBOM C/10e TOPPAHUCTO-
NOA30/IMCTO-T/1EEBATOM MOYBbI BbIPYOKM €MIbHUKOB

coctaBun 66,7—72,1 Tbic. Kr/ra. 3TW AaHHble
BMNMCbIBAIOTCA B MNpeaenbl KonebaHWin 3anacos
yrnepoga (0144 no 151 1/ra) B METPOBOM C/10€ NoYy-
Bbl €/lbHWUKOB cpefHei Taiiru [5, 17, 18]. Cneayet
OTMETUTb, UTO Pa3/INUNA MEXKLY 3ariacaMu yr/ieposas
METPOBOM C/10e TOPPSIHUCTO-MOA30/IUCTO-T/IeeBATON
MOYBbI Ha BbIPYOKE e/TbHMKOB YePHUYHOTO B/TAXKHOI0
1 IONITOMOLLIHO-CtharHoBOro HejoctoBepHbI (p>0,05).

1poodyryus yeaepoda gumoyerozos. B rogny-
HOM MpuUpocTe (hUTOMACChI Ha BbIPyOKe eflbH1Ka
YEPHNYHOTI 0 B/TAXKHOI0 XXEerofHO Hakarn/mBaeTcs
1827 krC/ra, KOoTopblii chopMMPOBaH B OCHOBHOM
pacTeHUsiIMM Harno4yBeHHOro nokposa (79%).
MpogyKuus yriepoga oMToMacchl peBecHbIX pac-
TeHWU cocTaBuna 367 Kr/ra B rof, U3 HUX 46,7%
HakannmBaeT 6epésa, 47,9 — enb, 5,4% — cocHa.
Ha BbIpybKe enbHMKa J0NTOMOLIHO-C)arHOBOro
B NPOAYKLMN (DUTOMACChI XKErojHO HaKarmBaeT-
€A2189 krC/ra, U3 HUX 75% [enOHUPYHOT pacTeHns
Hano4yBeHHOro nokposa. MpoayKuna yrnepoga
APEBECHbIX PacTeHWIA Ha JaHHOW BbIpyOKe paBHa
543 kr/ra = rog v chopMmpoBaHa OHa B OCHOBHOM
enbto (52,7%). bepésa n cocHa HakanmeatoT 38,1
n 9,2% cooTBeTCTBEHHO (Tabn. 1). AHanM3 rnoka-
3a/1, YTO OT/INUMA MEXY NPOAYKLMEN yrieposa
(hnTOLIEHO30B Ha MCCNeayeMO BbIpyOKe eNlbHUKOB
YEPHWYHOT 0 BMI2YXKHOI 0 M J0/TTOMOLLIHO-CDarHOBOr0
HegocTosepHbI (p > 0,05).

Takum obpasom, o6WKMi Nyn yrnepoga
B 9KOCUCTeMaX BbIpyOKWN e0BbIX COOOLLECTB
Ha TOPAHMUCTO-MOA30UCTO-T/IEEBbIX MOYBax
coctaBnsieT 114,4—121,1 Tbic. Kr/ra, n3 Hux
18—22% cocpefj0TOHEHO B pacTyLLUX pacTeHUAX
thutoueHo30B, 19—23 B — KO, 55—63% — B Me-
TPOBOM C/10€ NMOYBbI, BK/IKOYasA NOACTUKY (puC.).

Yrnepog B LeCTPYKLNOHHOM 3BeHe. Hamu
paccMOTpeHbl CTPYKTypa ornaga v npoueccol
ero pasnoxxeHms [19]. Macca yrnepoga, no-
CTYMatoLLLero B rMoYBy € pacTUTe/IbHbIM 0nagom,
Ha BblIpyOKe eflbHMKa YEPHUYHOIO B/IaXKHOTO
paBHa 1439, Ha BbIpyOKe e/lbHMKa LO/ITOMOLLHO-
ctharHoBoro — 1679 kr/ra = roj, 4to coctaB/isieT
58—78% 0T exxerofjHou ero npogykumm (tabn. 1).
Ha BbIpy6Ke e/IbHMKOB Ha onaf Haf3eMHbIX opra-
HOB pacTeHWU npuxoanTcsa 55—60% oT 06LLEN ero
mMaccbl. OCHOBHYO YacTb (89%) pacTuTe/bHbIX
0CTaTKOB 0rnaga hopM1pPYyHT MXM N TPaBAHUCTbIE
pacTteHusi. CornacHo [20], B ycnosusax ApxaH-
reflbCKOM 06n1actn Ha 1—4-neTHUX BbIpybKax
nocse yCc/0BHO-CMN/IOWHbIX Py6OK e/IlbHUKOB
YepPHUYHbIX Ha XBOK U JIUCTBY APEBECHbIX pac-
TeHWI NpuxoanTca 2,8—3,7, Ha eXXerofHbI onag
TPaBsAHO-MOXO0BOI pacTuTensHocTn 96—97% ot
o6LLein maccbl onaga.

Ha BbIpy6Ke e/lbHUKa YepPHUYHOT0 BIaXKHOM0
pacnpezeneHve yrnepoja HafL3eMHOro ornagja pac-
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Tabnmua 2 / Table 2
3anachbl yraepoja opraHMYecKoro BeLLleCcTBa NoYyB Ha BblpyoKe e/lbHNKOB/
The carbon stock of soil organic matter on cutting down spruce

CpefiHee 3HaueHwe,
O61beKT, nousa/ 3anac yrnepoga TbIC. Kr/ra o
Object, soil Carbon stock Medium value,
thousand kg-ha?
C,, A0 20 cm / C,,t020cm 6,2 +0,5
BbIpy6Ka eflbHUKa YePHUYHOTO Cor050cm/ C, o 50 cm 22,7 +2,8
BnaxKHoro, TopaHncto-noazonucto- | C,, A0 100cm/ C to 100 cm 53,5 +4,0
rneesaras MNNOBNaIbHO-TyMycoBas / | yrnepog noactuikm / 1 +1
Felling of spruce myrtillus moist, carbon litter 8,6 +1,0
eaty-podzolic-gleyey illuvial-humus _
peaty-p gleyey yrnepog B croe 0—100 cm/ 721 +291
carbon in the layer 0—100 cm
C,A020cm/C_  to20cm 8,0 +0,05
BbIpy6Ka efbHUKa [0NrOMOLLIHO- CoprA0S0CM/ C, 1050 cm 24,4 +0,55
ccparHoBoro, TopgsiHucTo-nogzonucto- |C,, A0 100cm / C | to 100 cm 38,7 +0,95
rneesatasi UNOBUaSIbHO-rymycoBas / yrnepos noAcTUNKN /
Felling of spruce polytric-sphagnum, | carbon litter 27,8 53
peaty-podzolic-gleyey illuvial-humus YI7Iepoa 8 croe 0-100cm / 56.7 1144
carbon in the layer 0—100 cm ' '
llpumewanue: 6 — cpednersadpamuuroe omrioHeHe.
Note: 6 — is the standard deviation.
114484 121107
6306 e
AT 15, 22%
""""" B SesEsstststesy:
.l= }Il\ll
''''''''''''' "'l.c:i i:
19%
’ 23% Wi1H2 3
A B

Puc. Myn yrnepoga Ha Bbipy6Ke eflbHNUKa YePHUYHOI0 BRaxkHoro (A),
eNlbHNKa JonroMoLlHo-cgarHosoro (B): 1 — yrnepog gomtomaccsl, 2 — KOO, 3 — noysa.
B pamkax o06Lue 3anacbl yrinepoja B aKocuctemax Bblpyoku, KrC/ra
Fig. Carbon pool on felling of spruce myrtillus moist (A), spruce polytric sphagnum (B):
1 — carbon of phytomass, 2 — coarse woody debris, 3 — soil.
Within the total carbon stocks in the logging ecosystems, kgC - ha*

TEHUIA Hano4BeHHOro nokposa (702 Kr/ra - ropn)
crefyroLee: KycTtapHUUYKKM 3aHmmatot 38,6%,
TpaBbl — 23,5, Mxn — 37,9% OT 06LLEero nx Ko-
nnyectBa. B KOpHAX KyCTapHMYKOB U Tpas Co-
aep>xutea 45,5% yrnepoga onaga pactutesibHbIX
ocTaTKoB. Ha BblpyOKe eflbHUKa [0/ ITOMOLLHO-
charHoOBOro yrnepog onafga Haf3eMHbIX YacTei

pacTeHMiA Harno4BeHHOro nokposa (749 kr/ra - rog)
pacnpefenserca cnefyowmm obpas3om: Ky-
CTapHUYKKN 3aHUMalT 44,6, Tpasbl — 22,4
N Mxu — 33,0%. B KOPHAX TpaBs 1 KyCTapHNYKOB
KOHLeHTpupyeTca 50,0% yrnepoga ot cogeprka-

HWS ero B pacTUTe/IbHbIX OCTaTKax onaja Hamnou-
BEHHOI0 MNoKpoBa. PacxoxieHuns B cogepXkaHnm
yrnepojga B pacTuTe/lbHbIX OCTaTKax onaja Ha
BbIpy6Ke ABYX TUMOB UCC/eLyeMbIX e/IbHUKOB
Ha NoNyrnapoMopdHbIX NoYBax HeAOCTOBEPHbI
(p > 0,05) (Tabn. 1). BbisiBNeHO, YTO MHTEHCUB-
HOCTb Pa3/IoXKeHUSA OTAENIbHbIX KOMMOHEHTOB
onafa 3a roj Ha BblpyoKe eflbHUKOB KonebneTcs
0T 2,2 A0 69,5% [19]. CKopoCTb MUHEpanM3aLnm
pacTUTeNbHbIX OCTATKOB OMNaja HeBbICOKas —
yObl/lb B BECE X B TEYEHWE NEPBOro rofa Ha Bbl-
py6Ke enbHMKOB 0K0/10 36,0%.
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CninoLwHonecocevHble py6Kn B e10BbIX CO-
o6LLecTBax OKasblBalOT CU/IbHOE BO3[ENCTBME
Ha 06MeHHble MpoLecchbl yrnepoja B cucTeme
noysa—MuUTOLLEHO3. Hamn nokasaHo, 4To B
paccMaTpmBaeMblX CpeaHETaéXXHbIX e/lbHUKax
B MpoL,ecce 3VIMHei CNI0LLIHOMIECOCEYHOW Py6KN
NpW XNbICTOBOM TPenéBKe AepPeBbEB BbIBO3UTCS
40—44% yrnepofa oT ero 3arnacoBs, akKyMympo-
BaHHbIX B (oyTomacce LeHo30B [15]. MokasaHo,
4TO Macca pacTeHUn TpaBAHO-KYCTapHUYKOrO
M MOXOBOr0 MOKPOBa, 3HAYUT N yrnepoga, Ha
4—6-neTHel BbipybKe B 2—2,5 pa3a 60/1bLUe, Yem
B cnefbIX enbHUKax [19]. C KOO nocne py6-
KW LOMOSIHNTENbHO B MOYBY rnoctynaert 21,96—
27,57 TbiCc. KTC/ra. CnefyeTr OTMETUTb, YTO
B HacToslLLee BpeMs posib APeBECHOro aebpuca,
0C06EHHO KOpHel BbIpy6/IEHHbIX AePEBLEB, B YT /1e-
POAHOM LIMK/IE U B LLE/IOM B NMO4YBOOOPa30BaHNN
Ha BbIpyOKe B MPOM3BOAHbIX 3KOCUCTEMAX NpaK-
TUYEeCKM He uccnefoBaHa. MpoayKumns yrnepoga
chrTomacchl Ha BbIpyOKe McceayembiX elbHUKOB
B 1,3—1,8 pa3a MeHbLLIe, YeM B CMefbIX e/lbHUKax
[0 py6ku. PasHuua B HaKOMJeHUN yriepoja
B NPOLAYKLMN (hUTOMACChI CME/oro eflbHMUKa 1 Ha
BbIpy6Ke goctoBepHa npu p < 0,05 (Tabn. 3).

Bb1/10 0TMeYeHO, YTO B IeNOHNPOBAHUN YT e-
pofa B (hutomacce cresibiX e/lbHMKOB OCHOBHYHO
ponb (83—92%) BbIMNONHAKT APEBECHbIE pacTe-
HWS, @ Ha BbIPYOKe, KaK MNoKasbIBalT NpuBeAEH-

Hble B JaHHOW paboTe mMaTtepuasibl, — pacTeHUs
Hano4BeHHOro rnokposa (75—79%) [4, 5].
CnepyeT TakXXe OTMETUTb, YTO C NOPY6OY-
HbIMW OCTaTKaMn N KOPHAMU BbIPYOEHHbIX
APEBECHbIX PacTEHWIA B MOYBY B 3TUX 3KOCUCTE-
Max MocTynaeT 60/1bLLOe KOMIMYECTBO YI/1eposa,
NMpMMePHO B 3 pa3a MNpesblLUaloLLee BEINYNHY
rOAMNYHOrO ero nocTyrn/eHns ¢ onagom. Mocre-
NeHHO 0CBO60XK4aeMblii B MPOLECCe pas3/odKeHUs
N MUHEepan3aLnmn nopyooUHbIX OCTaTKOB U OT-
MepLUNX KOpPHEN BbIpy6IeHHbIX AepeBLEB Yre-
pof 6yaeT HakanMBaTbCs B MO4YBe, BbINO/HASA
3HaAYNTE/bHYIO PO/b B MOYBO06pa3oBaHUK [21].
CneposatesibHO, NMpu UccefoBaHNN (PyHK-
LMOHNPOBAHUA 3KOCUCTEM BbIpybKKN BecbMa
BaXKHa oLleHKa 3anacos MEpteoro OB, npocTpaH-
CTBEHHOTrO pacrpegesieHns nUx, COOTHOLLEHUA
yriepoga >1Bow 1 MEpTBOM hmtomacchl. 3anac
nocrefHero CKNaabIBaeTCA U3 APEBECHOr0 JeTpU-
Ta (KAO) n necHon noactunkm [16, 18]. O6wwme
3anacbl yrnepoga méprteoro OB (KAO+necHas
NMOACTU/KA) B UCCMefyeMbIX HAMU CO0OLLECTBAX
3HauMTe/IbHbI M cOCTaBNAT 38,53—55,37 ThiC. Kr/Ta.
dopmunposaHue yrrnepoga OB B NecCHbIX
3aKocmMcTeMax onpefensercda ABYMS rpynnamu
MpoLEeCcCoB: Nnepsast KOHTPONIMPYET ero rnpoay-
LMpoBaHue, BTOpasi — MoTepHo Mpu OTTOPXKEHNN
Cc onagom, oTrnajoMm € nocneaytoLleii TpaHe-
thopmaumeii Ha NOBEPXHOCTU No4Bbl. MEpTBOE

Tabnmuya 3 / Table 3

Moka3aTenn NOTOKOB Yr/iepoaa B CrefbiX e/lbHUKax U Ha 6-N1eTHell Bbipybke/
Indicators of carbon fluxes in mature spruce forests and a 6-year old cutting

EnbHuKKM / Spruce
YEePHUYHbIA BAAXKHbINA / [0NrOMOLLHO-CcharHoBbIl /
Yrnepog / Carbon myrtillus moist polytric-sphagnum
cnenbliii / BbIpybKa / cnenblii / BbIpybKa /
ripe * cutting down ripe ** cutting down
-1
‘F',’r':';fo“"rﬁgg‘s" ((ig ' ;3% / 864804 204244 777104 268374
ApeBecHble pacTeHus / woody plants 84870 16281 75810 22263
pacTeHMst Hano4BEeHHOro Nokposa /
ground cover plants 1610 4143 1900 4574
-1 -1
o (01 o)/
npeBecHble pacTeHus / woody plants 3130 367 2290 543
pacTeHMsi HaNo4YBEHHOI0 Nokposa /
ground cover plants 302 1460 520 1646
Onapa (kr -ra*.rogt) /
pla?]”t dgbris o hg_l)_ L ear) 21174 14394 20604 16794
ApeBecHble pacteHus / woody plants 1815 152 1570 176
pacTeHMst Hano4BEeHHOro Nokposa /
ground cover plants 302 1287 490 1503

Hpumewanue: * — no [5], ¥*% — no [4], * — pasiuuus mexdy 3anacamu yeiepoda gumomaccet, e2o npodyryULL
U pacmumesbiblL 0CMamro8 onada 8 CReAblT eAbHUKAT U HA 8biPYOKe eabHukos docmoseprut (p > 0,05).

Note: * — according to [5], ¥* — to [4], * — the differences between the carbon stocks of phytomass, its products and plant
debris in mature spruce forests and felling of spruce forests are reliable (p > 0,05).
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OB Ha noBepxHOCTU MOYBbLI, B CBOK 0Yepeap,
AB/IIETCA OCHOBOM (hOPMMPOBaAHUA KOMMOHEHTA
(huToLeHO3a — NIECHOM MOACTU/IKU, KaK eflbHU-
KOB, TaK 1 BbIpyboK [19, 22, 23]. Ha Bbipybke
cpefgHeTaéXHbIX e/IbHUKOB Ha TOPAHUCTO-
NoA30/INCTO-TN1eeBaTbIX NoYBax KOHcepsauus
OB 3HauuTenbHO NpeobnagaeT Haf MpPoLEeccoM
MUHepanu3auun. MNokasarens C/N KOCBEHHO
XapaKTepuayeT CTerneHb Pas/ioKeHNA N ryMmugu-
Kauun pactuTesibHbIX ocTaTtkoB [24]. CornacHo
[19], Hanbonee MHTEHCMBHO pa3naratoTcs JINCTbA
6epésbl, BennuumHa C/N B KOTOPbIX cOCTaBseT
35—38. 3T0 COOTHOLLEHME Y XBOU €11 U COCHbI
n3meHsietca ot 40 1o 66. MNMokasarens C/N B pac-
TUTENbHbIX OCTATKax OpPraHoreHHoro ropu3oHTa
Ha BbIpybKe coctaBnset 32,7—35,0 (1abn. 4).
VIHTEHCVBHOCTL MUHEpPaNn3aLmMmy NOACTUKN
TECHO CBA3aHa C 0CO6eHHOCTAMM pacnaja pac-
TUTENbHbIX OCTaTKOB W OMpeAensieTcs mMacco,
COCTaBOM onaja v rmapoTepMUYecKUMmN yCro-
BUAMM nous [23, 25, 26]. Ha BbIpyOKe eflbH1Ka
YePHWUYHOIr0 BNAYKHOT0 Yrniepos, BbICBO6OANB-
LLMIACA NPY Pa3oXKEHNM PaCTUTE/NbHbIX OCTATKOB
onapga, coctaBnset 536 kr/ra - rogunn 37,2%
OT €XKerogHoro HakornjaeHus ero YUTOLEeHO30M.
Ha BbIpy6Ke [0/TOMOLLHO-C(harHOBOro efibHMKa
B TeYEHMe MepBoro rofa 0cBO60XKAeHWe yriepoja
paBHo 631 Kr/ra, 4yto coctasnset 37,6% OT rogo-
BOr0 Pa3/I0XKeHWA pacTUTe/IbHbIX OCTATKOB Ornaja.
Ha BbIpy6Ke e/IlbHUKOB OTMEYEHO CHU>KEHWE, Mo
CpaBHeHNIO CO CnesbIMN eNbHUKaMMn, 3anacos
yrnepoga B opraHoreHHOM ropn3oHTE MOYBHbI.
B crenom eflbH1Ke YepHNUYHOM B1aXKHOM [0 pyo6-
KW 3anac yrniepoga rnoacTuikm coctaensan 26,0, B
e/bHKe A0/TTOMOLLIHO-CtharHOBOM — 32,6 TbIC. Kr/Ta.
Ha 4—6-neTHel BbIpybOKe paccMaTpyBaeMblX eflb-
HWKOB OH B 1,3—1,4 pa3a MeHbLLEe. [NpuynHoii cna-
60 NHTEHCUBHOCTW Pa3/0XKEHUS PacTUTENbHbIX
0CTaTKOB Ha (pOHe HeOCTaTOUHOrO Ter/1a AB/ISIeTCA
OTHOCUTE/IbHO BbICOKAs B/IaXKHOCTb MOYB.

CnepfyeT OTMETUTb, YTO Ha BbIPYOKe e/lbHUKOB
Ha TOPMAHNCTO-MOL30/NCTO-T/IeeBaTbIX NOYBAX
B HaKOM/IeHUN Maccbl pacTeHWn HanoYBeHHOro
NOKPOBa 3HAYMTe/IbHYHO PO/1b BbINOHAOT cihar-
HOBble MxU. CrefoBaTe/ibHO, COCTaB MOACTUNKN
thopMumpyeTcs Mof UX BANSHUEM. PacTuTeflbHble
0CTaTKK, B COCTaBe KOTOPbIX JOMUHUPYIOT char-
HOBblE MXW, pa3faratoTca Mef/IeHHee, YeM KOMIO-
HEHTbI, C/TIOXXEHHbIE 13 0CTaTKOB COCYAMUCTbIX pac-
TEHUIA. 3TO 06BACHAETCA XMMUYECKMM COCTABOM
ctharHoBbIX MXO0B, B TKAHAX KOTOPbIX COAepXXaTca
NoNEHObHbIE KOMI/IEKCbI, 0CNabNAoLLME MU-
HepanmMsauuio KNeTok [27]. Ha BbIpy6Ke eflbHUKa
YEePHMYHOr0 BNAXHOr0 B TeYeHWe roga yobbiib
B Macce NecHoMr noacTunku coctasuna 13,4%,
npw 3Tom BbicBO6OAMIOCE 2463 Kr/Tra yrnepoja.
Ha BbIpy6Ke eflbH1Ka o/IrOMOLLIHO-CharHOBOro
B Mepuroj nepsoro rosga HabnogeHni macca nec-
HOM MNOACTWUKN YMeHbLUMAack Ha 11,9%, 13 Heé
BbicBOOOAMNOoCk 3321 Kkr/ra yrnepoga (tabn. 4).

3aK/yeHne

B skocucTemax BbIpybOK cpefgHeTaéx-
HbIX e/IbHUKOB Ha TOP(SAHNCTO-MNOA30/INCTO-
rneesatbIX MoYBax ny’siyrneposa pacTUTe/IbHOro
OB coctaBnseT 114—121 Tbic. Kr/ra, 60nbLUasA
yactb (55—63%) KOTOPOro KOHLEHTPUPYeETCH
B MOYBe, BK/I0YAs OPraHOreHHbIN ropu3oHT.
"0foBOM NPUPOCT Yrnepoja pacTeHuii B ouTto-
LeHo3ax 4—6-neTHei BbIpy6KM elbHUKOB paBeH
1,8—2,2 TbIC. KI/Ta 1 C 0MaZom BO3BpaLlaeTcA
B noysy 1,4—1,7 Tbic. Kr/ra. B dhopmmpoBaHun
HeTTO-NPoAYKLNN yriepoaa v ero rofMyHoro ro-
TOKa B MOYBY OCHOBHOW BK/1aJ BHOCAT pacTeHNs
Hano4YBeHHOro rnokposa. OCO6EHHOCTLI0 3KOCK-
CTeM BbIpYOKM elbHUKOB ABNAIOTCA [LOBO/IbLHO
6onbLuMe 3anacbl (22—28 TbiC. Kr/ra) yrnepoja
KOO, 60/bllas 4acTb KOTOPbIX hopmmpyeTcs
nopy6oYHbIMM OCTaTKamMu 1 KOPHAMU BbIPy6/1eH-

Tabnuua 4 / Table 4

BbIcBO6OXKAEHWE Yrnepoja OpraHNYeCcKoro BELLEeCTBa IeCHOM MNOACTUNKN
B MpoLecce pasnoXkeHns Ha BbipyOke enbHKKoB / The release of carbon from the organic matter
of forest litter in the process of decomposition on felling of spruce forests

EnbHnKK / Spruce

Moka3satenu / Indicators YePHUYHBbIA BNaXXHbIN / [LONTOMOLLIHO-CcharHoBbIN/
myrtillus moist polytric-sphagnum

3anacsbl yrnepoga noacTUAKN, TbiC. Kr/ra
Carbon stocks of litter, thousand kg - ha! 18,6+1,5 21,8422
MoTepst macchbl Npu pasnoxkeHuu, (%o rogt) / 127 117
Loss of mass when decomposed, (% year?) ' '
C/N 35,0 32,7
BbICcBOGOXKAEHME YINepoaa U3 NOLCTUIKTU
(tbic. kr/ra-rop) /
Carbon release from the substrate 2,5¢0,3 3320,26
(thousand kg - ha*- year?)
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HbIX AepeBbeB (NOA3eMHbIN AeTpuT). OCBO6OXK-
[i@emblil B NpoLecce MUHepain3aumm aTMx KoM-
NMOHEHTOB Yr/1Iepof, Ha paHHNX CTaANAX Pa3BUTUSA
NPON3BOAHOr0 (PUTOLEHO3a, BO3HUKLLIETO MOC/e
py6Ku, Mocny>nT 0CHOBOW An1s 06pa3oBaHUA
OpraHM4yecKoro yrnepoga s noysax. Ha Bbipyoke
e/IbHMKOB Ha MoyruapoMopMHbIX noysax oT-
HowleHne C/N B pacTuUTe/IbHbIX OCTaTKax onaja
coctaBnsiet ot 35 Ao 66, necHor NOACTUNKK —
oT 32,7 po 35, YTO CBUAETENLCTBYET O C/1abo
WHTEHCUBHOCTU UX JecTpyKummn. CymmapHas
noteps yrfnepoja B npouecce MuHepanusaumn
pacTuTefibHbIX OCTaTKOB 0Maja Ha NoBepXHOCTA
noysskl coctaenseT 530—630 krC/ra - rog. Hako-
nieHWe yrieposa B rnoyse 3a CYET 3aKpensieHns
ero B MMHepasbHOM cybcTparte B pe3ysbrarte
Pa3/10XeHVA PaCTUTE/IbHbIX OCTATKOB OPraHoreH-
HOro ropu3oHTa paBHo 1,5—1,7 TbiC. Kr/ra B rog.
CnnowHonecoceyHasas pybka npuBoanUT K
3HauNTE/IbHBbIM N3MEHEHMSM, KaK 3anacoB, Tak
M MOTOKOB Yr/iepoja B NIECHbIX 3KOCUCTEMAX.
IMoaTBep)KaaeTcA Halla UCXo4Has rmnoTesa, YTo
B rofMYHOM KPYroBOpOTe Yyrniepoja B cucteme
noysa-MUTOLIEHO3 B 9KOCMCTEMAxX BbIpybOK Ha
TOPPAHNCTO-MOA30/IMCTO-T/IeeBaTbiX NOYBax
3HauMma posib PacTeHNM HanoyYBEHHOI 0 MOKPOBa
n KAO. CnenoBaTeNnbHO, A4 OLEHKM banaHca
yrnepoja B 3KocuUcTeMax BblPyO6KN HeoOX0aNMbI
[l@HHbIe 3MUCCUOHHBIX MOTOKOB Yr/iepoja c no-
BEPXHOCTM MouBbl U BbiaeneHnsi CO, C rTHUIOLLIErO
ApeBecHoro gebpuca. CnegosaTefibHO, 3HaHMe
BINSAHNSA MPOMBbILL/IEHHbIX PYOOK Ha YT epPOAHbIiA
LMK XBOWHbIX N€COB, B YaCTHOCTM €/1lbHUKOB,
BaXXHO A/19 MOHUMaHUA MeXaHU3MOB B/IUAHUSA
aHTPOMOreHHbIX Harpy30K Ha IeCHbIe Co00LLieCcTBa
N 41151 OLLEHKM YT 1ePOS LeNOHVPYOLLEN (PYHKLMN
JIECOB MPU UHTEHCMBHOM UX 3KCIyaTaLlmu.

PaboTa BbINo/sHeHa Npy NoAAep>KKe NPOeKTOB
KOMIMeKCHOV nporpamMmbl YpasibCKOro 0T 4e/eHNs
PAH Ne 15-12-4-39 1 Ne 18-4-4-29.
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MonynauMoHHaN XapaKTePUCTUKA NONEBKM-3KOHOMKMN
B PaN0O3KONOrMYECKMX UCCNeN0BaHMAX

© 2019. O. B. EpmakoBa, . 6. H., B. H. C.,

O. B. Packouua, K. 6. H., 1. 0. 3aB. nabopaTopuen,

WHctntyT 6uonornm Komm HL, ¥pO PAH,

167982, Poccus, Pecnybnuka Komu, . CbIKTbIBKap, yi. KOMMyHUCTMYECKas, 4. 28,
e-mail: ermakova@ib.komisc.ru, raskosha@ ib.komisc.ru

B pe3ynbTaTte MHOTONeTHUX PALVN03KOIOrMYeCKNX nccnegoBanHmii (1981—2018 rr.) Ha npymMepe M30MPOBaHHbIX ApyT
OT Apyra NpUpPOAHbIX NONYAUNIA NONEBKN-3KOHOMKK (Alexandromys oeconomus Pall.), obuTatoLLeli Ha TeppuUTopusix,
CXOfHbIX M0 3KOMI0rMYECKMM YCNOBUSIM CYLLLECTBOBAHWSA BMAA M OT/IMYAIOLLMXCS MO YPOBHHO €CTECTBEHHOO pagnaLioHHOro
thoHa Ha ofvH-ABa nopsgka (YXTUHCKMIA paiioH Pecnybnnka Komu), nokasaHo HEOAMHAaKOBOE M3MEHEHME HEKOTOPbIX
AemMorpadmyeckmnx 1 mopdodunsnonormyecknx nokasartenein B pasHble asbl MONYASALUOHHOIO UMKna. B kayectse
nokasaresieil UCrnosb30BaHbI NOI0BO3PACTHAsA CTPYKTYpa Monynsuuii, ypoBeHb BOCMPOM3BOACTBA M MOP(OdM3NON0rniecKme
nokasatenu (Macca Tena, abCostOTHbIN U OTHOCUTE/bHbLIN BEC HaAMOYEeYHNKOB, cepaua U neveHn). O6Hapy>KeHo,
4YTO MOHM3UPYHOLLLEE N3YUYEHWE OKa3bIiBaeT MOAUMMLMPYIOLLIEE feiCTBME HA COCTOSIHME MOPGO(PU3N0NOTUYECKUX W
Aemorpadmyeckmx napameTpoB, MOKa3aTev pasMHOXeHWS MONEBOK-3KOHOMOK B YC/IOBUSAX PafvoaKTMBHOIO 3arpsi3HeHMS
cpefbl 06MTaHNS 1 CMOCOBHO YCUNMBATb BNSAHWE BHYTPUMONYNSALMOHHbBIX NPOLIECCOB.

KntoueBble CoBa: NMofEBKa-3KOHOMKA, MOMY/SLMOHHbIE LMK/bl, XPOHUYECKOE BO3/ENCTBUE, NOHU3UPYIOLLEE
n3nyyeHne, Mopo3nNonornyecKre UHANKATOPbI, PA3MHOXEHNE.

Population characteristic of tundra vole
in radioecological studies

© 2019. O. V. Ermakova

ORCID:0000-0002-0186-0569

. . . O'_V' R_aSI(OShaORCID: 0000-0003-4104-1717"
Institute of Biology of Komi Scientific Centre of the Ural Branch
of the Russian Academy of Sciences,

28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,

e-mail: ermakova@ib.komisc.ru, raskosha@ib.komisc.ru

Different changes in certain demographic and morpho-physiological parameters of tundra voles (Alexandromys
oeconomus Pall.) at different stages of the population cycle were found as a result of long-term (1981—2018) radioecologi-
cal studies of two isolated nature populations, living in the areas with similar ecology and different level (by one or two
orders of magnitude) of natural radioactivity (Ukhta district of the Komi Republic). We used sex-age structure of the
populations, reproduction level and certain morphological and physiological parameters (weight of vole, absolute and
relative weight of adrenal glands, heart and liver) as the marker traits. Since 80-s, more animals have been noted at the
contaminated site at all stages of the population cycle, and the number of individuals have been changed synchronously.
Increase in the body weight and later reproduction of current year voles are followed by decrease in the functional activity
of thyroid gland and chronic stress of adrenal function in voles at the contaminated site. Fluctuations of body weight and
adrenal index in voles matched with changes in number of voles and may be used as relevant indicators of population state.
Inanimals from the contaminated sites, high fertility compensates the increased mortality of young voles and contributes
to the conservation of the population. “Radiation stimulation” occurs also as increased reproduction intensity, potential
and total fertility, and accelerated maturation of follicles in the ovary. Our study and literature survey reveal that peri-
odic ups and downs in the number of mouse-like rodents may be a result of changes in the population traits indicating
significant changes in the organism of the animals forming population at the different stages. lonizing irradiation had
a modifying effect on the state of morpho-physiological and demographic parameters and the reproduction of tundra
voles under the radioactive contamination. Irradiation could also strengthen the influence of intrapopulation processes.

Keywords: tundra vole, population cycles, chronic exposure, ionizing irradiation, morpho-physiological traits,
reproduction.
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BbisiBNeHme 06WKnX TeHAeHUNIA U 3aKo-
HOMEPHOCTEN NPUCNOCO6NEHNSA XXUBOTHbIX K
YC/I0BUSIM CYLLLECTBOBaHUSA — OfiHA U3 BaXKHEM-
LUMX Npo6/ieM COBpeMeHHOM 6uonormn. Ons eé
pewleHnNsa HeobX0AVMbl KOHKPETHbIe 3HaHNA 06
afanTUBHbIX 0COOEHHOCTAX MpefcTaBUTeNei
pa3HbIX 3KOM0MMYeCKMX rpynr, AMHaMyKe ajan-
TUBHbIX NMPeobpa3oBaHnii pa3INYHbIX OPraHoB 1
cuctem [1, 2].

Monynsaunmn mMenknx MIeKonutarLwmx ob-
NajakoT pALoM cneunduyecKnX XxapaKTepucTuk,
K Ba>KHelrLnM 13 KOTOPbIX C/iefyeT OTHECTU:
YNCNEHHOCTb, TUMN MONYNALMNOHHON AUHAMUNKWN,
POXK4aeMOCTb, CMEPTHOCTb, AeMOrpagnyecKyto
CTPYKTYPY U MHAMKATOPbI XXM3HECNOCOOHOCTU
nonynaumn. OeictBue JONONHUTENbHBIX ak-
TOPOB CMOCO6HO 0CNabMATL UNU YCUNUBATL pe-
rYNSLMOHHbIE CMOCOBHOCTM NONyAALUUK. MOXHO
0XKMAaTb, YTO NepeHanpPs>KeHNEe WU UCTOLLLEHME
(MYHKLWA opraHn3Ma BC/eACTBUE BAUAHUSA
pagnauMoHHOro aktopa B NepBy ovepenb
CKaXKeTCA Ha CTPYKTYpe Nonynsaunmn, MUHTEHCUB-
HOCTM MPOLLECCOB Pa3MHOXEHMSA N HA U3MEHEHUN
MOPODU3N0NOrNYECKMX NapaMeTpoB, TaK Kak
M3BECTHO, YTO npucnocobsieHne BUAa K 3KC-
TpeMasibHbIM YC/I0BUSIM CPefbl — KOMIMJIEKCHOE
SIB/IEHVE, BK/OYaloLlee B Ka4yeCcTBe OCHOBHbIX
3KO0/M1I0rnyeckre 1 MophoPr3nonornyeckKme co-
crasnaowme [3—5]. Heobxoanmo nposegeHve
nccnesoBaHNin NONYNALNOHHBIX XapaKTepUCTUK
1N MOPOhN3NOIOTNHECKOT0 COCTOSHUSA OPraHoB
Y MONEBKU-3KOHOMKW (Alexandromys oeconomus
Pall.) B ycnosmsix HopMasibHOro YPOBHS paguvo-
aKTUBHOCTW B 3aBUCUMOCTW OT (ha3bl MOMyNsaLm-
OHHOrO LMK/Ia C Lie/bko Moc/efyroLero cpaBHe-
HWUSA ¢ 3 (PEKTOM pagmaumm, HaknaLblBarLLerocs
Ha 3K0/10rnyeckme hakTopbl B YCI0BUSAX Cpefbl
06UTaHMS 3TUX XKNBOTHbIX.

O6beKTbI U METObI

MaTtepuranom Nocny>unm cbopbl NONEBKU-
3KOHOMKMW, MO/TlyYeHHble B pe3y/sibTate MHOro-
NeTHMX pabot B Pecny6imke Komu Ha yyacTKax
C HOpManbHbIM (KOHTPOMbHbIA Y4acToOK) U
NOBbILLEHHbLIM pajMaunoHHbIM hoHOM (pagme-
Bblli U ypaHO-pafmeBbli yyacTkn). MogpobHo
pafMo3Konornyeckasi 06CTaHOBKa Ha yvacTkax
onncaHa B 6onee paHHMUX paboTtax [6]. OTme-
TUM, YTO B MPUPOAHbIX YCNOBUSAX BO3AEICTBME
NOHN3MPYIOLLIEN pagmaLmm Ha OpraHn3m cove-
TaeTCs C AeiiCTBMEM 3KO/IOTMUYECKNX (DaKTOPOB
HepagMaLnoHHOM NPUPOAbI, KPOMEe TOro, OHO
YCUNMBAETCSA XUMUYECKUM AENCTBUEM TSAXKENbIX
PaAnoaKTUBHbLIX 3/1eMEHTOB. OT/I0B XXMBOTHbIX
NPOBOAWAN €XXEerofgHO B OAMH W TOT >Xe Mo-

NIeBOW Mepunog cTaHLapTHbIMU YXUBOTIOBKaMU,
MCNO/Mb3Ys UX PacCTaHOBKY B NIMHUN. Pas3bl
NoNyNSALNOHHONO LKA ONPeLensann ¢ y4éTom
OTHOCUTENbHOM YNCNEHHOCTU U gemorpaduye-
CKOW CTPYKTYypbl nonynaumm. Ha ocHoBaHMK
KOMM/IEKCHOM OLEHKWN BO3pacTa Obin Bblgesne-
Hbl TPY TPYNMbl: CEr0IETKM HEeNnos0Bo3pesble,
NosI0BO3pesible U nepe3vMoBaBLUME MONEBKMU.
Mokasartenun BOCMpPON3BOACTBA aHaNN3MpPOBan
Y penpoayKTUBHO-aKTUBHbIX 0CO6eN Mo Cneayto-
LM NOKa3aTeIAM: CPOKU Hayana pa3MHOXKeHUSA
(no cTagmmn 6epeMeHHOCTU 1 BO3pacTy ambpumo-
HOB), NOTeHLNaIbHYO (MO YUCAY XKENTbIX Ten
6epeMeHHOCTN) K haKTu4yecky (No yucny
YKMBbIX 3MOPUOHOB M MNnaueHTapHbIX NATEH)
NA0A0BUTOCTb, paccumUTbIBaIM 06LLME IMOPUO-
HasbHble NoTepu (MO COOTHOLUEHWUIO XKENTbIX
Ten, MeCT UMMIaHTaLUN N XXNBbIX 3MOPMOHOB).
Ons aHannsa mopoMeTpuyecKnx nokasartenen
NCMob30Ba/IN abCOMOTHBLIA U OTHOCUTENbHbIN
BeC opraHoBs. YacTb OT/I0B/IEHHbLIX MOJIEBOK
AOCTaBNANM B BUBapuin IHcTUTyTa 6ronorum
KHL, ¥YpO PAH B «Hay4Hyt KONMeKLMIo 3KC-
NepUMeEHTasIbHbIX XXUBOTHbIX» [http://www.
ckp-rf.ru/usu/471933/] ana nabopaTopHOro
pa3BefeHus 1 NpoBeAeHNst IKCNEPUMEHTOB.

Pe3ynbTaTtbl 1 UX 06CYy>KaeHMe

AnHaMrKa YNCNEHHOCTU U NOJI0BO3-
pacTHas CTPyKTypa. MHOroneTHuin y4yért ymc-
JIEHHOCTM MOMIEBKN-3KOHOMKW MoKasa/s, 4To
NPOAO/MKUTENBHOCTb LMK/A Y XXUBOTHbLIX Ha
KOHTPO/IbHOM U pafMoaKTUBHO 3arpA3HEHHOM
yyacTkax coctaBnsiet 3—5 net (puc. 1). MNep-
Bble nccnefoBaHus, nposegéHHble B 1950-¢e TT.
(7. e. cpa3y nocne npekpatleHnsa 4obbiun 1 npo-
M3BO/CTBa COJel paguns), yKasbiBaloT Ha To,
YTO YMC/IEHHOCTb MOMEBOK Ha y4yacTkax € Mno-
BbILLEHHbIM pagnalMoHHbIM POHOM 6bina
HU>Ke, YeM B YMCTbIX palioHax. VccnegosaHns
nocsie NpoBefeHNsA Ae3aKTUBALMOHHBLIX paboT
(1961—1967 rr.) cBNAETENIbCTBYIOT O PE3KOM
nageHnm YNCNeHHOCTN 1 NOCTENEHHOM eé BoC-
cTaHoBneHnn yepes 3—5 net. B nepuog ¢ 1967 no
1975 r. NponCXoAnInN N3MeHEHNSA B COCTOAHNN
nonynaumn nonéeBoK-sKOHOMOK — YMC/IEHHOCTb
eé Ha yyacTKax C NOBbILLEHHbIM COLepPXKaHUEM
TSAXKENbIX eCTECTBEHHbIX PafNOHYKINL0B Ha
(hase NMKa YMCNEeHHOCTU NpPeBbILLIAsIa TaKOBYHO
B KOHTpoOsie [6]. B 80-e rr. oTMe4eHO npeBbI-
LLEHNE YMC/IEHHOCTU >XXMBOTHbIX Ha pPajueBoMm
yyacTKe y>Ke Ha Bcex (pa3ax [7], HO CMHXPOH-
HOCTb M3MEHEHUS YNCNEHHOCTU COXPaHAeTcs,
Takasi 3aKOHOMepHOCTb OTMEeYaeTCs A0 HacTos-
Lero BpemeHu (puc. 1).
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1981
1982
1983
1984

[ |KoHTponbHebIli yuacTok / Control site

PagueBbliii yyactok / Radium site

Puc. 1. OTHoCUTEe/IbHASA YMCNEHHOCTb NMOMEBKMN-3KOHOMKW Ha PagMeBOM N KOHTPO/IbHOM y4YacTKax
€ 1981 no 1987 rr. u ¢ 1996 no 2018 rr.: n — yuncno ocobeit Ha 100 NOBYLLKO-CYTOK
Fig. 1. Relative number of the tundra voles at radium and control sites from 1981 to 1987
and from 1996 to 2018: n is the number of individuals per 100 trap-days

Tabnuua / Table

Bo3pacTHoii cocTaB NoNEBOK-3KOHOMOK Ha yyacTKax, pa3/InyatoLLmXcsl No YPoBHH PagnoaKTMBHOIO (hoHa
(1981—-1987; 1996—2018 rr.) / The age composition of the tundra voles in sites that differ in the level of
radioactive background (1981—1987; 1996—2018)

Ywucro Henosnoso3pesble IMonoso3pesble [Mepe3nmoBasLUMe
Yyactkn / YKMBOTHbIX / ceroneTku / ceronetku / ocobun / 5
The sites Number of | The immature The mature The overwintered
animals underyearling underyearling individuals
KOHTpPONbHbIN n 251 179 223 653
Control % 38,4 27,4 34,2 100
PagwneBbiii n 692 225 362 1279
Radium % 54,1 17,6 28,3 100
YpaHo-paaneBbiii n 51 27 29 107
Uran and radium 9% 47,7 25,2 27,1 100

Ha pagneBom y4yacTke Habnogaetcs 60/b-
LLIee KOJ/INYECTBO HErosoBO3pesibIX CeroneTok
(Tabn.), UTO KOCBEHHO CBU/ETENLCTBYET O 60/1ee
MeZ/IEHHOM M0/10BOM CO3peBaHUM MONOLHAKA
NpW XPOHMYECKOM 06/1y4eHUM B cpee 06UTaHUS.
Mpwr 3TOM KO/IMYECTBO MOI0BO3PEbIX U Nepesun-
MOBaBLLIMX XXVMBOTHbIX MEHbLLIE, YeM B KOHTPO/1e
(Ha 10 1 6%, COOTBETCTBEHHO).

Mopdgopunsmonornyeckme nokasartesnu.
MeTtoz Mopthodhrn3M0NOrNYECKUX NHONKATO-
POB MO3BO/ISAET M0 KOMIMEKCY 3KCTEPbEPHbIX Y
NHTEPbEPHbIX MPU3HAKOB OLleHMBATb CTEMEHb
61arononyymns N UHTEHCUBHOCTb XKU3HeaesTe b-
HOCTW ocobeli [3]. AHann3 macchl Tena nokasan,
4TO Y NONEBOK CTapLLUeil BO3PaCTHOW rpynnbl,
obuTalWmnX Ha 3arpsA3HeHHbIX PaguoHYK/IN-
fiaMu yyacTKax, BO BCce (ha3bl NOMNy/sALMOHHOIo
LMK Nokasare/in Bbllle, YeM Y KOHTPO/IbHbIX
YKMBOTHbIX [7].

O6Hapy>eHbl OTINYMNA MO abCONOTHOM U
OTHOCUTENbHOW Macce cepaua. Ecnuv yyecTb, 4To

yBe/nM4yeHne cepaLa CBA3aHo C BO3pacTaHUEM
MOTOPHOI aKTUBHOCTU, TO XXMBOTHBbIX C pague-
BOr0 y4yacTKa OT/iM4yaeT CTPeCCUPOBAHHOCTb,
MOBbILLIEHHbIA 00MEH BELLECTB U ABUraTe/ibHas
aKTUBHOCTb. OHUMU U3 Hanbosiee BaXKHbIX pe-
rynsiTopoB, y4acTBYHOLLMX B peasin3aumnm obLLe-
ro afantayMoHHOro CUHAPOMA MPU PasNnNUHbIX
thopmax cTpecca, ABNAKTCA MMHOKOKOPTUKOUL-
Hble TOPMOHbI HaAMOYEeYHUKOB. ABCOMOTHYIO
M OTHOCUTE/NIbHYH Maccy HaAmnovyeyHMKa 4acTo
NCMO/b3YHOT B Ka4eCTBE KOCBEHHOIO NoKasarens
afpPeHOKOPTUKa/IbHbIX PYHKLIMIA, TaK KaK Hagmno-
YEYHUK He ABNISIETCA YKene30i 3anaca ropMoHOB
N BbLICTPO pearnpyeT Ha 060e IKCTpemasibHoe
Bo3geiicTBue [7, 8]. MonoxxutensHas Koppens-
LS Macchl >Kenesbl y MeSKUX rpbI3yHOB C N10T-
HOCTbIO MOMyNALMN 0TMeYaeTCsa MHOTMMW aBTo-
pamu [1, 7—9]. ¥ NonéBKM-3KOHOMKW PagneBoro
yyacTKa B Nnepmof nmMKoB YncneHHoctn (1981 r.,
1984—1985 rr., 1993 r.) macca Hafno4e4HNKOB
Obl1a MakcUMasibHOM. VIHAEKC opraHa Takyke Bo3-
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Puc. 2. IameHeHWe NHAeKCa HanoYeyYHnKa B CBA3N C
HafMoYeyHKa rnepe3nmoBaBLLMX caML0B; B — o1

Ha 100 noByLuKo-cyToK) / Fig. 2. Changes in the

of population dynamics: A — the index of the adrenal

ONHAMWKOW YNCNEHHOCTU MoNynaunmn: A —MHAEKC
HOCUTe/IbHas YNCIeHHOCTL (N — Yncio ocobeli
index of the adrenal gland due to the number
gland in the overwintered males; B — the number

of population dynamics (n — the number of individuals per 100 trap-days)

pacTtasi ¢ yBe/IMYeHMEM YMNCNIEHHOCTU XXUBOTHbIX
(puc. 2). Taknm 06pa3om, 3T NoKasaTe I MoryT
CNY>XUTb BMOJIHE afleKBaTHbIMU UHAMKATOpamu
COCTOSAHMSA NONYNAUMN.

Pe3ynbTaTbl MHOrO(haKTOPHOro aHannsa
NOATBEPAUNN CTATUCTUYECKN 3HAUYMMble (-
(beKTbl AecTBMNA nUccnefyembix hakTopos (pa-
ANaUVOHHBIN haKTop, (ha3a nonynAauMoHHOro
LMKNa, NMoJ, BO3PACT) Ha MHAEKC HAAMOYeYHMKa,
a TaK>Xe HEKOTOpble 3HaUYNMbIe B3aMMOAENCTBUSA
aTuX hakTopoB (puc. 3), 3T0 NO3BOJISAET 3aK/H0-
YNTb, YTO NPUPOAHbIE YCNIOBUS C MOBbILLIEHHbIM
(boHOM paguaunun yBennynBawT pasnnymnsa
MOP(OPM3N0NOTNYECKMX XapaKTepUCTUK, Bbl-

3BaHHble JelicTBMEM ApYrnX hakTopoB, MU CBU-
[eTenbCTBYeT 06 yCuUneHnn yHKLNOHa/IbHOTO
Hanpsa>XeHNA Kopbl HALMOYeYHUKA Y MOSIEBOK
pajveBoro yyacrka.

JocToBepHoOe yBennyeHne Macchl Tefia u 60-
Nlee No3jHee, YeM B KOHTPO/Ie, BCTYM/IEHWME Cero-
JIETOK B pa3MHO>KeHMWe, COHETAETCA C YTHEeTEHNEM
(PYHKLMNOHaNbHO aKTUBHOCTU LWMTOBULHOWM
»ene3sbl [10, 11] 1 XpOHNYECKMM HarnpsiXKeHeM
(PbyHKLNM HAAMOYEYHNKOB Y YXVUBOTHbIX pajuve-
BOro yyactka [7, 12]. 13BeCTHO, YTO HEA0CTATOK
TUPEOUHbIX TOPMOHOB, CHMXXaA MUHTEHCUBHOCTb
06MeHHbIX NPOLLECCOB B OpraHn3me, NPUBOAUT K
YBeJINYeHVIO MaccChl Tena n 3aflep>XKe nosioBoro
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Puc. 3. I3MeHeHMs nHAEKCa HaanoYeUuHKa NonEBKM-3KOHOMKIM NPy B3aUMOLENCTBIM
«pajuaLnoHHoro akrtopa» ¢ hakropamu «hasa nonynAuMoHHOro Lmkna» n «non» (p < 0,05):
P — pagmeBbIii y4acToK, K — KOHTPO/IbHbIM Yy4acToK
Fig. 3. Changes in the index of the adrenal cortex of the tundra voles in the interaction
of the “radiation factor” with the factors “phase of the population cycle” and “sex” (p < 0.05):
R — radium sites, K — control sites

co3peBaHus [9]. Bonee BbICOKUI Bec cepaua
N HaAMOYeYHVKOB CBULETENILCTBYET O TOM, YTO
opraHu3Mm nonéeok, 06UTaLWNX Ha y4yacTKe
C NOBbILLEHHbIM pagnaLoHHbIM (POHOM, paboTa-
eT HE3KOHOMHO, C Hanpsi>KeHneM, YTo MoLUYEPKN-
BaeT Hebnaronosy4yme NX CyLLLECTBOBAHUSA B 3TUX
ycnoBusx. HekoTopble Mopghodm3noiornyeckme
nokasaTesin, COXpaHAsA 3aBUCUMOCTb OT YMC/IEH-
HOCTW MONynauun, NMEKT pasindusg no nony
nnu Bo3pacty. Tak, HanpumMep, NHAEKC NeveHN
nepesnMoBaBLUMX CamL,0B C PajneBoro yyactka
BO BCe (hasbl YMC/IEHHOCTU HVKE UM PaBEH KOH-
TPOJIbHbIM 3HAYeHUAM, a 3TOT XKe nokKasaTesb y
CaMOK MpeBbILLAET 3HAYEHUS KOHTpONs [7].

Pa3HOoHanpaBneHHOCTb AelCTBMSA KOMIIeKca
pasuauoHHOro 1 CONYTCTBYOLLNX eMy (DaKTo-
POB HepagnaLMOHHOM NPUpPOAbI B 3aBUCMMOCTH
0T BO3pacTa, nosa v gasbl NONYAALUOHHOIO
LUMKNa, He06X0AMMO yUnTbIBaTh MPU NPOrHO-
3UpOBaHUN AEeNCTBUA MasibiX [03 pagnaummn Ha
NonynsaLnm XXNBOTHBIX.

lNMoka3arenn pa3smHOXKeHUsA. BepeMeHHOCTb
NONEBKM-3KOHOMKW MPOJ0IKaEeTCs 0K0Mo 20 fHEiA.
B Bo3pacTte 15—20 fHeli 3BepbKU NPUCTYNatT
K CaMOCTOATE/IbHON XXU3HW, @ HEKOTOPbIE CaMKM
K pa3sMHOXXeHU0. Y4yacTne CerofieTok B pas-
MHOXXEHMW B 3HAYNTENIbHOM CTEMEHU 3aBUCUT OT
06LLEel YMcneHHOCTM NoNéBOK. OHO BbiLLE B FO-
Obl cnaja n fenpeccun vyncneHHoctn. Bennum-
Ha BbIBOLKOB K0nebnetca B npefenax ot 4 fo
10 peTéHblLIel, Yalle Bcero 6—8, npy sToM OHa
MEHSETCA B pa3/INyHble rogbl. IHTEHCMBHOCTb
pasMHOXXeHNA U AIMOPUOHasIbHas CMEPTHOCTb
ABNAITCA BaXKHbIMU XapaKTePUCTUKAMN YXKN3-
HEeCrnocobHOCTM Monynsauun. 3T nokKasarenm
n3y4yanu Ha nosiéBKax, OT/IOB/IEHHbLIX B Mpu-

POLHbIX YCMOBUAX U MOMELLEHHbIX B YC/I0BUSA
BuBapua [13]. OueHmBann MHTEHCMBHOCTb pas-
MHOXXeHUA (KOJINYeCTBO Nap >KMBOTHbIX, y4a-
CTBYIOLLMX B Pa3MHOXXEHUW 3a OMpeaenéHHbIi
nepuos BpemeHn), NPOAOC/IXKNTENTbHOCTb XXU3HU
N PenpojyKTUBHOIO Nnepuoaa, Nio40BUTOCTb, ay
notomkoB (F, n F,) ckopocTb pocTa MO/OAHSIKA
N YPOBEHb 3MOPMOHa/IbHOM 1 NOCTaIMOPMOHAb-
HOM cmepTHOCTM. OKasaiocb, YTO HaMbonbLUein
WHTEHCUBHOCTbLIO Pa3MHOXXeHMs (COOTHOLLIEHNE
(haKTNYeCKOro 1 NOTeHLMaNIbHOIO Ymcia Nomeé-
TOB K&XK[J0M CAMKM) XapaKTepu3yrTcs NONEBKU
C pagmeBoro yyactka — B cpefHeM 82%, y caMoOK
C ypaHOo-pajMeBOro yyactka aToT nokasaresib
B CpeAHeM cocTaBnsan 75%, HaMeHbLLUWIA — B KOHT-
pone (55%). Bnarogapsi NOBbILLIEHHOM UHTEH-
CMBHOCTWN Pa3MHOXXeHUA U, HECMOTPS Ha 6osee
KOPOTKNIA penpoayKTUBHbIN Neprog, Y NoIEBOK
pagveBoro yyactka Oblsi0 LOCTOBEPHO 60/bLUE
noméeToB (MakcuMasibHOe KOJ/IMYeCcTBO NOMETOB,
POXKAEHHbLIX OT CaMOK pafneBoro yyactka — 12,
B KOHTpone — 9), (hakTnyeckasa niaogoBUTOCTb
TOXKe OblNa BblLlle KOHTPO/A. MNpu 3TOM 3M6pmo-
Ha/lbHas CMepTHOCTb Y 06/1y4EHHbIX MONEBOK-
3KOHOMOK M JouMNNaHTaLnoHHas rméenb Ha
yyacTKax C MoBbILLIeHHbIM pagnauuoHHbIM o-
HOM Oblfia CTAaTUCTUYECKU 3HAUYUMO BbiLLE 3TUX
nokasaresieii B KOHTposie. MofgobHble pe3y/b-
TaTtbl 6bIIN NONYYEHbI U APYTMMU aBTOpPaMm Mo
cubupckoi KpacHon rnonéske [14]. MoTtomcTBO
006/1yYEHHbBIX YKMBOTHbIX MEHEE YXM3HECMOCO6HO,
O0TMeYeHO MEPTBOPOXKAEHME 1 0 MOJI0BO3PESIONO
COCTOSIHWA B BUBapuUK Bb>KMBaIO MeHee 50% fe-
TEHbILLEN, TOrja KaK B KOHTPO/1e 3TOT NoKa3aTe/lb
coctasnan 75%. HecoMHEHHO, YTO NOBbILLIEHHAA
NI04OBUTOCTb KOMIEHCUPYET BbICOKYH CMepT-
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HOCTb MOJIOHSIKA N CrOCOBCTBYET COXPaHEHNIO
YMUCMIEHHOCTN nonynaunmn. «PagmnaymnoHHas
CTUMYNALNA» NPOABAAETCA U B MNOBbILLEHUN
WHTEHCUBHOCTM Pa3MHOXXeHUS, NOTeHLMa/IbHOM
1 06LLeli NI0JOBUTOCTU, @ TaKXKe B YCKOPEHHOM
co3peBaHnK HONNUKYNOB B ANYHUKE (Y XKMBOT-
HbIX C pagneBoro 1 ypaHo-pajneBoro y4acTKoB
[0 pacTyLwmx onInkKynos v I'paadoBbIx ny-
3bIPbKOB BO3PACcTaeT Mo CPaBHEHMIO C KOHTPOIEM
Ha 12 n 3% cooTBeTCTBEHHO; p < 0,05). OaHako,
«MNaTol» 3a Heé, ABNAETCA COKpaLLeHme NPoLon-
YKUTENbHOCTU XXMU3HW, PeNPOLYKTVBHOIO Neprosa
N pe3epBHbIX BO3MOXXHOCTEN SAMYHMKA CaMOK
(CHWXeHMe Ha 17% uncna npumopananbHbIX
thonnmkynos; p < 0,05), a TakXKe yBe/IMYEHME
3MOPUOHAIbHOM CMEPTHOCTU U MEHEE XKM3HECMO-
CO6HOE NMOTOMCTBO.

3aK/ueHune

Takum 06pa3om, pesysbTaTbl HALLMX UCCe-
[0BaHVIA U aHa/IM3 NMELLNXCA B NuTepaType
AaHHbIX CBUAETENbCTBYIOT O TOM, YTO MEPUO-
ANYeCKU MoBTOpstoLMeca NogbEMbI U cnajbl
YNCIEHHOCTU NONYIALMA MbILLEBUAHBIX TPbl-
3YHOB SBMISAKOTCA Pe3y/bTaTtoM 3aKOHOMEePHbIX
N3MeHeHU NONyNALNOHHBLIX XapaKTepucTuk,
CBUAETENbCTBYIOLNX O CYLLECTBEHHbIX Nepe-
CTpOMiKax, NMPOUCXOAALLNX B OpraHn3Me 3Bepb-
KOB, (hOPMUPYIOLWLKUX NONYNALMI0O Ha Pa3HbIX
hasax YNCNeHHOCTU. VIoOHM3MNpYtoLLee n3nyyeHve
OKa3blBaeT MOAMULMPYIOLLEe AeliCTBME Ha CO-
CTOsIHME MOPOhM3NO0IOr MYECKMX U ieMor padu-
YECKNX NapameTpoB, NOKa3aTeNn pasMHOXKeHUA
NMONEBOK-3KOHOMOK B YC/TIOBUAX PAAN0aKTUBHO-
ro 3arpsi3HeHUA cpefbl 06UTAHMUSA U COCO6HO
YyCUNMBaTb BAUAHWE BHYTPUMNONYAALNOHHbIX
NpoL,eccoB.

PaboTa BbINosHeHa B pamMKax rocyapcTBeH-
Horo 3agaHua b Komn HL, YpO PAH, Ne I'P
AAAA-A18-118011190102-7.
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Therinsing and waste water of the plating industry, containing the heavy metal cations, are the source of environmental
pollution. Nickel cations have a strong biological hazard. At the same time, up to 30% of nickel compounds spent on nickel
plating are irretrievably lost to the rinsing water. Purification of the rinsing and wastewater from heavy metal cations is
expensive. It’s economically effective to develop the methods of local treatment of plating rinsing water with the recovery
of the heavy metals in the easy utilizing forms. The hydroxide is the most perspective form for nickel as it has high electro-
chemical activity and can be used for alkaline secondary cell production. The method of electrochemical synthesis of the
nickel hydroxide in the slit diaphragm electrolyzer from the rinsing water of bright nickel plating has been proposed. The
treatment of rinsing water of the bright nickel plating for surfactants recovery has been made. The samples of nickel hydroxide
obtained from treated and untreated rinsing water, have been studied by XRD, voltammogram and charge-discharge cycling
in the secondary cell regime. The comparative analysis shows that even the nickel hydroxide sample obtained from untreated
rinsing water can be used as an active substance of the positive electrode of alkaline secondary cells. This sample’s specific
capacity is 142 mA-h/g with cost of 4 $/kg (in comparison with 182 mA-h/g and 18—22 $/kg for industrial sample). It was
detected that the nickel hydroxide sample obtained from the rinsing water of bright nickel plating after purification from
surfactant by bubble-film extraction, has the highest parameters. In this case specific capacity is 194 mA-h/g compared
182 mA-h/g for the industrial sample produced by Bochemie JSC (Czech Republic).

Keywords: nickel hydroxide, rinsing water, bright nickel plating, slit diaphragm electrolyzer, alkaline secondary cell.
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MpeanoXXeH MeTog 31eKTPOXMMUYECKOr0 CUHTE3a MMAPOKCUAA HUKENS 13 MPOMbIBHbLIX B 6/1€CTSLLEN0 HUKENNPO-
BaHMs B LLie/IEBOM AnaciparMeHHOM 311eKTponn3épe. MpoBeaeHa 06paboTKa MPOMbIBHbIX BOJ 6/1ECTALLEN0 HUKEIMPOBaHWS!
[N1S1 yaaneHnsi MoBePXHOCTHO-aKTUBHbIX BellecTB (MAB). O6pasLbl rmapoKcuaa HKeNs!, NoyyeHHbIe U3 06paboTaHHbIX
1 HeobpaboTaHHbIX MPOMbIBHbIX BOJ, M3YUYeHbl METOAAMMN PEHTIEHO(A30BOr0 aHaIM3a, LIMK/INYECKOI BO/IbTaMINeEPOMETPUN
W ra/ibBaHOCTaTMNYECKOr0 3apsiiHO-Pa3psAHOr0 LIMKIMPOBaHNS B PEXXMME aKKyMy isiTopa. CpaBHUTE/bHbIA aHa/IM3 3/1EKTPO-
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XUMUYECKNX XapaKTepuUCTUK MoKasas, YTo gake obpaseL, rmapoKCuaa, NonyyYeHHbIA 13 HeobpaboTaHHOW MPOMbIBHOM
BOJb!, MOXKET MCMO/Ib30BATLCA B KAYECTBE aKTUBHOIO BELLLECTBA MO/IOXKMUTENILHOTO 3/1EKTPOAA LLIENOYHBIX aKKYMY/IATOPOB.
Ero yaenbHast MKocTb coctaBnsieT 142 mA-vac/t npu cebectonmoctn 4 $/kr (no cpaBHeHuto ¢ 182 MA-vac/t 1 18—22 $/kr
A/191 IPOMBbILLINIEHHOTO 06pasLa). BbisBEHO, YTO HaUNyyLWIMMK napaMeTpammn obnajatoT o6pasupbl rMapoKenga HUKeNs,
noslyYeHHbIe U3 MPOMbIBHbIX BOZ 6/1€CTALLETN0 HUKENMPOBAHWUS MOC/E O4YUCTKM 0T NMAB MeTo40M My3bipbKOBO-MIEHOYHO
3KCTpaKLMKW. YenbHas EMKOCTb B 3TOM C/ly4yae cocTaBuna 194 mA-4/t no cpaBHeHMo ¢ 182 MA-4/T NPOMBbILLIEHHOTO 06~

pasua npomnsBoAacTBa hmpMbl «Bochemie» (Hexus).

KntoueBble c/ioBa: rMAPOKCUA HUKENS, NPOMbIBHbIE BOAbI, G/ECTSALLEE HUKETMPOBAHWE, LLeNeBol AuadparmMeHHbIi

3MEKTPONN3ED, LLIENIOYHON aKKYMYATOP.

The modern world is nearing an ecological,
economic and energetic crisis. However, all three
ones are interconnected and constitute a single
problem. Contamination of environmentisamajor
issue, which causes not only ecological (danger to
human, flora, and fauna), but also an economic
problem (investments into waste purification and
re-processing, loss of valuable resources). On the
other hand, a solution of the energetic problem re-
quires significant financial investments and leads
to contamination of the environment.

Compounds of heavy metals are not biode-
gradable and are hazardous to the environment
[1]. Besides, nickel compounds are hazardous to
human health [2].

Contamination with heavy metals is usually
caused by technogenic factors. Particularly wash-
ing waters of galvanic plants, owing to their volume
and toxicity is one of the major contaminants of
the hydrosphere. Many methods for treating waste
water from heavy metals have been developed [3,
4], particularly chemical precipitation [5]. Sorption
methods are widely used [6—10]. lon-exchange
methods are used for post-treatment and concen-
tration [5, 11]. Membrane technologies also found
wide application [12—14]. Electrochemical meth-
ods are the most promising [15—17].

The main disadvantage of all the mentioned
methods is that they are only aimed at water
purification. Any purification methods require
a financial investment, which is passed onto the
cost of the product. In order to make methods for
waste water treatment from heavy metal cations
cheaper, or even profitable, the treatment should
be split into two stages.

1) Treatmentof local concentrated waters, which
containonly one metal. The metal should be extracted
in easy to utilize form, with a remaining concentra-
tion of metal cations being economically viable.

2) Combination of treated local water with
general wastewater and additional treatment to
Threshold Limit Value (TLV) levels. Such two-
stage processing would be to make wastewater
treatment economically viable.

Nickel can be extracted in one of two eco-
nomically viable forms: metallic nickel and nickel

hydroxide. From technological and economical
points of view, nickel hydroxide is a more viable
form. Nickel hydroxide can be prepared in a vari-
ous way under simple conditions than a metallic
nickel. Nickel hydroxide can be utilized as the
active material in alkaline batteries and hybrid
super capacitors, which are used “eco-friendly”
transport and alternative energy systems. This
results in double ecological effect: removal from
waste water (purification) and use in eco-devices.
It should be noted that the cost of nickel hydroxide
inamounts to 60—70% of battery cost. Thus extrac-
tion of Ni(OH), from wastewater can significantly
decrease the cost of the battery.

The electrochemical activity of nickel hy-
droxide is mainly governed by its structure [18].
Two forms of nickel hydroxide are known: p-form
(chemical formula Ni(OH),, brucite structure)
and o-form (chemical formula 3Ni(OH),-2H,0,
hydrotalcite-like structure). However, paper [19]
describes nickel hydroxide structures that are
intermediate between a-Ni(OH),and f-Ni(OH),.

a-Ni(OH), has better electrochemical charac-
teristics than f-Ni(OH),. However, its stability is
low. a-Ni(OH), and nickel-based layered double
hydroxides (LDH) can be synthesized chemically
and electrochemically in slit-diaphragm electro-
lyzer [20]. B-Ni(OH), is significantly more stable
during storage and cycling, and so it is widely used
as an active material of alkaline accumulators [21].
B-Ni(OH), can be prepared chemically or electro-
chemical in the slit-diaphargm electrolyzer.

A mixed (o/B) structure Ni(OH), posses
advantages of both nickel hydroxide structures.
Paper [22] describes the formation of highly active
(a+B) nickel hydroxide with a layered structure,
that is not just a mixture of two forms. Hydroxide
was synthesized in slit-diaphragm electrolyzer
(SDE) from nickel sulfate solution. The sample
showed high electrochemical activity, exceeding
that of B-Ni(OH), and o-Ni(OH),. High activity
of (a+p) nickel hydroxide makes synthesis in slit-
diaphragm electrolyzer very attractive.

It should be noted, that highly active nickel
hydroxide was synthesized in SDE from pure
nickel solution. At the same time, washing waters of
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glossy nickel plating also contain other electrolyte
components. The biggest threat to the activity of
nickel hydroxide are surfactants and iron cations.

The aim of the work is to evaluate the possibil-
ity of preparing highly active nickel hydroxide from
washing water from glossy nickel plating plants for
use in alkaline accumulators. Following objective
were formulated to achieve the set aim:

1) conduct treatment of washing waters of
glossy nickel plating;

2) prepare nickel hydroxide samples from
treated and untreated washing waters by means
of electrochemical synthesis in slit-diaphragm
electrolyzer;

3) conduct comparative analysis of synthesized
samples and evaluate the possibility of preparing
highly active Ni(OH), from washing water and
find the best solution of treating washing waters.

Research object and methods

Synthesis of nickel hydroxide samples. Syn-
thesis method [20, 23] is based on electrolysis
conducted in slit-diaphragm electrolyzer (SDE)
(Fig. 1, see color insert). Washing water of glossy
nickel plating with C(Ni?*) =12.7 g/L, wasfed into
cathodic chamber via a peristaltic pump, and the
anodic chamber was fed with NaOH at the same rate
of 0.2 L/h. Cathode was Ti, anode — insoluble, Ni.
Electrolysis was conducted at an optimal current
density of 12 A/dm2,

Current flow through cathode of SDE resulted
in hydrogen evolution (reaction 1) and formation
of hydroxyl ions, which react in volume with nickel
cations forming nickel hydroxide precipitate.
The formed precipitated is then carried out from
electrolyzer by the flow of catholyte. In side of
cathodeic chamber, the nickel hydroxide particles
undergo partial crystallization at elevated tem-
perature, which results in unique structure and
electrochemical properties [22]. To prevent exces-
sive aging, the nickel hydroxide was immediately
separated from catholyte through vacuumfiltering
upon leaving SDE.

Nickel hydroxide isamatrix structure, similar
to those of polymer composites [24], with mother
liquor acting like afiller. In order to remove ballast
soluble compounds, the hydroxide was subjected
to following treatment: drying at 90 °C, grounding
with mortar and pestle, sifting through 71 pmesh,
soaking in distilled water for a day, filtering and
drying [20].

Composition and treatment of washing
waters of nickel plating. Real washing water of
glossy nickel plating with the following composi-
tion, was used in the experiment (g/L): NiSO, -

7H,0—250-280, NiCl, - 6H,0—-70-80, H,BO,—
40-50, Glitter-forming surfactant Nigal 1 —
0.6—0.8, Nigal 2 —15—-20, Nigal 3—0.1-0.25.
To evaluate influence of admixtures (surfac-
tants and iron cations) on electrochemical activity
of Ni(OH),, aseries of samples was prepared from
wastewaters subjected to different treatments: un-
treated (sample A); treatment with H,O,, followed
by boiling andfiltration (sample B); bubble-filmex-
traction, based on bubbling of air through washing
water using especial extractor for removal of sur-
factants into acceptor vessel. Water was treated for
3 hours (sample C); bubble-film extraction with
additional surfactant removal with active carbon.
Additional treatment was conducted for 2 hours
(sample D).
A commercial sample of Ni(OH), “Boche-
mie”, Czech (sample E) was used as a refe-rence.
Sample analysis method. Crystal structure
of the samples has been studied by means of X-
ray diffraction (XRD) analysis, using DRON-3
diffractometer (Russia) (Co-Ka radiation,
20 range 10—90°, scan rate 0.1°/s).
Electrochemical characteristics of Ni(OH),
were studied using following methods: cyclic
voltammetry conducted in YSE-2 cell using P1-50-1
potentiostat. Working electrode: current collector —
Ni mesh on Ni foil; active mass — 81% hydroxide,
16% graphite, 3% PTFE [51]. Electrolyte—4.5M
KOH. Counter-electrode — nickel mesh. Reference
electrode— Ag/AgCl (KCl sat.). Scan rate 1 mV/s;
Galvanostatic charge-discharge cycling was con-
ducted in specially assembled Ni-Cd accumulator.
Counter-electrode — Cd, current collector — nickel
foam. Working electrode: current collector — Ni
mesh on Ni foil; active mass same as for cyclic
voltammetry. Accumulator model was charged in
18 h regime with 20% overcharge. The accumulator
was discharged at 0.2C to E=0.1V (NHE).

Results and discussions

XRD patterns (Fig. 2) allow concluding that
synthesized compounds are combinations of a and
B phases of nickel hydroxide. All samples also show
peak shift towards lower angles, which indicates the
presence of o (13°) and B (21°).

This leads to the conclusion that there are
a-like phases present inall prepared samples. Such
structure is close to the structure that is described
[22] as optimal for nickel hydroxide with high
electrochemical characteristics. At the same time,
XRD patterns of sample D indicate an increase in
crystallinity of nickel hydroxide.

Cyclic voltammogram of sample A (Fig. 3,
see color insert) shows no pronounced charge
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peak, while the discharge peak is present. Further
cycling showed a shif to cathodic peaks into lower
potential values, indicating of working through
of material. During cycling of sample C (Fig. 4,
see color insert), almost no shifting was observed
for cathodic and anodic peaks. The first cycle also
showed pronounced charge peak. Based on the
results of charge-discharge cycling, sample C has
the highest electrochemical activity.

Analysis of K and Q__, shown in Figure 5 a,
b revealed following:

— utilization coefficient of sample A, from un-
treated washing water, is 42%. This is lower than
K ,of commercial sample E, however, itis sufficient
for use as a partial substitute of commercial hydrox-
ide for production of non-critical accumulators to
reduce their cost;

—removal of surfactants from washing waters
results in improved characteristics of synthesized
nickel hydroxide samples. The best parameters (K,
and Qsp) are demonstrated by sample C, which was
prepared from water that was treated by bubble-film
extraction.

A preliminary cost of nickel hydroxide sample
prepared from washing waters of glossy nickel
plating was calculated. The cost of Ni(OH),
prepared from untreated waters is estimated to
be 4 $/kg; the cost of the sample prepared from
water treated with bubble-film extraction is
5 $/kg. For comparison, the cost of a commercial
sample is 19—22 $/kg.

spec’

Conclusions

1) Treatment of washing water from glossy
nickel plating has been conducted. Electrochemi-
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Fig. 2. XRD patterns of the Ni(OH),sample:
1—sample A; 2 —sample B;
3 —sample C; 4 —sample D

cal characteristics of nickel hydroxide samples
prepared from treated and untreated washing water
have been studied.

2) Characteristics of prepared samples have
been compared with commercial nickel hydroxide.
It was found that nickel hydroxide prepared from
untreated washing water had a specific capacity
of 121 mA:-h/g (compared to 182 mA-h/g of com-
mercial sample), while it’s cost is about 18—22%
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Fig. 5. Electrochemical properties of the samples
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of the commercial sample. It was concluded that
this sample can be used as a partial substitute of
commercial hydroxide in order to reduce the cost
of accumulators. It was found that highest specific
capacity (194 mA-h/g) was demonstrated by nickel
hydroxide sample prepared from washing water of
glossy nickel plating that was treated with bubble-
film extraction.
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Pig-breeding enterprises are a source of intense odor pollution of atmospheric air. The enlargement of the existing
complexes and construction of new ones leads to a significant exacerbation of the problem of odor pollution and numerous
public complaints about the state of the environment. The current situation determines the high relevance and practical
significance of research aimed at solving the problem of reducing the emission of odorous substances. The purpose of this
work is the development of economically and environmentally reasonable technological solution to reduce odor pollution
of the air by cleaning ventilation emissions, reducing the intensity of microbiological processes of manure decomposition
and processing the corresponding waste into granular organic-mineral fertilizer. Experimental studies were performed
in laboratory and production conditions. As a result of research, it was found that acidification of manure runoff with
sulfuric acid to a pH of 4.5+0.2 can be an effective method for reducing the emission of odorous substances. Ventilation
emissions can be cleaned by the reagent method directly in gas ducts due to the sequential irrigation of polluted air with
dilute solutions of sulfuric acid and alkaline sodium hypochlorite (waste of chlorine production by the electrochemical
method), followed by utilization of spent reagent solutions in manure. Based on the results obtained, a technological
scheme for the processing of manure runoff into the NPK—glauconite—organic fertilizer with proportion of components
2.5:5.5:3.2—13—-22 was developed. The planned result of introducing an appropriate technological solution into practice
is to drastically reduce the amount of waste generated at pig-breeding enterprises, significantly reduce odor pollution

and improve the environmental situation in the territories where they are located.

Keywords: gas emissions, odor pollution, cleaning of ventilation emissions, processing of pig manure, organic-

mineral fertilizers.

B HacTosiLee BpemMsa 3anaxy paccmaTpvsa-
HOTCA KaK OAMH 13 (DaKTOPOB 3arpsi3HeHNs OKpY-
YKaroLLei cpefbl, 0KasblBatoLLN oTpULaTeIbHOE
B/IMSIHME Ha 340POBbE M 61arononyyme YenoBeka
[1]. HenpuAaTHbIe 3anaxu, faxke Npu Cogep>kaHnm
3anaxoobpasytoLnx sewects (30B) B Bo3gyxe
HWXKe yCTaHOB/IEHHbIX 3HaYeHWl MK, Bbi3biBa-
0T YyBCTBO pasfpakeHns, AMCKOMAOopPTa, YXYA-
LeHMe camouyBCTBUSA [2—5]. 310 06yCc/oBIeHO
TeM, YTO MOPOrv BOCAPUATUSA 3araxoB MHOMMX
BELLECTB MMEOT 60/1ee HU3KNE 3HAYEHUS, YEM
3Ha4eHus MAK cooTBETCTBYHOLMX COeANHEHWNT
B atmocepHom Bo3ayxe [6]. OCob6eHHY0 0CTPOTY
npo6nema 3arps3HeHns Bo3ayxa 30B npmobpe-
TaeT B paloHax pasMeLleHUss CBUHOBOAYECKMX
npeanpuaTnin. 3anaxoBoe 3arpsi3HeHne NPUBO-
ANT K MHOTOYMC/NIEHHbIM >Xanobam HaceneHus,
NPOXKMBAIOLLEr0 Ha TEPPUTOPUSIX, FpaHNYaLLnX
C CaHUTApHO-3alNTHLIMW 30HaMW CBUHOKOM-
M1eKcoB. Mo MHEHMIO aMePUKAHCKUX CrieLmanmn-
CTOB, peHTabesIbHOCTb, YCTONYMBOCTb U 06bEMBI
NMPOV3BOLCTBA CBUHVHbI OYAyT 3aBMUCETH OT TOTO,
CMOTYT /I CBMHOBOAYECKME NPeANPUATUA YMEHb-
LUNTb BbIGPOC 3anaxoobpasyoLmx BeLLecTB 10
YPOBHS, KOTOPbI OKPY>KatoLLiee HaceneHue 6y et
B COCTOSIHUM TepneTb [7].

OCHOBHbIMW MPUYNHaAMWU 3arpA3HeHUA
atmocghepHoro Bosgyxa 30B Ha COBpeMEHHbIX
CBMHOepmax ABAITCA UCTOYHUKN BbIOPOCOB
OT 3laHWN CBUHAPHWKOB: OTBEPCTUSA BbITAXKHOM
BEHTUNAUMM N aspauMoHHble (hoHapK, a Takxe
HaBo3oxpaHunuwa [8, 9]. CBOCTBEHHbIN CBU-
HohepMaM HeNPUATHbLIA 3anax gopMupyeTcs
LLUIMPOKUM CIMEKTPOM Pa3HO06pasHbIX ETYUNX
BellecTB. B BO3gyxe nomewieHnii agnsa cogep-
YKaHUS1 CBUHeN naeHTugurumnposaHo 6onee 300
pa3NIMYHbIX COEAUHEHWNIA, MHOTUE UX KOTOPbIX
UMEIOT XapaKTepHbI 3anax [10]. BaxkHeLmnm
MCTOYHNKOM HEMPUATHOIO 3anaxa sB/sieTcs Ha-

BO3 YXMBOTHbIX. OCO6EHHOCTM 3anaxa CBUHOro
HaBo3a (CH) 06ycnoBfeHbl rnaBHbIM 06pa3om
NETYUYUMM XKMPHBIMU KNCI0TaMW, OPraHNYeCcKu-
MW COeJMHEHNSAMU Cepbl, (heHONamMn 1 UHAO1aMIN
[11]. MHOrume 13 aTNX CoefUHEHNI NpeacTaBNs-
0T CepbEé3HYI0 Yrpo3y A/1S 3L0P0BbSA YenoBeKa
N XKUBOTHbIX.

MonbITKM pewwnTb NpobsiemMy yCcTpaHeHUs
HeMnpUATHbIX 3arnaxos, reHeppPyeMbIX CBMHOBO/-
YeCKUMW NPeanpUATUAMN, NPesNpPUHUMAIOTCA
YUYEHBbIMU U CreunanmcTaMm pasHbiX CTpaH Ha
NPOTSHXXeHU MHormx net. K HacTosiLemy Bpe-
MeHU pa3paboTaH LUMPOKUIA CMEKTP pasNYHbIX
NOAXO0L0B K peLleHVIo JaHHOM 3aja4uun, BK/IYas
MaCKMpPOBKY, CBA3blBaHWE, JECTPYKLMIO WUIN
CHW>KeHMe amuccum 30B, o4HaKo BblMyCcKaemble
0Te4eCTBEHHOM MPOMBbILL/IEHHOCTbIO 1 3apy6exk-
HbIMW MPOUN3BOAUTENAMU YCTAHOBKU OUUCTKN
BO34yXa VMEIT C/INLLKOM BbICOKYH CTOMMOCTb
N 3HEProéMKOCTb, YTO OrpaHNYMBaeT UX Macco-
BOe BHe[peHne B MPaKTMYeCKOe CBUHOBOACTBO.
OcHaLlleHVe cBUHOMEPM TaKMM 060pyA0BaHVEM
Hen36e>XXHO NpuBeLET K CyLLEeCTBEHHOMY MOBbI-
LeHNIO ce6eCcTOMMOCTM N CHUXKEHUIO KOHKY-
PEeHTOCNOCO6HOCTN MPON3BOAUMON MPOAYKLINN.
B cBAA3M C 3TUM NOUCK 3KOHOMMUYHbIX CNOCO60B
CHMXKeHnA smuccum 30B go coymanbHO M 3KO-
JIOMNYECKUN NPUEM/IEMOTO YPOBHS MMEET 60/1bLLIOE
NPaKTUYeCKOoe 3HaYeHNe.

Llenb paboTbl cocToANa B pa3paboTKe 3KOHO-
MWUYECKN U 3KOJIOTMYECKN 060CHOBAHHOIO TeX-
HO/IOrMYECKOro peLleHuns npo6/ieMbl CHUXKEHUSA
3MMCCUM 3amnaxoobpasyoLmX BeLLecTs 13 npo-
N3BOACTBEHHbIX MOMELLEHUI ANs copepXKaHus
YXVUBOTHbIX, MPUTO4HOI0 AN NPaKTUYecKoro
BHEJPEHUSA B YCIOBUAX MPOMbILLIEHHbIX CBUHO-
BOLYECKMX NPeSnpUATUiA.

B ocHoBY pa3pabaTbiBaeMoro peLueHus bl
NoJsIoXKeH KOMOUHMPOBAHHbIA NOAXO[, BKJIO-
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YaroLMii orpaHuyeHne MHTEHCUBHOCTN MUKPO-
610NornyYecKoro pasnoxkeHnst CH B aHaspo6bHbIX
YCNOBUSAX B HaBO3HbIX BaHHax (3a CYéT noj-
KNCNEHNSA HABO3HbIX CTOKOB CEPHOI KUC/IOTO),
OYMCTKY BEHTUNALMOHHbLIX BbIOPOCOB (C NMOMOo-
LLIbIO PACTBOPOB CEPHOM KUCNOTbI U LLLENIOYHOr0
pacTBopa rmrnoxsiopuTa HaTpus) ¢ NocneLyoLLein
yTUAn3aumen oTpaboTaHHbIX pacTBOPOB peareH-
TOB B COCTaBe HaBO3HbIX CTOKOB, MepepaboTKy
CH B rpaHynMpoBaHHOe OpraHOMWHepPabHOe
yaobpeHue (OMY).

MnaHnpyemblid pe3ynbTaTr BHEAPEHUSA CO-
OTBETCTBYIOLLLET0 TEXHO/OMMYECKOro peLLeHns
B MPaKTUKY Mpearnosiaraet pe3koe CoKpaLleHne
KOMM4yecTBa 0TX00B, 06pa3yroLLNXCA Ha CBU-
HOBOAYECKNX MPeLnpuaTUSaX, N 0340POBNEHNE
9KO/0rMYeckoin 06CTaHOBKM Ha TEPPUTOPUAX NX
pacnonoXXeHUs.

O6BbEKTbI U METOAbI

B KauecTBe NCTOYHMKA 3arnaxo06pasyroLmnx
BELLECTB A1 NPOBeAEeHUA UCCNeAoBaHNI nC-
NoNb30BasiCA CBEXWUI 6ecrnoacTUoYHbIi CH,
BaXKHOCTbH 83+2%, 0TOOpPaHHbIN N3 NMomeLLe-
HUS OTKOPMOYHOro Tuna. MocKosbKy B YMC/O
OCHOBHbIX KOMIMOHEHTOB, 00yC/M10BNMBaOLLMX
3anax CH, BxogAT BellecTsa, NpoABgoLLMe
OCHOBHble (aMMMaK) 1 KUCNOTHbIe CBoliCTBa (J1e-
TY4YMe XXUPHbIE KUC/I0Tbl, CEPOBOAOPOS, NHAObI
N Ap.), @ TakKXKe LWMPOKMIA CNEKTP NIErKo OKMC-
NsieMbIX coeanHeHni (anbgerngbl, cynbhuapl,
MepKanTaHbl 1 Ap.), B Ka4ecTBe peareHToB [/15
nornoweHna 30B 6b111 BbIGpaHbl U UCTIbITaHbI
pacTBop cepHoii KncnoTkl (H,S0,) v LwenouHoi
pactBop runoxnoputa Hatpust (NaOCI). O6a
peareHTa JOCTaTOYHO LLUMPOKO UCMO/Ib3YHOTCA B
NPaKTMKe CeNbCKOro X03AncTaa 1 Npm npasusib-
HOM MOAX04e K MPUMEHEHMIO U YTUIN3ALNN He
NpeAcTaBNAT OMacHOCTU AN OKPY>KatoLen
cpeabl. [ina pasbasneHHbIX pactsopos NaOCl
XapaKTepHbl 6aKTepuUnaHbIe, YHINUUAHBIE,
aHTUMPOTO30MHbIE, UMMYHOMOAYNpPYOLWME
CBOWCTBa, a TaKXXe OTCYTCTBUE TOKCUYHbIX, My-
TareHHbIX M KaHLePOreHHbIX 3(pheKTOB, MO3TOMY
NaOCI WnpoKo NprUMeHseTCA B KayecTBe BeTe-
pUHAPHOro npenapara A/1s IeYeHns pasnyHbIX
3a60/1eBaHN XXMBOTHbIX [12]. CepHas Kucnota
Haxo4uT NpIMeHeHWe Ha cBUHOepmax LLiseLmn
n JaHun ona nogkucneHns Haesosa o pH 5,5,
C Lie/bto CHMDKeHMS aMmuccum ammmnaka (NH,) 13
HaBO3HbIX CTOKOB [13].

[na npurotoBneHns pabounx pacTBopoB
npumeHsncs 82% H_SO, v wenouHoi pactsop
NaOCl, cogep>kawnii 3—5% ruapokcmaa HaTpust
n 5—9% runoxnoputa Hatpmsa. Oba peareHTa

npeacTaBnsaIn cob60i 0TX04bl MPOMU3BOACTBA
Xnopa 3M1eKTPOXUMNYECKMM METOLOM (311eKTPO-
nn3om pacteopa NacCl). NpumeHeHWe 0TX040B
B KayecTBe peareHToB A/1s 06paboTtkm CH u no-
rnoweHns 30OB rno3BonsAeT CHN3UTL pacxoibl Ha
npuobpeteHve peareHTOB 6osee Yem B 10 pas.
B KauecTBe 3arpsA3HAIOLWMX KOMIMOHEHTOB OT-
xogHas H,SO, cofepxkana x/iop B Konmyectse
0,01%. LLienouHom pactBop NaOCI He cogep>karn
3HaAYMMbIX KOIMYECTB 3arpAa3HALWMX KOMIMOo-
HeHTOB. Cneayet OTMETUTb, YTO MPUCYTCTBUE
0CTaTO4HOro xs10pa B pacteope H,SO, no3sonsiet
06ecneynTb Ae3NHOUUNPYHOLWNIA 3hdeKT Npu
00paboTKe HaBO3HbIX CTOKOB U BEHTU/SLINOH-
HbIX BbIOPOCOB. [pn NpaBU/IbHOM NPUMEHEHUN
peareHTa onacHOCTb BO34EACTBUA OCTATOYHOIO
X0pa Ha XXMBOTHbIX N PabOTHMKOB CBUHOMEPM
MOMTHOCTBLHO NCK/KOYaeTCA. 13 NCX04HOro pacTso-
pa H,SO, meTofom pasbas/ieHVst BOAOK roToBu-
nnce 30% pacteop 4na nogkucieHna CH n 2—3%
pacTBop A5 nornowieHnst NH, abcopbLMOHHbIM
mMeTogoM. CepHas KMUCN0Ta HeMleTyyas v He MMeeT
3anaxa, T. e. UCMo/Ib30BaHWe AaHHOro peareHTa
B abcopbepax He NPUBOAUT K LOMO/HUTEIbBHOMY
3arpssHeHuIo Bo3gyxa. 15 NpurotosieHNA pa-
6ouero pacteopa LienoyHoro NaOCl ncxopgHbli
pacTBOp peareHTa pa3bas/isifics BOAOM TaKNUM 06-
pa3om, 4tobbl KoHUeHTpaumsa NaOCI B pacTBope
coctasnsana 3—5%.

W3yueHne BnnaHMA nobasku H,SO, Ha ammc-
CUI0 NIETYYUX coefuHeHM 13 CH BbINOMHANOCH
B /1a60paTOpPHbIX 1 MPOU3BOACTBEHHbIX YC/IOBUAX.
B nabopartopHbIX yC/10BUAX MPOBOAW/IUCH UCCIe-
[0BaHUs, Hanpas/ieHHble Ha N3yYeHWNe BIUAHUSA
NoAKNCNEHNA Ha 06Luee Bble/leHNe ra3oB 13
HaBo3a. 1151 3T0ro B CTEK/ISAHHbIE KOHUYeCKMe
K0n6bl 06bEMOM 2000 cm® nomMeLanncs 06pasibl
CH maccoii 1 Kr. B ogHO 13 K016 HaBO3 NOAKMUC-
nsncsa pacteopom H,SO, (30%) ao pH 4,5+0,2 ef.
Konbbl 3aKpbiBa/IMCb Kay4yKOBbIMU MPo6KaMum
C ra3ooTBOAHbLIMU TPYOKaMU 1 BbILEPXKMBAINCH
B TepMOCTaTMpyeMbIX YCI0BUAX MPWU TemMrnepa-
Type 25 °C. BblgenstoLmnecs rasol cobmpanmch
B MHOropasoBble MakeTtbl 418 06pa3LoB rasa
Chemware 13 gotopnonumepHoi (PVF) nnéHkKu
TonwuHom 0,05 mm.

B npon3BOACTBEHHbIX YC/IOBUAX BbIMOMHAS-
CS aHa/I13 BO3/yXa CBMHAPHWKOB Ha CofiepXKaHue
NH,, H,S n MmepkanTtaHoB. "a30BbIii COCTaB BO3-
Ayxa nccnefoBasiv IMHENHO-KONOPUCTUYECKUM
MeTOAO0OM acnmpatopoM CUNbPOHHbIM AM-
5M.00.000 NC ¢ nucnonb3oBaHEM NHAMKATOP-
HbIX TPYOOK.

N3yueHne BO3MOXHOCTU U 3DPEKTUBHOCTU
NPUMeHEHUSA abCcopoUpPYHOLLIMX PacTBOPOB /1A
nornowieHns 30B npoBoAnIOCh C MOMOLLLIO fla-
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60paTopHOIA yCTaHOBKM, BKHOYAtOLLIE EMKOCTb C
HaBO30M, 3M1eKTPUYECKMIA BO3AYLLIHbIV KOMMNpec-
COp W fBa Mnoc/fiefoBate/ibHO PacronoXeHHbIX
abcopbepa ¢ pacteopamu H,SO, 1 LEN0YHOro
NaOCI. Mpwn 6apboTarke yepes ABa abcopbepa
C pacTBopamm peareHTOB pPacxof 3arpsA3HEHHOro
BO3ayXxaHaxoguncasnpegenaxor1,5402,5m3/vac,
npu 3TOM BPeMSA KOHTaKTa abrasos C Morso-
LWaLWMMN pacTBopaMn OLLEHOYHO COCTaB/IsAsO
0,5—1,5 c. KOHTpO/1b NHTEHCMBHOCTM 3anaxa rnpo-
BOAW/ICA OPraHoeNTUYECKM METOA0M Py oW
3KcnepToB n3 5 yenosek. CnefyeT UMeTb B BULY,
YTO MOPOr BOCMPUATUSA 3anaxa MeTuIMepKanTaHa
coctaenisieT 0,4 Mkr/m3, cepoBopopoaa— 14 MKr/m?2,
YTO 3HaUUTENBHO HMXKe K cCOOTBETCTBYHOLLIMX
coeAnHeHUI B BO3ayxe paboyeli 30Hbl (MAK me-
TUIMepKarnTaHa B BO3/yXe paboyei 30HbI COCTaB-
nset 0,8 mr/m3; ceposogopoga — 10 mr/m®) [14].

Pe3ynbTaTbl M X 06CY>KAEHWE

B pe3ynbrare mccneaoBaHWin yCTaHOB/EHO,
yTO ammccua rasos n3 CH HapacTtaet B npo-
Llecce XpaHeHUs COOTBETCTBYHOLLLEro 0TXoja B
oborpeBaembIX MOMeLLEHUSIX, T. €. KOJIMYEeCTBO
BbIJeNAOLLNXCA ra30B 3aBUCUT HE TO/IbKO OT KO-
JINYeCTBa HAKOM/IEHHOI0 HaB03a, HO 1 0T BPeMeHN
HaxoXgeHna CH B HaBO3HbIX BaHHax. Tak, Ha
4-e cyTKM XpaHeHNA CH B aHa3po6HbIX YC/10BU-
AxX npu Temneparype 25 °C obuiee KoIMYecTso
BbIJENAOLNXCA ra30B BO3pacTaeT 60/ee Yem B
2,3 paza. NoakucneHve CH go pH 4,5 npnsogut
K CYLECTBEHHOMY CHU>XEHWIO 3MUCCUMN Tra300-
6pasHbix BellecTs (puc. 2). Cogep>kaHne NH,

B Bblgensemblx M3 CH rasax ymeHbLUaeTcsl Ha
80—90% o cpaBHEHWIO C KOHTPOJIEM, YTO 00Y-
CnoBneHo ceasbiBaHnemM NH, B Ki1c/oit cpefe B He-
NeTy4Yme aMMOHUIHbIE COMN. AMMCCUA Fra3o0bpas-
HbIX COeANHEHNI 13 NoagKMcneHHoro CH Takke
YBE/IMYMBAETCA B MPOLECCe XPaHEHUSA, OLHAKO
oCTaértcs Ha 60/1ee HM3KOM YPOBHE, YeM 3MUCCUA
rasos n3 CH 6e3 go6askn H,SO, (puc. 1).

CHW>XeHne sMmuccum razoobpasHbixX Npo-
[lyKTOB pas/oykeHuns nog snvsiHmem H,SO, cno-
CO6CTBYET Y/TyULLEHWNIO KNIMMATa B MOMELLEHNAX
ANA COLePXKaHUSA XXMUBOTHbBIX U YMEHbLUEHUIO
Harpy3Km Ha CUCTeMbl BEHTUNALVN.

Mpn nocnegoBatensHOM 6apboTUPOBAHNM
3arpsA3HEHHOro BO3AyXa Yepe3 BOAHbIV pacTBop
H,SO, (2—3%) u weno4Hoi pactsop NaOCI
(3—5%) NpoMCXOANT NOMHOE YCTPaHEHWE HeMnpu-
ATHOro 3anaxa CH.

B pactBope H,SO, nporicxoaunT cBsA3biBaHNE
NH,. Mpn n36bITke H,SO, B X0a€ COOTBETCTBYHO-
LLIe peaKLmm 06pa3yeTcs XOPOLLIO pacTBOPUMBIIA
rmapocynbMar aMMOHUSA:

NH, + H,S0, = NH,HSO, )

B cootBeTCcTBUU C ypaBHEHNEM peaKumn (1),
100 kr 3% pacTsopa H,SO, obecneumsaet cBs-
3blBaHVe 685 1 NH,. CepHasi kucnoTa (0Co6eHHO
B BMJe 0TX0Ja MPOV3BOACTBA) SABMSAETCA OAHUM
13 Hanbonee [eLLEBbLIX peareHToB, MO3TOMY MNpea-
naraemblii cnoco6 nornouieHnst NH, sisnsietcs
3KOHOMUMYECKN 060CHOBaHHbIM.

Mocne ypaneHns NH, ouniaemblii BO3yx
nponyckancs yepes abcopbep, 3anonHEHHbIN

200

—_—

N

(=]
|

Volume of emitted gas, nl.
n )
S S
| |

OOBEM BBIJIETUBIIIETOCS Ta3a, M

— 0Oe3 moxkucienus / without

acidification
- - - - ¢ J00aBKOW CEPHOI KHCIIOTHI

/ with addition of sulfuric acid

1 2

3 4

Bpems oT Hagana SKCIIepUMEHTa, CyTOK
The time from the start of the experiment, days

Puc. 1. O6bEM BbIAENAOLMXCS ra3oB 13 CBMHOIO HaBo3a
Fig. 1. The amount of released gases from pig manure
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wenoyHbIM pacteBopom NaOCI. Okmcnenne H,S
rMMoX10PUTOM HaTPUSA B LLIEIOYHOW Cpesie MOXKET
ObITb NPesCTaB/IEHO CefyOLLIEeM YpaBHEHNEM
peakumn:

H,S + 4NaOCl = 4NaCl + H,S0, &

CornacHo ypaBHeHMIO peakuumn (2), Ha
okucneHve 100 kr H.S (65882 n) pacxoayetcsi
876,5 kr NaOCI. Pacxog peareHTOB MOXET ObITb
CYLLLeCTBEHHO CHWMXXeH (B 1,5—2 pasa), ecnu
B CBUHapHMKax OyaeT nNpuUMeHATbLCH cuctema
NOAKNCNEHNA HAaBO3HbIX CTOKOB B HaBO3HbIX
BaHHax CEPHOW KMCOTOMN.

Ha ocHoBe pe3ynbTatoB BbIMO/HEHHbIX 3KC-
nepuMeHTOB 6blsia pa3paboTaHa TEXHOOrnYe-
ckas cxema (puc. 2), No3BoNALLLAaA CYLLECTBEH-
HO COKpaTuUTb sMmccunto 30B v nepepaboTaTs CH
B OMY, cogep>kalliee No/HbIA KOMMIEKC MaKpo-
N MUKPO3/1EMEHTOB, HEOOXOAUMbIX 415 MUTAHUSA
pacTeHWii. 51 NpaKTUYeCKOM peain3aumm npes-
naraemMoi cxembl Tpebyetca onpefenéHHas Mo-
AepHN3auMsA TUMOBbLIX CUCTEM NPUHYAUTENTbHOM
NPUTOYHO-BbLITSXXHOW BEHTUNSALNMN, KOTOPbIMU
06bI4YHO 060PYAYHOTCA CBUHAPHUKM.

CoOTBETCTBYIOLLLAA MOJEPHM3ALMNA 3aK/H0-
YyaeTcs B 0b6ecreyeHUN pasfenibHoro yaaneHus
BO3A4yXa 13 BEpPXHei 30Hbl NOMELLEHNIA ANS CO-
[ep>KaHNA XXUBOTHbIX N N3 HaBO30COOPHMKOB,
pacnosioXKeHHbIX MNOA peLétyaTbiM rnosiom. Mpu
3TOM BO3[lyX U3 BEPXHEN 30HbI BblOpacbIBaeTCsA
B aTMoOC(epy yepe3 waxTbl, 060pyLOBaHHbIE
oceBbIMK BeHTUNATOpamun (1), a Hambonee 3a-
FPA3HEHHbIA BO34YyX U3 HABO30COOPHUKOB Ha-
npaBnsAeTca Ha OYUCTKY peareHTHbIM METOLOM.
Uepes BepxHIOO 30HY yaangetca 90%, a yepes
HaB030CbopHUKM — 10% Bo3gyxa. O6BEM npu-
TOYHOr0 BO34yXa He n3MeHsieTcs. HaBo3Hble CTo-
KN B HaBO30COOPHMKaxX MOAKUCMAKTCA pacTBo-
pom 30% H,SO, ao pH 4,5-5,0. MNogaya pacteopa
H,SO, ocyLlecTBnsieTcs Yepe3 oTAe/NbHbIA 610K
[,031POBaHUS, COCTOALLMIA U3 NONNITUIEHOBOIO
eBpOKyba ¢ MemMOpaHHbIM HAacOCOM-[03aTOPOM.
Bo3gyx 13 KaHana HaBo3oyfaseHUsa N Nnoj-
3eMHOro HaBO30COH0PHMKA NPoNycKaeTcsa Yvepes
[Ba NocefoBaTe/IbHO PACMONOXEHHbIX y4acTKa
opoLuaemoro rasoxoga (6, 7), o6opyfoBaHHbIX
(hopcyHKamu TOHKOro pacnbina 41 nojauvu
peareHTOB (2—3% pacTBOPOB CEPHOM KMUCOTbI U
LLIe/TOYHOr0 rnurnoxnopuTa Hatpus). 18 nogaym
peareHTOB MpPeAyCMOTPeHbl OTAe/IbHble EMKOCTU
(4, 5). Ona ynaBnueaHMA Karneslb OpoLUatoLLnX
pacTBOPOB B KOHLIE COOTBETCTBYHLLMX Y4aCTKOB
rasoxofa ycTaHOB/IeHbl cernaparopbl B BUje CeT-
4yaToro pykaBa. Y/0B/leHHas Bfara C/iMBaeTcs
yepes ApeHaK razoxoja B NoJ3emMHblii COOPHUK

HaBo3a C MewanKkon (2) n NynbnoBbIM Haco-
com (3). CnmB oTpaboTaHHbIX peareHToB B OAUH
HaB030COOPHUK MO3BO/IAET YAaCTUYHO PeLUUTb
npo6nemy Hetpanmsaunn H,SO, LWEN0UHbIM
pactBopoM NaOCI. OuuLLEeHHbIN BO3ayX M3 Ka-
Hasla HaBO30yAanleHUs1 4Yepe3 BeHTUNATOP (8)
BbIGPACbIBAETCS Ha BbICOTY He MeHee 20 M A5
paccemBaHus B atmocdepe. CH 13 HaBo30c60p-
HMKOB HarnpaBnseTca B NOA3eMHbI CO0PHUK
C pamMHO MeLLIaJTKOM 1 NOTPY>KHbIM MY/1bMOBbIM
Hacocom (2, 3), B KOTOpbIii f06aBNsieTcs TOHKO-
ancnepcHasa gocdopmtTHasa MyKa, cofeprkallas
coefiMHeHUSA Kanbuus (Hanpumep, doctoput-
Has Myka BATCKO-KamMCcKoro mectopoxkaeHus,
KoTopas cogep>xuT fo 37,5% CaO [15]). 3a cuér
thocchopnTHO MyKM pH HaBO3HbIX CTOKOB [J0BO-
anTesa 0o 5,5, T. e. 40 YPOBHSA, 06ecreynBatoLLero
KOPPO3MOHHYI0 YCTOMYMBOCTb 060pYyL0BaHUA,
NCMoNb3yeMoro B TEXHO/IOMMYECKOM MpoLecce.
Mpw B3ammogericteum H,SO, ¢ conamm KanbLms
o6pa3syeTcsa CBEXEOCAKAEHHBIA rUNC, yny4-
LLIAIOLLMIA MOCNefYOLLYHO cenapawuio TBEPAOro
ocTaTka Ha LieHTpudyrax. YHactrnyHoe 06e3B0XKM-
BaHVe HaBO3HbIX MacC Ha LIEHTpUMyrax siBnsieTcs
BaXKHENLLMM YC/I0BUEM 06ecrnedeHNs 3KOHOMU-
4eCKM MPUEMIEMO TEXHOOMMK nepepaboTKn
CH B OMY. Ha ocagutensHoii ueHTpudyre (9)
HaBO3Hble CTOKW pa3fensatTcs Ha 2 (pakumn:
Kek, cogepxkawmin 30% cyxoro octatka n qy-
raT, B/laXKHOCTbIO 98—99%. KeK B ABYXBa/IbHOM
cmecuTene (10) cmewmBaetca ¢ KCI n gpyrvmm
aobaBKaMu Ans CTaHgapTu3auum coctasa OMY
Nno COLepP>XaHW OCHOBHbIX 3/1IEMEHTOB MUHe-
panbHoro nutaHma. O6oratweHne CH docgo-
POM [0CTUraeTCcs 3a CYET BHOCUMOM B HABO3HbIE
CTOKMN TOHKOAWNCMEPCHOM (hOCHOPUTHON MYKMU
(Ha cTagmun HelnTpanusaunm NOLKUCIEHHOIO
CH) v rnaykoHuTcogepykaLlero apensa (Ha cta-
AN HYaCTUYHOWM OYNCTKM (hyraTa). CMeLLaHHbIN
C MUHepa/ibHbIMN f06aBKaMn KeK MoAaétca Ha
Typ6050onacTHoM cmecuTenb-rpaHynarop (11)
[N NOMYyYeHUs KPYNKW, KOTopas HanpasiseTcs
B 6apabaHHbIii rpaHynaTop-cywnnky (12). Cy-
LUW/bHBIA areHT 13 rasoBoro Kanopudepa (13)
npu Temnepatype 200 °C nogaétcsa B CyLUUIKY
C TakKol CKOpPOCTbHO, YTO6bI MUHMMWN3NPOBATL
Nbl/IeYHOC B CUCTEMY MbISIEra3ooumncTku. Kpynka
BbICYLLUVBAETCA A0 BNaXkHocTn 10—12% v oKatbl-
BaeTcs. BbicylumBaHme Kpyrnku B TedeHne 30—
40 MVIH. NpW TeMMepaType B C/10e MPOAYKTa He Me-
Hee 100—135 °C no3Bo/IsieT 06ecnevnTb HafEXKHOe
yCTpaHeHue 61oNornyecKnX natoreHoB. F0ToBoe
OMY KOHBeNepHO-3M1eBaTOPHbIM TPAHCMOPTOM
Hanpas/seTca Ha CKaf 4715 OX/TaKAEeHUA U 3a-
TapuBaHUS B MeLLKK nnn 6ur-6ern. CornacHo
pacuyértam, Npons3BoACTBO 1 T opraHOMUHepasib-
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HOro yfobpeHust no3BoNT YTUIN3MPOBaTb 5 T
CBMHOI0 HaBo3a BM1aXKHOCTbI0 95%.

dyraTt nofaértcs B peakTop C MeLUaNKomn
(14), Kyna fo6aBnsAeTCA rnayKOHUTCOAepXKaLLmin
athenb onA agcopbumm 1 0cadKaeHWs PacTBOPEH-
HbIX U B3BELUEHHbIX 3arpA3HAIOLMX BELLECTB.
O6pasytoLascs nybna c NOMOLLbH MY/1bMOBOro
Hacoca (15) ans otaeneHns TBEpAoi hasbl (Keka)
NponycKaeTcs yepe3 pamHbIA UNbLTP-npecc
(16), a nnbTpaT HanpaBAsAeTCsA B peakTop ¢ Me-
lwankoii (17) ans o6eszapakmaHms. Obessapa-
YKEHHbI (hnnbTpaT 0TKaumBaeTcsa Hacocom (18)
N UCNOJb3YeTCA B NPOU3BOACTBE 418 TEXHUYe-
CKNX LieNner B Ka4yecTBe 060poTHOM BoAbl. Kek
nocne uNbTp-Npecca HanpaBiseTca B ABYX-
Ba/IbHbI CMECUTE/b 151 CMELLUEHUSA C KEKOM,
NOSTy4YeHHbLIM NOC/1e LLEHTPUMYrpoBaHuS.

CornacHo pacuértam, a1s nepepabotkn 1 1CH
B OpraHoMVHepa/ibHoe yaobpeHue noTpebyeTcs
30 Kr cepHoit Kucnotbl (B nepecuéte Ha 100%
H,S0,), 35 Kr TOHKOMO/I0TON (DOCHOPUTHO
MYKMU, 5 KT r1ayKOHUTCoAepyKatLiero acpens. MNpu-
MepHas (hopMyia nosly4aeMoro rno npea/iaraemoi
CXeMe OpraHoMUHepasibHoro yaoopeHns «NPK—
rnaykKoHUT—opraHmka» — 2,5:5,5:3,2—13-22.
YnobpeHue 6yaet oboralleHo cynbgaramu, YTo
nmMeeT 60/bLLIOE NPaKTUYeCKoe 3HavyeHue, Mno-
CKOJIbKY B HacTosiLLiee BPEMS MaxoTHble 3eM/u
00MbLUMHCTBA perMoHoB Poccuiickoi Pefepainn
XapaKTepU3yHTCA BblpaXXKeHHbIM AedULNTOM
Cepbl, YTO NPUBOAMNT K CHXKEHUHO YPOXKANHOCTU
N YMeHbLLEHMIO HaKoMaeHnsa 6enka B pacre-
HWeBOAYeCKOWN NpofyKLumn. CornacHo pacyéram,
cebectommocTb OMY [l0/1>KHa COCTaBUTL He 60/1ee
8000 py6./T, uTo 06eCcneUnBaET HaEXKHY0 KOH-
KYPEHTOCMOCO6HOCTb COOTBETCTBYIOLLLErO MPO-
AyKTa npu NCcnonb30BaHUK ero A/1s CO6CTBEHHbIX
HY>Xa npeanpuatmsa. Ana nepepabotkm 1001 CH
B yac (B pacuéTe Ha BfaXKHOCTb 95%) B opraHo-
MUHepanbHoe yAo6peHMe NoTpebyeTcs NUHUSA
rPaHyNsALnUmM 1 CyLLKU CTOMMOCTbIO 80 M/H pyo.

3aK/tueHune

BbINONHeHHbIE YCcCef0BaHWSA MO3BONAIOT
pewwnTb 3a4a4vy CHVXKEHUA 3KOM0rMYecKoro
[aBNeHNA Ha OKPY>KatoLLyo cpegy NnpomblLL-
JIEHHbIMW CBMHOBOAYECKUMW MPeANpUATUAMU N
NMOKa3blBatoT, YTO 4/151 YMEHbLUEHMS 3anaxoBoro
3arpsi3HeHnst aTMOC(EepPHOro Bo3ayxa 0TXo4amu
CBMHOBO/CTBA MOXXET ObITb MCMOMb30BaH KOM-
N/EKCHbIM NOAX0/, BKAKUAKLWNIA CHUXKEHME
amucenn 30B 3a CYET MOLKUC/IEHUS HABO3HbIX
CTOKOB CEpPHOW KUC/IOTOM; OYUCTKY BEHTUNALMN-
OHHbIX Bbl6pocoB o1 30B ¢ nomolublo nocne-
[0BaTe/IbHOr0 OPOLUEHUSA YAANAeMOro Bo3gyxa

B Bo3gyxoBogax 2—3% pacteopamu H,SO, 1
wenoyHoro NaOCI; nepepa6otky CH un otpato-
TaHHbIX peareHToB B OMY; O4YNCTKY 1 NUCMOSb-
30BaHMe 415 TEXHUYECKUX Lieier yaansieMon 13
HaBO3HbIX CTOKOB BOAbIl. /19 CHUXKEHUS 3aTpar
B Ka4ecTBe peareHToB MOryT ObITb UCMO/Ib30BaHbI
0TXOAbl MPON3BOACTBA X/10Pa 3NEKTPOXMMNYECKMM
METOAO0M, a TaK>XKe 0TX0/bl 06oraLleHns gocqopn-
T0B (rnayKOHUTCOAEP>KaLLMIA ahenb). BkntoyeHme
COOTBETCTBYHOLLNX OTXOA0B B MepepaboTKy Mo-
3BO/IAET 3HAYNTE/IBHO MOBbLICUTH 3KOJIOrMYECKYHO
3HaYMMOCTb npeg/iaraemoit TexHonornn. K npeun-
MYLL,eCTBam TEXHO/10T MM CNeayeT OTHECTU CUCTEM-
HbI1 NOAXOA, K PELLIEHMIO 3asABIEHHOM NPO6/eMbI,
KOMIM/IeKCHOE MCMO/Ib30BaHMe BTOPUYHbIX Cbipbe-
BbIX PECYPCOB, OTHOCUTENIbHO HU3KME 3aTpaTbl Ha
BHeLpeHVe TEXHO/Or M B NPaKTUKY, BO3MOXKHOCTb
MOZEPHU3ALMN TEXHO/IOrMYECKOI CXEMbI B 3aBUCU-
MOCTM OT KOHKPETHbIX YC/I0BUI, CKNafbIBatOLLIMXCS
Ha YXMBOTHOBOAYECKOM MPeAnpUsITUN.

PaboTa BbINnosiHeHa B paMKax rocy4apcTBeH-
HOro 3afiaHns BATCKOro rocyapcTBEHHOr0 YHU-
BepcMTeTa No TeMe «MexaHU3Mbl aganTaunm
M YCTOMYMBOCT M MOYBEHHOM MUKPOOUO T bl K TEXHO-
reHHoMy 3arpsi3HeHMo» Ne5.4962.2017/BY.
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TecTnpoBaHue YCTOMUYNBOCTU pasHbIX hopM AYMEHS
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TOKCMYHOCTb a/IIOMUHUS B YC/IOBUSIX KUC/bIX MOYB CO3AaET A/ SSUMEHST 3HaUMTeIbHble TPYAHOCTU B peasinsaumm
noTeHUMana NpoAyKTUBHOCTU. Pa3paboTka adtheKTUBHbLIX TECT-CUCTEM /151 BbISIBNIEHUS U 0TOOPA YCTONUNBBLIX FEeHOTUMOB
SIBNSIETCA aKTya/lbHOW 3a/jayeli B CBA3W C YBENMYEHMEM BO BCEM MUPE 3eMe/IbHbIX YTOAWNIA C MOBbLILLIEHHOV KMCNOTHOCTBIO.
L[5 BbIABNEHNSI 0COGEHHOCTEN peaKLMmM pacTeHNIA Ha TOKCUYECKOE AeCTBME a/TOMUHMS UCMOMb30Ba/IY FTEHOTUMbI SUMe-
HS C pa3/IMYHOM YCTOMUMBOCTLIO K MOHHOM ToKcuKaumn (copta Benropoackuii 100, Benoropckuia, Kynew, 310, 999-93
1 pereHepaHTHasi MMHKs 917-01). B MoAeNbHbIX 3KCMEPMMEHTaX C MOMOLLIbHO METO0B LMTOOTOMETPUM, CBETOOMNTMNYECKOIA
N 3N1eKTPOHHOV MMKPOCKOMUM 0XapaKTepr30BaHbl CTPYKTYPHO-(DYHKLMOHa/IbHbIE 0COGEHHOCTM K/IETOK KOPHEBOTO YeX/INKa
NPOPOCTKOB SIUMEHS! 1 YCTaHOB/IEHbI LUTOMOMMYECKNE MapKepbl, MPUTrogHble 415 CO3A4aHMS TECT-CUCTEMbI PaHHEN AnarHo-
CTMKM YyBCTBUTE/IbHOCTU FrEHOTUIMOB SIUMEHS K a/TFOMUHUI0. PeaKLmsi pacTeHWNi Ha BO3AECTBME a/llOMUHUS 3aK/roYanach
B U3MEHEHUAX MUTOTUYECKOT0 MHAEKCA, MHOM pacrpeaeneHNM KNeTOK KOPHEBOV MepPUCTEMbI MO (hasaM KNeTOYHOr0 LIMKIa,
0COBEHHOCTSIX HAKOM/EHMA 3amnacHbIX BellecTB (KpaxMasibHble 38pHa), KaK npearonaraemMbiX MapKepoB YyBCTBUTE b~
HOCTW. Y YyBCTBUTESIbHbIX K 2/TIOMUHWIO FeHOTMMNOB (COPT 3/10), NPY TOKCUYECKOM BO3[eNCTBMM Habofanmn AECTPYKLNIO
KpaxmasibHbIX 38peH B KNeTKax KOPHEBOI0 YeX/IMKa, TOr4a KaK Y FeHOTUIMOB YCTONUMBbLIX (COPT Benoropckuii), HanpoTus,
CTPYKTypa KpaxmasbHbIX 3épeH B K/eTKax coxpaHsinacb. MpegnaraeTcs MCnonb30BaTh NPYXKM3HEHHOE OKpaLlvBaHue

KpaxmasibHbIX 3EpeH B KNeTKax KOPHEBOro Yex/IMKa Lie/loro KopeLlka B KayecTBe TecTa Ha YyBCTBUTE/IbHOCTb paCTeHI/II‘/‘I
AYMEHA K TOKCUMYECKOMY Ael7|CTBVIPO ATIOMUHNA.

KntouyeBble cnoBa: NMoYBeHHast KUCMOTHOCTb, a/TOMUHNIA, KOpHeBOVI YEXNUK, KpaxXmasibHble 38pHa, AeCTPYKTMBHbIEe
N3MEHEHUA.

Testing the stability of different forms of Hordeum vulgare L.
to the toxic action of aluminum
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Combined effect of aluminum toxicity and acidic soil conditions is the major problem for barley productivity in
certain areas of crop cultivation. Therefore the development of effective test systems for the identification and selection
of aluminum-resistant barley genotypes is an important goal, especially for regions all over the world with high soil
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acidity. We used barley genotypes with different resistance to ionic toxicity (Belgorodsky 100, Belogorsky, Kupets, Elo,
999-93 and regenerant line 917-01) for characterization of the plant’s reaction to the toxic effect of aluminum. Using
methods of cytophotometry, light and electron microscopy we studied structural and functional changes of the root cap
cells and obtained cytological markers suitable for early detection of the sensitivity of barley genotypes to aluminum. We
showed that the response of plants to aluminum exposure was manifested in changes of mitotic index (MI) and phases
of the cell cycle of meristematic cells, and differences in accumulation of starch grains in the root cap cells. It appeared
that in aluminum-sensitive genotypes (variety Elo), aluminum induced destruction of starch grains in the root cap cells,
whereas in aluminum-resistant genotypes (variety Belogorsky), the structure of starch grains was well preserved. We
propose to use the live staining of starch grains in the root cap cells of the whole root as a test for the sensitivity of barley

plants to the toxic effect of aluminum.

Keywords: soil acidity, aluminum, root cap, starch grains, destructive changes.

Mo o6bEMam NPOM3BOACTBA 3epHa U MOCeB-
HbIX naowagen sumenb (Hordeum vulgare L.)
3aHUMaeT YeTBEPTOE MECTO B MUpPE Cpeau 3ep-
HOBbIX KyNbTyp. B ce3oHe 2017—2018 rr. noces-
Hble naowaan sumeHsa coctasunm 49,04 MnH ra,
B TOM umcne 7,7 MH ra B Poccuiickoii degepaumnn
[1]. MoaTomy yBennyeHme ycTon4mBoCTM N ypo-
YKaMHOCTU SSUMEHS K pas/INyHbIM 34anNYecKUM
CTpeccam sIBNSAETCA aKTyaslbHOW NPo61emMon.

K ymcny wmnpoko pacnpocTpaHéHHbIX (noy-
™ 70% MMpPOoBOro hoHAa NaxoTHbIX 3eMEe/lb)
3pahvecKnx CTPeccoB OTHOCUTCA MOBbILLEHHAs
KMC/IOTHOCTb MOYB, YacTo YCyryb/isemast TOKCUYHO-
CTbtO B KWIC/I0M Cpefie MOHOB alloMUHUSA. IoHHas
TOKCUYHOCTb CO3/aéT 4151 AYMEHSA 3HAYUTESIbHbIE
TPYAHOCTW B peasnin3auunmy noTeHumana npoayk-
TUBHOCTW. CMMMTOMbI MOPaXXeHNSA a/IIOMUHUEM
MOryT 06HapYy>X1BaTbCA B pa3/IM4HOE BPeEMS Mo-
C/1e TOKCMYECKOr0 BO3AeMCTBUSA — OT HECKO/IbKMX
MWHYT [0 YacoB Unu faxke cyTok [2]. KopHeBas
cucTemMa pacTeHUn ABNSAETCA MepBoHava/lbHOM
MULLIEHbIO AeCTBUA /IIOMUHUA HA OpraHnU3MeH-
HOM YpOBHe [2], Tora Kak Ha KNeTO4HOM YPOBHE
nospexxgatorca agepHas AHK [3], agpbiwkn [4],
untockener [5], nnasmarTuyeckue MembpaHbl [6].
B pe3ynbrate AeCTBMSA BbICOKMX KOHLIEHTPaLMIA
TIOMVIHUA BO3HMKAKOT FeHOMHbIE Y XPOMOCOM-
Hble MyTaLMK, YTO YUNUTLIBAETCA MNPU BbIACHEHUN
CTerneHn TOKCUYHOCTU a/llOMUHNA Ha PaHHUX
CTafnsAX OHTOreHesa A4mMeHs [7]. AnOMUHWIA
MHIMOUPYET NPOLECChl KNETOYHOIO AefleHns,
pacTs>KeHUS KIETOK M TpaHCMeMOpPaHHOr 0 TpaHC-
noprta [8, 9].

Mop BO34ENCTBUEM aNIlOMUHUA B MepBYIO
ouepefb CHUXKaeTCA A/IHA KOPHS, U3MEHSEeTCA
ero UBeT, UICKPUBNAIOTCA, peayLmnpyroTca Kop-
HeBble BO/IOCKM [10]. B pesynbTate acCMHXPOH-
HOro 1 pafuasibHOro AefieHns KIETOK KopTeKkca
N3MEHSAETCA TONLWMHA KOPHel N BO3HUKAKT
MeXaHWYecKue MnoBpexxaeHns anvgepmuca [11,
12]. BbI3BaHHble aIIOMUHNEM HapyLUEeHUs COo-
NPOBOXXAAIOTCSA PE3KUM MajeHMeM BCacbIBatOLLEN
CNOCOBHOCTM KOPHEBO CUCTEMbI Y KapAUHaIbHO
N3MEHSAIOT HOPMasibHOe CHab)XXeHWe pacTeHuin
BOJOM 1 aneMeHTamu nutanus [2].

Co3sfaHune copToB, TONIEPAHTHbLIX K MOHaM
aNIlOMUHUA, MO3BONAET COKPATUTL MOTEPU He
TO/IbKO 00YCMOB/IEHHbIE HU3KMM COOPOM 3epHa,
HO 1 CBSI3aHHble C N3BECTKOBAHMEM KUC/IbIX MOYB.

MprMeHeHMe KNETOYHOWM Cenekumm 3Hauu-
Te/IbHO PacLLMpPAET BO3MOXHOCTU TPaANLMOHHBIX
MeTOZ0B CO3[aHMs UICXOAHOro matepuana. N3syye-
HUE 3aNUreHeTUYECKNX N3MEHEeHWN I pubocomMarib-
How (35S) AHK, conpoBoXXaatoLLMX KNETOUHYO
aeandepeHymaunto n anddepeHymaumio, no-
Kasasio, 4To B geanddepeHLMPOBaHHOM Kasyce
MogenbHoro pacteHus Nicoliana tabacum, No
CPaBHEHWIO C JINCTbAMW, HABMOLAIOCh CHIKE-
Hue MeTuMpoBaHnA no LI (WMTo3nH-ryaHnH)
n LT (UWMTO3UH-NH060M HYKNEoTUA-TyaHuH ),
N OHO He Obl/I0 CAy4YarHbIM, a 3aTparmeano
ornpegenéHHble cemelicTBa reHOB pU60CoOMasIbHOM
OHK [13]. Takum o6pasom, ctagusa TOTUMO-
TEHTHOCTM N Nponugepaumn Kanayca conpo-
BOXX/1aeTCA CHMKEHMEM METUINPOBAHUA U, CO-
OTBETCTBEHHO, YBe/IMYeHNEM 3KCMPeccn psja
pnbocomanbHbIX reHoB. Mpy 3TOM pereHepupo-
BaHHble N3 Ka/l/lyCOB pacTeHUS NINLLb YaCTUYHO
BOCCTaHOB/IMBAOT METUIPOBAHME COOTBETCTBY-
OLLMX MOCejoBaTe/IbHOCTEN, B pe3y/ibTaTe Yero
NOABNAKTCA COMaKJ/IOHbI, OTIMYaloWmMecs no
psiay NPU3HAKOB OT UCXOAHOro reHotmna. Mpo-
BefleH1e 0T60POB Ka/lyCHbIX NINHWUIA in vitro Ha
KUCbIX CENEKTUBHbIX Cpefax ¢ a/IloMUHUEM MO-
3BOJISET BbISABUTL CPEAM HUX (POPMbI C MOBbILLIEH-
HOM YCTOMUYMBOCTBIO K TOKCUMYHbIM MOHam [13].
Mpwn aTOM BaXKHOe 3HaYeHne UMeeT paspaboTka
COOTBETCTBYIOLLNX KPUTEPUEB, MO3BONAIOLLMX
NPOBOANTb CPaBHUTE/bHbLIA aHa/IN3 UCXOAHbIX
COPTOB WM MOJIYYeHHbIX 3KCMepuMeHTaIbHbIX
NMHWI [14—16].

M3BeCTHO, YTO MO NPU3HaKy YyBCTBUTE lb-
HOCTM K a/IIOMUHUIO OTAENbHbIE BUALI U faXKe
copTa pacTeHU MOryT 3Ha4YMUTeNTbHO pa3NnyaTbCs
[17]. O6nagatowime ycToORYMBOCTbIO pacTeHns
B HacTosLLee BpeMs aKTUBHO MCMO/b3YTCH
A5 UGeHTUMKaLMN TEHOB, KOHTPONPYHOLLX
a/IloMOTO/IepaHTHOCTb. BMecTe ¢ TeM, ypesBbl-
YyaliHO BaXKHO pa3paboTaTb Takue KpUTepum n
TeCT-CMCTeMbI /151 OLLeHKW TonepaHTHOCTU (U/n,
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Haob0pOoT, YyBCTBUTE/IbHOCTW) MCXOLHOIO MaTe-
pvana, KoTopble N03BONAT AN depeHUMpoBaThb
(PYHKUNOHANBbHO pa3inyHble NUHUK N HOPMBbI
6e3 NpMMeHeHNS LOPOroCTOALMX TEXHOIOT A
N 4NNTENbHbIX MONMEBbIX UCMbITaHWI [18]. Bo3-
MOXXHbIM MOAXOAOM K 3TOMY AB/ISIETCA UCMO/b30-
BaHWNe B COBPEMEHHOM Ce/IeKLMIOHHOM npoLiecce
LUTONOrMYECKMX MapKEPOB.

Llenblo HacTosALWwero nccnefosaHus 6bi10
BbIIB/IEHNE KNETOYHbIX CTPYKTYp, Hanbonee
YyBCTBUTENIbHbLIX K TOKCUYECKOMY [AeNCTBUIO
QIIOMVHUA, ANA paHHEN ANarHOCTUKN YCTONUN-
BOCTM AYMEHS K 3anyecKomy CTpeccy.

Martepunanbl n MeToibl UccnefoBaHUA

B paboTe ncnonb308anv pasvyaroLLmecs rno
TONEPaHTHOCTU K a/lloMUHUIO copTa Benropos-
ckuii 100, Kyney,, 999-93, co3gaHHbIe MeTOgaMU
TPaAVULIMOHHONM CeNeKuun, N pereHepaHTHYo
nnHUo 917-01, nonyyeHHy 13 copta 999-93
B pe3y/ibTaTe KIeTOYHOW CeeKLmm Ha yCTonun-
BOCTb K 2/TIOMUHWIO. [115 N3yUYeHWUS CTPYKTYPHOW
opraHn3aLnm KneTok KOpHEBOro Yex/iMKa npo-
POCTKOB AYMEHS UCMO/Ib30Ba/IN CeMeHa AUMEHS
coptoB benoropckunii n 3no. CemeHa Kaxxaoro
reHoTMna 6bIIM NONyYeHbl B pe3ynbTarte pernpo-
OYKLNW Ha IBYX KOHTPACTHbIX MOYBEHHbIX (DOHAX
B YC/IOBUAX BEreTaloHHOro onbITa, onnucaHHo-
ro paHee [19]. AepHoBo-noa3onucras no4vsa B
OJHOM C/Tyyae XapaKTepu30Bas1aCb COLEPXKaHVEM
NOABUXKHOI0 a/itoMnHMA 12,0 mr/100 r rnoussbl,
pH_, 4,0; B Apyrom— He cofigp>kasia NoABM>KHbIA
antomuHni, pH_ 5,5. CemeHa, nonyyeHHble B
KOHTPAaCTHbIX MOYBEHHbIX YCNOBUAX, MNPopaLLm-
Ba/1M B TeYEHME CYTOK B ANCTUNINPOBAHHOW BOfE
B TepmocTate npu 21—23 °C. INpopocLume ceMeHa
nomeLLan Mexkay ABYMS CNOSAMU YBNAaXKHEH-
HOWM (hnNbTPOBas/IbHOM Bymaru v hopMmMpoBanu
PY/IOHbI, KOTOpble Ha 1/3 BbICOTbI MOMeLLLaNN B
Bogy (pH 5,8—6,0) nnn B pacTtBop, B KOTOPbIiA
Obl/1 fo6aBnieH cynbgat a/loMUHNUA N3 pacyéTa
KOHEYHOW KOHLEeHTpaunum MOHOB a/lloOMUHUSA
40 Mr/n, cornacHo cxeme onblita. 18 nonyyeHus
NMPOPOCTKOB EMKOCTM C Py/IOHaMU MOMeLLLanu
B TepmocTaT npu 21—23 °C Ha 5 cyToK.

PeaKunio KNeToK KOPHEBOW MepuCTeEMbI
NMPOPOCTKOB Ha TOKCUYECKOe [eCTBUE aslloMU-
HUA OLLEHUBAIN MO Be/IMYNHE MUTOTUYECKOTO
nHgekca (M) n pacnpegeneHnto KaeToK no
(hazam K/eTOUYHOro uMKia: CO6CTBEHHO MUTO3
(M), npecuHteTnuecknii (G,), CMHTETUYECKUIA
(S) v noctcuHTeTUYecKmiA (G,) neprofpl.

LinTooTomeTpryeckuii aHann3. KoHUnKnm
KOpHSA pasMepoMm 0Kosio 4—5 MM (huKcmpoBan
B CMecW 3TaHoNa 1 YKCYCHOW Kucnotbl (B Co-

OTHoLWeHUM 3:1) B TeyeHme 3 Yac. Mauepaumto
KOpHel NpoBOAMAM B pacTBOpe, CoAep Kallem
0,4% uenntonasbl («Sigmax, CLLUA) 1 0,4% nek-
TuHasbl («Merk») B TeueHme 2 4 npn 37°C. Mocne
rngponmsa 5H HCI (40 myH npu 22 °C) cycneH-
310 K/IETOK OKpawumBanu peaktmsom LUuvdygpa
(«Merk») B TedeHme 2 yacoB. CogeprkaHre AHK
B Afpax n3Mepsanu Ha uutodotometpe SMP-20
(Opton) c 06beKTNBOM %16, OKyNApoM x10 1 30H-
nom 0,16 mm. B kavecTse cTaHZapTa UCMo/b30Ba-
NV afpa Jensawmxcs KNeTok Ha cTagum Tenogasbl
(2C) nnn metadasbl (4C). Bbibopka 415 KaxKaom
3KCMeprIMeHTa/IbHOM TOYKIM COCTaB/IsA/1a He MeHee
300 agep. JaHHble aHa/IM3KPOBaIN B MPOrpaMme
Cratnctmnka 5.0.

CseTtoBass MMKpocKonusa. Ona KayecTBeH-
HOro aHasn3a oTéupann 5 0ANHAKOBbIX MO pas-
Mepy NPOPOCTKOB, HE UMEHOLLUX MeXaHNYECKUX
N MHEKUMOHHBLIX NoBpeXaeHnin. OTpesanu
Ne3BUEM YaCTb KOPHSA C YeX/IMKOM. [onyyeH-
Hble (oparMeHTbI NomeLLanu B 1% pacTeop noga
B MOJI0YHOM Kucnote Ha 10 MuH. OKpalleHHble
UeX/IMKN KOPELLIKOB NPOCMaTpmBasiv B CBETOBOM
MUKpocKone rnpu 20 KpatHOM YBeTMYEHUN U
choTorpadmpoBan. KonmyecTso NOBTOPEHNIA AN1s
Kaxkgoro obpasua — 3.

AneKTpoHHas Mmkpockonusa. OT KopeL-
KOB OTAeNnAnn parMeHTbl JIMHON 4—5 MM ”
thmkcmpoBanun B 2,5% rnyTapoBoM anbferuie
Ha dpocchaTtHOM b6y dhepe (pH 7,2) ¢ fob6aBneHnem
caxapo3bl (15 mr/mn) gsoe cyTtok (npu +4 °C).
Mocthmkcaymo 06pasLLos nNpoBoLMIn B 1% pac-
TBOpE OsO,, Aernaparalmio — B 3TaHose BO3pac-
TawoLLel KoHueHTpauum (30, 50, 70, 100%) u B
okcuge nponuneHa. Obpasupbl 3aK/IYaIv B CMeCh
3roHa v apasignTarno cTaHgapTHoMy MeTody. [Ans
CBETOOMNTUYECKOM MUKPOCKOMUN «NOTYTOHKME
cpe3bl (0010 1000 MKM TOMLWMHOIA) MOHTUPO-
Ba/1M Ha NpeAMETHbIE CTEK/A, 3aK/H04YasTv B 3MOH,
nonMmepun3oBanv npenapatbl 1 cyTku npu 60 °C
1 (hoTorpaupoBan ¢ UCNONb30BaHMEM MUKPO-
ckona Olimpus BX51 (AnoHus), o6opysoBaHHO-
ro umdgposoii Kamepoii Color View (I'epmaHus).
Pernctpauusa n3obpa>keHnin NpoBoAnIach ¢ rno-
MOLLbIO (Da30BO-KOHTPACTHOM MUKPOCKOMUMN.

Pe3ynbTaTbl 1 06CY>XKAeHNe

BnnsiHMe BbICOKOW KOHUEHTpaLMn MOHOB
antomMmHma (40 mr/n) Ha npouecc Npoxoxie-
HUS K/IETOYHOM0 LMKa KNeTKamMn KOPHEBOWN
MepUCcTeMbl MPOPOCTKOB SAUYMEHS onpeaensanu
C NMOMOLLbI0 LIMTOhOTOMETPUYECKOrO aHan3a.
PacnpegeneHune KneTok no ¢asam Kneto4yHoro
LMKNa y NPoOpOCTKOB M3 CEMSIH, PenpoayLmpo-
BaHHbIX Ha MOYBe C a/TIOMUHNEM U 6€3 HEr 0, ObI0
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pasinyHbIM. L3BECTHO, YTO K/IETKN, HAX0AAChH B
rnocTcmHTeTMueckom (G,) thase, aBnstoTcs 6onee
YyBCTBUTE/IbHbIMU K CTPECCY MO CPaBHEHUIO C
KneTKammn B npecuHTeTndeckon (G,) dase, n
yBeNMYEeHVE NX KOJIMYECTBA CBUAETE/IbCTBYET O
cTpeccoBoM Bo3gencTeum [20]. TonepaHTHOCTb
K a/TIOMVHWIO OLLEHNBASIN MO KOJIMYECTBY K/1ETOK
B G, (hase. Tak, y NPOPOCTKOB SAYMEHSI COPTOB

Benropoackunin-100 n Kyney, nonyyeHHbIX U3
CEMEHHOro NMoToOMCTBa, BbIPaLLLeHHOro Ha no-
yBax, cofep>kalmx antOMUHUA, B KOHTpO/e
OTMe4yeH 610K (HakonjeHue KNeToK B OAHOWA
13 (has, NprBOAsLLEE K OCTAHOBKE K/IETOYHOIO
uvkna) B G, thase, MHrMOMPYOLWNIA fieneHue,
YTO MPUBOAUT K CHUXKEHWNIO POCTa U ypoxKas.
B onbiTe y coptoB Benropoackuii-100 n KyneL,
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Puc. 1. BnvsiHMe BbICOKMX KOHLIEHTPALMIA a/IFOMUHUSA Ha pacnpesenieHre KIeToK Mo drazam KIeTOUHOro LinKna
KOPHEBOW MePUCTEMbI MPOPOCTKOB AYMEHS, MOJTYHEHHbIX 13 CEMEHHOI0 NMOTOMCTBA, BbIpaLLeHHOro Ha rnoysax,
cofepxkalmx anommHuia (A) v npwu ero otcyTtcTeum (B): 1 — copT Benropogckuii 100; 2 — copT Kyneu;

3 —cop1 999-93; 4 — NMnHMA 917-01; K — KoHTpO/ib; O — onbIT
Fig. 1. Effect of high concentrations of aluminum on the distribution of cells in the cell cycle phases of the
root meristem of barley seedlings obtained from seed progeny grown on soils containing aluminum (A)

and in its absence (B): 1 — variety Belgorodsky 100; 2 — Kupets variety;
3 —variety 999-93; 4 — line 917-01; K — control; O — experiment
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Puc. 2. BAnsiHne antoMMHUSA Ha MUTOTUYECKMIA MHAEKC KOPHEBOM MEPUCTEMbI MPOPOCTKOB SUMEHS,
BbIPOCLLNX N3 CEMSH PaCTEHWIA, MPOM3pacTaBLLUMX Ha MOYBe C &JTIOMUHMEM U 6€3 aSIIOMUHUSA:
1 — copt Benropoackuin 100; 2 — copT Kynel,; 3 — copT 999-93; 4 — nnHusa 917-01; K — KoHTposb; O — onbIT
Fig. 2. Effect of aluminum on the mitotic index of the root meristem of barley seedlings grown
from plant seeds grown on soil with aluminum and without aluminum: 1 — variety Belgorodsky 100;
2 — Kupets variety; 3 — variety 999-93; 4 — line 917-01; K — control; O — experiment

MaKCMaslbHOe KO/IMYECTBO K/TIEeTOK HaX0ANTCA B
thaze S (paze cuHTE3a). Y copTa 999-93 U NMHUK
917-01 KaK B KOHTPO/IE, TaK 1 B oNbliTe 6/10KB G,
(hasze otcyTcTBYET. Y copTa 999-93 KO/IM4ecTBO
KNeTok B G, (hase B OMbITe BblLLIE MO CPAaBHEHWIO
C KOHTponem (B 2 pasa), UTo CBUAETE/IbCTBYET O
MEHbLLIE YCTOMYMBOCTU OMbITHBIX PACTEHUI. Y
nvHun 917-01 onbITHbIE pacTeHus B G, hase B
MeHbLLIEW CTEMEHW OT/INYAKOTCA OT KOHTPOSIbHbIX,
Mo CpaBHEHUIO C pacTeHUAMM copTta 999-93, uto
npesorpeaenseT To/IePaHTHOCTb K aIIOMUHNIO.
Mpwv aHanM3e NPOPOCTKOB AUMEHS, MONYyYeH-
HbIX U3 CEMSH, PENpPOLYLMPOBaHHbIX Ha Mnoyse
6e3 antoMUHUS, BblaendeTca NUHUA 917-01,
OMbITHbIE PaCTEHNSA KOTOPOWA, B OT/INYME OT KOH-
TPOSISA, cofep>kaT MeHbLLEee KO/IMYECTBO K/1ETOK
B G2 chase. MNpopocTkn 917-01 nposiBunm 60/1b-
LY YCTOMYMBOCTb B CPABHEHUMN C UCXOAHbBIM
coptoM 999-93, N3 KOTOPOro fJaHHasi IMHUA 6bla
oTobpaHa B Ka/iyCHOW Ky/nbType Ha KUC/bIX ce-
NEKTUBHbIX cpefax ¢ aftoMmuHmnem [19]. JiuHus
917-01 B 3TOM C/lydae MpeBoCcxXofmna TakxKe rno
ycToinumocTu copta Kyneu, v Benropoacknii 100.
Takum 06pa3om, pesysnbTatbl LMTO(OTOME-
TPUYECKOT0 aHa/IM3a pacnpeseneHns KIeToK ro
(hazam K/IETOUHOT 0 LMK/1a CBULETE/IbCTBYIOT, UTO
pacteHna aumeHs reHotunos 917-01 n 999-93,
penpoayuvpoBaHHbIe B YCNOBUAX TOKCUYHOCTU
WOHOB a/TIOMUHUA, Nly4llle NepPeHOCAT ero BbICO-

Kne KOHUeHTpaLuu, no CpaBHEHNIO C MPOPOCT-
Kamu reHoTunoB Kyneu n Benropoackuin 100,
penpoayunpoBaHHbIMU B TEX YKe YCNOBUAX.

B pe3ynbrate 06paboTK1 KOPHEM NPOpOCTKOB
BbICOKMMW KOHLIEHTPaLNAMU aNIFOMUHNSA BbISB/Ie-
Hbl TaK>Ke n3meHeHnA M. Y NpopocTKOB SINHUN
917-01 v copta 999-93, NosTy4eHHbIX 13 CEMEHHOIO
MOTOMCTBA, BbIPaLLIeHHOr0 Ha MoYBaXx, CoAePXKaLLmx
MOMUHNIA, MW CHUXKANCA Y OMbITHBIX PacTeHWiA
(B 1,2—1,3 pasa) rno cpaBHEHMIO C KOHTPO/IEM, a 'y
copToB Kynew, 1 Benropoackumia 100 noBbILLasICA No
CpaBHeHUIO ¢ KOHTponeM (B 1,3—1,6 pasa).

Y MpOPOCTKOB, MONYYEHHbIX U3 CEMEHHOro
NMOTOMCTBA, BbIPaLLEHHOro Ha rno4ysax 6e3 anto-
MUHUA, M CHUXKaNCA y ONbITHLIX PacTeHU No
CPaBHEHWIO C KOHTPO/IbHbIMKU Y copToB Kyned,
999-93, nnHnKn 917-01 (B 1,2—1,7 pa3a), ay co-
pta Benropoackunii 100, Ha060pOT, NOBbLILLA/CS
(B 1,2 paza) (puc. 2).

3TO roBOPUT O TOM, UTO YC/IOBUS PEMPOLYK-
L1 ceMsH (B MPUCYTCTBUN /IIOMUHUA U 6e3
Hero) MoryT OKasbIBaTb B/ISIHME Ha YCTONYMBOCTb
MPOPOCTKOB K a/IIOMUHUI0. YYBCTBUTE/IbHOCTh
K a/lOMUHUWIO pereHepaHTHoOM gnHumn 917-01
B 00/bLLUEN CTeneHW 3aBucena OT YCN0BUI pe-
MPOLYKLNW CEMSAH, YeM YYBCTBUTE/IbHOCTb UC-
xofHoro copta 999-93. Bo3M0O>XHO, 3T0 BbI3BaHO
3AMUreHeTUYEeCKOM HecTabunbHOCTbIO B CBA3U
C npoBefeHnemM reHotmna 917-01 yepes Kasnyc-
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HYIO Ky/IbTYpY. VI3BECTHO, YTO anMreHeTUYecKne
COObITUSA — amMNINUKaLMS reHOB Y METUINPO-
BaHMe — NPOMCXoasT B AeanddepeHLMPOBaHHbIX
Ka/11yCHBbIX KeTKax ¢ 60/1bLLe i UHTEHCUBHOCTbHO,
YeM B MHTAKTHOM pacTeHun [21, 22].

MockosbKy hopma, AIMHA, TO/LLMHA KOPHSA
W rpaBUTPONMYecKas Harnpas/ieHHOCTb pocTa
(BblpaXkaBLLIAACA B UCKPUBIEHUN KopHeii) [10]
CYLLECTBEHHO pa3/iMyancb y NUCCNefoBaHHbIX
reHoTMMOB, Mbl MPEAMNONOXKNIN HaJINYNE CBA3N
MeXXAy STUMWN HapyLLEHNAMU N POPMUPOBAHUEM
KpaxMasibHbIX 3épeH (CTaTo/INTOB), OTBETCTBEH-
HbIX 3@ FPaBUTPOINMYECKYIO peaKLnio, B KNeTKax
Konymennsl (oceBasi 4acTb YeX/IMKA) KOPHS.
B cBS131 C 3TUM Mbl UCCNeLOBaIN CTPYKTYPY KOp-
Hel NPOPOCTKOB SSYMEHS Ha NOSTYTOHKMNX cpe3ax,
OTMeYas CTPYKTYpPHblE U3MEHEHUSA B YeX/INKe
KOpHS.

[N n3yyeHnsa CTPYKTYPHOIR opraHu3aumm
K/IETOK KOPHEBOT0 YeX/INKa NMPOPOCTKOB SYMEHSA
NCNoSb30Ba/IN CeMeHa copToB Benoropckuin un

3N0, OT/IYAIOLLINXCS MO coneycTonumaoctu [23].
BbIno nokasaHo, 4To y NpopocTKoB Benoropckui
KpaxmasibHble 3épHa B K/eTKax KoayMmesnsbl
He paspyLllasncb U COXPaHANN LeNoCTHOCTb,
Torfja Kak y a4umeHa coprta 3710 Habnganach
LOECTPYKLUMA KpaxmasibHbIX 3épeH 1 paspyLue-
HVe CTaTO/INTOB B K/IeTKaxX KOPHEBOro Yex/iv-
Ka (puc. 3). Bo3gericTBMe MOHOB atOMUHUSA
(40 Mr/n) Ha KOpPHU NPOPOCTKOB AYMEHA N3Me-
HWUM0 MOPMONOrNI0 KIETOK YexinkKa, Hambonee
CUNbHO MPOSABUBLLMCH Y copTa 3710, Y KOTOPOro
Hab/oaNn BblpaXKeHHble feeKTbl CTaTo/INTOB
KONyMmensibl Yexnmka. HefiaBHO rnokasaHo, 4to
[eficTBME MOHOB a/IIOMUHUS BbI3blBaeT YMeHb-
LeHMe COflepXKaHNA Kpaxmana B JINCTbAX Yas
[24]. Taknm 06pa3om, Mbl Npegnonaraem, 4to
CYLLIECTBYET TECHas! CBA3b MeXAY N3MEHEHNAMMN
CTPYKTYPbl KpaxmasibHbIX 3€peH 1 Hebnaronpu-
ATHBIMW YCNOBUAMU cpefbl (3acyxa, HU3Kasa nnm
BbICOKasi Temrneparypa, 4eliCTBUE HEKOTOPbIX
XUMMUYECKUNX BeLlecTB) [25—27].

Pwuc. 3. BnnsaHve antoMMHNA Ha CTPYKTYPY KpPaxMasibHbIX 38peH B K/1eTKaxX KOPHEBOIO YeX/INKa NPOPOCTKOB
sAuMeHs. O6bekTMB x40. CopT Benoropckuii: a — KOHTPOsb, b — antomMuHnin 40 mr/n;
COPT 3M10: C — KOHTPO/b, d — amtoMnHnia 40 mr/n. O6o3HaueHUs: CTpesika — KpaxMasibHble 38pHa;
* — necTpyKUus KpaxMasibHbIX 3épeH. MacLuTabHbli 0Tpe3oK 400 MKM.
Fig. 3. Effect of aluminum on the structure of starch grains of the root cap cells of barley seedling.
Lens 40 x. Variety Belogorsky: a — control, b —aluminum 40 mg/L; variety Elo: ¢ — control, d — aluminum
40 mg/L. Legend: arrow — starch grains; * — destruction of starch grains. The scale bar is 400 um
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Puc. 4. ¥nbTpacTpyKTypa KMeTOK YexnmKa KOpHS ssuMeHs copTta Benropoackunii 100
(a — KOHTPO/b; b — antomuHMin 40 mr/n) n copTa 310 (C — KOHTPO/b; d — antoMUHMIA 40 mr/n).
0O603HauYeHNs: N — AP0, V — BaKyo0slb, S — KpaxMaslbHOe 3epHO, CW — K/IeTOHYHAs CTeHKa,
* — necTpyKUUs KpaxMasbHbIX 3épeH. MacLuTabHbIi 0Tpe30K 50 MKM
Fig. 4. Ultrastructure of the root cap cells of barley variety Belgorodsky 100

(a—control; b —aluminium 40 mg/L) and variety of Elo (c — control; d —aluminium 40 mg/L).
Designations: n — nucleus, v — vacuole, s — starch grain, cw — cell wall, 127

* — destruction of starch grains. The scale bar is 50 um
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ONna yTOYHEHUA CTPYKTYPHO-(PYHKLMO-
Ha/IbHbIX HapyLUeHWIA CTaTO/IMTOB B K/leTKax
KONyMeN/bl KOPHEM Npuv BO3AeNCTBMN a/tOMUHNS
NPOBOAWIN 3NEKTPOHHO-MUKPOCKOMNYECKUIA
aHann3 (puc. 4). MnweHAMN TOKCUYECKOT0
AeNCTBUS a/IIOMUHUSA ABNSANUCL AN depeHLn-
POBaHHbIE KNETKN KOPHEBOIO YeX/INKa: COXpaH-
HOCTb CTaTONINTOB, NPeobpa3oBaHme BaKyosneli n
NOBPEXAEHUS LMTONIa3MaTnyecknx MemopaH
KNeTOK KOPHEeBOM MepucTeMbl. PaHee Hamu yrxe
Ob1/10 NOKa3aHo, YTO B KAYECTBE LIUTONOrMYECKNX
MapKepoB YyBCTBUTE/IbHOCTU pPacTeHUid K fen-
CTBUHO 2/IIOMUHUSA MOYKHO UCMO/1b30BaTh JaHHble
Mo CTPYKTYpE A4ep, ALPbILLEK 1 BaKyO/1eil KNeTOK
MepucTeMbl KOpHA [12].

OfHako MeToAbl TPAHCMUCCUOHHOW MUKPO-
CKOMUM [OCTATOYHO TPYLOEMKWU M NPOAOS-
YKUTE/IbHbl MO BPEMEHWU, MO3TOMY B JaHHOM
nccnefoBaHNUM Mbl paccmaTpmBasn BapuaHThbl
3KCMPECC-0LEHKW, UCXOAA M3 MOSTYHEHHbIX AaH-
HbIX Ha YNbTPATOHKNX U MONYTOHKUX Cpe3ax.

MonyyeHHble Ha YNbTPACTPYKTYPHOM U CBETO-
ONTUYECKOM YPOBHe [aHHble paHHel AnarHo-
CTUKW YCTONUYMBOCTU AYMEHS K TOKCUUYECKOMY
[EeNCTBUIO aJTIOMUHNSA Aal0T OCHOBaHMe CUNTaTD,
4TO MAEHTU(MKALMA HIMYMA Kpaxmasa B 30-
He yex/inKa, MOXKeT 6bITb npomn3sefeHa 6onee
MPOCTbIM METOAOM. B yacTHOCTM, BO3MOXKHa
BU3Yyan3aLms KpaxMasibHbIX 38peH B KOyMes-
ne NyTéM NPUXKN3HEHHOM (Ha LenoM KopeLu-
Ke) LUTOXMMUYECKOWN AeTeKUUU NPy MOMOLLN
cneunUYecKom peakLmmn Ha YyBCTBUTEIbHOCTb
pacTeHUn auUMeHsA K abnoTUYeCKOMY CTpeccy.
OonTnMmnsaums TeCcT-cCUCTEMbI A1 ANArHOCTUKN
YCTOMYMBOCTM PaCTEHU K atOMUHUIO NPOBO-
avnacb Ha copTax siumeHst bBenoropckuii 1 3no
(oTAnyaroLWmxcsa no ycrtomuymeocTn K CONsAM).
[OnA KauyeCTBEHHOW peakuMW Ha Kpaxman uc-
nonb3oBasics 1% BOAHbIN pacTBoOp noja. Y 2-X
CYTOYHbIX MPOPOCTKOB, BblpallleHHbIX B BOfje
(KOHTPO/1b) 1 B pacTBope ¢ ajitoMuHmnem (onbIT),
06Hapy>KeHO, YTO KOHTPO/IbHbIE pacTeHNsA 060X

Puc. 5. OKpalleHHble pacCTBOPOM MOfa KOPELLIKM MPOPOCTKOB SS4MeHsI copTa Benoropckuin
(a— KoHTpOb; b — cynbat antoMmuHUA) 1 copta 310 (C — KOHTPOsb; d — cynbgaT antoMrUHNSA).
O603Ha4YeHNSA: M — MEPUCTEMA, I'C — KOPHEBOW YEXNK;
* — necTpyKUust KpaxMasibHbIX 3épeH. MacLuTabHbii 0Tpe3oK 400 MKM
Fig. 5. The iodine-stained roots of barley seedlings of the Belogorsky variety
(a— control; b —aluminum sulphate) and Elo variety (c — control; d — aluminum sulphate).
Designations: m — meristem, rc — root cap; * — destruction of starch grains. The scale bar is 400 um
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COPTOB MO JIOKa/I3auMn Kpaxmana B Yexnke
KOPHSI He OT/IYaroTCA MeXkay coboii. PacteHns B
onbITe, B 3aBUCUMOCTW OT COPTa, 06Hapy>XunsatoT
oTANYUMA. Tak, B YeX/IMKE KOPHS MPOPOCTKOB Y-
MeHsi copTa Benoropckuia, npy KoHLUeHTpaumn
NOHOB ailoMUHUA 60 Mr/n, o6Hapy>kuBaeTcs
Kpaxman. YexnMK KOpHS MPOPOCTKOB AYMEHS
copTa 3110 B TeX >Xe YCN0BUAX MoABepraertcs
paspyLleHunto. MpaHynbl Kpaxmana pasMbiThl,
4TO CBMAETENbCTBYET O HEYCTOMUYMBOCTM copTa
K AaHHOM KOHLEeHTpauumn antommHmnsa. Ha pu-
CYHKe 5 npegcTaBneHbl (hoTorpaum toTasib-
HbIX MpenapaToB KOPELIKOB, NMPUXXMU3HEHHO
OKpaLleHHbIX pacTBOpPOM moga. Kak BUAHO 13
HUX, Y KOHTPO/bHbIX PacTeHUIN 060X COPTOB B
KOPHEBOM YeX/IMKE MHTEHCMBHO OKpaLLMBaloTCA
KpaxmasibHble 3épHa (puc. 5 a, ). Nocne npopa-
LLIBAHMSA pacTeHMn B NPUCYTCTBUN alltOMUHNSA
OKpacKa KpaxMmasbHbIX 36peH He BU3yasin3n-
pyetcay copta 350 (puc. 5 d), Ho HabnogaeTcs
y copTa Benoropckuii (puc. 5 b).

Takum 06pa3om, AaHHbIN NOAX0f4 MO3BO-
NN YETKO AnepeHLMpoBaTb YCTOMYNBbIE
N HeYCTOMUMBbIE COPTa AUMEHS MO CTPYKTYPHbIM
HapyLUeHWAM, Y/IbTPacTPyKTYPHOM opraHm3aumm
K/IETOK KOJTYMe/I/bl U CTaTONIMTOB U ONpeaensaThb
NX MPY NOMOLLM CNeLNpUYECKON peakLmin.

3aK/tuyeHune

B npouiecce nuccnefoBaHus 6bIn MoyYeHbl
9KCMepUMEHTa/IbHble AaHHble MO BbISIBNEHUIO
YCTOMUNBbLIX FEHOTUMOB, KOTOPble NO3BONNAMN
0XapakTepu30BaTb CUCTEMHbIN KIETOYHbIN OT-
BET Ha CTPECCOBble BO3AEICTBUSA abMOTUYECKON
npupoabl (Ha NpuMepe AencTBMA 34atnyecKoro
cTpecca — TOKCUYeCKOro AecTBUSA a/TlOMUHNSA)
B KJIETKaX KOPHEWM MPOpPOCTKOB AUMEHS.

AHanun3 pacnpegeneHust KNeTok no asam
K/IETOYHOT 0 LMK/1a KOPHen NPOPOCTKOB SSUMEHS,
NOMYYEHHbIX N3 CEMEHHOro NMOTOMCTBA, Bblpa-
LLIEHHOr0 Ha NoyYBax, Cofep>Kalunx aloMUHUIA
M NPU ero 0TCYTCTBMM, NOKa3aJl, YTo U3 NpeLCcTaB-
NEHHbIX 06pa3L0B YCTONYMBOCTb K a/IIOMUHNIO
NPOoSABUAN NPOPOCTKM NMHMK 917-01. Copt 999-93
OKasasicsl CpefHEYCTOMUNBbLIM. HyBCTBUTENbHbI-
MW K TOKCUYHOCTU a/ltoMUHNA b1 copTa Kyney,
n bBenropogckuin 100. TakuMm 06pa3om, NpoLecc
NPOXOXXAEHUA KNEeTOUYHOro LUKIa B KOPHEBOW
MepurcTeMe NPOPOCTKOB SUMEHS MOXHO UCTO/Tb-
30BaTb B KayecTBe LMTONOIMYECKOro Mmapkepa
YyBCTBUTE/IbHOCTU pPacTeHU K TOKCUYECKOMY
AECTBMIO a/TIOMUHUS.

CpaBHeHWe Mo CTPYKTYpe KpaxmMasibHbIX 38peH
reHOTUIMOB AYMEHS, pa3IyatoLLMXCs Mo YCTOoM-
YMBOCTWU K MOHaM a/IlOMUHUSA, NO3BONIO OXa-

paKTepn3oBaTb CTPYKTYPHO-(DYHKLUNOHA/IbHbIE
npeobpasoBaHMs Ha KNETOYHOM U OpraHN3MeH-
HOM YPOBHSX W YCTAHOBUTb LMTOIOTNYECKUIA
Mapkep (Hanmume KpaxmasbHbIX 38peH B KneTKax
Yyexnnka), KoTopbliii Mbl Npeg/iaraeM B KavecTse
NnepcrneKTUBHOM TECT-CUCTEMbI A/151 paHHel gua-
FTHOCTMKM YyBCTBUTE/IbHOCTU SAYMEHS K 3pacdm-
4ecKoMy CTpeccy.

Pa6oTa BbINoSIHEHa B paMKax [porpaMmmbl
(PyHLaMeHTaNbHbIX HayYHbIX UCC/eA0BAHWIA 10-
CyLapCTBEHHbIX akajeMnii Hayk no 3afaHusam
Ne 0574-2019-002 «Pa3paboTKa 3KCNepnuMeH-
T asIbHbIX NOAXO0J0B MOBbILLIEHWSA MPOAYKTUBHOCT U,
a TakK>e yCTOMYMBOCTMU CENIbCKOXO3SANCTBEH-
HbIX pacTeHU K abMoTUYECKMM U BUOTUYECKUM
CTPeccoBbiM hakTopam MeTogamMu 6MOTEXHOsO-
TN N TeHHOW MH>KeHepuu» 1 Ne 0767-2019-0093
«PaspaboTka n peanusaums yHAamMeH T asbHbIX
Hay4HO-MeTO04MYEeCKMX NOAX0A0B Mobuansaumnu,
n3ydeHus, cosgaHusa (B T. Y. C MCNOSIb30BAHUEM
6MOTEXHONOrNiA) N NOAJEP>XKAHUA YHUKANbHbIX
NPUPOLHbIX U 3KCMEPUMEH T JIbHbIX FeHe T UYECKUX
PECYpPCOB SIPOBbIX 3ePHOBbLIX KyNbTYp (nleHunua,
SAUMeHb, 0BeC); Mojesieli COPTOB C MOBbILLIEHHOW
NPOLYKTMBHOCTbIO M YCTONYMBOCTbIO K AEMCTBUIO
CTPECCOBbIX OUOTUYECKNX N abUoTMHECKUX (hak-
TOpOB, C Y/YYLLIEHHbIMU CeNEeKLMOHHO-LEHHbIMM
npusHakamu; TEeXHOM0rMn ynpasneHusa npo-
AYKLMOHHbIM MPOLECCOM C YY4ETOM 34anyeckmnx
N BMOTNYECKNX CTPECCOBbIX (DAKTOPOB eBpOne-
ckoro CeBepo-BocToka Poccumn, nokasabHOro v
rno6asbHOro M3MEHEHNS KNuMaTa 15 peLleHns
aKTyaslbHbIX 3afa4 06ecneyeHns MMMNopTo3ameLLe-
HUA U YNYULLIEHUA KaYecTBa MU T aHNsA HaceeHns».
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PaccmoTpeHbl coBpeMeHHble MPobieMbl 0becrneveHnst 3KON0rMYecKor 6e30nacHOCTV NOTPe6UTENLCKOM NPOAYKLMK
B Poccuiickoii defiepauiu, a TakxKe NpefioXKeHbl Mepbl MO COBEPLLIEHCTBOBAHMIO MEXaHM3Ma perflaMeHTaLy Bonpocos
KayecTBa 1 9KOJI0rm4eckoi 6e3onacHocTu B cpepe noTpebaeHms.

MeTOL0/10rMYECKYI0 OCHOBY MCCEA0BaHWS COCTABUAN aHaIMTUYECKNIA MeTOA, MO3BONAOLWMNIA paccMoTpeTb
NPakTUKY pernameHTaLMm BOMpocoB 3KOOrMYeCcKoli 6e30nacHOCTU MPOAYKL MM, hopManbHO-IOPUANYECKINT METOA,
MO3BOMAOLLMI PACKPbITb CUCTEMHBbIE CBA3M B MPaBOBOM PerynMpoBaHnu, perynsaTmBHbIe 0CO6EHHOCTU NPaBOBbIX AKTOB,
NpaBoNpUMEHUTENbHYH NPaKTUKY B Poccun 1 3a py6exkom.

MpoBeséH aHanM3 Hanpas/eHUA rocyjapcTBEHHOIO YNpPaB/ieHUsi B Chepe 3KOOrMYecKoi 6e30MacHOCTU B YacTu
COBEPLLIEHCTBOBAHWSA 3aKOHOAATe/IbCTBA B chepe CO6M0AEHNS 3KONIOTMYeCKX TpeboBaHNn K MPOU3BOACTBY MPOAYKLUUN.
PaccMoTpeHbl KpUTepMM 3KOMOTMYHOCTY NPOLYKLMNY, BbIsIBieHa HE06X0ANUMOCTb MOBbILLEHUSA MH(OPMMPOBAHHOCTU
noTpe6uTeneit o cBoMCTBaxX NpoAyKTa. OnpeaeneHbl MPakTUYecKme NpobieMbl U MPeAoXeHb! HanpasieHWs fanbHeliLero

pa3BMTUSA 3aKOHOATE/IbCTBA B 06/1aCTW 3KOI0MMYECKOM 6e30MacHOCTV NPOAY KUK,

KntoyeBble cnoBa: aKonornyeckas 6e30nacHoOCTb, KauecTBO npoaykKunn, npaBoBoe perynmpoBaHne.

At present one of the main social benefits
guaranteed by the international legislation is
the security of an individual and a citizen. One
cannot overestimate the significance of the right
to security. It is both a constitutional value
and a comprehensive right or guarantee which
facilitates the realization of all other human
and citizens’ rights. Fundamentally, security is
directly linked to realization of the right to life,
which s, asitis known, an inherent and natural
right of every individual.

The product quality and safety are the issues
of crucial significance in relations between the
producer and the consumer. The goods (works,
services) are produced (performed) only for
consumers and satisfaction of their interests.
These relations should be built in such a way
that it is guaranteed that the consumers' rights
to get the product which fully meets their needs
in respect to the price, quality and safety are
ensured. Thus, it is of current concern to study
the legal and regulatory issues of product envi-
ronmental safety [1—4]. The purpose of the study
is to consider the problems of legal regulation
and practical environmental safety of products
for the consumer in modern conditions.

The organizational and legal mechanism
of ensuring the requirements of environmental
safety of products in Russia and abroad is con-
sidered. The analytical method, the method of
the description allowing to consider practice of
regulation of questions of ecological safety of
production is used.

In Russia the issues of realization of goods
to consumers are regulated by the civil legisla-
tion (Civil Code of the Russian Federation, part
one of 30.11.1994, No. 51-FZ [5] and part two of
26.01.1996, No. 14-FZ) [5], as well as by Federal
law of 07.02.1992 No. 2300-14 “On Protection
of Consumers' Rights” [6]. At the same time,
the specified legislation regulates only general
issues of product turnover; however, in terms

of quality and safety, it describes only general
norms (articles 4 and 7 of the Law on Protection
of Consumers' Rights) and evaluation categories
or makes a reference to other regulatory legal
acts.

The practice of foreign states, including
the United States and the European Union
determines the necessary requirements for the
level of environmental friendliness of consumer
products in the legislation [7—16]. Within the
European Union, great importance is attached to
the various directives on product sustainability
and cycling to be followed by member states
[17—21]. To streamline the process of regula-
tion, based on the use of these numerous legal
and political instruments in relation to the same
products or groups of products from the point
of view of their “circularity”, it is necessary to
explore further the interaction between these
instruments.

The evaluation of the effectiveness of state
regulation of product quality is performed,
regulatory and technical criteria to determine
the safety of products are identified. Formal-
legal, comparative-legal methods, the method
of interpretation, allowing to reveal system
communications in legal regulation, regulatory
features of legal acts, law enforcement practice
in Russia and abroad in the sphere of ensuring
environmental safety of production are used.

Ecology and product safety:
state regulation

The social significance of food, its key role
in ensuring that human activity causes an in-
creased interest on the part of the state. The RF
2020 Policy on Healthy Nutrition (the Russian
Federation Government Decree No. 1873-r dated
October 25, 2010) was developed in Russia [22].
Among the main tasks of this document there is
an increase in domestic production of the main
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types of food raw materials which should meet
present-day quality and safety requirements.

Product safety management is carried out
by the state within the framework of technical
regulation. Federal Law No. 184-FZ of Decem-
ber 27,2002 “On Technical Regulation” (further
referred to as FZ No. 184-FZ), Article 2 [23] de-
fines product safety as a condition ruling out the
possibility of inadmissible risk associated with
harm to be caused to individuals’ life or health
while using and operating the goods. This is the
absence of risk to life and health during the op-
eration of goods. Safety of goods is a mandatory
requirement, which is established by the rel-
evant technical regulations. All consumer goods
must have safety as a quality. This is the main
consumer property, and is associated with the
need to determine the levels of safety of goods.
Exceeding the maximum permissible levels of
product safety indicators makes it dangerous
for consumption. This issue is particularly acute
with regard to food.

The world food industry uses a system of
hazard analysis according to established crite-
ria. In particular, Hazard Analysis and Critical
Control Point (HACCP) is an internationally
recognized system used most often and allowing
for controlling the process of food production
and its quality on the basis of hazard criteria.
In general, the HACCP system has developed a
system of management of safety of the produced
food products. Through the system of hazard
analysis at critical points, a technology for the
safety of the products was created. In Russia,
as well in the developed Western countries cur-
rently recognize the Codex Alimentarius, a col-
lection of food standards, guidelines and codes
of practice contributing to the safety and quality
of the food products.

Environmental friendliness of products:
approaches to defining criteria

Criteria for the environmentally friendly
products were defined in the subordinate legisla-
tion act: Order No. 21 of the All-Russia Scientific
Research Institute for Certification of Febru-
ary 17,1992 “Recommendations. Requirements
for environmentally friendly products: standards
and technical conditions. R 50-601-22-92”
(hereinafter —VNIIS Order) [24]. The document
was not published. The order of VNIIS defined
the terms “environmentally safe products” and
“environmentally hazardous products”. The first
included products whose impact on the environ-
ment does not expose it to risk and meets the

established standards and requirements of orga-
nizations that control environmental protection.

The order of VNIIS did not fix what re-
quirements the products must meet in order
to be safe, establishing only that it must meet
the requirements of organizations that control
environmental protection. It is advisable to
talk about the safety rules enshrined in the law.
Environmentally hazardous products, in accor-
dance with the VNIIS Order, are the products
which expose the environment to risk and their
use should be limited due to non-compliance
of their properties and characteristics with the
established environmental safety standards and
requirements. The risk categories are defined
in Federal Law No. 184-FZ dated December 27,
2002 “On Technical Regulation”. Any product
to a certain degree affects the environment [25].

It is worth mentioning that the term “en-
vironmentally friendly product” is not clearly
defined in the legislation and is not scientifically
justified; there is no regulation concerning the
sales and circulation of environmentally friendly
products. This has negatively affected the situa-
tion in regard to the observance of the rights of
consumers who, according to Art. 10 of the Law
on Consumers’ Rights Protection, have the right
to get the necessary and reliable information
about the goods (works, services). Thus, in 2009,
there was adopted an addition to the Resolution
of the Chief Sanitary Inspector of the RF No. 36
of November 14, 2001 “On Implementation
of Sanitary Rules” (hereinafter — Resolution
No. 36) [26] prohibiting the use of the phrase
“environmentally friendly product” in the prod-
uct name and in the information given on the
product packaging not to mislead the consumers.

Resolution No. 36 establishes the basis
for informing consumers of the composition of
products. Along with the term of “environmen-
tally friendly products”, the term “ecological
products” is used as a more neutral one but re-
flecting the position of products in relation to the
environment. The use of the latter term is more
preferable since it does not mislead consumers
about the safety of products.

The terms “environmentally friendly prod-
uct” and “ecological product” are used in the
federal programs and plans aimed at establish-
ing and developing a market for such products,
including the international market. At the same
time, the term *“ecological product” has not re-
ceived wide recognition, and is only used in prod-
uct labeling as well as in the documents defining
plans and forecasts concerning the development
of the market for ecological products.
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The current legislation allows for several
characteristics applicable to the term “ecologi-
cal product”. This may be, firstly, a product
of natural origin, and secondly, a product in
the life cycle of which only environmentally
friendly technologies are used. The term “en-
vironmentally friendly technologies” is used in
the legislation, but it is not clearly defined and
not scientifically justified either.

In a free market, the legislator has signifi-
cantly reduced the degree of public danger for
violations in the field of environmental safety of
products. The onset of administrative responsi-
bility is now possible for non-compliance with
the quality and safety of a particular product.
Only cases of violation of security requirements
will be a criminal offence here. The legislator
thereby tried to create a balance between the in-
terests of producers, without constraining their
entrepreneurial activity by excessive tightening
of responsibility in the field of product safety, and
the interests of the consumer who wants to buy
a quality and safe product for health.

The regulation of purity within the frame-
work of environmental regulations and require-
ments can only provide a level of safety, but not
purity of products. This suggests that the term
“environmental friendliness” should be used in
the system of voluntary certification and label-
ing of products.

The effective regulation of the market for
ecological goods is only possible through a sys-
tematic approach which assumes establishing
the basis for the environmental safety of products
in the environmental legislation and specifying
the criteria for classifying products as ecological.
In addition, it is important to establish a higher
level of voluntary requirements for the produc-
tion processes in relation to certain obligatory
technical regulations. It is the effective develop-
ment of the system for ecological standardization
that can contribute to the production of higher
quality products.

Itis important to establish a higher level of
voluntary requirements for production processes
in relation to mandatory, defined technical
regulations. It is the effective development of
the environmental standardization system that
can contribute to the production of higher qual-
ity products.

Directions of development of legislation
on environmental safety of products

The role of legal regulation of product qual-
ity can be manifested along two lines: specifying

certain requirements for products in techni-
cal and legal provisions; providing with legal
means (guarantees) for manufacturing and
sale of products in accordance with the specified
requirements.

The model of legal regulation of product
safety issues is based on obligatory technical
regulations considered to be the normative
framework. The respective legal regulator of the
production processes is the standard or a system
of standards. It should be noted that the volun-
tary standardization covers issues that are not
regulated by binding legal documents (technical
regulations, standards) [27].

Meanwhile, in developed Western countries,
namely in the United States, an importantrolein
the regulation of the product safety is assigned
to the public. Public and professional associa-
tions actively participate in the development of
standards. Moreover, their participation is not
limited only to the control of the compliance
with the existing regulatory documents but
also includes monitoring the level of rules and
standards, assessing their efficiency on the basis
of current scientific and technological achieve-
ments, so that the needs and requirements of
consumers are fully met [28].

As for further focus areas to achieve the
goals and objectives of the Ecological Doctrine,
one should think of ways of adopting by the legal
system of the Russian Federation of the inter-
national environmental standards which reduce
the anthropogenic load on the environment.
Development of the state environmental policy
isalso associated with ensuring the environment
quality optimal for human life on the basis of
scientifically based and sound management of
economic and environmental interests.

In addition, the development of legislation
should be continued in the sphere of regulating
the environment protection from hazardous
products. We believe that all production process-
es with respect to environmentally hazardous
products, including operation, storage, trans-
portation, sale and reclamation, i. e. all stages
of their life cycle should be regulated.

Some scientists consider it necessary to
ensure the uniformity of legal regulation of the
entire production cycle, which can be possible as
aresult of systematization of the current norma-
tive and regulatory standards. One of the solu-
tions to the problem of regulating the product
life cycle is the development and adoption of the
Technical Regulation Code, which will allow for
concentrating the main directions of economic,
industrial, and technological activity [28]. The
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key task of this kind of systematization of the
normative and regulatory framework should be
achieving an optimal balance between the state
technical regulation and the economic freedom
of producers.

Legislative acts have been adopted in some
constitutive entities of the Russian Federation
(for example, Moscow, the Republic of Bash-
kortostan, Buryatia, Tatarstan, the Krasnodar
Krai and the Krasnoyarsk Krai, the Voronezh,
Kurgan, Kursk and Tomsk regions) which
regulate product safety and quality issues or
some specific issues of food quality and safety.
As one can see from the list, only a few regions
of the Russian Federation pay enough attention
to the regulation of product quality and safety at
the sub-national level. Meanwhile, it is worth
reminding that the issues under consideration
are the issues of joint jurisdiction of the Russian
Federation and its entities, therefore the RF re-
gions should independently develop legislative
acts regulating the product quality and safety
standards in their territories.

Conclusion

To draw a conclusion, the present study
analyses current problems in the sphere of en-
suring the environmental safety of consumer
products in the Russian Federation and suggests
measures to improve the mechanism for regulat-
ing environmental safety and quality issues in
the sphere of consumption.

The successful implementation of the sug-
gested measures will assist the implementation
of the state environmental policy in the field of
healthy public nutrition and increase the effec-
tiveness of legal regulation of public relations
in the field of safety and quality of consumer
products.
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A problem of providing the resource-ecological safety, increase of efficiency of the naturally-economic potential use
of territory is one of priority for every region of Ukraine. At the same time, formation of an efficient market economy in the
regions requires solution of the problems between the goals of the social and economic system development and negative
effects of its impact on the environment with considering the influence of destabilizing factors. In this aspect, forming
new comprehensive approaches to ensuring resource and environmental safety in the region and creating strategies for
improving primary and secondary resources management based on economic models and mechanisms are becoming a
priority in regional development.

Therefore in the article there are worked out and scientifically justified the methodological principles of estimation
of resource-ecological safety in the region. They consist in the calculation of three-component index that takes into ac-
count ecological safety of regional economy, level of ecological risk on the basis of a priori choice of model of relations
“man-environment”, and level of resources proceeding in the region. These approaches are based on developing an in-
novative methodology for regional social and economic system development, that ensures prevention of ecosystems and
human health deterioration while improving social and economic conditions of a given system through a mechanism of
more efficient use of natural and economic potential of the area.

The methodological basis of the study were the results of basic and applied research in the field of physical economy,
ecological economics, of the concept of sustainable development. Methodological-theoretical basis of organizing resource-
ecological safety of the region is based on integration of ecologic, economic, technological and social imperatives.
Economic-mathematic model of resource-ecological safety management and approaches of optimal management strategies
determination and their implementation mechanisms are proposed. The results of research allowed to form conceptual
principles of providing the resource-ecological safety in the regions of Ukraine, oriented to the increase of efficiency of
territory naturally-economic potential use on the basis of solid wastes capitalization and minimization of their nega-
tive influence. The methodical base of risks diagnostics of regional resource-ecological safety management system and
evaluation of its efficiency are worked out. Practical importance of work consists in optimization of strategy of providing
the resource-ecological safety in a region, realization of that will allow: to improve competitiveness of region; to get an
additional profit from secondary resources; to save primary resources and improve their quality; to turn contaminated
lands in economic turnover of region; to decrease a risk to the health of population from negative influence of wastes; to
ensure the preservation and resumption of the natural environment of the region.

Keywords: resource-ecological safety, region, secondary resources, solid wastes.
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Mpob6nema 06ecneyeHNss pecypcHO-3KOM0rMYeCKON 6e30MacHOCTA, NOBbILLIEHNSA 3heKTUBHOCTM UCMONb30BaHUS
€CTECTBEHHO-3KOHOMMYECKOT0 NMOTEHLMaNa TEPPUTOPUN SIBNISIETCS OAHOM 13 MPUOPUTETHBIX [J151 K&XKAOT0 PErMOHA YKPanHbI.
B 3Tom acnekTte (hopMMpoBaHMe pPermoHasibHbIX MOAXO0A0B K 06ecneveHmo PeCypCHOM 1 3KOMIOrMYECKoi 6e30MmacHoOCT
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B PErvoHe 1 pa3paboTKa cTpaTernii CoBepLUEHCTBOBAHMSA YNpPaBieHMs NePBUYHBLIMU 1 BTOPUYHBIMI PECYpCcaMmy Ha OCHOBE
3KOHOMMYECKMX MOJENEl 1 MEXaHWU3MOB CTAaHOBSITCS MPUOPUTETHLIMU B PErMOHA/IbHOM Pa3BUTUN.

MoaTomy B cTaTbe pa3paboTaH M Hay4yHO 060CHOBAH TEOPETMKO-METOLO/OMMYECKNIA MOAXOA K OLEHKE YPOBHS
PecypCcHO-3K0/I0MMYeCKOM 6e30MacHOCTV PErMoHOB B CUCTEME YCTOMUYMBOIO Pa3BUTMS, KOTOPbIV 3aK/04aeTCs B pacyéTe
TPEXKOMMOHEHTHOIO MOKasaTensi U y4ynTblBaeT YPOBEHb 3KO/OMMUYECKON 6e30MacHOCTY 3KOHOMUKWN PernmoHa, YpoBeHb
3KO/I0TMYECKOr0 PUCKa 3[0POBbI0 HACENEHWsT HA OCHOBE arnpuUopHOro BbiIGopa MoAenn, KoTopas oTobpaxkaeT pasHble
B3aMMO03aBMCUMOCTM B CUCTEME OTHOLLUEHWUI «4enoBeK-cpesa», YPOBEHb PECYPCOCOEPEXKEHNST U pecypco3ameLleHmne
B pervioHe. Pa3paboTaHbl TEOPETUKO-METOAONOrMHECKIUE MOAXOAbI K HOPMMPOBaHMIO PECYPCHO-3KO/0rMYeCKoi 6e3omacHoc-
TV perroHa Ha NpPUHLMNAx COYeTaHUSI IKOMOrMUYECKUX, IKOHOMUYECKMX, TEXHOMOTMYECKUX U COLMa/IbHBIX MMMEPATVBOB.
PaspaboTaHa MaTeMaTyeckasi Mofe/lb YpaBneHUsi PeCYPCHO-3KO0/I0MMYeCKOo 6e30MacHOCTbIO 1 MOAXOAbI K OMNpeaesieHo
ONTUMa/IbHbIX YMpaB/eHYeCKNX CTpaTernii U MEXaHU3MOB X peain3auum Ha PermoHaibHOM YPOBHe. MeTO010rMYecKoii
OCHOBOV UCCNeoBaHNA CTan pesynbTatbl PyHAAMEHTaIbHbIX M NPUKIAAHbIX UCCeL0BaHUA B 0Tpacav (rn3nyecKom
1 3KOOTNYECKOV 3KOHOMMKM, MOSIOXKEHNE KOHLIENLUN YCTOMUYMBOIO pa3BUTUSA. MonyyeHHble pe3ynbTaTbl UCCef0BaHMS
No3BO/INAM CHOPMUPOBATL KOHLLEMTYasIbHbIE MPUHLMIMLI 06eCneHeHs peCyPCHO-3KOM0rMYecKoli 6e30MacHOCTY PErMoHoB
YKpaunHbl, OpUEHTMPOBAHHbIX Ha MOBbILLEHNE 3DNEKTUBHOCTM UCTMO/b30BaHNS ECTECTBEHHO-3KOHOMUYECKOT0 MOTeHLMana
TEPPUTOPUN, PECYPCOCOEPEXKEHNS U PECYPCO3aMELLIEH NS HA OCHOBE KanuTann3aLmm TBEPAbIX 0TX0A0B Y MUHUMU3ALMN X
HeraTMBHOro BANSIHUS. [MonyYeHHble pe3y bTaTbl UCCeA0BaHUS MO3BONM CHOPMMPOBATL KOHLENTYalbHbIE MPUHLMMbI
obecrneyveHNs pecypcHO-3KOIOrMYecKoli 6e30MacHOCTM PErMOHOB YKparHbl, OPUEHTUPOBAHHbIX Ha pecypcocbeperkeHmne
1 MOBbILLEHNE 3PhHeKTUBHOCTM UCMONb30BAHWS ECTECTBEHHO-3KOHOMMYECKOrO NoTeHLmana Tepputopun. MNpakTmnyeckas
3HAUYMMOCTb PaboTbl 3aK/IOYAETCA B ONTUMM3ALMM CTPaTErMN 06ecrneyeHns pecypcHO-3KOM0rMYeCKO 6e30MnacHoOCTU
B PernoHe, peasmsaunsi KOTOPO NO3BOMUT YNYULLNTb KOHKYPEHTOCMOCOGHOCTb PErMoHa; Nofy4unTb LOMOMHUTENbHBbIT
[0XO/ OT BTOPUYHbIX PECYPCOB; COXPaHWTb MEPBUYHbIE PECYPChI U YAYULLIUTL UX KaYeCTBO; YMEHbLUNTb PUCK 340POBbLIO
HaceneHNs1 0T HEraTMBHOIO B/USIHUS OTXO/0B; 06ECMEeUnNTb COXPaHEHWNE 1 BO30GHOB/IEHNE OKPY>KaIOLLIEN eCTECTBEHHOW
cpefbl pernoHa, ecTeCTBEHHOr0 COCTOSTHNS 3KOCUCTEM.

KntoueBble C/10Ba: PecypcHO-3KoIornyeckasi 6e3onacHoOCTb, PErvoH, BTOPUYHbIE PECYPCbI, TBEP/bIE OTXOAbI.

Modern society is characterized by contra-
diction of two interrelated processes —economic
growth and limited assimilation properties of
biosphere. The previous conceptual basis of the
economy and development of society has been
exhausted, and the use of traditional methods to
achieve the objectives is unacceptable for solv-
ing new problems of environmental protection.
Changing the social development paradigm to an
eco-oriented one should promote the harmoni-
ous and environmentally sound socio-economic
development of society, preservation of the envi-
ronment and natural resources. In this context
methodological research on resource and envi-
ronmental safety should be multidisciplinary
and include elements of the theory that define
the purpose of applied research: systemic, syn-
ergistic, strategic, targeted, value and functional
approaches.

The problem of ensuring resource and en-
vironmental safety and more efficient use of
natural and economic potential of the area is a
priority for each region of Ukraine. According
to the natural resource intensity index, which
is an integrated indicator of energy and water
consumption and airborne emissions hazard, etc.
(for Ukraine it makes 8.7), Ukraine is ahead of
such countries as Russia, Moldova, Poland and
EU-members (this index is equal to 1.0 world-
wide) [1].

The formation of an effective market
economy in the regions of Ukraine requires a
comprehensive solution of problems between the

goals of the social and economic system devel-
opment and negative effects of its impact on the
environment, taking into account the influence
of destabilizing factors.

In this aspect, forming new comprehen-
sive approaches to ensuring resource and en-
vironmental safety in the region and creating
strategies for improving primary and secondary
resources management based on economic mod-
els and mechanisms are becoming a priority in
regional development.

Many researchers have made a great con-
tribution to the development of theoretical
and methodological framework of a balanced
development of the regions [2—9]. The works
of V. Vernadskyi, A. Klymenko, L. Melnyk,
J.Odum, S. Podolinskyi, N. Reimers, M. Ruden-
ko, J. Forester and other scientists are dedicated
to fundamental studies of interaction between a
society and nature.

The issues for further scientific research still
involve a problem of forming comprehensive ap-
proaches to ensure resource and environmental
safety of the regions. These approaches are based
on developing an innovative methodology for
regional social and economic system develop-
ment, that ensures prevention of ecosystems
and human health deterioration while improv-
ing social and economic conditions of a given
system through a mechanism of more efficient
use of natural and economic potential of the area.

The aim of our research was to develop
and to scientifically substantiate theoretical
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and methodological approach in relation to the
estimation of resource-ecological safety in the
regions, on the basis of that to form conceptual
principles of providing the resource-ecological
safety in the regions of Ukraine, oriented to the
increase of efficiency of the territory naturally-
economic potential use on the basis of solid
wastes capitalization and minimization of their
negative influence.

Problem definition: to develop and to sci-
entifically substantiate a conceptual framework
for ensuring resource and environmental safety
of the Poltava region, that includes theoretical-
methodological approach to strategy optimiza-
tion for ensuring resource and environmental
safety and scientific-methodological principles
for choosing measures for ensuring resource
and environmental safety in the Poltava region.

Description of the main
materials of research

Resource and environmental safety of the
region is a state of a regional natural and social
and economic system that ensures prevention
of ecosystems and human health deterioration
while improving social and economic conditions
of a given system (minimum entropy) consider-
ing the influence of destabilizing resource and
environmental hazards of external and internal
environments through a mechanism of more ef-
ficient use of natural and economic potential of
the area, which is focused on resource preserva-
tion and substitution.

According to the theory of ecosystems safety
and taking into account the influence of social
and economic factors thereon [10], a theoretical
and methodological approach to assessing the
level of the resource and environmental safety of
the regions has been developed. This approach
is to calculate a three-component index taking
into account a level of environmental safety of the
region’s economy (P), a level of environmental
risk to the health of population (M) and a level
of resource preservation and resource restoration
in the region (W):

K=[(P, M, W) )
PM, W—1,ifP,SW=P S W _

P’ M, W_) 0’ if P) S’ W< owj’ suff suff

where P M_ . W
; suff’ suff’ suff
indexes P, M, W.

Constituents of three-component index in
relation to resource-ecological strength of region

security it is suggested to determine so:

— sufficient value of

Calculation of the index of the regional econ-
omy environmental safety as a total economic
loss for contamination of environment from the
technogenic loading in a region on authorial
methodology [11], the results of calculation
of that allowed to define near-term strategy to
direction of improvement of the system ecologi-
cally safe development in Poltava region.

The estimation of risk to the health of
population that may be carried out by means of
authorial model that represents various inter-
dependencies in the system of relations “man-
environment:

Z=542+12.8G—0,112D + 0, 144E
E=42,4+8,2F+17,5H— 1,4C )
C=21,45+ 1,45M.

In these equations the index of morbidity of
population (%), as a basic indicator of ecologi-
cal risk, is examined as a function from social-
ecological-economic factors that have direct
influence on a health of population: influence
of contamination of the ground cover (&) as
sources of food products, degree of satisfaction
of requirements in services of health protection
(D) and level of ecological danger of regional
economy (F). The level of ecological danger of
regional economy () is conditioned by social-
ecological factors, namely by side effects from
the production of contamination of atmosphere
(F) and hydrosphere (H), by the level of “social
trouble” in the region (), determining from one
side potential possibilities on the improvement of
environment, and from other side it is observed
to circulating connection: level of morbidity
(2) in much why determines the level of “social
trouble” in a region, so as higher morbidity
provokes the greater amount of the lost work-
ing days and worsening of material terms. On
the basis of economic-mathematical model (2)
the estimation of ecological risk in the Poltava
region (Fig. 1) is conducted (Fig. 1).

The indicator of resource saving in the re-
gion includes the following components: energy
intensity of solid waste management in the
region [11]; economic efficiency of the use of
secondary resources in a region [12]; economic
efficiency of the use of bioenergetic potential
in aregion [13]; an estimation of risk of health
of population from the existent system of solid
wastes handling [14].

Eight values of three-component index
of estimation of resource-ecological regional
security are possible in theory, that corresponds
to 4 zones presented on Figure 2.

139

TeopeTunyeckas 1 npuknagHas skonorus. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2




COUNATIBHAA 3KOJTOI A

140

Integral factor, unit

2.5 1
w
=5
w
g 9 2020
= L 4
g 2016,
z 2014 2017
2 2013 2015
g 2011 ¢ ¢
£ 215 > 2012
=z £ 2010 «
g & 2009 «
o .
=2 2008 2007
: —
=5 1 < * 2006
S & 2005
=
<5}
=
<
R=|
0.5 1
2
E
0
0 0.5 1 1.5 2 2.5 3 3.5

Fig. 1. Estimation (2005—2017) and forecast of ecological risk (until 2020) for the Poltava region
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Fig. 2. Zones of resource-ecological safety of region

Zone of absolute
resource-ecological
safety of region

Zone of acceptable
resource-ecological
safety of region

Zone of  shaky
resource-ecological
safety to the region

Zone of
impermissible
resource-ecological
safety of region

Based on the author’s methodology for  Thisapproach should include the following com-
identifying danger and for defining resource- ponents: identification of danger and definition
environmental safety zones, an integrated of resource-environmental security zones; scien-
approach has been developed to ensure the tificand methodological principles for the selec-
resource-environmental security of the region.  tion of measures to ensure a sufficient level of
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index are at sufficient level, that is why a region must engage in its to mainiain a sufficient level of RES,
strengthening (increasing the volume of utilization of material control over the results of acfivities
and energy wastes, finding new sources of resource security, and prevent the emergence of
improving the quality of primary resources). possible threats

Strategy is strengthening. Provides
measures to streni'fhen one of the
indicators of the three-component
indicator of the regional economic
zone, whose value is insufficient.

Zone of acceptable RES of region. One component of the three-
component indicator is insufficient. Existing deviations can
be detected through in-depth research.

is insufficient in two constituents. Existing deviations can be Implementation of a strategy to
detected by performing in-depth studies and, based on the data improve the ;ystem Ofgy
e

. o - environmentally safe development.
received, take measures to eliminate an existing problem. x5d &

Zone of inadmissible RES of region. The level of RES is
insufficiently reviewed for the three components of the three-
component indicator. In this case, the region must first solve the
issue of ensuring the safety of the environment.

Strategy - changes. Provides for
changes in all directions
of the region's development

Zone of shaky RES to the region. The level of economic security [j Strategy - ad]aptation.

S~

3. Correction and reconciliation of decisions

Ensuring the resource-ecological safety of the region

Fig. 3. Methodological principles of providing of resource-ecological safety (RES) in the region
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economic security, based on the optimization of
economic models; adjustment and concordance
of decisions on the basis of an integral model of
development of the economical-ecological sys-
tems of the use of naturally-economic potential
of region (Fig. 3).

In general, implementation of this ideology
of rational solutions making in developing a
strategy of the environmentally safe and eco-
nomically effective development of the regions
assumes the use of a set of specific scientific
and methodological approaches, among which
one should primarily distinguish: a scenario
approach when developing possible strategy op-
tions for the environmentally safe development
of the region; studying of business plans of the
most effective projects of production develop-
ment and use of resources, the implementation
of which is substantiated by both the perspective
of estimating an expected economical efficiency
and by ensuring the RES of the region.

Conclusion

The article developed a theoretical and
methodological approach to assessing the level
of resource-ecological security of regions in the
system of sustainable development. This ap-
proach is based on calculating a three-compo-
nent indicator that takes into account the level of
ecological security of the regional economy, the
level of environmental risk to public health based
on an a priori choice of model reflecting various
interdependencies in the system relations “man-
environment” and the level of resource saving
and restoration in the region.
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CTaTUCTUYECKNE METO/Ibl aHA/IN3a B3aNUMOCBS3Y
KayecTBa aTMOC(epHOro Bo3yXa 1 COCTOSIHMSA 3[10POBbS
[eTCKoro HaceneHms KrnpoBcKoii 0651acTu

© 2019. C. . KanuHwuH, a. n. H., npodeccop, C. L. Toponosa, aCCUCTEHT,
BATCKUMIA rocyaapCcTBeHHbIN YHUBEPCUTET,

610000, Poccus, r. Knpos, yn. MockoBcKkas, 4. 36,

e-mail: kalinin_gu@mail.ru, svetori82@mail.ru

HacTosiLLiee nccnefoBaHMe peaM30BaHo C Lie/bio OLIeHKM BK1aa 3arpsi3HeHUsi aTMOCepHOro Bo3ayxa B (DOpMUpOBaHue
AEeTCKOM 3a601eBaeMoCTV Ha Tepputoprmn KnpoBckoii 061acTu. Ha ocHoBe OLeHKM 06/1acTHbIX NokasaTenei ycTaHOBNEHO
Ha/IM4me CTaTUCTUYECKM 3HAUYMMBbIX CBS3eli MeXay BblopocaMun B aTMoctepy YrieBoAopoAOB, NETYUMX OpraHUYeCcKmnx
COELMHEHWU 1 NepBUYHOM 3a60/1€BaEMOCTbIO JETCKOro HaceneHns 061acT 601e3HAMU OpraHoB AbixaHus. B pesynbtate
aHasm3a CTaTMCTMYECKMX MoKasaTenell Ha ypoBHE MyHULMNaNbHbIX 06pa3oBaHMii 060CHOBAHO Ha/IMUMe CTaTUCTUYECKN
3HAYMMOro BK/afia BbIGPOCOB 3arpsA3HSIOLLMX BELLECTB OT CTaLMOHAPHbIX UCTOYHUKOB 3arpsi3HeHUs1 B BOSHUKHOBEHVE
3a60/1eBaHNIA IeTCKOr0 HaceNeHNst permoHa oCTPbIMU MHMEKLMAMY BEPXHUX [blXaTe/bHbIX MyTeli. MaTemaTtuyeckoe
MOJeNMpoBaHMe OCYLLECTBASNOCH C MOMOLLbI0 PErPeCCUOHHON0 aHam3a Mo naHenbHbIM AaHHbIM, NPeACTaBAAOLLIErO
BO3MOXXHOCTb aHa/IM3MPOBATb NHAVBAYaNbHBIE OT/INYMS U3YHaeMblX 06 bEKTOB, Hero He/b3si CieNaTh B paMKax CTaHAapTHbIX
PEerpeccuoHHbIX mMogenein. OnpegeneHo, YTO PerpeccMoHHas Mogesnb ¢ (BMKCMpPOBaHHbIMU 3hdeKTammn obecreynBaeT
nosilyyeHve 060CHOBaHHOI0 BapyaHTa MOAENMPOBaHMS.

KtoueBble crioBa: KOPPensiLiMOHHO-PerpecCUOHHbI aHaU3, PErpecCoHHbIE MOAEN, NMaHesbHbIE AaHHbIe, KNacTepHbIi
aHanms.

Statistical methods for analyzing the correlatio
between air quality and the state of
children’s health in the Kirov region

© 2019. S. I. Kalinin S. |. Toropova

ORCID: 0000-0001-5439-9414" ORCID: 0000-0003-0533-5654"

Vyatka State University,
36, Moskovskay St., Kirov, Russia, 610000,
e-mail: kalinin_gu@mail.ru, svetori82@mail.ru

The aim of this study is to assess the contribution of atmospheric air pollution to the formation of childhood morbidity
in the Kirov region. Statistically significant interaction of air emissions of hydrocarbons, volatile organic compounds
and the primary incidence of respiratory diseases among the children of the region has been established on the base of
the regional indicators assessment. The analysis of statistical indicators at the municipal level showed the presence of a
statistically significant contribution of pollutant emissions from stationary pollution sources to the occurrence of diseases
of the children of the region by acute upper respiratory tract infections. Mathematical modeling was carried out with the
help of regression analysis based on panel data, which makes it possible taking into account the spatial and temporal
structure of the analyzed statistical data, what cannot be done using standard regression models. The multidimensional
classification of the regions of the Kirov region in terms of the level of atmospheric pollution by means of cluster analysis
into four groups preceded the implementation of the panel data analysis. Using Fisher, Breusch-Pagan and Hausman
tests, it is determined that the regression model with fixed effects provides a justified version of the simulation.

Asimilar research devoted to the correlation between the prevalence of diseases of the respiratory system, digestion,
skin and subcutaneous tissue, the genitourinary system, infectious and parasitic diseases, the musculoskeletal system
and connective tissue, the eye and its adnexa in the adult population of the Kirov region and the amount of pollutants
released into the atmosphere doesn’t show statistically significant interrelations.

Keywords: correlation and regression analysis, regression models from panel data, cluster analysis.
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CornacHo Knaccugukaynm BecemmpHom
opraHusauuun 3apaBooXpaHeHnsi, BTOPoe MeCTo
cpean (HaKTopoB, OKa3blBAKLLUX BAVSAHME Ha
npoLecc hopMMpPoBaHUA 340POBbSA HacesleHUs,
noc/e counaibHO-3KOHOMUYECKMX NoKasaresei
NPUHALNEXUT 3KONOrMYeCKUM (haKTopam, 1n
COCTOSIHMIO OKpY>KatoLLen cpeabl [1]. VimeeTcs
06LUMPHOE KOMNYECTBO CepbE3HbIX MUCCeaoBa-
HWIA MO 3KOMOTUN N MefULIMHE, NMOCBALLEHHbIX
N3YYEHUIO JAaHHOW 3aBMCUMOCTU, CYLLLECTBEH-
HOe MeCTO CpeAn KOTOPbIX 3aHMMatoT paboThbl
Mo aHa/IM3y 3KO/10r03aBUCUMbIX 3a60/1eBaHUN,
B TOM ymcne 60ne3Her opraHoB abixaHuns (60L)
[1—6]. Ocobyto 06eCNOKOEHHOCTb aBTOPOB Bbl-
3bIBaeT 3a60/1eBaEMOCTb JETCKOro HaceleHNs Kak
NHAMKATOpa 3KOM0rMYecKn HebnarononyyHoro
COCTOSIHUS BO3YLLUHOW cpefpbl [2—4, 6].

B cooTtBeTCcTBUN C 0OPULMaIbHBIMWA AaHHbI-
MU [7] Harbonee YacTor NPUUNHOWM NEPBUYHOA
3a60/1eBaeMOCTM BCEX KaTeropui HaceneHus
PernoHa, B TOM YMc/ie AeTCKOro, Ha MPOTSXKEHUN
HECKO/IbKUX NOC/IeAHNX JECATUNETUIA ABNSAKOTCA
BO/. CneposatesibHO, Npobnema BIUSHNA Kade-
CTBa aTMOC(epHOro Bo3ayxa Ha 3a60/1eBaeMoCTb
HaceNeHUsa npeacTaBNsAeTCs aKTyalbHOM Ans
XuTener obnactu.

OAHUM N3 BaXXHENLINX MHCTPYMEHTOB
N3yYeHNs paccMaTpuBaeMblX 3aBUCUMOCTEN
BbICTYMNaeT MaTemMaTU4yecKuin annapar, B 4acT-
HOCTM MaTeMaTU4yeCcKoe MOLeIMpoBaHue 1 cTa-
TUCTUYECKWNI aHa/IN3 laHHbIX. B CBA3K C TeM, UTO
MHOrVe XapaKTepUCTUKM OKpY>KaroLeln cpelbl
N nokKasaTeNn 340P0BbSA HaceNeHUs ABNSKTCA
HernpepbIBHbIMW KO/IMYECTBEHHLIMU NEPEMEH-
HbIMW, AN NX OLEHKU MPUMEHSIOTCA METOAbI
KOPpPensiLNOHHO-perpeccMoHHoro aHanunsa [3].

He meHee Ba>KHOV 3afayeid, peLiaemoi Me-
TOAaMM MaTeMaTMYEeCKOW CTaTUCTKU, ABASETCA
3aaya Knaccumkaumm 06 beKTOB U UX TPy Nnu-
pOBKa Mo C/efyLwmnm npuumHamM. Bo-nepsbix,
CYLLLeCTBYIOT MHOIOYMUC/IEHHbIE UCCNeL0BaHWA,
aBTOpPbl KOTOPbIX AenalT 060CHOBaHHbIW Bbl-
BOZ O TOM, YTO OLeHKa B3aMMOCBSA3N (DaKTOPOB
OKpY>KaloLLel cpefbl U COCTOSAHUSA 3[0POBbS
HaceseHNs AO/MKHA OCYLLLECTBAATLCA C YUETOM
KOHKpeTHOW Tepputopuu [3—5]. B Tex cnyyasx,
KOrja nuccnefoBaHme 0xBaTblBaeT, Hanpumep,
thefepanbHbIi OKpPYT, Liefecoobpa3Ho pac-
npegeneHne TEPPUTOPUIA Ha Fpynnbl, Xapak-
TepU3yoLLNeCs OAHOTUMHbLIMK MOKa3aTensMU.
Bo-BTOpPbIX, O4HON M3 CYLLIECTBEHHbIX NPO6eMm,
BO3HUKAKOLLMX B NOJO6HbLIX UCCNef0BaHUSAX, AB-
NsieTcA HeobXo4MMOCTb YYETa 0HOBPEMEHHOIO
BO3/elCTBMA OTPOMHbIX MacCuBOB (PaKTOPOB
pa3HOW CUMbl, UHTEHCUBHOCTU U MPUPOLbI.
B cBS13U C TEM, YTO aHaIN3 MOZENN, COAepPXKaLLLei

[EeCATKN U COTHW NepeMeHHbIX, 3aTpyaHUTe-
JIeH, LleN1eco0bpa3HO YMEHbLIUTL Pa3MepHOCTb
MHOXECTBa UCXOAHbIX JaHHbIX U OCTaBUTb U3
HUX NPUOPUTETHbIE FPYIMbI.

0O630p Hay4YHbIX UCCNefoBaHUIA CBULETE b
CTBYET O TOM, YTO GO/BLUMHCTBO U3 HUX MOXKET
ObITb OTHECEHO K OHOMY M3 IBYX HanpaBieHWNIA:
n3yyeHne BpeMeHHbIX pAaoB (ctatuctnye-
CKUX nokasaTtesei onpefenéHHoOM TeppuTopmun
B pa3Hble MOMEHTbI BPEMEHW) WX NPOCTPaH-
CTBEHHbIX COBOKYMHOCTeM (MHhopmaLmm B PUK-
CMPOBaHHbIA MOMEHT BPEMEHWN Ha Pa3/INYHbIX
Tepputopusax). NMpaKTUYecKn OTCYTCTBYHOT
paboTbl, peann3ytoLine 04HOBPEMEHHO aHaIN3
Nno BpPeMeHM 1 B NPOCTpaHCTBe. MOXXHO Bbl-
nenutb uccnegosarHuve [3], B KOTOPOM ONKUCaHO
HECKO/IbKO TUMOB PerpecCUOHHbIX MOAene,
OTpakalLmX BNNAHME (PaKTOPOB BO3AYLLHOI0
bacceliHa Ha pacnpocTpaHeHne 6O/ HaceneHus
B 3aBMCUMOCTM OT BUOKINMATUYECKIMX 30H Mpn-
MOPCKOro kpas 3a 2000—2013 rr.

MocTpoeHWe 04HO MOAENN, COBMELLAIOLLIEN
B cebe NPOCTPaHCTBEHHbIE U BPEMEHHbIE PALbI
N coyeTaroLlel JOCTOMHCTBA KaXK4oro 13 atnux
BUAOB [aHHbIX, NpejycMmatpueaeTt annapar
perpeccUoHHOro aHann3a rnaHenbHbIX JaHHbIX.
Bcnegcteue cBoeli cneumanbHOM CTPYKTYpPbI
[aHHble 3TOro TMna obecne4ymBatoT NOCTPoOeE-
Hue 6osiee afileKBaTHbLIX N COLep>KaTeslbHbIX
mMaTemMaTU4eCcKUX Mojenei ¢ Lenblo U3yvyeHns
NPUYNHHO-CNEACTBEHHOM CBA3M MeXay (haK-
Topamu [9—11].

Llenb HacTosILLEero nccrefoBaHus — yCcTaHo-
BUTb HA/INYME CTAaTUCTUYECKM 3HAUMMOr0 BK1aja
3arpsi3HuTeneii atMochepHoro Bo3gyxa Kupos-
CKOW 061acTn B hopMmpoBaHme 3a60/1eBaeMOCTU
[leTCKOro HaceneHusa pervoHa O/, Ha ocHoBe
MoZenen naHesbHbIX faHHbIX, YYUTbIBAOLLMX
NPOCTPAHCTBEHHYIO M BPEMEHHYIO CTPYKTYpY
NMEKLLMXCSA pe3ynbTaTtoB MOHUTOPUHTA.

O6bEeKTbI U METOAbI

Ob6beKTamu mccrefoBaHUsA ABAAMUCH CTa-
TUCTUYECKME AaHHble, ONyb6/IMKOBaHHbIe Ha
ohmumanbHbIX caitax npasuTenscTBa Kupos-
cKoW obnacTtu, PocnoTpebHag3opa, PoccraTa
1 Knposctarta 3a 2002—2017 rr.

Ha ypoBHe KupoBcKoi 06nactu ans ycra-
HOBJ/IEHMS1 BO3MOXXHOW CBA3M KayecTBa aTMocC-
(bepHOro Bo3gyxa v 3a60/1€eBaeMOCTU LETCKOro
HaceneHna BO/Jl B KavecTBe mUccnegyemMblx
(OYHKUWUI BblNM cOCTaBNEHbl N NpoaHaNnU3n-
poBaHbl PerpeccuoHHbIe MOAENN C MOMOLLbIO
nporpammMbl MS Excel. Lienbto nccnegosaHns Ha
YPOBHE paioHoB KnMpoBCKoM 061acTn SABUIOCH
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n3yyeHne BKNaja OTAe/IbHbIX 3arpsA3HUTENEN
B (hopmumpoBaHue 3a60/1eBaeMOCTN JETCKOro
HacesleHNA OCTPbIMU UHPEKLNSAMUN BEPXHUX
AblXaTe/ibHbIX NyTel C UCMONb30BaHUEM MOfe-
neli NaHeNbHbIX JaHHbIX, NapaMeTpbl KOTOPbIX
OblIM OLeHEHbI NOCPeLCTBOM nporpammbl Gretl.

MpUHATO BbIAENATb TPU TUNA PErPECCUOH-
HbIX MOZe/iell No NaHeIbHbIM JaHHbIM: 06beu-
HEHHas Mofenb (MOAeNb CKBO3HOW perpeccuu,
pooled model), mogenb ¢ YUKCUPOBAHHbLIMW
atpcpexTamm (fixed effects model, FEM), mogenb
CO cnyyvarHbIMK athpekTamm (random effects
model, REM) [9—11]. MNpeacTaBUM faHHble
mMogenu.

O6beanHEHHAsI MOAE/b eCTb 06bIUHANA NU-
HeliHas MofeNnb perpeccun, oHa (PakKTUYecKun
He YUYUTbIBAET NaHeIbHY0 CTPYKTYPY AaHHbIX,
B YaCTHOCTU MHAMBUAYa/bHble pa3inyunsa
M3yyaeMbliX 0OBbEKTOB. YUET YNOMUHAEMbIX
NHANBUAYa/IbHBIX pa3nnynii npegycmaTpmsaeT
MOZeNb C PUKCUPOBaAHHbIMU 3hheKTamMun 3a
CYET BK/IHOUYEHUSA B ypaBHeHMe perpeccun N
(PUKTMBHbIX NepemMeHHbIX, rae N — Koim4yecTso
006BbeKTOB uccnegoBaHnsa. CuymtaeTcs uene-
co06pa3HbIM UCMO/Ib30BaHMe MOLeNN C (PUK-
CMPOBaHHbIMK 3dhheKTamu, ecnn BblbMpaeTcs
YHUKaNbHbIA Habop N perMoHoB cTpaHbl, N
MYHMUMNa/IbHbIX 06pa3oBaHnii onpeLenéHHON
agMUHUCTPATUBHOM Tepputopumn 1 T. n. [12].
Mogenb perpeccum co ciy4vaiHbiMy athheKTamm
OCHOBaHa Ha MpeAnosIoXKeHUM 0 CyYanHOM
Bbl6ope N 06bEKTOB U3 HEKOTOPOW reHepaslb-
HOW COBOKYMHOCTW.

MaHenbHbIN aHaNn3 faHHbIX NpeacTaB/ieH
B Ny6nmKaunax, NocBALWEHHbIX COBPEMEH-
HbIM MCC/efoBaHMAM B 06/1aCTU MegULUHDI
n akonorun. Hanpumep, uenbio pabotbl [12]
SIBMU/1acb OLleHKa couMaibHO-3KOHOMUYECKMX
N 3KOSTIOTMYECKMX (PaKTOPOB Ha PernoHasibHble
pemorpadurnyeckune npoueccol B P®. B Hém
o60cHOBaHa afleKBaTHOCTb MOAeNn ¢ (OUKCUPOo-
BaHHbIMU ahpekTamn. B nccnegosaHum [13]
npeactaBfieH aHaN3 06bIYHbIX PerpecCUOHHbIX
MOZENen N perpeccnoHHbIX Mogesne no naHe b-
HbIM JaHHbIM, PACCMOTPEHbI UX CXOACTBA U pas-
JINYUS, HeJoCTaTKM N NpenmyLLecTsa. B faHHOM
NCTOYHWKE MPUBeLeHbl NPUMepbl NaHeNbHbIX
nccnefoBaHUM N3 0TEHECTBEHHO U 3apy6eXKHOM
NTeparypsbl Mo MeguLnHe.

B HacTosilem uccnefoBaHUN peannsaunm
naHeNbHOro aHanM3a JaHHbIX NpeLecTBO-
Basla MHOroMepHasa Knaccuukauus panoHoB
KupoBckoli 061acT No YPOBHIO 3arpsi3HeHUS
atmocepbl CpecTBaMM K1acTePHOro aHann3a
C NPUMeHeHMeM NnakeTa NPUKIagHbIX NporpaMm
Statistica 12.0 MeTof0M k-CpefHUX.

Pe3ynbTatbl 1 06CY>XXAeHNe

B npoviecce peani3amm nocTaBieHHON Lienn
nccnefosaHA hopmynmpoBanacb nocnefosa-
TeNIbHOCTb B3aMMOCBSI3aHHbIX 3afay, peLleHue
KOTOPbIX OCYLLLECTB/SA/IOCH MO3TaMHO.

Ha nepsom amane modenuposaiina 3a8BUCUMO-
CTel «3arps3HeHne aTMOCHePHOr 0 Bo3ayxa — 3/10-
POBbLE AETCKOr0 Hace/IeHNS» MPOBOANIICSA HayUHO
060CHOBaHHbIV 0TOOP (PaKTOPOB B MOAE/b. Bbinn
yuTeHbl UMetoLLMEeCH B OTKPbITOM AOCTYMe CTaTu-
CTUYECKME AaHHbIe, P uccnegosaHnia [1, 5, 6],
Ha/In4me TECHOM CBA3M (DaKTOPOB C 3aBUCUMbIMMN
nepeMeHHbIMU 1 cnaboi KoppennmpoBaHHOCTH
APYT C pyrom. B pe3ynbTtarte B KauecTBe UCCeay-
eMbIX (DYHKLW 6b1/IM 0TO6paHbI i, — NepBrYHas
3aboneBaemocTb BO/, geTckoro HaceneHns Ku-
poBcKoii 0bnacTu (Ha 1000 uen.) ny, — 3a6one-
BaeMOCTb [IETCKOr0 Hace/leHNs parioHOB 061acTu
OCTPbIMU VH(EKLMSAMU BEPXHUX AbIXaTeSIbHbIX
nytein (Ha 100 TbIC. Yen.); B YACNO He3aBUCK-
MbIX MepPeMeHHbIX 6bl/IM BK/IKOYEHbI CNejytoLme
nokasaresnn: x — KOJIMYeCTBO BblOPOLLEHHbIX
B aTMochepy 3arpsA3HALLMX BELLLECTB OT CTaLmo-
HapHbIX MCTOYHMKOB 3arpsA3HeHNs (TbIC. TOHH),
3 HUX ; — ra30006pasHble 1 >KNAKMe BellecTsa
(TbIC. TOHH), x,, x, — aHA/IOTNYHbIE NMOKa3aTenu
no yrnesogopogam (6e3 netyumx opraHMYecKmnx
COeIIHEHWNI) N NETyYne OpraHNYecKune coegnHe-
HKs (J1IOC) coOTBETCTBEHHO.

Cratuctnyeckue faHHble, COOTBETCTBYHO-
LLVie YC/IOBbIM 3HAYEHMAM MEPEMEHHbIX i, x, 1,
x,, 2, ObIIN NpPeAcTaB/eHbl rpagmnyeckn (puc.).
CpaBHeHME MOCTPOEHHbIX rpad)MKoB Mocny-
YKNI0 OCHOBaHWEM MPeLnonoXnTb, YTO UMeeT
MeCTO /IMHeliHas KoppensLMoHHas 3aB1UCUMOCTb
MeXay 3ab0/1eBaemMOCTbIO AETCKOr0 Hace/leHUs
BO/J, n BbibpocaMu 3arpsA3HAIOLLNX BELLECTB B
atmocgepy Knposckori o6nactu. B ganbHeiLem
cthopmynMpoBaHHasA rmnoTesa 060CHOBbLIBAETCA
aHaINTNYECKM.

Ha smopom amane modeauposaius NPUMEHe-
HWe annapara KoppensiLMoOHHO-PEerpecCMoHHOro
aHanmsa K MOLe/IMpoBaHMNI0 3aBUCUMOCTU 3a-
60/1eBaeMOCTM AeTCKOro HaceneHns KupoBCKO
obnactn BOJ, obecneunsnio ycTaHOB/IEHME [ABYX
CTATUCTUYECKMN 3HAUMMBIX MEPEMEHHBIX x, U .
JIvHeHble MoaeNy NapHOK perpeccun UMeroT BUL,
¥, =1074,62 + 25,44z, n y, = 950,67 + 111,92r,.
XapaKTepUCTUKN AaHHbIX YpaBHEHUIA CTATUCTU-
YecKU 3HauMMbl Ha ypoBHe 3HaummocT o, = 0,001.

M3BECTHO, YTO KOPPEKTHOE UCMO/b30Ba-
HMe MOCTPOEHHbIX PErPecCUOHHbLIX MOAeNen,
B YaCTHOCTW MPOrHO3MpPOBaHWE Ha NX OCHOBE,
OCYLLIeCTBNAETCA NPU YCNOBUWN YCTaHOB/IEHUSA
NX afleKBaTHOCTM MOJENNPYEMOMY 00beKTY [8].
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Fig. Dynamics of primary morbidity of children’s population in the Kirov region (A) and the amount
of pollutants emitted to the atmosphere from stationary sources of pollution (B) in 2002—2016

JanbHenLmre paccy>kaeHns npoBeaém ¢ Mo-
Aenvto y, = 1074,62 + 25,44x,. E€ 0CTOBEPHOCTb
Oblna 06ycnoBneHa OTHOCUTENIbHOM OLLNGKOW
annpokcumMaummn 4 = 8,53%, He NpeBbILLIAOLLEl
10%, Ko3athhmLmeHTOM geTepMmnHaLlmm 122 =0,66,
00BbACHAILWNM YpaBHEHMEM perpeccumn 66%
avicrniepcum pesynsTatMBHOIO NpU3HaKa, 1 cooT-
BETCTBMEM C/lyYalHbIX OCTaTKOB HOPMa/lbHOMY
3aKOHY pacrpefenieHnsi Ha 0CHOBe KOaphnumeH-

ToB acnmmeTpum A =—0,21 n akcuecca £ =-1,02,
Y0BNETBOPAOLLINX HEPaBEHCTBaM |A|< 1,55, 1

<150, "

‘E+—6
n+1

rfie 6, M 6. — 3TO CPefjHee KBapaTnyeckoe
OTK/IOHEHWe acCUMMETPUU U 3KcLecca cooT-
BETCTBEHHO. OlHAKO aHaNun3mpyemasi MoAenb
MMeeT psif HeOCTaTKOB, CPeM KOTOPbIX — He-
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BO3MOXHOCTb Y4YéTa MHAUBUAYASIbHbIX pas-
NNYNA parioHOB 06/1aCTU MO KOHLUEHTpaLuun
3arpsA3HALWNX BELWECTB U KOMYECTBY UC-
TOYHMKOB 3arpA3HeHUS.

Kak ynomnHanocb Bbllle, perpeccMoHHas
MOZe/b C (PUKCUPOBAHHBLIMU 3hpeKTamm 06bIu-
HO NpeAcTaBiseT Hanboee 3Ha4YMMbIA BapuaHT
MOAENMPOBaHUA A1 UCCeA0BaHUSA PervoHOB
Poccum nnm paioHoB onpegenéHHom obnactu. B
CBSA3M C TEM, YTO yKa3aHHasA Moje/b, CofepXkallas
OfHY He3aBMCMMYHO NMepeMeHHYH0 1 COPOK (PUK-
TUBHbIX NepeMeHHbIX (r. Kupos n 39 palioHoB
KunposcKoii 06nactn), SABAsieTCA A0BO/bHO FPo-
MO34KOW AN UccnefoBaHus, rnepes aHaM3om
NnaHeNbHbIX JaHHbIX Lie/1Iecoobpa3Ho pa3dbunTb
paccmaTpuBaemble paiioHbl Ha rPyMnbl CO CXOA-
HbIMWN 3HAYEHUSIMU N YMEHbLUUTL PasMepHOCTb
KOHCTPYMpPYeMO MOLENN.

Ha mpemvem amane modeauposarus Ha
OCHOBaHMWN M3Y4YeHUS CTaTUCTUKM BbIGPOCOB
BpeAHbIX BeELLECTB B aTMocepy M Konmyectsa
CTauMOHAaPHbIX UCTOYHMKOB 3arpsA3HeHuns 3a
2008—2017 rr. 6bln OCYLLECTBNEH KNACTEPHbIA
aHanus, B pesysibTate KOTOPOro agMMHUCTpa-
TUBHbIE TeppuTopun KnMpoBcKo 06nactn 6b1m
pa3buTbl Ha YeTbIpe rPynmnbl.

Knactep Ne 1 Bkto4vaeT T0/1bKO . Knpos, no-
CKOJIbKY BCe paccmatpmBaemble nokKasartenun s
06/1aCTHOT O LieHTpa MPeBbILLIAK0T COOTBETCTBYHOLLIVE
rokasare/iv rno parvioHam o6nactu [ 7]; knactep Ne 2—
BepxHekamckuii, 3yeBckuii, Knposo-YenewLkuii,
KyMEHckmiA, Manmbbkcknia, HonnmHckmia, OmyT-
HUHCKWUI, OpunyeBcknii, Cnoboackont n Coset-
CKWIA paiioHbl; Knactep Ne 3 — AdaHacbeBCKUIA,
BenoxonyHuuknii, BatckononsiHcKuii, [apos-
CKOM, BepxoLumxkeMcKuia, JTy3cknia, Haropckuia,
OproBCKNiA, YpPXKyMCKUiA, PanéHckuii, KOpbsH-
CKUI 1 FApaHCKUIA palioHbl; OCTa/lbHble PaiOHbI
KunpoBCcKo 061acTu 6bINn OTHECEHBI K KacTepy
Ne 4. KnacTtepbl 2—4 ynopsifoyeHbI No yobIBaHUIO
yKazaHHbIX nokasaresieii 1 yy4LIeHN0 COCTOAHUSA
arMocg)epHOro Bo3/yxa COOTBETCTBEHHO.

Ha wemeépmom amane modeauposarnius
C YYETOM peasIn30BaHHOr0 KNacTepHOro aHam3a
ANsi MOCTPOEHNA MOAenei naHenbHbIX JaHHbIX
Oblnn oTO6paHbl UccnefyemMble NokKasaTenn
r. KupoBa 1 Tpéx paiioHoB KupoBcKoii 06nactu
Nno OLHOMY M3 OCTaBLUMXCA KacTepos. Pe3ysib-
TaTbl PErPECCUOHHONO aHann3a rno naHesbHbIM
[aHHbIM criegytoLme.

O6befJMHEHHAA MOAeNb UMeeT BUA y, =
74565,17 + 2423,53x, BCe napameTpbl JaHHOW
MOZEeNn CTaTUCTUYECKN 3HAYUMbl Ha YPOBHE

3Haummoctn a = 0,05, R? = 0,54.
YpaBHeHue y, = —188,06x +157222f +
71900,5f, + 39617,9f, +117892f, eCcTb Mofe/b

C JUKCMpPOBaHHbIMU 3(hheKTammn, B KOTOPOIi
CTATUCTMYECKM 3HAYMM Ha YPOBHE 3HAUYMMOCTU

o = 0,05 KoathhnMuMeHT Npn NepemMeHHONM z,
OCTa/IbHble MapaMeTpbl CTATUCTUYECKM 3HAYMMbI

Ha ypoBHe 3Haunmoctn o = 0,001, R?2=0,92.
Mogesnb co cnyvyaHbIMKU 3pheKTaMmm nveeT
BUA: §, = 92012,8 + 361,04z, rae v, =, — 03,
¥y, — npeobpa3oBaHHOE 3HA4YeHMe 3aBUCKMOIA
NepeMeHHO AN -0l eAMHULbI COBOKYMHOCTM B
MoMeHT BpemeHn ¢t (i=1,2,...,N,t=1,2,..., 1),
¥,— aHaNorM4yHoe NCX0AHOe 3HaYeHMe PYHKLNN,
¥, — CpefHee 3Ha4YeHNe Mo BpeMeHU 415 KavKo-
ro obbekra HabnwgeHns, 6 = 0,88 — napameTp
KOPPEKTUPOBKMU; 4151 HE3aBMCUMOI NepemMeHHOM
MNMEIOT MeCTO aHa/10r MYHble COOTHOLLEHUS. YT /10-
BOM KO3hPULMEHT CTATUCTUUYECKN 3HAUMM Ha

ypoBHe 3HaummMocTn o, = 0,01, cBOGOAHbIN UneH —

Ha ypoBHe 3Haunmoctn o = 0,001, R? = 0,54.

OueHKa OCHOBHbIX TUMOB PErpecCUOHHbIX
Mojeneil No NaHesbHbIM JaHHbIM Ha afeKBaT-
HOCTb C NMOMOLLbLI TecToB Puilepa, bpeyuwa-
MaraHa 1 XaycmaHa [8], nokasasna, 4To Mojesib
C hMKCMpoBaHHbIMW 3thdheKTamn Hanbonee [o-
CTOBEPHO OMUCLIBAET MCXOAHbIE JaHHbIE.

lMpoBeaeHO aHaNOrMyHoOe UccnefoBaHe,
MOCBALLEHHOE NU3YYEHUIO PacrpoCTpaHEHHOCTN
B0/, 3a60neBaHNin OpraHoB NMLLIEBAPEHNST, KOXKI
1 NOLKOXXHOW KNeT4aTKm, MOYernosioBoi CUCTEMbI,
NHMEKLNOHHBIX 1 NapasnTapHbIX 3a60/1eBaHNM,
KOCTHO-MbILLIEYHOM CUCTEMbI U COEAUHUTENNbHOM
TKaHW, rnasamu ero NpyaaTo4yHoro annapara B3poc-
noro HaceneHnss KMpoBCcKoM 061acT 0T Konnye-
CTBa BbIOPOLLEHHbIX B aTMOCEPY 3arpPA3HAOLLNX
BewecTB. CTaTUCTUYECKN 3HAUYMMbIE CBA3N He
BbISIB/IEHbI.

JaHHbI BbIBOA COrlacyeTcsi C pesysibTatamu,
Nony4YeHHbIMU APYT MU UCCNefoBaTENAMMN, YKa-
3bIBAKOLLMMM Ha COLMasIbHO-3HAYMMBbI XapaKTep
3a60/1€BaEMOCTM OpPraHoB AblXaHUs B3POC/0ro
HaceneHnsa XaHTbl-MaHCMNCKOro aBTOHOMHOrO
okpyra [2], NMpumopckoro kpas [3] v ap.

3aK/ueHune

B pesynbrare nccnefosaHns 6b111 ycTaHOB-
NIeHbl CTATUCTUYECKM 3HAYMMbIE CBA3UN MeXXay
KO/IMYECTBOM BbIOPOCOB 3arpPA3HAOLLNX BELLIECTB
B atMocgepy KnpoBckoi 061acTu 1 nokasaresiem
3a60/1eBaeMOCTW [ETCKOro Hace/leHNs pernoHa
BO/, B 4aCTHOCTU, OCTPbIMN UH(EKLUAMMN
BEPXHUX AbIXaTeflbHbIX MyTeir. OTANYNTENbHON
4epTO JaHHOI0 NCCeA0BaHNSA ABUIOCH MOCTPOe-
HVe MOLeNn ¢ (hMKCUPOBaHHbLIMU 3heKTaMu,
NO3BO/IAOLWEN YUYECTb MPOCTPAHCTBEHHYO Y
BPEMEHHYIO CTPYKTYPY aHa/IM3NpyemMblX CTaTu-
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CTUYECKUX JaHHBIX, UTO He/b3sl CAenaTh B paMKax
CTaHAAPTHbIX PErPeCCUOHHbIX MOJENEA.
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