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Wood-decaying higher fungi attract attention as the possible participants of the plant wastes biodestruction pro-
cesses, as well as the producers of unique complex of biologically active substances. Myconanotechnology has become a
rapidly developing area of nanoscience and biotechnology. Broad spectrum and diversity in mushrooms could lead to an
exciting potentiality and interdisciplinarity of this science. General aspects of the mushrooms’ implementation relevance
in the context of comparison to other organisms, as bacteria and plants, testify in favor of the mycogenic synthesis of
nanoparticles. Primary and secondary fungal metabolites are capable of reducing readily the chemical elements in com-
pounds to occur nanoparticles with definite size and shape in controlled non-hazardous processes.

Current biotechnological applications of selenium are undoubtedly very wide. Chemically synthesized Se-conjugates
and elemental selenium are known to possess antimicrobial properties. However, more ecologically safe and beneficial
approaches to manufacture the Se-based products are current challenge. In this relation, of especial interest are the
selenium-enriched preparations of mushroom origin owing to their availability, biocompatibility, and proved biological
activity. The approach developed in our works recently would allow the bioproduction of submicrostructured elemental
selenium-based composites using the edible and medicinal mushrooms’ cultures to be putinto practice. We demonstrated
the occurrence of bacteriostatic and bactericidal effects of the agents under study. Even one decade ago the review of pub-
lished works on myconanotechnology did not operate with the terms “mushroom” or “selenium”, and were related solely
to lower fungi and metals, the real mechanism of biosynthesis of nanoparticles remaining unclear. Contemporary studies
favor the supposition on advisability of further research into the mushroom-originating selenium bionanocomposites as
the agents for agricultural recovery from the bacterial pathogens. Myconanotechnology of selenium could represent a
novel approach to the development of antimicrobial nanomaterials.

Keywords: selenium, mushrooms, selenized mycelium, Se-fortified products, biocomposites, biological activity.
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Cenencopepskaiime mpoyKThl DKOJOTHUECKHN YNCTOI nepepadoTKu
BBICIINX TPHOOB CEJIbCKOX035IICTBEHHOT0 Ha3HaYeHus1 (0030p)
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Poccuiickoit akagemun Hayxg,
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JlepeBsopaspyiaioiue Beiciine rpudbl IPUBAEKAIOT BHUMAHNE NCCIejloBaTeeil KaK BOSMOKHbIe YUYACTHUKH IIPOTLEC-
COB OUMOJIECTPYRIINN PACTUTEIBHBIX OTXOJIOB, & TAK:Ke KaK IPOJLYIEHThl YHIKA/IbHOTO KOMIIJIEKCA OMOJOIMYeCKN aKTHBHbBIX
BerecTB. MITKOHAHOTEXHOJIOTHS CTAHOBUTCST OBICTPOPA3BUBaAlOTIelics 00aacThio HaHOHAY KN 1 GuorexHosornn. [Hnpoxuit
CIIEKTDP U pa3zHooOpasue CBOMCTB BHICIINX 'PUOOB CHOCOOCTBYIOT BLICOKOMY MOTEHITMANY W MYJIBTHANCIIUIINHAPHOCTI
MuKoHaHoTexHoornu. OIeHKa OCHOBHBIX aCIEKTOB aKTYa I bHOCTI TPUMEHEeHNsI TpubOB JJisi UBrOTOBJIEHNsI HAHOCTPYK-
TYPUPOBAHHBIX OOBEKTOB ¢ TOUKN 3PEHISI CPABHEHUSI ¢ IPYTUMI OpraHN3MaMi, TAKIMI Kak OaKTepun 1 pacTeHusi, CBuU-
JleTeJIbCTBYeT B 110J1b3y MUKOTEHHOTo cuHTe3a Hanouactuil. llepsuynbie n Bropnunbie rpubHbie METadOJINTHI CIIOCOOHBL
JIEIKO BOCCTAHAB/INBATL XUMIYECKIIE DJIEMEHTLL B X COCAMHEHUAX ¢ 00Pa30BaHIEM HAHOUACTHUIL OIPEJIeIEHHOr0 pazMepa
7 QOPMBI B KOHTPOIMPYEMBIX YCJTOBUAX MPOTIECCOB, He OTMACHDIX [T YeT0BeKa.

[Tepeuenn coBpeMeHHbBIX OHOTEXHOJTOINYECKIX TPUMEHEH NI cejieHa BecbMa BHyHInTesieH. CHHTe3nPOBAHHbIe XM -
YECKUM ITyTeM Se-KOHbIOraThl 1 3JIEMEHTHBII cejleH 00/1a/[aloT aHTUMUKPOOHBIME cBoficTBaMi. OfiHAKO B COOTBETCTBIN €
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BBIZOBOM COBpeMeHHOCTH TpedyioTes Oosiee dRoI0rMuecKk 6e3onacubie n 3pPerTIBHbIe TO/IX0/bl K M3TOTOBJICHNIO CeJICH-
COJlepsKAINIX MPOAYKTOB. B 910il ¢Bs131 0cOOBIN HHTEpec MPeICTaBIsAI0T 000TAIGHHBIC CeJICHOM TPEnaparhl U3 BHICIINX
rpuboB HIaroaPS UX TOCTYITHOCTH, HITOCOBMECTUMOCTH 1 IOKA3aHHOI 6rosornveckoit aktusrnoct. Heobxommmo passurue
HOBBIX [10/[X0/[0B, 103BOJISIOIIIX PeaJn30BaTh OMOIIPOLYKIINIO KOMIIO3UTOB HA OCHOBE CyOMUKPOCTPYKTYPUPOBAHHOIO dJIe-
MEHTHOTO CeJIeHA ¢ UCIOJb30BAHNEM KYJIBTYP CheJ00HbIX U JIGKAPCTBeHHBIX BhicnX rpubos. Hamu npogemoncrpuposano
Hasimane GakTepmocTaTIecKoro n daxkrepuruaioro apdexra rakux arenro. CoBpeMennbie MCCACOBAHNS OIarOTp-
ATCTBYIOT MHEHITIO O 1[e71eC000Pa3HOCTH IaIbHeNTIIeTo N3yueH st 0MOHAHOKOMITIO3UTOB CeJIeHa TPUOHOTO TPOMCXOFKICH IS
KaK areHToB, IPUMEHICMBIX B CILCKOX03AMCTBEHHOI pakTHKe st 60pbobl ¢ puromarorenamu. Mukomanorexnomiorms
cesiena MOsKeT MPeICTABISAThL MHHOBAIMOHHBIN TTOIXO]T K MTOJIYIeHIIO AaHTUMUKPOOHBIX HAHOMATEPHAIOB.

HKuouesote caosa: cene, Boiciie rpubol, CeJIeHU3MPOBATH LI MUTIEIIII, Se-060raiéHbie POy KThbl, GUOKOMITO3UTHI,

OuostornuecKass akTuBHOCTD.

Wood-decaying higher fungi attract atten-
tion as the possible participants of the plant
wastes biodestruction processes, as well as the
producers of unique complex of biologically ac-
tive substances. The trace element selenium (Se)
is essential nutrition mineral. Interest in using
mushrooms as a Se carrier increases. Analyz-
ing the selenium content of mushrooms and its
utilization, the contribution of mushrooms to the
human’s selenium demand, selenium content of
mycelium cultivated under different conditions,
effect of technology (growing) on the selenium
content of mycelia, selenium species occurring
in mushrooms, bioavailability of selenium in
different oxidation states, one could conclude
on the significantly positive trends in edible
and medicinal mushrooms’ implementation in
this area.

Contemporary biotechnological applications
of Se are very wide, including those related to
antimicrobial properties. More ecologically safe
and beneficial approaches to manufacture the
Se-based antibacterial agents are current chal-
lenge. In this relation, of especial interest are
the selenium-enriched preparations of higher-
fungal origin owing to their availability, bio-
compatibility, and potentiality for agricultural
recovery from the bacterial pathogens.

Mushrooms, promising ecologically pure
multipurpose material

Mushrooms are ubiquitous organisms found
in almost every ecosystem and play central roles
in the recycling of organic matter. Since the wild
fungi play an important role to maintain the
health of forests besides their medicinal impor-
tance and nutritional value in most of the cases,
therefore it becomes quite necessary to explore,
document and conserve this natural wealth.
A considerable amount of literature has been
published on the ecology, physiology, genetics,
and biotechnology of mushrooms. Edible mush-
rooms are readily available at any food market
owing to their commercial cultivation [1]. The
mushrooms do not merely constitute a highly

nutritious source of food. More recently, atten-
tion has focused on a second area of exploitation
following the discovery that many of these fungi
produce a range of metabolites of intense inter-
est to the pharmaceutical and food (e. g. flavour
compounds) [2].

Relatively low levels of commercial cultiva-
tion of the mushrooms limit their availability for
use as food and medicine [3]. A good alternative
to mushrooms’ fruit bodies production is provid-
ed in this respect by the submerged fermentation.
The process offers several advantages including
a fast growth and high biomass productivity
[4], compact and controlled environment and
shortened production time [5]. This resourceful
biotechnological approach in the mushrooms ap-
plication has been used widely to yield bioactive
compounds (polysaccharides, glycoproteins, se-
lected low-molecular substances) in different ba-
sidiomycetes |6, 7], as well as mycelial biomass
itself. The latter is valuable not only as food and
fodder supplement, but also as the intermediate
product, seeding material, for obtaining fruit-
ing bodies [8]. Mycelia formed by growing pure
cultures under the submerged conditions are
high-quality, consistent, safe, predictable and
economical mushroom products [9, 10], and a
suitable alternative to yield mushroom product
fortified with selenium.

Mycogenic synthesis of nanoparticles: gen-
eral aspects of relevance

The non-toxic and environmentally benign
procedures for the synthesis of submicro- and
nanomaterials based on green chemistry and
biological processes needed to be developed
[11]. More recent technological advances make
better understanding of physicochemical and
optoelectronic properties, as well as organization
of nanoscale structures into predened 1-D (nano-
rods), 2-D or 3-D (nanowires) superstructures
[12]. These advances have opened the door to new
functionalities and applications of nanoparticles
in agriculture. This resulted in relatively new,
largely unexplored and rapidly growing area of
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myconanotechnology [13, 14]. It was necessary
to extend knowledge on the mechanisms and ap-
proaches for fabrication of myconanoparticles.
Various types of the mycogenic nanomaterial
such as nanowires, nanofilters, nanosensors,
nanofibrous mats and quantum dots (QDs) were
synthesized. More and more authors researched
into the problems of fungal nanofactories’ work
at suppressing plant pathogen, targeted deliv-
ery, interactive agrochemicals as pesticides,
nanocomposites material for food packaging and
extensive nano-surveillance using crop sensing
and nano-enabled diagnostics [15].

As far as we aware, even one decade ago the
review of published works on myconanotechnol-
ogy did not operate with the terms “mushroom”
or “selenium”, and were related solely to lower
fungi, which were exploited for the synthesis
of silver, gold, zirconium, silica, titanium, iron
and platinum nanoparticles [16, 17]. Fungi are
the objects that could produce great amounts of
biopolymers extracellularly, and could take ad-
vantage in the downstream processing and han-
dling of biomass, when compared to the bacterial
fermentation process [18] or to the application
of plants [19]. Due to slower kinetics, fungal
cultures offer better manipulation and control
over crystal growth and their stabilization [20].
Somewhat recently mushrooms (higher fungi)
have gained an added attention from researchers.
When being subjected to different kinds of un-
avoidable technological procedures, mushrooms’
mycelia can withstand these conditions, includ-
ing in bioreactors, much more better compared to
plants and bacteria [21]. Many of the enzymes,
polysaccharides and low-molecular metabolites
secreted by fungi are capable of reducing metal
and non-metal chemical elements entering the
composition of the compounds — precursors of
the targeted nanoparticles. Antioxidant proper-
ties of mushrooms metabolites are frequently
responsible for the suitable starting chemical
compound’s reduction into the respective nano-
structures to generate the nano-sized objects.
Those primary and secondary fungal metabo-
lites could increase the oxidation state number
of the elements readily through non-hazardous
processes, and allow a controlled synthesis of
nanoparticles with definite size and shape [22],
as nanorods, nanocubes, nanotubes, nanowires
and nanosheets etc. [15] with the minor defects
and more homogeneous chemical composition
[23, 24]. Moreover, the interference from intra-
cellular components, which are undesirable in
mosl cases, is minimized owing to the extracel-
lular secretion of fungal reductive substances.

Inorganic and organic Se: dramatically dif-
ferent biological effects

The trace mineral selenium (Se) is an es-
sential element for human and animal nutrition.
Selenium deficiencies in the human and animal
organism are recognized worldwide to be related
to a number of pathologies [25]. However, at
higher Se concentrations, harmful consequences
occur.

Recommended dietary intakes are notl cur-
rently met by most diets, unless Se-rich foods
are included. Therewith one should take into
consideration a poor bioavailability of the most
common inorganic forms of selenium. Selenium
content in a foodstuff critically influences Se
bioactivity to humans and animals. Foodstuffs
processing and treatments, along with foodstuff-
matrix major and minor components, affect Se
bioavailability [26]. A great deal of information
has been accumulated indicating that dietary
form of Se is a major determinant of its efficiency
[27], and the chemical form of Se plays a very im-
portant, if not a decisive role in its bioavailability
[28]. A growing body of evidence indicates dra-
matically different biological effects of inorganic
and organic chemical forms of selenium, which
may explain apparent inconsistencies across
studies by inadequate assessment of health risk
[29]. The human or animal exposure to selenium
in different chemical forms leads to not only
different, butin some cases opposite nutritional
and toxicological consequences [30]. It has been
shown repeatedly that Se is more bioavailable
to animals and humans in organic forms than
in inorganic forms [25, 31, 32], and toxicity of
inorganic (tetravalent) Se greatly exceeds that
of organic Se [33].

Theinvestigations aimed at the development
of novel synthetic organoselenium compounds
and at the discovery of naturally occurring
selenium compounds that are more effective
and less toxic than inorganic forms of selenium
were initiated at the beginning of the 1980s.
Important aspects of the modern organosele-
nium chemistry are the use of organoselenium
reagents as catalysts (organocatalysis), green
chemistry, bioinspiration, antioxidant activity.
The classical synthetic application of organose-
lenium reagents are electrophilic, nucleophilic
and free radical reagents. Organoselenium com-
pounds find applications in organic synthesis,
materials synthesis, ligand chemistry [34—36],
antioxidative agents [37-39]. The synthesis
and the synthetic applications of some emerging
classes of selenium compounds such as hyperva-
lent selenium species and selenoamides, address
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some biological aspects such as the antimicrobial
activity of organoselenium derivatives and the
biochemistry of selenoproteins, along with bio-
logically relevant processes as potent therapeutic
and chemopreventive agents [40, 41].

Today this area of organoselenium research
is growing rapidly, and the outcomes of these
investigations are highly promising. Exciting
studies performed in vitro with respect to cel-
lular responses showed that the dose and form
of selenium compounds are critical experimental
parameters.

Selenium-enriched food of mushroom
origin

The addition of selenium to the diet through
dietary supplements or fortified food/feed be-
comes increasingly common owing to the fre-
quently suboptimal level of this microelement
in standard nutrition in many countries [42].
One of the basic questions arising in relation to
Se-fortified food is on the threshold quantities
of selenium causing unexplored harmful con-
sequences of using common food. The content
of selenium in food of not-fungal-origin, i. e.
plants and animals, depends critically on the
selenium content in environment. Thus, the se-
lenium concentration in such nutrient products
is highly variable [43]. The bioavailability of
selenium from fish can be modified by the pres-
ence of various contaminants, including arsenic
and mercury [44].

Satisfaction of the human selenium re-
quirements can be considerably contributed
from mushrooms, since the selenium enriched
mushroom mycelia are valuable functional
foods. It is obvious that risks and benefits of Se
intakes should be quantified and balanced. The
mushrooms are commonly used food product
and dietary supplement convenient to apply in
the selenium-fortified form. Mycelia of many
tested mushroom species at submerged growing
are satisfactory Se-sources due to the fact that
Se-concentrations absorbed from the sodium
selenite-enriched medium could achieve tens
percent of its content in the medium [45]. The
mycelial selenium content could be several times
higher than in fruiting bodies.

In order to optimize fortification process and
yields, selenium enrichment in the cultivation
substrate can be an approach to increase the Se
concentration in fruiting bodies of mushrooms.
Popular mushrooms with high commercial
values and thus cultivated world wide appeared
to contain nutritionally significant but yet in-
sufficient amounts of Se [46]. Most of edible
mushroom species examined are selenium-poor

(< 1 wg Se/g dry weight) [47]. So, the solu-
tion is artificial growing of basidiomycetes. A
particularly rich source of selenium could be
obtained from selenium-enriched mushrooms
thatare cultivated on a solid media fortified with
selenium.

Growth-compost irrigated with sodium sel-
enile solution appeared to cause the increase in
the selenium level in button mushroom, Agaricus
bisporus by tens times compared to the control
mushroom irrigated solely with water [48]. The
enrichment of Lentinula edodes (shiitake mush-
room) fruit bodies with Se could be performed
by adding the sodium selenite to the cold-shock
water used to induce primordial formation in
arti cial logs [49]. Thus, selenium-enriched fruit
bodies are industrially cultivated as functional
food or medicinal food in China and Southeast
Asia and could provide an efficient way in deliv-
ering functional organic Se. However, the com-
position of selenium substances, as well as the
distribution of the main bioactive components,
remain still unknown [50].

Se’ mycosynthesis from inorganic Se-salts

Evaluation of the efficacy of supplementa-
tion of several medicinal mushrooms with in-
organic selenium salts (Na,SeO,and Na,SeO,)
attracted the attention of many researchers in
21st century. Submerged mycelium of Len-
tinula edodes accumulated selenium from the
cultivation medium very effectively. Selenium
was well bioavailable from the mycelial prepa-
rations in in vitro and in vivo tests [51]. The
speciation of selenium in Se-enriched mycelial
cultures testified to the fact that the main part
of Se in the tested mycelium was in the zero
(elemental selenium) and IV oxidation states.
Phanerochaete chrysosporium, too, was found
to be a selenium-reducing organism, capable of
synthesizing elemental Se from selenite but not
from selenate [52]. Studies with Ganoderma lu-
cidum, Agrocybe aegerita, and Hericium erinaceus
showed that the growth of G. lucidum fruit bodies
was observed with up to 0.8 mM Se accompanied
by the highest total Se content, macroscopic
changes in the fruiting bodies of the examined
mushrooms, and color changes of fruiting bodies
[53]. Biotechnologically important mushrooms
fortified with inorganic Se, as Ganoderma lu-
cidum, Pleurotus ostreatus, Pleurotus eryngit,
Pleurotus pulmonarius, Flammulina velutipes,
Ganoderma applanatum, Lenzites betulinus,
Trametes hirsuta were explored [54] in respect
to their morpho-physiological characteristics, as
well as biological activities. During cultivation
on selenite-enriched medium, the appearance
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of mycelium of brick-red color with significant
morphological and ultrastructural changes in
comparison with the control was observed. Hy-
phal density was lower, the cell wall was thick
with more expressed extracellular matrix, septa
were abundant, and branch frequency and oc-
currence of clamp-connections were rare. Cyto-
logical analysis demonstrated that the majority
of selenium was accumulated in cell membrane
and vacuoles, while changes taking place in a
cell wall were insignificant [54].

Considerable amount of works are focused
on the effect of inorganic selenium salts’” con-
centrations on mycelium morphological and
ultrastructural features. At a relatively high
selenite concentration in Lentinula edodes liquid
nutrient medium, the excess selenium is elimi-
nated via its reduction to elemental Se [55]. As
for another very popular cultivated mushroom,
Pleurotus ostreatus, the studies also showed that
higher selenite concentrations caused firstly
Se accumulation in P. ostreatus mycelium, and
during the suppression growth phase, selenite
was reduced to amorphous Se in zero oxidation
state and this gave the mycelium and medium
a reddish color [56, 57]. Hyphal morphology of
P. ostreatus was dependent on Se concentration
in the liquid medium. Electron-dense spots,
visible in both the control and Se-enriched
samples, were described [58] as proteinaceous
bodies, since lipid bodies would be extracted
during preparation for transmission electron
microscopy. In the presence of Se, the number
of these bodies increased, and changes in their
shape, color, and size were slight. It was shown
that the reduction of the ionic Se and production
of amorphous Se’ are really occurring round the
bodies [58]. Selenite stress exerts a significant
effect on ultra-architectural features of the fun-
gal hyphae and spores of mushroom cultures,
e. g., Ganoderma lucidum [59]. A number of
works deals with the Se distribution among dif-
ferent cellular compartments, and, in particular,
polysaccharide structures contained in fungal
cell walls. Se-enriched submerged mycelia of
Pleurotus ostreatus were explored in respect to
the incorporation of selenium from the growth
medium to mushroom [60]. A polysaccharide-
containing fraction of mycelia was treated
alternatively with Tris-HCI or with chitinase.
Better solubility and increased contribution of
low molecular mass compounds were observed
in chitinase extracts (UV detection), confirming
the degradation of polysacharides by the enzyme.
The results obtained suggest selenium binding
to chitin-containing polysaccharide structures

in fungal cell walls [60]. Selenite influenced the
pellet morphology of Phanerochaete chrysospo-
rium by reducing the size of the fungal pellets
and inducing their compaction and smoothness
[52]. Analysis of P. chrysosporium mycelia with
transmission electron microscopy, electron en-
ergy loss spectroscopy, and a 3D reconstruction
showed that elemental selenium was produced
intracellularly as nanoparticles.

Selenium-containing agents of mushroom
origin for agricultural recovery from the bacte-
rial pathogens

Almost all of the published works dealt with
the Se-fortified fungal cultures are concerned
with selenium exclusively in the form of inor-
ganic substances, sodium selenite Na,SeO, or
selenate Na,SeO,. The source of selenium should
reasonably be the organic substance 1,5-di-
phenyl-3-selenopentanedione-1,5 (synonyms
diacetophenonylselenide, bis(benzoylmethyl)
selenide, preparation DAPS-25) [61], since its
low toxicity at physiological concentrations in
combination with high efficiency (compared to,
e. g., selenites) has been proved earlier for vari-
ous living organisms. [t is the source of selenium
we use in our research. Appreciable positive
effect of preparation DAPS-25 on the vital pro-
cesses of Lentinula edodes (shiitake mushroom)
exhibited as the change in mushroom growth
parameters and lectin activity on various organic
and mineral, agar and liquid media [62] was
considered in relation to fungal metabolites, ex-
tracellular lectins of shiitake mushroom. Along
with DAPS-25, several other compounds of the
1,5-di(4-R-phenyl)-3-selenopentanediones-1,5
series were explored involving both computa-
tions and experiment [63].

The biotransformation of DAPS-25 at the
growth of shiitake mushroom under the liquid-
phase and solid-phase culture conditions has
been studied. The intensive red pigmentation
of mycelium caused by the elemental selenium
accumulation resulted from the organosele-
nium compound destruction by the mushroom
L. edodes has been revealed. At the initial
DAPS-25 concentration equal to or higher than
110" mol/L in the synthetic liquid medium,
a red color of L. edodes mycelium develops, the
intensity and initiation time of which being
related to this Se-additive concentration [64].
Starting from the results of qualitative reaction,
the data of X-ray fluorescence, X-ray diffraction
and GC-MS analyses, we should conclude on
the L. edodes submerged culture capability of
destructing the organoselenium xenobiotic to
occur red modification of elemental selenium
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and to evolve acetophenone. The process of el-
emental selenium elimination was followed by
its precipitation onto gyphae [65]. Within the
framework of more recent studies, the growth
parameters of more than twenty strains of xylo-
trophic basidiomycetes belonging to 8 genera,
13 species on liquid media enriched with selenium
in organic form were studied, and the effect of
1,5-diphenyl-3-selenopentanedione-1,5 within a
wide concentration range (1-10—1-10*mol/L)
on the mycelial growth was observed. The cul-
ture liquids of the fungal species under study
were successfully tested for their reducing and
stabilizing properties toward organic selenide
and elemental selenium, respectively [66].

In doing so, the mycosynthesized Se-con-
taing bionanocomposites were manufactured
and tested for biological activity. The results of
studying the effect of those selenium nanocom-
posites on the bacterium Clavibacter michiganen-
sis ssp. sepedonicus (Cms) were obtained [67].
Cms, a Gram-positive bacterium, causes ring
rot, which is one of the most dangerous potato
diseases. The effective alongside ecologically safe
methods for combating Cms are lacking. As the
agents feasible for use in this purpose, we exam-
ined the selenium biocomposites obtained from
the submerged cultures of mushrooms, several
microbiological techniques being implemented.
The results demonstrated the occurrence of bac-
teriostatic and bactericidal effects of the agents
under study, and favored the supposition on
advisability of further research into the selenium
bionanocomposites as the agents for agricultural
recovery from the bacterial pathogens [67].

The impact of Se-containing biocomposites
based on Ganoderma mushroom submerged cul-
tures (6 species, 9 strains) grown in the presence
of oxopropyl-4-hydroxycoumarins, on the bacte-
rial phytopathogens was examined [68]. These
bacterial strains used were kindly provided by
the Collection of Rhizosphere Microorganisms
of IBPPM RAS (http://collection.ibppm.ru). By
means of such methods as the colony-forming
units count, the agar well diffusion method, and
the bacterial suspension turbidity measurement,
the bacteriostatic and bactericidal activity of the
Se-containing biocomposites was elucidated.
The pioneering information on the biological
activity of coumarin series compounds in their
application for producing the substances of fun-
gal origin has been provided [68].

We explored the effect of selenium biocom-
posites obtained from medicinal basidiomycetes
Ganoderma lucidum, Grifola umbellata, Laetipo-
rus sulphureus, Lentinula edodes, and Pleurolus

ostreatus on the ability of Cms to form biofilms
[69]. A decrease in the viability of the bacterial
cells as a result of incubation with biocompos-
ites was shown. The determining effect of the
selenium component of the composites on the
studied biological activity was stated, and the
dependence of the antibiofilm-forming effect of
Se-containing agents on the biological species
of the fungus was found. Biocomposites based on
extracellular metabolites of Ganoderma lucidum
possess maximal activity. When biopolymer
samples of fungal origin were added to the bacte-
rial suspension, the ability of Cms to form biofilms
differed depending on the type of biocomposite;
it decreased significantly in some cases [70]. The
development of selenium biotechnology should be
based on natural edible and medicinal products,
e. g., mushrooms, and considered to be appropri-
ate “green” method. As being originated from the
biotransformed organoselenium compound, the
selenium submicroparticles possess the benefit of
their non-toxic source and provide the potential
multipurpose use.

Conclusive remarks

Mushrooms are recognized to be promis-
ing ecologically pure raw material. Fortifica-
tion of edible mushroom cultures with the
selenium-containing compounds has proven to
be an effective and cost saving strategy for the
prevention of Se deficiency. Of especial inter-
est are the selenium-enriched preparations of
higher-fungal origin owing to their availability,
biocompatibility, and the proved biological
activity. The novel aspects concerned with the
essential nutrient and antioxidant Se properties
have changed the views on selenocompounds.
Different chemical forms of selenium possess
excellent biochemical properties and have been
implicated for use in agriculture. The favorable
profile of newly synthesized organoselenium
compounds including those explored in our
research warrants their recognition as a prom-
ising option for fortification purposes. Further
thorough investigation should be focused on
the mechanism of Se-containing compounds’
biological effect to take that into account when
using the various Se sources in biotechnological
fields, including the production of ecologically
safe antibacterial agents.
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B 0630pe 1poBejiéH aHann3 AnTepPATYPHBIX JAHHBIX U PE3YJIBTATOB COOCTBEHHBIX HCCIEOBAHMIT 00 H9KOTOTUYECKOI
poau sr3omerabosuros (IM) nousennbix nuanodbarrepuii (11B). [lokasawo, uro LB criocobibl curre3npoBaTh 1 BLIIesATh
B OKPYSKAIONYI0 CPELY TN POKIIT CIIEKTP Pa3HOOOPAZHBIX OPraHnYeCKITX BEIIECTR, B UICI0 KOTOPHIX BXOJIAT MOJICAXAPU/IbI,
caxapa, OpraHuvyecKne KucJ0Thl, HeITH/ibl, AMIHOKICIIOTHI, ATKAJIOU/bl, AHTHONOTHKI, TOKCUHBL IKceyaaTst LB cranossres
MecTOM 0OUTaAHNSA ITPORAPUOTHBIX 1 AYKAPMOTHBIX MUKPOOPraHU3MOB, BCTYHAIOIINX B CJIOKHBIC OTHOIIEHWSA ¢ [IHaHO0AK-
TepuATHHBIM TAPTHEPOM 1 06ecIIeunBast eMy JTOTOTHUTEIbHbIE BOBMOKHOCTH BBI;KIBAHNS B CTPECCOBBIX YCJIOBHSX 33 CUET
BbIJIeJICHUS THIPOTUTHYeCKIX DK30ePMEHTOB, pasdpyHiatonux noanoranTsl. DopMupoBaHie MHONOBU0BBIX MIKPOOHbIX
OUOIIEHOK TaKkyKe BO MHOTOM oOycaosieno soiesnenem IM. [lokazana smaunmocrs M u B iporieccax 06e3BpesRuBanis
TOKCHKAHTOB 6s1arofapst NX copOIMOHHOI aKTUBHOCTH. BoJIbIIoe paKTiyecKoe 3HaUeHIIe NMeeT AHTUMITKPOOHAS AKTUB-
HocTh M, 4TO HesaeT UX MepCreKTUBHBIMIE [JIsl TOJIYUYeHUsI JIEKAPCTBEHHBIX [IPEeIapaToB aHTUBUPYCHOI, aHTHOaKTepu-
AJILHON, aHTUTPUOHOI 1 AHTUKAPIIEPHOT HATIPABICHHOCTH.

Karouesote crosa: L[IIHH()63KTGI)HH, BRZ}()I\IGTHG().HI/ITBI, JeTORCUKallnA IMOJIJIIOTAaHTOB, ()6P3BI)€)KI/IBHHHQ I1aTOTeHOB,
MHOTOBUJIOBbIE MHKPO6HLIC OMOIIIGHKI.

Exometabolites of soil cyanobacteria as a survival strategy
in natural and technogenically disturbed ecosystems
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Cyanobacteria (CB) is one of the oldest and most prosperous groups of prokaryotic microorganisms, autotrophic in
carbon (photosynthesis) and nitrogen (nitrogen fixation). Found in any ecological niche, they play a significant role in the
geochemical cycles on the planet. The review analyzes the literature data and the results of our own research on the ecological
role of exometabolites (EM) of soil cyanobacteria. It is shown that CB are able to synthesize and release into the environment
awide range of various organic substances, including polysaccharides, sugars, organic acids, peptides, amino acids, alkaloids,
antibiotics, toxins. Exometabolites of CB not only protect their cells from such abiotic factors as excessive insolation and
dehydration, but prevent the penetration of pollutants of different chemical nature, sorbing and binding them. The presence
of biologically active substances in the composition of EM, which have antiviral, antibacterial, antifungal activity, provides
the CB with a competitive advantage in the settlement of new ecotopes. Exudates of CB become a habitat for prokaryotic
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and eukaryotic microorganisms that enter into complex relationships with the cyanobacterial partner and provide it with
additional opportunities for survival in stressful conditions due to the release of hydrolytic exoenzymes destroying the pol-
lutants. The formation of multi-species microbial biofilms received practical use in bioremediation measures, is also largely
due to the release of EM. Of great practical importance is the antimicrobial activity of EM, which makes them promising
objects for obtaining antiviral, antibacterial, antifungal and anticarcinogenic drugs. The ability of the CB to synthesize EM
having such properties, is the basis for the creation of multifunctional biological preparations.

Keywords: cyanobacleria, exometabolites, destroying pollutants, neutralization of pathogens, multi-species mi-

crobial biofilms.

[Mnanobarrepun (I15), Bosnukimime na Seme
OoJsiee 3 MIIPJL JIeT TOMY Ha3aJ1, /10 CUX [TOP OCTAIOT-
cs1 ¢BOEOOPA3HBIM «KOJOJIeM B 1porioe» [1].
CexBennpoBanuem psija renosy 20 mrammon [[B
OBLJIO JJOKA3AHO, YTO HBOJIIOIMOHHAS inBepcudu-
rarusa B nmpousornna meskny 2,45 n 2,10 mupp
JIeT TOMY HazaJ[ yTéM 00pa3oBaHIs reTepOIICT,
B KOTOPBIX IIPOMCXOMIUT TIpoTiece a3oTurcarun,
U aKMHeT, CIIOCOOCTBYIONMNX MePesKiBaHIIO
HebaaronpusaTHeix yeaosuii [2]. Ilpoteccsr mo-
CTEIIEHHOTO HAKOIIJIEHUST RUCT0POosia B arMocde-
pe m ¢BA3aHHOTO azoTa B 6mocdepe HATPAMYIO
ROPPeIUpPYIoT ¢ GOTOCMHTE30M 1 a30T(URcaTIeH
b [3, 4]. ®unorenernueckas ppesnocts LB,
MPOTIEIITTNX Yepe3 Bce NCTOPUYECKIe BpeMeHHbIe
KaTaKJIM3Mbl, TO3BOJISIET IM U B HACTOSITIIee BpeMsi
OCTaBaThCSI OJIHON 13 HamboJIee POIBETAIOIINX
TPYIT KIETOYHBIX OPTaHU3MOB, BBIFKIBAIOTITIX
B JIOOBIX DKCTPEMATBHBIX YCTOBUAX Cpebl [d].
fBnsisich BasKHENMIINMM KOMIIOHEHTOM He TOJTbKO
BOJIHOI, HO 1 TTOUBEHHON MIUKpobnoTsl, 1B cmo-
COOHBI K MAaCCOBOMY Pa3MHOKEHUIO HA MOBEPX-
Hocti ouBbl. [Ipu a10M 1y1oTHOCTH TIMaHOOAKTe -
PUATBHBIX OIS PN «I[BETEHNUN» MTOYBBI
B Pa3JIMYHBIX HKOTOTIAX Bapbupyer B ripefienax ot 20
110 92 MuTH KJI1. /cM?, & JJIMHA IHaHo0aKTe puabHbIX
HUTe MOsKeT JocTurarh cBbite 8 kv/cm* [6—8].

B iporecce aposionun 1B Beipaboranu pas-
JUYHBIC MEXaHU3MBI JIETOKCUKAINN BEIECTB,
CTTOCOOHBIX BBI3BIBATH THOEITH IPYTUX OPTaHN3MOB
[9, 10]. RKornkyperToCTOCOOHOCTD TTOUBEHHBIX
[1b ocHoBaHna, B 4acTHOCTH, 1 HA TAKOI UX CIIO-
COOHOCTHI, KAK CUHTE3 OMOJOTNYeCKA AKTUBHBIX
BelecTs, 00eCmeunBalONNX MojiaBieHne pas-
MHOKeHUS APyrux Murpoopranuzmos (MO),
B yacTHocTH, marorenosn [11].

[Tess raroro 0630pa — anaina MHOTOPYHK-
MUOHATBHOW POJIU BHEKJIETOUHBIX METab0JUTOB
MOYBEHHBIX IMAHOOAKTEPUIT B (opMUPOBAHUN
YCTOWYMBOCTH K pazHooOpasHbIM (aKTOpam
BHeIIIHEIl cpejibl.

XumMuuecKas mpupoaa
MAHOOAKTePHATBHBIX 9K30MeTad0INTOB

Boéanmmas vacTs neccaemoBannii XUMIUCCKOT
pupojbl dK3oMeradboauToB (IM) cBsizana ¢ Bo-

nabiMn popmamu 115, HermmpemennsiMu komtio-
HeraTamu M ABISIIOTCS YIIIeBOJIbI. ¥ CTAHOBJICHO,
4TO Ha pasaAndHbIX haszax pocra mpeicraBuTe
pp- Nostoc, Anabaena, Spirulina seiensiior or 19
110 60% o1 KosimuecTBa BHYTPUKJIETOUHBIX YTJIe-
BOJHBIX KOMTIOHeHTOB [12]. Cpenn srccymaron
BoptHbIX [ B oTMeuarorcst rakske azorcopiepsraliie
BelecTBa (AMUHOKUCIOThI, AMUHBI, IENTUIbI 1
MOJINTIeTITU]IBI), BUTAMUHBI 1 Pa3HOOOpa3HbIe
OpraHmvecKne KICI0ThI, ATKATON/IbI, CATIOHNHBI,
penonbubie coequnenus [13—-17]. 1B Boiens-
10T MHOTO JIETYYUX OPraHNIecKIX COeJMHeH I
TePIeHON 0B, HOP-KAaPaTHHOUIOB U CYIb(PUI0B
[18]. Jlokazan nmuanobakTepuanbHbIl CHHTE3
AHTHOMOTHKOB, 00JIAAIONNX, HATIPUMEp, ajib-
TUIUAHBIM feiictBueM (mmanobaxrepun JIY-2
y Nostoc sp.) [19]. Torkcunsl, Boijensiemsie 115,
MOTYT OBITH OEJTKAMU, aJTKATOUAME, TeTePOIT-
kanaecknmn coepnuenuamu |20, 21]. Cymre-
CTBYIOT lanHble, 410 [[B cmHTe3upytoT TOKCHHbI
HeNTUHON MTPUPOIbI, KOHTPOJUPYIOTIe YIc-
JeHHOCTL coOcTBenHoN momyasarun [18].

[Tpu peitcrBun Ha mukpoBopopocyu IM mo-
IYT Hapaan30BaTh NX MOJBUKHOCTH 1 BHI3BIBATH
X oceflanme. ITH MPOKAPUOTHO-DYKAPUOTHHIE
XUMHYCCKIEe B3aUMOJCICTBUS CIIOCOOHBI yBe-
JNYIBATH KOHKYPEHTHO-CBOOOMHYIO 30HY JIJIs
I15 [22]. K uncary mmaHOTOKCMHOB OTHOCSTCS 1
HEeIlPOTOKCUHBI, SIBJISIIONIIECS [IPeNMYITecTBeH-
HO aJKaJouIaMu, KOTOPble XapaKTepu3yTest
HEOOBIYHO OBICTPBIM JIeICTBUEM, TIPUBOJISTIIM
K rubesn Joaeil njin KUBOTHBIX B TeUeHUe
HECROJIBbKIX CeRYHJ[ MM MUHYT T0CJIe UX Mo-
tpebsienust 6e3 anrtunoros [23]. Panx sunos 1B
BBIJICJISIIOT TMJIMHAPOCTIEPMOTICUH — [TOTeHI[I-
ATBHBIN TeITaTOTOKCHYeCKITH aTKAJIOUI, MTIPOKO
pacIpocTpanéHHBIN B TPECHOBOAHBIX BOLOEMAX
1o BeceMy Mupy [24].

Onrako, HECMOTPs Ha BBICOKYIO TOKCHY-
HOCTB, 3TU BeIecTBA MOTYT UMETh OTIPefieIEHHOe
TepareBTUYeCKoe [IeiicTBIe, YTO JaeT OCHOBAHUS
MX BO3MOJKHOTO NCITOJIb30BaHUs B KauecTBe dap-
MaKOJOTUIECKIX cPefeTB [29].

Uccneposannst BHEKIETOUHBIX BbieJIeHNUI
nouBenHbix [1B nmokasasu, uro cpen HUX, TaKkKe
Rak 1y Bogabix opwm, B cocraBe IM comepsrar-
¢s1 pasHooOpasHbie OpraHnvYecKe CoemHeHus.
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Tax, B cocra IM npupopubix BII ¢ momunn-
posanuem N. commune BXOJAT MOJUCAXAPUJbI
(9,8%), copepsrarie rIIOKYPOHOBYIO KUCJIOTY,
KCUJI03Y, TAJTARTO3Y, INIIOKO3Y, TAK/Ke POTenHbl
(mo 18,2%) [26]. A B cocraBe mosmcaxapumHbIX
IM y N. muscorum n N. flagelliforme mpeobna-
[IAI0T MOHOCAXapa: MAaHHO3a, FAJIAKTO3a, ITTIOK03a
un Keusosza [27, 28]. ¥V ppyrux B B cocrase
AK30TI0JINCcAXapu0B 00HAPYKEHBI YPOHOBbIE
RUCJOTHI M UX TPOU3BOJHBIE (TJITOKYPOHOBBAS
1 TAJIAKTYPOHOBAS ), & TAKKe X TTPOU3BOJIHBIE,
cofiepsRaIe aMmHO-, METUJIbHBIE 1 CYTh(aTHbIe
rpynubt [29, 30]. [Tosromy moskno nipoBectn
AHAJNIOTUIO MEKJY XUMUUYECKUM COCTABOM U
MaKpOMOJIERYJISTPHOI opraHusarmei mnanodak-
TepPUATbHBIX HK30MOINCAXAPUOB U MEKTUHOM
KJIETOUYHBIX cTeHOK pacrenuii [31]. ¥V Heroro-
puix BujioB [1D mokazan cuiTes BHERIETOUHBIX
pocrosoix Berects (MY HR), aro ncrmomnayercs,
HAIpUMep, JI7Ist CTUMYJISIIAN TPOPACTAHUST CEMSTH
rabaka n WHIYIIMPOBAHNS 00Pa30BaHNsI KOPHeil
u3 Rajuryca [32].

Cpenu ppyrux OM sHauuTeJbHBLIA UHTE-
pec rmpejicTaBaser JUMOMeNTH | aHTUTPUOHOTO
mefcTBUSA HOCTOPYHTUIUUH, COMePRATIII
B CBOGM cocTane OeTa-aMUHO KUCTOTY 3-aMUHO-
6-THPORCUIT CTEAPUHOBYIO KUCJIOTY, BhIJIeJTeH-
it w3 Hazemuoit [[b N. commune [33]. Jloka-
3aHa PyHIUIUHAS AKTUBHOCTh dKCTPaKTOB M
npyrux nouserHbix 1B [34-36]. 13 skckperos
nousennoii 11D Fischerella ambigua Buimenen
MUKJIMYeCKIT TTOJIMMep MapeurinH 1 aaKaaon-
bl amouron A u am6uron B, obaamaomnie an-
TOAKTePUAIBHON 1 aHTUTPUOHOI aKTUBHOCTHIO
[37—-39]. AnTuMuKpoOHas aKTUBHOCTL OTMeYa-
ercst U JUIS JIPYTUX BUJIOB JIAHHOTO Pojia: aHT-
(pyHraTbHBI aTKRATOWS (PUITEPESTTUH BHIJIEs -
et F. muscicola [40-42]. Cpepun M rnouBenHoit
1B N. paludosum obnapys;ReHbI TaKNe OpraHm-
yeckue coefuuenns, Kaxk guronn, purodaynn,
N-armerna rIoKO3aMIH, AHTHOKCUTAHTE (JT11-
KOTIMH 1 JIFOTENH ), & TaKyKe TOPMOHBI, TIpeiie-
CTBEHHUKY THOOePe/UITHOB (KaypeH ), ButaMmsa A
W IIPOBUTAMUHBI, TTHaHOTIeNITH L Gopodutina [43].

IK30MeTadoUThI IHAHOOAKTEPHIT
KaK MeCTO OOMTAHMS 1 PA3MHOKEHMS
MUKPOOOB-CITyTHUKOB

[Mocrossnubivu ciiyruukamu LB saBasiores
carporpodubie MO, nnHaMUKa 4ncaIeHHOCTH KO-
TOpBIX 00yca0BIeHA PU3NOTOTUYECKOT aKTUB-
HOCTBIO MEPBUYHBIX TIPOJyIleHTOB. MI3MeHeHus
artTuBHocTH pocra u porocunresa b na pas-
nmaHbIX dazax pasBUTUsA KYJILTYp BEIET K 13-
MEHEHUI0 KOJWYECTBEHHOTO 1 KAaueCcTBEHHOTO

cocraBa IM. B zasucumoctn or ¢as pocra 115
ouomacca Gakrepuii 1o OTHOIIEHNUTO K OriomMacce
IUAaHOMPOKAPUOT cocrasiser o 3 o 12% [44].

Brinenernusg OM mouBeHHBIMT BOOPOCTAMI
u 1B crmocoberBytor co3annio sKOJIOTMYECKE
cueruuanoii aist oouranus apyrux MO 30HbI —
anbrocepnr. OcHoBHBIME harTOpaMi eé hopmu-
POBAHUS BBHICTYIIACT AKCKPEIHS 3HAYNTeIbHOT
qactu poroaccumusaTon (09-89%) [45].

Jr3omeTadbonThl, Bhigeasembie LB, ocraior-
cs B Bujie A ys3HOT CaAM3M BOKPYT RIACTOK MJIH
(bopMuUpPYIOT OUEHB MOTITHBIE KATICYJIbI W YeXJIbl,
ROTOPBIE CJAYKAT OCHOBOI BOBSHUKHOBEHUS CUM-
ouosos 1B ¢ gpyrumu opranuamamu, st KOTo-
PHIX IIMaHOOAKTePUATbHbIE D KCKPEThI CTAHOBSITCS
yOeRUIIeM, MCTOYHUKOM BJIar 1 muTanus [46].
Pazmuoskasich, MUKPOObI-CITYTHUKN BBITTOJHSIOT
(byHrIMT, BO MHOTOM aHaJIOrHYHbIe (DYHKITAAM
pusocdepHoit MUKPOOMOTBI, KOTOPHIE BRIOYAIOT:
TUIPOJIN3 TIOJUMEPHBIX COJIMHEHUIT ¢ BBICBO-
OOJKIeHITEM TIyJIla MaKpO- U MUKPOIJIEMEeHTOR,;
yaunuroskenne orxonos 1B, koropbie Moryr Bbi-
3BaTh MPOIECC CAMOOTPABICHUS; HAKOILIEHIE
MOTOJIHUTETLHOTO a30Ta 34 CUET JIeATeTIbHOCTH
a30T(PUKCATOPOB; BhIJIeTeHIe JIOMOTHUTETHHBIX
(pakTopoB pocra; cuHTE3 AaHTUOMOTUKOB, YCU-
JUBAOIINX afantanmoHubiii morentuan b
K matorenam [47].

Beina BeiiBuHyTa pabouas rumnoresa, 1o
KOTOPOIi (DU310I0r0-O0MoXnMudecKke CBOMCTBa,
npucyiiue coppementbim [1B n nux M, chopmu-
POBAJIICH COTPSIKEHHO ¢ ABOJIOIIET Ormocdepb
[48]. Ilpu srom Hu opma ppyras rpynmna MO
He WCIOJIb30BaNa B TaKOM 00béMe CHMOMOTH -
yeckue otnomenus, kak 1Ib. Cornacuo [49],
MOKa3aTeJIbCTBOM TOTO, UTO CBOOOJIHOMKUBYIIIE
1B nenb3si pacecMaTpuBaTh KAk JMCKPETHBIE
[EeJIOCTHBIE OPTAHUBMBI, SBJISIOTCS MHOTOUWC-
JIieHHbIe TpuMephbl ToTo, uto B ipupoje LB Beerpa
HAXOUATCA B eUHOI, OUOJOTNUCCKOIl cUcTeMe
¢ rerepoTpodaMit, 3aces0IUMEI CTPYKTY PHPO-
BAHHYIO CJIN3b, OKPYKAIOIIYIO OMHOUHbBIE KIIeT-
& n vexnanl [|B. Causuersie 9M nrpator posnb
MHKYOAIMOHHON KaMepbl JJisi DakTepuaabHBIX
cryTHUKOB. CJnM3b MOBBITIIACT PE3NCTEHTHOCTh
I15 K BhICHIXaHIIO, SIBJISIETCST HEOOXOMMMOI ITPefi -
MTOCBLITKOM JIJIsT CROJIB3SITIETO JIBUYKEH S, BBITION -
Hsier poab Oydepa mesrny raerroit u OC. [lepe-
nemrenne B Benér 3a coboit n nepemerenue
B ipocrpanctse comyrersyommux MO. Buposoii
cocraB OaKTepuii-CIIyTHUKOB He SIBJISETCS 10-
CTOSTHHBIM KaK I10 YMCJA€HHOCTU KIeTOK, TAK 1 110
UX BUJIOBOMY PazHOo00pasuio, 4To O peiesisieTcs
AROJIOTHYeCKIME 0coDeHHOCTsIMEU OGnotorna. Hau-
bosee mocrostHabIMI TapTaHépamu 1B saBasiores
O6eccropoBbie TPaMOTPUIlATeIbHBIE MAT0YKI
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pp. Pseudomonas n Chromobacterium, a Tarkxe
rpamiososkuTesbubie 6axrepun pp. Mycobacte-
rium, Micrococcus, Sarcina w Bacillus [15].

[Tomumo nporapuor, IM IIB cranossites
MECTOM PA3MHOKEHUST W JRU3HU JYRAPUOTHBLIX
MapTHEPOB — BOJOPOCIEN M MUKPOMUIIETOB.
OcobeHHO 1TOKa3aTeJIbHbI B 9TOM TIJIaHe [TPUPOJ-
ubie ononnénkn (BII) ¢ gomuanposanmnem 11B5.
Buacrnocrn, cymiecTBenioe BHIMaHMe YAEIAIOT
usyuenuio upupopusix BIIN. commune, koropoe,
B YaCTHOCTH, TIORA3aJ10, YTO YNCJIEHHOCTH BOJIO-
pocaeii  [[B B mogo6HBIX KOHCOPIITyMaXx COCTaB-
JisieT MUJTNAp/ibl KIeToR Ha 1 T BO3/LyITHO-CYyXO0it
macewt BIT [8]. Bupmosoii cocras dororpodos,
IOMUMO JJOMUHAHTA, BKJIIOUaJ ipyrue susbl 115,
a TaKkyKe 3eJEHbIe U JKEITO3eJTEHbIe BOJOPOCIIN.
CarporpoHbiii KOMIIJIEKC MTPejicTaBIeH aMMO-
nuduraropamu, azorpurcaropaMmm, aKTHHOMM -
neraMu 1 MUKPOMUIIETAMI, CYMMapHas YHCTIeH-
HOCTh KoTopbix npesbiniaer o man KHOE/r BII.
[Tpu aroM CRIIAIBIBAIOTCS OCOOCHHO OJIATOIIPUSIT-
HbIe YCJIOBUS IS Pa3BUTHS TPUOOB, cyMMapHast
JUTITHA MUTIeJIN ST KOTOPBIX B JAHHOIT accorualnm
MOsKeT TpeBbIarh 2 KM/T. Biarogapst Hutam
15 n rpubuomMy MuIennio, MOrpyREHHOMY
B IaHo0aKTepuaabHy CJIU3b, HOCTOKOBBII
IeHO3 MPHoOpeTaeT CTPYKTYPY JAUIIaiiHUKOBO-
MOMOOHOI «ICeBIOTRAHW». ATperarnus KIeToK
B 1I0I00HOII TICeBIOTKAHN YPe3BbIYaitHO ITPOUYHA
u obeciieynBaeTCs He TOJBKO HATUYMEM MHUIle-
JUATbHBIX ¥ HUTYATHIX (POPM, HO U MOTIHBIM
BBIIeJIeHITEeM CaN3UCThIX JM.

JK30MeTadoUThI IHAHOOAKTEPHIT
B 00€3BPE;KMBAHNN TOKCUKAHTOB
U 11ATOTCHOB

CyrmecTBeHHYIO POJIb B ITPOTECCE CBABDI-
BAHWSA MOJLTIOTAHTOR, BRIIOUAS MOHBI TSIRETBIX
merasios (TM), HeopranmyecKnx aHMOHOB 1
OPTaHMUCCKIX BEIIECTB MTPATOT HKIOMOJCA-
xapujibl, aunuabl n Tuoabl [d0-52]. Bosmosk-
Ha Jerpajaiis MOJTIOTAHTOB TOJ AeicTBIeM
9K30(DEPMEHTOB, B Pe3yJbTaTe 4ero CHUKACTCS
RoHIleHTpalus 3arpsasasiomux semiects B OC
[53]. 9r3omerabonuTsl, BoipabarsiBaembie 1B
B OTCYTCTBIUY TOJTIOTAHTOB, yyKe 00J1a/[atoT 1m0-
TEHI[NAJIOM CBS3LIBATDL WJIM Pa3pyliarh 3arpsas-
nurean. OfHAKO B NPUCYTCTBUN TOKCHKAHTOB
yeusnuBaercs skckpenust IM. Hanpuwmep, Bo3-
pacraer CKOPOCTh UX BHIPAOOTKU TIPU HAJTUYNN
B cpejie monoB TM [54, 55].

[lmamobaxrepmanbHoe 00e3BPeKMBAHIIC
TOKCHMKANTOB MPOMCXONAUT M KOCBEHIO 34 CUET
BBIPAOOTKI BeIMEeCTB, CTUMYJIUPYIONNX Pa3BM-
trie MO, ocyIecTBIsIIONNX HEITOCPEICTReHHYI0

yrunauzanuio tokcurantos [06—60]. Ilepcnex-
TUBHBI ITYTU MUCIOJb30BAHMSs PACTUTETHHO-
UAHOOAKTE PUAJIBHBIX KOMIIJIEKCOB JIJIsI OUMCTRI
noussl ot TM. Tax, acconmanus Sinapis alba +
I'. muscicola, co3pannas B pesyJibrate mpejo-
CeBHOU MHORYJISINI CeMsIH FOPUMILbI Oesiot -
epeJioll, crocodCTBYeT CyIeCTBeHHOMY Bbi-
HOCY MOHOB MeJIN M3 MeIb3arPsA3HEHHON MTOUBBI
[61]. BeneperBue sToro mojo0HBIT KOMILIEKC
B IAJLHETITeM MOYRHO NCITOTB30BATE JIJISI paspa-
OOTKI MeporpusATHil 10 (huTopeMenarnm movYB
€ BBICOKUM COJIepsRaHeM MOHOB MEJIN.

B 1esom, Kak mokazpIiBaeT aHajius JuTepa-
TYpHBIX ncTouHNKOB, 1| B, 6raronaps crnoco6-
HOCTH K IPOJYIIMPOBAHUIO IITUPOKOTO CIIEKTPa
IM pasnanvHoll XUMUYECKOIT TPUPOJIbI SABJISIOT-
cst HanboJiee peaabHbBIMU OTEHI[MATbHBIMU O110-
pemMeiMainoOHHBIMI areHTaMu, 110 CPaBHEHUIO
¢ npyrumu MO [9].

Benuka pors OM D u B napyennn skus-
nepesareanbaoctn narorenupix MO. Cunraror, ato
cpenu PYrux MmpoKapwmoT 1Mo MOTeHINATbHON
CITOCOOHOCTH CHHTE3UPOBATHL HAMOOTEE BasK-
HbIe TepareBTUYecKue areHThl, obJaagaionme
AHTAaTOHMCTHYECKOI akTuBHOCTHIO, [[B MoskHO
CpaBHUBAThL TOJHKO ¢ aKTUHOMHIleTaMu [62].
JrsomerabouTol Muorux sunos LB obnagaior
AHTUBUPYCHON, aHTHOAKTEPUANLHON, aHTH-
rpubHOII, AHTUOIIYX0JEBOI aRTUBHOCTHIO [63].
Hanpuwmep, oonapyskeno, uro OM nByx Bumos
Anabaena narnbuposann pazsutue Staphylococ-
cus aureus [64]. Ycranosiaena posib OM rarux
ponos nousenubix 1B, kak Phormidium n Micro-
coleus, B unrubupoBanum pasmuoskenus K. coli
u Streplococcus enteritidis [65]. IruauMuHOMeTIII-
12-(mopdonnu-4-un-meroren)-9,8,13,16-
TeTpaasa-rexkcaren-2,3-1nKkapooHOBO KUCIOTHI,
Boifenennbiii u3 LB Nostoc sp., cuuskan cunres
MPOTENHOB, OTHECEHHBIX K PeIIMKaIii, TPaHC-
KpUNIUM, TIepeBoy 1 Tpanciopry B L. coli [66].
Cenexrusubiii ot60p 14 Bugon b nokasan, uro
IM Fisherella sp., Oscillatoria sp. w Anabaena sp.
00/J1a/1al0T AHTATOHUCTUYECKOT aKTUBHOCTHIO
MPOTHB I'paMoTpuIaTebHbIX OarTepuil F. coli,
Pseudomonas aeruginosa, Salmonella typhimuri-
wm, TPaMIIOJIOKUTENbHBIX DaKkTepuii S. aureus,
B. cereus n muxpomuieros Aspergillus niger,
Candida albicans [11]. [lureprienon; HOCKOMIH,
Boifieennbiit u3 M N. commune, mokasan Bbi-
CORMIT yPOBEHb AHTATOHUCTUYECKOI aKTHBHOCTI
nporus B. cereus, St. epidermidis n E. coli [67].
Jrccynarel Nostoc sp. apperTuBHBI MPOTUB
Cryplococcus Sp., ROTOPBII SIBJASIETCST TIPUYMHOM
BTOPUYHOI MHEPEKITNN Y TAINEeHTOB ¢ CUHIPOMOM
ummyHnozneputura [68]. IM Phormidium tenue
u Pseudoanabaena schidlei mokazanim akTHBHOCTD
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nporus Bupyca reraruta B [69]. Auturapuepnas
AKTUBHOCTH OOHAPYKEHA Y TAHOTBHBIX DKCTPaK-
T0B M HECKOJNBKUX IMITAMMOB OJ[HOKJIETOUHBIX
I, BBIieIe HHBIX 113 TIOUB Pa3JIMYHbIX PErTOHOB
Erunra [70, 71]. [leiictBue atux M nipuBojiuio
K CHIKEHIO POCTA PAKOBBIX KJIETOK Ha 66—74%.

B nocienrme rojbl OsSIBUIICS MUK pador,
MOCBANEHHBITT AHTUMUKPOOHOT aKTUBHOCTU
B p. Fischerella. Hanpumep, uz F. ambigua
BbIJleJIeH HOBBIN aHTUOMOTUK HMapCUTHH, 00-
JNQJIAoINI SPRO BLIPAKEHHONW aHTHOAKTePU-
AJbHOW W aHTUTPUOHOI AKTHBHOCTHIO TPOTUB
Staphylococcus epidermidis w Candida krusel
[37]. MeranonbHbIe 1 9TAHOJIbHBIE DKCTPAKTHI
aroll 1D nopaBiasior Takike pazBuTHe TaKNX
oaxrtepuit u rpudos, Kar B. subtilis, B. putida,
E. coli, Fusarium sp. | 72-73]. B npyrux paborax
MOKA3aHO, YTO B 3aBUCUMOCTH OT XUMHYECKOT
MPUPOJBI DKCTPAreHTa MeHsIeTCs TPOTHBOMN -
RpobHast mutniens gunrepennsl. Hanpumep,
BOJIHbBIC BLITSIKKY 1itamma Fisherella sp. FS18,
BBIZIEJIEHHOTO W3 TIOYBBI prcoBoTO o151 B parte,
MHIUOMPOBAJIM POCT TOJILKO B. sublilis. Iranoub-
HbBIE, METAHOJbHBIE, ATIETOHOBbBIE, XJIOPOPOPMHbBIE
HeounteHube sKeTpakTel IM F. muscicola,
BBIJIEJIEHHOI U3 110JeBoii mousbl B Wupuu, 06-
JIaJlaJii aHTAarOHUCTUYeCKOT AKTUBHOCTHIO T1PO-
THB MATOTeHHLIX JJISI YeJIoBeKa mraMMoB F. coli
n St. aureus [74]. B roske Bpems 6eH3UHOBBIC 1T
MeTaHoJibHbIe DKeTpakThl M mopasisiin poer
TPaMIONIOKNTeNLHON OakTepun St. epidermidis,
rpaMoTpuIaTebHbIX OarrTepuii Enterococcus
Jecalis n E. coli, a rakske rpuda Candida kefyr
[75]. st ppyroro mramma Fisherella sp. BS1-
EG 06bina nokaszana Bbicokast antTu@yHraabHast
AKTUBHOCTDL MTPOTUB TPpubOB pojoB Aspergillus,
Fusarium w Penicillium [76]. Bonee toro, pas-
JUUYHBIe METaOOJIUTHI JIAHHOTO IITaMMa (3KIUpHbIE
KUCJIOThI, TKAJIOU/bI, (DEHOJIbI, AMUHOKRUCJIOTHI 1
0osee 9 IPYrux coeIMHEHMIT) OKA3BIBAIN ITHTO-
TORCHMYECKOe [IeficTBIe Ha KIeTKHU paKa [eyeHu,
JETKUX, KUIITeYHNKA, MOJIOUHBIX JKeJIe3, a TakKe
obJsiajiaim aHTUTHITePTIIMNKOMIYeCKON akTHBHO-
cThI0 Oarojapsi ToMmy, 4To nHrudbupoBain gep-
MEHTATHBHYIO aKTUBHOCTD TJTIOKO3W/1a3bl.

B psage apyrux mcceieoBannii mokasamo,
47O AaHTUMUKPOOHAs, repOuTuaHas U aHTH-
RaHIePOTeHHAs AKTHBHOCTH PAa3/IMUHBIX BUJIOB
(pumepennbl obecrieynBaeTcs CUHTE30M MH-
MOJILHBIX QJIKAJOUTIOB, CPEN KOTOPBIX 0c0boe
mecro sannmaior xananonnugonasl (A, C, G, H,
I, J, U), a rarse dpurmepungon u guirmepesainm
An B [77-80]. [lony4yenbl unTepecHbIe pe3yiib-
TaTHl 10 AHTUKAPIEPHOI 1 aHTUNA0eTNYeCcKOil
axkrnsroctn IM Fisherella sp. [76]. Cpenn eé
OM BbIfieieHbl JKUPHBIE KUCIOTHI, aJKaJOU]IbI,

(penospl, aMuHOKUCIOTHL. [leBATh coeuHenmii
naeHTH@UIMPOBAHBI KAK areHThl, TOPMO3sIIne
POCT KJIETOK paKa JETKuX, s3bIKa, KUIIeYHNKa,
MOJIOUHO sKeJIe3hl.

Anrarorncrnaecknii aerT ancToi Kyib-
Typel F. muscicola n eé GUHAPHON accoTmarnm
¢ akTuHobakrepueii Streptomyces wedmorensis
3aperucTpupPoOBaH B OTBITAX ¢ NCKYCCTBEHHO MH-
UM POBAHHBIMU CeMEHAMY SITMEH S 1 [TTITeHUT{hI
Pa3IMYHBIMI BUAMU (DPUTOTIATOTEHHBIX IPUOOB
pona Fusarium [81]. MukpoOHast MHOKYJLSIIIS
3aPAREHHBIX CEMSIH CYIIECTBEHHO OTPAH MY NBATIA
passurne Qy3apuoszHoii nHeRn B pusocdepe
BBICITIETO PacTeHUsI 1 yJyulajia ero Mopdome-
TpUYECKUe TTOKa3areJii.

Taknm obpazom, flaske KpaTkuit 0630p BO3-
MOYRHBIX ITyTell ncnosibzoBanus B paér mpes-
craBjieHue od X Bicouaiinem OMOTexXHoI0TnYe-
CROM TOTeHIHAIe.

JK30MeTa00JINTHI B CO3AHNI
MHOTOBHJIOBBIX COOOIIECTB

[Tporeranme m0OBIX TOITYJIATII BO MHOTOM
OTIpeJiesIsieTcs X CIOCOOHOCTRIO OCBANBATh HO-
BBl DKOHUIIN U 3aceysTh Teppuropnio. Cinsnb
(OM) B siBisiercsi MaTpU4YHON OCHOBOIL JIJIst
popmuposanus BII, kotopbie cranoBsiTcs: aHa-
JI0TOM MHOTO(PYHKITMOHAJIbHBIX TRAHET BBICIITNX
opranuamoB. imenno cymecrsoBanne 1B B Buse
BIT Bo muOrOM ObecrieunBaer nxX BhIRUBAHWE B
CaMBIX HKCTPEMaTbHbBIX TPUPOHBIX YCIOBUSIX
(TTyCTBIHYT, JeIHUKI, TOPHI, MOCTBYTKAHWYECKIE
TIeTTHI ), & TAKKe TTPU TeXHOTeHHBIX BO3/eTICTBIAX
n karacrpoax (aBapum na AJC, Ha moJuTOHAX
MOCJIe NCITBITaH S SITIePHOTO OPY RIS, aBapUiTHbIe
pasnuBbl HeTH, B RECTKUX YCJIOBUAX ypOaHU-
3UPOBAHHBIX HKOCUCTEM, B arpolieHo3ax npu
MacCOBOM MPUMEHEHWN XUMWKATOB U T. 1) [47].
[Tepcucrentrocts BII Bo MmHOTOM 00ycoBieHa
Gu3nos0oro-6MOXNMUYECKUMHU CBOWCTBAMI,
Bxoysmux B cocras BIT MO, koropwie denorn-
nuyeckn orimdares ot rex ke MO, cymecrByio-
UX B BUJIe OJIHOBUIOBLIX romyJisiiuii [S2—83].
Naydernne koMMyHUKaTUBHBIX otHOTeHHT MO
npu gopmupoBannu BIT morazano, aro MesRmy
MapTHEPaMI CKIAILIBATOTCS OTIPeIeIEHHbIe XM -
yeckne, puamueckme, coruaabHble OTHOITEeHNS ¢
opMupoBaHTeM OnpeeIéHHON APXUTERTOHNKI
BI1[86]. [laske B nCKyCCTBEHHO CO3/IAHHBIX aCCO-
nuarnusax Ha ocaose LB n ipyrux MO BoisiBsitor-
¢S CYIIECTBeHHBIE PA3AnY s B MOPPOTOTHYECKITX
1 U3N0OI0ro-OMOXMMIYECKIX XapaKTepUCTHKAX,
10 cpaBHEHWIO ¢ MOHOKYJIbTypamu. Harmpumep,
B IMaHODAKTePUATbLHO-aRTUHOMUIETHO acco-
nuanun (Anabaena variabilis + Streptomyces
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pluricolorescens) azorurcupymoias aKTHBHOCTb
1B yBesmunnach B JeCATKN pas, 4TO CTUMYJIN-
pyer pa3BuTHe akTHHOMUIETA, KOTOPBIIi, B CBOIO
ouepejib, 006ecieunBaeT J0MOJTHUTEbHY IO 3alI1-
TY I{HAHODAKTEPUATLHOTO ITAPTHEPA OT TATOTeH -
uerx MO 3a cuér Boigenenns antnonoTnkos [S7].

Muorosupossie Romiexcenl [[B nomryannm
MPAKTHYECKOE MCITOJIb30BAHIE B PA3THYHBIX O110-
peMeinanmoHHBIX MePOTIPUATUAX: JIJIST OUNCTRI
nedrezarpasuéaubix nous [88—-90], yerkopenns
cyrieccuil ipu 60ppde ¢ ONMycThIHUBAHUEM B
00eHEHHBIX PACTUTETLHBIX COOOIIECTBAX JIJIS
BOCCTaHOBJIeHUs nux Omopasuoodpasus [91].
[{nanobaxrepuanbbie obpacTanmst B BUE KOPOK
Ha MOBEPXHOCTH MMOYBBI U CKaJ B 3aCYILIMBbII
Mepuoj CrocoOCTBYIOT COXPAHEHUIO Bjaru u
CHIZRATOT 9p0o31io TTouBwI [92—-93]. Oxzomonmea-
xapujpt L[ B criocoberByior rakske arperarun mo-
YBEHHBIX yacTuil npn nnoryasiun 1B B mousy
3a CUCT B3aWMMOJICTICTBIIS MEKTY BBITETSIeMbIMUT
moJImcaxapuaaMm 1 MOpQOTOTHYECKUME eJTHHT -
namMu mouBeHHBbIX pariuii [94].

3axiroueHue

[lnanobarrepuu, qpeBHeiile opraHu3Mbl
TJIAHETHI, IO CUX TIOP UTPAIOT BAKHEHTITYIO POJIDH
B OMOTEOXNMUYECKUX IUKIAX YIIepo/a 1 a3ora.
Buijieasisi B OC sHaunresbHoe KOJM4ecTBo 010J10-
IPMYCCKN AaKTUBHBIX BEIECTB, OHM CIIOCOOHbI BhI-
JKUBATH B IITPOUYAIIIIEM Maas3oHe CTPeCCOBLIX
darropos. Jkzomeradbosutel LB He rosibko mipe-
MOXPAHSIOT UX KJIETKN OT TAKUX a0MOTHYeCKIX
(axTopoB, KaK M30BLITOYHAS NHCOJMAINA 1 00e3-
BOJKUBAHIE, HO TIPEIISATCTBYIOT TPOHUKHOBEH IO
BHYTPD MOJUIIOTAHTOB Pa3JHMYHOIl XUMIUECKOT
HPUPOJILI, COPOMPYS U CBA3BIBAS UX. JKCCYLATHI
[1b cranoBsitcs Mmectom obuTanmss MUKPOOOB-
CIYTHUKOB, Ubs TUPOJUTHUCCKAS AKTUBHOCTD
CILYIRUT eI1lé ofiHUM haKkToOpoM 00e3BpesRuBaAHU S
rorcurauToB. Hanmuume B cocrase IM OGuonorn-
YeCKN aKTUBHBIX BEIECTB, 00Jaatonnx anTin-
BUPYCHOU, aHTHOAKTEePUATbHOI, aHTUTPUOHOT
aRTIBHOCTRIO obecmeunBaer 1IB komkypenTHoe
MPENMYIIECTBO B 3aCeJICHUN HOBBIX 9KOTOTIOB.

Crocobnocrs 1B k cunresy M, obanapaio-
MIX TAKUMU CBOMCTBAMM, SIBJISIETCST OCHOBOT JITs1
co3/lains 6GuonpenapaToB MHOTOQYHKITHOHAb-
HOTO HA3HAYCHUS.

Pabdoma evinoanena 8 pamkax eocydapcmaeen-
noeo 3adanus Uncmumyma ouonoeun Komu HIJ
YpO PAH no meme «Oyenra w npo2no3 omcpouen-
1020 mexnozeninozo 8ozdelicmeust Ha npupodnsie
u mpancgopmuposanmsie IKOCUCMeEMbL ROI30HbL
100icnotl maitieu» N 0414-2018-0003.
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Rouuennus odecreyenus 3K010rn4ecKroii 0e30macHocT
BO3/IYIIHON CPeIbl TOPOIOB B IPHPOHO-TEXHMYECKIX CHCTeMaxX
rOPHO-KOTJIOBHHHOTO THIIA
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Paspaborana koHienius obecrnedeHns HKOJIOTHUECKOI He3011aCHOCTI BO3JLYIIHON CPejibl TOPOJIOB B HPUPOJHO-
TeXHUYECKUX CUCTeMaX TOPHO-KOTIOBUHHOTO THIIA, B KOTOPOI PACCMOTPEHbBI KOHIICNTYAJIbHbIC MOJXO0/bl OT€UeCTBEHHbIX
1 3apy0esRHBIX aBTOPOB K BOIIPOCAM €J[MHOIT CHCTEMBI PACCEIEHIS, TePPUTOPHATBHBIX TTPUPOJIHO-X0351ICTBEHHBIX CHCTEM
1 KOMIIJIEKCOB, KOHTHHEHTAIbHO-OKeaHMUeCcKoI uxoroMun, hparrainbHoii reorpaguueckoii tpuxoromMmnn, reorpa@uieckoii
sreneprusbl n T. 1. [peposkena, Hayuno obocHoBana 1 HOJTBEPsKIEHA THIIOTE3a, CONIACHO KOTOPOT NMeeTcst HeoOXOIMMOCTh
paspaboTKN KOHIIeInn 00ectiedeH st 9KOJOTITYECKOIT 6€3011aCHOCTI BO3AYIITHOT Cpejibl TOPOJIOB B IIPUPOIHO-TEXHITUECKIX
cueTeMax TOpHO-KOTIOBMHHOTO THIIA. BBISBIEHbBI re09K0JIOTHYeCKIe acleKThl (DOPMUPOBAHUS KAYeCTBEHHOTO COCTaBA
armocdepsr pernonos Pocenn, a takyke ropojios, pacioloKeHHbIX B YCJIOBUAX BHYTPHKOHTHHEHTAIBHBIX MEKTOPHBIX
KOTJIOBIH ¢ YYETOM IIPUPOJIHBIX U TeXHOTEHHBIX (DAKTOPOB HA TIPUMepe XapaKTepHbIX 00heKTOB.

[TpoBeseHa oreHKa re0dKOJTOTHULCKIX YTPO3 U reorpaduuecKinX MeXaHn3MOB UX peasnsaluu, AnHAMUKNI 3arpsi3He-
Hust armocgepHoro Bo3ayxa xapakrepibix 00bekron (Unrnncro-nropunckoit n Tyruyiickoi Bajimi n pacioaosKeHHbIX
BOsm3u ropojos Ynra u Ilerposek-3abaiiranbeknii). BeisiBIeHbB 3aKOHOMEDHOCTH TTPOSIBJIEHIS YPE3BBIYAITHO OMACHBIX
KOHIIEHTPAINil 3aTrPA3HAIONINX BEIeCTB, T03BOJISIONNe CIIPOTHO3MPOBATE TOKA3ATeN YCJIOBUI U151 3KUBHI HACETeH U
yp6aHn3upoBaHHBIX TOPOJIOB, PACIIONIOKEHHBIX B ME3KTOPHBIX KOTJIOBNHAX.

Kaouesste cioga: woutieris 0becIiede s, YROITOTHUeCKas 6e30MACHOCTD, BO3IYITHAS CPeJId, TPUPOHO-TeXHIYeCKIe
CHCTEMbI, TOPHO-KOTJIOBUHHBIIA THTI.

Concept of environmental safety of air environment of cities
in natural-technical systems of mountain-hollow type
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The concept of ensuring environmental safety of the air environment of the cities in natural and technical systems
mountain kormoBuruoro type in which conceptual approaches of domestic and foreign authors to questions of a uniform
system of resettlement, territorial natural and economic systems and complexes, a continental and oceanic dichotomy,
a fractal geographical trichotomy, geographical examination, etc. are considered is developed. The hypothesis according
to which there is a need of development of the concept of ensuring environmental safety of the air environment of the cities
for natural and technical systems mountain kormosunmoro type is offered, evidence-based and confirmed. Geoecological
aspects of formation of qualitative composition of the atmosphere of regions of the Russian Federation and also the cities
located in the conditions of midland intermountain hollows taking into account natural and technogenic factors on the
example of characteristic objects are revealed.

The assessment of geoecological threats and geographical mechanisms of their realization, dynamics of pollution
of atmospheric air of characteristic objects is carried out (The Chita and Ingoda and Tugnuysky hollows and the cities of
Chita located close and Petrovsk-Zabaykalsky). The regularities of manifestation of extremely dangerous concentra-
tion of pollutants allowing to predict indicators of conditions for life of the population of the urbanized cities located
in intermountain hollows are revealed.

Keywords: concept of maintenance, environmental safety, air environment, natural-technical systems, mountain-
hollow type.
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[Tpobiema 3arpsisnenust armocepHOTO BO3-
JLyXa KPYITHBIX TOPOJIOB, OOJIbITNAs 4aCTh KOTOPBIX
pacroJioskeHa B MOHIKeHNAX penbeda (Ha 1mo-
OepesRbsiX MOPeil 1 OKeaHOB, B PEUHBIX JIOJTNHAX
U MERTOPHBIX KOTJIOBUHAX), CTAHOBUTCS aKTy-
aTbHOTI ¢ cepe/inHbl TIPOILIoro Beka. Cpean HuX
TaK HA3bIBAEMBIT «BEJTUKUIT CMOT» — 3arpsI3HeHe
BO3JyXa, nMeBIiiiee Mecto B I. JIoHoHe B leradbpe
1952 1., B pesysibrate KOTOPOTO MTOTHOI0 HECKOJTh-
KO ThicsIY uesioBeK [ 1], macinradmoe 3arpssHenme
B r. Jloc-Anmsrenece [2].

R macrosiiemy BpeMeHn TTPU3HAETCS TJIO-
0aTBLHOCTD TPOBIEMATHKI TEXHOTCHHOTO 3arpsi3-
HEeHIsT aTMOC(EePHOTO BO3/yXa rOPOJIOB B I[€JI0M
1 0CODEHHO TOPOJIOB, PACITOJIOKEHHBIX BHYTPHU
ropubix crpas u pernonos [3]. Tax, B Jlarunckoit
Awmepuke, rjie OKOJIO IBYX TpeTeil HaceJeHusl
MposKMBaeT B AH/IaX B yCJOBUSIX TOPHBIX JIOJTHH,
Ha CHUJKeHIe Ka4ecTBa BO3/[yXa BIHUSIOT BBIOPO-
chbl 3arpsasusioniux Bemiects (3B), orxopsammx
KaK OT CTAIMOHAPHBIX NCTOYHWKOB, TAK W OT
aprorpancropra [4]. [IpucyrcrBue 3naunresn-
HOTO KOJIMYECTBA TeXHOTCHHBIX 3arpsi3HUTeNel
(purcupyerest B ropopax Aswit [0], RaBkaza [6],
Manoasuarckroro Haropbs [7], Ha Memropusix
naro Ha 3anajze CIIA [8]. B upenenax Bayrpen-
Heil A3 Bo3JielicTBIIe 3aTpsI3HNUTE el HAa aTMOC-
(pepHBIIT BO3YX YiKe CTATIO CephE3HOoT TpodaeMoit
I KpynHBIX ropofos Ruras [9] u smaunTensno
Mmenee nacenémnoro Kurpreserama [10].

Tak, MMEeHHO TOPHO-KOTIOBUHHOE Paciioio-
srerue poBuHIE ChlayaHb pejorpesiesisier o,
9TO OHA SABIAETCS YeTBEPTHIM B PSATY 3aTPA3HEH-
nbix pernotos Kurast [11]. B gpyrom kuraiickom
perunone — I'yanbuRYH, ORPYKREHHOM ropamu,
BBISIBJIEHO BO3JICIICTBIE MECTHBIX THPKYJIAINI
Ha 3arpsi3HeHne BO3/lyxa B 3umMHee spems [12].

[Tocrosimnbie TeMTiepaTypHble NHBEPCUN
B 3UMHWII ce30H Ha ceBepoaMepnKkancknx Mesx-
TOPHBIX TJIATO, PACIIOIOKEHHBIX MRy Tuxoo-
reanckumu beperosbivu xpedramu n CRagncThi-
MU TOpaMm, KOTOPBIe MOTYT MTPOJONKATHCS JI0 Jle-
CATH el 1 60J1ee 1 COTTPOBORIATOTCS TITIICBOIT
MTOTOJI0, OrpaHmYrBatoT arMmocdepHoe paccenBa-
HIe I ITPUBOJIAT K 3HAYNTETLHOMY 3arpsi3HeHI 10
Bosmyxa [13]. TToxoskas curyanus ckiagbiBaeT-
¢s1 3UMOIL B ropHoii yacTu 6acceiina p. Mosjgosa
na cesepe Pymbinnm [14]. Cunbroe 3arpssme-
Hue atMocepHOro BO3yXa B IePHoOJL ¢ ieRadps
110 MapT, a TaK;Ke CHEe}KHOTO ITOKPoBa PUKCHUpy-
eTcsi Ha TeppuTopni T. Ynau-barop B Mourosmn,
PacIoyioReHHOTO B KOTJI0BIHE ¥Ypra, KOTopast Xa-
parTepU3yeTcs pesKOKOHTHHEHTAIbHBIM KJIIMa -
TOM ¢ OOJIBITUME CYTOUHBIMU 1 TOJIOBBIMU KOJIe-
OaHUAMI TeMIIePaTyphl 1 YCTONYNBBHIMU 3UMH -
mu uHBepcusimu [15].

XapakrrepucTnku arMocgepHoi UpRYJIs-
1w, sipstronuecs: GyHKIMeir MHOTOYNCIeHHbIX
rnapaMerpoB reorpauuecKkoro 1moJjosKeHus, pe-
Jibeda 1 BpeMeH! rojia, CIyKaT OCHOBOI MOJIeIell,
paspabaTbIBaeMbIX JIJIsi [IPOTHO3A PaCIIpejieeHIs
3arpsI3HeHNN B KOTJIOBUHAX, aJlaliTallii K TaKOM
CUTYAIII HACEJIeH IS 1 PAINOHATLHOTO pas3Meriie-
HUSI KPYITHBIX TTPOMBITIIEHHBIX 00heKTOB [ 16—18].

[TpeanpuHnMaOTCs MOMBITKY NCTIOAB30BAThH
BO3MOKHOCTI AMCTAHIMONHOTO MOHUTOPWHTA
[19], a Tarske reonn@opMamOHHBIE CUCTEMbI
1 DJIEKTPOHHOE KaprorpadupoBaHue JIJist OTeHKI
AKOJIOTMYECKOIT 0OCTAHOBKNI B TOPOJIaX ¢ KOTJIO-
BUHHBIM (DAKTOPOM TepPUTOPUATLHOI OpraHm3a-
mun [20], KOHTPOJIst 1 peryiupoBaHus TNHAMM-
KIT KOTIOBUHHBIX TeocncteM [21-23].

OpHuM 13 OCHOBHBIX HAIPaBIeHUIl UCCIe-
JOBAHNI B paMKaxX paccMaTpuBaeMoOl TeMaTnKn
SBJISIETCST aHA N3 3200/1€BAeMOCTH U CMEPTHOCTHI
HACeJIeHUsT TOPOJIOB B IIPUPOLHO-TEXHUYECKIX
cuereMax TOpHO-KoTmIoBuHHOrO THna [24]. Uc-
CJIeIOBATNS TIORA3LIBAIOT, UYTO BHICOKMI YPOBEHD
zarpssaenus armocgeproro Bo3ayxa B Adpmnax
3HAUYNTEJHbHO CHUKAIOT CPeHION0 TTPOJOJIKI-
TeJTLHOCTH KU3HY Haceaenus [29].

Tarum 0o6pas3om, 10 HACTOSIIEIO BpeMeHN!
B paMKax paccMaTpmuBaeMoii npodjieMaTukm He 10
KOHIIA pelreHbl KOHIeINTYalIbHbIe TIOIXO0/bl 00e-
ClIeueH st HKOJIOTUYECKOI 6€3011aCHOCTH BO3YIII-
HOIl Cpe/ibl TOPOJIOB B IPUPOHO-TeXHUYECKNX
cHcTeMax TOPHO-KOTJIOBUHHOTO THIIA.

B.C. Xopees B 1pej/iosKeHHON UM KOHILETI-
Y eJINHON CUCTeMbI PACCe/IeHIsT BBET TepMIUH
«OTMOpHBIT Kaprac paccegennss» (OR) [26].
Hanpumep, I''. IIBebc cBou muorosertnue
HapaOOTKN TOIBEJ TIOJT KOHTIETITITO TePPUTOPI -
AJLHBIX TPUPOTHO-X03SAMCTBEHHBIX crcTeM [27],
y A.M. RorerbH1KoBa n3yvyeHmne rTeppuTopuab-
HBIX TIPUPOJIHO-XO035ICTBEHHBIX KOMIIJIEKCOB
(ma mpumepe Bocrouroro 3abaiikannsa) [28], y
JILA. Be3pyKoBa — KOHIEIIUs KOHTUHEHTAJIbHO-
orkeanmnueckoii juxoromun [29],y A.H. HoBuxro-
Ba — KOHTENTIUA (DpakTaTbHOl reorpauaeckoii
rpuxoromun [30]. U, nakonen, rpyynt K.I1. Roc-
MaveBa OBIIN MOCBSIIEHBI pa3paboTKe OHATHS
reorpaduueckoil sRcrepTusnr [31].

Uexopst n3 aToT0, BO3HIKAET HEOOXOIMMOCTh
pa3zpabOTKM KOHTIeTTNN o0ecTieuyeH st 9KOJTOT -
YecROiT 6e3011aCHOCTH BO3YIITHOT CPeJTbl TOPOIOB
B IPUPOIHO-TEXHUYECKNX CUCTeMaX TOPHO-
KOTJIOBTHHOTO THTIA.

O0BbeKT 1 MeTOIbI HCCIeOBAHIA

O0beKrT nccieoBaHMs — BO3YIITHAS Ccpeja
BHYTPUROHTUHCHTAJIbHBIX ITPUPOAHO-TEXHNYECCKRUX
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cHUcTeM rOPHO-KOTJIOBUHHOTO THIa (Ha 1puM-
mepe Unrnncko-Muroguuckoit u Tyruyiickoit
BIIAJINH).

3ajiavua mccaeloBaHmsl — N3ydeHne reoIKko-
JOTUYECKUX acleKTOB PYHKIIMOHUPOBAHUS
MPUPOIHO-TEXHMUYECKIX CUCTeM Ha OCHOBE WC-
CJIeIOBAHMI TPUPOJIHBIX T AHTPOITOTeHHBIX (PaK-
TOPOB ¢ [1eJIbI0 Pa3paboTKM KOHIIEIIUN obeciie-
YeH WS DKOTOTMYECROT 0€30T1aCHOCTI BO3/TYTITHOM
CPeTbl TOPOIOB B PN POHO-TeXHIMIECKNX CHCTe-
Max ropHO-KOTJIOBUHHOTO THTIA.

Meroposornyeckuii arnmapar poBeeHHbBIX
HAYYHBIX M3BICKAHWII, TIpeJiJlaraeTcsi HA OCHOBE
M3BECTHBIX, KIACCHUYECKNX 1 HOBBIX, COBPEMeH-
HBIX, pa3paboTaHHbIX aBTOpOM [32-34].

Rommnercubrii nuugexe USA J(m), yanrbiBa-
IO Maccy 3arpA3HAONINX BEIECTB, PACCUm-
ThIBaeTcA 10 popmye:

S UBA, =J(m)=3 7, =3 | E=
i=1 i=1

i=1 nl:ll:{rrr 4

n

1€ g, — CPEHEerofoBas KOHIeHTpalus
i-ro sarpasnsioniero Bemectsa, mr/m*; IR, —
cpeiHecyTouHas MpejeabHo JOTycTuMas KoH-
HEHTPAIHS 1-10 3arpPsI3HAIONIEN0 BEIecTBa, MKr/M?;
n, — 6e3pazMepHblil KOYPEPUIMEHT, HO3BOJIAIO-
MU TPUBECTH CTETeHb BPEHOCTH i-TOTO 3a-
IPA3HAIONETO BEIecTBA K CTEIeHN BPETHOCTI
MMOKCHUIA CePBI. SHAYCHIS N, paBHbI 1,5:1,3:1,0
u 0,85 coorsercrBenno g 1,2, 3 u 4 riaaccos
OTIACHOCTH 3aTrPA3HAIONIETo Bemectsa. Jlmokeny
CepPBI OTHOCUTCS TI0 CTeTICH BPEIHOCTI K TPeThe-
My Kaaccy omachocts n, = 1, K meit mpuBoguTes
BPEHOCTH BCEX BEICCTB.

Jlns pacuéra KOMILTEKCHOTO MHJEKCA 3a-
rpasuenns armocdepnt (M3A.) ncnonnszyior
3HAUCHUS eIMHNYHBIX nHeKcOB USA Tex rartn
BEIIEeCTB, Y KOTOPBIX ATH 3HAYEHUS HAnOOJIbIIINe.

Craupapraeiii majperc (CU) nan nanbosb-
MU eIUHUYHBIN UHIEKC 3arpA3HeHUs — Hau-
OoJBITas M3MEpPeHHas B TOPOJe MAKCHMaTh-
mas pasoBas KOHIEHTPAIS J1000T0 3aTPA3HA-
tforiero BetectBa, fnenénnas va [IJIK. B r. Yura
(Ynruncro-VHTOMMHCKAS BIAJITHA, IBEHAJITIATH
[IOCTOB) HATypHbIe HAOIIOMEHUS IPOBOAUINCH
3a copepskanuem 10 Bemecrs, a B 1. IlerpoBck-
Sabaitrannseruii (Tyrayiickas Bnajuaa, Tpu mo-
cTa HAOJTIOJIeHNIT) — 3 COJIePIRAHMEM O BEIIeCTB.
[To kaskmOMYy XUMHUUYECKOMY COCIMHEHUIO BhISIB-
JATACh MAKCUMAThHAS PA30Bas KOHIIEHTPATIWS
7 CPEIHETOIOBASA KOHIIEHTPATINN 3aTPA3HATIONE-
ro BeiriecTBa B armocdeprom Bozuyxe. B CU yun-
THIBACTCA TO BOTECTBO, MAKCUMATLHAS Pa3oBas
ROHIIEHTPATINA KOTOPOTO OBIJIA BLITIE BCEX IPY-
I'UX B TeUeHue Tojja (Mecsia).

Pesyabrarsl u ob6cyskienne

Cremyer oTMeTUTh, YTO TEPPUTOPUN € TIpe-
BbllleHueM 1pege/JlbHO-JOIMMYyCTUMbIX KOHIEH-
Tpauuii cpepnecyrounnix (ITJIK ) naxopsres
B Cubupcrom epepanbuom orpyre (DO), e
crontenrpuposano 90,9% ropojos npuopurer-
voro ciucka (2015 1.) (cormacHo esRerogHbIM
manabiM ['TaBHoOl reodnanueckoii obcepBaTopum
uMm. A.W. Boeiirosa). Bee atn ropoja pacmosio-
JKeHDBI B YCJOBUSAX BHYTPUKOHTHHEHTATbHBIX
MEJKTOPHBIX KOTJIOBWH, B TOM uucye r. Ynra n
r. [TerpoBek-3abaiikanbekuii SadbailkaabcKOro
Kpast (110 pesyJsbraTam HccaeloBaHNIT aBTOpa).

B sumHme mMecsIpl TOBTOPSIEMOCTb TIPH-
3eMHbIX I/IHBGpCI/IfI B MERTOPHBIX ROTJOBUHAX
pocruraer 90% [35]. F'omoBoii xop moBTOpsieMo-
CTH MPU3EeMHBIX WHBepcnii B I. YuTa moraszan Ha
pucyske 1.

B CBA3M C YaCTUYHBIMU U3MEHEHUAMMU I1JI1a-
HUPOBRU TOPO/ia 1 CTPONUTEJTHCTBOM HOBBIX MUKPO-
paiioHoB, BBOIOM B 9KCILIYaTAI[NIO HOBBHIX MHOTO-
DTAFKHBIX KUJIBIX IOMOB I KITFOUEBBIX TPAHCITOPT-
HBIX Pa3BsA30K, MOBIIIEHIEM IIJIOTHOCTH Hace e-
HUS 110 QIMIHICTPATHBHBIM PailoHaMm, JIJIs TPOBe-
JIeHIsT NCCIeOBAHNI 3arpsi3HeH s aTMOCepHO-
o BO3/lyxa rI. I’II/ITH Bbl6paﬁbl, B oT/Inyune, OT CTa-
IIOHAPHBIX TYHKTOB 3abailkaabCKOTO yIipaBe-
HUS 110 TUIPOMETEOPOJIOTUH 1 OXPaHe OKPYsKako-
el cpefibl, TepeMeraloniuecs Mo OmpeieTeH-
HOMY MapIIpyTy MOCTHI HATYPHBIX HAOTIOIeH I
(ITHH), pacriosiosrenHbIe HA PA3TUYHBIX BHICOT-
HBIX OTMETKaX 3aceaéHHbIX Teppuropuii. Mcce-
nosanus mposopuanch Ha 12 ITHH B reuenue
2005-2015 rr.

B nporecce narypubix HabJ0/eHTIT OCY-
MECTBJISICSA 0TOOP MTPOO BO3IyXa 1 MX aHAIN3 Ha
orpeJiesieHIe CPeTHeCYTOUHBIX I MAKCHMATbHbIX
Pa30BBIX KOHIIEHTPAIIUIA.

100 =0= | /| hour
- 3 —8— 7 4./ Thour
-ﬂ_R 2o —a— 19w/ 1S hour
80 . o.
O. % -
\\0. - ~o
G0
D
40
20 1
0 T r ; : : .
I 2 3 4 H 6 T & 9 10 11 42
Meesu / Mounth

Puc. 1. T'ojronoii xoj1 noBropsieMocTn
npu3eMHbBIX MHBepenit B 1. Yura
Fig. 1. Annual course of repeatability
ground inversions in Chita
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Ta6auma 1 / Table 1

[Tokasarenu oreHKN KauecTBa arMoc(epPHOro BO3/yXa 110 IIOCTaM HATYPHBIX HaboeHuil . Yura
3a mepuog ¢ 2005 o 2015 rr. / Indicators of assessment of air quality on the posts of field observations
of Chita for the period from 2005 to 2015

[Torazarenn lop / Year

Indicators 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
CU / Standard index | 8,0 | 104 | 12,8 | 142 | 15,5 | 149 | 10,5 | 12,6 | 41,4 | 775 | 64,2
U3A, /TAP, 18,7 | 24,7 | 30,7 | 224 | 28,3 | 222 | 21,8 | 20,2 | 26,1 | 29,0 | 33,3
N3A, /IAP, 16,7 | 224 | 28,1 | 20,9 | 21,5 | 20,4 | 19,8 | 18,7 | 24,4 | 27,2 | 30,0

Ha ocnoBanum pesynbraToB MccaeRoBaHmil
ycraHoBJieHo, 4yTo ToabKo B 2015 . KparHocTh
npesbiterus [1J1R mo makcnmanbHoil ROHIECH-
tpanuu 3B Obta yeranosyena: o 6ens|a]nupe-
ny — B 64,1 pasa; o popmansaeruay — B 2,9; 1o
OKCHJLY YIJIepojia — B 9,3; 110 JIMOKCUTY a30Ta —
B 2,4; 110 cepoBOOPOaY — B 4,9; o perosry — 8 9,8;
110 B3BEIIEHHBIM BerrecTBaM — B 24,1 pasa; 1o
caske — B 6,6. KoMTrekeHbIit WHIeKe 3arpssme-
nust armocgepnt (M3A ) sanepuon 20052015 rr.
yBeanunscs B 1,8 paza (radm. 1).

Bens[a]nupen siBsiercst OfHUM 13 OCHOBHBIX
3arpsaureneil armocgeproro Bo3mayxa 1. Unra.
logoBoit xon koHmenTpaiuii 6ens|aluupena,
BBISIBJICHHBIN HA JIBEHAJIATH TIOCTAX KOHTPOJIS,
CBHJIETELCTBYET O TOM, YTO KOHI[@HTPAIMS ero
0CcTaéTCs 4pe3BbIYAIHO BHICOKOM, 0COOEHHO B
3UMHEE BPeMs, 1 9TO 3aBUCHUT OT BHICOTHI MECT-
HOCTH HAJl YPOBHEM MOPS 1 TTPOQUIIS BBHICOT.

[TpoBenéumpie HATYPHDBIC MCCICTOBAHNA
CBUJIETETLCTBYIOT O TOM, 4TO TeppuTopus r. Ynra
XapakTepusyercs Kak HeOJIaromoydyHas ¢ 9Ko-
JIOTMYECKOT TOYKN 3PeHN 3a CUET 3arpA3Henns
arMocepHOTO BO3/yXa B TEIIBII 1, B OOJIbITIEH
CTeIeH Y, XOJMOHBII TIePHOJIbI TOIA.

Anamornunsie ncciaegosanusa ¢ 2005 1o
2015 rr. miposeienst Ha tpéx [THH B 1. [lerposek-
3abaiikaIbCKIil, B KOTOPOM YPOBEHbD 3arpsisme-
Hust atMocdephl OIEHMBAETCST KaK TTOBBITIIEHHbI I
(2005-2007 rr.) n Beicornii (2008—-2015 rr.).
Haumennmas kparaoctsh npesbimenus [1J1H
MaKCUMaJbHON KOoHIleHTpalnu Oens|a]mupena
cocranmaa 9,36 (2010 r.), manbosnimas — 26,78
(2014 1.), 4TO TAKIKE CBUJIETETHCTBYET O BBICOKOM
YPOBHE 3arpsisHeHusi aTMOCEephi.

HopmupoBanmem rkadectBa arMocgepHOTO
BO3JLyXa SIBJISETCS 3aBUCUMOCTH BO3jeiicTBus 3B
KaHIePOTeHHOT0, Pa3ipaskaloiiero, TOKCUIHOTO,
(ubporeHHoro 1 MyTareHHOro eiCTBIsA, HaX0-
AAUXCes B arMocdepHoM BO3JIyXe, Ha 3[0POBbe
Hacesienus. syuenne Bnusinus penbeda mMecr-
Hoctn Ha MISA n 3aboseBaeMocTh HaceJTeHUs
MPOBOJMIIOCHL HA OCHOBE aHaJM3a pPe3yJabTaToB
HATYPHBIX HAOJTOJEH I aBTOPA 1 O(PUITHATHHBIX
MaHHBIX TocypapcTBeHHol cratucturu (V3
«KRpaeBas rannnmueckas dornnuiay, I'V3 «3a-

DaliKaJabCKIIT KpPaeBOll OHKOJOIMYECKUIT [IIC-
namcep»).

[Tokazaresn gemorpaduyeckux morepn, 00-
YCJIOBJIEHHBIE BBICOKOI CTeIeHbIio IMCKOMEMOPT-
HOCTHU YCJIOBUI JKUBHEACATEILHOCTI HACEIeH IS,
B ropojiax 3abaiikajibCROT0 Kpasi ¢ KOTJIOBUHHBIM
(harTOpOM TepPUTOPUATBHOI OPraHU3aIUI ITPO-
ananuauposanbl 3a nepuog 2005-2015 rr.

Ha pucynre 2 noxkazana oneHKa BIAUsHIS
peabeda mectHoctn Ha VISA Gens[a|nupenowm,
B radauIe 2 mpuBejieHbl ToKkazaTenn gjemorpadu-
YeCKUX TIOTePh 110 TPUUYnHe 00JIe3HeI OPraHoB JTbi-
XaHus B 3abaiikaJibcKoM Kpae u B 1iejiom B Poc-
cuiickoit Mepepanun 3a nepuox 2005—-2015 rr.

Citetyer oTMeTHUTh, 4TO CMEPTHOCTH Hacese-
Hust 3a0ailKaabCKROTO Kpast 1o npuunte 6oyes-
Heil OpraHoB JbIXaHUsl 38 UCCAeYeMbIil Tepuo
(2005-2015 rr.) yBemumBaeTcs u BbIIie CPeIHNX
snauennit mo Poccun B 1,76 pasa.

3B or aBromoOuIbHOrO TpaHCIOPTA €3Ke-
rojiHo cocrassior B cpeprem 80—-85% or obre-
IO KOJIMYeCTBA BHIOPOCOB CTAIMOHAPHBIX I [Tepe-
IBUKHBIX NCTOYHNKOB. PasimyHbie TexHOT@HHBIE
nerounukn r. Ynra B Teuenme rojga mocTaBIsIoOT
B armocdepy ropojia 1o 63,4 toic. T 3B.

RauecrBo armocdeproro Bosayxa B r. Yura
naunbosiee npodemarnuno B fRenesnopoposknom
n Murogmuckom pailoHax, pacioosKeHHbIX
HEeIOCPeICTBeHHO B nipejesax pauuia Ynruno-
MuronnHeKoi KOTIIOBUHBI — MecTe Ype3BbluaiiHo
omacnoro ckomuenus 3B, B ocobennoctn —
Oens[a]nupena.

[Tocie nipoBeyieHusi HATYPHBIX HAOIIOI@HIIT
7 00PabOTKI HKCTEPIMEHTANBHBIX TAMHBIX 110
CPEeTHIM TOJIOBBIM [TOKA3ATE/ISIM BBITIOJIHEH PACYéT
RoHIeHTpannii 3B mpu pasnmuHbiX BapuanTax
MPOTHO3a [0 YeThIPEM aJIMITHICTPATHBHBIM Paiio-
HaM TOPOJIa 110 MPEJI0sKEeHHOIT aBTOPOM METOJ K.

Ucrionbayst MmeToinky, pazpaboTannyio aB-
TOPOM 1 ATMPOKCUMUPYIONIYIO PYHKIIIIO OTO-
OpasKeHUs CPEIHNX 3HAYCHUI AHATUBUPYEMOTO
norasarens MI3A mo Geus|a|nupeny, MOKHO
OCYIIECTBJATH TPOIrHO3UPOBAHIE COCTOSHUS
KauecTBa arMOCc(epHOoro Bo3jyxa ropoja (ujeH-
TUUKAIIIO MOMEHTOB 3aMe]lJIeH s, I3MeHeH s
HaIpaBAeHus 1 Pa3BOPOTA TEKYIIEro TPeH/a).
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Puec. 2 Ouenka srusnus peiabeda MECTHOCTH Ha UHICKC 3arps3nenus arMocdepnt Gers|a|nupenom.
[Tpusepennr yepepuéunbie snavenust MSA 6ens[a]nupenom 3a nepuoy 2005—-2015 rr.
Fig. 2 Assessment of the impact of terrain on the atmospheric pollution (IAP) benz[a]pyrene index.
Average IAP benz[a]pyrene value during 2005-2015

Tadanma 2 / Table 2
CpaBHuTeIbHBI aHaan3 cMeprHocTn Hacexaerns PO n SabailkalbcKoOro Kpast
o npuuanse 6osesreit opranos jgprxarust (Ha 100 Toic. HacegeHus)
Comparative analysis of mortality of the population of the Russian Federation
and the Zabaykalsky Kray due to respiratory diseases (per 100 thousand population)

lopbr / Years
2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Pocensi / Russia 66,3 | 98,1 | 54,8 | 56,2 | 31,5 | 52,36 | 52,4 49,51 52,0 54,5 | 51,8
SabalikanbCKMii Kpait
Zabaykalsky Kray

Peruon / Region

119,51 110,0 | 101,8 | 105,4 | 80,8 | 67,9 | 122,77 | 74,1 | 71,2 | 66,2 | 79,5

Kparrocts mipeBbineHns
Excess ratio

1,80 | 1,89 | 1,86 | 1,88 | 2,56 | 1,37 | 2,34 | 1,50 | 1,37 | 1,22 | 1,53

’
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Puec. 3. Cpasnenue noxasaresneii pacdéra KOHIIEHTPAIINIT 3arPA3HIONNX BEIECTB
C IAHHBIMU HATYPHBIX U3MEePeHUIt
Fig. 3. Comparison of indicators of calculation of concentration
of pollutants with data of natural measurements
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[TpoBeieno comocraBiene pe3yabLraToB pac-
4ETOB IMOKa3aTeseil Konmenrpamnuii 3B (puc. 3).

MoskHO cpiesiath BBIBOJI, 4TO OTKJIOHEHUE
MPUPOHO-KANMATHYECKUX YCJIOBUI BHYTPUKOH-
TUHEHTAJIbHBIX MEKTOPHBIX KOTJIOBUH OT KOM-
(opTHBIX (TepMUYECKWIT CYTOUHBIH TPaJINEeHT,
TeMIeparypHasi WHBEPCUSI, TPOILOIKITEbHbII
Mepuoj, OTPUIATEILHBIX TeMIIepaTyp, TOPU30H-
TasNbHAs HEOTHOPOHOCTH atMocdepbl, BHICOTHAS
n mpr3eMHast arMocdepHast UPRYJIAINA BO3TY-
Xa, pesras BHIPaReHHOCTh BpeMeHN! Tofia) o00y-
CJIOBJIMBATIOT CKOTIIEHNE YPe3BBIYaiiHO OMAaCHBIX
KOHIEHTPAIMIT BPeJHBIX BeIecTB N BBICOKMI
N3A, uro coszpaér HeoOXOMMOCTH pazpadboTK
HOBBIX KOHIIETITYaJbHBIX ITOJIXOIOB B pPeleHnn
re09KOJIOTHYECKUX TTPOOJIeM TAKNX TePPUTOPHI.

3araoueHue

[Tpeposkenmas B crarbe KOHIETINS 00ecTie-
YeHTIS 9ROJTOTHICCKOT 0e30MaCHOCTH BO3YITHOM
CPeibl TOPOIOB B IPUPOIHO-TEXHIUCCKIX CHCTe-
Max rOPHO-KOTJIOBMHHOTO THIA YUNTHIBACT TP~
POJIHBIE T AHTPOIIOTeHHBIe (DAKTOPHI, B0
Ha gopmMupoBanme 3arpA3HeHil BO3YIIHOM
Cpejibl TOPojia.

Pesynbrarst reorpadmaecKnx u re0aKoa0rm-
YeCKRUX HAYUYHbIX H3bICKaHHfI nIpuynH, BJIUAIO-
IUX HA KAYeCTBO BO3JLYIIHOI CPEJIbl UCCIeye-
MBIX TEPPUTOPUIl, CBUETEILCTBYIOT O TOM, UTO
ropona Bocrouroit Cubmpn manbomee mogBepsxe-
HbI AHTPOITOTEHHOMY BO3JICHCTBIUIO, 0COOCHHO Te,
KOTOPBIE PACTIONOKEHBI B ITPUPOIHO-TEXHIUCCKITX
crereMax ToOpHO-KOTTOBHHHOTO THTIA.
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Paspaborana MeToji0/10r1st OIIEHKH 1 YIIPABIEH NS KA4eCTBOM KOMIIOHEHTOB YPOOIKOCUCTEMbI, 0CHOBAHHAS HA NCTIO/b-
30BaHIM HOBBIX NHAOPMAIMOHHBIX METOJIOB, 000CHOBAH NS MAPKEPHBIX ONOTOTNYECKNX 00BEKTOB 1 CITOCODOB OIEHKN 1X OT-
RJIMKA HA aHTPOIIOTeHHOe BO3JlelicTBIe, ITyTell CBEPTKI MaCCHBOB JIAHHBIX, NCIIOIB3YEMBIX JJIsI oTleHKN. B mpejicraBiennoit
MEeTOJI0JIOTU U YUTEHbI IIPOIECCHI ITOCTYIIIeH ST, HAKOILIEHUS 1 OTK/IMKA OMOJOIMYeCKIX 00'beKTOB Ha BO3/eIICTBIE MapKePHbBIX
sertects. [Ipepcrasien mojxoz i OlHOBPEMEHHOT0 YuéTa 1 aHAIN3a PA3HOPOJIHBIX 1 PA3HOPAZMEPHBIX JIAHHBIX, UMEIOIIX
PaBINYHYIO CTEIeHDb BIVSAHIS HA COCTOSTHIE NCCJIelyeMbIX KOMITOHEHTOB YPOOIROCHCTEMBI ¢ MCITOIB30BAHIEM MeTOJ[a KJIa-
CTEPHOTO aHAIN3A. SOHUPOBAHIE TePPUTOPUH YPOOIKOCHCTEMbI OCYIIECTBISIOCH € HOMOIIBIO HEIIPOHHBIX CAMOOPTaHI3YI0-
muxes cereit Roxonena, peasqin3oBaHHbIX B aBTOPCKOI Mojiesin neiipoceresoii punprparun. G nenonbzoBaHnem BeposgTHOCT-
HBIX TTOJIXOIOB MPEJIJIOREH CIIOCO0 OTIPe/Ie/IeHITsI BEPOSTHOCTeIl TPEBBITIEH S TOPOTOBBIX 3HAUYEH T KOHIIeHTPATIIiT MapKep-
HBIX BEIIECTB-METAIIJIOB B UCCIELYeMbIX KOMIIOHEHTaX ypOoarocucreMbl. OlieHUBaIACh BEPOSTHOCTH TOTO, 4TO HA TePPUTOPHH,
K KOTOPOIT OTHOCUTCS TO Wi nHOe Had/ofienne, Oy1eT 0TMeuaThest MPeBbIIeHIe 3aiaHHOTO II0POra XOTs Obl OJLHUM 13 1ccIle-
JIyeMBbIX 1ToKazarejeii. B kauecrBe moporos aTix coObITHI IIPUHATH MeJ{HaH bl HEITPePBIBHBIX PS0B HAOTIOIeHIIT KOHIIeHTPa-
it MerasioB. B pesyiibrare Hamu ObLI1 pacCUNTaHBl BEPOSTHOCTH IIPEBBIIIEHIS B KKII0I1 30HE IOJTOBIUHbBI HCCIEyeMbIX 11a-
PaMeTPOB 3aJAHHBIX /15T HIX TOPOTOB. DAKTHI TPEBLITTEH ST YCTAHOBICHHBIX TAKIM 00Pa30M TTOPOTOB (COOBITIST) PerneTpi-
POBAJINCH BO BCEIT COBORYITHOCTI HAOJIIOJIEHNIT, BBIJIGJIEHHBIX B BUJIE RIACTEPOB, ¢(DOPMIPOBAHHBIX ¢ TOMOIIHIO HEIIPOCeTeBOil
rinaccuurarun. [pu sTom npocrpancTBeHHOE paciipe/ieneHe BhiOpaHHbIX HAOTIOeH NI, IMEOIIIX KOHKPETHbIe aJ{PecHble
HPUBA3ZKN, (DOPMUPYET COOTBETCTBYIONIME TEPPUTOPUATbHBIE 30HbI. [|aHbl peKOMEHAINY 110 NCITOJIL30BAHUIO TTOJTYYeHHBIX
PEe3yYJIBTATOB JI/IS OIEePATHBHOTO 1 IIAHOBOTO YIIPABJIEHIA KA4eCTBOM KOMIIOHEHTOB yPOOIKOCHCTEMbl HA JIOKAJIILHOM YPOBHe.

Kawuessie crosa: ypdbosrocnerema, oleHKa prucKa, OTKINK OpraHn3Ma desoBeka, ouocyberparsl, HeilpocereBblie
TeXHOJIOTU I, METAJLJIbI.

Approaches for evaluation and quality management of urban ecosystem
components using neural network modeling methods
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The methodology of evaluation and quality management of components of the urban ecosystem, based on the use
of new information methods, substantiation of marker biological objects and methods for assessing their response to
anthropogenic impact, and ways of data arrays folding used for evaluation has been developed. The presented methodol-
ogy takes into account the processes of receipt, accumulation and response of biological objects to the effects of marker
substances. The approach for the simultaneous recording and analysis of heterogeneous and different-sized data having
different degrees of influence on the state of the studied urban ecosystem components using the cluster analysis method
is presented. The territory of the urban ecosystem was zoned using the neural self-organizing networks of Kohonen,
implemented in the author’s model of neural network filtering. A method for determining the probabilities of exceeding
the threshold values of concentrations of marker substances-metals in the studied components of the urban ecosystem
is proposed. We estimated the probability that in the territory to which a particular observation belongs, an excess of a
given threshold will be marked by at least one of the studied indicators. As thresholds for these events, we have taken
the medians of continuous series of observations of metal concentrations. As a result, we calculated the probabilities of
exceeding half of the studied parameters of the specified thresholds in each zone. The facts of exceeding the thresholds
(events) established in this way were recorded in the totality of observations selected in the form of clusters formed by
neural network classification. At the same time the spatial distribution of selected observations with specific address
bindings forms the corresponding territorial zones. Recommendations on the use of the obtained results for operational

and planned quality management of the urban ecosystem components at the local level are given.

Keywords: urban ecosystem, risk assessment, response of the human body, biosubstrates, neural network technolo-

gies, metals.

B nacrosimee spemsi padora Homurera 1o
IKOJOTMYecKUM HHaAKaTtopam n Komuccun 1o
yeroitunBomy passuruio mpu OOH wmampasie-
Ha Ha CIOCOObI CHCTeMaTn3aium pasnopoHO
HROJIOTMYeCcKoil mHpOpMaINM, a TakKe myTei
OTIEHKU W CHUKEHUs 9KOJOTUYECKOTO PUCKa, B
TOM YHCJIe U JIJIsI HKOCUCTeM, HaXOJAIINXCS O]
MHTEHCUBHBIM aHTPOTIOTeHHBIM BO3JIeIICTBIEM —
ypoosrocucrem [1-2]. Cormacto coBpeMeHHBIM
MOJIXO0/IaM, YPOOIKOCUCTEMY TTPUHSTO PACCMATPH -
BaTh KaK CUCTEeMHbBIIT HAOOP KOMIIOHEHTOB, B3al-
MOCBSI3aHHBIX MEJKITY COOOI TOTOKAMIT BeTecTBa
B mporiecce GyHRIMoHNpoBanus: 1) mpuseMublii
caoit arMocgepnr; 2) Guonorndeckne 00bEKTHI;
3) nenonunpyrorue cpefbl. Hanbombime neperex-
TUBBI JJIS1 UCCIIEOBAHUS YPOOIKOCHCTEM NMeeT
o0beiMHeH e PA3JINYHBIX HAYUYHbIX oOjacTei
3HAHWS JIJIs1 peIeHnsi TaHHOoT 3a/1aun, 0cOOeHHO
Ha JIOKAJIbHOM YPOBHE. AHTPOIIOTeHHBIE UCTOY-
HUKN BO3JeiicTBISI B ypOOIKOCHCTEME UMEOT
CBOM JIOKAJbHBIE 0COOEHHOCTH, PAKTOPBI IKOJIO-
IMMYECKOTO PUCKA CTen(PUIHbI Ha KayKIOM aH-
TPOTIOTEHHO HATPYKEHHOM YYaCTKe TePPUTOPUI,
CUCTeMBI TTPUHSATHUS TPUPOI0OX PAHHBIX PEITIeH I
X pean3yiorT Ha JOKAJIbHOM YPOBHE, TOITOMY
CUCTeMa OIEeHKHN YPOBHS H9KOJOTHYCCKOTO PUCKA
Ha ypOaHn3npPOBAHHOI TePPUTOPHH OTIKHA CO3-
aBathesa MMEHHO Ha JOKAILHOM ypoBHe [3—6].

Jliobas ypbosrocucerema siBJAsIeTCs He TPO-
CTOW COBOKYMHOCTHIO Pa3JMYHBIX KOMITOHEH-
TOB, & IPEJCTABIsAET COD0IT CIOKHYIO CUCTEMY,
B KOTOPOIl JJIOMUHUPYET adPOTeHHBIN MPUBHOC
3arpsI3HSATONINX BEIeCTR, TPOUCXOUT HAKOTLIe-
HIe B IGTIOHNPYIOMINX KOMIOHeHTax 1 (hopmui-
pyeTcsi OTRJIMK OMOJIOTHYeCKIX KOMIIOHEHTOB Ha
Bosaericteue [3—9]. [Tosromy B KauecTBe Map-
KePHBIX BeIecTB OB BHIOPAHBI METAJIIbI, KO-
Topbie 6e3 TpancdopManu MUTPUPYIOT B JiH-

HAMUYHBIX N NEHNOHUPYIOIMNX KOMIIOHEHTAaX
ypOosKocHeTeMBl, 06eCcTIeuNBas B3ANMOCBA3D
MEJKIY HUME 1 (POPMUPYsT OTRANK OMOJIOrmie-
CKUX KOMIIOHeHTOB Ha BosjeiictBue [6]. Ilo-
CTYIJIEHUE MeTaJioB Ha TeppuTopuio ypoo-
HROCHCTEM TTPOUCXOMUT OOBIYHO ¢ MAJIOl MH-
TEHCUBHOCTHIO B TEUCHNE [JINTEJILHOTO BpeMeH !
¢ HAKOTIEHNEM B JIETTOHUPYIOTITNX KOMTIOHEHTaX.
OreHRy MmoanMeTajImaecKoi Harpy3Kku B ypoo-
IROCUCTEME HEOOXOMUMO ITPOBOJIUTEL € YUETOM
roKasarTeJieii, XapaKTepu3yoInxX KaKk aHTPOIo-
reHHOe MOJINMeTa/IJINYecKoe BO3/eiiCTBIe, TAK 1
OTKJINK KOMIIOHEHTOB Ha Bo3ielictBue. Ronnye-
CTBEHHbIC XaPaRTEePUCTUKU CTATUYHDBIX 1 INHA-
MUYHBIX OMOCYOCTPATOB OpPraHM3Ma YeoBeKa
SIBJISTIOTCST 4YBCTBUTEIbHBIMIT MaPKePaMU COCTO-
SIHUST KOMITOHEHTOB YPO09KOCUCTEMbI, 0COO@HHO
Ha JIOKaJIbHOM ypoBHe. JlokanmzoBannoe MmecTo-
HAXOKJIEHIE JIeTeil-TTOJPOCTROB 1 UX OOJbIIas
YYBCTBUTEJIHHOCTH K AHTPOTIOTEHHOMY BO3JIeli -
CTBUIO C OTKJIMKOM COCTABOB OMOCYOCTPATOR 110-
3BOJISACT YUUTHIBATH BO3JCICTBIIE AHTPOTIOTEH-
HOU MOJIUMEeTATINYeCKOU HATPY3KU € TEPPUTO-
puannroi guddepennuaruei [7, 8].

JNIeMeHTbI-MeTaJJIbl TOCTOSIHHO TOCTYIIa-
0T B OPTaHM3M YeJIOBeKa M0 BOJHO-ITUIIIEBOMY
IIyTHU 1 ¢ BAbIXaeMbIM BO3IyXOM 1 UMEIOT 3HaUYM -
TeJLHBIN 10 BpeMeHMt I1epuoj ImoJyBbiBe/leHUA
"3 opraHmsma, 4To NpPpUBOJAUT K NX HAKOIIJIEHWTO
B Ouocybcerparax. B cpepgrecratucruueckom Bbi-
pasKeHNM, €CJIN BOJHO-TIUIIEBOI ITyTh TOCTYILIe-
HVST METAJIJIOB B OPraHNU3MBbl JIeTe -TITKOTbHUKOB
B ITpefiesiax e Ol TepPUTOPUM MOKHO TPUHATH
B KauecTBe (pakTopa MOCTOSTHHOTO U PaBHOMEp-
HOTO JIeIICTBISI, TO KAYeCTBO BO3/lyXa Bapbupyer
B 3HAUUTEJBHBIX ITpejiesiax, 00eceynBas mocTo-
SIHHO JlelicTByO1eMYy (DOHOBOMY (haKTOPY 3HAU -
TeJTbHBIN IPajineHT.
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AHann3 CHe;KHOTO U MOYBEHHOTO MTOKPOBOB
XapakTepuayer JJAUTeTbHO GOPMUPYIOIIUTICH
YpOBeHb 3arpsA3HeHnss atMocepHOTo BO3JIYXa,
OXBaTBIBAIOIINI 3HAUYNTENbHBIIT BpeMeHHOI
npomMes;RyTok (ce3on). Bosee Toro, mouBa siB-
JSeTCA MCTOYHUKOM TIBLIIN, KOTOPAs COEePIKUT
MeTasuibl, (GOPMUPYS JIOTOJHUTEIbHOe 3arpsi3-
HeHue Bo3jyxa skujibix 30H [6]. [Toaromy Hamu
BBIOpPAHbBI B KauecTBe 00BEKTOB MCCJIeIOBAHMS
MMOUYBEHHLIN 1 CHEKHBIN TTORPOBDHI, KPOBH W BO-
JOCHI JIeTel-TMKOJBHUKOB JIJIsI MHTeTPaAbHOM
OTIEHKW M YIIPABIEHWS KAUeCTBOM KOMITOHEHTOB
ypOOOKOCHCTeMBI, a TAKKE JIJIsT PerieHns 3ajiay
BOHUPOBAHUS TEPPUTOPUN YPOOIKOCUCTEMBI.

SoHWpOBaHWE TPOCTPAHCTBEHHOI HEPABHO-
MEepHOCTH IMoKa3aTe/1eil, XapakTe puayoninx mo-
JUMeTaININYecKy0 Harpy3Ky B ypboarocucreme,
ABJIACTCA HOTPUBUATBLHON 3aiaveii, a 06001eHne
MHOTOMEPHBIX MAaCCUBOB 1 MX Kiaccu@urarms
10 COBORYITHOCTH TPU3HAKOB — BayKHEHTIeN Tpo-
osiemoii cucremuoro anajiuza [8—10].

[TockonpKry cront 3amava oHOBPEMEHHOTO
yuéra 1 aHaJM3a PasHOPOJHBIX U paszHopazMep-
HBIX JIAHHBIX, UMEIOTINX Pa3InudHy0 cTeleHb
BJIMAHUS HA COCTOSTHUE MCCTELyeMOr0 KOMITO-
HeHTa YPOOIKOCUCTEMbI, TO UJEsS MOCTPOCHUS
AHAJTUTIYECKOT MOJie/n pacuéra OblJia OTBeprHy-
ta. BeT BHIOpaH POl MOIX 0T, BaRTI0UATOTIIii-
csi B yuére Bcex (JaKTOPOB, XapaKTepPuU3yoInxX
COCTOsTHIE OO'BEKTOB NCCIIEIOBAHIS, B ITPOIIECCe
KJIACTePHOTO aHaJM3a KOMIIJIEKCHBIX JIAHHBIX.
[Tpu ¢purcanmmum m3amMeHeHNiT TPOBOJUTCS arpe-
rarus mHGOPMAIN ¢ KIACTePHBIM aHATN30M
Pa3HOPOMHBIX TAHHBIX.

Jlnst periennst famHoil mpodJeMbl TTpejiia-
raeTcs NCIoJib30BaTh pazpadoTaHHyIo aBToOpamMin
METOJIMRY TTOITAITHON (KACKaHOI ) KIacTepusa-
MM, HA3BAHHYIO METOJIMKOI KACKaHOW (DUITh-
tparun. PazpaboranHass MeToinKa OTJANYAETCS
OT CTaHJAPTHON KJacTepnusannu MOBbIIIIeHTeM
TOYHOCTHU, KOTOPOE JOCTUTAEeTCsI MHOTOKPATHOI
neromiosutimeii. CyTh METOJMKI M3JI03KeHA B
pabore [9], sarmiouaercs B MHOTOKPATHOM TT0-
BTOPEHUW TIPOTEYPHI TEKOMITO3UTINN TAHHBIX
HEKNM aJTOPUTMOM RJIACTEePU3ATINU [ TeX
IPYITT JAHHBIX, JeTATU3AMNs B KOTOPBIX Hel0-
CTaTOYHA ¢ TOUKM 3peHus pKkernepra. B mporecce
neCaeloBAHNI OBLTO PACCMOTPEHO HECKOJTBKO
RJIACTEPUBYIOMINX aATOPUTMORB, TTPUTOHBIX
IJIST pelieHust mocraBiaeHnoil 3ajgaun. TounocTsh
RJIACTePU3ANNN OMEHNBAJIACH 10 KPUTEPHIO
SWC (Silhouette Width Criterion — koadpdu-
nuenT cuayara), kodpdunmenty FM (Folkes
and Mallows), a Takske HAa OCHOBE HKCIIEPTHOTO
orneruBanus. TecTbl TOKazanu, 4To U s JlaH-
HBIX, M3HAYAIBHHO TOTOJOTHUCCKI 00Pa3yIONIIIX

MJIOTHDBIE TPYIIIbI, W /I JAHHBIX ¢ N3HAYATBHO
CMEITaHHOT, CYIIECTBEHHO HEO[HOPOJHON CTPYK-
TYpPOil, HAWJTYUIITHEe Pe3yJTbTaThl 0 TOUHOCTH
MeMOHCTPUPYET aJTOPUTM HEHPOHHBIX CAMOOP-
ranusyroruxcs cereit Koxonena (SOM-rapr).
Wmenno aToT anroput™ ObLT HAMU OTOOPAH JIJIsI
TMMOCTPOEHUS MOJEJIN KacKaaHON HeilpoceTeBo
punprpanun. Jlaauplii aIropuT™M aHaJIN3npyeT
DAL pacTipeieIeHnil MeCaIeyeMbIX TTapaMeTpoB
7 BBIJIeJisieT 30HbI (JIORATINN), PA3JIMIaionnecs
MHTEHCUBHOCTBIO HCCJICYEeMbIX TTapaMeTpoB.

MeTOJI])I ucceaeaoBaHms

Hammu npoBefieHbl XMMUKO-aHATNTHYECKITe
orpentenenus copepsranus merasios (Cd, Pb, Co,
Cu, Ni, Zn, Cr, Mn, Fe) B cuesxtHom (cymmapHo,
MKT/J1) U MOYBEHHOM MOKPOBaX (MOJBUKHbBIE
(opmbl, Mr/Kr) (KOCBeHHbBIE XapaKTePUCTHKI
YPOBHSI 3arpsi3HEHIsI TIPU3EMHOTO CJI0sT arMocep-
HOTO BO3JIyXa), TMHAMUYHBIX (KPOBb (MKI/MJI))
U aKKyMYJUPYOMuX (BOJTochl (MKT/T)) 6mO-
cyberparax iereli-mogpocTroB (001Iast BHIOOpKa
cocrapisiyia 342 uenonexa) 9—16 ner (B kauecTBe
OTKJINKA OMOJIOTHYECKITX KOMITOHEHTOB YPOOIKO-
CUCTEMbI HA MOJUMETATNYeCKOe 3arpsi3HeH e )
¢ MareMaTU4YecKNM aHAJIM30M IOJTYYeHHBIX pe-
3YJbTaTOB, KOTOPBIE MOJPOOHO ONMCAHBI B pa-
oorax [11-12]. [lns yuéra mocrynaeHus MeTa-
JIOB OT CTAI[MOHAPHBIX NCTOYHUKOB BHIOPOCOB
MTPOM3BOAUICS PACUET KOHIIEHTPAIINT YKa3amH-
HBIX MeTaJsIoB (MT/M?) B mpu3eMHOM cJioe at-
Moc(epHOro BO3/yXa, MOCTYHMAONNX OT ¢Ta-
IMTOHAPHBIX NCTOYHNUKOB BHIOPOCOB HA Tep-
puropun uccienoBanus B npejenax r. Hasa-
wu. [lins mpoboorbopa 6uin Buibpannr 170 To-
yeK ypboskocucreMbl Ha Tepputopun r. Haza-
HIU, HAXOJISAIIUXCS T10]] BO3[ENCTBIEM CTalno-
HAapHBIX U TePeIBUKHBIX MCTOYHUKOB MOCTY-
IJIEHU ST METAJIJIOB.

Ha nepsom srarie nccaegoBanms Oblaa mpo-
BeJleHa SKCIepPTHAs OIE@HKA MCXOHBIX JAHHBIX
JUIS TTOJITOTOBR U a/IeKBATHBIX JIJIsI UCCTe0OBAHIS
MAacCHBOB U OIIPeJie/IeHUsT HATIPABJICH U HCCIIe0-
Baumii. [lockobRy TIpu oniepaTuBHOM yITpaBJe-
HIU KauecTBOM atMocdepHOTo BO3IyXa B [IEPBYIO
ovepe/ib UCIOJAb3YIOTCS JlAHHbIE AaBTOMATU3UPO-
BAHHBIX MTOCTOB HAOIIOIEHIT, OTIPEeeIAIONIX
HPUOPUTETHOCTD 1 IPOIPAMMY YIIpaBAeHUs BbI-
Opocamit, HeOOXOIUMO YUeCTh TePPUTOPUATHLHY IO
MPUBSI3RY Y4aCTKOB Mpo000TOOpa K 30HaM 0XBa-
Ta AeMCTBYIONMMEI aBTOMATHYECKUMI CTAHI[US -
M1 KOHTPOJIst 3arpsisrerns armocdepnt (ACH3A)
Ha TePPUTOPUH UCCITyeMOl yPOOIKOCUCTEMBI.
[Tpu momoru weiipocereBbix SOM-rapr npous-
BOJIIJIACH TPYHITMPOBKA MMEIOIIIXCsI BEKTOPOB
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MaHHbIX B 3 kiacrepa. Kimacrepusyiotue neiipo-
cereBble SOM-kaprel nmeior paameprocth 16 x
12 neitpoHoB, 00y4eHIe TPON3BOJIUTCS COITIACHO
mopuduimposannomy anroputmy WTA. [1yis mo-
nenupoBaHmsA ncnoabzoBan naket Deductor Stu-
dio 4.3 (oopmisieTcst CBUIETEHCTBO O TOCYAP-
CTBEHHON permeTparui mporpaMmol auist IBM).

Hawmu nipepyioskena aBropcKast MeTOMKA, 13-
nmoskernnasn B padore [ 13], mosBossionias paccun-
TaTh BEPOSTHOCTH IIPEBHITIICHIS TapaMeTpamMu X
MMOPOTOBBLIX 3HAYCHUII B TIpefiesiaX pasHbIX 30H, a
B KauecTBe 0600IMAI0IEero MoKasaTesisi Mbl TPeji-
JlaraeM MCIob30BaTh BEPOSTHOCTD TPEBLITIICHITS
nopora xotst Obl 110 OJ{THOMY U3 OIEHUBAEMbIX
napamerpoB. MaccuB sKkciieprMeHTaabHBIX JlaH -
HBIX ITpejicTaBieH Kak [, a coObITHe TOCTIReH IS
1opora McIoab3yeMbIX napamerpos kak S. B arom
cJaydae yCJOBHYIO BEPOSITHOCTH HPU 3a/l@aHHOM
Habope faunpx o6oznavanu kKak p(S|D). To-
Hasl BePOSITHOCTh COOBITIST S paBHA CyMMe BCex
BEPOATHOCTEI, YYNTHIBAas KAK BepOATHOCTS p (D),
TaK 1 YCJAOBHYIO BePOATHOCTH p (S| D):

P(s) <Y, p(D)p(SID).

i=1

Ecan codprrusa D, (i =1, 2, 3... n) obpasyior
MOJIHYIO TPYIITY COOBITIIT

Y p(D)=1,

i=1

pu 3TOM coObITHE S TTPONCXOAUT 00s13aTeNBHO
1 IIPOMCXOUT B OHOM 13 [), TO B DTOM carydae
BEPOSITHOCTH OTIpejiesiercst hopmMyJIoii:

p(S)

Bepostiocts p(S|D) nazsiBaior anmocrepmop-
HOIl BepOSITHOCTHIO, a p(S) — anmpuopHoii Bepo-
ATHOCTHIO. ClielyeT OTMeTUTh, YTO 3HAMEHATeTh
npodu siBjisiercss mHTerpajioM (uJjau, B ciaydae
AUCKPETHBIX CJYYANHBIX BEJIUYNH, CYMMOIT)
YUCJUTEIST TT0 BCEM BO3MOKHBIM 3HAYEHUAM
napaMeTrpa, HopMaJan3upPYIoNM alfiocTe PHOPHYIO
BEPOSATHOCTD.

Jlnsg npakTmyecKkoro nmpuMeHeHUsT BePO-
ATHOCTHOU MOJiesiu, ¢cPOPMYJTUPYEM COOTBET-
cTBYIOIIEe cOObITUs S, KOTopble PURCUPYIOT
(barT peBbITIeH NS COMePsKaHNs HEKOTOPOTO T10-
KasaTeJisi ero IoOpoToBOr0O 3HAYeHUs (HAIpuMep,
3HaueHms, coorBercTRyIomne 0,0-KBaHTHIN NN
npeaBapuTeJbHO YCTaHOBJEHHBIE permodaJibHbIe
HOPMaTHBbI), a TaksKe coObITus D, — KoTOphie
OTMEeYaloT, YTO IpeBbllIeHne IIPpOn30I1JI0 B 1-TON

30He, TTPeIBAPUTEIHLHO cHOPMUPOBAHHOIM ¢ TTOMO-
HbI0 HelipoceTeBol Kaaccuduranmum Gakropos
BOBJIEHCTRISA, KOTOPYIO MbI PACCMOTPUM HUKE.
Torpap(D,) =n/N, tne N — cymma Beex n (N =n, +
n,+..n),ap(S|D,) =1.

[1pm aTOM BEpOATHOCTH OTACTHLHOTO COOBITISA
B KOHKPETHON 301e OymeT paBma OTHOIICHNTO
[TPOM3BEIEHMSI I0JI BCeX COObITHUII B 9TOI 30HE ¢
MOJTBIO OTHOCUTEHLHOTO UHCIa HAOI IO H I 30 HbI
R cyMMe BeeX MOJIOOHBIX TTPON3BEIeHIIT TI0 BCeM
yuactikam. Taxkum oOpazom, Mbl MOFKEM paccun-
TaTh BEPOSTHOCTH ITPEBBITICHIS TapaMeTpamMu nx
MMOPOTOBBIX 3HAYEH U B TIpeJlesiaX PasHbiX 30H, &
B KauecTBe 0000IIAIONEro MOKA3ATEeSI Mbl ITPe]l-
JlaraeM MeIoab30BaTh BEPOSATHOCT MTPEBBITITCHS
mopora xXotst ObI M0 OHOMY U3 OIMEHWBACMBIX
nmapamMeTpoB.

Tar Kak MBI paccMaTpuBaeM He3aBUCUMbIE
B COBOKyIHOCTH coObITHA S, S, S, TO BepoaT-
HOCTH COOBITII, TTPOTUBOTOTOKIBIX COOBITIAM
S, S, S, coorsercrBenno paBubl ¢S, =1 - p(S)),
gS,=1-p(S,), gS,=1-p(S,), rak kak obmas
BEPOATHOCTH TOTO, 4TO cOOBITHE S, MPOU3OIET
uim He pousoijeér, pasua 1, o ectb p + g, = 1.

Cornacuo reopemMe YMHOKEHUST BEPOSTHO-
cTell ISt HeBaBUCUMBIX COOBITHI 11 TEOPEME CJI0-
JKEHUS BEPOSATHOCTEH [T COBMECTHBIX COOBITHUIA,
nckomas sepostHocth P(S) =1 -¢,q9,4,.

B kavectBe OPOTOBHIX 3HAUCHWI MBI WC-
MOJH30BANN BEJIMUYNHBI KOHIEHTPAT[NT Me-
TaJIOB, cooTBeTcTBYIOMNX (,0-KBaHTUIN pac-
npepenenns (Meguane). GakTbl MpeBbITIIEHNS
YCTAHOBJICHHBIX TAKITM 00pPa3oM oporoB (coObI-
THS) PETHCTPUPOBAIMCH BO BCEIl COBORYTTHOCTH
HaOJTOJIeHNIT, BBIJICICHHBIX B BUJE KJIACTEPOR,
cHOpMUPOBAHHBIX ¢ TTOMOIIBIO HEHPOCETEBOM
riaaccuduranuu. [Tpum sarom npocrpancreen-
HOe paciipejiesieHne BbIOPaHHbBIX HAOJIIO/|CHW,
UMETINX KOHKPETHBIC aJipecHbIe MTPUBA3KH,
(popmMUpYeT COOTBETCTBYIONTIE TEPPUTOPUATHHBIE
30HBI — RJIACTEPHI.

Pesyabrarel n o6cys;ruenne

Pesynbratel kiacrepusanum [eMoHCTPUPY-
10T KOMITAKTHOE PACIOOMKeHne TOUeK, OTHeCEH-
HBIX CUCTEMOW R OJJHOMY W TOMY jKe KJacre-
py (cm. puc. Ha 1. Braajgke). Kracrep 0 BRio-
4aeT OOJBINIE OTKPBITHIE TEPPUTOPUN B COUYETA-
HUU € BLICOTHON 3aCTPOMKOI U BLICOKOI ILIOTHO-
CTHIO aBTOMOOMIBLHBIX TOTOKOB. Hnacrep 1 xapak-
TepU3yeTcs HeBLICOTHOI HeIJIOTHOI 3aCTPONKON
C MU POKUMU YJITUTIAMY ¢ PACIIONIOFKEHNEM KPYITHBIX
[IPOMBITIIJIEHHBIX [IPEJIITPUSATIN, BHIHECEHHBIX 32 I'0-
porcryio uepry. Rmacrep 2 xapakrepusyeres mior-
HOI HEeBBICOTHOM 3aCTPOMKOI, HATPYKEHHBIM aBTO-
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Bepositnoctu (P) mebaaronpusTHbIX COOBITHIT, pacCUnTaHHbIe
TUTST COTIePsRAHIST METa/LIIOB B TIOWBe, CHe;KIOM TTOKPOBe 1 Omocyberparax

Tadmmma / Table

Probabilities (P) of adverse events calculated for the content of metals in the soil, snow cover and biosubstrates

Hiacrep Cuer Buocy6erparst / Biosubstrates [Tousa

Cluster Snow kposb / blood BoJsiockl / hair Soil
0 0,27 0,23 0,35 0,15
1 0,34 0,24 0,38 0,33
2 0,39 0,30 0,42 0,56

TPAHCIIOPTHBIM TIOTOKOM ¢ HEBBICOKOTI CKOPOCTHIO
MepPeJIBUKCHIIS.

B pesyasrare npoBefiéHHBIX pacuéTOB MOJTye-
HbI BEPOSITHOCTH TPOSIBJICHIIST HeGIaronpusTHoro
coOBITHS, TI0 KpaiiHeil Mepe, y OJHOTO 13 OIeH-
BaeMBIX TTAPAMETPOB 1 BEPOSATHOCTU HEOIATOTIPH -
ATHOT'O CO6BITI/IH Yy HOJIOBUHBI OlleHNBAaeMbIX I1d-
paMeTpoB, paccunMTaHHbIe B IpeJiesiax BhijleJeH-
HBIX KIacTepoB. Eenm comocraBuTh BeposATHOCTH
TTPEBLITIEH IS TIOPOTOBHIX COCPIKATNIT METAIIIOB,
paccurTaHHbIX [T KPOBU M BOJIOC C BEPOSITHOCTSI-
MU 3arPsIBHEHTIST CHE;KHOTO TTOKPOBA U TIOUBBI, TO
MOJKHO 3aMETHTD, YTO ATU BEPOATHOCTH YETKO KO-
PeSIIPYIOT IPYT ¢ Jipyrom (Tabir.).

W3 mipepcraBienHom TabIIbI CIEIyeT, UTo
HanOONBINNIT PUCK HAKOTICHUs METAJJIOB B Op-
raHmsaMe JIeTeil-1oJpoOCTKOB OTMeUYeH Cpejin TO-
YeR, OTHeCEHHBIX K Kiuacrepy 2. [lpuuém pyist sro-
ro KJacTepa XapakrepHbl HANOOJbIIIIE BePOsIT-
HOCTH BBICOKIX KOHIIEHTPAIMil MEeTaJIJIOB, KaK B
BOJIOCAX, TaK U B KpoBu. Bmecre ¢ atum, cieny-
eT OTMeTHTD, uTo Kiaactep 1 rarske mveer medma-
TONPUATHYIO BEPOSITHOCTHYIO XapaKTepPUCTHKY,
XOTSI I HeCKOJIBKO JIyuliryio, uem Kjiacrep 2. Ha-
1nboJsiee OJATONPUSATHAS CUTYAI[US CRIAbIBACTCS
Ha TOYKaX, 00beinHEHHBIX Kaactepom (), B KoTopom
OTMEUYEHbBI OTHOCUTETHHO HEBBICOKNE BEPOSITHOCTI
HAKOILICHIST MeT/LTOB B BOJIOCAX 11 KPOBH JIETEI.

BoiBojb1

Taknmm 00pazoM, MOKHO ¢ BBICOKOT cTere-
HBIO HAJIEKHOCTU YTBEPIKIATD, UTO BBIIETeHHBITT
mamn kracrep 0 obbenmsaer HabIroaen s, B KO-
TOPBIX [10JI5I BBICOKUX KOHI@HTPAIMl MeTasI0B
B OmocyOcTparax geTeil 3HAUNTENHHO HITKE, TeM
B kaacrepe 1 u, ocobenno, B kiacrepe 2. Kpome
TOTO, YKa3aHHble paciipeeseHus BepossTHOCTel
MPEBBITIIEH ST METATIAMI UX TOPOTOBBIX 3HAUE-
HUH CBUETETLCTBYIOT O 3HAYNUTEILHOM OTKJIN-
Ke ypbOdKOCUCTEMbl HAa BO3JCHCTRIE U TT03BO-
JIATOT UCTTOJB30BATH BBIJIETEHHBIC KIACTEPHI JTIs
€6 30HUPOBAHUS.

HOJIy‘leHHbIe pe3yJ/abTaTbl MOMKHO UCIIOJIb-
30BaTh JJIsl [JIAHOBOTO YITPaBJIEHUSI KAueCTBOM
KOMITOHENTOB YPOOIKOCHCTEMbI, KOTOPOE T03-

BOJISIET B 3aBUCUMOCTU OT PE3YJbTaTOB 30HUPO-
BaHUS TEPPUTOPUN OCYIIECTBUTH PeryinpoBaHue
MJIAHUPOBKM M 3aCTPOIKN 1 BAPHUPOBATH CTpaTe-
ruvecKue mianbl JalbHelero Xo3aicTBeHHoro
OCBOEHUSI TEPPUTOPUN.

Paboma evitnoanena npu gunarncogoii nod-
depyucke PODU u Ilpasumeavcmea Pecnybau-
ku Tamapcman 6 pamkax nayunozo npoekma
Ne 18—41-160020.
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WN3yueno mpoekrtnsmroe mokpoiTe n cofepsramme obiero gocdopa B rammomax aummaiinuka Hypogymnia physodes
(L.) Nyl. Ha yuacrkax, pacnosio;KeHHbIX B pailoHe (YHKIIMOHUPOBaHUs 00beKTa yHUUTOReHUsA (ocdopeopepsramnx
orpasistionux Berects B KUpoBekoii obactit. YuacTku MOHUTOPUHTA ITPeJICTaBIeHbI JIeCHbIMI uTOIeHO3aM U (110/I30HA
105KHOI TAiri) 1 PacoNosKeHbl HA PA3HOM yiaseHnn ot ncrounnka sarpasuenns (1,2-9,6 xkm). Conepsranne od1iero
docdopa B ramnomax H. physodes 3a nepuop wabmopennii (2010-2019 rr.) usmensiocs B nepepesnax 409-1532 mrr/r
cyxoii Mmacchl. Ha ocHoBanmnn kiacrepHoro ananunsa 1o cojepsanuio gocdopa Bbijessiercs jBe TPyIiibl y4acTKOB.
R nepBomy Ritacrepy OTHOCATCA YUACTRU € MOBBIITIEHHBIM HAKOILIEHITEM coefinHeriii hocopa B TasioMax JTnmaiiHnKOB,
OHU PACIIONIOKEeHbI BOIU3N ICTOUHITKA 3arPSI3HEHIA B HAIIPaBIeHI peobragaomux serpos. Ha yuacrrax, otHocAmmxXcst
KO BTOPOMY RJIacTepy, BbIsIBJIeHbI He3HAUNMbIe pasianuns 1o cofepsrannio goedopa B ramnomax H. physodes. Cpepinee
3HaYeHne 06Iero MPOEKTIBHOTO HOKPLITHSA ITMITOTMMHIH Ha YIaCTRAX MOHUTOPIHTA HAXONTCS B mpefenax 24—41%. Ha
OCHOBAHUY KJIACTEPHOIO AHAII3A JAHHLIX [0 IPOEKTUBHOMY IIOKPBITUIO BBIIEIAETCA TAKKe ABA Kiacrepa. K mepsomy
KJIACTEPY OTHOCATCS YIACTKM ¢ TMOBLITIEHIBIM 3HAYEHITeM MPOCKTHBHOTO TTORPBITHs (Gomee 30%), oflt MaKCHMATLIHO
YAQIEHBl OT MCTOYHIKA 3arpsasuenns. Ko BTopoMy KaacTepy, KOTOPBIN XapakTepn3yercs MeHBITNMN 3HAYCHIAMI
IPOEKTUBHOIO ITOKPBITUSL, OTHOCATCS YUACTKU, PACIIOIOKeHHbIe BOIN3I TeXHOTeHHOTO 00'beKTa, & TAKKe ¢ IO/[BETPeHHOII
CTOPOHBI. BhisiB/ieHA oTpuilaTesbHas KOPPeIsIns MeKIY N3YyYeHHbIMI TTOKa3aTe/ M1 JTNXeHOMHAMKAINN: 110 Mepe
]'lle6JTVIH(OHVIH K UCTOUYHURY 3arpA3sHeHnA IMPONCXo/AUT CHUKEeHNe ITPOCKTUBHOTIO IMMOKPBLITUSA 1 MTOBLIINIeHHOE HAROILJIeHne
coepunenuii pocdopa. [lannas sapucumocts MakcuMaabHo nposipiiack B 2013-2015 rr. [Torkazano, uro ¢ 2015 r. yposenb
docdopa B rasmomax JUINAHIUKOB, HE3aBUCIMO OT PACHOIOMKEHIS yUacTRA HAOIIOeHNIT, CHIKRAICS. ITO 00YCIOBIEHO
YMeHbIIeHNeM MoCTyIIeHns coefinHennii oocopa B OKPYRAIONYIO CPely U BOBJIeUYeHHeM HaromieHHoro gocdopa
B IIPOIeCCH JRU3HeesATeTbHoCTH [1. physodes.

Rawoueswvte crosa: numaitnuru, Hypogymnia physodes, copepskanme gocdopa, mpoekTuBHOe MOKPLITHE,
OUOMH/INKATOPBI, 3arPsI3HEHIE BO3/IyXa.

Lichenoindication methods for assessing atmospheric air
pollution by phosphorus compounds
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Projective cover and total phosphorus content in thalli of Hypogymnia physodes (L..) Nyl. in the area of operation of
the facility for the destruction of phosphorus-containing toxic substances (Kirov region) was studied. Monitoring sites
are represented by forest phytocenoses (subzone of the southern taiga) and are located at different distances from the
source of pollution (1.2-9.6 km). The total phosphorus content in the thalli of H. physodes during the research period
(2010-2019) varied in the range of 409-1532 ug/g dry weight. Based on the cluster analysis by the phosphorus content,
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two groups of sites are distinguished. The first cluster includes areas with increased accumulation of phosphorus com-
pounds in lichen thalli; they are located near the pollution source in the direction of prevailing winds. In areas belonging
to the second cluster, insignificant differences in the phosphorus content in the thalli of H. physodes were revealed. The
average value of the total projective cover of hypogymnia in monitoring sites is in the range of 24—41%. Based on a cluster
analysis of data on projective cover, 2 clusters are also distinguished. The first cluster includes areas with an increased
value of projective cover (more than 30%), they are maximally distant from the source of pollution. The second cluster,
which is characterized by lower values of the projective cover, includes areas located near the technogenic object, as well
as on the leeward side. A negative correlation between the studied lichen indices was revealed: as we approach the source
of pollution, the projective cover decreases and the accumulation of phosphorus compounds increases. This dependence
was maximally manifested in 2013—-2015. It has been shown that since 2015, the phosphorus level in lichen thalli, re-
gardless of the location of the observation site, has been decreasing. This is due to a decrease in the intake of phosphorus
compounds in the environment and the involvement of accumulated phosphorus in the life processes of H. physodes.

Keywords: lichens, Hypogymnia physodes, phosphorus content, projective coating, bioindicators, air pollution.

B Ruposcroii obnacti na ooberre « Mapajibi-
roBekuiit» ¢ 2006 r. o 2015 r. mipoBonioch yHu-
qTOsKeHme XuMuaeckoro opy:kus [1]. B mporec-
ce lecTpyRInn GocdopcosiepsRanX OTPaBIIsio-
MUX BEIecTB 00pas3yores Heopranmdeckue coe-
muaenns gocdopa 2], KoTopbie MOTIIH TTOCTYTIATh
B ORPYJKAIOILYIO CPEJLY B COCTaBE OTXOJIATINX ra30B
OT MeYeil CRUTaHUST PeAKITNOHHBIX MACC.

Jlumaiinnku, 6aarogapst aHaroMo-mMmopgo-
JOTHYeCKIM 1 (DI3NOJIOTHYECKITM 0COOEHHOCTSIM,
AKTUBHO 1 TIACCUBHO MOTJIONIAIOT 3 BO3JIyXa pas-
JIMUHBIE TTOJITIOTAHTHI, JINIIAWHUKY SABJISIOTCS
YYTRUMYT aKKYMYJTATABHBIMU WHITKATOPAMN
MPOMBITIICHHBIX 3aTPA3HCHUN W TTPUMEHSTIOTCS
IJIA pamHeil ANarHOoCTHKNA HeTaTHBHBIX M3Me-
HeHMi COCTOSAHMSA OKRPYIRAIOMEN CPebl, KOTma
pearium Apyrux KOMIOHEHTOB ellé He Bhipa-
sKeHbI [3], a TaksKke, 1MO3BOJISIIOT OTCJIEKUBATD
3arps3HeHne BO3yXa B INHAMUKE.

Jlnst orenku creren arMocepHoro 3arpss-
HEHUs NCTIOJIB3YIOT PAas3inuHble NHNKATOPHbBIE
CBOTICTBA JTUXEHOOMOTDI: XUMUYECKHUIT COCTAB,
usnosoro-6moXuMIYECKIe MOKAa3aTe N KI3-
HeJIesATeTbHOCTH, aHATOM ST, MOP(OJIOTHST, BUJIO-
BOI coCTaB, MOTYIATIMOHHAsA cTpyKTypa [4—10].
[Tokazano namMeneHme MPOEKTUBHOTO TOKPHITHUSI
JNUTTATHUKOB 1O/l BAUSTHUEM 3arpsi3HAIONINX
serects [6, 11, 12]. Psyg uccnemosanuii mocssi-
MEH U3YYEHWIO MOMIOMEHMS TTOJTIOTAHTOB JIH-
MaHIKAMK TPA UX TIepeHoce B DKOJTOTHYECKN
Hebsaromnoayunnsie paionnt [13—16]. Apropa-
mu padorer [17] ormeuaercst, uro mpu mpubdInI-
JKEHNN K 00BeKTY 3arpsA3HeHus, YBeJINUNBACT-
cs copepskanue ocdopa B numaiitHnKax. Ha-
rorenue gocdopa B JuIIaliHUKaxX OTMeuYeHO
B 30He BJIMSTHUS TOPHO-MEeTAJLTyPrindecKuX mpej-
HPUATHI 1 CBSA3AHO C TMOMIOIEHNeM 13 aTMOC-
depoi [18]. Panee namu takske ObLIO TOKA3aHO,
YTO HMUQUTHBIC TUITATHUKY, B OTJNYNE OT XBOU
COCHBI 1 MXOB B DOJTBITIET cTeNeHn HaKATLTNBAIOT
coepmrenusi ocopa [19]. Pochop mosker mo-
CTYTATh B INIAWHUKI B COCTABE TBEP/IBIX B3BE-
meHnbiX yacrui [20].

[Tenbio paboThl OBLIO UBYYUTH TTPOCTPAH-
CTBEHHbIE 3AKOHOMEPHOCTN HAKOIJICHUS CO-
eqnnennii gocdopa B TasmomMax JuNIaiHIKA
Hypogymnia physodes (1..) Nyl. u ero npoexrtus-
HOTO TOKPBITHS B pailoHe (YHKIIMOHUPOBAHUS
obberTa yHnurozkeHust hochopcojiepsRaninx or-
PABJISAIONNX BEIECTB.

OO0 BEeKTBI 1 METOIbI UCCIHEOBAHMS

Uecenenosanus mposopuau 8 2010-2019 rr.
na reppuropun OpudeBckoro paiiona Kuposckoit
obactu (MOA30HA 0KHOT TAlTi). YUIacTKI MO-
HUTOPWHTA TTPECTABICHBI HAXOMJICH B JTCCHBIX
uToreHo3ax Ha pazHOM yJaJeHUH OT 0OheKTa
yHUUTOKeHU XuMudeckoro opyskus (OYXO0).
DoHOBBIIT YIACTOK PACIIONOKEH Ha 3HAYNTEh-
HoM paccrosiuun (9,6 KM) Ha 0T0-3a1a]] OT MC-
TOUHWKA 3arpsA3Henus. XapaKkTepucTura yuaacr-
ROB 1ipejicTaByiena B rabautie 1.

[Tounbl paitona mccaeoBaHUs SABJIAIOTCA
MOJ[30J1aM 1, KOTOPbIe XapaKTepu3yIoTcsi HU3KIM
coptepsranmem coepinaenii pocopa [2]. Ocnos-
HBIM UCTOYHMKOM TOCTYIJIEHUST COe/[IMHeHN
(ocdopa B cioeBuiie JTUIMATHUKOB SBJISIOTCS
aTMoc(epHble BbIIAIeHNUS.

B kauecrBe o0berra nccaepoBanmus OblJl
BHIOpaH aNM(UTHBIN JINCTOBATHIN JUIMANTHIK
Hypogymnia physodes (1..) Nyl. 'mnornmumns
TOMWHUPYET B dTTNEPUTHOM MOKPOBE OCHOBHBIX
1eco00pazyIoux mopoj (cocHa, elib) Ha U3y-
yaemoii teppuropun. Jlumaiinur f. physodes,
10 CPABHEHUIO ¢ JIPYTUMU BUJAMU, YCTOHUNB K
IIeTiCTBUIO MOJITIOTAHTOB 1 MOSKET CYIIeCTBOBAThH
B YCJOBUSAX 3arpsi3HeH s aTMOC(epPHOTO BO3/Y-
Xa MPOMBITIIEHHBIMI BHIOPOCAMU JITUTETHHOE
Bpems [21].

N3Becrro, uro copepsranne goedopa B Tas-
nomax H. physodes, iponszpacraioninx Ha Kope
COCHBI, DOJTBITIE, YeM B 00pasiax, 0ToOpaHHbIX
¢ Kopbl e u O6epésnel [22]. B ¢Bsizu ¢ aTum,
B YCJOBUSAX 3arpsisHEHNST BO3YXA COEITHEHNS -
mu pocdopa, HAMOOTLITINI MHTEPEC TTPeICTABIIeT
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Ta6auma 1 / Table 1

Xaparrepuctuka yuactkoB monntopunra / Characteristics of monitoring sites

Howmep |Paccrosinme ot nctouHmka
yuacTKa 3arpsI3HEHUS, KM Cropona cBeta Tut purorerosa
Site The distance from the Side of the world Type of phytocenosis
number | source of pollution, km
4 199 CeBEPO-BOCTOK 6epes3oBO-COCHSR Pa3HOTPABHBII
’ northeast birch-pinery with motley grass
9 163 BOCTOK COCHAK MEPTOBIIOKPOBHBIN
’ east pinery with dead covering
COCHSTK OPYCHIYHO-36JI€HOMOTITHbBI i
H0T-10r0-3a1aJl .
18 1,49 ¢ BEITHUKOM
south-southwest . . .
lingonberry-green moss pinery with reed
19 1.49 10T-10T0-3aTa/] COCHSAK 3€JIeHOMONTHBIH
’ south-southwest green moss pinery
ceBep-ceBepo- . .
98 1.09 sammaz COCHSIK YePHUUHO-OPYCHUYHBIH ¢ BEITHUKOM
’ blueberry-lingonberry pinery with reed
north-northwest y-ung y pmery
ceBep-ceBepo- . .
20 136 sana COCHSTK YepHUYHO-OPYCHUYHBIH ¢ BEITHNKOM
: " ‘ blueberry-lingonberry pinery with reed
north northwest y-ng yp Y
34 3192 I0T-10T0-3al1aj; COCHSTK YePHUUHO-OPYCHUTHBIH ¢ BEITHUKOM
’ south-southwest blueberry-lingonberry pinery with reed
6epes3oBO-COCHSIK BEITHUROBO-YePHUYHbI
3araji-10ro-3ara/y ¢ ROCTSTHIUKO
47 2,16 . . .
west-southwest birch-pinery with reed, blueberry
and stone berry
10TO-3aTaf COCHSIK OPYCHUUYHO-BEITHUKOBbBII
112 9,63 . S
southwest pinery with lingonberry and reed

Harotenue pocdopa B cnoesutax H. physodes,
0TOOPaHHBIX ¢ COCHBI 00bIKHOBeHHOIT (Pinus
sylvestris 1..).

Ob611ee TPOEKTUBHOE IIOKPHITHE dIINMUTHbI-
MU JTUTATHIKAMI HA Y9aCTKe PACCYNTHIBAJIN Ha
OCHOBE OTIeHKN MPOeKTUBHOTO TOKPHITHsA Ha 10
JIePeBBAX COCHBI ¢ CeBEPHOIT 1 I03KHOI CTOPOHBI
Ha Boicore 1,0 m [11].

Ha rasmom yuacTre ¢ lepeBbeB COCHBI 0TOM -
panu rannombl H. physodes. Tannombr ounianm
OT KOPbI U BBICYITTNBAJIN J10 BO3/YIITHO-CYXOT0 CO-
crostnusi. Copepsranue pocopa B anmaiiHnKax
omnpenesnsiin o 'OCT 26657-97. B mydenbroit
neun rpu Temieparype 925 °C npoBoauian mMu-
Hepausaiuio npod jumaiiunkos. B pesynbra-
Te cyXoro o3ojieHus coepunenus gocdopa, co-
[lepsRATNecs B COCTaBe TUMTATHNKA, TePeXOJsT
B (pocarer. Rommuectso ocdaron B 3071e muraii-
HITKOB oTIpefiesisiiin (poToMeTprmieckn Ha CIleK-
tpodoromerpe UNICO 2800 (CIIA). Paccun-
TRIBAJIN cofiepsRanme gocdopa B IUTTalHIRAX
B MKT/T cyxoii macchl. Onpenesnenne gocdopa
BJIMTIATTHNKAX HA Pa3HBIX Y4acTKaX MOHUTOPIH-
ra [poBOJINJIN B TPEXKPATHOTI OMOIOTMYeCcKOii 110-
BTOPHOCTU U B JIBYXKPATHOI aHATNTUYECKOI 110-
BropHoctu. Bradbauiax u pucyHKax rpejcrabie-

HbI cpejiHue apudMeTnyecKiie 3HaYeHIs 1 CTaH-
JlapTHBIE ONTHOKN.

Raprel pacupejgenens KOHIEHTPAI[UN
crpousn B iporpamme QGIS 2.18. [lns mareprnio-
JSATUN TaHHBIX NCITOJIH30BAIN METOl 00paTHBIX
B3Berenuuix paccrosguuit ([DW) [23].

Pesyabrarel n o0cy:kuenme

JlecHbie DROCTCTEMBI HTPATOT BAFKHYIO POJIb
B HAROTIJIEHWN 3aTrPS3HSIONINX BEIECTB (Ta30B,
TBEP/IBIX B3BEIEHHBIX YACTUTT) U3 aTMOCHepHO-
ro Bo3jyxa. B cocraBe monmioTaHTOB coiepiRar-
Cs1 He TOJILKO BPEJIHbIE BEIecTBa, HO U He0OXO0-
JUMBIE JIJISL 3KUBBIX OPTaHN3MOB OMOTEeHHbIE DJle-
menTol. Docdop xaparrepusyercs 3HAUNTETHHOI
O1oreoXnMmnyecKoi akTuBHOCTHIO [ 18], oH 0THO-
CUTCA K YNCITY JIEMEHTOB O10JIOTHYeCKOTO HAKO-
naeHust, Ro3(pPuImeHT ero 6uOJIOrNYECKOro 1M0-
rnommenns oonpire 1 [22].

N3BecTtHo, yTo 60/bI1as 4aCTh HEOOXOLUMBIX
IS 3RUBHEEATeTbHOCTH MITHEPATbHBIX BEITECTB
yJaaBauBaeTcs JUTTAWHUKAMNI W3 BO3AyXa W
DOsRIeBON BOALI. BMecTe ¢ BOION cIoeBHMIIe JM-
MMalHNKa BCell ¢BOEl MOBEPXHOCTHIO BITUTHIBAET
pacTBOpPEHHBIE B BOJIE COCJIMHOHWST, B TOM YHCJIe
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oroOpaHHbBIX Ha pazubix yuactkax mouutopunra / Total phosphorus content in the thalli

Ta6auma 2 / Table 2
Copepsranue obiero pocdopa B rannomax H. physodes (MKr/r cyxoii Maccsl),

of H. physodes (pg/g dry weight), selected at different monitoring sites

Tox Howmep yuacrra / Site number

Year 4 9 18 19 28 30 47 112
2010 860+122 697+93 | 909+323 | 978+464 | 982+104 | 999+46 | 1528160 | 433+44
2011 1392+121 | 1570+£60 | 866+123 | 81765 | 1108+104 | 931+£33 785+6 944+49
2012 66341 667+2 211+£46 409+50 490+2 450+33 27494 637+39
2013 1468+155 | 1138+9 641+12 698+25 — 493£29 | 631116 930+3
2014 14762150 | 1203434 | 72357 763£65 T44+23 | 51527 603+52 701£41
2015 1532£170 | 977113 | 760+26 788+71 737£14 | 58881 762+70 730+6
2016 1112+£82 | 120846 | 811+49 707+70 70121 661+26 69438 728111
2017 1103£97 902+76 821+64 789+29 768+£32 | 603+27 929+37 603+97
2019 880+7 963105 | 707+30 642+29 - - BYNES VI 722+58
Hpumeuwanue: «—» nem Oannvlx.

Note: “=" no dala.

1 3arps3HAIONME BelecTsa [4], noryoiienne
KOTOPBIX M3 JIORIEBOI BOJIBI COTTPOBOIKIACTCS
HaKOIIJIeHNeM B cJIoeBuITe. 'MmoTnMANs Takke
MTOTJIOMIAeT BEIecTBA N3 OKPYIKATIOIeT cpeJibl.

Jlannbie mo Haromiennio ¢gocdopa B Tas-
nomax . physodes mipusenenst B tadauie 2. Co-
nepskanme obiero gpocdopa B Tasmomax 3a me-
puoj HabJIOleH T BAapbUPOBAJIO B IIpejiesax
433—1532 MET/T, 4TO COTIIACYeTCA ¢ aHHBIMI
npyrux ucenaeposareseii [13, 22].

Ha ocHoBe MHOTOIETHIX IAHHBIX TOCTPOEHA
Rapra-cxema cojepskanns gocdopa B srmdur-
HBIX JIUTMTANHIKAX, TPOU3PACTAIONINX HA y4acT-
Rax B paiione pazmerienns OY XO (puc. 1, cm. 11B.
BRIAIKY). Ha kapre-cxeme ncememyemoii reppu-
TOPUN BBIJIETAETCS 00TaCTh ¢ MTOBBIITIEHHBIM Ha-
KoTleHneM coefinHennii pocopa B rammomax
JUITAITHNROB TOJBKO HA yUyacTRax 4 n 9.

Ha ocnoBanum mpoBeiéHHOTO KJIacTepHO-
IO aHa/M3a BBIJEJSAIOTCS JBe TPYIIIbI Y4aCTKOB
o cofiepskannio gocedopa (pue. 2). K mepromy
KJIacTepy OTHOCATCS yU4acTKU 4 n Y, oM oTsinya-
H0TCS TOBBIIIEHHBIM HAKOIIJIGHUEM COe/[MHeHMI
ocdopa B rammoMax IMTMIATHUKOB 1 HAXOJATCS
BOJIN3Y MCTOUHITKA 3aTPSA3HEH NS B I0T0-3aT1[THOM
7 ceBepo-BOCTOYHOM HaIpaBiIeHnn (Hammpasie-
st mpeobaaaionux serpos). [oseimennoe co-
nepsanme coepnaennii pocdopa B cpaBHEHUN
¢ ponom B tasmomax f. physodes na yuacrrax
41 9, BeposAITHO, 00YCJIOBIEHO MOCTYIIJIEHTEM
bocdopconpepskainx coegunennii B armocdepy
B xojie pyHrimonuposanust OY XO.

[Tonmoskenmne yuacTKOB BHYTPH BTOPOTO
raacrepa (yaacrru 18, 19, 28, 30, 47, 112) cBa-
3aHO ¢ HE3HAYMMbIMU HeHAIPaBJeHHBIMU 13-
MeHeHUAMN cofiepsranms ocdopa B Tammomax
TUTIOTUMHIH.

[TpoBenén anaans cofepsRanms COeIIMHEHN I
ocdopa B TanmomMax JUIMMTARHUKOB MO TOAM.
B 2010 r. 3aBucumocTi MesKILy cofepsraHmem 00-
mero hocdopa B ANMPUTHBIX AUTITATTHITKAX 1 pac-
moJiosReHmneM ydactka ornocurebuno OY X0 we
yeranosieno (puc. 3). C 2011 . mpocneskuBaer-
C51 TeHJIEHTIIS TOBBITTIEHHOTO HAKOTIIIEH ST COeJI -
Hennii pocdopa B ranmoMax aumaiiHMKOB, OTO-
OPaHHBIX ¢ YIACTKOB 4 11 9, OTHOCATIIIXCA K TTep-
BOMY KJIaCTepy, 110 CPABHEHUIO € OCTAJTbHBIMU
yuactramu HabaoeHnil (kinacrep 2), BRIOUas
(onosyio reppuropuio. MakcnmanbHoe cofiepska-
une pocdopa B TaINIOMAX THTTOTIMHIT OTMETEeHO

YyacTkw /sites
4 9 47 112 18 19

300 {__J
600 4

900 4

28 30

1200-
1500
1800 -

2100
2400
2700

EsknuaoBo pacctoaHwe /Eucliden distanses

3000-

Puc. 2. CxopicTBO y4acTROB MOHUTOPUHTA
10 CPeJIHEMHOTOJETHUM JAHHBIM COJIePHAHUST
docdopa B uTIAiHIKAX
Fig. 2. Cluster diagram of similarity of monitoring
sites according to long-term average data of phos-
phorus content in lichens
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Jlerenma / Legend

e yuacrku / plots
—— copepsrane oedopa (mrr/kr) / phosphorus content (mkg/kg)
[ nacenénmmre myHKTHI / settlements

Puc. 1. Cpepgremuorosiertee cogepsranne gocedopa, MKI/T Ha yuacTRAX
BOAN3T 00HEKTA YHUUTOIKEHNST XHMIYECKOTO OPYIRUST HA TIBETHYIO BRIAKY
Fig. 1. The long-term average phosphorus content, ug/g in areas near
the chemical weapons destruction facility

Jlerenpa / Legend
o Yuactkiu / plots
— [IPOCKTHBHOE TOKPLITHE / projective cover, %

Puec. 4. Cpemmemnoroseriee mpoeKTUBHOE MOKPLITHE JUMARHIKOB (%) Ha yuacTRax
BOIN3Y 00HERTA YHUUTOIKEHUST XHMIYECKOTO OPYIRIUST [[BETHAS BRIAJIRA
Fig. 4. The average long-term projective cover of lichens (%) in areas near
the chemical weapons destruction facility
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Puc. 3. Conepsranue pocdopa B ramnomax H. physodes, orobpaHHBIX Ha yuacTKaX,
ornocsmuxces Kk pasubim kiaacrepam / Fig. 3. The phosphorus content in the thalli
of H. physodes, selected in areas belonging to different clusters

Tadnuma 3 / Table 3

O61iee TPOERTUBHOE TOKPHITHE JUMIATHIKOBOTO MOKPoBa (%) Ha yyacTkax MOHUTOPIHTA
Total projective cover of lichen cover (%) at monitoring sites

Ton Howmep yuacrka / Site number

Year 4 9 18 19 28 30 34 47 112
2008 26 24 29 24 24 39 34 40 34
2009 26 29 29 26 23 29 37 37 37
2010 - 18 27 26 22 28 28 33 32
2011 29 34 22 31 33 39 41 37 41
2012 19 31 21 27 33 36 30 36 36
2013 19 32 22 29 31 39 34 36 40
2014 26 32 32 24 29 39 40 39 42
2015 21 30 37 26 31 40 41 38 37
2016 22 14 15 24 19 14 18 14 16
2017 - - 28 35 - - 36 42 47
HpLLMClL(lHLLG.' «—» Hem JaHHbLE.
Note: “="no dalta.

B 2014 1., BO3MOKHO, DTO CBA3AHO ¢ HANOOJIBIITIM
BuIOpOCOM (pocopcomepRaNmX coeImHeHn
B xoe paborsl OV XO. B mocaeyiorniue rojpl nc-
caepoannii (2015-2017 rr.) yposenb gocdopa
B TaJIJIOMaX JIMIIANHWKOB, HE3aBUCIMO OT pac-
MOJIOKeHIST YUacTKAa HAOJTIOMeHMIT, CHUKAICH
" TPOJIOJIFKAET CHUKATHCS 110 lanHbiM 2018—
2019 rr. UsBecTHO, 4TO INTIATTHUKI — OpraHn3-
MBI ¢ 3aMeIJICHHBIM TPOTeKAHNEM (PU3MOTOTH-
YeCKUX TPOIeccoB. MosKHO MTPe/IoT0sKITh, 4TO
coepuHeHust hocopa, MOrJIONEHHbIE JIUITATTHI-
ramu B iepuoj gesiresbHoct OY X0, ncnoibay-
I0TCS UMM JIJIsT 00eciedeHns X JKIU3HeIesiTeb-
HOCT 7 TI0 HACTOATIIEE BPeMSI.

Ha yuacrkax MoHuToprHra nay4eso ooiee
npoertuBHOoe okpbithe (II11) mumaiinukoBoro

rnokposa (rabna. 3). CpasHenue panubix mo [1T1
3a 2008-2017 tT. mO3BOJSIET 3ARIIOUNTD, UTO
HTOT IIOKA3aTeb HaXOMUTCS B IIPeeaaX CPeIHIX
3HAYCHUII 110 YYACTKY 3a Lepuoj, HabJI0eH’Ii.
Cpennee snauenne oormiero 11 6w1m10 B ipeenax
24—41%, 910 B 11€JIOM COOTBETCTBYET 3HAUCHUSIM,
MOJTYUYEeHHBIM T1PpU (POHOBOM 0OCJIeIOBAHW.

BoisiBnena reanennus ypenauuenus [111
JUIMTANHNKOBOTO TTOKPOBA MO Mepe yIaJeHus
or OYXO0. B nepuoj HabmioKeHnil MOBBITTCH-
noe snavenue [T pummainnkaMm orMedann na
yJacTRax MakcuMaabuo yganénabix or OYXO.
Camoe Boicoroe snauenue [111 ormeueno na go-
HoBOM yuactie 112.

Ha ocroBe MHOroJIeTHIX JJAHHBIX IIOCTPOECHA
rapra-cxema 111 snmdpurapivm aumaiHnkammn

Al
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Puc. 5. CxoperBo yuacTkoB 11pob0oThOpa
[0 CPEIHEMHOTOJIeTHIM JAHHBIM IIPOCKTUBHOTO
MOKPBITHS JTNTTATHIKOB
Fig. 5. Site similarity according to long-term
average data of projective cover of lichens

Ha y4acTKax MOHUTOPUHTA (PHC. 4, CM. I[B. BRJIAJI-
Ry). Ha kapre-cxeme BoijiensieTcss 001aCTh ¢ HIU3-
wuvu snavenwsvu [ — yaactrm 4, 9, 18,19, 28.

Ha ocHoBanum KJaacTepHOro aHajmsa
pauubix 1m0 11 MoskHO BhITeINTH 2 KiIacTepa
(pue. 9). K mepomy kitacrepy OTHOCATCS ydacT-
& 30, 34 m 47. Ha stux yuacrrax 111 66110 3na-
YIMO BbIIIIe, YeM Ha Jipyrux yyacrrax. Vckitoue-
nue cocrasaser 2016 r., korga [T anmainnkos
HA ATHX y4aCcTKAX OBIJIO HECKOJIBKO HITKE, 4eM Ha
ocraibHbIX. Ko Bropomy Riactepy, KOTOpbIii xa-
pakrepusyercst MeHbinmu 3nauerusimu 111, or-
Hocsirest yuactku: 4, 9, 18, 19, 28. Huskue 3naue-
aust LT (menee 30%) moryt 6biTh 06y CI0BICHBI
0cobDeHHOCTAMI (DUTOIEHO30B (BUOBOII COCTAB
pacTeHmii, OCBENEHHOCTh, COMKHYTOCTh KPOH
U JIp.), & TAKyKe COCTOSTHIEM aTMOc(epHOTo BO3-
nyxa B paitone gesrenbroctn OY XO0. Yuactrn 4
n 9, Kotopbie 060c00IeHbI B RIacTep 2, HaXOsT-
cst oatmske ocrasibHbix K OY X0, a takske pacrio-
JIO3KEHBI C TIOJIBETPEHHON CTOPOHbI.

[TpoBeniero nsyuenme 3aBUCUMOCTH MY
MOKA3ATeSIMU COCTOSIHIS DITUMUTHON JTMXEHO-
ouoThl B paitone nccaepopanusi: [T u copepsra-
nmne obrero gocedopa. Mo ganasivm 2013-2015 .
BBISIBJIEHA KOPPEJISIUs MeKIY OKazaTesssMu
[TIT n copepsranmnem obiero pocdopa B iurai-
HUKAX HAa y4aCcTKAX, PACIIOJOKeHHBIX HA PA3HOM
ypaiaenun or OY XO (puc. 6). Roppesnsiius mesx-

The content of total phosphorus, pg/g

Copepsranne ootero gocdopa, MKr / T
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Puc. 6. Conepsanne obmiero gochopa i MpoeKTHBHOE TIOKPHITHE JUITATHIROB
ma yuactrax mormropmara (2013-2015 rr.) / Fig. 6. The content of total phosphorus
and the projective coverage of lichens in monitoring sites (2013-2015)
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ny uaydeHnbiMu rnorasarensamu 3a 2014 r. co-
crasisier —0,06, (3aBUCHMOCTH JOCTOBEPHA TIPH
p<0,195),3a 2013 1. —0,64 (3aBUCHMOCTD 0CTO-
Bepua nipu p < 0,1), 3a 2015 . —0,79 (3aBucu-
MocTh roctopepHa mipu p < 0,1).

B 2013-2015 rr. Ha yuactrax, pacioJjo-
JKeHHBIX ¢ ToiBeTpeHHoit croponsl ot OY X0,
ormeueno cHmrenne 1T numaiitnnkamu n yse-
Jaudenue comepsranus obiero ocdopa B Tasn-
aomax. BeposrHo, mpn QyHKIIMOHNPOBAHUN
O¥YXO mpoucxoauno monaganne gocdopco-
AepsRammuX coeIMHeHNIl B atMoc(epHbITl BO3-
X, 4TO HETAaTHBHO CKa3bIBAJIOCH HA jKU3He -
ATEJILHOCTU JINITANHIUKOB 1 BbI3bIBAJIO COKpa-
menue maomanu ITIT. B gpyrue ropsr ncciemo-
BAHWS 3aBUCHMOCTI MeK/Ly N3ydaeMbIMI TTOKA-
3aTeJIsIMI He BBISIBJIEHO.

3axioueHue

Taxmwm obpasom, ¢ 2010 1. mo macrosIee Bpe-
M5 HBYYaeTcst cCOCTOsIHIe dInPUTHOI TNXeHOO M-
otbl B paitone gyurmmornposarus OYXO u B
MePUOJ TNKBUIATINN TOCICICTBUI €T0 IesTeb-
nocrtu B8 Kuposckoit obactu. Ha ocnose muoro-
JIOTHUX JIAHHBIX BBISABICHDBI 30HBI TOBBITIIEHHOTO
HaKoTIeHUs coefinHennii pocdopa B Tammomax
JUITATHIKOB, PACTIONIOMKEHHbIE ¢ TOJ[BETPEHHOI
cTopoHbl oT ncrounnka 3arpsiauenusi. C 2011 o
2015 rr. pocaeskMBaeTcs 3aROHOMEpHOe T10-
BBIIIIEHHOE coftepskanne coepunenuii ocdopa
BJIMIITAIHNKAX, 0TOOPAHHBIX HA y4acTKaX BOJIM-
31 OYXO. Yeranosieno, uro sesmunnaa [111 m-
MailHIKaMI MaKCUMaJIbHa Ha ydacTKax, Hanbo-
nee yranénawsix or OYXO.

BrisiBiena orputiatenbuas KOppessins
MEKILY M3YUeHHBIMI TOKA3ATeISAMI JTNXCHOWH-
murarumn: mo mepe mpudamxenns kK OY X0 mpo-
nexoput camzkernne 1T u moswinentoe, B cpas-
HeHWN ¢ (POHOM, HAKOILIeHNe coeinHeHnii (hoc-
(opa. JlanHas 3aBUCUMOCTh CBUJIETEIBCTBYET
0 BAustHUM o0bekTa «MapajablKOBCKIIT» Ha co-
CTOSTHIIE ATTNMUTHON TNXEHOOMOTEHI, KOTOPOE 0CO-
oenro riposieusioch B 2013—2015 rr. Boissiennas
3aBUCHMOCTD, MTOKA3aAHHAS PA3HBIMI METOaMU
JUXeHOMHMKATMN, TO3BOJeT PEKOMEHI0BAThH
UX [pUMeHeHNe JIJisi IUarHOCTUKI 3arpsi3HeH U s
armocdepst coemaennsMu gocdopa.

Paboma evinoanena 6 pamrax zocydapcmeen-
noeo 3adanuss Hnecmumyma ouonoeuu Komu HIT
YpO PAH no meme «Oyenka u npozno3 omcpouen-
HO020 Mexno0zenn0zo 03delicmeus Ha npupodnsle u

mpancghopmuposanmble IKOCUCIEMbL ROVZOHbL 10JIC-
noit maieu» Ne 0414-2018-0003.
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Ursus arctos horribilis: dynamic modeling of Canadian population
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The grizzly bears are K-strategists and their innate tendency is to reach homeostasis. In the First Nations folklore
grizzly bears are viewed as “spirits” that bring balance in their untamed habitat where they roam, this being an indication
that they do not overpopulate their habitat and their gene flow is “designed” to reach homeostasis without surpassing
it. In the present article we study the dynamics of the grizzly bear population in the Southwest Alberta, Canada. Based
on the dynamical model with three parameters, we obtain estimates for the carrying capacity and the minimum viable
population of the grizzly bear population in their dynamical habitat. The article starts with the discussion of the rationale
for choosing the Logistic Growth Model as the most appropriate for describing the dynamics of grizzly population. In
addition to the usual for this kind of models parameters of the growth rate and the carrying capacity, in the current model
we consider the parameters of Minimum Viable Population (MVP) and Safe Harbour (SH) — a measurement introduced
by the Alberta Grizzly Bear Recovery Plan. The first of these parameters (MVP) is determined by the essential number
of the individuals that would allow the survival of the species. The latter measurement (SH) is related to the so-called
Grizzly Bear Priority Areas, where the risk of mortality is low. Then, based on Verhulst model and Statistical data, the
carrying capacity and growth rate for the female grizzly bears in Alberta have been obtained. Mathematical analysis of
the model has shown that the equilibria at K (carrying capacity) and MVP-SH are, respectively, stable and unstable. The
time of possible extinction for the populations with the initial conditions below the threshold MVP-SH has been numeri-
cally estimated. The correlation between the system parameters and its influence on the survival of the population has
been analyzed and the recommendations on ensuring the survival have been given.

Keywords: grizzly bears, Ursus arctos horribilis, population dynamics, mathematic modeling, Southwest Alberta, Canada.
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Mensenn rpusanu (Ursus arctos horribilis):
MareMaTH4YecKoe MoenpoBaHe KaHACKOI MOy AN
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Crparerust pasMHOKeHsI ceBepoaMepruKaHCKIX MeJIBeJeii IPU3II OTHOCUTCS K {-THITY, 1 X BPOKIEHHAS TeHeH IS —
pocTurarh romeoctasa. B ombrIope KOPeHHBIX JKUTeNelT ceBepHOIl AMePUKI — MHJe1[eB MeJIBeII TPIU3JIN PACCMaTPUBAIOTCS
KaK «/[yXn», KOTOpbIe TIPUBOJAT B OaaHC JUKYIO cpejly oOuTaHis, rjie OHn ¢BOOOIHO OPOJIAT, He IepeHachiias croii
apeas, M OHI TeHeTHYeCKN MPepacioosKeHbl K JIOCTIFKeHTIO TOMeOocTasa, He JIOMycKas mepeHaceTenys MOy .
B nacrosmeii crathbe mocTpoeHa MoJiesb JUHAMUKY TTOTYJIAINE MPU3JIN B I0T0-3aI1a/{HOIl YacT npoBuHimu Anbdepra
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(Ramapa), nana onenka émrocTin cpefibl (/) 1 MUHUMAIBLHON $KU3HECTIOCOOHON YNCTEHHOCTH MOTYJSIINN TPU3IN B UX
auHAMUYHO cpejie oburanus. [lpuBegena aprymMmenraust B 10Jib3y BeIOOpa JOMHCTUYECKOT MO POCTa KaK Hanbosiee
MOJIXOSATIRH JIJIS ONMCAHNS IMHAMIKI YHCJTeHHOCTH MOTYJISAINN MefiBesieil rpusian. B gonosnenne k o0branomy nabopy
apaMeTpoB, MPUCYIIEMY TAKIM MOJIeJISIM — CKOPOCTH POCTA YHCICHHOCTH OIS 1 EMKOCTH CPEJibl, B TAHHYIO MOJIE/Th
BRJIIOUEHBI TAKIKE TTapaMeTPhl « MIHUMAJIbHAS JKU3HECTIOCOOHAs YNCJIeHHOCTh notysauny» (MVP) n «Gezonachas 30Ha»
(SH). Mocaenmuit napamerp 6611 BBeéH [IporpaMmoii 1o BOCCTAHOBICHUIO YHCACHHOCTH Me/iBe/eil TPUSJIN B IIPOBIHILII
Annoepra. [lapamerp MVP onpepensiercss MUHIMAIBHBIM 4NCIOM 0c¢00eT, HEOOXOANMBIM JIJIsl BBIXKUBAHUS TOTTYJISITIIN.
[Tapamerp SH mpunucbiBaercsi Tak Ha3bIBAGMBIM «IIPUOPUTETHLIM 00JACTAM HPOKUBAHUA MEJBeeil TPU3JIn», e
YCJIOBYSA JIJISL UX TIPOKUBAHIS OJATOTIPUSATHDI, & CMePTHOCTHL HeBbicoKa. [laree, ocnosbiBasich na mojesnn Mepxioanera n
CTATUCTNMYECKUX JITaHHBIX, /laHA OIleHRKRaA é]WKOCTH CpQ[IBI n CKOpOCTVI pOCTa YNCJIEHHOCTN ﬂOﬂyﬂﬂI[I’”’T I MeJIBeJINI] T‘leBJTV]
B AnbOepre. MaremarndyecKknii aHaans MO TOKa3biBaeT, YT0 PABHOBECHE CUCTEMbI IIPU 3HAYCHUN YUCICHHOCTH,
CTpeMsIIIeMest K 8MKOCTH cpejibl K — yeroitunBoe, B 10 BpeMs Kak pasHosecue okosio snavuenuss M VP - SH — weycroituungoe.
nonyq(‘,ﬁa YncJeHHasd OIleHRa 1A BpOI\’[CHVI RB]N”’IPHHVIH ]'lOlTyJTF”[VlVI C HAYAJIbHBIMI yC.WOBVIF[MW HUMKe 9TOro 3HavyeHumsd.
[IpoananuszupoBarbl KOPPEJAIUN MEK/Y HapaMeTpaMu U X BIUSAHIE HA BbIKUBAHUE Oy stinn measeeil. Ha ocnosammmn

aHa/n3a laHbl peroMeHganunm 1mo obecIeyen o BuIyKITBAH IS HOITYJIAINN.

Karouesote crosa: vepsenu rpusiu, Ursus arctos horribilis, juaaMuKa mOMyJsiiiini, MAaTeMaTnaeckoe MOJIe/ I POBAHIe,

oro-3anajuas Annbepra, Ramnasa.

The grizzly bears are K-strategists and
their innate tendency is to reach homeostasis.
In the First Nations folklore grizzly bears are
viewed as “spirits” that bring balance in their
untamed habitat where they roam, this being an
indication that they do not overpopulate their
habitat and their gene flow is “designed” to
reach homeostasis without surpassing it [1]. In
the present article we study the dynamics of the
grizzly bear population in the Southwest Alberta,
Canada, giving estimates for the carrying
capacity and the minimum viable population of
the grizzly bear population in their dynamical
habitat.

The origins of the logistic model goes all the
way back to 1798, when the Reverend Thomas
Robert Malthus (alias Joseph Johnson) pub-
lished An Essay on the Principle of Population
[2]. His essay opened the idea that populations
of any origins and species can be measured
mathematically. In his own words he said: “I said
that population, when unchecked, increased in a
geomelrical ratio, and subsistence for man in an
arithmetical ratio. Let us examine whether this
position be just...”.

The Malthusian growth is known as:

1. P = P, geometric population growth,
when the population size is modeled in discrete
time intervals, and organisms have non-over-
lapping generations.r >0, all the time constant,
is the net reproductive rate & intergenerational
rate of change (i. e. the geometric rate of in-
crease), P, is the initial population, and P, is
the population size at time { where the time ¢ is
measured in time unils or generations.

2. P(t) = Pge", exponential population
growth, when the population growth depends
on conditions at the current moment, and the
population growth is continuous (continuous
reproduction/overlapping generations). r > 0

represents the instantaneous rate of increase, P,
is the initial population, and P(t) is the popula-
tion size at time ¢ where the time ¢ is measured
continuously (i. e. t>0). The geometric growth
is the discrete form of the exponential growth.
The exponential growth is the solution of the

elementary ODE model

o< =rP

dt '

The Malthusian model is appropriate for
density-independent populations, while the
grizzly bear population shows density-dependent
feedback, i. e.:

— From all historical data, the bear popu-
lation never showed an indefinite exponential
increase.

— Resources for the bear population are
limited, inuencing birth and death.

— From historic data, the bear population
growth rate showed decline.

Therefore the Malthusian model is not ad-
equate for such population. An adequate model for
studying the grizzly bear population is the Ver-
hulst's model, the classic Logistic Growth Model:

d—P=rP k| (1)
dt K

where Kis the carrying capacity (a function
of supply of limiting resources), its function be-
ing to assure a sustainable population size for
the grizzlies based on prevailing environmental
conditions. We have population growth positive
below K, and negative above K. The thresholds
of the Verhulst model are P=0and P = K. In the
Figure 1itisshown an example of the Verhulst’s
model with carrying capacity K = 1000.

We notice the negative growth rate of the
population if the initial population is above the
threshold P = K, and the positive growth rate
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Fig. 1. The classic Verhulst’s model
for carrying capacity K = 1000

if the initial population is below the threshold
P =K. Biologically the threshold P=0is not real-
istic. The model that we consider for studying the
dynamics of the grizzly bear population, which
represents the motivation of the present article,
introduces an Allee type effect, the threshold
P =SH - MVP by replacing the threshold P =0
as follows:

dP i /a
E"r[w-—m 3 “E] .

SH represents the Safe Harbour, a new mea-
suring function introduced by the Alberta Griz-
zly Bear Recovery Plan 2008-2013 [3], which
speaks of the creation of Grizzly Bear Priority
Areas in high quality habitat where there is a
low risk of mortality; the Safe Harbour (SH) is
a combination of high quality habitat and re-
duced risk. The MVPis referred to the Minimum
Viable Population, a measure that specifies
the necessary amount of individuals in order
for the species to survive. While the threshold
P = K is a stable equilibrium point of the dy-
namical system, the threshold P = SH - MVP is
an unstable equilibrium point of the system. SH
acts as a buffer zone for the MVP; it allows it to
be depressed and then to rebound. Using SH as a
buffer of the MVP we are able to extract, using an
inverse problem, an estimate for the MVP. What
is very important to be realized is that the mo-
del (2), when the population is situated under
the SH - MVP-threshold itis biologically relevant
only up to the time of extinction! Once the popu-

lation is extinct, the relevance of a population
dynamics model is no longer necessary, as it is
irrelevant. We believe that we bring something
new in the field of Conservation Biology, as un-
til now the MVP is only estimated statistically
by using computer simulations for Population
Viability Analysis (PVA), some important re-
sources in this direction being [4] and [5].

Carrying capacity and female growth
rate estimates for grizzly bears
in the province of Alberta, Canada

The grizzly bear is a flagship/umbrella
species that occupies an estimated area of
2.98 + 10 km? in Canada [6]. They are habitat
generalists, and they can be found from sea level
to high alpine, temperate coastal rain forest,
alpine tundra, mountain slopes, upland boreal
forest, taiga, grasslands, and tundra. In Alberta
there are seven Bear Management Areas (BMA):
BMA 1 — Chinchaga (boreal grizzly habitat in
Alberta), BMA 2 — Grande Cache, BMA 3 — Yel-
lowhead, BMA 4 — Clearwater, BMA 5 — Living-
stone, BMA 6 — Waterton-Castle, BMA 7 — Swan
Hills. Our assumption is that grizzly bears have
a dynamic habitat (no fixed boundaries / home
range with extensions). One reason support-
ing this assumption is the resource pressure
that forces micro-migration. Then the carrying
capacity becomes a dynamic variable, which de-
pends on the density of natural resources of the
particular habitat frequented by the grizzly bear
during a certain time of the year (e. g. salmon
feeding). The assumption of dynamical habitat
for the grizzly bear supports the known fact that
the grizzly bear is an umbrella species (influ-
ences the survival of other species). Estimating
the carrying capacity of the grizzly bear in their
dynamical habitat can make us understand bet-
ter the limitations of the home range habitat for
the grizzly bear. Figure 2 (see color insert) shows
the distribution of grizzly bears in the BMA 2-7
(the areas on which we focused our present work)
outlining the home range and shared habitat for
grizzlies with the estimated population numbers
as specified in the document prepared for Alberta
Sustainable Resource Development (ASRD),
Alberta Conservation Association (ACA) [7].

The grizzly bears have a slow reproductive
rate due to the fact that the female grizzly bears
have alate reproductive maturity, combined with
small litter and long inter-litter intervals |8, 9].

To obtain an estimate for the carrying capac-
ity and for the female growth rate we are using
the Verhulst model (1); the carrying capacity

A7
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estimate will be for the female grizzly bears,
then we will adjust it to the overall population
of grizzly bears male & female. The solution of
the model (1) with the initial condition P(0) =
P, can be found by elementary integration to be:

KP
Pty=——" : (3)
¢"(K-P)+h
We are interested to find K, rand P knowing
the total number of female population at three
equally-spaced times d, 2d and 3d respectively,
where d is our time unit. We obtain then the fol-

The system (9) provides the exact solution:

M=p-c,c=hh ;B
—x "*"B-B
r=——Inx,
xﬂ=R+PI_‘PZ .
X

Using (6) we get the exact solution of the
system (4):

lowing system of nonlinear equations: K= 1 ,C= R-F X = b=P (7)
KP, R-C 1-x A-F "
e . =Pd), i=13..., (4)
e™(K-PR)+P, 1 : (8)
r=——Inx
which transforms into the system: d
1
ez~ M)y =P - Mi=1..3, (5) R=——F—F ©)
1750
B+
where: b
We used the following data for the female
x,=1/P,M=1/K,P=1/P (id),i=1..3. (6) grizzly bear population [10—-11]:
Year 2008 2009 2010 2011 2012 2013
Female population size estimates 441 489 239 288 636 677

The first estimates for K, r and P, were
obtained by considering the three consecutive
years 2009, 2010 and 2011. The value obtained
for P, was compared with the known data for
the female population size estimate from the
previous year, i.e. the year 2008. Then we used
two more sequences of consecutive years to find
estimates for K, rand P: 2010, 2011, 2012 and
2011, 2012, 2013, as this was the only available
data that we could find. In the Population Size
and Trends Section in the COSEWIC Assess-
ment and Status Report on the Grizzly Bear
Ursus arctos in Canada — 2012 [6] itis explained
how difficult it is to obtain such data, and yet
the limited data that we found allowed us to

show that the method used has a great poten-
tial in the population ecology/computational
biology research fields. We expected that the
values obtained for P, for each trial of three
consecutive years to be close to the estimate of
the female population size from the year prior
to the first year in the sequence of the three
consecutive years, which it did happen. Here
are our estimates; in each table we start with
the year prior to the first year (in bold font)
in the sequence of the three consecutive years
(the three consecutive years are in italic font)
that we used in order to compare the estimate
obtained for P (the estimate found for P is in
bold font as well), as explained above.

2008 2009 2010 2011 K r P
441 489 539 588 980 0.20 439
2009 2010 2011 2012 K r P,
489 539 588 636 1058 0.19 489
2010 2011 2012 2013 K r P,
239 588 636 677 830 0.30 933

We averaged the values for K and r as shown in the tables below
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Kp = carrying capacity for the entire grizzly population, male & female Estimate
The mean of the three estimates of K for females — 100/64 1493
r = female reproductive rate Estimate
The mean of the three estimates of r 0.23

The value of r=0.23 for the female reproduc-
tive rate is in agreement with [9]. The division
by 64 in estimating Kp is due to the inclusion
of the male population as well. Using the data
provided by [9] we have for 690 bears: Female
Demographics — 52 cubs, 74 yearlings, 83 sub-
adults, 227 adults, total female population size =
436; total male population size 690 — 436 = 254.
Male and female ratio of the population for all
ages: 36% males and 64% females.

The ratio found above is very comparable
with the one found by [11] much earlierin 1994
for grizzly bears in the Northwest Territories
(a study done between 1987 and 1989); 33%
males and 67% females. We would have gotten
the same ratio if we would have truncated off the
female proportion first.

Mathematical analysis
of the new proposed model

As we mentioned in Section 1, biologically
the threshold P = 0 is not realistic. The model
that we consider for studying the dynamics of the
grizzly bear population is the model (2), which
introduces the Allee type effect given by the new
threshold P =SH - MVP, replacing the threshold
P =0in the Verhulst model (1):

a_(_P -2
dt | SH-MyP x| 0

where SH represents the Safe Harbour that
refers to the Grizzly Bear Priority Areas, and
MVP is the Minimum Viable Population, the
measure that specifies the necessary amount of
individuals in order for the species to survive.
While the threshold P = K is a stable equilibrium
point of the dynamical system, the threshold
P =S8H-MVP is an unstable equilibrium point
of the system.

Safe Harbour for the Grizzly Habitat. In
2009 the Alberta Sustainable Resource Devel-
opment Directors Council officially approved
the designation of Grizzly Bear Core Areas and
Secondary Areas. A Core Area or a Secondary
Area for a grizzly bear is called Grizzly Bear
Watershed Unit (GBWU), a unit which rep-

resents a subdivision of major watersheds to
approximate the home range of a female grizzly
bear, which is 700 km? [12]. The Core Areas are
prime areas for grizzlies with a high resource
factor that promotes their survival, and where
the mortality risk is low; the mortality risk is
currently measured through open road densities.
The Secondary Areas reflect the broader range
of grizzly bears, and are considered good grizzly
bear habitat areas [12]. The quality of a grizzly
bear habitat is measured in term of:

— The interaction with their biotic envi-
ronment; a good habitat will offer a balanced
interaction of grizzlies with their biotic and
abiotic environment, which will be measured by
an optimum resource availability for grizzlies
while not depleting the resource availability of
the biotic environment they reside in (they are
an umbrella species). The resource availability is
modeled as Resource Selection Function (RSF),
which is the relative probability of grizzly bear
occurrence on the landscape.

— The safety of the habitat; a good habitat
will offer an optimum security for accessing
resources (resource availability) that will
encourage reproduction, and it will provide a
safe environment to raise offsprings. The safety
of the habitat is related to the security for the
grizzlies, which is related to human-caused
mortality. The human-caused mortality is
associated to Open Road Density (the sum of
all human- infrastructure within the habitat),
which through the suggestion of the Grizzly
Bear Recovery Team is eventually replaced with
Mortality Risk, quote from [12]: “Open Road
Density is eventually replaced with Mortality
Risk. Mortality Risk is a spatial model that
represents the relative probability of human-
caused grizzly bear mortality. It is a function
of terrain ruggedness, distance from roads,
streams, cutlines, and forest edges and land
status (protected area, Green/White Area). For
the purpose of this analysis, both Open Road
Density and Mortality Risk will be used. Safe
Harbour is a combination of habitat quality
and risk. A safe harbour is an area of good
habitat (high RSF values), to which bears are
attracted by an abundance of resources, but also
where the bear faces a low risk of human caused
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mortality (low Mortality Risk). Safe harbour
was calculated using the following expression:

SF = RSF- (10 — RISK)”.

— The connectivity of the habitat; a good
habitat will assure access to other resources
outside the home range, a home range with
extensions.

On the stability of equilibrium points P = K
and P =SH - MVP. Proving that:

tim 2 =

P-K

0

=0, (11)

let & > 0 and choose |P — K| <4, , with:

K of K ' 4rKe
|| ——-1 |+, | —-1 | + ——
5 = SH - MVP SH - MVP SH-WP>0
€ 2r/(SH- MVP)
Then the new model (10) will give us the following:
g's;|P—K|Z+LL—I‘-|P—K|<
dt| K-SH-MVP K |SH - MVP
__r g Pl K gy eim g
K-SH-MVP K |SH - MVP PoK dt

Similarly it can be proven that:

5.

m (12)
P—SHM-VP (Jf

Figure 3 shows the way the slopes of the
tangents to the integral curves of the model (10)

/SH-MVP

all

Fig. 3. dP/dt vs. Pin the model (10)

vary with respect to P(t) for some prescribed
values of the parameters. The elementary
analysis of the right hand side quadratic in P(t)
in the model (10) gives us the following:

— In the vicinity of P =SH + MVP we have:

%<O,ifP<SH-MVP,

(13)
and£> 0,if P >SH - MVP.
dt
— In the vicinity of P = K we have:
o >0,if P<K,
dt (14)

and £<0,ifP>K.
dt

The relationships (11) and (14) as well as
(12) and (13) prove that the equilibrium points
P=Kand P=S8H- MVP of the model (10) are
stable and unstable, respectively.

If the the density of the population is located
under the threshold P =SH - MVP, then the time
of extinction for the population is obtained from
the model (10) to be:
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Fig. 4. P = K is a stable equilibrium point
of the model (10). The following values were
considered for parameters: K = 1493, r = 1.04,
MVP =40, SH = 0.433. The value of r was taken
from [9], the value of SH was taken from [12],
and we used our estimate that we found for K = Kp

SH -MVP - K-m[SH'W'(K'%)]
- K(SH-MVP-R) | (45,
. #(K— SH- MVP) '

where P represents the initial population
given by the initial condition P(0) = P,
Figures 4 and 5 show the stability of the
thresholds P=SH- MVP and P = K respectively;
P =S8H- MVP is unstable and P = K is stable.
For the threshold P = SH - MVP the time span

used is considered only until extinction (i. e.

K

P,—SH - MVP

P@) =| sir-mvp K[SH_MVP(K_%))  @SHMVP 4 (.SH-MPP(K—PO)

SH- MVP

P,—SH-MVP
SH -MVP(K —P,)

Fig. 6. P =SH - MVP is an unstable equilibrium
point of the model (10). The following values were
considered for parameters: K = 1493, r = 1.04,
MVP =40, SH = 0.433, P, = 17. The value of r was
taken from [9], the value of SH was taken from
[12], and we used our estimate that we found for
K = Kp. The estimated time of extinction evaluated,
using the formula (15): Text =~ 67.06.

te[0; T, 1), wherethe model (10) is biologically
relevant.

Initial Value Problem for the model (10).
Using the model (10) we create the Initial Value
Problem (IVP):

dap =,.[L_1](1_£} (16)
dt SH - MV P K

- (17)

The IVP (16—17) has the unique solution:

K-sramp 7
T ek +SH-MW[

SHMVP
B-SH-Myp Y-suwr 2|
—
B —SH-MYP Y5 oo, (18)
SH-MVP(K - P)

Fitness — MVP Correlation. In this article, by fitness we understand simply the total number
of offspring in a chosen time unit. We define the fitness function to be:

F(MVP, SH, 1) = P(1) — P

0’

(19)

where P(t) is given by (18), and P represents the initial population size in a BMA. Simplifying

(19) we obtain:

21
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J2

K

SH - MVP- (K — B)| 2 =SHMVP__[=57 ia .
SH. MVP-(K-P)
SH.MVP
—SH. r
R)_SH‘MVP Sﬁmef /

(SH-MVP—R})[
SH - MVP-(K —PB)

SH: MVP

~-SH-MVP ¥
e+ SH .

P,—SH - MVP
SH - MVP-(K —P)

The model (20) correlates the fitness with
the MVP, i.e. the model gives an estimate of the
MVP based on an observed fitness in one year
(our time unit of choice) in a BMA. In general
the model is designed to give predictions of the
MVP based on an estimated fitness for a densily-
dependent population under observation. Con-
sidering the equation F (MVP, SH, 1) = EF, the
value of the MVP obtained by solving the equa-
tion tells us what population size is necessary
for the grizzly bear to continue surviving when
the fitness in one year in the BMA is KF.

For SH and ¢ given, the function F(MVP,
SH, t) is a single variable function, say
J(MVP). We want to see whether there exists
a unique MVP such that f(MVP) = EFF when
MVP is part of a certain open interval U. For

J(MVP)=

(B —SH - MVPYK —SH - MVP)rt + SH*

-s;m rt
eSH-M’VP
l SH-MVP-(K—&)]( .

P,—SH - MVP

(20)

the set of data that we used, Grande Cache
BMA; core and secondary areas [12], numeri-
cally we could show that for MVP in the open
interval U= (0,811) (more than enough realistic
interval for MVP), ['(MVP)#0 on U (Fig. 6).
Then from the Inverse Function Theorem
there exists an open interval Vcontaining EF
(realistically EF'is well contained in between
f(1) =801.35 and f(810) = 0.0046) such that
[ maps U onto Vin a one-to-one correspon-
dence. Then there will be a unique MVP in U
such that f(MVP) = EF.

For the general case, working under the
hypothesis that P is located in between the
thresholds P = SH - MVP and P = K, 1. e.
S- MVP < P, < K, we can prove that f(MVP) # 0.
Indeed we have:

ri(SH - MVPK
e SHMPK +SH-MVP(SH.MVP—B,)[

SH-MYP

P—SH-MVP Y-SmP =
SH- MVP(K—P)

.eX +SH - MVP

Assuming that f'(MVP) = 0, one can get the following:

(B, —SH-MVPXK —SH-MVP) ),
SH? - MVP*(K —PB)

K+SH - MVP

MVP(K-P) P—SH-MVP Y-Sime

SH -MVP(K —P,)

28H- MyP
F,—SH - MVP H-We%/
SH -MVP(K —P,)

__ K .
B-SH-MVP YW i

_l__i]
SH- MVP K =1 ’ (22)
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which is impossible due to the fact that:

(P,— SH - MVPYK —SH - MVP)
SH* - MVP*(K —P))

+1>1,

for any MVP in any open set, as SH - MVP <
P, < K, the hypothesis we work under, and:

_1) o K—SH-MVP
SH-MVP K —e SH-MVP-K >eD.

Hence f'(MVP) # 0 for any MVP in any open
set, which assures us that the Inverse Function
Theorem, to extract MVP, will work all the time!

Using the data for the Grande Cache Core area
[12], we obtained the following estimates for MVP:

Fitness for time unit ¢ =1 1 2 3

4 b) 6 7 8 9 10

MVP estimate 361 232 171

135 112 9. 83 4 66 60

ot
EN |

Using the data for the Grande Cache Secondary area [12], we obtained the following estimates

for MVP:
Fitness for time unit ¢ =1 1 2 3 4 5} 6 7 8 9 10
MVP estimate 548 352 259 205 170 145 126 112 101 91

The results obtained are not contradictory:

— The fitness and MVP are correlated by
an inverse process; a depression in the fitness
triggers a larger requirement for MVP, which
it would be expected. One important factor that
can trigger a depression in the fitness may be
strongly correlated to genetic diversity [13]
specially when the initial population density is
small, which if weakened may result in reducing
the fitness and fecundity of the grizzly bears,
and a larger requirement for MVP may require
introducing new individuals into the existing
population for avoiding “genetic meltdown” that

eventually may lead to extinction of the grizzly
population in the monitored area.

— SH regulates accordingly the value of
MVP; higher SH (better quality habitat for griz-
zly bears) induces lower requirement for MVP.
The latter two tables above and the Figures 7 &
8 show clearly this phenomenon.

Conclusion
As mentioned in [5],“Estimating mini-

mum viable population and reserve size is a
fundamental cornerstone of conservation biol-
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Fig. 6. " (MVP) #0 on the interval U= (0.811).
The time unit considered was ¢t = 1, and the follow-
ing values were considered for parameters:
K=1493,r=1.04, SH = 0.433, P, = 353.

The value of r was taken from | 9] the values
of P and SH were taken from [12], and we used
"our estimate that we found for K = Kp
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Fig. 7. The following values were considered
for parameters: K = 1493, r = 1.04, SH = 0.433,
P =353. The value of r was taken from [9], the

Vaiues of P and SH were taken from [12], and we
used our estimate that we found for K = Kp
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Fig. 8. The following values were considered
for parameters: K = 1493, r = 1.04, SH = 0.433,
P =353. The value of r was taken from [9],
the values of P and SH were taken from [12],
and we used our estimate that we found for K = Kp

ogy”, we bring a new approach on estimating
the minimum viable population. Our approach
is by correlating the minimum viable popula-
tion with the fitness of the population and the
Safe Harbour (SH), the new measuring func-
tion introduced by the Government of Alberta.
Studies on the estimation of the minimum vi-
able population correlated with the fitness of
a population have been performed on different
species in botany and zoology, as for example in
[14—16]. Ouranalytical model has the advantage
of relying on a small number of parameters, and
it can be enhanced by adding new ones, such as
the coefficient of inbreeding in the species, or by
taking into account other factors that may influ-
ence the dynamics of the grizzly bear population.
Yet, a viable analysis of the population involves a
substantially greater number of parameters that
must be taken into account, and many of these
paramelters cannol be feasibly determined [4].
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Ha npumepe cocHoBo-6epésosbix secos accornanuu Bupleuro longifoliae — Pinetum sylvestris nienrpaiibHoii vactn
ropHO-JIecHoil 30HbI Pecrrybnimkn Bamkoprocran pazpaboran c1iocod MoJe I poBa sl I0JTOCPOTHOTO H3MEHEeHIS TII0IIafiei
PaZHOBO3PACTHBIX JIecoB 1 BbIpyOOK. [Ipu nocrpoennn mopesin nenosnbioana cucremMa auddepeHinaibHbIX ypaBHeHMIL.
B Ka4vecTBe [PeJINKTOPOB MOJIeJIN NCITO0JIb30BAaHbI JlaHHbIE O IIJIOHA/IAX PA3HOBO3PACTHLIX JIECOB ¢ IOMUHNPOBAHNEM COCHbI,
JINCTBEHHUIIBI, OePE3bI M OCUHBI, TIIOTIA/N BHIPYOOK HA MOMEHT TIPOBEJIeHNUsI JTeCOYCTPOICTBA, JIEHCTBYIONIAs JTecoceKa,
a TaKyKe PeKOMEHJAINN 10 JIeCOBOCCTAHOBACHUIO 1 ILIONIA/IN PEKOMEH/IYeMOro MpPOBejleHNns JIeCOBOCCTAHOBUTEbHbBIX
MepolpuAaTun i1 HA BbI py6KHX JIECOB € Pa3HbIM UCXOIHBIM COCTABOM J[PEBOCTOA. le’l MOJIeJIMPOBAHNN TaAKMKE aHAJIN3NPOBAJINCH
MOCJIeJICTBUST NCIIOJIB30BAHMNS IPYTUX PEKOMEH/IYeMbIX B JIECOXO03SIIICTBEHHON MpaKTIKe Jecocek (mepBas m BTopast
BO3pacTHble, nHTerpanbhas). Mojesb mo3Boser genarh JoAr0CpOUHbIe HPOTHO3bI JIMHAMIKH 3a11aCOB BUIOB, OCHOBHBIM
MecToM ¢hopa ChIphsi KOTOPHIX sIBJISIIOTCS BRIDYOKU. B KauecrBe npumepa nmpuBeiéH J0JAT0CPOUHbII ITPOTHO3 U3MEHEH U sl
OUOJIOTITYeCKOTO 3anaca Ha BeIpyOKax suctbeB Chamaenerion angustifolium (1..) Scop., ncronb3yembix B hurorepannmn,
a TaKkyKe B [IPOM3BOJICTBE TOHU3MPYonero Hanutka «VBan-uaii». B KauecTBe MCXOHBIX JAHHBIX HCIIOJIb30BAIACH
paccuMTaHHAs paHee cpejiHsisa HPOAYKTUBHOCTE ucthes C. angustifolium na MoJIOJBIX BEIPYOKAX JI0 O JIET 1 32PACTAIOIINX
BhIpyOKax or d 10 10 jer. YeraHoBIeHO, 4TO MpH cOOMOIEHNN JefICTBYIOIIEH JTeCOCeKI B TOJTHOM 00bEMe 3a1iac JNeTheB
HTOTO BUJIA OyJeT YBeINUMBATLCS B CBSA3U C yBeJIMYeHHEeM TLiomajieil Beipyoor n uepes 40—50 sger crabunusupyercs na
YpoOBHE, 3HAUYNTEJIbHO ITpeBbllnaoliem COHpeMeHHh[ﬁ.

Karouesvie crosa: mopennposanne, gud@epermaababie YpaBHeHNsT, TeKapCTBeHHBIC PACTCHNS, PECYPCHBII 3armac,
BuIpyORu, [OsRubrit Ypar.

Using a system of differential equations to predict the long-term
dynamics of stocks of medicinal plants in forest phytocenoses
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The method of modeling of long-term changes of the area size of different-age forests and felled areas up to 10 years
has been developed. It was developed on the example of pine-birch forests of the Bupleuro longifoliae — Pinetum sylves-
tris association in the central part of the mountain-forest zone of the Republic of Bashkortostan. A system of differential
equations is used for the building of model. Data of the areas of different-age pine, larch, birch and aspen forests, the
cutting area at the time of forest management, the current annual allowable cut, as well as recommendations for refores-
tation on felled areas with different initial composition of the timber stand were used as the predictors for modeling. The
consequences of the possible use of other recommended calculations of annual allowable cut in the forest practice (the
first and second age-, integral annual allowable cut) were also analyzed in the modeling. The model based on differential
equations allows to make long-term forecasts of the dynamics of stocks of medicinal species, the main harvesting point
for raw materials are felled areas. Long-term forecast of change of the stock of Chamaenerion angustifolium (1..) Scop. on
felled areas is given as an example. This species is used in phytotherapy and the production of the tonic Ivan-tea, which
is in great demand. As basic dates, the previously calculated average leaf productivity of C. angustifolium on different-
aged felled areas was used. It has been established, the stock of leaves of this species will increase due to the increase in
the cutting area that if the current annual allowable cut will be fully implemented. After 40—50 years the stock of leaves
of this species will stabilize at a level significantly higher than current level.

Keywords: medicinal plants, differential equations, forecasting of the resource reserves, felled areas, Southern Urals.

Ha reppuropun Pecrrybnnrn Bamkoprocran
(PB) cobupaercs u peanusyercs 6osee 300 Bugon
JerapeTBeHHBIX pacrennii [1], dombimas yacth
73 KOTOPBIX 3aTOTaBJIWBAETCA B TOPHO-JIECHON
3one. Ha 3asecéHHBIX TeppuTOpHAX HaNOOIbITee
BIANSTHIE Ha PecypcHylo 0asy JeKapcTBeHHBIX
pacTeHMii OKa3bIBAeT JeCOXO03sMCTBeHHAS JIesi-
TeJILHOCTh, KOTOPAs BEJIET K N3MEHEHU 0 COOTHO-
TIIeH WS MJ1011aJ1eil TecoB 1 BhIpyOoK. Ha npumepe
aHaan3a BHIPYOOK Ha MeCTe COCHOBO-0€PE30BBIX
necos accouuanuu Bupleuro longifoliae —
Pinetum sylvestris 61710 10Ka3aHO, YTO pa3HO-
oOpasue 1 POy KTUBHOCTD JIEKAPCTBEHHBIX TPAB
CYIIECTBEHHO PAa3INYaioTcs MO TOJ0TOM JIeca,
Ha BBTPY6K3X A0 IIAT! JieT 1 Ha 3apacTaloimnmx
BBIPYOKaX BO3pACTOM OT LIATH [10 fecsTtu jer [2].
BoabmmmHETBO 9THX BUIOB B MCXO/HBIX JTecax He
MMeIOT IOCTaTOYHOT JIJIsT 3aTOTOBOK MPOYKTHB-
HOCTH, HO Ha BEIPYORAX ITPOMCXOJINT pa3pacranme
HeKoTopbiX n3 Hux (Aconilum septentrionale
Koelle, Bupleurum longifolium L., Chamaenerion
angustifolium (1..) Scop., Origanum vulgare L.,
Valeriana wolgensis Kazak., Primula macrocalix
Bunge n gp.). IIpu sTom Ha BRIpyOKax HeT He-
00XOIMMOCTH HOPMUPOBATH UX 3aTOTOBKMU, TaK
KaK pa3pociimecs: B Hadajie BOCCTaHOBUTEIbHOM
CYKIIECCHT BUJIBI B JIIOOOM CJIydae CHIRATOT CBOG
obmne mocse (OPpMIPOBAHI COMKITYTOTO Jipe-

Bocrosi. [Toaromy st nporuo3mpoBans pecype-
HOTI 6a3bl JIeKAPCTBEHHBIX BUIOB pacTeHUI Ha
3aJIeCEHHBIX TePPUTOPHUAX €CTh HEOOXOMNMOCTh
JTOJITOCPOYHOTO MOJIETPOBAH ST MI3BMEHEHST 11710~
majei Boipyook. [lpormosuposatine namenenms
MPOCTPAHCTBEHHON CTPYKTYPhI JIECHOTO TTOKPOBA
3aTPYAHUTETLHO B CHJIY HECKOJTBKUX MPUYIH.
JlecomorpwIThIe TEpPUTOPUN TIPEJICTABIISIOT CO-
001l «JIOCKYTHOE OJIesl7I0» U3 Pa3HOBO3PACTHBIX
Y4aCTKOB Jieca, HA KOTOPHIX B pa3HOe BpeMsi 1 B
Pa3HOII IOCTe0BATEIBHOCTI OY/IYT TPOBOUTHCS
pyoru. IIpu aT10M, TaK KaK ITPOTHO3 COCTABIISACTCS
A 3HAYNTEJIBHBIX O IO/ TepPUTOPHUIA,
HEBO3MOJKHO TOYHO CITPOTHOBMPOBATH, Ijle U
Rorga OyayT npoBoauThess pyoku. Bo-Bropbix,
JIeCOCeKA, pacCUYnThIBaeMast s KayKIoi J1eco-
00pasyoIei MopPoJIbl, MOKET He Peaan30BbIBATh-
cs1 B mosiHoM oObéme. Tem He Meree, B MmaTepua-
JIaX JIeCOYCTPOICTBA COMEPIKUTCS IOCTATOUHOE
KOJIMYEeCTBO XapaKTePUCTUK IPeBOCTOST 1 TITTaHbI
110 JIECOTIOJNb30BAHNUIO U JIECOBOCCTAHOBJIEHNIO,
KOTOpPbIe MOTYT 6BITB NCITIOJIb30BAaHbI B KauyeCcTBe
MPeIMKTOPOB MOJIEJIH JIJisl IPOTHO3a N3MEeHeHU s
pecypcHoii 6a3bl IEKaPCTBEHHBIX PACTEHUIA.
[lean paborsr — pazpaboTKa MOJETN TOITO-
CPOYHON IMTHAMUKI 3a11aCOB ChIPbsI JIGKAPCTBEH-
HBIX BUJIOB PACTeHUI B YCJIOBUSX Pa3JMUHBIX
PEsRNMOB JIECOTIONB30BAHMS ¢ NCITOTH30BAHNEM
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cuctembl uddepeHnuaTbHbIX YPpaBHEHUIT Ha
mpuMepe MEeHTPAJbHON 4acTH TOPHO-JIECHOT
sounl PB.

O0BeKTBI 1 MEeTOJbI

O0berT nccseoBaHmsi — COCHOBO-0€PE30BbIe
neca acconuarun Bupleuro longifoliae — Pinelum
sylvestris na reppuropnun AB3SIHCKOTO Jiecx03a,
PacIoMIOKeHTOTO B TeHTPATBHON YacTn TOPHO-
necHoil 3oubl PB m 3anmmaroniero niomnamb
271399 ra. Jleca osroil acconmanum 3aHnMaior
6osiee 70% J1ecOTOKPHITOT TEPPUTOPHH JIECX03a
[2]. B rone XX Beka oHU TIOjiBeprajinch MHTeH-
cuBHOII pyOKe. [loMmmnHanTaMu ipeBecHOTO sipyca
B ATHUX Jlecax MOTYT Boictynarth Pinus sylvestris L.,
Betula pendula Roth, Populus tremula L. u pesxe
Larix sibirica Ledeb. Ha Boipybrax atux jecos
BO3PACTOM JI0 JIeCATH JieT (DOPMUPYIOTCS PaCTH-
TeJbHble coob1ecTsa acconnanun Chamaenerio
anguslifolii — Deschampsietum cespitosae. [1pn
pacuére 3amacoB JeKapCTBEHHBIX BUOB MC-
MOJIH30BAJINCH JAHHBIE 00 NX MPOAYKTUBHOCTI
Ha BBIPYOKAX /IO MATH M OT AT JIO IECATH JIeT,
paccunrtanubie panee |2, 3].

[Tpu mocTpoerHnn Mojies i NCIOJIb30BAHBI
JlAaHHBIE O TJIOIA/[M PA3HOBO3PACTHHIX JIECOB ¢
JIOMUHUPOBAHUEM COCHBI, TNCTBEHHUIbI, 0ePE3b
U OCUHBI, IJIOIA/IN BBIPYOOK Ha MOMEHT I poBe-
TeHUS JIECOYCTPOMCTBA, EMCTBYIONAS JIECOCEKa,
peKoMeHiyeMble Bo3pacta pyboK OCHOBHBIX
JIPeBECHBIX MOPOJI, & TaKyKe PeKOMEHIAINH 110
J@COBOCCTAHOBICHMIO W TJIOTIA/ PEKOMEH -
JIyeMOTO TIPOBeIeHNs JTeCOBOCCTAHOBUTEIHHBIX
MepOIpUATHI HA BEHIPYOKAX JIECOB ¢ PA3HBIM 1C-
XOJIHBIM cOCTaBOM JipeBocTosi. Kpome Toro, nipn
MOJIeJINPOBAHNN PACCMaTPUBAJINCH BapUaHThI
UCIIOJIb30BAHNUS JIPYTUX PEKOMEH/yeMbIX B Jie-
COXO3SIICTBEHHOI MTPAKTHKE JIeCOCeK [4].

CoBpeMeHHBIIl MOAX0/ K U3YUYEHUIO CO-
00111eCTB Tpe/IoJaraeT MHTerpauio i COBMeCT-
HYI0 00paboTKY OO0JIBIITNX MAcCUBOB HabJOIe-
HIT [D], 4T0 0CODEHHO aKTyaJbHO PN aHAJI3e
CTPYKTYPbI JIeCHBIX c00011ecTB. [1j1s1 mocTpoeHus
MOJIEJTH JIOJITOCPOUHON IMHAMITKI 311aCOB ChIPhST
JeRAPCTBEHHBIX BUOB PACTeHUIl B YCIOBUAX
PasJIMYHbBIX PERMMOB JIECON0Jb30BAHNA NC-
noab3oBasgach cucrema nanuddepeHmaTbHBIX
ypaBuenuii. [Ilnddepentnnanibabie ypaBHeHUs
MUPOKO MCIOJB3YIOTCS MTPU MOJIeJTMPOBAHIN
B DROJOTHYecKNX ncciaenoBanmsax [6]. ITpume-
HUTEJIHHO K MCCJIE0BAHUIO JIECHBIX COOOIIECTB
nuddepeHipanbHbie YpaBHEHMS ObLIN HCIIOJb-
30BAHbI JIJIsI MOJIETMPOBAHYS TUHAMUKI YN CITeH-
HOCTI B3POCTBIX IepeBnes | 7—9], iy ome ik po-
cra u npoaykTuBHOCTH ipeBocrosi [10], onenkn

YCTONYMBOCTH 3aTOTOBOR MOCTOSTHHOTO 00bEéMa
JIpeBeCHHBI JIeca B 3aBUCHMOCTH OT HA4aJabHOTO
pacipejesienus 1o Bozpacry apesocrost [11],
MPOrHO3UPOBAHNS BIMSTHUS M3MEHEeH IS KIIMara
Ha ONTUMAJIbHBIIT PeAKIM ITPOBeieH s PyOOK Jieca
[12] n np.

Jlns uncnennoro pemenus guddepenn-
AJIBHBIX YPaBHEHNH NCITOTH30BAH TPOTPAMMHBIi
MOJYJIh, HAaMcaHHbIil Ha sA3bike Python. Boico-
KOYPOBHEBBII sI3BIK IIporpammuposanns Python
AKTUBHO NCTIOTB3YeTCs B HAYTHBIX MCCTeIOBAH -
X, UTO OTTPeleisieTcsi 3HAUNTeTbHON 1 ObICTPO
pacrmpsonericst 6a3oil creruaan3npoBaHHbIX
O1OIMOTER, OXBATHIBAIOIIIX PA3TNYHbBIE ACTIERTHI
MOJIeJINPOBaHUA, aHaJIn3a 1 BUsyaJJanudalnuumn JiaH-
ueix [13]. B mporpaMmMuOM Mojysie uncieHHOe
peiierne peasnusyercsi mo merojay Pynre-Ryrra
[14, 15]. 9T0T MeTOMI MUPOKO MCIOJNB3YETCS B
ouosornueckux mceaepopanusx [16]. Hamn-
cannbie HA s3bike Python ¢ mcnonb3zoBanuem
pacmupenusi SciPy nporpamMmbl st pacuéra
0 MaTeMaTHIecKIM MOJIes M OMOJTOTHIeCKIX
HPOIECCOB MMEIOT Majioe BpeMsi pazpaboTkim/
OTJIQJIKN 1 3a9acTyio HeTpeOOBaTeIbHBI K BhI-
qucJaUTeNbHBIM pecypcam [17].

Pesyuabrarsl n o6cysknenne

B xoyie npoBeyieHust JIeCOX035MCTBEHHOI
MeATeJbHOCTH TTPOUCXOUT eRero/iHasi pyoKa
MepecTOMHBIX JIeCOB U TIePexoj YacT JecoB 13
OJTHOT BO3PACTHOI TPYIITIHI B IPYTYIO, 4TO MOKET
OBITH ommcano cnucreMoil auddepeHnmanbHbIX
YpaBHeHnii, XapaKTepn3yIonnx n3MeHe s 110-
majieit, 3BaHnMaeMbIX Jecamn 1 Beipyoramu. [Ipn
CO3JIAaHNT AJITOPUTMA JIOJITOCPOYHOTO ITPOTHO3M -
poBaHUs OBLIO NCITOJIB30BAHO PasjiesieHie jpe-
BOCTOSI HA YeThIpe BO3PACTHbBIE TPYIIIbI (MOJIO]-
wsarn [-11 ®iaccoB Bo3pacTa; cpejiHeBo3pacTHbie
IIT rnacca Bo3pacra; mpucnesBatmue 1V Kmac-
ca Bo3pacra; cliejible 1 nepecroiinbie V Kaacca
BO3pacra M BbIIEe), a BLIPYOOK Ha J[Be IPYHIIbI
(MOJIOfTBIE JIO TISITH JIET W 3aPacTaloniue — OT IATH
no pecsiti Jjiet). Kiace Bospacra fijist XBOIHBIX
" TBEPIOJIMCTBEHHBIX TTOPOJi CEMEHHOTO MTPOWC-
XosRmenus (ny0, KJIeH, BA3 U JIP.) COCTABJSET
20 ner, a Ay TBEPOJMCTBEHHBIX W MATKOJ-
CTBEHHBIX TTOPOJT TTOPOCIEBOTO TTPONCXOKIEH S
(ocuna, nuna, 6epésa, onpxa u ap.) — 10 mer [18].
V3menenwne ntoniaieii st Kaskoro BO3pacTHOro
nepunosia TOMUHUPYIOIIEN TOPOJIbI MOKHO OITH-
caTh cUCTeMONl ypaBHeHUIT BUA:

dS,
#ZSO_QSO"'OCIBPSN’
;ZlTSi:Si =8, +¢.,S,.,, ie[2, N 1],

7
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di

rjie S, — IIota/h BHIPYOOK 10 nATH Jiet; S, —
MJIOTIAb CHeJbIX U MePecTOMHBIX [ePeBhes;
S, — miomajm Ieca Beex 0CTalbHbIX, IPOMEsKY-
TOUYHBIX, BO3PACTHBIX 11epHO0B (S, — BLIpYOKN
or 6 1o 10 ner, S, — monopuaKru, S, — cpeje-
BO3pacTHbIE Jieca, S, — HpHUcleBaloulie Jeca);
pleMeHThl BeKTopa ¢ onpesenens kak &= 1/y,
Y, — pasmep i-ro BpeMeHHOro Hepuojia B rojlax,
i€ [2, N=1]; P — 1niponeHT e3kerojiHbiX pyboKr ot
IJIOTIAJIN CIIEJIBIX U [ePeCTOMHbIX JIeCOB JIaH-
HOTI JIECHO MTOPOJBI COTIIACHO JTeCOXO03AMCTBEH-
HOMY perjiaMeHty.

Rosdppunuenr o xapaxkrepuayer g0Ji0
MJIOMNA/N BBIPYOOK, HA KOTOPOW MPOUCXOAUT
BO30OHOBJICHIE Jieca ¢ peodaajlaneM ITOM JKe
MOPOJIBI TIYTEéM camo3apacTanms Wl CO3MaHMs
MOHOJJOMMUHAHTHBIX RyJIbTyp. [Ipu roaddu-
IIeHTe ¢, PABHOM eJIITHNUIIe, BCS TJIOMIA/h BbI-
pyboK BO30OHOBIIsIETCS TON 3Ke 1Toposoit. Kean
ROD(PPUINEHT & COCTABIISIET MEHbIIIE e[IUHUTTbI —
YaCTh TIIOMAJN BHIPYOOK BOBOOHOBIIACTCS JIeca-
MU WHBIX TOPOJI, 1ipu Koadduimente a Hosbiie
eITHUIBI TPOMCXO/UT PACIIINPEHNe TLIOTIA/Iel,
3aHATHIX TOM MOPOMOI, 3a CUET TMOCATOK Ha
MecTax BbIPYOOK JIeCOB ¢ JIPYTUM JIPEBECHbBIM
nomumranToM. Roaddumuenr f orpaskaer 1010
BBITTOJIHEHsT Jecoceknu. Jlecocerka, Koropas
paccUnTHIBACTCS JJIST KayKA0H MOPOBI, MOKET
He peajn3oBLIBATLCA B 1oJaHOM 00béMe. Yacro
pyOsAT TpejicTaBIIONe KOMMepPYeCcKYyIo TeH-
HOCTb XBOIHBIE TIOPOJIbI, & JecoceKa JIJisi MeHee
MEeHHBIX TOPoj (ocuHa, Oepésa), Kak MPABUIIO,
He peaJin3yercs [ayke Ha MOJOBUHY, YTO IIPUBO-
[T K HAKOTLJIEHWIO T1ePeCTONHBIX Oepe3HsIKOB 1
ocunanROB. B PD curyanus na fanabiii MOMEHT
U3MEHUJIACh B CBSI3M CO CTPOUTEIHCTBOM Jlepe-
BooOpabarwsiBatorero 3asoaa « Kpomommany,
MOITOMY MOKHO OKH/IATh, YTO B MOCJIELYIOIIIe
TOJIbI JIECOCEKA TI0 BCeM TopojiaM Oyjer peasi-
30BBIBATHCS B IOJIHOM 00'bEMe.

Roappuimenr a mosker ObiTh paccunran
Ha OCHOBE TJIAHOB CO3JIaHUS JICCHBIX KYJIBTYP.
B ABssamcrowm mecxose mpm pyOKe COCHBI Ha
BCEX yUacTKax MPOMCXONT caMo3apactanme co-
CHOU MJIM [TPOBOJISITCSI MEPOTIPUSTHUS 10 JIeCO-
BOCCTAHOBJICHIIO ATOM 3Ke 1opojbl. Ha BrIpyO-
Kax 0epésbl MPOMCXOAUT camo3apacranue Oe-
pé3oii, 3a MCKIIOYEHeM HeOOJIbINNX TJI0Ia-
meit (0,15% or nuomam Beex 6epesHsaKoB), KO-
TOpBIe TJIAHUPYETCS 3acaKNBaTh COCHOM, b0
n aucrBennuiein. OcnHoBbie Jeca jJecxosa ro-
pasjo uarie mojyieskar 3aMmeHe Ha oojiee 1meHHbIe
nopojbl. Beero nmopeskar samene 12,52% or 06-

=Sy~ PS+ éN-1 SN—l ,

meil mronaan ocnuunkos. [Ipu arom BuIpyO-
KI OCUHOBOTO Jieca BOCCTAHABJINBAIOT COCHOT,
enbio, JIUCTBeHHUIeH, ybom u 6epésoit. Kpo-
Me TOTO, B JIeCX03€¢ MMEIOTCSA He3HAunTeJhHbIe
IJIOTIA/M [TepecTOMHbIX JNMHAKOB, 23,14% Ko-
TOPBIX TTOMJIC;KAT 3aMeHe Ha JPYTHe JPeBecHbie
TOPOJBI, B TOM YHMCIe Ha COCHY, JUCTBEHHUITY
n 0epéay. Tarske cOCHOT TITAHUPYETCS 3aMEHUTh
33,93% BHIPYOOK CJABHIKOB, KOTOPbHIE TaKKe
3aHUMAIOT HeOOAbINIe TIOMaAl B Jecxose.
B nopassiionem 60IbITMHCTBE CJIy4aeB Ha MecTe
MOCA0K COCHBI POPMUPYIOTCs Jieca, PIopucTi-
4eCKU CXOJIHBIE ¢ ecamu accoruaruu Bupleuro
longifoliae — Pinetum sylvestris. Takum 006-
pazom, KoaPPUIHEHT o JIJIsT COCHBI MOJKET OBIThH
paccuuTaH 1o popmyJie:

Oy = Oy + O F0 T+ 0+ O,

rjie o, — Kodgunment nepexosa ipeBecHbIX
HOPOJL; G,y — KOIPPUIMEHT, paBHBIN eJMHHIILe,
rkorga 100% mnuomageii BHIpYOOK COCHAKOB B
JlasibHelIeM BO300HOBIIAIOTCS COCHOIA; 0, — OIS
TIJI0TIA/Iei, 3acaskeHHBIX COCHON Ha BBHIpYOKax
Jpeca ¢ JoMHHHpPOBaHueM 6epésbl; &, — M0Js
IJI0TA/1e11, 3aCa’KEHHBIX COCHOI Ha BBHIpYOKax
Jeca ¢ JIOMMHUPOBAHUEM OCUHbBI; 0 — JL0JIs
TIOTIAJIeN, 3aCAKeHHBIX COCHON Ha BHIPYORaxX
Jeca ¢ JIOMUHUPOBAHUEM JINIIBL; &, — JLOJIA IL10-
MAJei, 3aCaKeHHBIX COCHOM Ha BRIPYOKAX Jreca
C IOMUHUPOBAHUEM €JIN.

Ananornuno HaxonATcA KOIOEPUITNEHTH o
U ocMHBL, 0epé3nl n aneTBeHHnIb. Roaddm-
IIeHT o [T OCUHHNKOB Oy/IeT yMeHbIaThesa Ha
JTOJIN TITIOTIAJIeil, KOTOPbIe MIIaHNPYyeTcs 3aCainTh
APYTUMU TTOPOfiaM” (COCHOIA, eJIbIo, JNCTBEeH-
nureit, gyoom un 6epésoir). Kosdpdurment a pjis
OepesHsIKOB OyjleT YMEeHbINAThCs Ha JIOJIH T1I10-
1majieii, KOTopble MIAHNPYETCs 3acalUTh COCHOII,
eJIbI0 U JTNCTBEHHUTIEH 1 YBeJINUNBATLCA 38 CUET
ocajloKk 0epé3bl Ha BHIPYOKAX OCHHBI U JINIIbI.
Roadduinmenr o ajis 1ncTBeHHUYHUKOB Oy/eT
YBEJIUUYNBATHCS 38 CUET MOCAJOK JTUCTBEHHUTIBI
Ha BRIpYOKax ocuHbl, 0epé3nl u iuiibl. B Hamem
ciaydae Roa(ppunmentT o JJiss COCHAKOB, pac-
CUMTAHHBIN 110 3101 popmy.te, paBen 1,095, mis
ocunuuron — 0,879, niist bepesusikos — 1,047, ns
nucrBeHHNIHUKOB — 1,012, Takum odpasom, mpu
COOJTIONIeHNT JIeCOX03STICTBEHHOTO perjiaMeHTa
TITTOITAJI COCHSIKOB 11 6€Pe3HsIKOB JIecX03a 0JK-
HBI €3KeroJ[HO YBeJMUMBATHCSA 38 CUET MOCAIOK
COCHBI 11 Oepé3bl Ha IIONIAISIX, paHee 3aHAThIX
APYTUME TIOPOJIAMHY, IO/ OCMHHUKOB OY/IyT
YMEHbBINAThCs, & MJIOMA/[1 JUCTBEHHUUHNKOB
npaktundeckn He uamensrTes. G yuérom Toro,
YTO IJIOTIA/ M BHIPYOOK JIMITHSIKOB U €JTbHIKOB,
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ROTOPbBIE IJIAHUPYETCS 3aCaKUBATH COCHOT, He-
3BHAYUTEJILHBI, TTOIIAJ[M BCEX JIECOB aCCOIUATNN
Bupleuro longifoliae — Pinetum sylvestris npu
COOJTIOJIeHI Y JIeCOXO035TICTBEHHOTO perjiaMeHTa
OyJLyT YBeJIMUMBATHCsI HE3HAUUTEIbHO (MeHee
1,5% 3a cro jier), HO U3MEHUTCS COOTHOIIEHIE
JeCOB ¢ JJOMUHUPOBAHUEM COCHBI, D€pE3bl 1
ocunbl. [lmomann coobiiecTs acconmanuu ¢
JIOMUHUPOBAHUEM B JIPEBECHOM sIPYCe COCHBI
yBeaumdarcs 3a ator nepuop Ha 9%, B ocHOBHOM
3a cu6T CORpAIIeHUS TIOA/[eil OCMHHUKOR.

[Tpu ponrocpounom MopeimpoBanuu He0O-
XOJIUMO YUUTHIBATh, UTO B XOJI€ JIECOXO3AMCTBEH -
HOII JIeATEIbHOCTH MOTYT UBMEHATHCS PACUETHBIE
JIeCOCeRM JIJIs JIPeBECHBIX ITOPOJ, HA TePPUTOPU N
nposefenus ncciaepopanmii. CoriacHo MeToyu-
Ke [4] pekoMeHI0BaHBI TPU OCHOBHBIX aJIFOPUT-
Ma pacuéra JecoCeKku: rmepBasi BO3pacTHasi, BTO-
past Bo3pacTHasi U TPeThsi MHTerpajibHast pacuér-
HbIE JIECOCeK.

Ha pucynke 1 (cM. 11B. BRIQJIKY) TIpUBeJe-
HBI Pe3yJILTaThl MOJIETMPOBAHNUS ¢ MCTIOJIH30Ba-
HUeM cucteMbl AuddepeHTnaIbHBIX YPaBHEHT I
AMHAMUKNI [JIOTA/Ieil BRIPYOOK BO3pacToM J10
10 e ipu UCTOJIBL30BAHUN PABTMUHBIX JIECOCEK
B COCHOBO-0EPE30BBIX JIeCaX IEHTPATbHOI YacTi
ropHo-JiecHol 30HbI OsHOTO Ypasa B TedeHme
100 ner. B mopienu mmpegycMoTpeHbl Ba BapuaH-
Ta UCIIOJL30BAHUS KaKION U3 PACUETHBIX JIeCO-
CeK: IPU OJHOKPATHOM pacuére JIeCOCEKU 1 TIPU
mepecuére jecocern Kayubie 15 jer (pekomen-
JIOBAHHBIN CPOK TTPOBEJIEHNSI TTOBTOPHOTO JIeCO-
yerpoiicrsa). [Tpu moctpoenn Mojiein mpejino-
Jaranoch, 4to Koadguiment f oymer paBen -
HUIE, T. €. JIeCOCeKa OY/IeT BBITIOMHATHCS B 11O -
HOM 00bEMeE.

N3 pucynra 1 Bugno, uro npu codoaeHum
pacuéTHBIX JTECOCOK HAa HAYATLHBIX DTAIAX
(uepes 10—15 ser) niomniaab BHIpyoOK Bo3pac-
TaeT, a 3aTeM CHUKAETCS W CTAaOUIN3UPYyeTcs
Ha 60Jiee BHICOKOM YPOBHE, UeM B HAYAIBHBII
mepuoj. [Tpu moBTOPHBIX Mmepecuérax pacyér-
HBIX JIecocek Rasanie 1D mer mromann Bupyook
BO3paCTaIoT.

Mopensb mo3Bosisier esiath JOJITOCPOUHBIE
MPOTHO3BI ITHAMIKI 3a1TaCOB BUIOB, OCHOBHBIM
MeCTOM ¢OOPa ChIPhSI KOTOPBIX SIBJISTIOTCS BHIPYO-
Rru. B kauecTBe mprMepa MOMKHO IPUBECTH PACUET
OuoJiorMUecKoro 3anaca Jaucrbe Chamaenerion
angustifolium (1..) Scop. Ha BeIpyOKax JecoB
acconmanuu Bupleuro longifolii — Pinetum
sylvestris B AB3sinckoM Jiecxose (puc. 2, cM. 11B.
BKYJTAJIKY).

B KRavyeCcTBe NCXOJHBIX JTaHHBIX NCIIOJTb30Ba-
JIN PACCUYNTAHHYIO paHee CPeHIO0 MPOLYKTHR-
Hocth JiuctbeB C. angustifolium Ha BuipyOKax,

fleficTBYIOIas B HACTOSIIEe BpeMs JiecoceKa
U IJI0Ia/lb BHIPYOOK HA MOMEHT HPOBEIeHUs
nocsesiHero gecoycrpoiicta (2013 r.). Ha Bbi-
pyOKax /10 HATH JIeT IPOIYKTUBHOCTh 3TOTO BU/IA
cocrasisier B cpeiem 0,98 11/ra, a Ha BeIpyOKax
ot 1sitn Jio pecsatu jger — 1,27 11/ra B cyxom Bece
[2]. V3 pucynka 2 BujHO, 4TO 3a1ac JUCThHeB
C. angustifolium, ncrmonb3yeMbiX B (purorepa-
MK, & TAKKe B TIPOM3BOJICTBE MOJIB3YIOMIETOCH
OOJBINNM CITPOCOM TOHUBUPYIOMIETO HATNTKA
«MBan-uait», npu cobIOAeHNE JENCTBYIONe
JIECOCEKH B ITOJTHOM 00'béMe OYJIeT yBeTnYnBaThCS
n uepe3 40—50 ner crabunusaupyercsi Ha ypoBHe,
3HAUYUTETbHO MPEBBIIIAIIEM COBPEMEHHBII.
B nanbheiitiiem, ara Mojiesis Gy neroab30BaThCs
JIUIsI TIPOTHO3MPOBAHIS 3211ACOB JIEKAPCTBEHHBIX
BUJIOB Ha BCeX TUIAX BHIPYOOK TOPHO-JIECHOT
3oubl PB.

Paboma evtnoanena 6 pamkax 2ocydapcmeen-
noeo 3adanus Munooprnayru Poccuu Ne 075-00326-
19-00 no meme Ne AAAA-A18-118022190060-6 u npu
gunancosoii noddepocre Ilpoepammst Ipesuduyma
PAH «Bbuopasnoobpasue npupodusix cucmemn. Buo-
aoeuneckue pecypevt Poccuu: oyenra cocmosnus
u yndamenmanvruble 0OCHOBbL MOHUMOPUH2A»
(npoexm Buopasnooopasue u ouopecypcot 10xcro020
Ypaaa: monumopune cocmosanus, 603mMoICHOCIMU
UCNOAB3I0BANUS U COXPANCHUS).
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Fig. 1. Dynamics of felled areas size under different annual allowable cuts:
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3 — with the first age-annual allowable cut with 15-year recount, 4 — with the second age-annual
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Puc. 2. [Ilnnamuka 6uosnornvyeckoro 3amnaca aucrbes Chamaenerion angustifolium
Ha BLIPYOKAX COCHOBO-0€PEZOBHIX JIECOB ACCOTIMATINN
Bupleuro longifolii — Pinelum sylvestris B 3aBucumoctn OT n3MeHeHWsI UX TI0Iajiei
Fig. 2. Dynamics of stock of Chamaenerion angustifolium leaves on felled areas of pine-birch forests
of the association Bupleuro longifolii — Pinetum sylvestris depending on the change in their areas
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B crarbe mipesicraBienb cBeieH s 0 CYKIECCHE BBICITNX PACTEHUI 1 BOJOPOCJICI B IIONMEHHBIX JIYTOBBIX (PUTOTIEHO3AX
B paiione XBOCTOX paHuInI XuMmudeckux npepnpusituii r. RKuposo-Yerenka (Kuposckast obiactn) mocsie Buecenus B ouBy
HUTPaTa AMMOHIS TP MTOJINBE JIyra 60raTbiMIiT a30T0M Bojtamu i3 Giriskatinmnx 036p. [lousa myra — ajunoBuaibHast qepHoBast.
OmHOKparHOe BO3EICTBIE YMEPEHHbIX 03 A30Ta U PEKPAITCHITe X035 MCTBEHHOTO NCIIOTH30BAHUS JIyTa TOBICKIIO 38 cO00I
MOCTEIIeHHYI0 CMEHY Pa3HOTPABHO-3JIAKOBOI PACTUTEIHLHOCTH HA MOMMEHHBIX TPUBAX HA KPYITHOPA3HOTPABHO-3/aKOBYIO.
BospeiictBue BoicOKIX 103 a30Ta PUBE/Io K rubesin JIyroBbix Tpas. Boccranosienne pactureabHoro coodImecTBa Hayaaoch
TOJIBKO CITYCTST 2—3 TOJIa € OTPACTAH U KOPHEBUIITHBIX KUCJIOTOYCTOMTHBLIX 3JIAKOB, CYRI[ECCHUST NMeJIa HeoOPaTUMbIil XapaKrep.

Ha yuactrax MoHUTOpHHTA OBIIO OTMEUYEHO HEBHICOKOE BUOBOE paszHoobpasmne Mukpodororpodos, 1mo auciay
BUJIOB Tipeobagain 3enénbie sogopocsu. [lommounennas rpynmuposka gororpodos, cocrosias us mpeacraBureei
nuanobaxrepuit (L[B), 3enéupix, oxpoduToBBIX I AMATOMOBBIX BOLOPOCJEN, ObIIA BLIABICHA TOJIHKO HA KOHTPOJIHHOM
yuactke. Ha yyacTkax ¢ mosimBoM BOJIOIl, cofiepskaiieil azor, He Obinn ormedennl LB, mpaktnueckn orcyrcrBoBan
JKETTO3eJEHBIe BOJOPOCIN.

Kaiouesole caosa: rexnorennas Tepputopus, sarpasienne azorom, Gororpodl, CYKIECCUN, BOJOPOCTH,
nranobaKrepum.

Floodplain meadow phototrophic organisms’ succession
on the technogenic territory
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The paper deals with higher plants and algae successions in floodplain meadow phytocenoses of the Vyatka River
in the vicinity of tailing storage facilities of the chemical plants in Kirovo-Chepetsk. The soil is alluvial sod, it is charac-
terized with medium- and slightly acid reaction of the medium, high hydrolytic acidity, a comparatively high amount of
organic matter, little stores of dynamic compounds of nitrogen, phosphorus, and potassium. Introduction of undetermin-
ably large doses of ammonia-nitrate during the experiment lead to soil saturating with ammonia ion and acidification
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of the medium. One-time effect of moderate doses of nitrogen and termination of the practical use of the meadow caused
the fact that in floodplain ridges motley grass vegetation has got gradually changed into tall-herb-grasses vegetation.
Rehabilitation of the vegetation community started only 2—3 years later the effect of large doses of nitrogen caused
meadow grasses failure. [t began with regrowth of rootstock acid-tolerant grasses. In this case the succession was irre-
versible, and even 7 years after the effect of large doses of nitrogen the original state of the succession did not take place.
The monitored sites are characterized with low specious diversity of microphototrophs, the species of green algae
prevailed in number. Full group of phototrophs consisting of cyanobacteria, green algae, Xanthophyta, and diatomic
algae was found only in the control site. In the sites irrigated with nitrogen-containing water there were neither cyano-

bacteria, nor Xanthophyta.

Introduction of large doses of nitrogen in the floodplain meadow soil and termination of its practical use lead to
damaging the succession of higher and lower organisms. Higher vegetation started regenerating 2—3 years after the
stress as a result of anthropogenic impact, full group of algoflora did not regenerate.

Keywords: technogenic territory, contamination with nitrogen, phototrophs, succession, algae, cyanobacteria.

DororpodHble OPraHN3Mbl — BICIITE Pac-
TeHus, Bojlopocyan u nuanodakrepun (I[B) —
SBJISTIOTCST OCHOBOT (DYHKITMOHUPOBAHU ST JTI0OO0T
srocucreMbl 1 Omocdepnt B meaom. [1]. B mpu-
POJTHBIX YCJIOBHAX XOJ CYKITeCCHil BO30OHOBIISET-
CST @ReTOTHO, JIT0OO0TT 13 HTATTOB MOKeT OBITh CKaT,
PacTAHYT WM JUKBUAMPOBAH COBCEM TPH Jeli-
CTBUU TeXHOTEHHBIX (pakTOpoB. VIHTeHCHBHOCTD
TeXHOTeHHOTO BO3/IelicTBUsA Ha (oTroTpodHbBIe
OpraHm3Mbl 3aBUCHUT OT COCTaBA 1 CBOICTB TTOYB,
MOCKOJIBKY TOUBKI 001a/1a10T Oy(pepHoii criocod-
Hocthio. Hanbosee paciipoctpanéHHbIMET TTOYBA-
MU B 1ioiime p. BaTku siByisiioTes ajuiioBuaibHbie
JlepHOBbIE, XapaKTepPHbIE IS TIOMbI CPeJHero u
BBICOKOTO ypoBHs. OHU OTINYAIOTCS CpefiHe- 1
CTADORMCION peaKImeil CPeIbl, BLICOKOM TIIPO-
JNTUYCCKON KNCTOTHOCTBIO, CPABHUTETHLHO BhI-
CORMM coOJiepskaHneM OPraHmIecKoTO BeTecTBa,
HEeIOCTaTOYHBIMU 3aTTacaMi IMOJIBUKHBIX COeJII -
HeHMIT a3ora, pocdopa, a nHorypa u kanus [2].

Muoromernme mecaeoBaHUA PACTUTENh-
HOCTH TOMeHHBIX JYToB [3] mokasasnn, 4To B
HEHAPYIIEeHHbIX 1 cJAabOHAPYIIeHHbIX (32 CUéT
BHECEHNsI HEBBICOKIX /{03 MITHEPaJIbHBIX y/100pe-
HIT 1 CEHOROIIIeHMST) TONMEeHHbBIX cO00TIecTBaxX
eCTeCTBeHHbBIE CYKIECCUN XapaKTepu3yIoTes
c1ab0 BbIPAKeHHBIMI KOJIMYECTBEHHBIMI 1 Ka-
YeCTBEHHBIMU M3MeHeHUAMU (IOPUCTIHICCKROTO
cOCTaBa, BU0BOTO cocTaBa cemelicTs. [Ipu atom
COXPAHSATOTCS NX CTPYKTYPHO-(DYHKITMOHATLHBIE
CBOICTBA — MOJMOMUHAHTHOCTL, CMEHOTOM -
HAHTHOCTH. B X0/1e aHTPOTIOTEHHBIX CYKIeCCHIA,
OCYMIECTBISIONNXCS O0Jee ObICTPBIMU TeMITaMI
10 CPAaBHEHUIO ¢ IMPUPOJHBIMU, B TTOMMEHHBIX
I[eH03aX CYIIeCTBEHHO YMEHbIIaeTcst PUTOIEeHO-
THYECKast POJTh OOJTBITITHCTRA BUOB |3, 4].

Beiciiue pacrenusi, siBisisich saudura-
TopaMu (QUTOIEHO3a, BJIUSIOT HA TTOYBEHHbBIE
Bopopocsan u I[B. B noiime p. Bsitku B niouse
Pa3HOTPABHO-3TAKOBOTO JyTa 3aMOBEIHNKA
«Hyprym» BeisiBIIeHa TpyIINPOBKA MOYBEHHBIX
mukpodororpodor u3 70 Bumon [5], a B 30He
BAUAHMSA npeanpuATii 1. Kuposo-Yemernka na

(boHOBOM yuacTKe MOMMEHHOI FPUBBI KOJIMYECTBO
BUJIOB [IOYBEHHBIX BOOPOCJIEIl He IPeBbIIIaJIo0
28, B MeKTPUBHOM IOHMKeHUN — O8 BUj0B [6].
JIist HOTIMEHHBIX 110YB XapaKTepHO NHTeHCUBHOE
pazBuTe a30TGUKCUPYIONINX 1 Oe3reTeporuncT-
ueix 1B [7]. Umerorest namnbie 0 TOM, 4TO B pe-
3yJIbTaTe IeHCTBIS HAPACTAIONTNX KOHIIeHTPATINIT
a30Ta [pu JVIUTETHHOM ITPUMEHEeHU I Y00 peHnii
Ha OJIHOI 1 TON 3Ke aXOTHOU I10YBe pa3BUBAIOT-
¢s1 cOOOTIecTBA ¢ PABIMYHBIMEI CTPYKTYPHBIMU
xapakrepuctukamu. CyBejanyeHneM KOHIIEHTPa-
nn B ouBe opM JIOCTYITHOTO a30Ta yMeHbITIa-
eTcs KourypeHTococobnocts LB, s koropeix
pu HOPMaJAbHOM XOJ[e Ce30HHOI CYKIleccun
B KOHIIE JIeTa M 0CeHBbIO XapaKTepHO IOMUHIPO-
BaHme B coodIecTse Mukpodororpodos [8].

Taxum oOpazom, B yCJAOBUSX TEXHOTCHHOIO
BO3JIEHICTBUS, TPUBOJISTIETO K N3MEHEHITO COCTa-
Ba M CBOIICTB TIOYB, HAPYIIAETCS XOJ| CYKIECCUIT
BBICITIX pacrenuii, Bojopocieit u [[b.

[lens Hacroseit paboThl — N3YUNTH BAKOHO-
MEPHOCTH MBMEHEHUS TOYB, PACTUTEJILHOCTI
n MUKPOMIOPH HA y4acTKaAX MOHUTOPUHTA,
PacIoNoyKeHHBIX HA TTOTMEHHOM JIYTY B OKpecT-
HOCTSAX KPYITHOT'O TPOMBIIIJIEHHOTO I[eHTPa
1 TTOJIBEPKEHHBIX BO3IEHCTBIUIO KAK TTPUPOJHO-
RIANMATHYECKUX, TaK U TeXHOTeHHBIX (PaKTOPOB
(BHECeHNe a30Ta, CeHOKOIIeHNe).

OO0 bEeKTBHI 1 METOIbI NCCIeOBAHIS

Nayuaemas reppuropusi moMeHHOTO JIyTa
pacroyioskeHna Ha ceBepo-BocToke KBpormeiickoil
yactu Poccuu B 1oji30He e pHOBO-TIO/[30INCTHIX
[I0YB I0KHOI Taiiru. KimMar KoHTuHeHTaabHblil
YMepeHHbBII, CpeJHerojoBast TemiepaTypa co-
crasisier +2,4 °C. Teppuropns OTHOCHTCA K 30He
JI0CTaTOYHOI'O YBJIAsKHEHUS: CPeJIHErOjl0BOe KO-
amaecTso ocamkos — 280 MM, 60—-70% Brrmagaer
B Téryioe BpeMs rofa. Crenuduvaeckum npu-
POIHBIM (PAKTOPOM, OIIPENETISIONIUM COCTOSTHIIE
OMOTHI Ha JIYTY, SIBJSIETCS MOUMEHHBIN BOILHBII
PeRUM, XapaKkTepu3yIomuics e;RerofHbIM Be-
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CeHHUM TIOJIOBOJILEM, MUK KOTOPOTo Ha p. BaTke
MPUXOJIUTCS HA KOHEIL allpeJisi — TepBYIo JeKajly
Masi. Y4acTKI MOHUTOPUHTA 3aRJIa/IbIBATNCH Ha
MOBBITIIEHUSAX (TPUBaxX) MONMEHHOIrO JIyra Ha
AJJIIOBUAJIbHBIX JIEPHOBBIX [10YBAX.

PaccmarpuBaemasi Tepputopusi HaxXoauUTCs
B OKPECTHOCTSIX XBOCTOXPAHUJIMII XUMUYECKITX
npepmnpusituii . Kuposo-Yenernka, BausiHmue nx
Ha TPUPOJHBII KOMILTIEKC IIPOSIBUIOCH B BBICOKOM
COfIePsRAHIY HUTPATa AMMOHIS B ITOJ[I36MHBIX BO-
Max U B MEJIKUX MONMEHHBIX 036pax, B KOTOpbIE
pasrpysraiorcs mojzemubie Bojbl. B2011-2014 rr.
OCYINECTRIISIINCH DKRCIIEPUMEHTATbHBIE PaboThI
10 [OJUBY MONUMEHHOTrO Jiyra 60TaToii a30ToM
BOJI0IT 13 TIoTIMeHHOT0 03epa. [TocKkoIbKY TOUBBI
JyTa XapaKkrepu3oBaINch HU3KIM COJlepyRaHIieM
a30Ta, TO OCHOBHAS MJiesi AKCIIePUMEeHTa 3aRII0-
yajach B 000TraleHnn 1IouB 3a c4éT nmogaun 60-
raToii a30TOM BOJIBI 113 03epa 110 aHAJOT N C BHe-
CeHMeM ;KUIKIX a30THBIX YI00peHuii n B rocjie-
IYIOTIEeM OTUYRIEHI T pacTuTehHOCTH. Peromen-
myeMasi DRCIIepUMeHTaIbHO pazpadoTanHasi 103a
nosuBa cocranisia 400 kraszora nara [9]. Besen-
CTBIE BLICOKOI €CTeCTBEHHOW HEOHOPOIHOCTI
MOYRB B TOTIME, a TaK:Ke HAPYIIEHUs perjiaMeH-
Ta MMOJINBA, PA3JANYNS B COJlePRAHNM a30Ta B 110-
YBaXx IOCJIe M0JTMBA OKA3aINCh 3HAYNTE/IbHbIMIL.
B nepuoj mpoBeienus n nocJsie 3aBepiieHus HKC-
MepUMeHTa OCYIIEeCTBIISIJICS MOHUTOPUHT 1OYB
" pacTUTeJIbHOCTH.

YdacTkiu MOHUTOPUHTA PA3JINYaINCh M0
CTeIeHN BO3/IEICTBYSI HA IIOYBbI U PACTEHST BbI-
COKMX JI03 a30Ta.

Eskeronno na ygacTrax MOHUTOPUHTA OTTH-
CHIBAJIN PACTUTETLHOCTH M OTOUPAJIN CMEITIaHHbIC
obpasibl TouB MeTojtoM Konsepra. [lorazarenn
CBOWCTB TOUYRB OMPEesAn OOMenpuHATHIMI

MeTOolaMu: KUCJOTHOCTh B BOJHOI 1 COJEBOT
BBITSIZKRAX — noteHnuomerpuyeckn [10], aurpar-
HbII a30T — horomerpuveckn [11], ammMoHMiiHbBIIT
azor — poromerpuueckn ¢ peaktTuom Heccnepa
[12].

[TouBerHbIe TTPOODHI JI/IsT ATBIOJIOTTYECKOTO
anasiusa oroupanu ¢ rayounst 0—5 cM B coorT-
BeTcTBUM ¢ TpeboBaHUAMU K 0TOOPY 11POo0 iJist
MuKpobmosornuecknx anannson [13]. Mayue-
HHUe BU0BOIrO paztnoodpasus Bopopocsaei u I1b
MPOBOJMJIY METO/IOM YAIIeYHBIX KYJIbTYP €O
cTéRIaMI 0OpacTanms 1 MUKPOCKOIIMPOBAHIEM
CBEJKEB3STON TTOUBBI.

Pesyuabrarsl n o6cysknenne

Cocrostrue mouB 1 pacTUTETLHOCTH OBLIO 00-
caenoano B 2009 r. 1o Hauasna pador 1o moguBy
moliMeHHoTo Jiyra. B 810 BpeMsi pacTuteibHOCTh
Ha Jyry Obljaa rnpejcraBjieHa pasHOTPABHO-
3JIAKOBBIME aCCOIMATINAME, TPABBI €3KETOHO
CRAIMBATNCH. XapaRTePHBI JIIS TONMBI peThed
C BBIPQ}KEHHBIMU BBITSAHYTHIMI BO3BBITIIEHHOCTS -
My (rpUBamMm) M MOHWREHUSAMI MERIY HIUMUI
obecrieunBaJI mepepacipe/eseHne BiIaru aTMoc-
epHBIX 0caROB, OGJAN3KOE 3ajieraHue TPYHTO-
BBIX BOJI CITOCOOCTBOBAJIO N3OBITOUHOMY YBJIasK-
HEHWIO U [IayKe 0OBOIHEHNIO IOHMKeH NI, TIepi-
OfivYecKoe 3aToIJIeHne JIyra BO BpeMsi aBojKa
BJIVSIJIO HA HAYAJI0 BereTalny pacTeHunii n Ha 3a-
1achl BOJIbI B ITOUBeE.

Jlo Hauasa sKcnepuMeHTa MmoKasarean
CBOMCTB aJMIOBUAJIbHBIX TePHOBBIX MOUYB HA
JYTY COOTBETCTBOBAJIN BepXHell rpannie ana-
mazoHa BapbMPOBAHWSA 3HAUYECHWI TTOKasareseil
JUIST QJITIOBUAJBHBIX JIEPHOBBIX MTOYB CPeHero
reuerus p. Barkn [2]. Ilouswbl xapakrepusona-

Ta6auma 1 / Table 1

CroiicTBa aJ/IIOBUAJIBHBIX [IEPHOBBIX TIOYB HA JIYTY B 1oliMe p. Bsarku
Characteristic features of meadow sod soils in the floodplain of the Vyatka river

Werounnk rannbix Opr. pH, o | pHy, Hr P,0, R,0 N-NO, NH,*
Data source BeIIeCcTBO, B CMOJIb /KT -
% cmol /kg mg/k
Organic /K8
matter, %

Rourposn o nauana
orenepumMetia 4,6+0,7 16,1+0,1/5,2+0,1| 4,6+0,5 | 43+9 | 76+15 | 49+13 |235+23
Control before the
experiment
J[lmamason 3HaveHMIl
o [2] oy B - 5 B B B B
Range of the values 2-4,2 3.8-5,3| 3,2-83 | 16-74
according to [2]

Ipunewanue: «—» — 0603HaAUACIL OMCYMCMBUE OAHHBLE.
Note: “="— indicates the absence of data.
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JNCH CTADOKMCTON Pearitmeil cpeibl, BHICOKOM
TUIPOJIUTIHYeCKOI KiucaoTHOCTRIO (HT), cpaBau-
TeJIbHO BBICOKUM COJIepsKaHieM OPraHm4ecKOTo
BeIeCTBa, HeOOIBITUMI 3aMacaMy TTOBUAKHBIX
coefuuennii azora, gocdopa, ranus (tadr. 1).

PacturesbrocTs Ha mMONMEHHBIX TPUBAX
OBlIa TpeJicTaBIeHa Pa3HOTPABHO-3IaKOBBIMNI
acconmanmsMm, XapakTepHbIMI JJIs BBICOKOM
noiimbl (yuactku 21, 14). Ha ckionax rpus (yuac-
ToR 27) mipeobaagaiy pacteHus, THITNYHbIE s
Jiyra cpejiHeil moiiMbl.

Rourpoabusriit yaacrok myra 8 reuenme 10 ger
HaOJIIOJleH U TI TTOJIBePTAJICS BO3/IEHICTBIIO TOJIHKO
MPUPOTHBIX (PAKTOPOB, B TOM UHCJIe 3aTOIIEHU IO
BO BpeMmsi 110710Bojibs1. Coptepsratme HUTPATHOTO
 aMMOHUITHOTO a30Ta B MOYBAX HTOTO y4acTKa
BapbhUPOBAJIO B MINPOKNX Ipefiesax, Ho pasJin-
151 OB 00YCTOBIEHBI B OCHOBHOM C€30HHBIMI
KOJIeOAHMAMNI TeMTepaTyphl, BIaKHOCTH, OMO-
JOTIYeCKOI aKTHBHOCTI.

Pacrurenbroe coob11ecTBO Ha KOHTPOJIbHOM
yuacTKe — 371aK0BO-Pa3HOTPaBHOE, ¢ BRIIOYEHITeM
6000BBIX pacrenuii — kiesepa cpenuero (Trifolium
medium L..), uunblnyrosoii (Lathyrus pratensis L.).
IToMuHAHTBI TPABOCTOST — JIMCOXBOCT TYTOBOT (Al-
opecurus pratensis L..), isipeii monzyunii (FElytrigia
repens (L..) Nevski), marmur nyrosoii (Poa pra-
tensis 1..), Bepounka gnuanonucras (Veronica
longifolia 1..). Tlpexpaiiernue cramBanms Jyra
C1I0COOCTBOBAJIO TIOSIBIIEHIIO KOPHEBUIITHOTO BhI-
COROPOCJIOTO Pa3HOTPABbS — JIEBSCHI MBOJCT-
bt (Inula salicina 1..), TaBonra Bs3oamcTHAs
(Filipendula ulmaria Moench.), TaBosra 06bIKHO-
Bennas (Filipendula vulgauis 1..) n nocrernenHo
CMeHe PacTUTebHOCTH. AHAIN3 X035111CTBEHHBIX
rpyii mokasas, uro B rpasocroe B 2018 r. mipeod-
naytaio pasaorpasbe — 20 BUIOB, TPOEKTUBHOE 1TO-

KpbITHe cocTaBisiio 49%. Snaku ObLTH IpejicTan-
JeHbl 9 BUjiaMu, OCHOBHBIE U3 KOTOPBIX — JIMCOX-
BocT yroBoii (Alopecurus pratensis 1..), exa cbop-
nas (Dactylis glomerata 1..), mpoeKkTuBHOE TO-
Kkpbite — 43%. Pacrenus cemeiictBa BoGoBbIX:
wiesep cpepnuit (Trifolium medium 1..), ropo-
mer Meimablil (Vicia cracca 1..), anna jgyrosas
(Lathyrus pratensis 1..) coxpanuinch B TpaBo-
cTOe, NX IMPOCKTHBHOE MOKPLITHE JocTurano 3%.
BupoBoe pasmoobpasue urorenosa ¢ rogamn
CHUZKAIOCH: 13 38 BujI0B, 00Hapy:KkeHubix B 2016 1.,
K& 2018 r. ocrasoch T0ILKO 32.

Bo Bce roppl nHabsoennii Ha KOHTPOJIHHOM
y4acTKe 0TMeuaaoch HanboJibiee BU0BOE pas-
HooOpasune u noJHOUYJIeHHAS TPYIIIPOBKA 110U~
Berrol anbroduopst. B 2017-2018 rr. 66110 BBI-
ABJICHO 20 BUOB MUKPodoToTpodoB (Tadi. 2) —
HECKOJIBKO MEHBIIE, YeM B MPEABIIYIIEe TOIBI
(mo 29 Buyon) [6]. [lo-mpeskitemy, mo BugoBOMY
pazHoobpasuio abCoFOTHO 1IPeodIaialin 3eJIEHbIe
BOJLOPOCIIN, TIPUYEM 10/ UX yBeamunaach ¢ 34%
B20151. 10 57% — B2017-2018 rr. Haniporus, co
BpemeHeM rnpepcrasurebeTso LB 3naunrenbmo
cunsnioch: B 2019 r. 6our0 BusBIcno 10 Bumos
b, B 2017-2018 rr. — ToabKo 6.

Ha srcnepumenTanbHbIX yuyacTKax Mmpo-
BOJUJICA [IOJAUB OOraToil a30TOM BOMOU U CKa-
muBanme Tpas. V3-3a mapyiienus peraaMenTta
MOJTMBA HA HEKOTOPBIE YUACTKI JIyTa MOCTYTTIIO
3HAYNTETLHO OOJIbIIIEee KOJIUYECTBO a30Ta, 4eM
OBIIIO PEROMEHJIOBAHO.

SaKOHOMEPHBIM Pe3yJIbTaToM HOJNBA ObLIO
peskoe yBeamuene KOHIeHTPAInn MIHePaIh-
HeIX hopm azora B mouse (puc. 1).

Boictpoe BoBieuenue azora B Guosornye-
CKUIl KPYTOBOPOT Ha y4aCTKe ¢ YMEPEeHHBIM 110-
JINBOM He MPUBEJO K 3HAYNTETbHOMY HAKOILIe-

Tadamma 2 / Table 2

Yucmo n coorrnomenne (B %) sumos Bomopoceit n 1B wa yracrrax moitMenHoTO JTyra
B oOpasiax mousbl, orobpanubix B8 2017-2018 rr.
The number of algoflora species in the floodplain meadow sites contained
in soil samples collected in 2017-2018

b4

Yuactru Cyanobacteria Chlorophyta Ochrophyta Bacillariophyta Beero Bupios
Sites The total
number of
species
1 2 1 2 1 2 1 2 1 2
Rowrpoa, 6 24 13 57 4 16 2 8 25 100
Control
10 1 8 9 69 1 8 2 15 13 100
14 0 0 1" 92 0 0 1 8 12 100
21 0 0 8 80 0 0 2 20 10 100
27 0 0 1" 85 0 0 2 15 13 100

Ilpumevanue: 1 — koaunwecmaso eudos, 2 — % om obuezo codepicaniii.

Note: 1 — number of species, 2 — % of total amount.
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Puec. 1. [lunamunra cojiepskanusi HUTPATHOTO 1 AMMOHUITHOTO a30Ta
Ha y4acTKe YMepeHHOTo 1oanBa, nposenéuuoro B 2012 1. (yuacrok 10)
Fig. 1. Dynamics of content of nitrate and ammonium in the area of moderate watering in 2012 (site 10)

Huto ero B mouse. Boissinennwiii 8 2013 1. ckavor
rkonnenrtpanuii N-NH, numb nesnaunrenbno
MPEBBITITAT YPOBEHL €CTECTBEHHOTO KoJebanms
comepsranma azora B mouse. [lpwm ymepermom
MOJTMBE M3MEHMIICS COCTAB TPABOCTOS, KOIMUe-
CTBO BUJIOB PE3KO YMEHBLINNI0CH. Bbr ormMeuen
AKTUBHBIN POCT METKO3IaKOBLIX TPAB, 0COOCIHHO
pammecmeabix BUaoB. lIpoekruBHoe moKpwITHE
snakoBeiMu TpaBamu gocturano 100%. Yeemmun-
BaJIach BLICOTA PACTEHUI 1 IJIOTHOCTH TPABOCTOS
3a CYGT GOJBIIOr0 KOJMYCCTBA BETeTaTUBHBIX

mobeToRB, MPOM3OIILIO Tojaeranne Tpas (puc. 2).
Bennunna senénoit 6momMacehl K MOMEHTY OT-
yysgaenus gocrurasa 200 1/ra.

VBenmuenne COMKHYTOCTH TPaBOCTOEB TP -
BEJIO K OTMUPAHUIO 1 MOJABJCHIIO MHOTHUX He-
KOHKYpPeHTOCIToCcOOHBIX BUpoB. IIpexpamnenne
CKAIUBAHWA 1 Xopoliiee obecriederHne saeMeH-
TAMU ITUTAHUSA 38 CYET OTMUPATIOTIEeH PACTHTe h-
HOCTH, a TaKyke BLICOKUN maBogok 2016 r. axru-
BUBMPOBAIN Pa3BUTHE KOPHEBUIIHBIX 3JTaKOB,
KPYIHOCTEOETHHOTO KOPHEBUIIHOTO U KOPOT-

Puc. 2. Cocrosinme nyra mocjie BHeceHUsi yMEPEHHbBIX 103 a30Ta
Fig. 2. Condition of the meadow after moderate doses of nitrogen
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KOKOPHEBHIITHOTO pa3HoTpaBbs. Pacturenbnoe
coo01mecTBo Ha ATOM yuacTke yke K 2018 r.
MOKHO OBIJIO OXapaKTepn30BaTh KaK KPYITHO-
Pa3HOTPaBHYIO ACCOIUAIIIO C IOMITHIPOBAHNEM
raoJiru BsazosucTHoll (Filipendula ulmaria Mo-
ench.), kocrpera 6esocroro (Bromopsis inermis
(Leyss.)) n Beitnura nazemuoro (Calamagrostis
epigeios L. Roth). Beimajienue u3 tpaBocrosi
MEJIKHMX 3JIaKOB 1 PA3HOTPABbS CIIOCOOCTBOBATIO
OTPAaCTaHMIO TMUTTOBHNKA.

Beanenersue pazBuTHs MOIIHOTO TPABOCTOS
BU0BOE paznooOpasme Bojopocyeit n b wa
y4acTKe ¢ ONTUMaJbHBIMU I03aMI BHECEHU S
a30Ta ObIJIO BHAYNTETbHO MEHbIIIe 110 CPABHEHWIO
¢ koutposieMm, n B 2018 1. 6BI7I0 TTpecTaBIEHO
tonbko 13 Bumamu (tadu. 2).

Ha yuyacrrax ¢ uadopirounbim nosimom (14, 21
n 27) oTMeuascs pe3kmit CKaY0K KOHT@HTPATIT
MUHEPAJIBHOTO a30Ta B 110uBe (puc. 3), KOTOPHIit
CONPOBOJKIAJICS YBeJINYEHUEeM KUCIOTHOCTU
mouBbl. 3HaueHne pH B coneBoil BHITSIZKKe CHI-
3MJI0CH OOJIee 4eM Ha eJUHNITY U B CMeITaHnoM
obpasie Ha yuactie 14 cocrasuiio 3,94 efi., mouna
cTasa «0ueHb CUIABHORNCITON».

Ha s1ux ywyacrrax Oblta orMedeHa rubdesb
pacTeHMmil, oTpacTaHue TpaB HaOIIOATOCH TOJIb-
KO 4epe3 2—3 rojia mocyie CHUKeHUsI KOHIEH-
Tparuu azora B nousax. llepBeiMu nosiBuInCH
eIMHNYHbIE PACTeHUSI HUTPOPUIbHBIX 37aKOB,
C1IOCOOHBIE TIEPEHOCUTh KUCJIYIO PEAKITIIO CPeJibl
" BBICOKYIO KOHIIEHTpaIuio cosneii. Beaepcrsue

OJITHOCTOPOHHETO MUTAHUs pacteHus e (hopmu-
poBaJI TEHEPATUBHBIX TOOETOB 11 OCTABATUCH J10
KOHTIA BereTaiuy B BeretTaTnBHoil (hopme.
[Tocae Boicoxoro masonka 2016 r. u orio-
JKEHIST MOTITHOTO HamJIKa Ha yuactkax 21 m 27
nosBuIcAa BedHWK Hazemuwiii (Calamagrostis
epigeios L. Roth), cmocobHbBIl K paHHEeMY oTpac-
TaHI0, OBICTPOMY POCTY B Havajie BereTaruu u
JIETKO MTPOPACTAIOITNIT Yepe3 MOTIHYTO TOICTII-
ry. B 2018 r. BugoBoe paznoobdpasue 3J1aK0BbIX
TPaB Ha HTUX yUacTKax U3MeHmI0ch. Meues myro-
BUK flepHucToiil (Deschampsia cespitosa (1..) P.),
6esnoyc ropuarmuii (Nardus stricta 1..) n 3y6pos-
ra (Hierochloe orodata 1..). IlosgBuinen euiny-
HbIe pacTeHWs MOJIeBUITbI TOHROM (Agrostis lenuis
Sibth.), mariuros (Poa pratensis L., P. angusti-
Jolia L.), rumodeesru syrosoii (Phleum prelen-
sel..). OcHoBy (DUTOIEHO30B COCTABU/IN OBCSAHUIIA
nyrosast (Festuca pratensis Huds.) n BeiiHUK Ha-
semubiii (Calamagrostis epigeios L. Roth).
Bumosoe pasnooOpasme anbrorenosa Ha
YUIaCTKAX ¢ M30BITOUHBIM BHECEHIEM a30Ta CTajio
Kpaitne oepgubiM. Hampumep, na yuacrke 14 Je-
toM 2015 1. B TOUBEHHOU 1TPOOE OBLIN BBISIBJIEHbI
npegacrasuresn B, 3enéupix n guaroMoBBIX
BojtopocJeii (tabia. 3). Jlernss rpynnunposra
armsrodops B 2016 1. Ob11a TIpeicTaBIeHa TOTHKO
senéubiMu Bofopocasvu. B 2017 u 2018 rr. na
JIAHHOM Y4aCTKe TaK:Ke ObLI OTMeUYeHbl TOJTbKO
3eJéHble BOJOPOC/N, X BUIOBOE pa3zHooOpasue
cuusuiock. [lonobHast renieHIIs IPOSIBUIIACH 1

&
=]

2
=

1500

1000

g

=]
I

2011 2012

Copepsxasie HUTPATHOIO H AMMOHMHHOTO 830Ta, MI/Kr
Content of nitrate and ammonium nitrogen, mg/kg

2013

2014 2015 2016 2017
Top / Year

Pue. 3. [Ilunamuka coplepsRaniisi HUTPATHOTO I AMMOHUITHOTO a30Ta HA y4acTKaX
¢ n36pItounbiM nosiBoM (1. 14 u 1. 27) / Fig. 3. Dynamics of content of nitrate and ammonium
in the overwatered areas (sites 14 and 17)
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Tadmmma 3 / Table 3

Buposoii cocras ouBeHHBIX MUKPOPOTOTPOPOB HA yUacTKe ¢ UBOBITOUHBIM MOJUBOM (yuacTokr 14)
Soil microphototrophs species composition in the overwatered sites (site 14)

Ne Bupnr / Species 19.06.15 | 17.08.16 | 08.08.17 | 21.08.18
n/n
Cyanobacteria
1 | Phormidium boryanum Kiitz. + - - -
2 | Phormidium inundatum Kiitz. + - - -
Chlorophyta
3 | Chlamydomonas gloeogama Korsch. + + - +
4 | Chlorococcum infusionum (Schrank) Meneghini + + + -
9 | Chlorella vulgaris W. Beijeirinck + + + -
6 | Coccomyxa confluens (Kiitz.) Fott - + + -
7 | Pseudococcomyxa simplex (Mainx) Fott - + - +
8 | Stichococcus minor Nag. - + - -
8 | Klebsormidium nitens (Kiitz.) Lokhorst — + + -
9 | Klebsormidium rivulare (Kitz.), comb. nova - - - +
10 | Klebsormidium flaccidum (Kiitz.) Silva et al. + - + +
11 | Myrmecia incisa - + - -
Bacillariophyta

12 | Hantzschia amphioxys (Ehrenb.) Grun. + - - -
13 | Navicula sp. + - - -
14 | Nilzschia palea (Kiitz.) W. Sm. + - -
15 | Pinnularia borealis Ehr. + - + -

Wroro: 10 8 6 4

Ha JIPYTUX YIACTKAX ¢ MBOBITOUHBIM COIePIKAH -
€M a30Ta B TIOYBAX.

Ha yuacrtke 27 Obl7in BBIsIBJIEHBI TIPeJCTA-
BUTEJN TOJBKO JBYX OTAEIOB. 3a Mepuoj| Ha-
omronennii pororpoduas MukpodIopa FaHHOTO
yUyacTKa ocTaBaIach cCTabmIbHoOM, OTCYTCTBOBAII
npexpcrasutesn LB u sénrozenéubix Bomo-
pociieit. Emié Oepree okasajcs BUIOBOI cocTas
anbrodaIopsI B OUBE Ha rpedHe rPUBLI (YUACTOR
21), rje 66T OTMEUeHBI TOJTBLKO TTPeJICTaBUTe N
3eJIGHBIX Bojlopoceit (tabi. 2).

BoiBojbt

AJIJIIOBI/I&JIBHBIG J:[epHOBBIe IIOYBLI B HOfIMe
p. Bsarku B paiioHe XBOCTOXPaHUJIUIL, XUMU-
yeckux npepnpusaruii . Kuposo-Yemnernka
XapakTepn3oBaINCh Cpeae- n caaboRMeTON
pearimenl cpefibl, BBICOKOI THAPOJIUTHYECCKOT
KHMCJOTHOCTHIO, CPABHUTEILHO BHICOKUM COJlep-
JKAHIeM OPranimyecKoro BeiecTsa, He0oabIInMI
3aracamMu MoJIBMKHBIX coefiuHeHnii azora, goc-
(popa u kanus. Bruecenue B xofie aKcIepuMenTa
HEYUYTEHHBIX BBICOKUX /03 HUTPATA aMMOHUS
llpJ/lBeﬂO K HaCbIII€eHNIO [10YB MOHOM aMMOHUA
n nopkucaennio cpenpl. CHMRenme goam 06-
MEHHOTO aMMOHUSA B [IOYBEHHOM ITOTJIONAI0IeM
ROMTLITEKCE TTIPOMCXOJIIIIO YiKe uepes 3—4 rofia mo-

cJIe ITPeKPaIeH st TToanBa 60TATO a30TOM BOJOI
BCJIEJICTBIE aKTUBHOTO BOBJIEYEHNSI DIeMEHTA B
OMOJOrMYeCKNiT KPYroBOPOT, BHIMbIBAHUS, Yiia-
JeHust B aTMocepy.

OmHoOKpaTHOE BO3JIEIICTBIIE YMEPEHHbIX 103
azora u IpeKparienne Xo3siicTBeHHOTO NCITOJTh-
30BAHWS JIyTa TPUBEJIO K MOCTENeHHO cMeHe
Pa3HOTPABHO-3TAKOBON PACTHTENHHOCTH HA
MOWMEHHBIX TPUBAX HA KPYNHOPA3HOTPABHO-
3naroByio. llocie mpexkpatenns crammuBanmus
JIYTOBBIX TPAB PACTUTETTLHOCTH TTOIMEHHOTO JIyTra
OKasajach TOJ BAUSHUEM TOJbKO TPUPOHBIX
(haxTopoB, oTMeuaInCh exkeroHbIe GIyRTYaInm,
KOTOpbIe, HAKATIJINBASICh, Yepe3 [JINTeTbHbIII 11e-
puoj BpeMeH puobpesin Xapakrep CyKIeCCUn.

BosneiictBue BoicOKIX /103 a30Ta PUBEJIO K
rubesin TyroBeix TpaB. Boccranorienne pacru-
TeJILHOTO COODOIeCTBA HAYATOCH TOJHKO CITYCTS
2—3 roja ¢ orpacTaHusi KOPHEeBUIHbBIX KUCIOTO-
yeroiiunBbix 3gakoB. CyKieccust Ha JlAHHOM
yyacTKe MMesaa HeoOpPaTUMBI Xapakrep, Aaske
CITYCTSI 7 JIeT 1mocje BO3JeHCTBUS BHICOKUX J103
a30Ta BO3BPaTa K MCXOJIHOMY COCTOSTHUIO HE Ha-
0JII01aJI0C.

Ha yuacrkax MmoHuTOpuHra 6b110 OTMEYEHO
HEBBICOKOE BI/I0BOE pazHooOpasme MUKPOPoTO-
TpoOB, 110 YNCITY BUOB 1Tpeobiajiain 3e1éHble
Boptopocan. [onnowrennas rpynnupoBka (oTo-
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tpodoB, cocrostas u3 npepcrapureneii 115,
3eJI6HBIX, OXPO(PUTOBBIX U UATOMOBBIX BOJO-
poceii, ObLTa BHISBIEHA TOJTHKO HA KOHTPOJIHLHOM
yuactie. Ha yuacrrax ¢ moJmBoM BOjioii, copiep-
srarein azor, He 6o orMeuensl LI B, npakrtnue-
CKU OTCYTCTBOBAJIN 3KEJITO3ETIEHBIC BOOPOCIIN.

Taxmm oOpaszom, BozeiicTBIE BEICOKNX 103
a30Ta Ha [0YBbI TOIMEHHOTO JIyra 1 IpeKpailie-
HUE ero X03sIHCTBeHHOTO MCII0Jbh30BAHMS TIPU-
BeJ0 K HapyIIeHUIO XO[Aa CYKIIeCCUH BBICIIIX
1 Husmux opranusmon. [puuém, ecin uepes 2—
3 TojIa TMocTe cTpecca BhICIIas PacTUTeIbHOCTH
Havaja BOCCTAHABINBATHLCS, TO BUOBOE PAZHOO-
Opasue anbrodaoPhI OCJIe AHTPOTIOTEHHOTO BO3-
NeNCTBUS MTPOJIOIFKRAIO CHURATHCS.

Paboma evinoanena 6 pamrax zocydapcmaeen-
Ho20 3adanus Uncmumyma ouonoeuw Komu HIT
YpO PAH no meme «Oyenra u npozHo3 omcpouen-
H020 mexnozenno2o 8o3deiicmeust Ha npupodnsle
u mpancgopmuposanmnsle IKOCUCMeEMbL ROI30OHbL
1001cnott madtieu» Ne 0414-2018-0003.
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SarpssHeHne OKPYRaIoILeil cpejibl HeThIo 11 He(DTEITPOLYKTAMU SBIALTCS OJHOI U3 CePhE3HBIX TPOOIEM COBPEMeH-
Hocrn. JlerpajlatnBHast aKTHBHOCTH TPUOOB BHOCUT BAYKHBIN BRI/ B ITPOIECCHI CAMOOUHITEHUsT TPUPOHBIX HKOCHCTEM
W JIEKUT B OCHOBE pazpaboTKI HKOJOTHUeCKNX OnoTexHooruil (Mukopemesmannn). Koppexkruoiii mog6op rpubos, ¢riocoo-
HBIX YTUIH3UPOBATH HOJTIOTAHTHI 1 BHIXKIBATH B HEOJIArONPUATHBIX YCITOBUAX OKPY/RAIOIIEI CPejibl, IBIAETCS BayKHE M
ATAIOM Pa3paboTKIt MOOOHBIX TeXHOoToTHIT. HaMmu mokazana crnocobHOCTH lerpajinpoBarh yrieBojopojibl He(OTH TP MOBbI-
menHoit remmeparype y 10 mrammos 6asujmomutieros (popos Agaricus, Bjerkandera, Pleurotus, Schizophyllum, Stropharia,
Trametes), n 4 mrammos ackomuiietos (pojgos Cladosporium, Fusarium, Geotrichum, Lecanicillium). Bee uccienoBammbie
rpuObl MeTabon3npoBain HeTh KAk Ha HOratoil cpejie, Tak U B KauecTBe eJIMHCTBEHHOrO MCTOYHNKA yriepoja. Han-
GoJiee aKTHBHBIMI OKasaauck dasuanomniersl P. ostreatus, S. commune w T. versicolor. ACKOMUIIETBI, 32 NCKJIIOUYEHIEM
G. candidum, yrunusuposaiu HedTh Goee uem rHa 80%. Ha 6oraroit cpejie i7ist rprbOB OCTYITHEI Be parium HeTH, BRITO-
das HOJUIMKJINYECKIe apOMATHYeCKIe YIJIeBOAOPOLI 1 ¢cMoJbl. VIX yobLib gocturana 82—97% nas P. ostreatus Florida,
S. commune u T. versicolor DSM 1 60-88% st ackomutieros L. aphanocladii n F. oxysporum. B mpotiecce yruiusaiun
HeTH Kak eJIITHCTBEHHOTO HCTOYHIKA YTITIePOJia BCe MCCaeloBaHHbIe TPUOLL, 38 HCKItouenneM P. ostreatus n F. oxysporum,
HCITOJMB30BAII B OCHOBHOM napadnHo-Hadrernosbie hparini u GPariinio HU3KOMOJIEKYISPHbBIX aPOMATHUECKNX BEIIeCTB.
ObHapyskeHHast HAMU TPOJYKITNS INTHUHOJUTHYECKIX (DEPMEHTOB, KATAIN3NPYIOTINX KIF0UeBbIe ATAIlbl lerpajiaiini apo-
MaTHYeCKNX BEIeCTB, & TAK/Ke MPOLYKILVSA OMYJIbIIPYIONNX BEIIeCTB, YBeJINYNBAIONINX OMOJOCTYITHOCTh HedTH, MOKeT
paceMarpuBaThCs Kak ajanraius rpubos K HersaHoMy 3arpssHennio. HanGosbiias akTMBHOCTS JIUTHIHOJTHTHYECKIX
(depmenTos (1akkasel 1 Mn-tiepokcniaser) Oblia BhIsIB/IeHA Y HaO0Iee AaKTHBHOTO JIeCTPYKTOPA apOMAaTHYeCKIX BEITeCTB —
P. ostreatus Florida. Ackomurierst, 3a uckiaiouennem G. candidum, npogynuposann Toabko Mn-mepoxcumasnr. [ls
AaIbHEN X UCCaeoBan il 1 pazpaboTku TeXHOJIOIM N MUKOpeMetualini Bbiopann Gazuguomuiierst P. ostreatus Florida,
S. commune u T. versicolor DSM11269 u ackomutierst F. oxysporum n L. aphanocladii.

Karouessie crosa: oicie rpubbl, HedTh, Jerpajaiis, JUPHHHOJNTIHYECKne (DePMEHTHI, AMYJIbIUPYIOTast aKTHB-
HOCTb, MUKOpeMe/InaIus.
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The pollution of the environment with oil and oil products is one from the serious problems of the present time.
The degradative activity of fungi contributes an important part in the self-cleaning of the natural ecosystems and is
the basis of the development of environmental biotechnologies (mycoremediation). The selection of the fungi that can
utilize pollutants and survive in adverse environmental conditions is the most important stage of the development of
such technologies. We showed the ability to degrade of the oil hydrocarbons by 10 strains of basidiomycetes (genera
Agaricus, Bjerkandera, Pleurotus, Schizophyllum, Stropharia, Trametes), and 4 strains of ascomycetes (genera Cladospo-
rium, Fusarium, Geotrichum, Lecanicillium) at high temperature. The all studied fungi metabolized oil both in the rich
medium and as the sole carbon source. The most active degraders were the basidiomycetes P. ostreatus, S. commune, and
T. versicolor. Ascomycetes, with the exception of G. candidum, utilized oil by more than 80%. All oil fractions, includ-
ing hard PAHs and resins, are available in the rich medium. Their decrease reached 82—97% by P. ostreatus Florida,
S. commune, and T. versicolor DSM, and was 60-88% by ascomycetes L. aphanocladii and F. oxysporum. All the fungi
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studied, with the exception of P. ostreatus and F. oxysporum, used mainly alkane-naphthene fractions and the low mo-
lecular weight aromatic compounds during the utilization of oil as the sole carbon source. We found the production of
ligninolytic enzymes (which catalyze the key stapes of the degradation of aromatic compounds) and the emulsifying
compounds (which increase the bioavailability of oil). It can be considered as adaptation of the fungi to the oil pollution.
The highest activities of ligninolytic enzymes (laccase and Mn-peroxidase) were detected in P. ostreatus Florida which
is the most active degrader of the aromatic compounds. Ascomycetes, with the exception of G. candidum, produced only
Mn-peroxidase. Basidiomycetes P. ostreatus Florida, S. commune, T. versicolor DSM 11269 and ascomycetes F. oxysporum
and L. aphanocladii were selected for the further studies and the development of the mycoremediation technologies.

Keywords: fungi, oil, degradation, ligninolytic enzymes, emulsifying activily, mycoremediation.

Eskeronmoe momajanme B OKPYRAIOIIYIO
cpejly OrpOMHBIX KOJMUYECTB He(TH B Iporecce
€6 oOBIUY 1 B pe3yJibraTe TeXHOTEHHBIX aBapuil
CTAJIO OJIHOM M3 CAMBIX BasKHBIX TPODOJIEM COBpe-
MEHHOCTU. YTeuKa HeTH B MOUBY ITOBPEsKIaeT
obmTaIyo TaM OMoTy, BRIOYas MUKpoopra-
HU3MBI 1 pacrenus. Bmecte ¢ Tem ciiocoOHOCTh
JlerpajinpoBath M Jaske MUHePaJ30BaTh He-
(rsiHBIE YIIIEBOIOPOJIBI TITMPOKO PACITPOCTPAHEHA
y HpejicTaBuTeNieil ecTeCTBEHHOTO MUKPOOHOTO
€000IIecTBa. JTa CIIOCOOHOCTL BHOCUT BAYKHBIN
BRJIAJ[ B TIPOIECCHI CAMOOUYNTIEH ST TTPUPOHBIX
DKOCHCTEM U JIEJKUT B OCHOBE pazpadoTKM HKOJIO-
rudeckux omorexuosoruii [1].

Bakrepuanbnas gerpaganys HedTin Xoporo
nccJeloBana, Ha DTy TeMy OIyOJMKOBAHO MHOTO
o63o0poB [1, 2]. 'pubsl sBasiOTCS €11é OxHOT
TPYIITON OPTaHN3MOB, BHOCATINX CepPbE3HBI
BRJIQJ] B TPOTECCHI CAMOOUNTICHUS TTPUPOILI [3].
Pocr pacripocrpanennem rud) mo3BoJisieT uM 1mpo-
HUKATh B TIOYBEHHbBIE TIOPHI U PACTHU, IOKA €CTh
mocTynHble ncrouHnKy nurtanus. [lo cpasnennio
¢ GaxrepusaMu, TpubLI 6oJiee YCTOMUNBHI K BHI-
COKINM KOHIEHTPAIMSAM TOKCHHOB, N3MEHEH UM
pH u remmeparypst [3, 4]. [pubsl npogyuupyior
MUPOKWI CTIERTP OMOMOTHUYCCKN aKTUBHBIX
BETECTB, CPei KOTOPBIX JIIsi OmopeMeirnarim
Hanboee BayKHbI BHEKJIETOUHBIE (DepMeHTHI [4].

Hecmotps na 1o, uto jlerpajlaTuBHbIE CBOTI-
CTBa BBICIINX IPUOOB XOPOIIIO N3BECTHBI |3, 4],
OCHOBHBIE UCCJIeJIOBAHS IeTpajiaiiiii yrieBoJo-
pomoB HedTH MTPOBOATCS ¢ acKOMuUTieTaMu [9],
TOTra KaK CBEACHUI O CIIOCOOHOCTH Oa3uimo-
MUIETOB MeTaboJIM3NPOBATHL 1 MIUHEPATN30BAThH
vedrb HEMHOTO [6, 7].

B nocaemnue rojbr mmporo obeyskpaeTcs
BO3MOYKHOCTH UCITOTB30BAHUSA IPUOOB 75T O110-
pemenmarun (Mukopemenuarnum) [3, 4. Ilep-
CIIEKTUBHBIMY RaHJUATaMU s pa3paboTrm
TeXHOJOTUIT MUKOpPeMeUaIuu sABJISIOTCS JINT-
HUHOJUTHYECKIE TPUOBI: JIEPEeBO- U MOYBOOOU-
ratore 0Da3NIMOMUIIETHI, & TAKKe HEKOTOphIe
Busbl ackomutieron [8]. Kpome nmurnuna, stn
rpubbl MOTYT MeTaboan3upPOBaATh U JlayKe M-
HepaJn30BaTh MUPOKUIT CIIEKTP MOJTIOTAHTORB
B 10YBe, BRJIIOYAs COCNMHEHNUsI, HEOCTYITHbIO

UM MAJIOOCTYITHBIC JIJIsI TTOYBEHHBIX OaKTepuit
[3—5]. Baskubim praiom pazpadboTKi TeXHOJIOTH i
MUKOPeMenarnn sBIseTcss KOPPeKTHBI MO -
00p BUOB IpubOB, CIIOCOOHBIX YTHIM3UPOBATDH
crienupuyecKme MoJII0TaHThl U BBIFKUBATH B HE-
OJarONPUSATHBIX YCJOBUAX OKPY/RAIOIIEN CPeJIbl.

[lennto mpemcraBaenmoit paboThl OHLTO BHI-
sIBJIEHUEe CIIOCOOHOCTH K Jlerpajialiuu yrieBojo-
pontoB HeTH Yy psifa 6a3uANO- U ACKOMUIIETOB
B YCJOBUSAX MOBBINIIEHHON TeMIIepaTyphi.

OO0 BeKTBI 1 METOJIbI

OcHOBHBIME 00BEKTAMU UCCACLOBAHMI
ABJSANNCH OasupmoMuners: Schizophyllum com-
mune IBPPM 541, Pleurotus ostreatus f. Florida
IBPPM 540 u3 konnexinm 1abopatopum 3K0JI0-
ruveckoit onorexuonornu ucrnryra Guoxummn
n GUBMONOTHN PACTEHUI W MUKPOOPTAHN3MOB
Poccuiickoii akagemun nayk (IBOPM PAH);
Stropharia rugosoannulata DSM 11372 n
Trametes versicolor DSM 11269, nonyuentbie
u3 Jlenapramenra mukpoouosorun UFZ-Ilenrpa
ncclIeloBanmil OKpysRaoteit cpefbl (Jleimmur,
Fepmanus); Trametes versicolor MUT 3403,
Pleurotus ostreatus MUT 2977, Bjerkandera
adusta MUT 3398, Agaricus bisporus MUT3979,
rmosydenable 13 Mukorekn TypmHckoro Yau-
Bepcutera (Typun, Uranus); Pleurotus ostreatus
336 m Pleurotus ostreatus D1, monyuenubie n3
naboparopun mukpodmorornn UBOPM PAH,
u ackomuiersl Lecanicillum aphanocladii Zare
& W. Gams IBPPM 542 n Fusarium oxysporum
IBPPM 543 u3 konnexinm 1ad0paTopun dKOJI0-
rnueckon onorexnosornu UBOPM PAH; Geot-
richum candidum MUT 4803 u Cladosporium
herbarum MU'T 3238, nosyueHmbie 13 MUKOTeKK
Typuncroro yausepcurera (Typun, Uranus).

Jlist KynIbTUBUPOBAaHUS TPUOOB MCTIOIH30BA-
i boraryio cpey st bazuguomuiieron [9] B Ha-
ieit Mol KRAIMY, CJISYIONero coctana (r/i):
NH,NO, - 0,724, KIH, PO, - 1,0, MgSO, * 7H,0 -
1,0, KCl = 0,5, aposskenoit arcrpart — 0,9,
FeSO, « 7TH,0 - 0,01, ZnSO, = 7TH,0 - 0,0028,
CaCl, » 2H,0 - 0,033, rmokosza — 10,0, nen-
rorr — 10,0 pH epeant cocrasasn 6,0 ex. Mzyue-
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HUe jlerpaganum HeTu MpoBOMIN HA ITON JKe
cpejie WK eé MUHEpaJIbHOI OCHOBe (MCKJI0Ya-
JIN JIPOSKIKEBOIT HKCTPAKT, METTOH U TIKO03Y),
npu 30 °C u 130 06./mun, HETH BHOCUIN 10
KOHEeUHOIl KoHIeHTpanuu o r/a. Yepes 14 cyr
COJIePKIMOe KOJIO TTOTHOCTBIO SKCTPAaTrnpoBan
TPRIIBL O MJI XstopodopMa. B kagecTBe KOHTPOIS
NCIOTB30BAIN CTePUIIbHBIE CPEJIb ¢ O T/J1 HedTH.
Rourponbubie n sKcIiepuMeHTa bHbIe BAPUAHTHI
AHATN3MPOBATN aHATOTUYHO.

Yobunb HedTr 1 UBMeHeHne eé PpaKkInoHHO-
0 COCTABA OTIPEJIeISIIN MeTOJIOM aJIcOPOIIMOHHOT
xpomaTorpaduu ¢ mocaeyONIM Mo PUMeTpH -
YeCKUM 1 TPABUMETPUYECKUM aHATM30M 110 Me-
TofnKe, MojiuduInpoBannoil Hamu panee [10].
3a 100% npuHEMaIN KOJMYeCTBA OTHEJbHBIX
(pakinii B KOHTPOJILHBIX BapHaHTaX.

[Tpupoct Mutiesnss KOHTPOJIMPOBAJIN BECO-
BBIM METOJIOM.

Jlnst BeisiByieHuss criocoOHOCTH TPUOOB K
MPOYKITNN MTOBEPXHOCTHO-AKTHBHBIX BEIECTB
(6uolTAB) B mporecce aerpaganuu Hedr,
DMYJILIUPYIONIYIO aKTUBHOCTH KYJIBTYpPaJTbHOI
RUIKOCTH TecTrpoBann Metopom Hyrmepa [11].
RyabsrypaibHyIo JKUIKOCTH CMEITHBAIIN ¢ KePOCH-
HOM B COOTHOIIeHIN 2:3, BCTPSXUBAJIY B TEUEHIE
20 MUH B MepHOIT TPOOMPKeE 1 OCTaBIISIIN Ha 48 ya-
COB ITPU KOMHATHOTI TeMIIepaType JiJisi pa3je/ieHusl.
OMYJIBTUPYIONTYT0 akTUBHOCTD (E48) Bhrumesim

KaK COOTHOIIeHIe 00bEMA HIMYJIbCUN K 00IeMy
00bEMY SKUJIKOCTU 1 BbIPAJKAJIM B IIPOIEHTAX.

OnpesiesieHe akKTUBHOCTH JIAKKA3bI MPO-
BOJIIJIN 110 CKOPOCTH 00Pa3oBaHUs MPOYKTA
okuciaenusi ABTC [12], Mn-nepokcujpasbr —
2,6-numerorcudenona [13], auraun neporcu-
Mas3nl — BepaTpuaoBoro crupta | 14]. 3a eguuniy
AKTUBHOCTH MPUHIMAJIN KOJTIMYeCTBO (DePMEHTa,
RaTaJIm3mpyroriero oopasopanme 1 MKMOJIH TTPo-
JIYKTa OKUCJICHISI B MUHYTY 1 BBIPAasKaJIN B YCJIOB-
HBIX eIUHUIAX — MKMOJIb/MIUH/MJI IIpernapara
(em./mur).

Bcee BapuaHThl OMMCAHHBIX HKCIIEPUMEHTOB
U QHAJM30B UMEJI He MeHee, 4eM TPEXKPATHYIO
MOBTOPHOCTH. Kasi/biil 9KCTIepUMEHT TOBTOPSIN
e meree Tpéx pas. Crarncrnueckyio oOpadboTRy
MOJIYUCHHBIX PE3YJAbTaTOB IMPOBOIIN ¢ TOMO-
mpio Microsoft Excel 2003 u Origin 7.

Pesyabrarel n o6cys;rnenne

N3 pannbix, mpepcraBieHnbix B radanmax 1
u 2, BUJIHO, UTO BCE TPUOBI yTUIU3UPOBAIN HEPThH
RaK B TPUCYTCTBUN KocybeTpaToB (Ha Goratoit
cpefie st 0Aa3UAMOMUIIETOR), TAK U B Ka4ecTBe
eIMHCTBEHHOTO NCTOYHNKA YIJIePOJia U DHePrun
(Ha coJIeBOIT OCHOBE TOM Ke CPeJibl).

Ha 6oraroii cpesie mepesoodburaiorne 6as3m-
IUOMHUTIeTHI fierpaguposann Hedrh Ha 62—98%,

Tadomuma 1 / Table 1

Jlerpagamus Hedpru Ha Goraroii cpejie st Gazuaguomutieros mpu 30 °C
Oil degradation in basidiomycetes rich medium at 30 °C

I'pub / Fungus Yobuin, % / Disappearance, %
napa@uHbl HareHb MOHO-/6m- ITAY CMOJTBI Y pparimit
alkanes naphthenes | apomaruka PAHs tars ¥ fractions
LWH
Basupmomurerst / Basidiomycetes
A. bisporus 27,1+0,8 90,0+5,7 20,1+2.9 12,0+3,6 27,4+4,0 32,9+3,6
B. adusta 64,1+7,8 93,6£5,7 44,9+11,2 45,3+4,6 592,1£2,9 64,1+6,6
P. ostreatus D1 83,0£8,1 62,7+4,1 67,0+3,5 37,2+3,7 40,4+2.0 73,4+4,4
P. ostreatus Florida | 97,7+9,8 90,1+3,2 93,2+2,0 90,0+1,8 82,7+4,6 94,8+1,3
P. ostreatus MUT 87,1+3,7 92,9+3,9 72,8+5,0 79,2+6,1 62,5+3,9 84,3+3,3
P. ostreatus 336 88,3+7,4 97,9+7,0 89,6+6,8 84,1+£4,8 0,8+0,1 78,0+2,3
S. commune 96,1+4,5 97,2+2,7 66,0+6,0 92,9+7,0 83,8+8,1 94,0+4,9
S. rugosoannulala 64,6+4,6 11,2+45,2 27,9+4,1 21,1+7,3 94,843, 48,9+3,0
T. versicolor DSM 98,9+1,1 98,2+1,2 91,6+3,7 97,1+£1,7 96,3£3,1 98,3+3,0
T. versicolor MUT 69,9+3,8 85,1+5,1 6,0+2,0 40,9+9,3 49,3+7,1 62,6+3,6
Acrkomutiersl / Ascomycetes
C. herbarum 88,4+4,4 60,9+5,0 39,9£9,0 40,1+1,9 70,0£2,z 82,0+4,8
F. oxysporum 81,5+4,8 53,4+4,6 83,2+3.9 63,0+9,3 75,9+9,1 83,6+4,2
G. candidum 48,1+8,0 83,7+7,8 10,6+4,8 27,1+3,0 25,145, 46,9+5,2
L. aphanocladii 81,2+7,9 100,0+0,1 90,9+0,8 88,0+10,0 80,0+7, 83,6+7,0

Ilpumenanue: «t» — cmandapmuoe omrionenUe.

Note: “+” — standard deviation. LWH — low molecular weight hydrocarbons.
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Ta6amma 2 / Table 2

Ncenonb3oBanue Hepr Kak eiuHCTBEHHOTO ncTouHuKa yriaepoja mpu 30 °C
The use of oil as sole source of carbon at 30 °C

'pub / Fungus Yoouin, % / Disappearance, %
napa@uHbl HadreHbl MOHO-/0O1- ITAY CMOJIbI Y ppariuii
alkanes naphthenes | apomarnka PAHs tars Y fractions
LWH
Basupuomurnerst / Basidiomycetes
A. bisporus 7121 32,0+4.9 43,0+3,3 0,8+0,2 21,4+5,7 16,8+5,0
B. adusta 15,1+2.8 76,9+3,0 1,2+0,9 1,8+0,8 28,5£0,6 18,7+1,3
P. ostreatus D1 68,5+d,0 42 4+0.4 28,0+1,8 25,9+3,8 44.1+5,3 60,0+6,3
P. ostreatus Florida 75,1+5,2 60,5+4,0 48,8+0,8 92,9+1,6 90,0+3,2 T2,1+2.7
P. ostreatus MUT 96,5£0,7 79,3+5,7 13,2+4,0 52,0+7,6 28,0£5,5 54,5+5,2
P. ostreatus 336 63,0+4,2 83,4+7,0 28,4£8,1 48,945,3 35,8+3,0 60,4+8,2
S. commune 29,50+2 8 63,629 28,0+4,0 27,1£1,9 0,6+0,3 26,9+1,3
S. rugosoannulata 15,9+3,2 28,6+0,6 30,1+1,1 1,2+0,9 10,3+3,9 18,1+0,8
T. versicolor DSM 36,8+1,6 31,9+1,6 67,2+3,9 18,9+0,5 22,4%2.0 26,7+2,2
T. versicolor MUT 25,2+2 8 75,0+5,0 4,8+2.0 9,9+1,8 17,0£3,2 26,6+4,0
Acromutiersl / Ascomycetes
C. herbarum 20,1+1,1 21,1+3,6 18,7+0,8 12,2+0,8 28,923 24,7+1,5
F. oxysporum 17,3+2,7 7,5+3,3 63,5+10,1 53,7+9,6 29,0+0,8 37,8+4,1
G. candidum 18,4+3,9 78,5+7,3 41,6+5,0 6,0+3,0 16,2+2,8 17,7+2,8
L. aphanocladii 99,6£3,4 78,5+3,9 2,0+0,6 39,2+4,1 25,8+4,2 54,9+3,9

lpumewanue:«t» — cmandapmiuoe omkionenue.

Note: “+7 — standard deviation. LWH — low molecular weight hydrocarbons.

TOT/Ia KaK MOYBOOOUTAIONME — TOALKO Ha
33-49%. Cpenn ucclegoBaHHbIX 03U MOMII-
1MeToB Hanboee aKTNBHBIMI OKA3AJINCh TIPeJi-
craBurenn BumpoB P. ostreatus, S. commune n
T. versicolor. OrmeueHbl TaK;Ke IMTaMMOBBIE pa3-
anans. Tar, Hampumep, cpen mpeacTaBuTesei
suja P. ostreatus nanbojiee akTMBHBIM 0KA3aJICs
P. ostreatus Florida, a cpequ T. versicolor —
T. versicolor DSM (ra6u. 1). [IpencraBurenn rpéx
POJIOB ACKOMUIIETOB YTUIM3UPOBaIN HedTh Oosiee
qem Ha 80%. HammeHee akTUBHBIM OKazayics
G. candidum, youinnb He npesbimnana 47%.

Raxr y:xe ynmomumnamsoch BbIIIIe, Bee MCCTE-
MOBaHHbIE TPUOBI MOTJIN MCII0JB30BATh HePTh
B KaUecTBe eINHCTBEHHOTO MCTOYHNKA YTJIeposia
u suepruu (tabda. 2). OgHaKO B JAHHOM CJaydae
HanboIee AKTUBHBIMI OKa3a/ICh Oa3NIIMOMUTIET
P. ostreatus Floridan ackomwutier L. aphanocladii.

Hedrr sBasiercss MHOTOKOMIOHEHTHOM
CMeChI0 BeIecTB, JOCTYITHOCTh KOTOPBIX JJIs
ferpajiaim pasHbIMU OPraHU3MaMU MOKeT
3HAYNTEJbHO OTJINYATHCSA. ITO MOKET Mpu-
BOJIUTh K YTUJIN3AIUYU OJHUX KOMIIOHEHTOB U
HAROIIEHWIO APYTrux, Taknx kax [TAY, npen-
CTABJSIONIX CePHE3ZHYIO OTTACHOCTD JIJIS OKPY-
JRATOTIEN CPEJIbI.

Hecmorpsa na 1o, uto fgerpamarnms nedrn n
HeTeTPOYKTOB TprbaMy onmcana B JuTepa-
Type [6, 7], yare Bcero oleHnBaeTess CHUReH e

obrero cosepsranus Hedrenpoaykros [6] nan
cHUKReHne PUTOTORCUYHOCTN TPYHTA MTOCIe M-
ropemesmarun [15]. Uccaemosanme namMenenns
(parmmonHoro cocraBa HedTH B MIpoIecce M-
Kopemeuarui mpejicTaBjieHo ToJbKo B padbore
[16] m mamux pamnux sxcrnepumentax [10].
Tak, naupumep, mokaszasno, uro P. luberregium
aPeRTUBHO MeTadOIN3MPOBAT AT (paTHIECKIe
n apomMarndyeckmne parinu HedTH, ToTIa KaR
CMOJIBI 1 acaibTeHbl, HaNbOIee yCTOUnBHIe
K Omojierpajamnmnm, 3atparnBainch B MeHbIIel
crerenn [16], a muarpopyrnus B mouBy P. ostrea-
tus D1 mpuBopna K lerpafanm scex Qpaxigui
nedru [10].

B mpejcraBieHHOM MCCAEMOBAHUN TTOKA-
3410, 4TO HA OOTATON cpene s TPUOOB ObLIN
mocTynabl Bee pparmun vHedru. [Ipu stom
YObLTb hpaKiuii, BRIIOUAST TPYAHOMOCTYITHBIE
[TAY u emoxsl, nocturana 82—-97% nna P. os-
treatus Florida, S. commune n T. versicolor
DSM. Jlerpapaius [TAY mouBooburaiommmu
b6asupmomuneramu A. bisporus n S. rugosoan-
nulata 6oita Heswvicorkoit (12—21%). Ackomu-
nerwvl L. aphanocladii n F. oxysporum rmaxxe
YTUJIM3UPOBAJIN Bee pariuu HedTu, BRIOYAs
TpynHOAOCTYTHBIE (Tads. 1).

B nporecce yrunusanunm Hetn Kak eimH-
CTBEHHOTO MCTOYHUKA YIVIepoja U SHePrun Bce
nccaeoBanHbie TPUOBI MCIOAB30BAIN B 0OC-
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HOBHOM mapadguuo-HadrenoBbsie Gpariun
1 parInio HU3KOMOJIEKYJISIPHBIX apoMaTuye-
ckux Berects. [lerpagarus [TAY Obina nesna-
YuTeabHON miau orcyrcrBoBasa. Mcekiawouenne
cocraBuaM 1pejcraBurenu sujpa P. ostrealus
n ackomutier F. oxysporum (radm. 2).

BosmoskHOCTH MCIIONB30BAHMS TPpUOAMU
HC@TI/I B KavyeCTBe €IMHCTBEHHOTO NMCTOUYHMKA
yriiepojia m dHepTuu TMOATBePs;K/eHa HaMu Tpu
mojcuére cyxoro Beca munenaus. [Ipm stom fe-
rpajannsa HedTn B NPUCYTCTBUN KocyOcTpaTa
TarKe MPUBOJNIA K YBEINYEHNTO CYXOT0O Beca
MUIeNsI, YTO TOBOPUT O €€ MCII0Tb30BaAHN JIJTs
pocta rpuba.

W3BecTHO, 4TO B ONpeIeNEHHBIX YCJTOBUSIX
rpubBl MOTYT MPOAYIHPOBATH OMOCypdarTaHThI
[17,18]. Panee namu Takske Oblia MOKa3aHa 1mpo-
LY RITHSI OMYJIBTUPYIOTIIX BEITECTB B OTBET Ha TTPH-
CYTCTBIE B Cpejie RYJIBTHBUPOBAHIIS THPOPOOHBIX
nosutioranToB (rpant PH® No 16-14-00081).
B mpepicraBnennom necsieoBaHny HaMu oOHa-
PYsKeHo, 9T0 TPUOBI TPOAYIIPYIOT OMYILIaToOPhI
B HPUCYTCTBUU HedTN He TOIBKO MPHU POCTe
Ha Ooraroii cpefie, HO M TIpK €€ YTHIN3ATNT B
KayecTBe eJ[NHCTBEHHOTO MCTOUHNKA yTIeposa
n sHeprun (puc.). OQHAKO B IOCJIeHEM clydae
AMYJIBIUPYIONAsl AaKTUBHOCTh ObIJIA TTOYTH B

40 pas nuske. [o-Bugumomy, Hajmmume pocToBOTO
cyberpara siBiasieTcsi HeOOXOMMbIM YCJIOBUEM
ST TPOAYKIMU GOJBIMTUX KOJNYECTB OMO-
cypdarkraHoB. IT0, B CBOIO O4Yepe/lb, IPUBOJIIT
K YBeJIMYeHII0 610 0cTyIHOCTH HedyTu fijist rpus-
HOM leTpajiarum.

W3BecTHO, 4TO lerpajjaiiio apoMaTniecKkinx
BEIECTB Y TpnOOB KaTaIn3upyeT BHEKJICTOTHAS
JUTHWHOJUTIHYecKas (pepMeHTHas cucrema [8].
Weeneposanme mpopLy RN IUTHIHOJIUTHYECKIX
(pepmenToB B nipucyrcTBUM HeTH B PAa3HBIX
yenoBusx kynbrusuposanus npu 30 °C nora-
3aJ10, UTO TPECTABUTEN JePEBOOOUTATOTIIX
6asupmomuiieros P. ostreatus, S. commune,
T. versicolor n mouBoodburatoimii A. bisporus mpo-
AYIUPYIOT B JIUTHUHOJANTHYECKIX hepMeHTa:
nakkasy n Mn-nieporcunasy (raou. 3). llpusrom
HamOOIbINasg AaKTUBHOCTH OTIX ePMEHTOB OBIIA
BBIsIB/IeHA Y Hanbojee akTUBHOTO JIeCTPYKTOpa
apomaTtuieckux semiects — P. ostreatus Florida.
Hecwmorpst Ha 1o, 4T0 POy RIns 9THX (DepMeHTOB
SIBJISIETCS XapAKTePHBIM CBOMCTBOM TTOUYBOOOW -
rallero dasuguomunera S. rugosoannulala
[19], B nmpucyrcrBum Hedtn nccaeoBaHHBIT
HAMU TIITAMM TTPOJYIIUPOBAJ HE3HAUNTEIbHBIE
KoJIm4yecTBa JJakkasbl. Pesyabratom aToro MosKer
OBITH HEBBICOKAs IECTPYKTUBHAS aKTUBHOCTD

L uedrs /oil
0 - m nedrn + kocyberpar /oil + co-substrate
40
X
oo 30
F
=
20 -
10 -
0 -
1 2 3 4 5 6

8 9 10 11 12 13 14

Buy muxpomuriera / Species of micromycete

Puc. Ipopyriiust sMyJIbrupyIONUX BEIecTB B Ipoiiecce aerpajganuu gedru
KaK eIITHCTBEHHOTO MCTOUHITKA YITIepojia i DHePruy i B TPUCYTCTBUN KocydcTpara:
1 - A. bisporus, 2 — B. adusta, 3 — P. ostreatus D1, 4 — P. ostreatus Florida, 5 — P. ostreatus MUT,
6 — P. ostreatus 336, 7 — S. commune, 8 — S. rugosoannulata, 9 — T. versicolor DSM, 10 — T. versicolor MUT,
11 = C. herbarum, 12 — F. oxysporum, 13 — G. candidum, 14 — L. aphanocladii
Fig. The production of emulsifying compounds during oil degradation as sole source
of carbon and with co-substrate
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T4

Tadomuma 3 / Table 3

Brustnue Hepti HA TTPOJYKILMIO TUTHUHOTUTUYECKIX (JEPMEHTOB
Effect of oil on the production of ligninolytic enzymes

I'pu6 / Fungus AxrruBHocTb, ei./ma / Activity, u/mL
HeTh KaK eJINHCTBeHHBII HeTh B IPUCYTCTBUN KocybceTpara
NCTOYHUEK YTUIepojia al the presence of co-substrate
oil as sole source of carbon
LAC | MnP LAC | MnP | LiP
Baszupuomunerst / Basidiomycetes
A. bisporus 2,1+0,1 1,6+0,1 4,8+1,2 3,8+0,8 —
B. adusta 30,0+2,7 - 54,1+4.9 43,5+4,0
P. ostreatus D1 12,9+3,2 15,6+0,6 25,9+1,2 140,0+3,8
P. ostreatus Florida 40,8+5,0 80,0+3,4 90,1£7,0 171,1£6,4 —
P. ostreatus MUT 8,9+2 3 8,8+2,1 29,8+5,1 33,6+3,7 —
P. ostreatus 336 13,0+2,8 13,4+2.5 94,1£9,0 127,0+11,0 -
S. commune 7,311 4,0+1,0 14,2+0,8 3,9+1,5 -
S. rugosoannulala 11,7+0,8 - 32,6+4,6 - -
T. versicolor DSM 9,0+1,2 17,6+0,9 18,5+1,3 22,3+0,8 23,0+1,6
T. versicolor MUT 6,0+1,1 8,3+1,2 11,1+0,6 16,0+0,9 -
Ackomuriersi/Ascomycetes

C. herbarum - 0,6+0,1 - 1,3+0,5 -
F. oxysporum - 0,8+0,1 - 5,1+1,0 -
G. candidum - - - - -
L. aphanocladii - 0,6+0,2 - 6,0+0,1 -

Hpumewanue: «—» — akmusnocmu iepmenma e 6vta6.4eno; «t» — cmandapmmoe omraonenue; LAC — narrasa, MnP —

Mn-neporcudasa, LiP — auenunneporcudasa.

Note: “=7 — no activity; “+” — standard deviation, LAC — laccase, MnP — Mn-peroxidase, LiP — ligninperozidase.

ATOTO rpuba 1Mo OTHOIIEHUI0 K apOMaTHYeCKUM
dpariusam HedTu.

Tperuii nurnnnonTHIeCKN GepmMenT —
JUTHUH TepOKCcHa3a OBl OOHApPYKeH HaMu
TOJBKO y ByX rpubos T. versicolor DSM
n B. adusta (rabx. 3) npn KyJIbTUBUPOBAHWN
na 6oraroii cpege. M3Becrro, uro y psma rpudos
MTPOJLYKITH S TUTHIH TePOKCHIA3BI «3aITyCKAeTC»
B OTBeT Ha JUMWUT MCTOYHNROB YIJIepoja WMin
azora [8]. B mamem ncciegoBanum mpogyKRIus
JUTHITH TePOKCHIA3BI TAKKE MOKET ObITh Pe3yJib-
TATOM NCYEPIIaHUsl B cpefie KYJIBTHBUPOBAHMS J10-
CTYITHBIX NCTOYHUKOB yriiepoyia. MecienoBanubie
ackoMulersl, 3a uckimouenuem G. candidum,
MPOAYIIMPOBATIN TOJLKO MeporRcuasy (mpej-
nosioskuTebHo Mn-3aBucumyio), akTHBHOCTh
KOTOPOIi nMpu KYyJbTUBUPOBAHUYU TPUOOB Ha
ooraroii cpepe B 2—10 pas npesbliiaga TaKOBYIO
pn yTUAN3ann HedTh Kak eIMHCTBEHHOTO 1C-
TOYHNKA YTIePo/a N DHePrium.

3axioyeHue
JlerpajlatnBHbBIT TOTeHIIMAT IPUOOB UTpaer

3HAYUMYIO POJIb B [erpajlaiiuu 1 JeTOKCUKAINT
KCeHOOMOTUKOB B €CTECTBEHHLIX DKOCICTCMAX I

JIe3KUT B OCHOBE TEXHOJOTMIT MITKOPeMeJIUaTII.
B ipejicraBieHHOM HCCI€OBAHII TOKA3AHO, YTO
B YCJIOBUAX TOBBITIIeHHOI Temiiepatypbl (30 °C)
6a3u10- 1 ACKOMUIIETI MOTYT He TOJIbKO KoMeTa -
6oau3upoBarh HePTh, HO 1 MCIIOTB30BATD €6 B Ka-
YecTBe eIMHCTBEHHOTO MCTOUHIKA YTIePOia, KOTTIa
[pyrie UCTOYHUKN HeocTyIHbl. B mpucyrersun
KocybcTparta rpubHasi jlerpajaius 3arparnBasa
Bce paKINM, TOTJIA KAK B KA4eCTBe eJ[NHCTBeH-
HOTO MCTOYHIMKA YIJeposa rpudbl NCIIOTb30BAIN
B OCHOBHOM mapaduno-nadrenonsie Gparmmm
n QparIUio HU3KOMOJIEKYJISPHBIX apoMaTnye-
ckux Berrects. [Ipoykiiust rpubamu IMrHuHO M -
THYECKUX (DePMEHTOB, KATAIN3UPYIONNX KITI0Ue-
BbIe ATATIbI IErPAAIII APOMATUIeCKIIX BEIIeCTB,
U OMYJIBTUPYIONIUX BEIECTB, YBEJNYNBAIONNX
OUOOCTYITHOCT HETH, MOTYT PacCMaTPUBATh-
¢ KAk UX ajlanranus K He@rsaHoMy 3arpssme-
Huto. [J1s1 janbHeinmx nceaeoBaHmit MOTyT ObITh
BbIOpanbl Oazuauomutietsl P. ostreatus Florida,
S. communen T. versicolor DSM11269 n ackomu-
nerwt F. oxysporum u L. aphanocladii.

Hccanedosanue svtnoaneno npu gunancogoil
noddepmcre PODU ¢ pamkax nHayunozo npoekma
Ne 18-29-05062.
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Aemopst 6aazodapam dokmopa Jummapa
Hlaoccepa us UFZ-Ilenmpa uccaedosanuii okpy-
acarougeit cpedot (Jleiinyue, I'epmanus), npogeccopa
JIcosanny Kpucmuny Bapese us Typunckozo Yuu-
eepcumema (Typun, Hmaaus), npogheccopa, d. 6. n.
B.E. Hukumuny uz Ub®PM PAH 3a npedocmas.ien -
Hble Wmammol 2puoos.
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Drug resistance has become an extremely serious problem worldwide. Antibiotic resistance genes (ARGs) enter-
ing the environment with wastewaters promote replenishment of the resistome of natural microbioms. Distribution of
several clinically significant ARGs in wastewaters of Rostov-on-Don (Southern Russia), lower reaches of the Don River
and natural waters of the neighboring region was investigated. Metagenomic DNA samples isolated from 250 mL of
waslewaters or natural waters and 200 mg of surface sediments were used for the study. Identification of the ARGs was
carried out with end-point detection PCR. Presence of NDM, OXA-48, CTX-M, VanA, VanB, ErmB, and TetM/TetO genes
was detected in urban wastewaters. Samples of wastewater treatment plant (WW'TP) sewage were enriched with ARGs
in contrast to non-treated wastewaters from the sewage collector. NDM, VanA, ErmB, TetM/TetO genes were found only
in wastewaters and were absent in samples of natural waters and surface sediments. Only OXA-48, VanB and CTX-M
genes were found in natural waters and surface sediments. The described ARGs are quite typical for urban and hospital
wastewaters. The target ARGs were detected in the samples connected to the anthropogenous sources of pollution such
as Rostov-on-Don municipal WWTP or livestock enterprise effluents.

Keywords: antibiotic resistance; urban wastewalers; natural waters; surface sediments.
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Upessbiuaiino cepbE3HOI Po6IeMoil 00IIeMIpoBOro MaciTada craja JjeKapeTBeHHas yCTOMUNBOCTH MIKPOOPTaHU3MOB.
lennt yeroitunsoctn & antubuornkam (APIY), momagaionue B 0OKpysKaIonyio cpejly BMecTe €O CTOUHLIMU BOJIAMI,
CIOCOOCTBYIOT PACIIPOCTPAHEHIIO PE3NCTeHTHOCTH B TPUPOAHLIX MIKpoOmomax. ccmaemoBamno pacipesenernne HeCKOILRKIX
knmHnueckn 3HaunmMbeiXx API B ctounbix Bojfiax 1. PocroBa-na-Jlony, Huzosbsax [lona n mpupopabix Bogax pernona. [lis
ucesaeoBanus ncnoibzosasu oopasip Mmeraremomuoit [|HK, soigenentnie nz 250 Mt crounbix win npupoabix sox u 200
mr gonubix ornoskennit. Unenrnduramnmio AP mposopmim ¢ momorninio [P o komeunoit touke. Bourto odnapyskerno
npucyrersue renoB NDM, OXA-48, CTX-M, VanA, VanB, ErmB w TetM/TetO 8 ropojckux croutbix Bojax. OGpasiisl
CTOYHBIX BOJ| OUNCTHBIX COOpYsKeHuil copepskanu Goapiie AP o cpaBnenuio ¢ HEOUHIIEHHBIMI CTOYHBIME BOJAMU U3
crourbIX Kosuiekropos. lenst NDM, VanA, ErmB, TetM/TetO 6b1imn 00HaPYsKeHbI TOJIHKO B CTOYHBIX BOJAX U OTCYTCTBOBAJII
B 1Ipo6ax HPUPOLHBIX BOJ U JOHHBIX OTJ0KeHUIT. B IpUpoHbIX Bofax u JOHHBIX OTJI0/KEHUAX 00HAPYHKEHBI JIMIITH TeHbl
0XA-48, VanB w CTX-M. Onucannbie API" 10BOJIBHO THITHYHBL JIJIsI TOPOACKUX U OOMbHUYHBIX cTOUHBIX BO. AP 6butn
00HAPYsKEHDI B TTPUPOHBIX TPOOAX, CBA3AHHBIX C AHTPOITOTeHHBIMI MCTOUHMKAMIT 3aTPSI3HEHTIST, TAKIME KaK TOPOJICKIE

OUYMCTHBIE COOPYREeHnA POC'FOBa-Ha-IIOHy NJIN CTOYHbBbIE BOIAbI JRKRMBOTHOBOJIUECKOIO IIPEeIITPUATIAA.

HKawuesoie crosa: y(JTOIUI‘iHBOCTI) K HIITI/I6HOTHK3M, TOPOJICKMEe CTOYHbBIe BOJBI, TPUPO/IHBIEe BOABI, TOHHBIE OTJTOMKEeH M.

Drug resistance has become an extremely
serious problem on a world-wide scale. Several
decades’” application of antibiotics in clinical
practice, in veterinary, animal husbandry and
aquaculture has led to wide dissemination of
antibiotic resistance genes and antibiotic re-
sistant bacteria (ARB). Nowadays bacterial
strains carrying several resistance determinants
are widespread. A large number of ARGs can
be found in hospital, municipal [1] and animal
husbandry wastewaters [2]. Actually, ARGs and
ARB can change microbial populations and thus
must be considered a separate class of important
pollutants harmful both for human health and
environment.

ARGs are definitely supposed to originate
and evolve in natural conditions [3]. It also
should be taken into account that ARB pool
increases not only due to the mutational pro-
cesses, but also due to horizontal transfer of
genes (HGT) preexisting already in resistomes
of various microbic communities [4]. Bacterial
mobile elements providing genetic platforms for
assembly of multiresistance cassettes participate
in this process [9]. Also ARGs transduction by
bacteriophages is documented [6].

Water ecosystems are known to have opti-
mum conditions for distribution and acquisi-
tion of ARGs by microorganisms [7] due to
the continuous inflow of resistant genes from
anthropogenous sources. Natural waters are also
recognized as the most important pool of accu-
mulation of resistance determinants of anthro-
pogenous origin [8]. Although anthropogenous
waslewalers are a constant source of ARGs for
the environment, it is important to take into ac-
count that natural microbiomes are sources and
reservoirs of the genetic material associated with
resistance to antibiotics [3]. On the other hand,
ARGs dissemination among pathogenic bacteria
and environmental bacleria also exists [7]. Thus,
the drug resistant bacteria entering the envi-

ronment with wastewaters (hospital, municipal
or agricultural), promote replenishment of the
resistome of natural bacterial communities. Be-
sides, they recruit new resistance determinants
from these communities [7], promoling increase
of the number of drug resistant strains. Study-
ing such circulation of antibiotic resistance is
an important task and recently more and more
research has been devoted to tackling various
aspects of this problem.

In this work we considered distribution of
several ARGs common in drug resistant strains
of nosocomial origin. Carbapenems, cephalospo-
rins and glycopeptides are widely used in clini-
cal practice now. Besides, tetracycline in large
amounts is used in livestock production also as
a feed antibiotic.

Materials and methods

Sampling sites. In this research presence
of antibiotic resistance genes in wastewaters of
Rostov-on-Don (the biggest city in the South
of European Russia) and also in water and
surface sediments of Lower Don were studied.
The Don River is one of the largest rivers in the
European part of Russia and the Azov and the
Black Sea basin. In its lower reaches the Don
River is the main source of water supply for the
Rostov region.

Sampling was carried out in 2015-2016.
40 sampling sites were chosen for the study.
Sampling sites were situated both upstream and
downstream the discharge point of municipal
treatment facilities, and also at the small rivers
flowing into Don higher up or in the area of the
estuary (Fig.).

City sewage was sampled at 9 sites (No. 31-39)
in autumn, 2016. WWTP sewage of Rostov-
on-Don was sampled in the years 2015-2016
(No. 40-48). Spring water was sampled at
6 sites (No. 23-28) in autumn, 2016. 4 points

77

Teopernueckasi n npuriaagnas sxoaorms. 2019. Ne 4 / Theoretical and Applied Ecology. 2019. No. 4




MOHUTOPIHT TPMPOHBIX 1 AHTPOIIOTEHHO HAPYIIEHHBIX TEPPUTOPHIT

78

Mechetinskaya -
- Mechergy
—
~ 22

Legend
¢ @ sample sight
: -L2 - Sample number
‘ Bl - Water bady

- Settlements

Fig. Sampling sites in the lower reaches of the Don River and in the sewage of Rostov-on-Don

of water and surface sediments selection were
located at small rivers of the Lower Don basin
(No.21-22;29-30). Sampling there was carried
out in autumn, 2016. Water and bottom sedi-
ments samples of the Don River were taken in
autumn, 2015. 7 stations were located on River
Don downstream the Rostov WWTP discharge
point (No. 1-3; 6-9). 13 stations were located
on River Don upstream the Rostov WWTP dis-
charge point (No. 4-5; 10-20).

Samples collection. Sterile plastic bottles
were filled with 1 liter of the sampled water each.
Water samples were cooled down o +4 °C, taken
to the laboratory and processed on the same day.

Bottom sediments samples were selected ac-
cording to the procedure described in work [9].
Samples were hermetically packed into plastic
test tubes and stored at —20 °C before usage in
experiments.

Isolation of DNA was carried out according
to Galiev and Tsyrulnikov’s method modified
by us [10]. The short procedure of isolation of
total DNA from samples of water and surface
sediments is given below.

Isolation of total DNA from water samples.
250 mLwater samples were centrifuged for 15 mi-
nutes (10000 g, +4°C). The deposit was suspend-
ed in 350 pL of guanidine solution (guanidine
HCI 240 mM; phosphate-buffer saline 200 mM,;
pH 7.0) and 350 wl. SDS solution (2% SDS;
900 mM Tris-HCI, pH = 7.9) and then trans-
ferred into an screw-cap Eppendorf with 0.2 g

glass beads d = 0.5 introduced beforehand. 400 1.
of phenol-chloroform mix were added and
stirred up on a Mixer Mills MM400 (“Retsch”,
Germany) mill within 1 minute with the fre-
quency of 30 Hz, then centrifuged for 7 minutes
at 14000 g. Water phase was taken, 400 wl. of
chloroform were added and carefully mixed.
Then it was centrifuged like at the previous
stage, after that water phase was taken again
and 500 pL of isopropyl alcohol were added to it.
Everything was keptin the freezer for about 15 mi-
nutes, centrifuged for 7 minutes at 14000 g.
The deposit was washed out 2 times with 70%
ethanol and then dissolved in deionized water.
Isolation of total DNA from samples of
surface sediments. For isolation of DNA a fro-
zen surface sediments sample portion of 0,2 g
was placed into a 2 mL screw-cap test tube and
then glass beads (0.1 g —-d=0.5mmand 0.1 ¢ —
d = 1.0 mm) and ceramic beads (7 pieces of
d = 1.0 mm and 3 pieces of d = 2.0 mm) were
added. Then 350 puL of guanidine solution
(guanidine HCI 240 mM; phosphate-buffer
saline 200 mM; pH = 7.0), 350 ul of SDS solu-
tion (2%) — Tris-HCI (500 mM, pH = 7.9), and
400 pL of phenol-chloroform mix were intro-
duced into each Eppendorf. The mix was stirred
up on a Mixer Mills MM400 (“Retsch”, Ger-
many) mill for 15 minutes with a frequency of
30 Hz, then centrifuged for 7 minutes at 14000 g.
The water phase was separated, 400 wL of chlo-
roform were added to it and carefully mixed.
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Everything was centrifuged just like at the
previous stage, then water phase was taken and
900 pl of isopropyl alcohol was added to it. The
mix was kept in the refrigerator for 15 minutes,
after that centrifuged for 7 minutes at 14000 g.
The deposit was washed out 2 times with 70%
ethanol and then dissolved in deionized water.

PCR-assay. Amplification reaction was car-
ried out using the T-100 (“Bio-Rad”) amplifier
and the final volume of reaction mix was 25 pL.

The following sets of PCR-reagents for
determination of resistance to antibiotics with
electrophoretic end-point detection PCR (NPF
Litekh, Russia) were used:

— the Resistance to carbapenems — 1 set, for
identification of VIM genes;

— the Resistance to carbapenems — 2 set, for
identification of NDM genes;

— the Resistance to carbapenems — 3 set, for
identification of OXA4-48 genes;

— the Resistance to cephalosporins —1 set,
for identification of CTX-M genes;

— the Resistance to cephalosporins — 2 set,
for identification of MecA genes;

— the Resistance to glycopeptides set, for
identification of VanA and VanB genes;

— the Eritropol set, for identification of re-
sistance genes to ErmB erythromycin;

- the Tetrapol set, for definition of resistance
to TetM/TetlO tetracycline.

The reaction was carried out according to the
producer’s protocol with the subsequent electro-
phoretic detection of amplicons. Each reaction
included positive and negative controls.

Results and discussion

ARGs analysis results are shown in Table 1.

Seven out of the nine analyzed antibiotics
resistance genes have been found in water and
surface sediments samples. NDM, OXA-48,
CTX-M, VanA, VanB, ErmB, TetM/TetO genes
have been detected. No samples including
wastewaters revealed the presence of VIM and

Table
Antibiotic resistance genes in the sewage of Rostov-on-Don and the lower reaches of the Don River
Sample type Sample | Number Number of samples containing ARGs
No. w“ H?;les VIM | NDM|OXA-48 | CTX-M | MecA | VanA | VanB | ErmB T;é%/
City sewage 31-39 9 - | - 2 1 - - 3 5 5
WWTPsewage. g 451 9 | =3 | - | - | - | 3|5 | 6 |7
Rostov-on-Don
Don River water
downstream the 7 B B B B B B B B B
Rostov WWTP
discharge point
: 1-3,
Don River
. 6-9
surface sediments
downstream the 7 - - - - - - 1 - -
Rostov WWTP
discharge point
Don River water
upstream the Rostov 13 B B 1 B B B B B B
WWTP discharge ’
point 4-5,
Don River surface 10-20
sediments upstream 13 B B B B B B B B B
the Rostov WWTP
discharge point
Water from small
rivers of the Lower 4 - - - - - - 1 - -
Don basin 21-22,
Surface sediments 29-30
from small rivers of 4 - - - 1 - - - - -
the Lower Don basin
Spring waler 23-28 6 - - — — — - - - -

Note: the dash “—* means that the gene is not found.
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MecA genes within the period of two years of
this study.

All wastewater samples contained at least
some of the ARGs. Four ARGs families (NDM,
VanA, ErmB, TetM/TetO) were detected only in
wastewaters but not in the samples of natural
waters and surface sediments. In 9 wastewater
samples taken from municipal WW'TP 24 cases
of the studied ARGs detection occurred opposed
to 16 cases of ARGs detection in 9 samples of
wastewaters taken directly from city wastewa-
ter sewers. Thus, WW'TP sewage is enriched
in ARGs compared to sewage from city waste-
water sewers. It is of interest that OXA-48 and
CTX-M genes were found only in the samples
from wastewater sewers, while NDM and VanA
were detected onlyin the samples of waters from
WWTP. ErmB and TetM/TetO genes turned
oul to be the most widespread in waslewaters.
VanB genes proved be the most common among
the genes from both wastewaters and natural
samples.

ARGs were not very common in natural
samples. VanB and OXA-48 were detected in
two samples of natural surface water. CTX-M
genes were detected in one surface sediment
sample from small rivers, and VanB — in bottom
sediments of the Don River downstream of the
municipal WWTP discharge point. In all these
cases sampling locations were spatially con-
nected with potential anthropogenous sources
of ARGs. A discharge point of Rostov municipal
WWTP effluents was one such source, another —
alivestock farm located in the place of the small
rivers Elbuzd and Kagalnik confluence. 0XA-48
marker was detected in the water from the beach
of the Alitub village.

It is no surprise that the maximum quali-
tative and quantitative content of ARGs was
observed in wastewaters. It is known that
conventional wastewater treatment does not
significantly reduce the ARGs concentration
and can even sometimes lead to the increase of
ARGs concentration in urban wastewaters [11,
12]. WWTPs are a hot spot of horizontal trans-
fer of genetic material. The conditions there are
very favorable for exchange of mobile elements
of a bacterial genome and amplification and ac-
cumulation of a wide range of ARGs and the an-
tibiotic resistant bacteria (ARB) arriving from
city collectors of sewage ARGs and antibiotic
resistant bacteria (ARB) coming from the city
wastewaters collectors. The reason for thisis the
high content of the extracellular DNA from the
destroyed cells and high titers of bacteria and
bacteriophages.

It corresponds to the fact that we observed
a higher content of ARGs in municipal WWTP
effluents compared to the wastewaters sampled
directly from the city waste collectors before
cleaning. It is substantially connected not only
to the continuous receipt of ARGs, but also to
the possible high content of mobile elements in
bacterial genome, first of all, integrons, in the
treated wastewaters [13].

Thus, in the course of collecting, accumula-
tion and preliminary treatment of wastewaters,
preceding biological cleaning and disinfection,
the quantity of ARGs and ARB can increase
dramatically. After final sewage treatment the
total amount of ARGs and ARB decreases, as
a rule [14, 15]. However, relative frequency of
ARGs and ARB in effluents increases simulta-
neously [13].

Despite the high amount of ARGs in sewage,
the number of ARGs significantly reduces as
wastewalers enter the environment. So, irriga-
tion with purified wastewaters often doesn’t lead
to ARGs concentration increase in soils, com-
pared to irrigation with natural waters [16, 17].

The World Health Organization classifies
the microorganisms resistant to carbapenems,
cephalosporins (especially of the 11 generation)
and to fluroquinolones as the most priority ones.
In sewage samples the NDM and OXA-48 genes
causing resistance to carbapenems and also CTX-M
genes providing resistance to cephalosporins
were found. Besides, in samples of natural waters
0XA-48 genes, and in bottom sediment samples
CTX-M genes were discovered. Thus, out of three
priority ARG found in sewage, two were also de-
tected in natural samples. [t should be pointed out
that in both cases not big city wastewaters, but a
recreational zone — the beach near the Alitub vil-
lage (OXA-48) and husbandry farm wastewaters
(CTX-M) were the source.

WWTP dumping into the rivers increases
the variety and the ARGs content downstream
the dumping place. But as the distance from
WWTP increases, the quantity and scope of
introduced drug resistance determinants con-
siderably falls, that is typical for both ErmB
and Tet genes. Presence of TetM and TetO genes
is characteristic for municipal wastewaters and
animal wastes, thus they are seldomly found in
samples of natural waters and soils [18]. Hori-
zontal transfer of TetO genes happens less often
in comparison to other tetracycline resistance
genes because they are less associated with mo-
bile elements in bacterial genomes [19].

Other studied ARGs are also probably
eliminated quickly enough in natural microbial
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communities as only some of them (0OXA4-48,
CTX-M, VanB) can be found in natural samples,
and only in close proximity to the source. Con-
cerning other ARGs which gotinto the Don and
small rivers from wastewaters, concentrations
in places of sampling seems to be below the
detection limit of the used PCR-Kkits.

Dissemination of ARGs in WWTP efflu-
ents in the environment might be influenced
by a range of factors affecting this process.
Contamination with antibiotics must obviously
facilitate distribution of ARGs [20], but often
ARGs distribution is not affected by it [21] .
There are other factors that can influence the
drug resistance distribution as well. These
include microbial community mobilome [22,
23], different types of contaminants, especially
heavy metals [24], concentration of biogenic
compounds (such as NH,*and PO,*), methods
of agriculture, water salinity and other factors
[23]. Thus, mechanisms of ARGs dissemina-
tion modulation in the environment in different
conditions requires careful study.

Conclusions

It should be noted that the described ARGs
range and distribution are quite typical for urban
and hospital wastewaters. Currently, ARGs can
be found in surface natural waters and bottom
sediments only in close proximity to places of
wastewaters dumping and their variety is great-
ly reduced in comparison with wastewaters.
The resistance genes entering the environment
with wastewaters definitely pose a certain dan-
ger of dissemination of antibiotic resistance
in natural microbiomes, but the speed of their
elimination from the environment is high
enough to prevent wide spreading of ARGs
from drains downstream the dumping sites.
Recreational zones and insufficiently treated
wastewaters of husbandry farms can pose a
significant hazard of priority ARGs inflow into
the environment.

This research expands the knowledge of
ARGs distribution in municipal wastewaters
and natural waters in one of the most densely
populated southern regions of Russia and, in
general, southeastern part of Europe.

This study was funded by the Ministry of
Education and Science of the Russian Federation
(grant No. 6.2379.2017/PCh), Russian Founda-
tion for Basic Research (grant No. 17-04-00787 A),
President of Russian Federalion (grant No.
NSh-3464.2018.11).
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CopOrnusi TSLKETBIX METALIOB MEJTAHUHOBBIMI MUTMEHTAMH
pAa fepeBopas3pyuiaoninx rpudos

© 2019. H. B. Cymmuckas, H. c.,

B. II. Rypuenko, K. 0. H., jo1[eHT, 3aB. JJabopaTopueii,
Benopycceruii rocynapeTBeHHBIN YHUBEPCUTET,

220030, Pecriybiura Besnapyen, r. Munck, ip. Hesasucumoctu, 1. 4,
e-mail: kurchenko@tut.by

O0beKTOM MCeleIoBAHNS ABIAINCH MeJTAaHNHOBbBIE TTUTMEHTHI, TOJTyUYeHHbIe U3 PasINYHbIX BUJIOB JlepeBOpaspylia-
HOIINX l‘pH6OB. B pesyJibrare 1mOTeHIMOMEeTPNYEeCKROTro TUTPOBAHUA 1TOJYUYEHHbIX MEJIJaHNHOB aleTaToM CBUHILA, yCTAaHOB-
nero, 10 dpderTuBHOCTL cBA3BIBaHMsA Pb?* yObBaer B pAAY MeJAHNHOB W3 TPYTOBUKA JOKHOTO yboBoro (Phellinus
robustus (P. Karst.) Bourdotet Galzin); tpyrosura noskuoro (Phellinus igniarius (1..) Quel.); TpyroBuka okaitMiéHHOTO
(Fomitopsis pinicola (Sw.) P. Karst.); rpyrosuka miockoro (Ganoderma applanatum (Pers.) Pal.); TpyroBuKka HacTosI111ero
(Fomes fomentarius (L.) J.J. Kickx); rpyroBura ckomennoro, uarn (Inonotus obliquus (Pers.: Fr.) w usmensiercst or 0,170 o
0,103 mr Pbh**/mr meranuna. Baanmopeiictue ucenepyembix mesrannton ¢ nonamu Ph**, Cd?*, Cu*, Zn** B TouKe HKBUBAJICHT-
HOCTHU IIPUBOAUT K arperarmmn RKOMIIJICKCOB 1 BbITIAJICHNTIO X B OCAJI0OK. Al‘pel‘l’] pPOBaHHbIC XeJIaTHbIEe KOMIIJICKChl NMOHOB CUZ+,
Pb?*, Cd?*, Zn*" ¢ MealimioM 13 9ari, pacTBOPSIOTCS B TPUCYTCTBIHT PA3TIIHBIX KOHTEHTPATIIIT ROTKYPEHTHOTO KOMILTCK-
coobpasosaresnst nonos merasios — Il TA. [Ipu srom ero KommenTparus, HeoOXOMIMast JIJisI PACTBOPEHIS BBITIIEYKA3AHHBIX
KOMILICKCOB, yobiBaer ot 4,0 * 10410 1,8 « 10“monn /. TTo ganibiM TepMOrpaBUMETPUN DHEPIUs AKTHBATIHN KOMILIEKCA
Pb?*-memanum cocrasisier 357 ®/[;k/Momb, Torma Kak nx Mexammaeckoit cmecn — 80—-82 k/1yk/MOITb, UTO CBUIETETHCTBYET O
cTabuImMs3aIn HToro XeJaaTHoro komirierca. [lokasano, 4ro B MoJieRyJ/ie MeJlaHIHA U3 4aru UMeeTcs 29 1eHTPOB CBABbIBA-
HUA pa3/JIMYHbIX MeTaJlJ10B. PeSyJIb’I‘aTbI SHP-CIIGKTPOCKOIIH 1 XeJIaTHbIX KOMIIJIEKCOB, NCCJIe/IOBAHHbBIX MEeJIaHNHOB ¢ Pb2+
MOKA3AIN YBEINUCHITE KOTMICCTBA TapaMarunTHex mentpos ¢ 10'7 mo 6,5 « 10" crmin /1, o cBumerembeTByer 00 yaacTnm
CBOOOJIHOPA/IMKAILHBIX MOHOMEPOB (heHOKCUILHOI 1 O@H30CeMUXUHOHHOI TPUPOJILI MeJIAHNHOB BO Baanmopeiictsun. [Ipu
BHYTPUKETYIIOYHOM BBEJIEHUI MbITiaM xjaopuja mejn B jjoze 200 mr/kr (H]:[w) 1 MeJTaHIHA 13 yarn B jjo3e 360 Mr/Kr mac-
CBI, BEIRIBAEMOCTh RIBOTHBIX Boapactara 1o 100%, a mpn Beeiermm xmopmpa kamgyms 94 yr/wr (J1/L ) m memammma (1000 vr/
Kr) BeURIBaeMocTh nocturana 80%. [lomyaennbie pe3yasrarsl COPOITITT TSREMBIX METAIITOB METAHTHAME PS/IA lepeBopas-
pymaroimnx l‘pl/16OB CO3/IAI0T HPEITOCHIJIKN UX ITPAKTUYECKOI'0 NCITOJAb30BaHNA B KavecTBe 3H’I‘epOCOp66HTOB.

Karouesnle crosa: nepeBopaspymaiorine rpudbl, MeJTaHIH, TAMKETbIe MeTAILIbI, KOMIIEKCO00Pa3oBaHme, TOKCHUYHOCTb.

Sorption of heavy metals by melanin pigments
of wood-destroying fungi
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The object of the study was the melanin pigments obtained from various types of wood-destroying fungi. Using the
potentiometric titration lead acetate it was found that binding efficiency of Pb** decreases in the series of melanins from
the Phellinus robustus (P. Karst.) Bourdotet Galzin; Phellinus igniarius (1.) Quel.; Fomitopsis pinicola (Sw.) P. Karst.;
Ganoderma applanatum (Pers.) Pat.; Fomes fomentarius (L.) J.J. Kickx; Inonotus obliqguus (Pers.: Fr.) — chaga and varies
from 0.170 to 0.103 mg Pb?'/mg melanin.

The interaction of the studied melanins with Pb**, Cd*>*, Cu**, Zn*  ions in the equivalence point leads to aggrega-
tion of the complexes and their deposition in the sediment. Aggregated chelate complexes of Cu®* ions, Ph*", Cd**, Zn**
with chaga melanin dissolves in the presence the chelating agent EDTA. Moreover, EDTA concentration necessary for
dissolving the above complexes decreases from 4,5 * 10%to 1,8 « 10*mol/L.

According to thermogravimetry the activation energy of the Pb* melanin complex was 357 kJ/mol. Their me-
chanical mixture had the activation energy of 80-82 kJ/mol, which indicates stabilization of this chelate complex. It
was shown that molecule of melanin from chaga contains 25 binding sites of various metals. The results of EPR spec-
troscopy of chelate complexes of melanins with Pb?* led to an increase in the number of paramagnetic centers from 10'7
t0 6.5 « 10" spin/g, which indicates the participation of free radical monomers of the phenoxyl and benzosemiquinone
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nature of melanins in the interaction. In the process of intragastric administration to mice of copper chloride at a dose of
200mg/kg (LD, ) and melanin from chaga at a dose of 360 mg/kg of weight, animal survival increased by 100%, and with

the introduction of cadmium chloride at a dose of 94 mg/kg (

LD, ) and melanin (1000 mg/kg) survival rate reached by

50

80%. The results of sorption of heavy metals create the prerequisites for practical use of melanins from wood-destroying

fungi as enterosorbents.

Keywords: wood-destroying fungi, melanin, heavy metals, complexation, toxicity.

N3Becrna crmocobnocTh 6as3umoMuIeTon
HAKaIJIMBaTh B IJIOJOBBIX TeJaxX 3HAUYNTENb-
HBIe KoandecTBa TsyREIbIX Metasios (TM) [1].
ITO CBSA3AHO ¢ OCOOEHHOCTSIMU UX CTPOEHWUS U
BBICOKUM COJiepyRaHneM XUTHUHA U MeJaHUHa,
KoTOpbIe crocoOHbI 3 (PeRTuBHO copOMpPOBATH
pazamunsie mosmioranTil [1-3]. Cpenn mepeBo-
paspymtiaiux rpudoB BasKHOE MECTO 3aHIUMA0T
TPYTOBUKHU, BbI3bIBAIOIIIE OeIyI0 1 OyPYI0 THUTh
napeBecunbl [4]. OHU MMKUPOKO pacipocTpaHeHbl
B CpeJHeIl T0JI0Ce 1 SIBJISIIOTCS MePCHeKTHBHBIM
BO30OHOBJISIEMBIM MCTOUHUKOM JIJIsT TTOJTYYeH S
OMOTOTMYECKI AKTUBHBIX BEIeCTB: MeJaHNHOB,
IJIMKAHOB, XUTHHA 1 pyrux [0-8]. Menannno-
Bble MMUTMEHTHI SIBJISIOTCS BbICOKOMOJIERYJISIP-
HBIMI TeTepoToJMMepaMu HeperyasipHoOToO XIii-
Muaeckoro erpoenns |9, 10]. 9ru Guononmmepw
B 3aBUCHMOCTU OT UCTOYHUKOB MX [TOJTYUeHUsI
00J1a/1aT0T YHUKATLHBIMU (DPUBUKO-XUMITYECKUM I
CBOMCTBAMU, KOTOPBbIe O0YCAOBJIMBAIOT UX
(OTONPOTEKTOPHYIO, FEHOTTPOTEKTOPHYIO, COPO-
HUOHHYIO U Apyrue aktusuoctu [9, 6, 9, 10].
MenaHuHbI OTHOCATCSA K O KJIACCYy OMACHOCTH
" SIBJAIOTCS HEOMACHBIMU COCMHEHISAMNA.
CriocobHocTh MeJTaHnHoOB CBA3BIBATH MOHLI T'M
00bACHSIETCS HATNYNEM OOJbITOTO KOJMYeCTBA
(DYHRIMOHAIBHBIX TPYIIT, CIIOCOOHBIX K KOM-
mirekcoodbpaszosanuio |3, 10, 11]. K'TM ornocsr
MeTaJLIbI C I/IOTHOCTHIO Gostee 8 r/cm?. Cpepn HITX
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd, Hg, Pb, Bi
u ip. Miorme u3 mux 061a1a10T BHICOKOT TOKCTY -
HOCTBIO JIJISI 3JKUBBIX OPTAHU3MOB B OTHOCUTE/IBHO
HU3KUX ROHIeHTparusax [3]. [lns canmenns nx
TOKCHYECKOTO JICHCTBUS MOJKHO MCIIOJIb30BAThH
MeJIAHUHBI TPUOHOTO TTPONCXOFKIICH NS,

B ¢Bssu ¢ 9mum, npeicTaBisioch 1erecoo-
OpasHbIM BLIEJUTH MEJTaHUHOBBIC TUTMEHTHI
13 MJIOMOBBIX TeJI PAJA JAepeBopaspyaionimx
rpuOOB, BHI3BIBAIOINX OeyI0 1 OYPYIO THUI,
UCCJIeI0BaTh UX CTPYKTYPHO-(PYHKIMOHATbHBIE
CBOWICTBA, OTPEIeJIUTh COPOIMOHHYI0 6MKOCTD
o otHomrennto K nonam Ph*, Cd*, Cu* u Zn?*,
1 OTIPEeJIeJINTh BO3MOYKHOCTD UX UCITOTH30BAHUS
B KayecTBe DHTEPOCOPOEHTOB.

Marepuanbr m MeTOIBI

ObbexToM neegaenoBanmnAa ABJIAJINCH MeJIaH -
HOBBIC [IUTMEHTHI, IToJIyYeHHbIe U3 IIJIOJOBbIX TeJt

rpubOB, BHI3BIBAIOIIX OYPYIO 'HIIb IPEBECUHBI —
TPyTOBHKA ORaiiMaénnoro (Fomitopsis pinicola
(Sw.) P. Karst.), n 6eyto ranib — TpPYyTOBUKOB
nacrosiiiero (Fomes fomentarius (1..) J.J. Kickx),
mnockoro (Ganoderma applanatum (Pers.) Pat.),
noskuoro (Phellinus igniarius (1..) Quel.) my6o-
Boro noskuoro (Phellinus robustus (P. Karst.)
Bourdotet Galzin), a Takske crepuabHOiT GOPMBI
TPYTOBUKA cKoTeHHOTO, yarn (/nonotus obliquus
(Pers.: Fr.). MerannnoBbie TUTMEeHTHI TTOJIY YN
110 paHee oNKUCcaHHON MeTofnKe 6, 7].
CrnerTpodoromerpudyeckne naMepeHus
nposoauan Ha «Cary 50 Bio» (ABcrpanmus).
WccnenoBanusi 5/1eKTPOHHOTO TTapaMarHeTn3ma
ocyIIecTBIsIN Ha criekTpoMerpe « VarianE-112»
(CIITA). Jlst pacuéra g-akTopoB NCTONH30BATN
B Kauectse arasiona Mn?* B mopomike MgO [3, 6].
Tepmorpasumerpuueckuii ananns (JICK)
nposoauan na «TA — 4000 Mettler Toledo»
([Beftmapust). VIsmepenust BBITIOTHSIIA B MHTEP-
Baste remmiepatyp 20—600 °C B armocdepe Bo3ryxa
npu cropoctn Harpesa d °C/MuH. JHEPTUIo aKTH -
Baruu orpesiesisin 1mo ypasuenuio bpoiino [12].
CeaswerBanne nonos TM anerara Pb?*, Cd?*,
Cu?, Co*, Zn*" MejanmuaMu MPOBOJMIN T10-
TEHIMOMETPUYECKIUM TUTPOBAHUEM B TPEX I10-
BropHocTsX. OrnpeiesieHne KOJIM4ecTBa MeHTPOB
CBsI3BIBAHIS MeJIAHITHAMI NOHOB PA3JIMYHbBIX Me-
TasoB posoaman mo metoxy Creraappal3, 11].
NccenenoBanue in vivo sHTePOCOPOIMOH-
HBIX CBOIICTB MEJIAHUHOB TPOBOMMIN HA OEJTbIX
0ecIOPOHBIX MbIIIAaxX cpeaHeil Mmaccoit 15 r.
B raskmom omnbite menonb3oBain 40 sKUBOTHBIX.
RoHTponbHBIM JKUBOTHBIM BHYTPUIREIYTOUHO
seozuan pacrsop CdCl, B nose JI/I = 94 mr/kr
umn CuCl, 8 pose JIJI, = 200 mr/kr. Onbitabivm
JKIBOTHBIM TI0CJIe BBEJIEHUsI PACTBOPOB MOHOB
MeTaJIJIOB, BHYTPUIKETY/I0YHO BBOJIIIN PACTBOP
MesiaHuHa u3 I. obliquus B pasimyHBIX J103aX.
Cratuctnueckyio o6paboOTRY pes3yabTaToB Mpo-
BOJUIJIN CTAHIAPTHBIMI METOJIaMU ¢ MCII0JIb30-
Bannem mmporpammbl EXCEL.

Pesyabrarel n 00cy:kaenue

HOJIy‘{eHI/Ie MEJAHMHOBBIX ITUTI'MEHTOB.
Menanunbl I‘pI/I6OB ITPOYHO CBA3aHbI C XUTU-
HOM 1 6eJIKaMI/I, 4TO JieJlaeT HeBO3MOKHBIM MNX
[MOJTHOE M3BJIeUeHNe U3 KJIeTKN 0e3 n3MeHeHus
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CTPYKRTYPHO-QYHKIIMOHATBHBIX CBOMCTB [0, 9,
10]. Mcnonb3oBamne npepjioseHHoON MeTo MK
BBIJIEJIEHUST MEJIAHUHOB TTO3BOJIUJIO TTOJYUNThH
MPUPOJHBIE TTUTMEHTHI ¢ COXPAHEHMEM MX Ha-
TUBHON CTPYKTYPBI. BBIXOBI METAHNHOB, TTOJTY-
YEHHBIE BHITTIEOTTCATHBIM CTTOCODOOM, COCTABILIII:
Ph. igniarius (cobpanHbie ¢ MAHBYKYPCKOTO
opexa) — 1,6—-1,7%, Ph. robustus (ny6) — 1,0%,
G. applanatum (ocuna) — 5—-6%, F. fomentarius
(6epésa) — 7-8%, F. pinicola (exn) — 9—13%,
1. obliquus (6epésa) — 12—-17%. Upentudnra-
1O BBIJIEIEHHBIX TATMEHTOB ITPOBOJINJIN 110 TPa-
MUIMOHHON cXeMe, BKIOYAIONeil KOMIIeKCHOe
nceyeloBaHme NX PaCTBOPUMOCTH, KA4eCTBeHHbIX
peaxIuii Ha XUHOHBI U (PEHOJbBI, DITEMEHTHOTO
COCTaBa, CIIEKTPAJIbLHBIX CBOICTB [2].
CopOrnmonnas 6MKOCTh MCCICTOBAHHBIX
MEJIAHUHOB TI0 OTHONMIEHNIO K MOHAM CBUHIA.
B pesynnrate moreHIImOMeTPIIECKOTO THTPOBA-
HTA TOTYICHHBIX MEJTAHITHOB aleTaTtoM CBIHIA
mokasamno, uro 1 MT MegammWHa W3 TPYTOBUKA
Jgoskuoro pgyoosoro cssaspiaer 0,17+£0,07 mr
Pb?*; u3 tpyrosuka somuoro — 0,17+0,07 mr; us
TpyroBuka okaimiaénuoro — 0,12+£0,06 mr; u3
tpyrosuka miaockoro — 0,11£0,04 mr; us rpyro-
Bura Hacrosiiero — 0,11+0,03 mr; us TpyroBuka
crorrennoro, yarn — 0,10+0,03 mr. 9pperrtnn-
HOCTH KOMILIeKcooOpaszoBanms nonos Pb*" ¢
MeJTaHUHAMI PA3IMIHOTO TTPOUCXOKICHIS CBA-
3ama ¢ 0CODCHHOCTAMI NX PUBMKO-XUMIUCCKIX
CBOMCTB: MOJERYJISIPHON Maccol, DIeMeHTHLIM
COCTABOM, COMTePsRATTeM KapOOKCIITLHBIX 1 Kap-

OOHWJIHHBIX IPYIII, HATUYMEM TTapaMarHuTHBIX
nenrpon (IIMIL) [6, 7].

I[lapamarauTHbIe cBOlicTBA XeJaTHBIX
KOMILIEKCOB MeJaHMHOB. XapaKkTepHOil 0co-
OEHHOCTBIO MEJIAHNHOBBIX TIUTMEHTOB SIBJISIETCS
mapamaraernsm |13]. Kommaekcoobpasosamme
MCCIeNOBANNLIX MeJdannnos ¢ momamum TM
npuBoput K pocry koimmdecrsa [IMI] (radn. 1).
B pesyabrate Takoro B3amMoeiicTBIs B MOJie-
KyJIaX MeJaHUHOBBIX MUTMEHTOB TTPOUCXOJUT
nepepacipejiesieHne dJIeKTPOHHOT TIIIOTHOCTH 1
obpaszoBanue 6oJyiee cTabUILHBIX CTPYKRTYP [ 14].
Haubosiee mmpoutoe B3anmopeiicTBue ¢ moHaMu
Pb* xapakrepHo [Jisi MeJIAHWHOB U3 TPYTOBUKA
HACTOSAIIEro, 4aru u TPYTOBUKA JIOFKHOTO.

RoauuecrBo 1eHTPOB cBA3BIBAHNA MeTA-
J0B B Mestanune yarn. [lo pesysibraram norenim-
OMeTpUYecKOro TuTpoBanms Mmerogom Crerdapra
OTIpeJIeJIeHO KOJMYeCTBO IEHTPOB CBA3LIBAHUS
mestanuaom u3 yarn nonos Cd* u Zn?*, koropoe
COCTAaBUIIO 2D TIEHTPOB (pucC.).

TepmorpaBuMeTpuYecKii aHAIU3 Xe-
JaTHBIX KoMiiekcoB Mexanuna ¢ Pb* . llpu
nuposuze or 20 °C o 600 °C xemaTHBIX KOM-
IeKcoB Mesaanunos ¢ Pb?" mpoucxoaur cupur
MaKRCUMyMa TepMuieckoro pasioskenus ¢ 410 °C
s Mmenanuna 1o 470 °C ux komiuiekcos. Bsau-
MojieiicTBIe MeJlaHnHOB ¢ nonamu TM mpuBopuT
K YBEJMYEHUIO SHEPIruu aKTUBAIUKI ITUX KOM-
IJIeKCOB, KoTopas s Pb* -mMenanmn cocrasiisier
307 wJlk/Monb, a /st UX MeXaHUYeCKON cMme-
cu — 80-82 k/I:r/Mouib. 10 cBUETENBCTBYET 00

Ta6auma 1 / Table 1

Xaparrepuctuka IIIP curHaIOB KOMIITIEKCOB MEJTAHUHOB 113 TPYTOBUKOB CO CBUHIIOM
Characterization of the EPR signals of melanin complexes from tinder fungi with plumbum

Nerounnk menannua, cybeTpar nponspacraHms AH, T'c g-axrop [IMI1, 107 crrm /v
rpuba, Komiuiexe ¢ Ph?* AH, G g-factor PMC, 10" spin/g
Source of melanin, substrate for supporting
fungal growth, complex with Pb?*
1. obliquus, 6epésa / birchtree 2,9 2,0042 4,0
Pb?*-memannm / Pb*-melanin 12,0 2.0010 102,0
Ph. igniarius, opex MaHLIRYPCKUTT / 5.5 20043 16.0
Manchurian walnut ' ' ’
Ph?*-menanun / Ph?*-melanin 12,0 2.0016 43,0
G. applanatum, ocuua /aspen 6,3 2,0045 9,0
Ph**-menanun / Pb**-melanin 11,0 2,0021 19,3
Ph. robustus, ny6 / oaklree 6,0 2,0043 5,0
Pb*-menanun / Pb*-melanin 13,5 2,0004% 14,9
F. fomentarius, 6epésa / birchtree 6,0 2,0043 6,0
Pb?*-menanun / Pb**-melanin 10,3 2,0009 97
F. pinicola, env / spruce 6,0 2,0042 3,0
Pb*-menanun / Pb**-melanin 11,0 2,0028 41

80
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s PeRTUBHOM ITpoIiecce B3aNMO/IeiCTBI Mesia-
nunos ¢ TM u obpasoBanum TepmMocTaduIbLHOTO
KOMTLTEKCA.

PacrBopenne xeqaTHbIX KOMILJIEKCOB Me-
JaHUHOB ¢ MeTajtamu. [lpu B3anmopeiicTBun
MCCTIelyeMbIX MeslannuoB ¢ monamu Pbh**, Cd*,
Cu**, Zn*' B TOUKe 9KBUBAJEHTHOCTH TPOUCXOJUT
arperaiusi KOMIIJIEKCOB U UX COOCAaKJIeHUeE.
Arperaiiusi MeJlaHUHA B KOMILJIEKCe ¢ MeTa/lJIOM
1 BbITIAJIEHIIE eT0 B 0CAIOK HAYITHATCSI HA KOHeY -
HOTI cTajiuu TUTPOBaHUsI, Kora 3HaveHne pH we
mensiercs. [lo cocodbroctn JJITA pacrBopsaTh
MOJIYUeHHBII 0caj0K Obljla nccjefoBaHa yeToi-
YUBOCTH 00PABYIOMIIXCS KOMILIEKCOB MeJIaHITH-
merasn [15]. Jlobasnenne IJITA B RoHeunoi
rkounenrpanun 1 ¢ 107 Mon/n1 K cycnensun
XeJATHOr0 KOMILIeKCa MeJaHnHa us yaru ¢ Zn>
MPOMCXO/IUT eT0 pacTBOpeHue; sl KOMILIeK-
coB Cd**-MelaHUH ero KOHIIEHTPAIIA COCTAB-
aser 2,3 ¢ 107 mosn/n; s Pb* -menanun —
3,0 « 10" monn/m; pasa Cu®*-menannn —

4,9 * 10 "mounn /1. [t paspymienust KoMIieKca
MeTasI-MeJaHUH HeOOXO/MMO Pa3InaHOe KOJI-
yectBO /[ TA, ®Roropoe B 10—-30 pas mpesbitaer
KOJIMYeCTBO MeJIAaHNHA 1 BO3pacTaer B PsjLy no-
nos Zn** — Cd** — Pb*" — Cu*".

JHTEPOCOPOIMOHHBIE CBOIICTBA MeJIaHITHA.
CrocobHOCTL METAHMHOBBIX TTHTMEHTOB CBSI-
3piBaTh pasinunbie TM co3paér mpepinochlikm
X TPAKTHYECKOTO MCITOIb30BAHNS B KA4eCTBE
surepocopbenra. Memanun us yaru odpasyer
npounbie KoMmiaekeol ¢ nonamu Cd** u Cu?*
1 ¢TI0CO0EH CHIKATH MX TOKCHYECKOe JIeHCTRIe.
Rax Buytio n3 radauisl 2, 1pu cCOBMECTHOM BBe-
nennn CdCL, B nose, papuoit JIJI n menanmnna us
vyarn B o3e 1000 MT/Kr BBI3KNBaEMOCTh MbITIIETN
yBesmmunBaiach Ha 30%.

Jlast cHUKeHUsT TOKCUYEeCKOTo JIeilCTBU S
CdCl, mo 80% srimmBaemoct TpeGoBanoch
BBeJleHNEe 3HAYNTEIbHO OOJIBINET0 KOJNYecTBa
MeJIaHHA, 9eM ITPU WHTORCUKATTNT CuClz. ITpu
BHYTPUKETYIOUHOM BBEJICHU I MBITTIAM XJIOPH/IA
meau B gose 200 mr/xr (JIJ1,)) 1 menannna us
garu B o3e 180 Mr/Kr mMacchl yepes CyTKH 110-
610 He Gomee 10% KMBOTHBIX, a TIPU BBeJe-
nunm xaopuaa kagmus (100 mr/kr) u Mesannna
(200 mr/kr) — 20%.

3arioueHue

Takum oOpazom, moaydeHHbIE Pe3yabTaThl
CBUJIETEJILCTBYIOT O TOM, YTO B3AMMO/IEIICTBIIE Me-
JAHWHOB ¢ PA3TNYHBIMI META/LIAMU TPUBOIUT K
arperarnuy MIUTMEeHTOB 1 BBITIJIEHIIO X B OCAJIOK.
ObpasoBasimecs XeaaTHble KOMIIZIEKCHI MeJTaHi-
HOB ¢ METJIJTaMI MOTYT OBITH Pa3pyIeHbl ITyTéM
MoOaBAEHNST M3BECTHOTO XeJaTopa MeTajyioB —
IJITA. Jlns paspyiienuss KOMILIEKCA MeTaJL-
MeJJAaHUH HeoOXO[MMO pasjndHoe KOJMYecTBO
IJITA, roropoe B 10—-30 pa3 npesbiraer KoJi-

Tadmuma 2 / Table 2

BoizkuBaeMocTh MbIIIei TP COBMECTHOM BHYTPUIREIY0YHOM BBEJIEHUN COJIell MEeTaJIJIOB U MeJlaHnHa 13
yaru / The survival rate of mice with the joint intragastric administration of metal salts and melanin from
the chaga mushroom

R -
Beopumast noza / Administered dose ’I]‘B}f:i?f:\i?;i) fi’jﬁ??ﬁ;y g;)

CdCl, 94 mr/xr (JI]1,)) / CdCL, 94 mg/kg (LD, ) 20+2

CdCl, 94 mr/xr + menanun 200 mr/kr 60+3

CdCl, 94 mg/kg + melanin 200 mg/kg

CdCl, 94 mr/xr + menanun 1000 mr/kr 80+4

CdCl, 94 mg/kg + melanin 1000 mg/kg

CuCl, 200 mr/xr (JI1,) / CuCl, 200 mg/kg (LD,)) 20+1

CuClL, 200 mr/kr + menannn 90 mr/Kr 70+3

CuCl, 200 mg/kg + melanin 90 mg/kg

CuCl, 200 mr/kr + menannn 360 mr/Kr 100

CuCl, 200 mg/kg + melanin 360 mg/kg
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YecTBO MeJIaHWHA U BO3pacraer B psy MOHOB
Zn** — Cd** — Pb*— Cu?'. Ha ocuoBanumn mo-
JYUYeHHBIX Pe3yJIbTaToB ObLIO OIpeiesieHo, U4To
B MOJIEKYJIe MeJIJAaHUHOB nMeeTcsi 25 IeHTPOB
cBsi3biBaHusI ¢ Merasiamu. [Ipu B3aumopeiicrsun
MeJAHUHOBBIX TTUTMEHTOB ¢ MOHAMU TSHKETbIX
MeTaJIJIOB MPUHUMAIOT ydacTue cBOOOHOpaI-
KaJIbHbIe MOHOMEPHI (PeHOKCUIBHON 1 OeH30-
cemuxuuonnoit npuponsl [11]. IlpoBeaénnnie
nceaepopanus Mexanusma copouun TM mena-
HUHAMU PsAJa epeBopa3pymaiomux rpudos
CO3MIAI0T MPEeATTOCHLTKI [T MX MPaKTHYecKoTo
NCITOJIb30BAHNS B KAUecTBe YHTePOCOPOEHTOB.

References

1. Sazanova K.V., Velikova V.D., Stolyarova N.V.
Accumulation of heavy metals by mushrooms. Ecologi-
cal and species specificity, accumulation mechanisms,
potential danger to humans // Toxicologiya. 2017. V. 18.
P.336-361 (in Russian).

2. Shirokikh A.A., Popyvanov D.V., Shirokikh [.G.
Biosorption of Ph(Il), Zn(Il) and Cu(Il) from aqueous
solutions by Trametes versicolor mycelium // Theoretical
and Applied Ecology. 2017. No. 2. P.98—-105 (in Russian).
doi: 10.25750/1995-4301-2017-2-098-105

3. Felix C.C., Hyde J.S., Sarna T., Sealy R.C. Interac-
tions of melanin with metal ions. Electron spin resonance
evidence for chelate complexes of metal ions with free
radicals // Journal of the American Chemical Society. 1978.
V. 100. No. 12. P. 3922-3926.

4. Pandey K.K., Pitman A.J. FTIR studies of the
changes in wood chemistry following decay by brown-rot
and white-rot fungi // International biodeterioration & bio-
degradation. 2003. V. 52. No. 3. P. 151-160. doi: 10.1016/
S0964-8305(03)00052-0

5. Zjawiony J.K. Biologically active compounds from
Aphyllophorales (polypore) fungi // Journal of natural
products. 2004. V. 67. No. 2. P. 300-310.

6. Sushinskaya N.V., Kukulyanskaya T.A., Kurch-
enko V.P., Shostak ..M. Physico-chemical properties and
the production of melanins from basidiomycetes // Trudy
BGTU. 2004. No. 12. P. 193-196 (in Russian).

7. Bakulin A.V., Kurchenko V.P., Sushinskaya N.V.,
Azarko L.I., Varlamov V.P. Physical and chemical charac-
teristics of chitosan-melanin complexes // Trudy BGU.
2009. V. 4. No. 2. P. 290-297 (in Russian).

8. Cui Y., Kim D.S., Park K.C.Antioxidant effect ofI-
nonotus obliquus //Journal of Ethnopharmacology. 2005.
V. 96. No. 1-2. P. 79-85.

9. Nosanchuk J.D., Stark R.E., Casadevall A. Fun-
gal melanin: what do we know about structure // Fron-
tiers in Microbiology 2015. V. 6. P. 1463. doi: 10.3389/
fmich.2015.01463

10. KadriT., Rouissi T., Brar S.K., Cledon M., Sarma S.,
Verma M. Biodegradation of polycyclic aromatic hydrocar-
bons (PAHs) by fungal enzymes: A review // J. Environ.
Sci. 2017. V.51 (1). P.52-74. doi: 10.1016 /j.jes.2016.08.023

11. Senyuk O., Gorovoj L., Zhidkov A., Kovalyov V.,
Palamar L., Kurchenko V., Kurchenko N., Schroeder H.-Ch.
Genome protection properties of the chitin-containing
preparation Micoton // Advances in chitin science. 2005.
V. 8. P.430-434.

12. Sushinskaya N.V., Kurchenko V.P., Shostak L. M.
The use of thermal analysis in the study of melanins // Bi-
okhimiya: sb. nauch. trudov BGU. Minsk: Izd-vo RIVSH,
2004. P. 111-115 (in Russian).

13. Enochs W.S., Nilges M.J., Swartz H.M. A stand-
ardized test for the identification and characterization of
melanins using electron paramagnetic resonance (EPR)
spectroscopy // Pigment Cell. Res. 1993. No. 6. P. 91-99.

14. Buszman E., Pilawa B., Zdybel M. EPR examina-
tion of Zn* and Cu?** effect on free radicals in DOPA-mel-
anin-netilmicin complexes // Chemical Physics Letters.
2005. V. 403. No. 1-3. P. 22-28.

15. Liu Y., Hong L., Kempf V.R. Ton-exchange and
adsorption of Fe(III) by Sepia melanin // Pigment cell
research. 2004. V. 17. No. 3. P. 262-269.

87

Teopernueckasi n npuriaagnas sxoaorms. 2019. Ne 4 / Theoretical and Applied Ecology. 2019. No. 4




XNMUA IMPUPOAHBIX CPEJL 1 OBBERTOB

YR 630%182:630%233:622.362.3.012.3(470.1) doi: 10.25750/1995-4301-2019-4-088-094

@opmupoBanue NPATYH/IPOBBIX JIECOB
HA Kapbepax CTPONTENbHBIX MATePHAIOB

© 2019. U. A. JInxanosa, K. 0. H., H. C.,

I'. B. sKenesnosa, 1. 6. u., B. 0. ¢, T. H. IIbictuna, k. 6. 1., c. 1. c.,

E. M. JlanreBa, K. 0. H., BpHO 3aB. OTJ{€JI0M HOYBOBE/[€HIISI,

WNueruryr 6nonorun Komu nayunoro nenrpa Ypanbckoro oraenennst PAH,
167982, Poccus, 1. CoikroiBRap, ya. Rommynncrnuecras, ji. 28,

e-mail: likhanova@ib.komisc.ru

[TpoBenén ananua BOCCTAHOBIEHNA PACTUTEIHHOCTH I TOYB HA TIECUAHBIX 1 CYIIeCYaHbIX Kapbepax KpaiiHeceBepHOil
raiiru (mpuTyHapoBas 3oua). BeisgBieno, 4To, HecMOTPs Ha 3HAYNTENBHBIN OTHAJL 1 3aMEJJIEHHBIN POCT JIECHBIX RYJILTY],
UX TTOCAKA TOJKHA OBITH 00513aTeTbHBIM MEPOIIPUATIHEM P PEKYIBTHBAINN HAPYIIEHHBIX 36MeJIb, TOCKOIBKY B IIePBbIe
TPU JIECATHIIETHH CAMOBOCCTAHOBUTEILHON CyKIleccnn (DHI0DKOTeHe3) BO30OHOBIEHNE JIPEBECHOTO APYyca 13 XBOMHBIX
OPOJ| Ha JEIKHUX 110 MPAHYIOMETPUYECKOMY cOCTaBy cyberparax jgubo oTcyTeTByer, 6o HeypoBiersopurensuo. Ha
Y4acTKaX YIPaBIsgeMoil CyKIleccun (JlecHast PeKYJIBTIBAINST) OTMeUYeHbI, 110 CPABHEHUIO ¢ CAMOBOCCTAHOBINBAIOINMICS
TEPPUTOPUAMHE, YBeJINYeHIe BU0BOro 6oraTctBa (hUTONEHO30B 1 aKTHBHOCTH BHEJPUBIINXCA BU0B. Britouenne B
KOMIIJIEKC JIECHOIT PeRYJIBTUBAIINI MEPOIIPUSATHIL 110 yaryuteHno cyberpara (BHeceHue Topda) cynecTBeHHO Yeuanpaer
stn renstentni. [locajgka mecHbIX RYyJIBTYp 6€3 OMOTHNUTETHHBIX arPOITPUEMOB B YCJIOBHSAX TEXHOTEHHBIX MECTOOONTAHITT
NPUTYHPOBOIT 30HbI MeHee dPdeKTuBHa, B CBA3M ¢ HUZKOI cpefoo0pasyiolieil poibio IPeBeCHBIX pacTeHnil B epBbie
JeCATUIIETHA T10C/Ie TOCAJIKN.

Kawuessie crosa: kpaitnecesepras raiira, Kapbepbl, lecyanble 1 cylecyanble cyOcTpaThl, CyKIeccus, JecHas
PERYJIBTHBATHS.

Formation of near-tundra forests on open pit mines
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The restoration of vegetation and soils on open pit mines has been comparatively analyzed for the third decade of
self-restored (endoecogenesis) and managed (forest recultivation) successions. The study materials are located in the
Usinsk region of the Komi Republic in the far north taiga subzone (near-tundra area). The results include 52 geobotanical
descriptions at sites of 100 m?, as well as information on the occurrence and the partial activity of species. The cultures
of Pinus sylvestris and Picea obovata have been examined; the agrochemical analysis of soils and grounds has been done.
The forest recultivation forms tree layer of Va quality class coniferous species. The conservation degree is 0-60%), den-
sity — 0—3 thousand units/ha. The death causes normally are unfavorable substrate properties (poor or low-moisture
substrate, contrast temperature regime) or fungal diseases like pine-leaf cast. Ground cover is dominated by typical
technogenic species. We observe the appearance of newly formed species with a differentiated organic-accumulative
horizon. Though forest cultures are marked through a low environment-forming role in first decade after planting, we
evidence the increase in species abundance of phytocenoses and in cenotic activity of invader species, as well as intensive
soil formation processes at the forest recultivation sites in contrast with the self-restored sites. The importance of pine
and spruce planting is vivid through an unsatisfactory (less than 0.2 thousand units/ha) self-restoration of conifers on
sandy and sandy loam pit mines of the near-tundra zone.

Keywords: far north taiga, open pit mines, sandy and sandy loam substrates, succession, forest recultivation.
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Pocr anTpomorenHoOT0 BO3/€IiCTBIS Ha TaésK-
HBIe PETHOHBI B CBSI3M ¢ IOOBIYeTT TT0Je3HbIX NC-
KOTIaeMbIX I HeYRJIOHHOe yBeJndeHue IJIo1a-
N HApYIIeHHBIX 3eMesib TPeOYIoT pazpaboTKu
3PPERTUBHBIX METOIOB JIECHOI PERYJILTHBAT[NN
[1, 2]. Jliss BoccraHOBIEHMSI DKOCUCTEM HA Ma-
JIOTIPOJLYKTUBHBIX TeCUaHbIX TPYHTAaX Tpedyer-
Cs1 BHAUUTENbHBIN Tepuoy Bpemern [3]. Jumo-
HKOTEHEe3 BATOPMOYREH B CBSIZU € MOJIBEPIREHHO-
CTHIO WX HPO3UH, KOHTPACTHOCTHIO TeMIIepaTyp
IIOBEPXHOCTHOTO CJIOSI, HU3KOI BJIArOéMKOCTHIO
7 He3HAUNTEILHBIM COJlepPsKaHneM 2JIeMeHTOB -
rauus. Coueranie dTNX YCIOBUI ¢ CyPOBBIM KJITI-
MaToM 00YCJIOBINBAET MeJ[JIeHHOe BOCCTAHOBIIE-
HIe JIECHBIX DKOCUCTEM Ha TePPUTOPUN KpaliHe-
ceBepHoOil Taiiru [4]. Yeroputh ux opmMupona-
HIe MOYKHO MPUEMaMU CO3/IaHNS JIECHBIX KYJIb-
Typ. OftHaRO0 0COGEHHOCTH JIECHOIT PeRYJIBTIBA-
I TEXHOTEHHBIX TIeCUYaHBbIX 'PYHTOB B OMORJIN-
MaTHYeCRIUX YCTOBUAX TAEKHOI 30HbBI [KBpoTIeii-
croro GeBepa paccMOTpeHbI HeJloCTaTOuHO [J].

lleas paborsr — oneHnth 3(hPeKTHBHOCTD
JeCHON PeRyJBTUBAINN MecYanblX 1 cylecya-
HBIX KaphepoB Ha TEPPUTOPUN KpaiiHeceBepHOil
TalTH eBPOIENCROTO ceBepo-BocToKa Pocenn
¢ IpUMeHeHeM TPUEMOB YIIydIlleHus cyocTpa-
Ta 1 6e3 HUX.

Marepuaiinl 1 MeTO/IbI UCCTETOBAHIIT

OO0 BeKTH NCCAeOBAHNS PACIIOTOKEHB B
Ycuncrom paiione Pecnybiukn Komu. Pac-

cMaTpuBaemMasi TeppuTopus oTHocuTes K Jlasi-
Anzsunckomy okpyry lledopcroit mecopacru-
TeJbHON mpoBuHIKn Bocrouno-KBporeiickoii
HpuTyHpoBoit obnactu [6]. 3neck mpeobana-
0T PEIKOCTOIHBIE eJI0BbIe U eJI0BO-0epé3oBbie
meca (comrmyroceth Kpow 0,3—0,5, BbicoTa mepe-
BbeB 8—15 M, 6onuter Va). Ha meckax u cyne-
CSIX TIPOMBPACTAIOT KAK COCHSKM, TAK 1 eJIbHUKI.
[TouBeHHbIII TOKPOB IIPEJICTABIEH COYCTAHMSIMI
10/130J10B 1 TOPQAHO-TIO/I3010B NJLTIOBUAJIBHO-
IYMYCOBO-JKeJIe3UCThIX.

B 2008—-2013 rr. obcaeoBanbl 6 yuacTkoB
Ha TePpPUTOPUU TPEX Kapbepon moiajabio 30
(rapbep 8),15 (17) m50 (11) ra (raba. 1). Paspa-
0oTry Kaphepos 3asepruan B 1983 (kapoep 17),
1985 (8) mw 1987 (11) rr. PacturenbHbiil TOKPOB
BOJI3U KAPbEPOB MPEJICTABIIeH eJIbHUKAMU 3616~
HoMoITHBIMY man goaromorasivi (DE2JI12B1C,
7TE3B, Beicora 13 m, 3ammac 80 m*/ra, 6ornnrer Va)
" COCHSIKAMU JIMTITAHIKOBO-3€IEHOMOTITHBIMI
(4C3JI2E1B, Boicora 11 wm, 3amac 70 m*/ra, 60-
nurer Va). [lecuannie cyberparsl KapbepoB 8 u
17 omropoaust to tiyouse 1 M. B kapwepe 11 cy-
Hecyanble OTIOKEH U TOJICTIIATOTCS ¢ TIIYOUHbI
0,2-0,5 m ieckamu, 16O TTECUaAHO-TPABUITHBIM I
nopopgamu. TexHU4YecKnit aran peryJIbTHBAIIN
3aKJIOYAJICS B TJIAHUPOBKE IIOBEPXHOCTH. Y4acT-
& 1 m 2 ocraBusin Ha camosapacranme. Ha yuacr-
Kax 3—06 mposesin GOTOrIMYeCKIT aTal, KOTOPbIit
BRITIOYAT TOCATRY | —3-TeTHNX ceanmen XBOUMBIX
TTOPOJL ¢ OTKPBITO KOPHEBOIT CMCTEMOIA, & TAKKe
qepeHKoB MBHI (Tabs. 1). YayudineHnne cBoiicTB

Ta6auma 1 / Table 1

Xaparrepuctika oocieoBaHHbIX yuacTkoB / Description of the study sites

Yuaacror Rapwep Cyb6erpar [Tromanm Fop mocagku | [locagoumbiit marepuas/rycrora
Site Open pit | Substrate” yuactka, ra | Planting year MOCAJIKY, IIT./Ta
mine Area, ha Planting material /planting
density, units/ha
Yuacrru camosapacranusi / Self-restored sites
1 8 3-6 18 - -
2 1 13-15 20 - -
YaacTKI ¢ TOCaIROI JTeCHBIX KYIBTYD 63 yaydrmeHus cyocrpara
Sites with planted forest cultures without substrate improvement
3 8 3.6 9 1991 (Sa.li.r)** . Salix sp. /_50()0
2001 (Pinus) Pinus sylvestris / 2200
4 17 3-6 15 1985 P. sylvestris / 5000
) 11 15-14 30 1992 Picea obovata / 4000
Y4acToK ¢ I0CA/|KOT JIECHBIX KYJIBTYP ¢ IIpejiBapuTe/IbHbIM BHeceHneM ropga
Site with planted forest cultures and previous peat application
6 3 3.6 10 1990 (PL.Y.LLL.S') P. sylvestris / 5000
1991 (Picea) P. obovata / 4500

THpumewarnue: ™ — codeprcanue wacmuy < 0,01 mm, % 6 sepxunem caoe cybempama; ™

s

— 6 ckoOKax Yyrasana

suLCaNncennas 6 danublil 200 nopoda; «—» — NOCAOKA ACCHBLL KYAbIMYP He NPOU3EOJULAC.
Note: ™ — content of particles < 0.01 mm, % in the upper substrate layer; ™ — brackets indicale a tree species

“w o »

planted in the corresponding year; — no planting.
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cybcrpara (HaHeceHme caosi TOpdha MOTITHOCTHIO
O €M) BBITIOJIHIIIN TOJILKO Ha yuacTke 6 B 1990 1.

Beimonauan 52 reoboraHMYecKnX omnmca-
HUSI PACTUTEIbHBIX COODIIECTB KAPbepOoB Ha 1110~
magkax B 100 M2 ¢ OLeHKOI COCTOSAHUS JIeCHBIX
Kynbryp. s Kaskmoro m3 oTMedeHHBIX BU/OB
pacTeHnil W JINTTANHUKOB OTPeJeJAIn BeTpe-
4aeMOCTh U PACCUYUTHIBAIN MAPIUATBHYIO aK-
TUBHOCTH BUIOB (TTPOU3BEJIEHIE BCTPEUaeMOCTI
BUjla Ha cpejiHee mpoekTuBHOe Mokpwite (IT1T)
BUJIA HA IPOOHBIX IJIOMIAMAX ) . ATPOXUMUYCCKUI
aHaJIM3 TTOYB 1 TOYBOTPYHTOB TTPOBOJIMJIN 10 00-
menpuHATHIM MeTofuram [7]. O6pasipr pacre-
HUI 1 auinaiHukoB xpansares B Y HY «Hayu-
Hblil repoapuit uacturyra 6nonornn Romu HIJ
¥pO PAH (SYKO)».

Pesyabrarel n o0cy:Kknenme

Ha rapbepax ormeueno 115 Bumos cocy-
AUCTHIX pactennit (tTabma. 2), 4To cocraBiser
32% mowranproit gaopur Ycenncka [8]. Tlpeoo-
najaiomue cemeiicrsa — Poaceae (17 Bujon),
Asteraceae (15), Cyperaceae (11), Salicaceae
(10), Ericaceae (9). 1o cpaBHenuio ¢ JoKaib-
HOIT (DJIOPOIT HAPYIITUJICS TOPSOK Pa3MeleHust
MeCT MeRILY BeLYIIIUMI CeMelicTBaMI HIT3Ke TPEX
MepPBbIX, YMEHBIINIACH J[0JISI OJ[HO-IBYJIETHUX
pacrernii (¢ 12 no 8%) u yBesumuuiach — mgepe-
BAHUCTHIX BUIOB (¢ 14 10 26%). B coobmmecrBax
Kapbepos mpeobaagaior gecubie Bumnbl (41%),
HUZKE TPOIEHT yUacTHsi DOJIOTHBIX U ITPUOPEIKHO-
BOIHBIX (26%), myrowix (16%), copHO-TYyTrOBBIX
(11%), copubix (3%). Ha yuacrkax orMeueHsr 33
BUJIA JINCTOCTCOCIBIBIX MX0B, 31 BuI AnIrainm-
KOB. YJyulieHue cyoCcTpaTHBIX YCIOBUIT B ALY
MeCOK — cymech — 0TopoBaHHbIIT cybCTpaT CI10-
coOCTBOBAJIO YBEJIMUEHUIO 00IIer0 Yncya BUio0B
(rabi. 2).

OveHb HUBKAsT AKTUBHOCTH BHEJIPSIONUXCSI
BH/IOB OTMeYeHa Ha yuacTke 1, ocraBieHHOTO Ha

camosapacranue (tadJu. 3). K KoHiyy Tperbero
MeCATHIIOTHS DHI0ODKOTEeHe3a TepPUTopust Junbo
MOJHOCTHIO JINTIIEHA PACTUTETbHOTO MOKPOBA
u IpeJcTaBisier coboii mepeBruBaeMbie MecKiu,
nubo 3aHATA MMOHEPHBIMI coobIecTBAMI. Xa-
paKkTepHbI APO3NOHHBIE OBPATHU, HA JIHE KOTOPBIX
OTTMCAHBI UBHAKI MTYITNIHEBbIE.

[Tpu camosapacranuu cymecuanoro cyo-
crpara (ydactok 2) akRTMBHOCTH BUJOB BBIIIE
(Tabust. 3). 3nech orMeueHbI THOHEPHBIE CO00-
IecTBa, pa3pesKeHHble NBHAKN MBAaH-4aeBO-
MOJIeBOXBOIIEBbIE, NBHAKN 1 OePe3HsAKN pas-
HOTPABHO-JIYTOBOMSATANKOBBIE 1 Pa3HOTPABHO-
JIePHUCTOITYYKOBBIE. BbicoTa lepeBbeB 1 Kycrap-
nukos 1-2,5 m, rycrora — 1-5 toic. mir. /ra. Ko-
JIMYEeCTBO CAMOCEBA COCHBI I €11 He3HAYNTEeIHHO
(re 6osree 0,2 toic. mir. /ra) . Coobriecta hopmu-
PYIOT B OCHOBHOM BUJIbI, XapaKTepHbie /s Ha-
YaTbHBIX CTa/[NiT BOCCTAHOBUTEIHHBIX CYKIECCUI
[9—-12]. BupgoBast HachieHHOCTH COO0IIEeCTB CO-
crasysier D—15 sumos ma 100 Mm% Caegyer orme-
TUTD, uTO B Sanagnoil Cudoupu Ha mecuyanbix cyo-
cTpartax cpefiHell 1 ceBepHOI TaiiT (hpopMUpoBa-
HITe 3aMKHYTHIX (PUTOIEHO30B ¢ TOMUHIPOBAH-
em cocHbl mn 6epésnr (ootee ITI190% ) nabirio-
nanoch yske na 9—12 rr. caMmoBoccTaHOBUTE b-
HOTI cyKieccnn 9], Ha JpeHNPOBAHHBIX ITECKAX
B YCJOBUAX CeBEPHON TalTrM HECOMKHYTBIN €O-
cuosbiii puronenos (oomee I 5-15%) dop-
muposasics na 10—20 r. srgosrorenesa [10].

[Tocajika RyJabTyp COCHBI U eJin 0e3 yJyu-
meHnst cyoerpara crmocoberByer gopmmupona-
Huo apeBecHoro sipyca. Ha yuacrrax 3 u 4 sipyc
MpejicTaBieH TOALKO KyJbTypaMu, Ha y4acTKe
O — TakrsKke camMmoceBoM Oepésnl (Tadu. 3). Temmb
pocTa KyJIBTYP COCHBI M €Tl COOTBETCTBYIOT Va
raaccy oonurera (puc. 1), uro xapaxrepHo st
€CTeCTBEHHBIX MOJIOJIHAKOB B JIAHHBIX OMOKJIN-
MaTnvyecknx ycaoBusax [6]. CoxpaHHOCTH COCHBI
Ha J[peHUPOBAHHOM y4acTKe 3 HUKe, yeM Ha 60-
Jee BJIayKHOM ydacTke 4 (puc. 2). Ornaj XBoii-

Ta6aunma 2 / Table 2
Yucno Bujos na yuacrkax / Number of species at sites
Ipymmei/ Groups Yuacrok, Ne / Site, No. Bcero
1 2 3 4 ) 6 To:cal
)V (1) O | D | 9 | 9 | 52
Cocynucrbie pacreniisi / | iepeBbst / trees 2 8 4 6 9 8 9
Vascular plants . p
(Husnernan hopua / Rycrapuuru / shrubs 3 S 4 9 9 S 1
Living form): rycrapanukn / dwarf shrubs 1 5 3 4 5 9 9
TpaBbl MHOFOJIGTHMG/ G 514
perennial grasses 35 | 29 21 25 48 A4 m
TPaBBI OTHO-, IBYJICTHIE / .
annual and biennial grasses S 6 3 4 8 o 9
Mxu / Mosses 15 | 18 9 12 18 22 33
Jlnmaitnnru / Lichens b) 9 13 16 12 30 31

IHpumewanue/ Note: ¥ — uucao onucanuic / Amount of descriplions.
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Tadomuma 3 / Table 3
Bujibl, xaparrepusyoruecs: BHICOKOU BCTPEUaeMOCThIO UJIH /1 aKTHBHOCTHIO
Often-met or/and highly active species

Bup Berpeuaemocrs / Occurence ‘ Arrtusaoctsh / Activity
Species Yuacror, Ne / Site, No.
t 23415611 21314l]l51°%8
[lpeBecwusrii sipyc / Tree layer
Betula pubescens 011061] 02108 |07 1 02 44 | 07 16104 15,6
Larix sibirica 01]01]03]02 010900 0071|0500, 00| 85
Pinus sylvestris - 10110408 01)02]| — |00 ] 53 (206 0,0 0,0
Picea obovata - 10,11 0,1 — 07102 - 100,00 | - | 88| 21
Rycrapuurossiii sipyc / Shrubby layer
Salix phylicifolia 0210607107 107]08 04|18 ]| 83 |14 34104
S. dasyclados 0210207104 060402 04| 76 |1,1] 14 6,0
S. caprea 02104102106 06101025607 12]84]372
Tpassino-kycrapamakoBseiil sipyc / Grassy and dwarf shrubby layer
Chamaenerion angustifolium | 0,8 | 1,0 1 09 | 10 |10 ] 10 18106 14 109 [ 121] 7.2
FEquisetum arvense 06 10,06 06 | 10| 10 08| 20| 08 |0,3]| 3,0 1,0
Festuca ovina 0810808104 ,07,09 18|78 ] 23 12| 76200
Hieracium umbellatum 06 1060601 1]06]08 04| 12| 04 00] 33| 38
Solidago virgaurea - 106105102 ]06,09| -1021]02 00| 03] 3,1
Avenella flexuosa - 0210310901109 — 00| 01 |11 00 | 5,7
Deschampsia cespitosa 0110401 02| 0,6 1 00 1,4 ] 0,0 04| 66 | 2,4
Calamagrostis epigeios 021020406 04|02/ 10|04 18 02| 0,21 0,0
Vaccinium uliginosum - 101101 ,07 01,08 ]| — 1007|0014 00] 0,
Empetrum hermaphroditum - 0,1 - 0,7 1031 07 — 0,0 - 1,41 0,0 | 3,0
Tussilago farfara 011080201109 04 00,16 1| 05 00|64 ] 01
FEquisetum sylvaticum - 0201103103/ 08 - 00 ] 00 06| 01| 0,9
Poa pratensis 0,1 108 0,1 — 07109 00| 16 | 0,0 - 3,9 | 0,6
Vaccinium vitis-idaea 01,0101/ 06 |017]0700]007] 0002100/ 20
Hieracium altipes - 10,21 0,1 - 06 109 - ,01,00 ]| - 03] 3,1
Crepis tectorum 041020601 ,03]021]04| 06| 04 1]00] 0,11/ 0,0
Erigeron acris - - 0,1 - 0,6 | 0,8 - — 0,0 - 03 | 1,5
FEuphrasia frigida - 102101103]03,]07| —-1011]001]01]01] 04
Omalotheca sylvatica — - 101 - 0,3 1 — — 00| — 01| 25
Vaccinium myrtillus - 10,1 - 0310107 - 1|00 - 0,11 0,0 | 0,4
Agroslis lenuis 0,1 | 0,4 — 0203107 1]00]| 08 — 00 1,1 1] 15
Lycopodium annotinum - - - 0,4 - 107 | - - - 101 ] - 0,4
Carex ericetorum 0,4 - 0,6 | 0,1 - 0,2 | 0,1 - 0,5 | 0,0 - 0,0
Festuca rubra - - 01101 |04 04 — - 0,0 100/ 02 | 0,2
Rumex acetosella — - 0,2 | 0,2 - 0,6 — — 0,0 | 0,0 — 0,2
Arctostaphylos uva-ursi - — 0,1 | 0,1 — 0,8 — — 0,0 | 0,0 — 1,1
Orthilia secunda - - - — 0,1 0,7 - - — - 0,0 | 0,4
Antennaria dioica - - - 0,1 0,11 0,6 — - - 0,0 0,0 | 0,3
Andromeda polifolia - - - - - 0,7 | - - - - - 3,4
MoxoBo-numaiinnkosbiii sipyc / Mossy-lichen layer
Ceratodon purpureus 0,2 1061 0, 1 07109 10020,5]| 36 | 7,2|356| 2,7
Polytrichum piliferum 02, - 105108 101106 1|00 - 44 1621 03 | 4,2
P. juniperinum — - 105108 - 1 - - 0,5 |13,8] 0,0 | 36,2
Pleurozium schreberi — - 101103 1]04] 08| — — 00 (06| 0,1 | 1,8
Stereocaulon paschale 0,1 - 103104 ]03]02]00]| - 07 [ 1,6 0,1 ] 0,0
Bryum sp. 0106|0402 060400081 02 04| 15 0,1
Cladonia cornuta - 102102101103/ 08] -—100]011]00[011]05
C. arbuscula 01 ] - 1031 06 - 08 00| - 01 10,200 0,5
C. rangiferina 0,1 - 0,2 | 0,2 - 0,8 10,0 - 0,0 | 0,0 - 0,5
C. gracilis ssp. gracilis - - 0,1 | 0,3 - 0,7 - — 0,0 | 0,6 - 0,4
Brachythecium sp. - 0,2 - — 0,3 | 0,6 — 0,0 - - 0,11 0,3
Pelligera rufescens - 106 | - - 06 | 0,2 | — 4 — - 178 | 08

Ipumeuarue / Note: «—» — sud ne ommeuern / species not found.
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Puc. 1. [lunamura pocra rymabryp coctbl (A) u enu (B) na yuacrrax 3—6.
[Inrankamu morperrHoOCTH MOKAa3aHbl ITPAHUIIBI IOBEPUTEIbHOTO nHTepBasa mnpu p = 0,95
Fig. 1. The growth dynamics of pine (A) and spruce (B) cultures at sites 3—6.
Error bars show confidence limit on p = 0.95
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Puec. 2. ITpusuBaeMocTh/COXPAHHOCTD KYJIBTYD UBbI (
Fig. 2. The survival rate of willow (A), pine (B

HBIX MTOPOJI 00YCIOBJIEH He TOJILKO cyberpar-
HBIMI YCJOBUAMMI, HO U rpubHBIMEU 3aboseBa-
Husimn Trna nrorre. Ha yyactkax 3 m 9 cop-
MUPOBaH KYCTaPHUKOBBII SPYC, B TIEPBOM CJIy-
4yae — 10CAJIKOIl YepeHKOB 1B, BO BTOPOM — ca-
mMoceBoM. HarouBeHHBITI TOKPOB y4acTKOB 3 11 4
¢ TecuanbIMI cyberpaTramu (popMuUpyioT Herpe-
OoBaresibHbie K CyOCTPATHBIM YCJOBUSM MXU
(ITI120-30% ) ; posth coCyAMCTHIX pacTeHmil He3Ha-
yuresbia. Ha cymecn (yaacrok 5) chopmmponan
TpaBsiHo-Kycrapunukoswiit sipyc (1111 1o 40%);
[TIT MoxoBO-HUITTAITHNKOBOTO TTOKPOBA JIOCTHUTA -
er 90%. Bumosas nachiennocTh coodIecTs —
13-17 Bugon na 100 m* Xapaxrephbl ciaabo-
pasBUTBIe TIOYBBI ¢ MAJOMOIIHBIM I'YMYCOBO-
AKKYMYJIATHBHBIM TOPU3OHTOM (Ta0JI. 4).
Brecenue topda Ha moBepxHocTh cybeTpaTa
yuacTra 6 crocobcTBOBAIO 3HAUYNTEILHOMY YBe-
JUYEHITI0 aRTUBHOCTH BUjI0B (1abi. 3). Heemorpst
Ha MaccOBYIO THOETb BHICAYKEHHOI COCHBI OT H0-
JIe3HU CHE}KHOE TI0TTe W HU3KYI0 COXPAHHOCTD
RYJIBTYD el (puc. 2), yaydiierne ¢cBONCTB cy0-
cTpaTta akTUBU3MPOBao GOPMUPOBAHIE [PpeBec-
HOTO sipyca 3a cuéT BHepeHust 6epésnl (Tycrora

A), cocHbl
) cultures at sites 3—6

(B), enu (C) na yuacrrax 3—6

, spruce (C)

2—4 teic. iT. /T4, BeicoTa 4 M). CamoceB cOCHBI
n eqint He3HaunresieH (70 0,1 teic. mr./ra). Pazpu-
Tl KYCTapPHUKOBBII (rycTora 6 Thic. 1M1T. /Ta, BHICO-
Ta 2,9-4,0 M), TPABAHO-KYCTAPHUUYKOBBI
(I11160%) u moxoBo-numiaiitnukossiii (11T150% )
spychl. BugoBasi HachleHHOCTh cOO0IECTB
mocruraer 40 Bumos ma 100 M2 Opranocrparsi
B XOjie CYKI[eccuu 1mpeodpa3oBainch B caMMo-
3éMBI TYMycoBo-cTpatTuduimpoBanubie. B nx
npodue chopMUpPOBAIICS TPYOOTYMYCOBBII I0-
PUBOHT, cJ101i Topdha mpeodpazoBasIcs B ryMyCOBO-
cTpatnGuUIImpPOBaHHBIT TOPU3OHT ¢ HJIATONIPUSAT-
HBIMU JIJIST POCTA PacTeHMil arpoOXnMUYecKIMNI
nokazarensiMu (1abi. 4).

Takum obpasom, chopmMmupoBaHHbIe B Tpe-
TheM JIeCATHJIeTUN YIIPaBJIsSeMOil CYKIecCun
c000I11IecTBA KaphepoB 110JI30HbI KpaliHeceBep-
HOI TAWTIM UMEIOT MAJIO O0IIero ¢o CBeé HHbLIMU
Ha UX MecTe COCHSIKaMU 1 eJbHUKaMu. JlecHas
PERYJIBTHBAIIS CIIOCOOCTBYET CO3[IAHUIO IPeBeC-
HOTO SIpyca 13 XBOMHBIX MTOPOJI, HO €r0 Pa3BUTHe
B CBSI3N ¢ OCOOEHHOCTAMN OMORINMATHYECKNAX
YCJIOBUII 3aMejiJIeHHO. B HalmouyBeHHOM ITOKpOBe
MOMWHWUPYIOT BUJIBI, XapaKTepHbIe I TeXHO-
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Ta6amma 4 / Table 4

ArpoxumMudeckue nmokasarejiu cyoctparoB u HouyB

Agrochemical parameters of substrates and soils
Yuacrok, ropusonr, [Tonesas pH . o N, o ‘ K,0 ‘ PO, Ca®* ‘ Mg?*

rryGuna, em BaraKHOCTD, % | pH_ . org.? mr/100 r B.c.m. mmoan/100 1. B.c.m.
Site, horizon, Field moisture % mg/100 g a.d.s. mmol/100 g a.d.s.
depth, cm content, %
Cy6empamol yuwacmrog 0o nposedeniis nocador LeCHbIX KYAbmYp

Substrates at siles before planting of forest cultures
4 C0-30 7-16 2,8 0,2 0,4 1,8 9,1 1,1 0,3
2 C0-20 14-24 6,9 0,7 1,2 2,5 12,0 4,2 1,0
2 C (20-40) 2-9 7,0 0,3 0,4 2,5 10,1 7,6 1,3
6 C0-30 4-8 2,9 0,2 0,1 2,3 7,4 0,2 0,2
6 Topd / peat® - 43 | 359 | 168 | 21 0,8 23,1 3,3

Cybempamul/noussl Juacmros 6 mpemuvem 0ecAmuLemul CYyKyeccll
Substrates/soils al siles in the third decade of successsion
Hynesas crapust nmousoodpasosanust / Zero soil formation stage
1C0-5 3,1-5,9 2,1 0,2 0,8 2,2 10,8 0,7 0,3
1C5-10 4,4-5,3 2,0 0,1 0,6 2,2 11,4 0,6 0,3
1C10-40 4,0-4,8 2,0 0,1 0,9 2,2 11,7 0,5 0,2
[Tcammosémbl TymycoBbie Tunimuabie / Humus typical Psammozems
4 WO0-1 - 4,6 1,2 2,2 12,5 2,9 1,3 0,6
4C1-5 7,1-16,2 2,0 0,1 1,3 2,1 14,6 0,7 0,4
4 C5-20 7,0-17,4 2,7 0,2 1,5 4,4 15,6 1,3 0,7
4 C20-40 11,1-22,6 2,9 0,1 2,0 3,0 17,9 1,0 0,6
O WO0-1 13,5-20,1 6,2 2,1 4,8 13,4 2,0 11,4 2.1
dWC1-5 19,3-25,3 6,8 1,0 2,0 2,2 7,8 6,1 1,0
2 C5-30 21,7-271 7,0 0,7 1,0 2,5 10,1 2,6 1,0
2 D 30-40 - 6,9 0,3 0,4 1,8 12,0 7,9 1,3
[Tcammozém rymycoBo—crpatndunuposanubiii / Humus-stratified Psammozem

6 AO 0-1 - 2,6 224 30,4 | 189,5 32,0 8,9 3,6
6 ACrh 1-5 31,7-50,7 4,9 8,1 3,6 17,6 2,1 7,5 2,3
6 ACrh 5-11 32,3-69,0 4,9 2,0 3,6 7,9 8,4 4,3 1,1
6C11-23 9,4-15,6 4,9 0,6 1,5 3,7 14,0 1,6 0,6
6 C23-30 6,2-12,3 2,1 0,6 0,6 4,2 14,0 0,9 0,5

Ilpumevwarnue: * — npueedenvt rumureckue c6olcmea mopPa, ucnoib308ARH020 04 NPOBEOCHUL PERYAbMUBAYUL.
Note: * — given chemical properties belong to peat driven from outside for recullivation purposes.

reHHBIX MecTooOuTanuii. B HoBooOpaszoBanHbIX
nouBax aAu@@epeHupyorcs T0JIbK0 0OpraHo-
AKKYMYJSATHBHBIC TOPU30HTHI. Hecmorps ma
BHAYMTENBHBI OTHA U HU3KIEe TeMIIBl pocTa
JIeCHBIX KYJIBTYP, X [TOCAJIKA JOJKHA BXONTH B
00s13aTeTLHOE MEPOTIPUATIE TTPY PERYIBTHBATIN N
HAPYIIEHHBIX 36MeJIb, TOCKOJIBKY B TIePBHIE TPI
[leCATHIeTUs] DHI0DKOTeHe3a BO30OHOB/IEHUE
JIPeBECHOTO SIpyCca M3 XBOWHBIX MOPOJ HA JIET-
KHUX 110 CBOEMY TPaHyJIOMeTPUYeCKOMY COCTaBY
cyberpaTax ambo OTCYTCTBYeT, TM00 HEeYIOBIeT-
BopureabHo. Ocoboe BHUMaHME B CHCTEMe YXO0/[a
3a KYJIBTYpaMu He0OXOIMMO YeJISAThH MepoTpusi-
TUSM 110 00pb0e ¢ HATOrCHHBIMU I'PUOAMIL.

Paboma svinoanena 6 pamrax memot 2ocydap-
cmeennozo 3adanus Ub Komu HI] YpO PAH «Bot-
AeAeHUE 00UULX 3aKOHOMEpHOCIell (hopmuposanus
U PYHEYUOHUPOBAHUSL MOPPAHBLL NOUE HA MePPU-
mopuu Apkmuueckozo u Cybaprmuueckozo cekmo-
poe esponelicrozo Cegepo-Bocmora Poccuw» (1omep
eocpezucmpayuu: AAAA-A17-117122290011-5).
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IIporno3uas omeHKka MOTJIOMEHN yTIIepoja
IPU BOCCTAHOBJIEHUU TYTallHbIX JIECOB

© 2019. /1. I'. 3amonogunkos', 1. 6. H., . 0. ¢., B. B. Raranos', u. c.,
0. H. JIunka?, K. r. H., KOOPAMHATOP IPOEKTOB,

"TlenTp 1o npodaemam dKOIOTUK U TPOAYKTHBHOCTH Jecos PAH,
117997, Poccus, r. Mocksa, yi. [Ipodeoroznas, i. 84/32, crp. 14,
*Beemupubiii pouj muroit npupopst (WWE Poccun),

109240, Poccus, r. Mocksa, yia. Hurkonosimexas, i. 19, crp. 3,

e-mail: dzamolod@mail.ru

Jlana nnporuosnasi onenka yriepojanoro sagderra ot obaecenus yacTu miaomageil geasrsl p. Van (Razaxceran) B pamrax
[POEKTA 110 BOCCTAHOBIEHUIO TYTANHBIX JIECOB 1 PEMHTPOJYKIINN TYPAHCKOTO Turpa. Paccunranbl THITIOBbIE TIONIONIEH IS
yrareposia (PuToMaccoit APEBOCTOS TT0 IPEBECHBIM TTOPOIAM, XAPAKTEPHBIM JIJIST PACCMATPIBAEMOIT TePPUTOPHUT (TypanTa pas-
HOJIMCTHAS, JTOX OCTPOTIIOAHBII, BB Bruibrenpyca n yryHrapekast). [lan mpormnos norsiomenns yriaepoja puroMmaccoii gpe-
Bocroes Ha 30 JIeT IpH JIeCOBOCCTAHOBICHIHN, ocyIrecTsisieMoM Ha 1ommajn 200 teic. ra. Benmanna morsomnenust yriepoya
Bospacraer ot 2 toic. T G/Toj] B IepBbIil TOJT 10 MaKkcuMaTbibiX 264 Toic. T C/Toj a 16-M rojy ocyIecTBiaenis mpoeKra, 3aTeMm
crmsraercst 1o 101 reic. 1 C/rog & 30-my rogy. Cymmaproe Hakotienme yriaeposa B puromacce 3a 30 ger cocraput 4,63 maut C
(16,98 man v CO,).

Karouesste crosa: necosoccranopierne, Tyraitnbie jeca, uromMacca, morioleHne yriepoja, IporHo3npoBanme.

Projection of carbon sequestration in riparian reforestation
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V. V. Kaganov!

The projection of carbon effects from partial reforestation of delta of the Ili river (Kazakhstan) in frame of
project on restoration of riparian forests and reintroduction of Caspian tiger is developed. Typical values of carbon
sequestration by biomass of stands are calculated for tree species, native at studied area (Populus diversifolia Sch-
renk, Elaeagnus oxycarpa Schltdl., Salix songarica Andersson, S. wilhelmsiana M. Bieb.). The P. diversivolia stands
are subdivided to good and normal conditions, S. songarica and S. wilhelmsiana are combined to Salixz sp. group. The
peculiarities of growth of carbon in biomass differ in high extent between different tree species. The rate of carbon ac-
cumulation during starting 5 years after planting is close for P. diversifolia at good conditions (0.71 ton C/(ha * year))
and E. oxycarpa (0.69 ton C/(ha < year)). The same values are lower for P. diversifolia al normal conditions
(0.32 ton C/(ha * year)) and Saliz sp. (0.06 ton C/(ha ¢ year)). P. diversifolia at good conditions after 30 years has 54.05 ton C/ha
in biomass, at normal conditions — 43.71 ton C/ha, then Saliz sp. (31.10 ton C/ha) and E. oxycarpa (12.44 ton C/ha) fol-
low. The carbon sequestration is projected for 30 years with reforestation performed at area of 200 thous. ha. This
area is subdivided by tree species as follow: P. diversifolia at good conditions — 15%; P. diversifolia at normal
conditions — 15%; E. oxycarpa — 60%; Salixz sp. — 10%. The total area will be completely planted during 12 years
with equal annual rates 8.3%, correspondent to 16677 ha per year. The annual sequestration is increased from
2 thous. ton C/year at first year of project to maximal 264 thous. ton C/year at 16" year of project rolling, then is decreased
to 101 thous. ton C/year at 30™ year. Total accumulation of carbon by stand biomass during 30 years is 4.63 mln ton C
(16.98 million tons of CO,). The carbon accumulation is important component of ecosystem services, which can be re-
stored due to the project implementation.

Keywords: reforestation, riparian forests, phytomass, carbon sequestration, projection.
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Ha reppuropuu Pecnybinrn Kazaxcram B
2018 1. OB 06pazoBaH HOBBIN TOCYIAPCTBEH-
HBIIT TPUPOHBII pesepsar «ire-bBanxar», K Ko-
TOPOMY ITPUMBIKAIOT 3aKa3HuKN « Rapaotickuii»
n «IIpubanxamcruii». OCHOBHOII 11e/1bI0 CO3J1a-
HS AHHOT 0¢000 OXPaHsAeMON TPUPOIHOI Tep-
puropun (OOIIT) aBasercs obecnievenne 6asznt
ISl PEMHTPOJYKIIMU NCUYE3HYBIIIEro BUjia — Ty-
PAHCKOTO TUTPA, KOTOPBIIT BEIMEP HA TePPUTOPUH
Rasaxcrana B ronue 40-x rogos XX Bera [1].
[TepBoouepennoii 3ajaueii B npejiBepun Boc-
CTAHOBJICHUS TOMYJISAIIN THTPA ABJISETCS BOC-
craroBJeHne ero Mecrooouranuii. Ecrecrennbie
TYrailHble DKOCUCTeMbI, TIPEJICTaBJISIOIe CO00I
COYeTaHWsI IECHBIX, KYCTaPHIKOBBIX 1 TPaBSHI-
CTHIX COOOITECTB, TpeTepIie/in 3HaYNTe TbHbIe aH-
TpornoreHHble n3MeHeHus. Tak, 1a0Ma/b JeCoB
B flesibre p. Vlnm B Hacrosiiiee Bpemsi cocTaBiisi-
et Bcero 0%, Torga Kak B HeHAPYIIEHHOM COCTO-
sHUEM OOJIbIIAs YaCTh eJIBThI, KOTOpas He M0-
KpbiTa BOMOM, objeceHa. JlecHble HacaskieHMs
MOJKHBI cTaTh 9Kogornyeckum kapracom OOIIT.
Bnarogapst Bojoperysiupytoieii GyHKInm Jjie-
COB Ha TePPUTOPUN JIETBThI, TIO3EMHbII CTOK P.
Wnm yewnmurest, Takske yBeJAMINTCS MEKOHHBII
CTOK, 4TO 0COOEHHO BayKHO B MAJTOBOJHBIC IOJIbI
IS TTOJiiepskaHmst ypoBHst o3epa basxar Beitie
RPUTHYECKOIT OTMeTRI 341 M Hayt ypoBHEM MOPS.
Obecrieuenue Jyurieil cpejibl 00UTaHUs T103BO-
JIUT IIOBBICUTH yCTOIL/i‘II/IBOCTB U NPOAYKRTUBHOCTD
HKOCHCTEM pe3epBaTa i MPUMBIKAIONINX K HEMY
3aKA3HUKOB, YTO CO3/IACT YCJAOBUs IS yCIIel-
HOTI0 BOCCTAHOBJEHUS MOIyJsiiinu Turpa. B mo-
MOJIHeHNe K 9TUM (DYHKITHSM JIeCHbIe HacayK/e-
HIsT OYLYT SABJATHCS WHCTPYMEHTOM JI0JITOBpe-
MEHHOTO 3aKperieH st aTMocdepHoro yriepoa.
B xote ¢Boero pocra n pasButus ipeBecHas pac-
TUTEJILHOCTH CIIOCOOHA aKTUBHO MOTJIONATH aT-
MocdepHbIii yriaepo, mepeBofis ero B puromac-
CY JKUBDBIX JlepeBbeB. Briocaepcrsun yriepoy du-
TOMACChI [epepacIpe/esisieTcs: B IyJibl CyX0CTOsI
(MEPTBBIX JIePEBBEB, OCTAIOIINXCS HA KOPHIO ), Ba-
JesRa (KPYIHBIX JIPeBECHBIX OCTATKOB) U JIECHOI
nopcTuaku. YacTb MOMIOMEHHOTO JIePeBbsIMI
U TPaBSAHUCTON PACTUTEILHOCTHIO YIIepoa 3a-
KPeIuisiercsi B HOYBEHHOM TyMYyce.

Jlist onenkm 5hheRTUBHOCTH JIECOBOCCTAHO-
BUTEJILHBIX MEPOTIPUATHIT B YTJIEPOJIHOM aCITeKTe
Ha TePPUTOPUH pe3epBara HeoOXONMO TPOBECTN
pacuér moryomeHns arMmocGepHoro yriepoja
1 JIaTh IPOTHO3HYIO OTIEHKY MacITaboB 1 CKOPO-
CTHU IAHHOTO 1Tpotiecca. [[7is perienus janHoii 3a-
lauu, ¢ OJ{HOI CTOPOHbBI, HEOOXO/MMO OTIpejieie-
HIe OTeHIIAILHOTO MOIONIeHs yIiepoyia (B pac-
yére Ha eMHUITY TIIOIAAN) TIaHUPYeMbIMI
K CO3/IaHMIO JIECHBIMU HACAKICHUSIMI, C JIPYTOIl, —

dhopMupoBaHue ciieHapus JeCOBOCCTAHOBN -
TeJbHBIX MEPOUPUSATHII, BKIIOUAs BEJIYHbBI
ILJTOTIA]Ieil IOl PA3HBIMU J[PEBECHBIMU IIOPOJIAMI,
TeMIIbl UX OCBOEHUS, ITPOJIOJIRUTETIbHOCTD T1e-
puoja MmoauTopunTa HarotteHnii yriaepomga (C).
RoneunbiM pesysibraTtom J0JKHA CTaTh OIEHKA
U3MEHEHUII B TIOTIONEeH NI I HAKOTIJIeHHSIX yT/ie-
pojia Ha TePPUTOPUI TTPOCKTA.

Ilens macrosimein paboThl — MPOTHO3HAS
OTleHKa IMOTJIOIIEeHNs YIJIepoja mpu OcyIect-
BJIEHUN ITPOEKTA 110 BOCCTAHOBIEHUIO TYTaiTHbIX
necon B fonmnHe p. Mo (Kazaxcran).

OO0 bEeKTBI 1 METOJIbI

OcHOBHBIE TTOPOJIbI, KOTOPBIE OYILYT UCTIOJb-
30BaHbI JIJIsl JIECOBOCCTAHOBUTENILHBIX PaboT Ha
TEPPUTOPUN TTPOEKTA, MPEJICTABICHBI TYPAHTOI
pasuoauctuoii (Populus diversifolia Schrenk),
noxoMm ocrponyionubiM (Elaeagnus oxycarpa
Schltdl.), wBwr mrynrapekoii (Salix songarica
Andersson) n Bunbrenbmca (Saliz wilhelmsiana
M. Bieb.). Ilpu BrIIOTHEHUT JT€COBOCCTAHO-
BUTEJLHOTO IMTPOERTA MPUHATO OTKA3ATHCSA OT
MCIOJNL3OBAHMSA MHTPOJYIIUPOBAHHBIX BUOB
N PEBECHBIX pacTeHuii, uToObl co3jlaBaeMblie Ha-
CayKJIeHIIST COOTBETCTBOBAIN KPUTEPUSIM KOHCEp-
Ball TeHETHYeCKUX PecypcoB JiecoB in situ [2].
Y1006bI BBITIOJIHUTH TTPOTHO3HBIE PACYETH HAKO-
nnenusi G, TpebyoTCs CBeIeHIs 110 X0y pocTta
HaCARIEHM I YRa3aHHbIX [[PEBECHBIX TOPOJI. Xa-
PAKTePUCTIKA XO/[a POCTA TYPAHTH PA3HOJIUCTHOT
OBIITA OCYITeCTBICHA TT0 JAHHLIM PpadboTr | 3], Tme
MPUBOJSATCS TaOIUTIBI X0/[a POCTa TYPAHTH JIJIsI
psa RIaccoB OOHUTETA, KOTOPBHIE MOTYT OBIThH
COTIOCTABJEHBI ¢ PA3JIMYHBIMU BapuaHTaMu
YCJOBUI TPOM3PACTAHIS: XOPOIITIMU U OOBIUHbBI-
mu. B rabnuiax xoza pocra ¢ctapToBbiil BO3pAcT
cocranysyr 12—15 nmer, ogHAKO I YT POHBIX
MPOEKTOB DOJIBLITIOe 3HAUEHIe UMEIOT HayalbHbIe
rojibl ocytectsiaenus. [Ipu arnmpokcumarum na-
YaJILHBIX CTAJINIT POCTA TYPAHTOBBIX HACAKIICHII
aBTOPBLI UCXOAMIN M3 JUHEHHOW 3aBUCUMOCTHI
JUISE CPeJHEl BHICOTHI U CPEJIHero JuaMerpa, 1mo-
JUHOMUATBHON JIJIST TYCTOTBI. 3aTeM, ¢ HCIIOJTh-
30BaHWEM BUJIOBBIX YMCEJ OBLIN PacCUMTAHbBI
BEJIMUMHBI 3aT11ACOB JIPEBECUHBI JIJIsI BO3PACTOB OT
1 mo 11—14 ger. PeayibraTsl mojeBbix o0cae0Ba-
HIH TeppuTopun, mpoBeAéHubIX B okTsOpe 2018 1.
B MecTax MIaHuPyeMOro OCYIeCTBACHUS TTPOeK-
ta (Anmarnnckas oo, Pecriybnmrn Kazaxcran),
MOKA3aJI1 BBICOKYIO CTeTIeHb COTIOCTaBUMOCTH Ta -
OJII] XO/1a M3 MCTIONIH30BAHHOTO NCTOUHIKA [3].
IT0 1a6T OCHOBAHME CUYNTAThH BIIOJIHE KOPPEKT-
HBIM HCITOJIb30BAHIE YKA3aHHOTO NCTOYHIKA JIJI5T
[POBEICH NS ITPOTHO3HBIX PACUETOB ITOTIONIEH IS
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YIJIepojia IPH OCYTIeCTBIEHNN TOCAIOK TYPAHT I
Pa3HOJNMCTHOI.

Uwmerorinecs B n1utepatype cBeleHUs JIJisi
JI0Xa OCTPOIIJIOMHOTO XapakTepusayIoT JUIb -
HAaMURY CpeJHel BLICOTHI 1 juaMmeTpa 6e3 rycroTbl
u 3araca apeBecuHbl. Pacuére Obln 1poBe/ieH bl
Ha OCHOBE CBeeHUN MO AMHAMUKe cpemgHei
BBICOTHI B KYJIBTYpPax JioXa Y3KOJIUCTHOTO [4],
a TaKkyKe JJAHHBIM HATYPHBIX M3MepeHuil, co-
TJIACHO pe3yabraTaM KOTOPBIX 3aIac CTBOJIOBOI
[IPeBeCUHBI B THITNYHBIX TYTAlHBIX HACAKREHU X
J0Xa cocraniister okosio 19 m? /ra pu cpejieii BbI-
cote iepeBbeB D M. Ha ocHoBe coBoRyITHOCTH Beeit
MOCTYITHOI nHEOPMATNN ObLIN BOCCTAHOBIEHBI
JIMTHAMUKN CPeJIHel BLICOTBI, CPETHETO InaMeTpa,
IYCTOTBI 11 3aT1aca J[PeBECHHbBI JI0Xa Y3KOJMCTHOTO
nist marepsasa sospacra 1-30 mer.

WMudopmanus mo TakcaimOHHBIM XapaKkTe-
pUCTURAM B JFRYHrapcKoii 1 Buibreabmca Ha
TeRYIIUI MOMEHT B JinTepaType ooHapysKeHa He
owia. [Toaromy f7ist BoccTaHOBIeHN S IMHAMU R
TAKCAIMOHHBIX XapaRTePUCTUK OBIIN MCTIOTB30-
BaHBI JAHHBIE 10 MBE JIOMKOI1, TPoM3pacTaiomniei
B apujiHbIX pernonax [9, 6]. Peayabrarsr mo-
JeBbIX obcaegoBanuii ocennio 2018 1. B moiime
p. Muim moraseiBaioT, 4T0 MaKCUMabHAS BHICO-
Ta MBOBBIX HACARIIEHUIT COCTABIIET OKOJIO 7 M.
Jlmnamuka pocra uBbI JOMKOII B BBICOTY OblLTa
CKOPPEKTUPOBAHA C YUETOM YRa3aHHOI BeJIy-
HBI, Jlasiee OBIJIN TPOBEJIEHbI PACUETHI IMHAMIKI
TAKCAIMOHHBIX XapPaKTePUCTHK JIJisl MHTePBasIa
Bospacra 1-30 ner. B cuny orpannuennoctu
MCXOHON MHEOPMATNN KaK s WB, TaK 1 JIJIs
J0Xa He YAAJ0Ch MPOBECTH JOTMOJTHUTENLHYTO
muddepeHIIIATIAIO 1O YCIOBUAM MECTOIPON3-
pacranmus.

OcHoBoIl 7151 onipefiesieHnsi 00'bEMOB Ha-
roryennst C HacaskIeHUAMU, TpeJaraeMbl-
MU JIJIsI TIPOEKTA, SIBJISETCS PeKOMEeHI0BAHHBII
pykroBojictBoM MeskiipaBuTenbcTBeHHOI TPYII-
bl DKCIEPTOB 110 N3MEHEHNI0 KJINMaTa KOH-
BEPCHOHHBIN MOJAXO0J [7], KOTOPBIN 3aKa0Ya-
eTcsi B TOM, YTO 3arachl CTBOJOBON JpeBeci-
HBI, TOJIydaeMbie B XO/[e MHBEHTAPU3AIIH JIec-
HBIX HACARIICHWT, TIepecunThiBaioTcst B Maccy G
¢ MCITOIH30BaHMEM KOHBEPCUOHHBIX KOD(D -
nuenToB. [lockonbry dparium KopHeii, BeTBeil
7 JNCTBHI MME0T (PYHKIMOHAIBHYIO CBSA3H CO
CTBOJIOBOU (pparIell, MX pacueT TarKe MOKeT
OBITH IPON3BEJIEH KOHBEPCUOHHBIM METO/[OM.
Jlns macaskmeHnii TypaHrn m MBBI BO3pacTa
1-20 sier ucnoab3yercss KOHBEPCUOHHBIN KO-
sppurment 0,356 v C/m?, nis Bozpacra 21—
30 ner — 0,363 v C/m?, mist 10Xa OCTPOILIONHO-
ro — 0,624 1 C/m*. YrasaHHble 3HAUEHN ST I3BECT-
HBI JIJISI TPYIIIT JIPEBECHBIX TIOPOJT «ITPOYMe MST-

rkosmersennbie» (0,356; 0,363 1 C/M?) u «tipoune
reépponucrennbie» (0,624 v C/m?) [8].

Jlnst BeimoHeHnst pacyéra nornotnenns CHa
TEPPUTOPUHN TTPOEKTA HEOOXOUM CIleHAPUIl 110-
CaJIOK JIeCHbIX KyJbTyp. Best reppurtopus, mia-
HUpyeMmasi Jiyisi o0eceHus:, 0JKHA ObIThH O] -
pasjesieHa Ha 4acTu, COOTBETCTBYIOIINE TTOCATT-
KaM pasHbIX MOPOJI: TypaHru, joxa u usbl. [lLio-
A, KOTOpbie 3aTIaHNPOBAHBI TTOl HACAKIe-
HIST TYPAHTH PAa3HOJMCTHOM, OBLTH Moipasiese-
HbI HA 9aCTH ¢ XOPOIIMME ¥ TUITHYHBIMU YCJIOBH-
smu stecortpuroprocTn. s mocaemyioriero pac-
4éTa MOTIONeH IS YIIepoja ObII0 CO3/IaH0 TPO-
rpammHoe obecrieuenue B Buje Tabaui Microsoft
Excel, peanmaytormux cieyromnimii aaropuT™ pac-
4éTa: ¢ BeJIMYMHON ILIOTa/I1 BBIOPAHHOTO Bapi-
AHTA JIECHOI KYJIBTYPbI COMOCTABJSIETCS BeJIl-
YMHA TOTJIONIEHUs B TIePBBI TOJ] TOC/Ie TOCAJKI
U BBIYHCJISAETCSI NX 1Tpon3Besierne. Bo Bropoii roj
¢ TOU JKe IJIONIA/hI0 COMOCTABISICTCS BeJYi-
Ha MOTJIONIEHIS 32 BTOPOTH TOJI, M CHOBA I10 1TPO-
M3BEIEHNIO OTIEHNBAETCS CyMMapHoe TOoTJIoIe-
Hue. CymMMa paccumTaHHbIX MOTIONEHIT 38 BCe
TOJIBI OCYIIECTBICHUS JIECOBOCCTAHOBUTEIHHBIX
MEepOIpPHUATHI B paMKaX MPOeKTa AaéT BeJmyi-
ny G, akKyMyJInpOBaHHOTO B hutoMacce fanto-
IO TUTIA JIECHOTO HaCaKIIeHNS.

[Tporpammuas Bepcust aaroputma odeciie-
ynpaer pacuér norioieHusi C BHOBbL CO3/laH-
HBIMU JIECHBIMU KYJbTYPaMu Ha HPOTS;KeHUN
30 ser. Jlrst RyALTYp, CO3MANHBIX B MTEPBLIT TOJ
OCYIIECTBIICHIS TPOEKTA, MOTJIONEeHIe PaCCyl-
ThiBaeTcst 110 Kazgpomy n3 30 jier ocyriecTBiaeHus
[poeKra. ¥y HaCasKIeHW, CO3JaHHbIX BO BTOPOIi
WM TTOCJICYIONIE TO/IbI TPOCKTA, TIOTJIOIIeHIe
paccumThIBaeTCs JIs mepnoja, pasuoro 31 rop
MUHYC TOPSIKOBLINT HOMEepP ToJia TOCa KN JlaH-
Horo HacaxkieHusa. CymMma 1o BceM BapuaHTam
JeCHBIX KYJBbTYpP Pa3HOTO BpeMeHU CO3[aHus
1 110 BCEM ToJIaM ITPOeKTa Ja6éT CyMMapHOe KOJI-
yecTBO (G, HAKOILJIEHHOTO 32 BPeMsi OCYIIlecTBIIe-
HIST TPOEKTA.

Pesyabrarel n o6cys;rnenne

Yceranonieno, uto xaparrep namenenust C -
TOMACCHI JI/IsI PA3HBIX IPEBECHBIX MOPOJ] CXOJICH
7 COOTBETCTBYET JIMHUN, aCUMITOTHYCCKN TP -
OIRATOIIEICS K TIpeie/IbHOMY 3HavueHuio (puc. 1).
Onnako KOHKpeTHble mapamerpbl xoga pocra G
(uTomMacehl y pazHbIX MOPOJL 3aMeTHO pasjnya-
ores. Typanra B xopormnx yenosusax Kk 30 ro-
nam pocruraer 3anaca G dpuromacest 94,00 T C/ra,
B 00bIuHBIX yeaoBusax — 43,71 v C/ra, na-
nee ciaenyior nacasruenus ussl (31,10 v C/ra)
n joxa (12,44 v C/ra). [lpu arom 1o ckopoctn
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Puec. 1. [Innamnka 3anaca yriepoja (puroMacchl B HaCaRAEHUSIX [P JIeCOBOCCTAHOBIGHIHN B loJinHe p. Vnn
Fig. 1. Dynamics of the carbon reserve in phytomass of stands during reforestation in the 1li river valley

Haroriennst C B iepBbie D JIET OC/Ie MOCAIKI JI0X
(0,691 C/(ra * ron)) 6AN30K K TypaHre B XOpo-
mnx yeaopusix (0,711 C/(ra * ron)) sHaunTe h-
Ho nipesocxonut rypaury (0,32 1 C/(ra * rom))
nusy (0,061 C/(ra * roy1)) B OOBIYHBIX YCJIOBUSIX.
Bonee Buicokas apderrnrocts naromtenns G
MOCAJIKaMI JIoXa 3a TepBbie 2 rojla B CpaBHEHIN
CTOTIOJIEM 1 BSI30M OTMEUYeHa B OKCIIePUMEHTATbHO-
mosieBoit pabore [9].

Pacuér mornomenus Cipu ocyiiecTBaeHu
[POEKTA BOCCTAHOBJIEHIS TYTANlHbBIX JIECOB B J10-
aune p. Vlnm 6azupyercss Ha CJIEAYIONINX MCXO-
nHbIX gaHHbIX. O0IIast MI0Ia/h 36MeJh, TTPUTOJI-
HBIX 7151 oOsecenusi, npuHsita pasuoii 200000 ra.
Jlanuas miaomnanp pacrupenenasercs Mo MOpo-
IaM CJae YoM 00pa3oM: Typanra B XOpOIInX
yeaoBusix — 15%, rypanra B OOBIYHBIX YCJIOBU-
ax — 15%, nox — 60%, usa — 10%. IIpexmonara-
eTcsi pABHOMEPHOe OCBOeH e TLIOTIa/Ieil O]l 1M0-
cagrn B Teuenne 12 mer o 8,3% 3a rogm, 4To cOOT-
BercTBYeT 16677 ra mecorocaok 3a roy (puc. 2).
[IpescraBiernbie IIAHBI 10 YCTPOICTBY Jiec-
HbIX HACAK/IEeHUIl BechMa MacinTabHbl, OjHa-
KO UX pPeajncTUuYHOCTh B HEKOTOPOIl CTeleHN
obecrieunBaeTcsi BO3MOKHOCTHIO (DOpMUpOBa-
HIS TI0CAJI0YHOT0 MaTtepuajia n3 KOpHeBbIX OT-
npsickos [10].

Junamuka roguunoro nornomenus CO, mpu
peasimsaruu JAHHOTO CIieHaPUs ITpeJicTaBaeHa Ha
pucynke 3. Beimunna nornomenus C Bospacra-
et ot 2 1hic. T G/ToJ1 B epBbIil MOJ[ 10 MAKCHMAaJTh-
HbIX 264 teic. T C/roj Ha 16-M roy ocyiiecrsie-

Hus rpoerta, 3arem cHsraercs 1o 101 meic. 1 C/rop
Kk 30-my roxy. Pocr normomenus yriaepoja
B HAYaNbLHBII TEePUOJ OTIPelesisseTcs BYMS
(paxropamu: 1) yBenuuenunem ILIOMANECH Jec-
HBIX KYJBTYP 10 Mepe OCYIIeCTBICHU TTPOCKTA,
2) npubansKeHneM CO3[aHHBIX JTeCHBIX HACAK-
[IeHU I K MAaKCHMaJIbHOMY TTPUPOCTY PUTOMACCHI,
KOTOPBIT Y PA3HBIX BAPUAHTOB JECHBIX KYJIBTY]P
madaiofaercsa B Amamasone BO3PACTOB OT d IO
21 ropa. CHusKeHme OTIOIeH IS YTIJIePOJia ITOCIe
16-ro roma ¢Bs3aHO ¢ TEM, UTO K DTOMY BpeMeH
eCTeCTBEHHBII MAKCUMYM ITPIpPocTa PuroMacehl
y OONBITNHCTBA CO3IAHHBIX 3a repBbie 12 mer
HaCaKICHII YKe MUHYeT.

Cormacuo ripoBefiéHubIM pacuéram, 3a 30 et
JICCOBOCCTAHOBUTEILHOM JeATCILHOCTH B COOT-
BETCTBUW ¢ BRIOPAHHBIM CIleHAPUEM CO3J[aBae-
MBbIe JeCHBIe KYJABTYPsl HAROmAT 4,63 mam 1 C
uan 16,98 man r CO, (puc. 4). Haiinennnie 3na-
YeHWSA TOTIONCHU YTAEPOA TOCTATOTHO BHICO-
KM, YTOOBI CAYKUTE TOTMOTHUTETLHLIM 000CHO-
BaHTeM YKOJOTHUCCKIX MTPENMYIIecTB IMPOeKTa
10 BOCCTAHOBICHUIO TYTANHBIX JI€COB B JOJIHE
p. M. imeer cMbICT OTMETUTD, YTO BHOBD CO3-
laBaemMble JecHble KYJIbTYPbI ITpu obecredennn
aJIeKBaTHOTO yX0/[a MOTYT B TeYEHUE JJIUTe/b-
HOTO BPEMEHU COXPAaHATH 00Jiee BHICOKIE BeJIH-
YUHBI TYCTOTHI B CPABHEHNY ¢ HACAKCHUAMMT,
MCTOJB30OBAHHBIMU JIJIS OTEHKN yriiepopa u-
tomaccewl (pre. 1). B arom cayuae mormormenne
yriepoza oyer 60see BBICOKIM TP TOM 3Ke Clie-
Hapuu OCBOEHUS TIJIOMIAJTCT.
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Fig. 2. Scenario of forest planting during planned reforestation in the Ili river valley
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Fig. 3. Annual carbon sequestration by the stand phytomass during reforestation in Ili river valley

[TpuBenénmnie B fammoi pabore OTEHKN Xa-
pPaKRTepU3YIOT JUIIlh MOMIONeHle 10 myry u-
TOMACCHI IPEBOCTOS TIIAHUPYEMBIX K CO3J[AHITO
mecHuIX Hacaskmennii. [lpm ocymniecriaennn me-
COBOCCTAHOBUTEIbHBIX [IPOCKTOB PEKOMEH/IYeT-
¢ yanToiBaTh Hakotaennsa C B mylTax KPYIHBIX
npeBecubix ocrarkoB (KJ10), mopcrunkm n mo-
4Bl [7]. Jloist mysma MEpTBOIL ipeBECUHBI OIEHRI
MOTYT OBIThH MTOJTYUYEHBI PACUETHHIM 00pa3oM Ha
OCHOBE MaTeMaTn4ecKkoll Mojesnun (popMupoBa-

nus wysga KJ1O [11]. Jlis xapakrepuctuiu mo-
raorerns C myaMu MOCTHIKY U TOYBbI JKeJia-
TeJbHO ITpoBej/ieHne OIMOJTHUTEe/IbHbBIX ITOJIeBbIX
ncexeposanuit [12]. B arom acmerre akTyasin-
HbI Pe3yJbTaThl MeTa-aHaan3a M3MEeHeHWs 3a-
naca C mouBsl ipn 00IeCeHNT B apUIIHBIX paii-
onax [13]. [Tokasano, uro 3anac C mouBbl, Kak
MPABUJIO, YBEJNUYNBACTCS B 3aBUCUMOCTH OT Bpe-

MeHU, TPOIIe/IIero mocje mocajKkn, MoBbIIIa-
sgcb HA 15% 3a 10 1er, Ha H0% 3a 10—30 e, Ha

3
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Fig. 4. Carbon accumulation by the stand phytomass during reforestation in Ili river valley

96% sa Bpewms, Goabmiee 30 ger. It cBemeHMS
MA0T OCHOBAHUS ITOJIATATh, YTO IPU 00JeceHnn
B pailoHe nccJeoBaHus MOUYBLI MOTYT obectie-
quTh 3Haunmoe noromenne C.

Cpenree 3a 30 ner nornomenne C Ha Tep-
PUTOPUM BOCCTAHOBJIEHHBIX JTECHBIX HACAK-
nenunii cocraasier 154 voic. T C/rop nnn
0,771 C/(ra * ron). B 5 necoBoccraHoBUTEIbHBIX
MPOEKTAX B paAMKAX MeXaHm3Ma YMCTOTO PA3BI-
TUS, OCYIIECTBISIONNXCS B HACTOSIIIEe BpPeMs
B Kurae ma maomaysax or 2000 mo 8671 ra, 3a
nepuoj, 20 niu 30 ner mornomenne G cocran-
asier ot 0,84 10 3,521 C/(ra * ron) [14]. Bans-
Kas K Hareii orernke Beanunna 0,84 v C/ra naii-
lleHa Jis IpoeKTa 1mo odaecennio Bo Buyrpen-
Heit Monroanu, Hanbosee cXOMHOM M0 KanMa-
TUYCCKIM YCJIOBUSM C PETHOHOM UCCTeOBAHS.
Ocranbibie OMEHKNA MOTYYCHBI JIJIS TPOCKTOR
B niposuntinax Ceruyans n I'yamen, pacromno-
JKEHHBIX B cyOTpOIIMYECKOIl 30He u 0bJajao-
mux 6osee MaTkuM Kaumartom. [las npoex-
Ta 00JIeCeHsI, OCYIIEeCTBJISIEMOTO B 3alajiHOil
Agscrpanun Ha maomaan 44000 ra, cpesiHee 3a
30 ner mornomnienne G omennsaercs B 0,20 v C/ra
[15], uTo HaMHOTO MeHbIIe Halell oneHnku. Ta-
KO€e COOTHOTIIeHNE BITOJTHE 00bsIcHIMO HoJiee cy-
poBBIME 110 YBIa3KHEeHNTO (0K0J0 200 MM roj10-
BBIX OCAJ[KOB) ycJOBUsAMU 3anajHoil ABcrpa-
nuu. [lposepénubie cpaBHeHNS TO3BOJISIOT 3a-
RJATOYHUTE, 4TO MOJTYUEHHbBIE B HACTOATI el pabo-
Te BeJMYNHBI BCTPAUBAIOTCS B PSAJL U3BECTHBIX
U3 INTEPATYPHI OT[EHOK B COOTBETCTBUN ¢ KJTH-
MATHYECKIMHI XapaKTePUCTHRAMU WMCCIeye-
MOW TeppUTOPUN.

3arioueHue

[TpoGaembl BoccTaHOBIEHUST TyrailHBIX
JIeCOB HBbIHE aKTUBHO OOCYIKIAIOTCS JIJIsT Psa
peunbix OacceiinoB Ilenrpanbhoit Asun. Boc-
CTAHOBJEHHDBIE TyrailHbie jJeca 0beceanBaoT
pPaszHOOOpa3Hble YKOCHCTEMHbIe CePBUCHI, B 4acT-
HOCTH, CTAa0MJIM3AIINIO THIPOJOTTYECKOTO MK
1 BO3MOKHOCTH PEMHTPOYKITNN PeJIKNX BUIOB
KUBOTHBIX. CyIecTBeHHbIE DKOJOTHYECKIe Bbl-
TOJIbI CBSI3AHBI C ITOTJIONeHIeM yTepojia co3jia-
BaeMbIMI JieCHbIMU HacaskaeHustmi. [Iporaosnas
OlleHKa IOIJIONeHNsT YIIepo/a Ha Tepuoj ocy-
IECTBJICHUS JIECOBOCCTAHOBUTEIBHOTO MTPOEKTA
BO3MOJKHA HA OCHOBE CBEJIEHUII 110 XOJIy pocTa
UCITOJIb3YEMBIX IPeBECHBIX TIOPOJ U CIIeHAPUAM
OCBOEGHWUSI TLJIOMIA/IeH, pe/{HA3HAYeHHbBIX /IS
mocamok meca. Ilpm obmecennn unine 6esmiec-
ubix 200 Teic. ra B osmne p. Unn (KRazaxcram)
CpefiHNiT YPOBEeHb MOTJIOIIeHNsT yriuepoja Q-
TOMACCON CO3/[aHHBIX HACAKIEHUI COCTABUT
154 re1c. T C/ropx (965 thic. T CO,/Ton). 3a
30 ner cosnanHbie JIeCHBIE KYJBTYPbl HAKOIIAT
4,63 mn T G (16,98 moin T CO,). Ykazauuble
00béMbl TioTsomenus G ciaeayer IPpUHIMATH
BO BHUMaHue npu 000OCHOBAHUU IKOJIOTO-
AKOHOMUYECKOI 3HAYNMOCTH TTPOEKTOB 110 BOC-
CTAHOBJIEHUIO TyFafIHBIX JIeCOB.

Paboma eévinoanena npu noddepucrke PHO
Ne 19-77-30015 (oyenka dunamuku 3anacos
yeaepoda & iumomacce) u WWF Poccuu (pacuém
no2aowenus Yyaaepoda no cYeHapuio 4ecosoccma-
HO8AEHUR).

Teoperuueckast u npurnamuas sroaorusi. 2019. Ne 4 / Theoretical and Applied Ecology. 2019. No. 4



MOIIYJIAIINMOHHA OROJIOT' A

Jlureparypa

1. Hapyx O.U., Yukun FO.A. Typanckuii turp — anaimns
cospemennoii curyaruu. M.: WWF Poccnm, 2011. C. 1-37.

2. Anexcampos A, llanmesa 1. Jlecwoie remernueckue
pecypebl EBpolibl, nx coxpaHenie i nciosbsosanie // Teo-
pernueckas u npuriagaas skosrorus. 2008. No 1. C. 80—-84.

3. Cunosnu B.B. McenenoBanne xoyia pocra TypaHro-
BBIX HacaskjeHnii // V3Bectus Boicinx yueOHBIX 3aBejie-
umii. Jlecnoit skypuar. 1963. Ne 2. C. 27-29.

4. Myparuaesa [1.M.-C. Mouuropusr cocrostaus jipe-
BECHBIX MOPOJi B MCKYCCTBEHHBIX HacaskmaeHusnx Tepckro-
Rywmcroit nusmennocrn // Apupmbie skocucrembt. 2014.
T.20. No 1 (58). C. 39-44.

5. Fopoberr A.W. [IpopyxruBHoCTh U cAHUTAPHOE CO-
CTOSTHIIE [PeBOCTOEB UBLI IOMKOT B tioiime pexu [low // Jle-
corexumueckuii skypuana. 2015. T. 5. Noe 1 (17). C. 7-17.

6. Fopoberr A.W. [IpopyxruBHOCTL U CAHUTAPHOE CO-
CTOSIHUE JIPEBOCTOEB MBBI IOMKOI B IOMaX CpeJHIX 1 Ma-
aoix pek Llearpansroro Yepnosembst // Jlecorexnmaeckuit
swypraai. 2016. T. 6. No 4 (24). C. 49-54.

7. PyroBopisitiiiie yrRazauus 1mo 3(QeKTUBHON MPaKTH-
Ke JIUISI 3eMJIeNI0Jb30BAHIS, U3MEeHEeHII B 3eMJIeTI0/Ib30Ba-
uun u aectoro xosstiicrsa. MI'OUK, 2003. | dnexrporbiii pe-
cype] https://www.ipcc—nggip.iges.or.jp/public/gpgluluct/
gpgluluct languages.html ([lara o6parmenms: 02.07.2019).

8. 3amomomuuros [I.I"., Yrrun A.U., Yecrunix O.B. Ko-
s dUIIeHTHI KOHBEPCUH 3aTTACOB HACAKIEHIIT B (hrToMacey
OCHOBHBIX Jiecoobpasytommux nopox Poceun // Jlecnas rak-
carust u ecoycrpoiicrso. 2003. Boim. 1 (32). C. 119-127.

9. Khamzina A., Lamers J.P.A., Vlek P.L.G. Tree
establishment under deficit irrigation on degraded agri-
cultural land in the lower Amu Darya River region, Aral
Sea Basin // Forest Ecology and Management. 2008.
V. 255. P. 168-178.

10. Bairrymua W.0., Baiirynun AU, Benrru6aesa I".11.
CoxpaneHue 1 BOCCTAHOBJICHTE TIONMEHHBIX (TyTaiiHbIX ) Jie-
cos pexn Crrppapbs // Panmoransioe ncmonb3oBanme i co-
XpaHeHue JJecHbIX pecypcoB: MesrIryHapoiHasi HayqHasi KOH-
depenrus. Borrycexk 21. Bumkex: Wanwm, 2006. C. 47-51.

11. Bamonomunros [I.I". Onenra myna yriaepoja Kpyt-
HBIX J[PEBECHBIX OCTATKOB B Jecax Poccnn ¢ yuérom Biusi-
uust noskapos u pyoox // Jlecosemenume. 2009. Ne 4. C. 3—15.

12. Raranos B.B. l3meHeHe 5KOCHCTEMHBIX 3a11aCOB
yraepojia mpu ob1eceH B CTEITHOI 1 Oy Y CTHIHHOI 30-
nax Espomneiickoii wactu Poccun // [1pobiembr permomais-
Hoit srosorun. 2012. Ne 4. C. 7-12.

13. Zhang Y.-Q., Liu J.-B., Jia X., Qin S.-G. Soil
organic carbon accumulation in arid and semiarid areas
after afforestation: a meta-analysis // Pol. J. Environ. Stud.
2013. V. 22. No. 2. P. 611-620.

14. Zhou W., Gong P., Gao L. A review of carbon for-
est development in China // Forests. 2017. V. 8. P. 295.

15. Suganuma H., Ito T., Tanouchi H., Egashira Y.,
Kurosawa K., Kojima T. Estimation of carbon sequestration
potential of arid land afforestation using satellite image
analysis and ground truth //Journal of Arid Land Studies.
2012. V. 22. No. 1. P. 69-72.

References

1. Tsaruk O.I., Chikin Yu.A. Caspian tiger — analysis
of recent situation. Moskva: WWF Rossii, 2011. P. 1-37 (in
Russian).

2. Alexandrov A., Pandeva D. Forest genetic resources
of Kurope, their conservation and use // Theoretical and
Applied Ecology. 2008. No. 1. P. 80-84 (in Russian). doi:
10.25750/1995-4301-2008-1-080-84

3. Sipovich V.V. Research of growth curves of turanga
stands // lzvestiya vysshikh uchebnykh zavedeniy. Lesnoy
zhurnal. 1963. No. 2. P. 27-29 (in Russian).

4. Muratchaeva P.M.-S. Monitoring of the condition of tree species
in artificial plantings of the Terek—Kuma lowland // Aridnye eko-
sistemy. 2014. V.4. No. 1. P.35-38.doi: 10.1134/S2079096114010053

5. Gorobets A.L. Productivity and sanitary state of stands
of brittle willow in floodplain of the Don River // Leso-tekh-
nicheskiy zhurnal. 2015. V. 5. No. 1. P. 7-17 (in Russian).

6. Gorobets A.1. Productivity and sanitary state of stands of
brittle willow in floodplain of medium and small rivers of Central
Chernozemye // Lesotekhnicheskiy zhurnal. 2016. V. 6. No. 4.
P.49-54 (in Russian).

7. Good Practice Guidance for Land Use, Land—Use
Change and Forestry. IPCC, 2003. [ Internet resource| https://
www.ipce—nggip.iges.or.jp/public/gpgluluct/gpgluluct lan-
guages.html (Accessed: 02.07.2019).

8. Zamolodchikov D.G., Utkin A.1L., Chestnykh O.V. Coef-
ficients of conversion of growing stock volumes to phytomas for
main forest forming species of Russia // Lesnaya taksatsiya i
lesoustroystvo. 2003. No. 1. P. 119-127 (in Russian).

9. Khamzina A., Lamers J.P.A., Vlek P.L.G. Tree estab-
lishment under deficit irrigation on degraded agricultural land
in the lower Amu Darya River region, Aral Sea Basin // Forest
Ecology and Management. 2008.V. 255. P. 168—178.

10. Baitulin 1.0., Baitulin A.l., Belgibaeva G.I. Con-
servation and restoration of floddplain (riparian) forests of
Syr Darya river // Rational use and conservation of forest
resources: Mezhdunarodnaya nauchnaya konferentsiya.
V. 21. Bishkek: Ilim, 2006. P. 47-51 (in Russian).

11. Zamolodchikov D.G. Assessment of carbon pool
in coarse woody debris in Russian forests with account-
ing of influence of fires and felling // Lesovedenie. 2009.
No. 4. P. 3—15 (in Russian).

12. Kaganov V.V. Change of ecosystem carbon reserves
during afforestation in the steppe and semi-desert zones of the
European part of Russia // Problemy regionalnoy ekologii.
2012. No. 4. P.7-12 (in Russian).

13. Zhang Y.-Q., Liu J.-B., Jia X., Qin S.-G. Soil organic
carbon accumulation in arid and semiarid areas after affores-
tation: a meta-analysis // Polish Journal of Environmental
Studies. 2013. V. 22. No. 2. P. 611-620.

14. Zhou W., Gong P., Gao L. A review of carbon for-
est development in China // Forests. 2017. V. 8. P. 295. doi:
10.3390/18080295

15. Suganuma H., Ito T., Tanouchi H., Egashira Y., Kuro-
sawa K., Kojima T. Estimation of carbon sequestration potential
ofarid land afforestation using satellite image analysis and ground
truth //Journal of Arid Land Studies. 2012. V. 22. No. 1. P.69-72.

101

Teopernueckasi n npuriaagnas sxoaorms. 2019. Ne 4 / Theoretical and Applied Ecology. 2019. No. 4




MOIIYJIAIIMOHHAS OROJIOT A

YR 544.723 doi: 10.25750/1995-4301-2019-4-103-109
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Nayuena xkunernra copbiun monos tsyréapix meramios (TM) mepu (1), esunma (1) w kagvmus w3 pacrBopoB nx
Hurparos ¢ kourenrparuein 1+ 10 mosn/n mukpomuneramu p. Fusarium: F. oxysporum Schltdl. T'-15, F. poae (Peck)
Wollenw PK-15, F. sporotrichioides Sherb. (T-O 7/3) u F. culmorum (Smith) Sacc. BeisiBieno, 4o Kunetnka coporim
HEROTOPBIX copOerToB st psaga TM xoporro ommesBaeTes: ypaBHeHmeM MCeBA0-TIePBOTO MOPSIKA, & APYTIX COPOEHTOB —
ypaBHEHUEM HICEeBJ0-BTOPOTO 1 MOMMUIIITPOBAHHOTO BTOPOTO MOPSIJKA.

Jlst cpaBHeHMs COPOIMOHHBIX BO3MOKHOCTEI Pa3TMUHbIX BUJIOB 110 oTHOIeH 0 K TM nenosibzoBasin paBHOBECHY O
yaenbHylo Macey copbata(a,), HaqalbHyIo CKOPOCTh copbumm (v, ) i BpeMsa copoumm 95% mmm 99% ot sHmavenns a,
(Ly50,/Lgg0,)- COPOIMS MOHOB KAJIMUSA TIPOTEKACT ¢ 3aMeTHO (ojlee HUZKOI CKOPOCTBIO 10 cpaheninio ¢ nonamu mezu (11)
n ceunna(ll): HavanbHas ckopoctsh copbinn obina B 2,6—-12,3 pasa n 5,6—48,1 paza Menbiie 110 CpaBHEHUIO ¢ Me/bIO
W CBUHILOM COOTBETCTBEHHO; Ly, — 4,0-25,4 n 6,1-18,9 paza 6onbine; £y, — B 7,6-148,2 1 3,8-61,2 pasa 6onbie.

3HaueHns paBHOBECHOT Macehl copbara, KOTopas Xapakrepusyior éMKOCTh coOpheHTa, BApbUPOBAJIN B MHTEPBAJIe
or 0,099 o 0,108 mmoub /1, 1ipn copbuun noHoB Kagmus F. poae n F. sporotrichioides snauenust ObLIN HECKOJIBKO
amsie u cocrasman 0,078 u 0,090 mmonn/r. Hanbonbmieit ckopocThio copOIiuin o OTHOIIEHWIO K MOHAM CBUHIIA W MeJn
xapakrepusoBanuch . oxysporum n F. poae, a k nonam wagmusi — I. culmorum wn F. sporotrichioides.

Takum o6pasom, pasinuaust B copdIinm KamMus u Apyrux uceyaegopanubix TM (cBuHer, Mejib) oKkaszaanch Hanbosee
CYIIECTBEHHBIMI, TeM ME;KBUIOBBIC PA3IMUNS MITKPOMUTIETOB.

Kuouesore crosa: mukpomunerst, Fusarium, 6uocopdiiys, KHeTHKa copOIiy, MOJleT KUHeTHKI, PABHOBECHAS
(ymenbmast) Macca copbara a,, HauaJIbHas CKOPOCTh COPOIIIL v, , BpeMs cOpOIuIL.

Assessment of sorption abilities of various species of Fusarium
micromycetes in relation to heavy metal ions
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The kinetics of sorption of heavy metal (HM) ions of copper(Il), lead(Il) and cadmium from solutions of their
nitrates with a concentration of 1 - 10 mol/L by micromycetes of the Fusarium genus (F. oxysporum Schltdl. G-15,
F. poae (Peck) Wollenw PK-15, F. sporotrichioides Sherb. (T-O 7/3) and F. culmorum (Smith) Sacc.) was studied. It
was revealed that the sorption kinetics by some sorbents for a number of HMs is well described by the pseudo-first order

equation, and for other sorbents — by the pseudo-second and modified second order equation.
To compare the sorption capabilities of various species with respect to HM, the equilibrium relative mass of the

sorbate (a ), the initial sorption rate (v

e start

), and the sorption time for reaching 95 or 99% of the a, value (i, / t,,,,) were

used. Sorption of cadmium ions proceeds al a noticeably lower rate compared to copper(1l) and lead (1) ions: the initial

sorption rate was 2.6—12.3 times and 5.6—-48.1 times lower compared to copper and lead, respectively; ¢
- 7.6-148.2 and 3.8-61.2 times longer.

and 6.1-18.9 times longer; ¢

99%

- 4.0-25.4

95%

The values of the equilibrium mass of the sorbate characterizing the capacity of the sorbent, varied in the range
0.099 to 0.108 mmol /g, while sorption values of cadmium ions by F. poae and F. sporotrichioides were slightly lower and
amounted to 0.078 and 0.090 mmol/g. F. oxysporum and F. poae were characterized by the highest sorption rates with
respect to lead and copper ions, and F. culmorum and F. sporotrichioides — to cadmium ions.

Thus, the differences in the sorption of cadmium and other HMs studied (lead, copper) turned out to be more sig-

nificant than the interspecies differences of micromycetes.

Keywords: micromycetes, Fusarium, biosorption, sorption kinetics, kinetics models, equilibrium (specific) mass of

sorbate ae, initial sorption rate v, sorption time.

B nacrositiiee BpeMsi 3arpsisuernue mo4YBbI
1 BOJIbI COIMHEHUSIMU Ts3RETbIX MeTtassioB (TM)
ABJISETCS OJIHOI 13 TJI06ATBHBIX DKOJTOTTYECKITX
npodsaewm [1]. IIpu ounerke 3arpA3HEHHBIX CTOU-
HBIX BOJI TPAJIMIIMOHHbBIE METOJIbl OCHOBAHbBI Ha
TAKUX MPOIeccax, KaK ajicopoIiust, Koaryisius,
(proryaATIA, TOHHBIT 0OMeH, MeMOpaHHoe pas-
nenenune u ocasiaeHne. K Hepocrarkam mopo0HbIX
TeXHOJOTHI OTHOCSTCS BBICOKAsT CTOUMOCTD,
HEeTIOJHOe yjajieHne 3arps3HuTeseil, BHICOKOe
pHepromorpedieHe 1 00pasoBaHMe TOKCHYHBIX
orxonos |2, 3].

Mmuoroo6eraioreii aabre pHATHBHOT TeXHO-
JIOTHeIT OUNCTKI CTOYHBIX BOJ SIBJISIETCsT OMOCOP6-
s, B eé ocHoBe JIeKUT CITOCOOHOCTD FKMBBIX
OpPraHm3MoOB, MpesKiie BCEro, MUKPOOPTaHI3MORB
(MO) akxymynuposars TM u3 pacropos [4].
R ocronncrBam 61ocopOInm OTHOCAT HKOJIOTH -
YeCKY0 6€30T1aCHOCTh, IIPOCTOTY, 3(PHEeKTUBHOCT
OUYMCTKHU, OCTYITHOCTD, JIeNIeBU3HY COPOEHTOR
11 BO3BMOKHOCTD UX pereHepariuu [J, 6].

B rauecrtBe BbIicOKODPPEKTUBHBIX OMO-
cOpOEHTOB MCIIOJNBL3YIOT OaKTepPHI, BOJOPOCI
u Tpubbl, BRIOYas apoxsku [7]. B wacraocrn,
MOKa3aH BHICOKMIT TTOTeHI[Ma O1OMacCehl TPUOOB
B KauecTBe 6uocopbenTa st yjanerust nornos TM
n3 3arpA3HEHHBIX BOJ |8, 9]. Onu criocoOHbI Ha-
KarimBaTh He TOJIbKO MUKpoanemenTol (Cu, Zn,
Mn u sip.), HO U HepcceHIMaTbHBIe MeTasbl (U,
Ni, Cd n Hg) [10].

ITOT MPOTECC MPOMCXOMUT OIaTOIaPsA BHI-
COKOIl cTereHn ajjanTaum MUKPOMUIIETOB U 1X
yeromrumBocetn & geitctsiio TM, cmocodmocTn ak-
KYMYJINPOBATH 11 TPAHCHOPMIPOBATH COSTITHEHTIST
T™ [11]. Cpeay MUKPOMUILIETOB TIPeCTaBUTeIII
p. Fusarium wmeior obmMpHLII apeas, 3aHnMast
pasamunbie sRogornuecKkue nuin [12], odnagaror
MOBBINCHHOI YCTOMYMBOCTHIO K 3arps3HEHUIO
mouB, B ToM uncye coepmuenusimu TM [13-15].

[Tpu prom hysapum ABIAIOTCS AKTHBHBIM I
copoenramu TM. Tlokazano, uro 1ipm dKCIO-
UMY RYJIBTYPBI F. oxysporum B reuenue 7 ¢yT
cTeTieHb M3BJIEUYEHMWs N3 PACTBOPOB cyabdaron
Meu U HUKeJs ¢ Roumenrparueii 20 mr/n s
HOHOB Mejiu cocrasiisiia D8,8%, a 11 HOHOB HI-
Kesist — 36,0% [16]. Yeranosieno, uro 6unomacea
F. oxysporum obmagaer BLICOKOI COPOIMOHHOM
c1ocobHOCTHIO 110 oTHOTIeHN 0 K noHam Ph(11),
MPU HTOM U30TePMY aicOPOITITT XOPOTITO OTINChI-
Baror Moxmenu Jlenrmiopa m Mropn-Xarrunca.
Meronom mHparpacHoOl CTEKTPOCKOTIHT
¢ Oypobe-mipeodpasoBaHmeM TOTBEPKILEHO, UTO
MPOMCXOJUT B3ANUMOJIeICTBIE MEKIY MOHAMMI
W ARTUBHBIMYU (DYHKIMOHAIbLHBIMU TPYIITIAMI
ouomaccwr F. oxysporum [17].

[Tokazano, urto yepes 1 cyTku SKCIIO3UTUN
JRUBOTO Mutesnus I. culmorum B pacTBope HU-
tpara ceunma(1l) ¢ konmenrpamueii 10~ moan /1
HPOMCXOMMIO CHUKeHe KoHieHTpanun Ph?*
B pacTBOpE M HAKOILJIEHNE DIeMeHTa B MUTIe I
(23,2 mr/T cyxoit maccer) [18, 19]. Kunernka
copbrun nonos ceunana(ll) u mepu (1) cyxum
mutennem F. culmorum Xopormo omnchBaeTcs
ypaBsHeHuem rmcesao-sroporo nopsra. Crocoo-
HOCTb K cOPOIMT Y MUKPOMUILETA 3HAUNTETHHO
BBITIIE TTO CPABHEHUIO ¢ AKTHBUPOBAHHBIM yIJIeM
u eoantom [19, 21].

[lesbio mannoi padoTel OBIIO TaTh CPaB-
HUTEJbHYIO XapaKTepucTury copOIMOHHON
CIIOCOOHOCTH PA3JIMUHBIX BUIOB MUKPOMUIIETOR
p. Fusarium nio ornomennio kK monam meju (11),
ceunama (I1) n kapmus.

OO0 BEeKTBHI 1 METOIbI MCCAETOBAHTS
HpI/I IrpoBeaeHnunmn OIbITOB I10 COp6HI/II/I NOHOB

TM uciosnb3oBain 4eTbipe BIa MUKPOMUIIETOR
pona Fusarium: F. oxysporum Schltdl. I'-15 (BbI-
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fesieH u3 KopHeii ropoxa), I. poae (Peck) Wol-
lenw PK-15 (BbIjiesien n3 KopHeii 031MMOIl pyKi ),
F. sporotrichioides Sherb. (T-O 7/3) (Boimenen
n3 3epHa o3umon pyu), F. culmorum (Smith)
Sace. (myseitaniin iramm 13 Barckoir 'CXA).
RysawsruBupoBanne mutienusi rpuGoB MPOBOIIIH
B yamkax llerpu B reuenue 3 mecsiies Ha arapu-
3oBanHoii cpesie Yanera [22].

[Tepen mpoBegenmemM sKcepuMeHnTa 10
U3yYeHuIo Kunetuku copouum nonos TM mu-
et MUKPOMUIETOB TIATebHO OTMBIBATHN OT
MUTATeJIbHON Cpejbl JUCTUIINPOBAHHONI BOIOI,
BBICYIIIUBAJN JIO TTOCTOSIHHON MacChl, N3MeJb-
yaan u pactupanu B papdopoBoii cryrKe.
Wsmepenne conepskanusi nounos csunma(ll),
mepu (I1) u kagmMua B pacrBope npoBOJNIN
MOTEHI[NOMETPUYECKIM METOIOM Ha HOHOMepe
«Iremept-001», TOARITOTEHIHOM K ITePCOHah-
HOMY KOMIBIOTEPY, ¢ HOHOCEJEeKTUBHBIMU
DJIIERTPOIAMU, YYBCTBUTEIbHBIMU K KOHIIEH-
rpanun nonos TM B Bommom pacrsope. Onpir
MPOBOJMJIN ¢ MCIOJb30BAHNEM MAarHUTHOM
memanku npu remmneparype 231 °C. Ilepen
paboToil BIEKTPONILI KATUOPOBATIN.

B crakan mammBanu 50 M pactBopa HuTpaTa
TM (murpar csunma(Il), mepu (1), kagmus) c
rourenrpanueii 1+ 10 moan /i (M), morpyskann
B PacTBOP MarHuT, NOHOCEJIEKTUBHBII JIEKTPO]I,
pH-anerTpon u IBYXKII0UEBOI BJIEKTPOJ| CpaB-
menus, BRIovann Memmanky [1]. 3amyeranan
MporpamMmy IpuéMa JIaHHbIX ¢ HOHOMepa «JKC-
mepr-001». [Ipobbr cyxux copOeHTOB B3Ber-
Basm (cpenusist macca copoerta 0,0500 r), sarem
OBICTPO BHOCUJIN B CTAKAH € PACTBOPOM HUTpaTa
TM. Jlnst mpuéma n o6paboTKM TAHHBIX UCITOJh-
soanu mporpammy EXP2PR, pazpaboranmnyio
000 «9ROHURC-9KCITEPT» (Bepcusi or
26.03.2018), roropast 1M03BOJIsIET B PesKUMeE pe-
aJTHbHOTO BpeMeHU 3aIIChIBATH KPUBbIE KMHETHKI
copbOrmu moros TM.

[Tpn onmcannm KUHETURYU cOpOIMN MC-
MOJIb30BAJIN MOJIEJIH TICEB/IO-TIePBOTO 1 TICEeBJI0-
BTOPOTO MOPSIIIKOB, MOAM(PUITIPOBAHHY IO MOJI/Tb
BTOPOTO TOps/IKA 1 Mofiesih Kinosmua [23-25].
SHaveHns mapaMeTpoB KMHETHYeCKIX Mojiesell,
YCpeIHEHHBIE 3a MTOJTHOe BPeMsI KasK0T0 M3Me-
peHus, OBIIN HAlIeHbl METOIOM HANMEHBITNX
KBaJIpaToB 1pu momoinu HajacTpoitkn «llomek
pemenus» nporpammuoro nakera Microsoft
Office Excel. I1pn mogbope ypaBueHust Mmosiesn
KUHETUKU PacCUnThbiBaau KO3 UIMEHT ieTep-
MuHaumm r¢ 1mo popmy.ie:

t D
ri=l-—ot (1),
2

rae DI — ucrepcus pasnocT sRCiiepumMeH-
TaJbHbBIX 1 paC‘IéTHBIX JaHHbIX] D2 — auclepcust
IRCIIePpUMEHTAJIbHbIX [ITaAHHbIX.

Pesyabrarel n o0cy:knenme

B xone nccenoBanms moayueHbl 9KCIEPU-
MeHTaIbHbIe KpuBbie copOruu nono meau (11),
ceurna(Il) u kagmus. Ha pucynrkax 1-3 mpu-
BeJleHbl KPUBLIe KNHETHKN cOpOINN MOHOB
ceunana(ll), mepu(I1) m kagMus paznuaabIMN
BUJaMIT MUKPOMUTIETOB P. Fusarium n3 pacrBo-
pos HuTparTor TM.

Jliist cpaBHUTETLHOIT XapaKTepUCTIUKI cOpo-
IIMOHHON CTIOCOOHOCTN PA3INYHBIX BUOB TIO]I-
Oupasm MareMatudeckyto mMomenb [23, 24],
OIITUMAJILHO OMUCHIBAIOIILYI0 KWHETUKY COPOINN.
[Top®op Moje1n OCYIIECTRISIN 10 MARCUMAJb-
HBIM 3HaUYeHuAM Roadpuimenta jerepMuHaumn
r* (rabx. 1). Ha pucynre 4 npusepén mpumep
WJLTIOCTPAITAY TTOI00Pa MateMaTH4ecKOi Mojie-
st onucanusa kuaetTnku copormum meu (11)
mMukpomuterom F. culmorum. B pannom cayuae
KINHeTHURY copOInm Hambosee TOUHO OMICHIBAET
MoJesTh TiceBio-mepsoro nopsaka (r° =0,9934).

B niesiom, citeryer orMeTuThb, 4To JIJIst 00BN -
HbI copOerToB 1 noHoB T'M HanGosree ipuemaemo
ypaBHeHUe [CeBI0-TIePBOTO MOPSIIKA, JIJIs [IPYTOil
MOJIOBUHBI — ypaBHeHUEe MOAUQUINPOBAHHOTO
BTOPOTO TOPsI/IKA 1 JUITh 1Jist F. poae copOims
KaJIMIsi XOPOIIIO OTichiBaeTcst ypasHenuem Eio-
Brua (tadm. 1).

Tar kar ruaernrka coporunm nowos TM
NCeCaeIOBANHBIMI BUaMU MUKPOMUI[ETOB
p. Fusarium onmcniBaeTcst pa3TmaHBIMI MOJIEIs-
M, TO IS CPAaBHEH NS BUIOB NCTIOIB30BAIN TaKITe
rapaMeTpbl COpOEHTOB, KAK PABHOBECHYTO Y/IeJIh-
Hylo maccy copbara (a,), HauaJabHyl0 CKOPOCTD
copbrun (v, )u Bpems copouun 95% u 99% or
snavenus a, (1., /to.,) (puc. 9). Havanbnyio
CKROPOCTHL COPOIMI PACCUMTHIBAJIM 110 (hopmyJie:

a, —a

L1, (2)

Uuaq. -

raet—spewms (¢):t,=0c¢,t,=1,123c;a,— ynenn-
Hast Mmacca copbara 1o HanboJsee ONnTUMaTbHON
Moftesin (MMOJIL/T): g upnt =1, a;nput =1,

[Toy Bpemenem tgm/tgg% OHMMAaJIN BPeMsl, 3a
KOTOpOe TPOUCXOUIIO0 JOCTHKEHEe B PACTBOPe
95% 1 99% cooTBeTCTBEHHO OT 3HAYEHUST PABHO-
BeCHOIl (11pefie/ibHOiL) yzienbHoll Macca copbara a,
0 HanmboIee ONMTUMATHLHOM TSt COPOEHTAa MO,

3HaueHUsI PABHOBECHOI YIeJIbHOIl MaCChI
copbara, XapakTepusyoIeil éMKOCThL copbernTa,
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Fig. 1. Kinetic curves of the sorption of lead (II) ions from solutions
by micromycetes of the genus Fusarium, mmol/g
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Fig. 2. Kinetic curves of the sorption of copper(1I) ions from solutions
of micromycetes by the genus Fusarium, mmol/g
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Ta6anma 1 / Table 1

Pesynbrarnt cratnctnueckoii o6padboTkn (1) KHHeTUYeCKIX KPUBLIX COPOIMN TSKEIBIX METAIOB

MuUKpoMuIeramn p. Fusarium mopensimu XuMn4ecKoil KNHeTH KN

Results of statistical processing (r°) of kinetic curves of sorption of heavy metals by micromycetes
of the genus Fusarium using chemical kinetics models

Bun Mopenn / Model
MURpoMumnera IICeB/I0O-1IePBOT0 IICeB0-BTOPOTrO MOIIV[CI)VHU/[pOBaHHOFO Moypenn Enosrua
Species of nopsKa HopsKa BTOPOTO HOPSIKA Elovich’s
micromycete pseudo-first pseudo-second order | modified second order equation
order
Cu?*
F. oxysporum 0,9877 0,9543 0,9543 0,4921
F. culmorum 0.9934 0,9274 0,9274 0,4979
F. poae 0.9893 0,9298 0,9298 0,5967
F. sporotrichioides 0,9341 0.9905 0.9905 0,8323
Pb2+
F. oxysporum 0.9949 0,9829 0,9829 0,704
F. culmorum 0,9728 0,8487 0,8487 0,4013
F. poae 0,8751 0,9782 0,9782 0,6915
F. sporotrichioides 0,8791 0.9954 0.9963 0,7442
Cd2+
F. oxysporum 0,9170 0,9774 0,9845 0,9569
F. culmorum 0,9593 0,9875 0,9876 0,9066
F. poae 0,6768 0,8860 0,9498 0,9787
F. sporotrichioides 0,9305 0.9899 0.9899 0,6042

IIpumenanue/Note: acuprvian wpu@mon ¢ noduepkuganuem gbileienvt MAECUMALbHIBIE 3Hadenus / maximum values

are highlighled in bold with underline.

CopOupyeMmblii HOH/BUJ MUKPOMUIIETA
Sorbed ion/micromycete species
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Puc. 5. Pasnosecnas ynenbnas macca copbara a, npu copouuu TM mukpomuneramu p. Fusarium
Fig. 5. The equilibrium relative mass of the sorbate a, during the sorption
of heavy metals by micromycetes of the genus Fusarium
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Tadauna 2 /Table 2

Rucaornocts pacrsopa (pH) pacrsopa npu copormu TM mukpomutieramu p. Fusarium:
uzmenenue u cssasb ¢ p(TM2?") /Acidity of the solution (pH) during sorption of TM by
micromyceles genus of Fusarium: change and pH—p(HM?") relationship

Copoupyembiii | Bug mukpomuiiera Cumkenne pH B Hauase Roadpdpunment koppessitiun (r)
MOH Species of copOIum, ef. meskny pH u p(TM?) B xoue copbiun
Sorbed micromycete The decrease in pH at the Correlation coefficient (r) between
ion beginning of sorption, units pH and p(HM?*) during sorption
F. oxysporum 0,52 0,9422
Cu F. culmorum 0,09 0,9821
F. poae 0,95 0,8939
F. sporotrichioides 0,54 0,9821
F. oxysporum 0,94 0,9397
P F. culmorum 0,36 0,9802
F. poae 0,76 0,4512
F. sporotrichioides 0,42 0,9919
F. oxysporum 0,25 0,5963
Cd F. culmorum 0,07 0,8866
F. poae 0,16 0,9826
F. sporotrichioides 0,19 0,6818

B OCHOBHOM BapbupoBain B uarepsase or 0,099
1o 0,108 Mmmosib/T copbeHTa, Juilb TOJbKO JJIsi
nByx BumoB F. poae u F. sporotrichioides npn
copOIN NOHOB KaJMUs OHA HECKOJbKO HUKE:
0,078 u 0,090 mmosn/1T (puc. 9).

Ha pucynke 6 mpepcraBieHbl cpaBHUTEb-
HBble JlAaHHBIe TTapaMeTpoB coOpOIuu JIJisi pas-
HBIX BUIOB hysapuyma u pasubix nonos TM.
Jlns Gonbmmnersa BUL0B BpeMs [y, Il HOHOB
mepu (I1) u csuntna (1) Bapsuposano or 0,7 mo
1,9 mun. [lns F. sporotrichioides ono 0b1110 He-
CKOJIBKO BBITIE, YeM JIJIsI PYTUX BUIOB U COCTA-
BIJI0 0,9 1 3,9 MuH 114 Mej 1 CBUHILA COOTBET-
creenno. [Tpu copbrun kagmus £y, ObLIO Ha 110~
PAOK OOJIbIIe 110 CPAaBHEHUIO ¢ copOItnei ipy-
IUX MOHOB 1 KosJebamocs B ipegenax or 21,1 o
29,6 mun. [Ipn ananse Bpemenn {y,, B 11e10M OT-
MedaJin TaKkyIo jKe TeHIeHINIO, UTO 1 JIJIsI Bpeme-
nu ty., . G yBennyennem nexXoaHoil KOHIEHTpa-
I MOHOB KaJIMIsI B PacTBOpPE BpeMsi copoium
loso, / Logo, YBeMMUMBanoCh. TonbKo 17151 01HOTO
Buja F. poae ipu copoImm KajaMust pasJindusi BO
BpeMeHn ObLIN He3HAYMTeNbHBL: [y, COCTaB/IsA-
10 29,7 mun, Loy, — 30,7 mun. Jlannwiii paxr mo-
JKeT OBITH ODYCJOBJIEH TEM, UYTO B JJAHHOM CJIY-
yae copOIusi XOPOIIO OIUCHIBAETCS YPaBHEHM-
em EjioBuua, Koropoe, B oTyinume OT Mojiesei
MICeB0-TIePBOTO U MCeBI0-BTOPOTO TMOPSI/IKA, HE
MpeJrosaraet HachieH st CopoeHTa.

MakcumasbHbie 3HAYCH NS HAYATLHON CKOPO-
cTu cCOpPOLMU OTMeUaJI PU COPOIUI MUKPOMI-
meramu oHoB ceunna (6,7-17,2 mxmosnn/(r+c)),

HEMHOTO HUKe ObILIN 3HAYeHUs TPU COpOIIN
venn (3,9-7,4 mrmonn/(rc)), npu coporun
KaJIMUsT YCTAHOBJICHBI MUHUMAIbHbIC 3HAYCH ST
v,.. (0,3-1,5 Mmrmonn/(1°¢)) (puc. 7).

Ecnin coBmectntsh nemonb3yemMbie mapaMerpb
CKOpOCTH copOmmu (BpemMsi OUNCTKI PacTBO-
pa M HAYaJILHYIO CKOPOCTH COPOIUNM), TO HaM-
OoabIIas copoIMOHHAS CIIOCOOHOCTh K MOHAM
CBUHTIA W MeJn XapaxrtepHa s F. oxysporum
u F. poae, a k uonam raamus — F. culmorum
u F. sporotrichioides.

[Tpu nipoBefeHnM OMBITOB 110 COPOITIH TIPO-
uaBopuan namepenne pH pacrsopa. BrisiBieno,
470 100aBKA OMOMACCH MUKPOMUIIETA TTPUBOJIIIIA
K camskennio pH na 0,07-0,95 ex. pH (radu. 2).
Haumenbinee namenenne ObLI0 XapakTepHO /s
F. culmorum (0,07-0,36 ex. pH), manbonbriee —
miist F. poae (0,16-0,95 enr. pH). 3arem nocrernen-
HO B 1iporiecce coporum snavenne pH pacrBopa
HECKOMLKO Bozpacraso. [Ipm srom B GonbIimnHcTRe
CIAydaeB MERJY MoKasaTeaeM KOHICHTPAIUN
nora TM B pacrBope p(TM?**) u pH nabaioganach
JIOCTATOYHO TeCHasi KOPPeJsIIMOHHAS CBA3b.
Ilpyrumu cioBamu, B Xoje copOIini HAPSILY CO
cHuKeHneM KoHeHTpanun nonos TM B pactio-
pe TPONCXOIMIO CHIKEH e KOHITeHTPATTIT TTPO-
ToHOB. [lanubiii parT MoskeT OBITH 00YCJIOBICH
MOHHO-00MEeHHBIM MexaHusmom copouun TM
He ¢ MPOTOHAMU, a ¢ APYIUMHU KaTHOHAMU, Ha-
npuMep, HOHAMU KaJIusi, MAaTHUS W KaJIbIis,
KOTOpBIE COJIePsKATCs B COPOCHTe-MIUKPOMUIIETE,
4yTO TpedyeT faabHemero n3yueHus.
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108

3axioueHue

B xosie skcniepnMenTa nzyueHa KnHeTHKa
copb6mun nonos mepu (11), ecsunmna (I1) n kagmus
13 pacTBOPOB WX HUTPATOB ¢ KOHICHTpAI[Heil
1+ 10 MOJb /T 4eTBIPHMS BULAMU MITKPOMUTIETOB
p. Fusarium. ¥Ycramnosmuero, 4to B OOILITNHCTBE
CTy4aeB KITHETHKA COPOITITT 4acTi COPOCHTOB X0-
POIIIO OIINCHIBACTCS YPABHEHIIEM TICeB/0-TIePBOTO
MOPAAKA, APYTOMl YacTu — U TICeBILO-BTOPOTO
1 MOPUITTPOBAHHOTO BTOPOTO TOPSI/IKA.

Jlast cpaBHeHus COPOIMOHHBIX BO3MOJK-
HOCTeN PasJMuHbIX BUOB hy3apuyma 1mo OTHO-
mennio kK TM ucnonbsosanu a, — paBHOBECHYIO
yAeJIbHYI0 Maccy copbara, v, — HadaJlbHYIO
CKOpPOCTH coponnu u ly., /., — BpeMs copouum
95%/99% or 3nauenns a,.

BoisiBiieno, 4ro copomnms moHOB KaM s [TPO-
TeKAeT ¢ 3aMEeTHO OoJee HM3KOM CKOPOCTHIO O
cpaBHennto ¢ nonamu meau(Il) m csmnma(ll):
HagarbHas CKOPOCTh copommm 6nima B 2,6—
12,3 pazau 5,6—48,1 paza memblIiie 110 cpaBHEHUIO
¢ MEJIbIO I CBUHI[OM COOTBETCTBEHHO; BpeMsi [,
B 4,0-25,4 1 6,1-18,9 paza Gonbiie; Bpems £,
B 7,6—148,2 u 3,8—61,2 paza 6osbliie.

3HadeHus paBHOBECHOIT Macchl copbara,
ROTOpas XapakTepuayioT éMROCThL cOpOeH-
ta, Bappuposanau B nurepsane or 0,099 no
0,108 mMmoJib/T, Tipu cOPOIMU MOHOB KaMUsI
F. poae n F. sporotrichioides 3mauenns Obi-
I HecKoabKo Huxke u cocrasuan 0,078 n
0,090 mmosb/r. Hanbombieit ckopoctbio copod-
N1 110 OTHOIMIEHMIO K MOHAM CBITHIIA 1 Me/IN Xa-
pakrepusoBasiuch I. oxysporum u F. poae, a k no-
nam kajgmust — I, culmorum u F. sporotrichioides.

95%

99%

Paboma evinoanena 6 pamkax zocydapcmeen-
noeo 3adanus Uncmumyma ouonoeuu Komu HIT
YpO PAH no meme «Oyenra u npo2no3 omcpouen-
H020 mexnozenno20 603deilcmeus ha npupodnsle

u mpanchopmuposanmsle IKOCUCMeEMbL ROI30HbL
100icroil maiieu» Ne 0414-2018-0003.
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Pacnipenenenne MIKPOCKOIMYeCKNX rpnoos
B MepP3JI0THOI TOPPAHOIT TOUBe
IJIOCKOOYIPUCETOr0 00JI0TA JIECOTYH/IPHI

© 2019. 10. A. Bunorpajnosa, K. 0. H., H. ¢.,

E. M. JlanrreBa, K. 0. H., I0IICHT, 3aB. OTIEJIOM,

B. A. Rosanesa, m. H. c., E. M. IlepmunoBa, m. H. c.,

WNueruryr 6nonorun Komu nayunoro nenrpa Ypanbckoro oraenennst PAH,
167982, Poccus, 1. CoikroiBrap, yi. Rommynuncrnueckas, 28,

e-mail: vinogradova@ib.komisc.ru

WcenepoBan RoMIIe ke MUKPOCKONTNYeCKIX rprboB B TOPQsIHOIT Mep3Ja0THOT TouBe 110cKoOyTpIicToro HosoTa (bacceiin
HuKkHero Tedenist p. [ledopa, iecorynjipa). TakcoHOMIUYECKNIT CITMCOK BRIIOUAET 42 BIjIa MIKPOMUIETOB, B TOM YncJie iBe (hopMbl
crepmbroro Mutenns. Ormen Zygomycota mpeperansien 8 supam (19%) us pogos Mucor, Mortierella, Umbelopsis, ormed
Ascomycota— 32 Bugamu (76%), cpein KOTOPHIX 110 YHCTY BUAOB fomunaupyer pox Penicillium (17 Bugos). OcranbHbie
pount — Alternaria, Aspergillus, Cladosporium, Pseudogymnoascus, Chrysosporium, Fusarium, Talaromyces, Trichoderma —
TTPeJICTABICHBI eI HBIMI BuaMi. HamGompimmm BuoBeIiM pasnoobpasmeM rprubos (38 BUIOB) OTIANTAETCS BePXISS TaCTh
cesonno-Tanoro ciost (rayomna 0—20 em). B umkneii ero wactu (20—55 em) 1 MEpambix caosx Topda (9—115 em) Konugecrso
BujtoB coorsercTBenHo 11 1 9. HncaeHHOCTE MUKPOMUIIETOB B ce30HHO-Ta/ioM cyioe coctapuia D—104 teic. ROE/r nmoussr,
B Mépaioii roste Topda — 0,2—-3,7 roic. KOE/r mousni. B crpykrype MUKpOMUTIETHOTO KOMILIEKCA Ha JIOTI0 PEIKIX BUIOB
npuxonuress 60%), vacreix — 12%, gomurupyromnmx — 29%. B BepxHeil yacTu ce30HHO-TAION0 CI0s1 HANO0Iee OOMIBHbI
Penicillium simplicissimum (23,6%), Pseudogymnoascus pannorum (12,0%), Mycelia sterilia (cBerookparmennbiii)
(19,9%), B ero mmxweit wactn — Penicillium simplicissimum (43,8%) n P. lanosum (47,7%), B MHOTOTETHEMEP3ITBIX CIOAX
topda — Penicillium implicatum (32,3%), P. simplicissimum (19,4%), Mycelia sterilia (cBernoorparenubiii) (17,7%).

Kawouesvie crosa: Gyrpucrsie 6os0ra, TOpQSHUKI, MEP3I0Ta, MUKPOOHast OMoMacca MUKPOCKOTIIYeCKIe Irpuobl,
CTPYKTYPa, pazHoobpasne.

Distribution of microfungi in the permafrost peat
soil of the flat-hilly bog of the forest-tundra

© 2019. Yu. A. Vinogradova ... 0000 000345014000 Fo- M. Lapteva
V. A KovaleYa ORCID: 0000-0001:5465-.6134’.]?' M. Perminova ;.. 0000-0002-8650-25247

Institute of Biology of Komi Scientific Centre of the Ural Branch of RAS,

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

e-mail: vinogradova@ib.komisc.ru

ORCID: 0000-0002-9396-7979°
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The micromycetes complex was studied in the permafrost affected peat soil of the forest-tundra peatland (lower course of the
Pechorariver, forest tundra). Taxonomical list of microscopic fungi contains 42 species (including two forms of sterile myceli-
um). Division Zygomycota contains eight species (19%) from genera Mucor, Mortierella, and Umbelopsis; division Ascomycota —
32 species (76%). Penicillium genus contains the highest number of species (21). The other genera — Alternaria, Aspergillus,
Cladosporium, Pseudogymnoascus, Chrysosporium, Cephalosporium, Fusarium and Trichoderma are presented by single species.
The highest number of fungi species was found in the upper part of the active layer (depth 0—20 ¢cm) — 38 species (Shannon index
H =2.53), the lowest — in the lower part of the active layer (20—-55 cm) — 11 species (H = 0.90) and permafrost layer (55—
115 cm) — 9 species (H = 1.31). The highest number (51-84 thousands CFU per g of soil) of microscopic fungi was found
in the upper part of the active layer (depth 0—4 e¢m). In the lower part of active layer, high number of micromycetes (60—
104 thousands CF'U per g of soil) was found only at rich by hydrocarbons media (worth agar, Sabouraud’s medium). In the
permalfrost layer, this number was lower by 1-2 orders of magnitude (0.2-3.7 thousands CFU per g of soil). According to
the species abundance, the structure of micromycetes complex is presented by rare species — 60%, abundant species count
12-29%. Penicillium simplicissimum (23.6—48.3%), Pseudogymnoascus pannorum (12.0%), and Mycelia sterilia (white)
(19.9%) were the most abundant in the active layer; Penicillium implicatum (32.3%) and Penicillium simplicissimum (19.4%)
and Mycelia sterilia (white) (17.7%) — in the permafrost layers.

Keywords: peatland, peatbogs, permafrost, microbial biomass, microscopic fungi, structure, diversity.
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Jrcerpemanbibie yeaosus Kpaitnero Cesepa
OIPEJIeNISIIOT HUBKYI0 YHCAEHHOCTh T0UBEHHBIX
MUKPOOHBIX COOOITECTB, NX alalITHPOBAHHOCTh
K HU3KUM TeMIlepaTypaM, BbICOKON KUCJIOTHO-
¢t 1 oyruroTpoHocTn cpefbl [ 1], a Takske kap-
JMKOBOCTH RJIETOK Tporapuot [2]. Orpunaresn-
HbIe TeMIepaTypbl He HPensiTCTBYIOT pacipo-
CTPAHEHUIO U COXPAHHOCTH B IIOYBAX KPUOJINO-
BOHBI CITOP 1 PPArMEHTOB MUTIEJIVS MUKPOMHUTIE-
ToB [3]. B Hacrosiiee BpeMs n3 TYHIPOBLIX I10YB
BbIjIeJIeHO 0K0J10 13D BumoB MuKpomMuieron [4],
MHOTOJIETHEMEP3JIBIX TPYHTOB APKTHKI — TTOPSI/I-
®a 80 BusoB 9], MouB KOHTHHEHTATLHON AHTAp-
KTujbl — 115 BUIOB MUKPOCKOTIMYeCKIX TpOOB
[6]. Ocraiorcst cnabo ncceoBaHHBIMI BOIIPO-
ChbI O POJIM BEYHOII MEP3JIOTHI B paciipeiesieHn
MUKPOMUIIETOB B TOJIIIE TOPMSHBIX OTIOKEHUTT
oyrpucteix 600t Apkruku n CybapKrukm, ns-
MEeHeHUW X YUCJTeHHOCTH 1 PAa3HO00Pa3us B Ci-
creme «cezonro-ranbie ciaoun (CTC) — muOTOMET-
neMepasbie mopoasl (MMIT)».

[Hesnn gannoit paboThl 3akJI0YATACH B BBISIB-
JeHUN 0COOEHHOCTEelT paciipejleieHIsi KOMILTeK-
ca MUKPOCKONMYECKIX TPUOOB B CE30HHO-TAJIBIX
U MHOTOJIETHEMEP3JIBIX CJI0SAX TOPPAHOIT TOUBBI
Oyrpucroro 60J0Ta JIECOTYH/PBI.

MarepuaJinl 1 METOIbI

WcenepoBanus mpoBoUAN B ceBepo-3a-
najiHoil yactn Bomnbiesemenberoii Tyaypol (He-
HEIKNI aBTOHOMHBINT OKPYT) HA TEPPUTOPUN
OYTrpUCTO-MOUYAKMHHOTO 00JIOTHOTO KOMILIEK-
ca, pPactoJOsKEeHHOTO Ha MPAaBOOePeRHON HaJ-
rnoiimenHoii reppace noaunbl p. Ilevopa. [1poOnr

Topda st MUKOJOTHYECKOTO aHaan3a oronpa-
JIN ¢ COOJTTOfIeHMeM YCJIOBUIA, TPeIsTCTBYIOMIX
O61OoJIOrMYecKOll KOHTaMWHATMY 00pa3Ios, n3
CTC (0-4,4-10,10-20, 20—-30, 30-47,47-55 cm)
n Bepxuent wactu MMII (55-70, 70-90, 90—
115 cm) rTopsimoro 6yrpa (67°39'10,7" c.mm.;
03°23'24,9" B.1.). Jlo mawana mcegesoBammit
oOpasipl Topda XpaHUJIN HPHU TeMiepaType
-18—-20°C.

Yucaennocrs baKkrepuid, criop rpudos, -
HY MUIEJIUsT 1 UX OMOMACCy OMpPee/Isiin MeTo-
TOM JTIOMWHEeCTIeHTHOI MuKpockorun [7]. 13o-
JIATH TPUOOB BHIJEJIAIN Ha TOAKNCICHHOI cpe-
ne Yanera, cyciao-arape, cpefax Cabypo n I'er-
YMHCOHA TIPU TeMIleparypax pa3MopaskuBaHMUs
obpasios (+25, +35, +52 °C) n RyALTHBUPOBA-
HIA 10CeBOB (+4, +25, 439 °C). Vx Takconomu-
YeCKYI0 MPUHAJIeKHOCTh NIeHTH UIIpPoBaIN
¢ MCIOJIb30OBAHNEM COBPEMEHHBIX OIpejie/nTe-
neii. HazBanmsa n mosnoskeHmns TakcoHoB yHugm-
IMUPOBAJIH ¢ TIOMOTIBIO 6a3bl lanubix GBS (www.
indexfungarum.org). Crarucrimaeckyio o0paboTRy
[OJIYYeHHBIX Ja HHBIX IIPOBOJIN ¢ IIOMOLbIO [8].

Pesyabrarsl u 0b6cyskienne

CymmapHast 6momacca MUKpPOOPTaHU3MOB B
ropdstHoii 3anesku Bapbupyer ot 1,7 1o 15,3 mr/r
(puc. 1A). Makcumywm eé KOHIeHTpaI[K ITPUXO0-
nurest ma rayony 20-30 oM, TIe cocpemoTouero
6osibiiie Beero crop (010240 mura ka./r) u mu-
nennst (10441227 m/r) rpudos. B Bepxueii ua-
ctn CTC (0-20 e¢m) m B Mépaaroit Tomre Tropda
(55—115 cM) BeyITyIo poJb HTPATOT CITOPHI TPH-
608 (80-97%) (puc. 1B). B uuskneii vactu CTC
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Pue. 1. [TpohmibHoe n3meHeHe cyMMapHOT O1OMACCHI MIKPOOPraHI3MOB (A, MT/T) B TOP(QSTHOI MEP3TOTHOI TTOYBE
Gyrpucroro 6oJI0Ta JIeCOTYHIPLI U JOJIeBOe yyacrie B Heil daxrepuit (1), criop (2) u munesust (3) rputos (B, %)
Fig. 1. The profile change of the total microbial biomass (A, mg/g) and the proportion of bacterial hiomass (1), spores (2)
and mycelium (3) biomass of microscopic fungi (B, %) in the peat permafrost affected soil of the forest-tundra peatland
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Ta6auma 1 / Table 1

[Torazarenn cTpyKTYpBl KOMILIERCA MIKPOMUIETOB B TOP(AHOI MEP3JIOTHOI IT0UBe
mockobyrpucroro Gosiora gecoryuapnl / Main characteristics of the structure
of the micromyces complex in the peat permalrost affected soil of the forest-tundra peatland

[Torkazarenn / Indicators Ciron ropdstroit moussr / Layer of peat soil
CTC MMII
active layer permalfrost layer
0-20 cm/cm 20-55 em/cm 20—115 cm/cm

Konnuecrso BBIICIICHIBIX BIIOB 39 1 10
The number of species
Nunexe sunosoro pasnoodopasus Hlennona (H .
Shjnnon iljlldex of .I%)pecies dliversity (H) " 2,53 0,90 1,31
Nupexe soipasuennocru [Mueny (E) 0.70 0.39 059
Pielou index (E) ’ ’ ’
Nupexe momugomunantaoctn Bunbamea (D! . . .
Williams index of polydominance (D) Y 8,03 217 4,82
Roadppunmenr Coépencena-Yexanosckoro (Ks) 12.30%
Serensen-Chekanovsky coefficient (Ks) ’

(20—55 cM) oTMeUeHO HEROTOPOE BRIPABHUBAH T
Mesy Ormomaccoii criop (36—66% ) m 6nomaccoit
mutenus rpubos (34—62%), uro, ckopee Bcero,
o0ycaoByieno ¢charaHoBeiM cocTaBOM TOpda.

W3 npoananuszmpoBatibix 06pasios Topda
BBIZIeTeHO0 42 Buja mukpomutietoB u3 11 pojos,
B TOM uucJye aBe GOpMbl CTePUIHLHOTO MUTIEUS.
OcHOBY TaKCOHOMIUECKOTO cTincKa (32 Brja) co-
crapistior anamopgubie rpudbL. [Ipakrnuecku mo-
noBuHa 3 HuX (33%) — 1o Bujw! p. Penicillium.
Onu 3aHUMAIOT MU PYIOTIEe MOJI0KeH e B [10Y-
Bax rafirn [9], B MEp3abIX rpyHTax APRTURN
[10] w Anraprruxu [11, 12]. Popwr Alternaria,
Aspergillus, Cladosporium, Fusarium, Pseu-
dogymnoascus, Chrysosporium, Cephalosporium,
Talaromyces, Trichoderma npencraBienbl -
nuaabiMu Bugami. Orest Zygomycota BRiovyaer
8 suytos uz popos Mucor, Mortierella, Umbelopsis.
Bepymue nosumum mo o6MIMIo 3aHMMAIOT BU{bI
Penicillium simplicissimum (37,0%), P. lanosum
(26,9%) u Pseudogymnoascus pannorum (5,4%).
OrmeueHo 10cTaTOuHO BHICOKOE 00MINe CTePHUIIh-
HOTO cBerIookpatnentoro mumneans (9,3%), ko-
TOPBII TAKIKE TOMUHUPYET B MUKOTIEHO3aX KPH-
oreHHbIX 1ouB [13].

Rowmmnere MmukpomuiieroB TopdsiHoii Mepa-
JIOTHO¥ TTOYBBI TIPEJICTABICH B OCHOBHOM TCHX-
POTOJIEPAHTHBIMI BUAMI, KOTOPbIE JAI0T POCT
KOJOHUI HpPU TeMieparype KyJbTHBUPOBA-
nust +4—+25 °C [14]. Onnako eé yBenuuenue o
+39 °C 1mo3BOJINIIO y4ecTh Te BUBI MIUKPOMII-
1eTOB, KOTOPbIe SIBJISIIOTCS MPeCTaBUTeNSIMU
1ouB HoJiee I03KHBIX PETHOHOB, HATIPUMep, BUJbI
p. Aspergillus [15].

TakconoMmuueckoe pazHoodpasme MUKPO-
MUIETOB 32aKOHOMEPHO CHUKAETCS BHU3 1O
npoduaio mouBsl TopdsiHoro oGyrpa (rada. 1).

HauGosiee BoICOKMMI 3HAYEHUSIMU WH/EKCOB
BuUloBOTrO paznoodpasus Hlennona (2,53) u BbI-
pasaennoctu lluemy (0,7) ornmuaiores MUKO-
menosnsl Bepxuein yactu CTC. Spech BoIssBICHO
MaKCUMaJbHOE KOJMYECTBO BUOB MUKPOCKO-
nuyecknx rpudon (tadm. 2). OcHoBHAS UX 4ACTh
(31 Bupt) ckonnenTpupoBana B Bepxuem 0—4 cm
cioe (puc. 2A), rpe HapsAy ¢ ocTaTKaAMU Ji-
KPaHOBBIX MXOB HPUCYTCTBYIOT (DparMeHThl
JUITATHUKOB.

B GonoTHbBIX 9KOCHCTEMAaX Ta8KHOI 30HbBI
HanOOJIBINNM TAKCOHOMMYECKUM pazHoobpa-
3MeM XaparTepuayiorcs cjaon topda Ha rryou-
ny g0 50 cM or nosepxHoctu 1mouBbl [16], B u1c-
CJIeIOBAHHOM HaMu MEp3J0M OOJIoTe JIeCOTYH-
apel — g Bepxaue 0—20 em ropdsrroii 3aesku
(puc. 2A). 3pech Hanbonee oduabHbI Penicillium
simplicissimum (23,6%), cBeTI00KpateHHbIi
Mycelia sterilia (19,9%) u Pseudogymnoascus
pannorum (12,0%). OcHoBHast YacTh BbIeJIEH-
HBIX BUI0B MUKpoMuiietos (29 % or obmiero umnc-
Jia BUIOB) mMeet morasaresn obuaus meree 1%,
a rperb Bugos — ot 1 10 7%.

AKRTHBHOE TTpOrpeBaHne B JeTHUI TIePUOJ
Bepxueit vactu CTC (0—-20 cm) mouBwr Topdsi-
HOTO Oyrpa o0ycJ0OBMJIO, 110 BCeI BUAMMOCTIH,
npucyrcrsue 3nech BunoB Aspergillus flavus n
A. niger, 6osiee XapakTepPHBIX /IS TIOYB [0KHBIX
peruonos [15]. Ix uzonsret Obiin upentuduiim-
POBaHbI TP anain3e 00pasos Topda ¢ rryon-
HbI 4—20 cM. Bo3aMosKHO, OTCYTCTBUE HTUX BUIOB
B IIOBEPXHOCTHBIX ¢JI0sAX TouBbl (0—4 cm) eBsi3a-
HO ¢ UX HU3KOI KOHRYPEHTHOU CIOCOOHOCTHIO
B YCJOBUSAX aKTUBHOTO POCTA JPYTUX BU/IOB.

K oriimaurenbHoil 0cOOEHHOCTH MUKPOMU-
nerHoro Komiiekca sepxueil vacru CTC che-
JIyeT OTHEeCTU TaKKke HaJanvme B HEM MeJaHWH-
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Ta6amma 2 / Table 2
Paciipesienienne MUKpoMuUIeToB B pa3inuHbIX CJ05X TOPPAHON MEP3TOTHOI TOUBBI
mirockobyrpucroro 6osora gecoryusapol / Distribution of the micromycetes
in the permafrost affected peat soil of the forest-tundra peatland

Crom ropdstroit moussr / Layer of peat soil
CTC / Active layer MMII / Permafrost layer

0-20 cm/cm ‘ 20-55 cm/cm 20—115 ecm/cm
Pseudogymnoascus pannorum (Link) Sigler, JJW. Carmich., Penicillium commune Thom, P. lanosum
Westling, P. simplicissimum (Oudem.) Thom, Talaromyces variabilis (Sopp) Samson, N. Yilmaz, Frisvad
& Seifert, Mycelia sterilia (cBermoorparmerusrii / white)
Penicillium raistrickii G. Sm., P.spinulosum Thom, Talaromyces rugulosus (Thom) | Penicillium
Samson, N. Yilmaz, Frisvad, Seifert, Trichoderma polysporum (Link) Rifai implicatum
Biourge,
Talaromyces
diversus (Raper,
Fennell) Samson,
N. Yilmaz, Frisvad

Mortierella alpina Peyron, M. verticillata Linnem., Mortierella sp., Penicillium Aspergillus
Mucor hiemalis Wehmer, M. racemosus Fresen., Mucor sp., verrucosum niger Tiegh.*,
Umbelopsis ramanniana (Moller) W. Gams, U. vinacea Dierckx Cladosporium
(Dixon-Stew.) Arx, Allernaria lenuis Nees, Aspergillus flavus herbarum (Pers.)
Link, Aspergillus sp., Fusarium sp., Chrysosporium merdarium Link*

(Ehrenb.) J.W. Carmich., Cladosporium cladosporioides
(Fresen.) G.A. de Vries, Cephalosporium terricola Kamyschko,
Penicillium digitatum (Pers.) Sacc., P. camemberti Sopp,
P. canescens Sopp, P. citrinum Thom, P. chrysogenum Thom,
P. granulatum Bainier, P. thomii K.M. Zaleski, P. turbatum
Westling, P. waksmanii K.M. Zaleski, P. sp., Trichoderma sp.,
Mycelia sterilia (témuoorpamennsiii / dark)
Ipunewanue / Note: * — obwue suder das caoée CTC (0-20 em) u MMIT (55-115 cm) mopdanoic sarencu / common
species for active layer (0-20 cm) and permafrost layer (55—115 cm) of peal soil.

0-4 0-4
4-10
£ 4-10 g
r o i
—g 1020 § 10-20 |
2 20-30 Q 20-30 _=E£"
g ]
E 47-55 5 4755
‘% = 1L alll
& 55-70 ml = 55-70 ¥ i
70-90 oll 70-90 av
mvi
90-115 90-115
6 lIO 2I0 _’.IU 4|0 0 SIO 1 60 1 50
Unciio BHIOB HIIH POIOB Yncnennocts, Thic, KOE/T
Number of species or genera Abundance, thous. CFU/g
A B

Puc. 2. Iamenenne rarcoHoMmueckoro paznooopasus (A) u uncaennoctn (B)
MUKPOCKOIIYECKUX TPUOOB B TOPdsIHOT Mep3sioTHOIl ouBe: | — KosimuecTBO BUJIOB;
IT — komuecrBo ponos; 11 — cpepa Yanera; IV — cycso-arap; V — cpega Cadbypo;
VI - epepa leranncona. [lramkamu morpennocTn moKkasana BeJIMANHAa CTaHapTHOTO KBAJPATHIHOTO
orrnorernns / Fig. 2. The profile change of the taxonomic diversity (A) and number (B) of the micro-
scopic fungi in the peat permafrost affected soil: I — number of species; IT — number of genera;

[T — Czapek medium; I'V — beer wort agar; V — Saburo medium; VI — Getczinson medium. 1 13
Error bars show the standard deviation
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cofiepsRaIux BugoB rpubos: Alternaria tenuis,
Cladosporium cladosporioides, C. herbarum. 3-
BECTHO, YTO CUHTE3 TEMHBIX MITMEHTOB THTIA Me-
JAHWHOB B KJIETOUYHOII cTeHKe TpuboB obecrievn-
BAeT NX yCTOMUMBOCTD K HOOJATOTIPUATHBIM (DaK-
Topam cpenni [17].

MurpoMutieTHbIiT KOMILTEKC HUFKHET 4acTu
CTC, HeeMoTpsi HA BLICORYIO YHCIEHHOCTH U30-
JISATOB, JAOINX POCT Ha OOraThIX yraeBofamn
cpepax (puc. 2B), nipejgcraBien HeOOMBITUM
KOJIMYeCTBOM BU/IOB. 3/1eCh NieHTn(uInmpoBanbl
TOJILKO anaMopdubie TpudLl pojioB Penicillium
(8 BuptoB), Trichoderma (1 Bupn), Pseudogymno-
ascus (1 BujT) 1 cBeTIIOOKpAIIeHHBII CTePUIIbHbIT
murnennii (tada. 2). B cocrase npepcraBuresneit
p. Penicillium akTMBHO CHIOPYAUPYIOT U HAM-
6osiee obunbubl P. simplicissimum (48,3%) n
P. lanosum (47,7%). Kpome Toro, Boijie/ieH Buj
Penicillium waksmanii — akTUBHBII TPOLYIIEHT
BTOPUYHBIX METAOOTUTOB (TPYIIIIBI AJTKAJIONIOB )
[18] m mpoTea3npIx BHEKIETOUHBIX (DEPMEHTOB,
YYIaCTBYIONINX B I'HIPOJN3e KPYITHBIX OeJTKOBBIX
mosierya [19]. Huskoe BugoBoe pasuoobpasue
mukroreno3oB uHmkuenn vactu CTC (H = 0,90,
E =0,39) npu 3HaYNMOM TOMUHUPOBAHUN €[~
HUYHBIX BUg0B (nHpexe D'=2,17) moxer GbiTh
00yCJIOBIEHO He TOJTLKO OJM30CTHIO 3ajeraHms
Mep3J0Thl (DD ¢M), HO 1 IpeodJaajjaHeM 3/1eCh
¢s1ab0 pasyioKeHHbIX OCTATKOB C(DATHOBBIX MXOB.

Mépanbie cion Topda (95—115 em) ornmya-
1oTcst Kpaitne nuskoit (o1 0 o 3,7 teic. RKOE/T)
YUCIeHHOCTHIO M30JATOB (puc. 2B). 3mech
unentnguruposano 10 Bumos rpuboB u3 orjiena
Ascomycola, 6 13 KOTOpbIX OTHOCATCS K P. Penicil-
lium. Popwt Aspergillus, Cladosporium, Pseudo-
gymnoascus peJicTaBIeHbl eIMHTIHBIMI BUJIA-
mu. B ornuune or CTC, B Mépaoii Tosre ropda
naunbosiee odunen Buj Penicillium implicalum
(32,3%) — xapaxkTepHbIil IPeICTaBUTETh MITKO-
1eH030B TOP(MSHBIX TTOYB BEPXOBBIX I HUBMHHBIX
oosor [20]. Ilpucyrersue B Toamne MMII Buion
Aspergillus niger n Cladosporium herbarum
MOsKeT ObITh CBA3AHO ¢ KOHCepBalueil ¢iop u
X COXpaHeHneM B MEp3JbIX ¢a0siX Topda B Ka-
4ecTBe CBUETeeN TTPOIIIBIX ITATIOB Pa3BUTHS
OyrpncToro TopAHIKa JTeCOTYH/PHI B TOTOTEHe.
O croskuoii ucropun GopMupoBanmst TopQsHOT
3a7eR1 CBUIETETbCTBYET Pa3HORAuYeCTBeHHBIT
Xapakrep 60TaHMYECKOTO cocTaBa Topda 1 HI3-
roe cxojcTBo Mukotero308 CTCu MMII (koad-
durment Crépencena-Yexkanoscroro 12,3%).

3arioueHue

Takum 06pazom, oTydeHHbIe HAMU Pe3YJIb-
TAThl CBUJETEJNBCTBYIOT O CIEIuUIHOCTH pac-

npejieseHnsi MUKPOCKOIMYeCKIX TPUOOB B rpe-
nenax CTC—-MMII ropdsinoii Mep30THOT TTOUBBI
JI0CKOOYTprcToro H6oora tecoryHapst. [ Tponoi-
JKUTETHLHOE JIeliCTBIe OTPUIIATeTbHBIX TeMIIepa-
typ B MMII oOyciioBimBaer cHuykenme Benym-
HbI CyMMapHO# MUKPOOHOT OOMACCHI, YNCTIeH-
HOCTHU TPUOHBIX TIPOIIATYJI, COKpallieHne BujioBo-
0 pa3Ho0Opasus n M3MeHEeHe TAKCOHOMIYeCKOT
CTPYKTYPBI MUKPOCKOTIMUECKUX IPIOOB, TI0 CpaB-
HEHUIO ¢ MUKOI[EHO3aMU Ce30HHO-TATBIX CIOEB
topda. B Bepxueit wactu CTC (0-20 cm) napsi-
JIy C ACKOMUIIETaAMM, B COCTaBE KOTOPBIX JIHNPY -
foTIe TTO3UTNN 3aHNMatoT BUbI p. Penicillium,
B pasioskeHun Topda yuacTBYIOT 3UTOMUIETHI,
MPeJICTABUTEIN KOTOPBIX SIBJSIOTCS MIOHEPHBI-
mu Bujiamu — 310 Bujkl pp. Mortierella, Mucor,
Umbelopsis. B nmrnunx crosax CTC (20—-55 cm)
7 B MeP3JI0it yacTr ropsanon samesu (20—115 em)
OCHOBHbBIE JIeCTPYRTOPHI TOpda — acCKOMUTIETHI
¢ JloMuHUpoBanuem Buj0B p. Penicillium. B Bepx-
weit vactu CTC nanbonee odunbubl Penicillium
simplicissimum (23,6%), Pseudogymnoascus
pannorum (12,0%), Mycelia sterilia (cBer-
nookpaniennbiit) (19,9%), B ero HusxHeil ya-
ctu — Penicillium simplicissimum (43,8%)
u P. lanosum (47,7%). B MMII na nepgoe me-
cTo 110 obunmto Beixoaut Penicillium implicatum
(32,3%) mpu coxpaneHuu JOMUHUPYIOIIETT poJTi
P. simplicissimum (19,4%) n crepuiibHOTrO cBET-
nookparennoro mutenns (17,7%). B nagmeps-
JOTHBIX CJ05IX TOpda 3HAYNTETLHYIO YNCIeH-
Hoctb n30as10B (60—104 teic. KOE/r noussr),
MAOINX POCT HA OOTATBIX YTJIeBOJaMU TBEP-
JIBIX TTUTATEJNbHBIX CPeJlax, olpefiessier Hebob-
moe konmuectBo (11) BugoB MUKpOCKOTIMYE-
CRUX TpuOOB.

Paboma evinoanena 6 pamrkax memot 20cy-
dapcmeennoeo 3adanus Uncmumyma ouosozuu
Komu HI] YpO PAH (AAAA-A17-117122290011-5)
u npoekma YpO PAH N 18-9-4-40 (AAAA-A17-
117122190039-0).
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ApanTuBHBIN OTBET perenepanToB Fragaria ananassa Duch.
1OJL IeiCTBEeM MeXaHOKOMIIO3UTa HA OCHOBE aMOP(HOro INOKCH A
KpeMHUsA 1 ()JIaBOHOUI0B 3€JIEHOTO Yasi B YCIOBUX in vilro

© 2019. E. B. Amopoc!, k. 6. u., u. c., O. B. Komymuii!, k. 6. u., u. c.,

E. A. Rapnosa', k. 6. u., c. u. c., E. I'. Tpopumona?, k. x. H., H. C.,

10. I. 3aitnesa', k. 6. u., u. c., T. I. HoBukosa!, . 6. u., 3aB. taGoparopueii,
'TlenTpanbHbiii cubUpCKMit GoTaHNUECKUIT CaJ]

Cubupcroro ornenenus Poccniickoit akageMun HayK,

630090, Poccus, r. HoBocubupcek, yn. 3onoroponnnckas, . 101,

“Mucruryr xumun TBEPIOTo Testa u Mexanoxumuu CubupeKoro oTneneHus
Poccuiickoii arajieMun HayK,

630128, Poccus, r. HoBocubupcexk, yn. Ryrarenange, . 18,

e-mail: ambros ev@mail.ru

Briepsbie Ha 1pumepe pacreHuii-pereHepantoB Fragaria ananassa n3yveHbl pocTperyJnpyomas 1 ajlantoreHHast
AKTUBHOCTI MEXaHOKOMIIO3UTA HA OCHOBE aMOP(MHOTO AMOKCUIA KPEeMHUA HIeTYXH puca n (pJIaBOHOUOB 3€JEHOTO Yas.
[IpenmyiecTBom nccseyeMoro MeXaHoKOMIIO3UTa sIBJSIETCS IKROTOTMMUYHOCTH TEXHOJIOTUH €10 [MOJIy4eH s, OCHOBAHHOI Ha
UCIIOIB30BAHNI PACTUTETHLHBIX OTX0/10B. Bee nenbrranibie konnentpannn Mexanokomiosura (2,5; 9,0 u 10,0 mr/i) criocoo-
CTBOBAJIN PA3BUTHIO KOPHEBOI CHCTEMBI I HAJIBeMHOIT 4acTy pereHepanToB. Bennunubl KonmeHTparuii hoTocnHTeTHYeCcKIX
IIUTMEHTOB (XJI0POPUILIOB @, b 1 KAPOTUHOUOB), UX cooTHOIIeHMI (Xnopodut a/b, xnopodut (a+b) /KapoTnHOU/bI) 1
coptepyRansi GOMLIMTNHCTBA (PEHOIBHBIX COCIUHCHUIT, B TOM YNCJIC TAJLIIOBOI, KO(EIHOI, 1-KyMapoBoii, hepyroBoil KuCJior,
CBUJIETETBCTBYIOT O TOM, YTO KOHIIEHTPAINN MeXaHoRoMIo3uTa 2,5 n 3,0 Mr/J ABIAIOTCA ONTUMAIBLHBIME IS TTPOTIecca
ajlanTanum K yCJIOBUSIM ex vilro y pereHepaHToB ¢ BEICOKUM (DU3MOTOIMUECKIM CTaTyCOM.

Harouesste ciosa: MexanoKOMITO3UT, IUOKCH] KPEMHUST, KIOHATHHOE MIKPOPA3MHOKEH e, 3e MIISTHITKA KPYTHOTLIOHAS,
aganranus, GeHoTbHbIe COeINHEH NS, DIIJIAroBast KICJI0TA.

In vitro adaptive responses of Fragaria ananassa Duch.
plantlets induced by the mechanocomposite based
on amorphous silica and flavonoids of green tea
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For the first time, morphological and physiological characteristics of Fragaria ananassa microclones of two culti-
vars (Alpha and Solnechnaya polyanka) under the influence of mechanocomposite based on rice husks amorphous silica
and flavonoids of green tea (2.5; 5.0 and 10.0 mg/L in the medium) during the rooting stage in in vitro conditions were
studied. The advantage of mechanochemical technology of raw materials is the obtaining of biologically active com-
pounds without using any chemical solvents with the least impact on the environment. The growth-stimulating effect of
all tested mechanocomposite concentrations on the development of the plantlets root system was revealed. Root length,
root number per microshoot, and the wet and dry weight of the roots were significantly increased (by 1.5, 1.4, 1.6 and
2.5 times, respectively). Moreover, the treatment resulted in increase of leaf number per microshoot, leaf area, and wet
and dry weight of aerial parts appropriately by 1.3, 1.3, 1.2 and 1.9 times. Concentrations of photosynthetic pigments

Teoperuueckast u npurnamuas sroaorusi. 2019. Ne 4 / Theoretical and Applied Ecology. 2019. No. 4



JROJOTNSANMA ITPON3BO/ICTBA

(chlorophylls @ and b, and carotenoids), and their ratios (chlorophyll a/b, chlorophyll (a+b)/carotenoids) indicated

a high physiological state of the plantlets at mechanocomposite concentrations of 2.5 and 5 mg/L. At a concentration of

10 mg/L, chlorophylls a and b in the leaves of the plantlets of both cultivars and the ratio chlorophyll (a+b) /carotenoids
in the leaves of the plantlets of cultivar Alpha decreased to the control level and below, which indicated stress level of this
mechanocomposite concentration. The concentrations of 2.5 and 5.0 mg/L are optimal for adaptation of plantlets with
high physiological state to ex vitro environment. In the composition of phenolic compounds, ellagic, gallic, p-coumaric,
ferulic, and cinnamic acids, and their derivatives, were found. The mechanocomposite contributed to an increase in the
content of most phenolic compounds in both cultivars. The contents of some constituents had not significantly changed
or decreased (including ellagic acid in both cultivars). The results may be used for the development of production sys-
tems for a healthy planting material using biotechnological approaches and recommended for commercial strawberry

micropropagation.

Keywords: mechanocomposite, silica, micropropagation, adaptation, cultivated strawberry, phenolic compounds,

ellagic acid.

Semnannka kpymHomnoanas (Fragaria ana-
nassa Duch.) — ogna u3 naunbosee BocTpedo-
BAMHLIX ATOMMBIX KYJBTYP BO MHOTHX CTpamax
mupa. Ucmonb3oBanume KIOHATLHOTO MUKPO-
Pa3MHOKEHUS TTO3BOJISET MOJYIUTH He TOJbKO
03JIOPOBJIEHHDIIT, TeHeTHUCCKN OHOPOHBII
MOCA[0YHbBII MAaTepuasl, HO i 3HAYNTEJIHHO YCKO-
PUTH ITPOTIECC KOMMEPUYECKOTO Pa3MHOKEH ST CO-
proB F. ananassa. OpHarko pazMHoKeHIe in vilro
COTIPOBOJK/ACTCS PABTUUHBIMU TUTIAMU CTPEC-
COPHBIX BO3JICHCTBUIT (BRICOKAS OTHOCUTEIHHAS
BJIQJKHOCTh, HEJIOCTATOK KUCJIOPOJA, MOBBIIIEeH-
HOE OCMOTHYECKOe JlaBJeHune), MPUBOJSAIINX
K opMupoBaHnio crenudmieckoro genornia
pacTeHuii co c1ado Pa3BUTHIMU AITUEPMATHHBIMI
MOKPOBaMu, (POTOCHHTE3UPYIONUMEI TKAHSIMU,
YCTHUYIHBIM alnaparoM i KOPHEBOW CHCTeMOI.
B pesynbrare aroro mpu meperoce pacrenuii in
vitro B yCJOBUS ex vilro BO3MOKHBI 3HAUNTEJb-
HbIe TTOTepr HeaanTHnPOBAHHbBIX PACTeH W, CH-
marotiue 3pHeKTUBHOCTh TeXHOJOTHHU B I[€JIOM.
B ¢Bsizu ¢ 9TM aKTYaNIbHBIM CTAHOBUTCS TTOMCK
HOBBIX BEIECTB, TO3BOJATONIUX TTOBBICUTH (-
(peRTUBHOCTE CHCTEM pereHepariny i afanTannm
pacreHuii B ycJaoBusx in vitro/ex vitro. B na-
cTosiIee BpeMsi DOJIbITIOe BHIMAHUE YIeJIseTcs
DKOJOTHYECKH YHCTBIM MaTepuaaaM «3eJ6HOi
XUMUI», TPENMYIIeCTBAMI KOTOPBIX TaKsKe siB-
JseTcst IpocTora 00paboOTKI 1 HU3KAs cedecTon-
mocTh [1]. M3BectHo, 4o coepmuennss KpeMHIst
00J1aJIa10T POCTOCTUMYJIUPYIOINTEH aKTUBHOCTHIO
n obecrevnBaioT 3auTHbIe PYHKITNN PACTeH I
Ha MEXaHUYeCKOM, (DUBMOJIOTTYECKOM 1 OOXH-
MUYeCKIX YPOBHAX [2]. SHAUMTETLHBII HHTEPEC
BBIBBIBAIOT KPEMHUIICOePIKATIIE TIPermaparhl,
MoJIydeHHbIe 13 BO30OHOBJISIEMOTO PACTUTE/b-
HOT'O ChIPbsi MEXaHOXUMUYECKUMHU METOIaMU.
[TpenmyiiectBoM MeXaHOXUMUYECKOIT TeXHOJIO-
TUN ABIAETCS N3BJICUCHTE TIeHHBIX COCIMITeHMIT
¢ HamMeHbBITell HaTPY3KOW Ha ORPYIRATOIIYIO
cpey, 6e3 JIOMOJHNTETLHBIX 3aTpaT TeIJI0BON
DHEPIUU U OpraHmvyecKux pacrsopureneii [3].
[Tpenaparbl TakOTO THIIA UMEIOT HOBBIIIICHHYIO

pPacTBOPUMOCTb, COXPAHSIIOT HATY PAJIbHbII COCTAB
u, 103ToMYy, Hanbosee aPPHeKTUBHO yCBANBAIOTCS
pacTeHMsIMH.

OcHOBHBIMNI TORa3aTeaAMu (puamoaorn-
YECKOTO COCTOSTHUSA PACTEHU SIBISIOTCS CO-
nepsranme GOTOCUHTEINPYIONUX THTMEHTOR
B JIMCTHAX U uX coorHoinenus [4]. Raporunon-
nol 1 penonbubie coepunenust (OC) paznuanoi
CTPYKTYPbI CTYIKAT WHANKATOPAMU COCTOSIHUI
crpecca u apanraruu [9]. Cocras MC nucrhen
I'. ananassa n3yden gparmenrapuo. B jmcerbax
0OHAPYJKEHbI 3/1JIATOBAST 1 MaJIJIOBAsT KUCJIOTHI, X
MPOU3BOJHBIE, BAHWJIMHOBAS, 1I-OKCMOEH30IHas,
RrodeliHast, XIOPOreHOBasI KUCJIOTHI, 8 Tak:Ke dha-
BOHOJIBI: KBePIETHH, KeMII(DePOJI, MUPHUTIETIH 1 11X
IIMKO3U/IBI, B TOM uncJie pytut [6, 7]. ITpu atom 10
50% cymmbr DC MOTyT COCTABIATH TPOMBBOJHBIC
asiaroBoit kKncemorel. Copepsrane (paaBoOHOUIOB
TaKyKe I0CTUTaeT 3SHaYNTeTHbHBIX Bestnai (10 30%
cyMMbl DEHOTBLHBIX coeptHennii) [8, 9].

[lesibio ranHOTO WCCHEIOBAHWS SABIAETCSA
n3yvyeHue POCTOBBIX N OMOXMMUYECKIUX TTapa-
MEeTpPOB pasBUTHsI pereHepaHtoB F. ananassa
MoJi JleiicTBeM MeXaHOKOMIIO3MTa HA OCHOBE
aMop@HOTO IMOKCH/Ia KpeMHUsT 1 PJIABOHOU/IOB
3eJI6HOTO Yasi Ha dTare YKOPeHEeHUs in vitro.

OO0 BeKTBI 1 MeTOIbI

XapakrepucTnka MexaHoKoMmnosura. Me-
xanorkommosur (MHK) na ocHoBe pucoBoii 1e-
JYXH U 3eJ8HOTO vas mmoayder B Mneruryre xu-
muu TBéporo Tena u mexanoxumun CO PAH
(r. HoBocubupcek). Hlemryxa puca Oryza sativa L.
copra Jluman (Kpacuomapermii kpaii, Poccus)
ABJISIETCS OOTATHIM MCTOYHUKOM OMOT€HHOTO i1~
okcupa kpemnus (go 20%), nmeiorero amopd-
HYIO CTPYKTYPY, UTO OIIPeJesisieT ero KOHKYpeH-
TOCIIOCOOHOCTD TIPU CHHTE3e TTPOU3BOHBIX 110
CPaBHEHUIO ¢ KPUCTALTIHYCCKIMI MO IKATIH-
SIMU, TPEOYIOIINMU 3aTPAT [IOTIOJHUTEILHOI DHep-
UM HA pa3pylieHne KPUCTaILTNYeCKOIl pereTku.
Jluerbs senénoro wast Camelia sinensis 1. (Kpac-
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Hofapekmii Kpaii, Poccust) comepsrar xematupy-
iore (PYHKIMOHAIbLHBIC TPYIIIbI, CYIECTBEHHO
MOBBITTIAIOTIITEe PACTBOPUMOCTL KpeMHUsI ¢ 6,0 110
34,1 mr/n. MexanoxuMmndaeckyio 06paboTKY ChIphs
npoBoIIIN B posnKkoBoit Menbauie PM-20 mpn
vacrore Bpaierus 1000 06./muH, Bpemsi ipedbiBa-
HUST MaTepuasia B 30He MeXaHMYeCKOTO BO3/IeHCTBIT
cocranstio 40—60 ¢ [10]. Xumunueckuii cocran
MK: sxerpakrusnbie semectsa — 16,3+1,1%:; re-
murnenonosa — 22,3+0,8%; murnnn — 20,2+1,5%:;
reamonosa — 38,9+2,0%; karexunnl — 1,4+0,2%;
BOJOPACTBOPUMBIIT MOHOMEPHBI KPpeMHUI —
34,0£0,7 mr/n. MaccoBoe cooTHOIIIEHIE PUCOBOIT
meyxu u 3enénoro yast B MK 10:1.
Pacrurensubiiit MaTepuan u ycJaoBusA KyJb-
TusupoBanusAa. Mukporodern iByx coproB F. ana-
nassa Anbda n ConHeduHas MoasgHKA, ajamT-
POBAHHBIX JIJIsi BhIpAIUBAHUSA B CUOUPCKOM
perumone, puoit okomo 1,0 cM ¢ gBymsA-Tpems
JUCTBSIMU U3 CTePUJIBHOIN KYJIBTYPbI TTOMEIaIn
Ha nuTateJsbHbIe cpefbl 1o mpomucu ['ambopra
u Isesera — B, [11], nononnennsie 20,0 r/x caxa-
posbi, 6,0 /1 arapa 6akrepuosornyeckoro u MK
B koutenTpanusx 0,0; 2,5; 5,0 u 10,0 mr /1. [Tpu-
MeHeHue cpefibl B. 11 ykazaHHBIX KoHIleHTparuii
MK o6ycyioBeHo nx yerenbiM NCIoab30BaH -
eM TIpu MUKpopasmMHoskeHnn I. ananassa [12].
Rysisrypbl cofepskaan moji JIOMIHECTIeHTHbIMI
JaMIaMy XOJIO[{HOTO OeJioro cBeTa ¢ MHTeHCHB-
nocthio ocsertennsa 3000 nx mpn 16-vacoBom
doronepuome u remneparype 23+2 °C. Ilpo-
MOJRUTEILHOCTh KYJIBTUBHPOBAHNUS COCTABMIIA
8 Hepesib. B KoHIle sKcIepuMeHTa OlleHBaJII
POCTOBBIE TTApaMeTPhl JJTNHY MUKPOIOOeroB n
KOpHeil (cM), KOJIMYeCTBO JUCTHEB U KOPHE
Ha MUKpoTioder (I1T.), ChIPYI0 W CYXYI0 Macchl

ROPHEN 1 MUKPOTIOOETORB (T), TIOIIAJb TUCTOBOI
wractuakn (cM?), copepskanue GorocuHTeTIHYC-
CRUX ITUTMEHTOB (MT/T ChIPOIT Macchl) 1 (DEHOh-
Hbix coefuuenuii (Mr B 100 r abcomnoTHo cyxoit
Macchl) y perenepanToB. [liomajub JucToBbIX
MJACTUHOK PACCUNTBIBAJIN ¢ TIOMOTIIHIO CUCTEMbI
amannsa nzobpaskennit SIAMS MesoPlant.

buoxnmmueckuii ananus. Copepsranue o-
TOCHHTETHYECKUX TTUTMEHTOB B JINCThAX pere-
HEPAHTOB OIPEJeJISIIN B alleTOHOBOM JKCTPaK-
Te CHEeKTPOYOTOMETPUYECKIUM METOJ0OM U pac-
CUMTHIBAIM 10 ypaBHeHusM Xosabma—Ber-
mreiina st 100% amerona [13]. Cymmy OC
arcrparuposasu 70% sraHosoM Ha BOJISHOI
oane. Cocras MC uzyuanu 10 u mocsae THAPO-
auza 2n HCI ma sgupgrocTHOM XpomaTorpa-
de «Agilent 1200» ¢ quogHOMATPUUYHBIM Jie-
TEKTOPOM U CUCTeMOil Jjisi coopa u o6paboTKm
xpomarorpadguueckux pganubix ChemStation
[14]. Pacuér conepskanuss DC mpousBoguin
B DKBUBAJIEHTAX JITATOBOT KICJIOTHI.

Crarucrunueckuii anaans. Bee skcnepu-
MEHTBHI BBITIOJIHEHbBI B TPEX MOBTOPHOCTSIX 110
20 perenepanToB B KaykioMm Bapuante. [lanubie
npejcTaBieHbl B BUie CPEIHUX 3HAUEHUI U
cranfaprabix omubor (M+m). Jlnsa cpaBuenns
CpeJIHNX 3HAYEeHWIT He3aBUCUMBIX BHIOOPOK
MCIIOJb30BAIN MHOTOPAHTOBHIN TecT [[yHKRaHa
(oHO(AKTOPHBII INCIIEPCUOHHBIN aHAIN3).
Cratnernueckyio oOpaboTKY MPOBOMIN ¢ TIO-
MOTILI0 TpoTpaMMbl Statistica S.0.

Pesyabrarel n o6cysrnenne

Bee ucnpirannbie kounenrpauunn MK ciio-
cOOCTBOBAJIN PA3BUTUIO KOPHEBOI CUCTEMBI

Tadsmma 1 / Table 1

Bansgnne MexaHoOROMITO3HTA Ha POCTOBbIE lTapaMeTpbl KOPHEBOIT cucteMbl F. ananassa B yCJIOBUAX in vilro
Effect of mechanocomposite on in vitro growth characteristics of F. ananassa root system

Copr Ronnenrparus Iluna Ronuvecrso KopHeii Macca kopreit, 1
Cultivar | MexaHOKOMIIO3UTA, MT/J1| KOPHEI, ¢cM | Ha MUKPOTIO0er, IIT. Root weight, g
Mechanocomposite Root Roots (number coipas / wet | cyxasa / dry
concentration, mg/L. | length, em per microshoot)

Conneunast 0,0 3,02+0,15¢ 9,64+0,15¢ 0,031+0,003¢ | 0,0021+0,0002°
TIOJISTHKA 2,9 3,23+0,18¢ 7,68+0,27° 0,044+0,004" | 0,0040+0,0002"
Solnechnaya 5,0 4,00+0,21" 6,97+0,38" 0,042+0,006" | 0,0051+0,0003"
polyanka 10,0 4,65+0,21° 6,87+0,25" 0,053+0,003* | 0,0052+0,0003*
Asba 0,0 3,29+0,09° 9,66+0,22° 0,044+0,002" | 0,0040+0,0002¢
Alpha 2,5 3,63+0,19" 6,85+0,34" 0,053+0,005* | 0,0061+0,0005
9,0 3,98+0,23% 6,64+0,33" 0,054+0,003* | 0,0064+0,0005*
10,0 4,24+0,18° 6,75+0,21% 0,040+0,003" | 0,0050+0,0003"

Hpumewanue k mabauyan 1-3: Cpednue snauwenus 6 cmoadyax, 3a KOMopvimL cAedyom 00unarossie OYKEbL, He UMeIom
BHAUUMORO OmAunU Opye om Opyea 6 coomseememeut ¢ mecmon Jynkana npu p < 0,05.
Note to lables 1-3: Means followed by the same lelter are not significantly different according to Duncan’s test (p < 0.05).
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Ta6amma 2 / Table 2

Bnunstine MexaHOROMITO31Ta HA POCTOBbIE ITApAMETPhI HAJI3eMHOIT YacT I, ananassa B yCAOBUAX in vilro
Effect of mechanocomposite on in vitro growth characteristics of F. ananassa microshoots

Copr Rounenrparus Bricora Koanuecrso | Ilnomans Macca mukportobera, r
Cultivar | MeXaHOKOMITIO3UTa, | PO3ETKM, CM | JUCTHLEB HA | JUCTOBOI Shoot weight, g
mr/i Rosette MUKPOTIO0eT, | IIacTuHKY, chipast cyxas
Mechanocomposite | height, cm | mir. /Leaves, cM? wet dry
concentration, (number per | Leaf blade
mg/L microshoot) | area, cm?
Costneunas 0,0 2,55+0,08" | 6,97+0,18° | 5,34+0,39" | 0,101+0,008¢ | 0,009+0,001"
TTOJIAHKA 2,9 2,24+0,10" | 8,03x0,24> | 5,54+0,4* |0,123+0,011" | 0,013+0,003"
Solnechnaya 5,0 2,26=0,11" | 8,56+0,44" | 6,31+0,45" |0,134+0,011*| 0,014%0,001°
polyanka 10,0 2,38+0,07" | 8,630,20" | 4,40+0,48 | 0,146+0,010" | 0,015=0,001°
Annda 0,0 2,18+0,06* | 6,95+0,21¢ | 4,02+0,34" | 0,072+0,005¢ | 0,010+0,001¢
Alpha 2,5 1,81£0,06° | 7,81£0,21" | 5,20+0,32* | 0,112+0,010* | 0,015+0,001*
9,0 1,98+0,07" | 8,24%0,25" | 5,54%0,24* | 0,122+0,007 | 0,014=0,001*
10,0 1,81+0,05¢ | 9,20+0,30* | 5,16+0,37* | 0,088+0,007" | 0,012+0,001"
Tadauma 3 / Table 3

Borusinime MmexanokoMIo3ura ma copiepskamme (POTOCHHTeTHIeCKIX ITUTMEHTOB B JIMCTHIX
pacrenmit-pererepantoB F. ananassa 8 yemosusx in vitro / Effect of mechanocomposite on in vitro
photosynthetic pigments content in leaves of F. ananassa plantlets

Copr Ronnenrparus Xopoduiui, MT/T ChIPOii MaCCh Raporunouppi, a+b/
Cultivar |mexanokommnosura, Chlorophyll, mg/g MTI/T CBIPOTT | KAPOTUHOUIBI

M/ a b a+b a/b Macehl a+b/
Mechanocomposite Carotlenoids, | carotenoids

concentration, mg/g
mg/L

Conmneunas 0,0 0,503+0,0210,71+0,04¢|1,24+0,06¢| 0,75+0,02* | 0,25+0,03" | 5,05+0,37*
MOJISTHKA 2,5 0,58+0,03"0,87+0,04"|1,45+0,07" 0,66+0,01"| 0,23+0,02" | 6,21+0,10*
Solnechnaya 2,0 0,65+0,05*10,99+0,06*|1,64+0,11*| 0,66+0,01"| 0,29+0,02* | 5,77+0,02*
polyanka 10,0 0,49+0,05¢10,75+0,08¢|1,24+0,12¢|0,65+0,004"| 0,22+0,02" | 5,90+1,19*
Anbda 0,0 0,60+0,01*/0,83+0,03"|1,43+0,04%| 0,73+0,02* | 0,29+0,02*> | 4,97+0,17"
Alpha 2,5 0,64+0,07*/0,88+0,11*|1,52+0,18* 0,73+0,01* | 0,29+0,02*> | 5,15+0,38*
5,0 0,68+0,05*10,99+0,08*1,67+0,14*| 0,69=0,01"| 0,30+0,03* | 5,61+0,44*
10,0 0,49+0,05"10,65+0,05¢|1,14+0,10"| 0,75+0,02* |  0,25+0,01° | 4,41+0,17¢

perenepanToB. [[inHa KopHeii yBesmunBagach B
1,5 pasa, unciyio Kopueit — B 1,4 pasa, cbipasi u
cyxast Mmaccol Kopreit — B 1,6 u 2,5 pasa ornocu-
TeJHHO KOHTPOJIS, B 3aBUCHMOCTH OT TeHOTHIIA
(p < 0,05) (rabn. 1). Ormedeno yBeandeHme
KOJIMYeCcTBA JJUCTHeB 1 IO/ JMCTOBIX TIIa-
ctunok B 1,3 pasa (3a McKJIIOUeHNEM BapuaHTa ¢
10,0 mr/ny copra CostHeuHast HOJSIHKA ), CHIPOIl
n cyxoii Mmacchl MuKpoposerok — B 1,2—-1,9 pasa
B cpaBHenun ¢ Kourpoaem (p < 0,05) (rabm. 2).
[Tpumernenne MK B roumnenrparnuum 2,5
u 9,0 Mr/J1 TPUBOANIO K YBeJIUYEHUIO COJlep-
JKaHMA XJT0poUILITOB @ M by pereHepanTon
orHOCcUTEeILHO ROHTpOJist (p < 0,05) (tadm. 3).
[Tobimenne roumentparuun MK po 10,0 mr/a
OKAa3BIBAJIO NHTHOMPYIOIee TeficTBIe Ha CIHTe3
orocuuTeTYEeCKNX TUTMeHTOB. Bennunna co-
oTHOIIeH s XJI0popuiioB a/b ymeHbIazach 3a
c4éT OoJlee MHTEHCUBHOTO CHUKEHWS CUHTEe3a
xJ10pouILIa @, 110 CPaBHEHUIO ¢ XJIOPOPUILIOM b.

Tenpentus K yBeJUUeHUTIO JOTH XJI0PO-
(punna by perenepanton I. ananassa na cpejiax
¢ nobasiaennem MK mosker ObITh cBsA3aHA € €ro
a/[alITOTeHHOI AaKTUBHOCTHIO, HATIPABIEHHON Ha
nobiienHe 3PMOEeKTUBHOCTI CBETOCOOU PATOTIINX
KOMIIJIeKCOB. Bennunua cooTHONIEHMST XJI0PO-
pusn (a+b) /RapOTUHONU LI YBETHUMBAIACH OTHO-
CUTETLHO KOHTPOJISI B TTPUCYTCTBUY TTPAKTUYECKI
Bcex KoHrentpanuiit MK, uro cBumerenbcTByer
00 ONTUMATLHOM (DUBUOJOTHUECKOM COCTOSTHUT
pereHepaHTOB U CIIOCOOCTBYET IMOBBIIIEHIIO
aIANITUBHOCTI PACTeHMUII IIPH ITepeHoce B HecTe-
PUJIbHBIE YCJIOBUSA ex vilro.

Neriouenue cocranisier KonmeHTpaims MK
10,0 mr/n B KyabType copra Asbda. YXyieHne
(OUBMOIOTIYECKOTO COCTOSTHNUS PereHepaHToOB Ha
DTOI cpejie COTTPOBOKIAIOCH [IOCTOBEPHbIM 110-
HUZKEHUEM BeJINYIHBI COOTHOTIIeH U XJT0POUILI
(a+b) /kaporunonibl Ha PoHe YMEHBITEHUS CO-
JlepsRaHus CyMMbI XJ10pouiion (tabdi. 3).
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Tlornomexue
Absorbance, mAU

IMornomenue
Absorbance, mAU _

Bpewl?l"ime

Pue. ®parmentsr xpomarorpamMm akcTpakToB (A) u rupponansaros (B) majseMHoil yacTi pereHepanToB
coproB Asib(a (A) u Comneunas nonstaka (P). YenoBubie o6o3nauenns: G — rajoBast KICJI0Ta,
Ch — xsoporenosas kuciora, C — kopeitnas kucaora, pC — n-kymaposast kuciora, F — gepynoBas kucsora,

E — sanarosas kucaora, Q — kseprerun, Ci — kopuunas kucaora, K — kemngepoa

Fig. Segments of the chromatograms of the extracts (A) and hydrolyzates (B) of aboveground parts of
plantlets of the cultivars Alpha (A) u Solnechnaya polyanka (P). G — gallic acid, Ch — chlorogenic acid,
C — caffeic acid, pC — p-coumaric acid, F — ferulic acid, E — ellagic acid, Q — quercetin, Ci — cinnamic acid,
K — kaempferol

phenolic compounds contents (mg/100 g) in aerial parts of F. ananassa plantlets

Tadamma 4 / Table 4
Bansane mexanoroMmosnra Ha cofepskanme perorbHbIX coenmaernit (Mr/100 r) B Hag3eMHON YacTH
pacrenuii-perenepanTtoB F. ananassa B ycnosusix in vitro / Effect of mechanocomposite on in vitro

Hugm| € Copr / Cultivar
Peaks Cosnneunas nonanka / Solnechnaya Annga / Alpha
polyanka
Konuenrpanus mexanokommnosura, mr/a1 / Mechanocomposite concentration, mg/L
0,0 2,5 9,0 10,0 0,0 2,5 9,0 10,0
1hb | 1,8 102,6+5,5[123,3+10,4| 95,2+7,6 |149,5+8,8| 84,5+5,5 205,5+16,0 302,1+14,2|166,3+11,9
2hb | 2,0| 87,8+4,2 | 43,6+2,7 | 56,0+4,1 |121,8+6,7| 46,6+1,9 | 111,2+3,6 | 331,6+19,4 | 182,7+9,3
G |24 74,5+3,7 | 19,2+1,0 | 101,0+£7,5| 84,4+2,7 | 51,4+2,2 | 117 4+4,5 | 151,7+13,4| 59,4+2 4
4he 2,9 54,4+2.4 | 177,777 | 61,5+1,6 |174,7+121| 56,2+0,6 | 83,1+2,3 | 122,4+9,4 | 116,2+6,4
ohb | 6,8 | 60,7+5,6 | 84,0+5,7 | 23,6+1,3 | 62,1+4,2 | 52,9+3,7 | 78,1+2,1 | 108,3+6,2 | 71,6+4,3
C 8,6 73,1+2,7 | 100,5+6,4 | 107,5+4,9 |132,8+31,6| 66,5+2,2 | 165,9+6,8 | 40,0+2,0 | 229,3+8,1
Thbh 19,71 78,7+2,4 | 35,6+1,1 | 20,1+1,3 |104,1+6,7| 52,5+1,7 | 78,7+£2,9 | 53,4+21 | 55,9+1,4
pC 10,8 50,7+1,3 | 76,3+5,8 | 65,4+0,9 | 88,1+3,7 | 27,1+1,1 [118,7+12,7| 37,8+1,9 | 57,1+24
9hb |12,3]123,7+7,0| 80,3+2,4 | 107,5+6,9| 90,5+4,6 | 77,5+2,3 | T4,1+1,8 | 45,121 | 45,5+1,9
F|13,3| 55,6+2,0 | 120,8+5,7 |323,4+20,9/275,3+19,3| 71,3+2,2 386,8+16,1 223,3+14,8 | 173,8+6,4
11el [16,3]250,7+3,1 | 239,8+20,2 | 257,0+16,7|190,6+9,0 | 184,0+12,3149,0+11,0| 153,8+9,4 | 165,2+11,5
12¢l [16,8| m.o. /n.d. | mo. /n.d. | mo. /n.d. |mo. /n.d. | 261,5+22,8|202,7+0,7 | 185,9+14,4| 129,7+9,3
13el |17,2| 44,9+1,3 | 86,6+4,7 | 104,0+6,8 | 87,2+5,2 [117,2+10,3/121,9+13,8| 84,1+5,7 |218,6+17,7
E |17,7/317,4+16,2| 257,2+20,8 |310,3+16,9 |331,4+25,6|461,4+36,3 | 585,1+27,3 | 436,1+23,2 | 501,5+23,5
Nroro 1375,0+ 1444,9+ 1632,6+ | 1892,3+ | 1610,7+ | 2478,3+ | 2275,6+ 2172,9+
Total 27,4 100,6 97,4 140,2 105,1 121,5 138,2 116,5

Hpuneuwanue: | — spems yoepacusarus, mur. Q603Hauens nUk0E UOeHMUPBUYUDOSAHHBLE KOMIOHEHIMOE U YUposoll urdekc
NUK08 HeuOeHMUPUYUDOBAHHBLL KOMNOHEHINOE COOMELMCmeyom pucynry. Byreennvie undercol nukos: hb — okcubensoiinole
KUCLOMbL, e — OKCUKOPUUHBLE KUCLOMbL, el — npoussoorble 214420801 kuciomul. H.o. osnawaem omeymemaue demeryuu nuka.

correspond to figure. Alphabetic indexes of the peaks: hb — hydroxybenzoic acid, hc — hydroxycinnamic acid, el — ellagic
acid derivative. N.d.: not detectable.
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B cocrase ®C najpzemuoii yacTu perexe-
panToB F. ananassa obnapysKeHbI rajjaoBas,
rodeiinas, gepynaonas, mapa-kKymapoBas, dJi-
JaroBast KUCJIOTHI M WX TPOUBBOMHBIC (PUC.).
MakcumaibHBIM COMEPIRAHUEM OTJIUYATUCH
pJIJIATOBasi KUCJIOTA W €€ TTPOU3BOHbBIE (KOM-
nonentsl 12—13). [IpousBopubie KBepieTnna,
ReMIeposa U KOPUUHON KUCTOTHI BBISIBIEHbBI
B CJIeIOBBIX RosmvecTBax (puc., B). Takoe co-
oTHOIIeHNe Tpyni GeHoJbHBIX COeIMHeHNIT,
BeposITHO, oTpaskaer crenudury HeHoabHOro
MeTaboa1n3Ma N3y4eHHBIX COPTOB B JlaHHBIX
YCJOBHSIX, TAK KaK OHO COBIAAET ¢ TAKOBBIM
Y pacreHuil, BbIPAIIEHHBIX B OTKPBITOM TPYHTe.
ITO COTTIACYETCsI ¢ IAHHBIMU O He3HAYNTETbHOM
COJIePIKAHNNU ININKO3UIOB KBePIETUHA B JINCThSIX
HEKOTOPHIX BUIOB Fragaria [13].

Copr Anbda ornmaancs or copra Conmeurnas
MOJISTHKA 10 COCTaBYy MPOU3BOHBIX AJLIATOBOT
Kucaorhl (3 m 2 cOOTBETCTBEHHO) 1 OOJiee Bbi-
cokum (B 1,2—1,7 pasa) comepsranunem DOC.
Copepskanue OOJBIINHCTBA KOMIIOHEHTOB TIPU
nobienny kourenrpanun MK yBesrnansanoch
(Tabs. 4) 3a MCRIIOUEHNEM HEKOTOPHIX KOMITO-
HEHTOB, COflepsKaHme KOTOPHIX JOCTOBEPHO He
U3MEHSJIOCH WJIU HOHUKAMOCH (KOMIOHEHTh
9u 11y oboux coproB, sjaroBast RUCJA0Ta Y CO-
pra ComHeunas noJisinka, kKomnonent 12y copra
Anbda).

Copr Annda ornmuases Gosee 3HAYNTET -
HBIM BO3pacTaHueM KOHIeHTpaIuii 60JbITNH-
crBa KoMmnoHentos oy aeiicreuem MK, Cymma
KOMITOHEHTOB yyKe TTpy KOHIeHTparun 2,5 M1/
yeeanumiach B 1,0 pasza. Copepsramue rajjoBoii,
roeitHoit Kueaor n kommonenTa 1 mpu fodasie-
nrn MK ysenmannoch 6onee uem B 3 pasa, copiep-
JRaHIe [T-KyMapoBoil u hepyaoBoil KIcaoT yBe-
Juunsioch 6osee ueM B 4,4 1 9,4 pasa, a cojiepsia-
HIe KoMITOHeHTa 2 — 6oJiee ueM B 7 pas. YBennye-
HIle B cOJlepyRaHm KoMIoHeHToB copra ConHey-
Has nosstHKa cocrasysano 1,4-5,9 pasa o cpan-
HEHIIO ¢ KOHTPOJIEeM.

Taxum obpazowm, modasmenme MK & cpe-
Jie cIocoOCTBOBAIO BO3PACTAHMIO COJlePIKAHIUS
oosbrireit wactn MC nayvenHpix coproB. bosee
cymiecTBeHHoe Bozpacranne cymmbl PC u n-
JVBUAYAIbHBIX KOMIIOHEHTOB BBISIBIEHO Y CO-
pra Anbda. Hanbosiee 0T36IBUMBBIMI KOMITOHEH -
ramu Ha nobasienne MR sBasiores MuHOpHBIE
KOMIIOHEHTBI, & COJlepKaHme dJIaroBoil KICJa0-
ThI 11 €€ TTPON3BOJIHBIX 100 N3MEHSIeTCs HecyTie-
CTBEHHO, JTMO0 BO3pACTaeT He CTOJIh 3HAUNTEIHHO
(B 1,1-2.0 paza). Iror haKT COrMACYETCS ¢ HATITH -
MU IpeibiyumMn ucciaeposanusvu [4]. Bospac-
Tanue copepyranus GenoaKapoOOHOBBIX KIUCJIOT
N IIPpOn3BOAHBIX DJIJIATOBON KMCJIOTHI B pacreHumAx

F. ananassa nipun aganranuy rakKe paHee ObLIO
norasano [9, 15].

U3zBectHo, uro DC nipuHUMaiOT yyacTie B po-
1eccax ajantaiiy pacTeHnii B pojan HU3KOMO-
JeRYJISPHBIX aHTHOKCUIAHTOB, YMEHBIMAOIIX
MOCJeCTBIS OKMUCINTENHLHOTO cTpecca [16].
Moskno npepmnonosxkutsh, uro MK wamynupyer
MeXaHU3Mbl, CIIOCOOCTBYIOININE TTOBBINTEHIIO
aJIaIITHBHOTO CTATYCA Y PereHepaHToB.

3araoueHue

Uccnenosanue mopdosornuecknx n 6uo-
XUMHUYECKUX MapaMeTrpoB pocTa pacTeHmii-
perenepanToB F. ananassa na cpejie ¢ jodaBaeHN-
em MK na ocrHoBe aMOp@HOTO IHOKCHTA KPEMHIIS
n QIAaBOHOMU/IOB 3€JI6HOTO Yas MOKa3amxo, 4To
Bce ucibitanibie Koumenrpamun MR (2,5; 5,0
n 10,0 mr/n) criocobeTBOBANIM PA3BUTUIO KOPHE-
BOIT CCTeMBI 1 HAJ[I3€MHON 4acTH pereHepanToB.
Benamunmnsr kormenTpannii poTocuHTeTnYecKIX
MUTMEHTOB (XJT0pOPUIIIOB @, b 1 KAPOTHHOW/OB),
ux coornotennii (xaopodpunna a/b, xaopoduia
(a+b) /RapoTUHOU/BI) U COIEPIRAHUS OOTIBITIH -
crBa MC, B ToM umcie raanoBoii, KogenHoii,
M-KyMapoBoii, (pepyaoBoii KICJIOT, CBU/ETEh-
CTBOBAJIM O TOM, uTo Koutenrparmun MK 2.5
U O MT/JI SIBJISIIOTCS] ONTUMAJbHBIMY JIJIST 10Ty Ye-
HIST pereHePAHTOB ¢ BBICORUM (DPUBMOTOTHUCCKIM
CTATyCOM.

[Tonyuennnie pesynabrarsl Mopdo-uamno-
JOTHYCCKUX M OMOXUMUYCCKUX M3MEHeHWI
peremepanToB MOTYT OBITH MCIOJB30BAHBI [T
YIIYUIIeH IS aJJalITHBHOTO TIOTeHTINATa PAcTeH I il
nop feficrsuem M K mo3Bossitor paccmarpuBarh
npemnapar, Kak mepcrneKTHBHOe COeINHeH e JIJIs
MPaKTUYECKOTO TTPUMEHEHUSI ¢ TeJIbI0 3aTUThI
pacteHnii OT ¢cTpecca Impu mepeHoce pacreHuil 3
YCJAOBUI in vilro B yeJaoBUs ex vilro.

Hcceaedosanue buoxumuueckux napamempos
pezenepanmos 8blnoAneno npu HuHancosoil noo-
depocke PODU u Ilpasumeavcmea Hosocubupcroi
ooaacmu 6 pamkax Ilpoekma N 19-44-540004
«Cmpykmypno-ynkyuonatvrolic adanmozenes
pacmenuil nod deiicmeuem MexaHOKOMNRO3UMA Ha
ocHo8e 0uo2enn020 JUokcuda Kpemuus u uasonou-
dog pacmumenbH020 RPOUCX0NHCIEHUS 8 YCAOBUAX IN
vitro u ex vitro: mopgo-eucmo.nozuueckue u oOULOxXU-
mueckue nodxodot (na npumepe Fragaria ananassa
Duch.)». Paboma no eeipawjusanuio pacmenuii
F. ananassa 6 ycaosusax in vitro evinoanena 8 pamn-
rax eocydapcmeennozo 3adanus I[CEC CO PAH
NeAAAA-AT7-117012610051-5 no npoexmy «Oyen-
Ka mopgiozenemuieck020 nOmMenyuala nonyiayuil
pacmenuit Cegepnoit A3uu IKEcnepumMeHmatbHblmu
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memodamu». Ilpu nodzomosre nydoaurayuu uc-
RO0Ab30BAAUCH MAMEPUALLL OUOPECYPCHOT HAYUHOTL
roarekyuu I[CBEC CO PAH, «Koarekyuu jxnugvlx
pacmenuii 6 OMEPLUNOM U 3AKPLLIMOM 2DYHINE»,
USU 440534.
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Bansinne coneBoro crpecca na srcnpeccnio renos R/ Na*-tpancnoprepos
HKT wn ¢pepmentoB SOD n Nfn y mmeHunip

© 2019. JI. 1. ®denopeena, . 6. H, B. H. C.,
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[TpoGiema orpejiesieHUst MOTEHIIANA COJICYCTOMYMBOCTH MITIEHIIIHI — OJ{HA 113 HANO0JIee AKTYATbHBIX B CEJTCKI[NOH-
HOIT TIPAKTHKE JIJIsl PAIIOHOB ¢ TIEPBUYHBIM U BTOPUYHBIM 3acosieHneM. OTHUM 13 clIoc0O0B, TO3BOJISIIOIINM [1PE0JI0IeTh
HeraTuBHOe BosfeiicTBre PaKTOPa 3aCOMEHNS, CIYARUT HCIOTH30BAHNE TOJTePAHTHBIX K 32COJTEHIIO CeNTeKITMOHHBIX JITHITT
1 COPTOB TIIeHNIbI. BbicOKast KOHIIEHTPAIM MITHEPAIbHBIX COJIel OKa3bIBaeT CBOE HeTATHBHOE BIAUsHIE B OCHOBHOM 32
cuéT HAPYHIEHUS] HOHHOTO 1 OCMOTHYECKOTO paBHOBeCUsI KIeTKN. B 3ac0oéHHBIX 110UBaX BHICOKNE YPOBHI MOHOB HAT-
pusi IPUBOJAT K TOPMOMKEHNIO POCTA PACTeHMIT 1 Jlaske K TnOean. Y pacTeHmii nMeeTcss HeCKOJIbKO MeXaHM3MOB 3a-
IIATBL OT BPEHOTO BO3JEICTBIS cOlell, KOTopble BKIIOYAIOT BhiBefeHe TokenuHbiX nornoB Na* n Cl, 6mokuposry Tpauc-
ropra noHoB Na™ B KieTRy, nckmouenne Na* 13 0TOKa TPAHCIIMPAIMN 1 JIpyTHe MeXaHn3Mbl. JKcerpeccust reros K7/ Nar-rpanc-
noprepoB HKT siBnsiercst BaRHBIM JIJIsI XapaKTePUCTHKI COMEYCTONYMBOCTH TIIIeHNIIb. B coprax TBépoil 1 MATKOI
mimenntbl Openoypreras 10 u Opendyprekas 22 mpu coieBoM crpecce HabIIOAeTCsT YBeJINUeHe dKCIIPeccil TeHOB
K*/Na*-rpancnoprepos cemeiicts HKT 1;4 u HKT 2;1 B 3—4 pasa. ¥YpoBeHb 9KCIPECCUN T€HOB CYHEPOKCH/JMCMYTa3 bl
SOD w ondynkinmonanbroro pepmenrta Nfn, Karaansnpyiomniero BOCCTaHOBIeHNE HITKOTHHAMUJIaJleH nHIITHYRIe0TH(oc-
ara, yBenmunpaiorcest B 2—4 pasa, uTo yRasplBaeT Ha BLICOKNUE aJIalITHBHBIE CBOMCTBA HTUX COPTOB IIIIEHUIILI K COJIEBOMY
crpeccy. BepositHo, sxerpeccust renos cemeiicts HKT, SOD n Nfn BsaumocBsizana. YBejndeHue YpOBHsI 9KCIIPECCUN M'eHOB
cemeticts HKT, SOD n Nfn B ROpHSX 1 TUCTHAX B YCIOBUSX COTEBOTO CTPECCA CBA3AHO ¢ OBLICTPBIM BOCCTAHOBICHIEM MOTH-
Horo Gananca K*/Na* u yjanennem rokcmaHbIX HOHOB Na* 1 peakTBHBIX JOPM KUCJTOPOJIA, TO €CTh 3aIUTHON (yHKITHEI.
Bbisio ormMeueHo, 4To npu JITUTeIbHOM BO3/IeHCTBIN 3aCOJEHISI PACTeH e aJlallTUPYeTCsI K TAKIM SKCTPeMAaTbHBIM YCJIOBUSIM
7 POJIb MOHHBIX TPAHCTIOPTEPOB YMEHbIIACTCS: YeM CHIIbHee CHIURACTCS YPOBeHb dKcpeccnn Tpanctioprepos HET 1;4, rem
COPT HIIEHNIBI 00JIee YCTONYNB K XJIOPUHOMY 3aCOTEHIIO.

Takum o6pazom, 66110 HalileHo, uTo copra TBEpaoil niennibl Openbdyprekas 10 u msarkoit OpenOyprerast 22 nmeror
PABHYIO YCTOHMUNBOCTD K JVINTETLHOMY BO3JEHCTBIIO XJIOPU/A HATPHS.

Kauouessie cosa: niienniia, coseoii crpece, K*/Na*-rpancroprepbl, OKUCJNTENbHBII CTPECC, DRCIIPECCISI TEHOB.

Effect of salt stress on the expression of genes of K*/Na*-transporters
HKT, SOD and Nfn in Triticum durum and Triticum aestivum
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The problem of determining the potential of salt tolerance of wheat is one of the most pressing in the selection
practice for areas with primary and secondary salinity. One of the ways to overcome the negative impact of the salin-
ity factor is the use of saline-tolerant breeding lines and wheat genotypes. A high concentration of mineral salts has a
negative effect mainly due to the violation of the ionic and osmotic equilibrium of the cell. In saline soils, high levels of
sodium ions lead to inhibition of plant growth and even death. Plants have several mechanisms of protection against the
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harmful effects of salts, which include the removal of toxic Na* and Cl ions, blocking the transport of Na* ions into the
cell, the exclusion of Na* from the transpiration stream, and other mechanisms. Expression of K*/Na*-transporter genes
HKTisimportant for characterizing the salt tolerance of wheat. In genotypes of durum and aestivum wheat Oren-
burgskaya 10 and Orenburgskaya 22 under salt stress, an increase in the expression of the K*/Na* genes of transporters of
the HKT1 and HKT2 families is observed by 3—4 times. The expression level of superoxidedismutase SOD and bifunctional
enzyme catalyzing reduction of nicotinamide adenine dinucleotide phosphate Nfn increases by 2—4 times, which indicates
the high adaptive properties of these wheat genotypes to salt stress. Probably, the expression of the HKT, SOD and Nfn
genes are interconnected. An increase in the level of expression of the NKT, SOD and Nfn families in roots and leaves
under salt stress conditions are associated with the rapid recovery of the K*/Na* ion balance and the removal of toxic
Na* and ions of reactive oxygen forms, i. e. protective function. It was noted that with prolonged exposure to salinity, the
plant adapts to such extreme conditions and the role of ion transporters decreases: the level of expression of transporters

HRT1;4 decreases, wheat is more resistant to chloride salinity.
Thus, it was found that the varieties of wheat Orenburgskaya 10 and Orenburgskaya 22 have different resistance to

prolonged exposure of sodium chloride.

Keywords: wheat, salt stress, K*/Na*-transporters, oxidative stress, gene expression.

N36biTouHOE 3aco/ieHne TOYBbI HeOIaronpn-
ATHO JI7Is1 OOJIBITNHCTBA KYJIBTYPHBIX PACTEHMUIA.
JlerkopacTBopnmMbie MIUHepaIbHbIe COJTN B KOH-
nenTpanuax, npesoiraionmx 0,1-0,3%, Bausior
Ha usznosornyeckue, ONOXUMUYECKUE U MOJIe-
KYJsIpHbIe (DYHRITMT pacTeH Uil 1, CJIel0BaTeThHO,
MPUBOAT K CHIYKEHUTO TTPOAYKTUBHOCTH 1 Ka-
qeCcTBA CETbCROX03SAMCTBEHHBIX RYJIBTYP BO BCEM
mupe [1]. Obmas naomanb 3acoJEHHBIX TOYB
B Mupe cocrasisier 6osee 950 min ra. B Poccun
ILIOIIA/b 3aCOJIEHHBIX TTOYB COCTABJIsIET 36 MJIH ra,
unn 18% or Beex opoiaeMbix mIiorniazeit [2].
[Tnomaam 3aconéHHBIX CeTLCKOXO3SICTBEHHbBIX
VIOl UMEIOT TeHIEHINI0 K TIOCTOSTHHOMY yBe-
JUYEHNI0 B pe3yJbrare MpoieccoB BTOPUYHOTO
3aCOJIEHUS, KOTOPOEe e3KeToiHO MPUHOCUT HOJIb-
1011 YPOH MHOTHUM OTPACJISIM PACTeHUEBOJCTBA
" OrpaHNYMBaeT HCIT0Tb30BAHME TLIOIIAIel Mo
CeJIHCKOX03SIHCTBEHHbBIE KYJIBTYPhl B 3aCYIILIH-
BBIX paiioHax Haleil crpanbl. B Hacrosiiee Bpe-
M 3aCOJIeHNe TMOYBBI OTHOCUTCS K OJJHOMY 13
OCHOBHBIX JIUMUTHPYIONIX PAKTOPOB, HETATHB-
HO BIUSAIONIMX HA POCT U PA3BUTHE MTTIIIEHUTLbI.

Bricoras koHIeHTparus coneil ORa3biBaer
CBOE HeraTMBHOE BJINUsHIE B OCHOBHOM 3a CYET
HapyHieHusi HOHHOTO U OCMOTUYECKOI0 PABHO-
Becus KJIeTKU. B 3acoMéHHBIX 110U4BaX BHICOKIE
YPOBHI MOHOB HATPYSA TTPUBOJAT K TOPMOIKEHITIO
pocta pactenuii n gazke K rubesn. Mexanuszmpl
COJIEYCTONYMBOCTI BRIIOYAIOT BHIBEJICHIE IOHOB
Na* u Cl" 3 Bakyoseii, GIOKMPOBKY TPATICITOP-
ta nonos Na' B rierry, uckatouerne Na* us mo-
TOKA TPAHCTTUPATINN U HEROTOPBIE JIPyTHe MexXa-
Hus3Mel [3].

B orBer Ha BBICOKMIT YyPOBEHb COJIEBOTO
cTpecca DKCIPeCCUPYIOTCS pPasiimdHble TeHbI,
KOTOpBIe ITPSAMO WM KOCBEHHO YYacTBYIOT B 3a-
muTe pacrennii [4]. BocinpuumunBocTh u TO-
JIEPAHTHOCTh K cTpeccy, 00YCIOBIEHHOMY Jeli-
crereM Bhicokoit konutentpannn NaCl y pacre-
HUE — 3TO CKOOPANHIPOBAHHOE IeiCTBIE MHO-

JKeCTBA TeHOB, pearnpyoimnx Ha crpecc [d, 6].
Rnerounasi TOKCMYHOCTD, BbI3BAaHHAS BHICOKIM
cofepskanmem nonoB Na', siBjisiercs npeobsia-
Jalomieil MOHHOU TOKCUYHOCTLIO, OHA TTPUBOIUT
K TOPMOJKEHWIO PA3JINUYHBIX ITPOIECCOB, TARMX
Rak morytonienne K, nHARTHBAWN KU3HEHHO
BayRHBIX hepMenHToB [7, 8], ropmoskenne §oTo-
cunresa [9]. ¥V pacrenuii ObLJIN BbIsSIBJICHbBI He-
CROJIBKO BaskHBIX Na -TpaHcrmoprepon, ROTOpbie
CHIZKAIOT BBICOKYIO KontmenTpaiuio Nat [10—12].

Pacrurennusie reast HKT Tpancrioprepbl no-
HOB KaJIWsI U HATPUS Pa3JessSIoTCs Ha JiBa MOJce-
meticrsa. [lojcemeiictso HKT 1 naiijieno Bo Beex
BBICIINX pacTeHusX. [eHbl HTOT0 Kilacca Kojupy-
10T CeJIeKTUBHbIE MOHHBIE TPAHCTIOPTEPHI,  TeHbI
MoJIceMeiicTBa 2 KOUPYIOT TPAHCIIOPTEPbI, KOTO-
pbie SIBASIOTCS TPOHUIIAeMbIMU I 000MX MO-
nos K*u Na* [13, 14]. Hapymienue sxcripeccun
reroB cemeiictsa HRT 1 npuBoanuT K rUepuIyB-
crBUTebHOCTH K noHaMm Na' 1 u30bITOUHOMY Ha-
ROTITEHWTO HATpHs B ioberax. M3yuenne curna-
JIOB'Y pacTeHu B OTBET HA COJIEBOT CTPECC SABJIS-
eTcst OJ{HON M3 BasKHEWINX 3a/1a4 JIJIsI pelieHus
YBeJIMUEeHUS YPOsKAWTHOCT B YCJTOBUAX 3aC0JIe-
HUsI. Y4acTie reHOB, YYBCTBUTEIBHBIX K CTPECCY,
BBI3BAHHOMY BBICOKOI KOHIlEHTpalueil Xjiopu-
la HaTPUsl, B PA3JIMYHBIX METAOOJIMYECKIX TTPO-
mneccax, MOsKeT MMeTh pernaioriee 3HadeHmne Jijist
pereHns yBeJMYeHNA YCTOMUNBOCTH PACTeHNI
K aOMOTIIECKOMY CTPECCY.

YeToiunBOCTL PpACTeHUH K 3aCOTEHNI0 00-
YCJAOBJIEHA HAMMYMEM chernu@uuecknx u/min
HecrelnPUICCKIX MEXaHN3MOB obecTieueHns
CcTaOMIBLHOTO MeTaboJIM3Ma, POCTA W PA3BUTUS
B OHTOTEHE3e PACTCHUs, CBSBAHHBIX ¢ YYBCTBU-
TEJTBLHOCTHIO K OJTHOMY WJIU HECKOJHKUM BUaM
cTpeccoBbIX PAKTOPOB, @ UMEHHO K OCMOTHYE-
CKOMY, OKMCJIUTEIbHOMY U TOKCHYECKOMY CTPeC-
coBomy Bozpeiictuio NaCl [12]. B pesynbrare
COJIb-MHYTINPOBAHHOTO OKICIUTEHLHOTO CTPEC-
ca B pPaCTUTEILHBIX KIETKAaX 00pas3yercst 00JbIoe
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ROJIMUYECTBO CYHEPOKCH/IA, KOTOPbIl SBISETCS
OTHUM M3 OCHOBHBIX TIpookcuantos [15]. Cy-
neporcumaucmyraza (SOD) orHocuTes k Tpym-
e aHTHOKCHAHTHLIX JePMEHTOB U 3aIUTIaeT
KJIETKY OT 00pa3yIoNinXcst KUCJIOPOHBIX pajiKa-
JIOB, TTpeBpaIas CymepoKCH B ¢CBOOOHBI KITC-
JIOPOJT U TIePeKICh BOOPO/IA, B Pe3yJibTaTe 4ero
ATOT (hePMEHT UTPAET OHY M3 RIIUEBBIX POJIei
B 3aIIIITe OPTAHM3MA OT OKMCINTETLHOTO CTPeC-
ca. Nfn — 310 6uyHRImoHanbHbII (DepMeHT, Ka-
TANUBUPYIOMII BOCCTAHOBIGHIE HUKOTHHAMI -
nagennagnayrireorundocdara (NADP), roro-
pBIil HEOOXOMM B MeTaboIM3Me, OH COCTOUT 13
nByx cyobepunui: NADP -okcupopepykraso
n NADH-3asucumoro peppenokcuna [16].

Pabora mocesitiena n3yueHuio sKCIpeccunn
renoB K*/Na*-rpanciioprepos 1 reHOB, yuacTBy-
TOTIAX B OTBETE HA OKMCINTETHHBIN CTPece y TBEP-
TOT ¥ MATRON NITEH UL U BHIICHEHIIO XapaKkTe-
pa UX B3aNMMOCBA3I.

Marepuanbr m MeToIBI

O0berToM M3yueHUsT ObLTHN J[BA COPTA sIPO-
Boit nmenuipl Opendypreras 22 (Triticum
aestivum Host.) u Openbyprerast 10 (Triticum
durum Desf.) n3 womnnermuu Opendyprexroro
Oenepanbuoro Hayunoro enrpa Buosoruue-
cknx Cuerem n Arporexunosnornit PAH. Ilpopo-
MeHHbIe ceMerna packiaasiBany ma 20-1m ¢M 1mo-
JTOoCKN (puabTpoBaILHON OymMaru. Pyronst mome-

masin B crakaibl ¢o 150 M1 BOJbI (KOHTPOJIL) MN
150 mM pacrBopa NaCl. BerpanuBanue mpoBo-
AUAN B KInMatTudeckoit kamepe mpu 24 °C ¢ nc-
KyccrBeHHbIM ocBertienneM (0000 1K) ienb/HOUbL —
10/14 uwacos, coorBercTBeHHo. (CGxema orbiTa
npusesieHa Ha pucynke 1. Uepes 7 cyT K %2 KoH-
TpoabHbIxX pynonos gobasasan 150 mM NaCl,
avapynonos ¢ 150 MM NaCl rieperocuiin Ha Bojy.

[Tocie okonuanus ompiTa cobupaan O6mo-
Mmaccy rnpopoctkos u Bbigessin PHR n3 kopueii
7 1100eToB 10 CTAHJaPTHOMY METOY ¢ MCIOJb-
30BaHMeM HabOOPOB PeareHTOB [T BHIIeTeHIS
PHHK «PHK-9rcrpan» (OO0 «Cunron», Poc-
cust). RoHmenTparumio BeijieIeHHBIX ITPernapaTon
PHR onrpepesisinm criektpodoromerpuyeckn. s
nposefenus ooparnoi rpanckpurny k| HHK mo-
Jy4aJii 10 CTaHJapTHOI MeTOJiKe, UCIIOAb3Ysi
nabop pearearoB OO0 «CuuTOM».

CBejleHusi 0 TIEPBUYHON CTPYKTYpe T€HOB
HKT, SOD, Nfn 3stor u3 6a3wr mannsix NCBIL
[TpaiiMepnl K 9TiiM reHam ObLIN TO00PAHDI C 110-
moiibio omtaiin cepsuca NCBI Primer-BLAST
u cunresuposatbl B OO0 «Cunrou».

[TI{P B peastbHOM BpeMeHY TTPOBOTUIIN B Tep-
mornkiepe CFX 96 Real-Time System (BIO-
RAD). [logroroBry 06pasitoB 0CyIECTBIISIIN 110
CTAHIAPTHOMY METOJly ¢ TTOMOIIbI0 Habopa pea-
renroB jist iposefenust IITTP-PB B npucyrersun
Sybr Green OO0 «Cunron». Peakiuio [1I[P-PB
HPOBOJIMJIN B OJINHAKOBBIX YCJOBUSX JIJISI BCEX
obpasmos: 99 °C O MUH — aKTUBAIMA TOJTMe-

Cxema sKcnepMMeHTa
Scheme of experiment

3amaumsaHue cemaH 1 cyT
Seed soaking 1day

e

KoHTpons (80aa) 150 mM NaCl
control (water) 150 mM Nacl
uepes 7 cyT
after 7 days
KoHTpons (Boaa) 150 mM Nacl 150 mM Nacl KOHTponb (Boga)
control (water) 150 mM Nacl 150 mM Nacl control (water)

yepes 7 cyT OKOH4YaHWe onbiTa
after 7 days the end of experiment

Puc. 1. Cxema 1ipoBejieHust onbita
Fig. 1. Scheme of the experiment
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pasol, ganee 40 nuriaos — 94 °C 30 ¢, 58 °C 30 ¢,
72°C 30 c. Peaximio ocyniecTBsyin B 3-X MOBTO-
pernsax. OTHOCUTENBHBIN YPOBEHD DKCITPECCUN
TeHOB PACCUYNTHIBAIN MO KATMOPOBOUHON K-
Boii, mocrpoennoii ¢ ITI[P-nipopyrramu, mosy-
YeHHBIMU ¢ TIpaiiMepamMn K pepepeHCHOMY reHy
GaPDh, skcipeccusi KOTOPOro He 3aBUCHUT OT
BHemrHUX yeaosnil. dpderrnsrocts [P B pe-
aTbHOM BpeMeHN ¢ rpaliMepaMu K MCCae[oBaH-
HBIM refam obira 95%.

B pabore ncnonbzoBano obopyjoBanme
Henrpa komnexrusroro moabzopanus OI'BHY
BHUNCH PAH.

Pesyabrarel n 00cy:knenne

3aconenne, nagynuposanrnoe NaCl, BbI-
3pIBaeT Al crenmn@uuecknx peariynii, Bo3jeli-
CTBYIOIINX Ha TpopacTanue cemsiH. Hapyiienus
MOI'YT CKa3blBaThCsl B MHIMOMpPOBaHUN Habyxa-
HUST, HAPYITeHN N HAKJIEBHIBAHUS CeMsTH, & TAKKe
Ha 0oJiee MMO3HUX dTAllaX BLI3LIBATH M3MEHEH e
pocTa MepBUYHOr0 KOpPHsI, OOROBBIX KOPHEIl,
ROJeONTHS nian modera. Pearmusa Kaskmoro
copra Ha 3acoJieHUe MMeeT MHANBUyaTbHbBIe
0CODEHHOCTH.

OpuuM 13 BUMMBIX CUMIITOMOB BO3JeTi-
CTBUSI 3aCOJIEHUS SIBJISIETCSI HapPYIIEHUe PocTa
npopoctkos. HecmMoTpsi Ha pasHylo cTelleHb
BO3JIeICTBUSA, PE3yJIbTaTOM BO BCeX cJayvyasX
Oyner mHrIONpOBaHIe POCTa KOPHS U/WJIH T10-
Oera u 110 cuJje IPOSIBJICGHUS DTUX TT0Ka3aresei
MOZKHO CY[IUTD O BJIUSHUY TOKCUYHOCTI COJIM HA

pasButie pacrenus. [[nnrenbHoe Bo3peiicTBue
BBICOKOIT KOHIEHTPAIINY XJOPUCTOTO HATPUSI
(150 mM) y copros TBépnoii (Opendyprekas 10)
u msarkoii (Openbyprerasi 22) nineHuIbl Bbi-
3LIBATO YMeHbIIeHNEe pocTa HAJI3eMHON YyacTn
pacrenusi: y TBEpAOT mouTH B 2 pasa, a y MATKOM
Torbko Ha 20% 10 cpaBHEHHIO ¢ KOHTPOJISAMI,
7 KOPHEBOW CUCTEMBI TOJHKO ¥ MATKOW TTOUTH
B 2 pasa 1o cpaBHEHNTO ¢ ROHTPOJEM (ITPopocT-
RaMU, BRIpAIeHHBIMI HA Bojie) (puc. 2).

OrHOCHTeTHLHBIN YPOBEHB HKCIIPECCHT TeHa
HKT 1;4 y copra MArKoil HieHuibl BLISABILIL He-
3HAUYNTeJbHOE yBeJndeHne dKCIIPeccui 3To-
ro reHa B KOPHSX 10 CPABHEHUIO C JUCThAMUI
(*25%) mpu BHIpANIUBAHUKN B KOHTPOJbHHBIX
yeJioBusx (Ha Bojie). BeiparuBanue mieHniibl B
MPUCYTCTBUN BBICOKOT KOHTIEHTPAIHT COTN TIPH -
BOJIUT K YBeJMUYEHUTO YPOBHS dKCIPECCUT TeHa
HRT 1;4 B noberax, B KOpHsiX, HA000POT, HAOJIIO-
MaeTcst yMeHbITIeHe YPOBHS DKCTIPECCUN TOUYTH
B 2 pasa (puc. 3).

Ananms jurepaTypHbIX JaHHBIX MTOKa3al,
9T0 BCe MCCAeIOBAHNS 110 N3YYEeHNTO POJIN NOH-
HBIX TPAHCTIOPTEPOB TPOBOJMINCH TIPH KpaT-
rospemennom Bosseiicteuss NaCl na pacrenus.
BycnoBusx comeBoro crpecca posib TpaHCIIOpTe-
pa HKT knacca I B RopHAX 3aKI0OYaeTCA B yia-
ngenunn noHoB Na* u3 KeujieMbl B KOPHSX, YTOOBI
YMEHBIINUTh UX cojiepskanme B moderax [12—14].
CremoBarenbHo, 4eM BBITIE YPOBEHDL DRCITPEC-
cun TpancrnoprepoB HET 1;4, teM MeHbIIIe TOK-
CUUYHBIX MOHOB ocTaéres B kierke. OnHako, mpn
MOCTOSTHHOM BOBJIECTBUN 3aCOJEHUs Ha TIIe-

Puc. 2. Biustnue 150 mM NaCl na pocr réppoit (Triticum durum) (1, 2) n MATKOI nIeHUIbI
(Triticum aestivum) (3, 4): 1, 3 — kourpoan, 2, 4 — 150 mM NaCl

Fig. 2. Influence of 150 mM NaCl on
and Triticum aestivum (3, 4): 1

the growth wheat Triticum durum (1, 2)
, 3 —control, 2,4 — 150 mM NaCl
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Puec. 3. Ornocurenbbiii ypoBeHb 9KCIIPECCUT TEHOB
B Triticum durum (A) n Triticum aestivum (B):

1 — kourpoasb (Boxa), 2 — 150 MM NaCl, 3 —
nepesoj, u3 Bozibl B 150 MM NaCl, 4 — nepesoj
n3 150 mM NaCl na Bopy
Fig. 3. Relative level of expression genes in wheat
Triticum durum (A) and Triticum aestivum (B):

1 — control (water), 2 — 150 mM NaCl,

3 — transfer from water into 150 mM Naﬂ,

4 — transfer from 150 mM NaCl into water

HATY W3 AHHBIX, TTPeCTaBIeHHbIX Ha PUCYH-
Ke 3, HabJiogaercss odparHasl 3aBUCUMOCTD:
YeM BBITIIe YPOBEHb HKCIIPECCHT TPAHCITOPTEPOB
HRT 1;4, vem cusibHee Mmop@osiorndeckue n3me-
HEHMS Y PACTeHMSI.

Tar, y TBEpOIT TIITIEHUTBI YPOBEHB DKCITPEC-
cun HRT 1;4 B noberax yBenmumBaeTcss B mpiu-
cyrerBun NaCl, a Boicora obera ymeHbIiaeTcs
(XOTh M HE3HAUNTETLHO). Y MATKON TITEeHUIHI
YPOBeHbB dKCIIPeccui B 1oderax B HPUCYTCTBUN
NaCl ymenbimaercs, a BeIcOTa M0OETOB 0CTAST-
cs1 0e3 nuamenenns. CoBcem Jipyrast KapTuHa Ha-
Oarofaercss B KOPHAX MATKON TMIHIEHATIHI: YPO-
BeHb dKcnpeccun rpancruoprepa HRT 1;4 npak-
TUYeCKN He N3MeHseTCs, a UIITHA KOPHell CUTh-
HO MeHsieTcs1. BeposiTHO, B yCJIOBUAX MTOCTOSTHHO-
0 BO3JIeHCTBIUSI XJIOPUTHOTO 3aCOIEHSI pacTeHne
aJIATITHPYeTCs K TAKUM YCJOBUSIM 1 POJTh MOHHBIX
TPaHCIIOPTEPOB yMeHbIaercs. YeM cuabHee 110-
maBysercs skenpecceus Tpamcrnoprepos HKT 1;4,
TeM COPT ITIIeHUIbI O0JIee YCTONYNB K /el CTBUTO
mocrossnioro sosaencrsust NaCl.

WNamenenus ycaoBuit BoIpaminBaHms Tie-
HUTIBI: 3aMeHa BOJHOI cpeJibl Ha cpejy, cojep-
sraryio 150 MM NaCl, n 3amena coeBoii cpejibi
Ha BOJY IPUBOIUT K YBEJINYEHUIO YPOBHs IKC-
npeccun resa HRT 1;4. 1lo Benuunne srcipec-
cum reria HKT 1;4 B iiitenmite MosKHO CYIUThH 00
YCTOWYMBOCTH WM 4YBCTBUTEIBHOCTH COPTA K CO-
JIEBOMY CTPecCy. Y POBEHb dKCIIPECCHE B KOPHSIX
0001X COPTOB MITEHNI[BI YBEANUNBACTCS OOIee
yeM B 2 pasa 110 CPaBHEHUIO C JUCThIMU U B 3—
4 pasa 1mo cpaBHEHNIO ¢ KOHTPOJIbHLIMU BapuaH-
ramu. MlHTepecHo oTMeTuTh, 4T0 DKCITPECCHs TeHa
HKT 1;4 B noberax TBEPOT 11 MATKON ITIITEHUTIHI
[PU COJIEBOM cTpecce (M3MEeHEeHUe COCTaBa CPejibl
C BOJIbI HA COJTh) BBITIIE, YeM ITPU BOJTHOM CTpecce
(M3MeHeHMe cOCTaBa CPefibl ¢ COJMM HAa BOJY),
a B KOPHAX 00HApYsKeHa 00paTHas 3aBUCHUMOCTD.

CyriepaKcripecciisi 3TOT0 reHa Kak B JINCThSX,
TaK 1, 0cOOEHHO, B KOPHAX, IPUBOJIAT K YBeJIYe-
HUTO YCTOMYNBOCTI PACTEHUST K TOKCUYHOMY BO3-
meficTBUIO MOHOB HaTpus. [leficTBuTeNbHO, B 000-
WX COPTAX MIMTEHUIIBI He OBLIO OTMEUYeHO MTPAKTH -
4eCcKN HUKARUX MOP(OJTOTHUeCKUX N3MEHEHU
B pesyabrate feiictBus crpecca. GraepoBaresb-
HO, UMEHHO NU3MeHEHNUe YCJTOBUIT BbIPATIBAH U
NPUBOJUT K yBesndeHnto skeripecenn rena HKT
nojcemeticTBa 1, 1. e. K yBeJIMUeHWIO €10 POJIN B
BBIBEJIEHN I MOHOB HATPUsI U3 KJIETOK U, CJIeJl0-
BaTeJIbHO, K YMEHbIIEHUTO TTOPAKEH ST KIETOK B
pesyJibTate TOKCUYHOTO JIeHCTBUS MOHOB HATPUS.

Tpancropreps nogknacca HRT 2 nepenocsit
KaK MOHBI HATPUS, TAK 1 MOHBI Rajaus. Vlonubie
KaHaJbl NMEIOT TeTJI ¢ YeThIPbMs OCTaTKaMu’
PANIIHA, 3aMeHa Jlaske OJ{THOTO M3 OCTATKOB
MIAIHA HA CEPUH MOKET COTTPOBORIATHCS M3-
MEeHEeHUEeM CeJIeKTUBHOCTH KaHAIA. 3aBUCUMOCTh
skcnpeccun renos HKT2;1 B oboux coprax miie-
HUI[bI OT COJIEBOTO BO3JIeICTBUS HA HA3eMHYIO
4acTh 1 Ha KOPHEBYIO CUCTEMY NMeeT MO00H bl
xapakrep ¢ renamu HKT 1;4. Ilpucyrcrue Bbi-
COKOI1 KOHIIEHTPAI[UN COJTU TTPUBOIUT K 3HAUM-
TeILHOMY yBemuennio sxerpecenn remna HKT 2;1
Kak B 1moderax, Tak M B KOPHSX, HPAKTHYECKI
B 3—4 pasa.

MoskHO TTPeImoNoKNTh, 4TO TPAHCIIOPTE-
pol kiaacca HRT 1 urpaior 6o/ee BasKHYIO POJIb
B YCTOWUMBOCTH PACTeHUS K COJIEBOTO CTPeccy,
yeM TpancmopTepbl kiaacca HRT 2, kotopwrii,
CKOpee BCETO, BBHIMOJHACT JOTMOTHUTENHHYIO
(DYHKITNIO B BBIBEJIEHIN TOKCUYHBIX NOHOB.

W3menenne KoHIEHTPAIMY COJIeil B BOJie,
nucbaaHe MOHOB U TUIIEPOCMOTHYECKUIT CTPece
BBI3BIBAIOT 0OPA30BAHIE PEAKTUBHBIX (POPM KIC-
gopoma (ROS), uro nmpuBoAnNT K AanbHeATIeMY
3aMeJJIeHNI0 POCTa PACTeHU Il BILIOTH 10 THOeJn
[17, 18]. Jlyist ymMeHbITIeHWST HeraTUBHOTO BJIHSI-
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nust ROS B pacreHusix cynecTByioT pasaniaHbie
mMexaHnaMbl. OHUM N3 MeXaHU3MOB SIBJISIETCS
epMeHTATHBHOE YMEHBbIIIEHNE TOKCURAINN
ROS. B gannoit pabote MbI paccMaTpUBAIN SKC-
rpecciio reHoB cyneporcuuemyrazs SOD n Nfn.

[Tpu poirresbHOM BBIpATIIMBAHUM TIITT@HUTIHI
B npucyrcerBun 150 MM NaCl B kopHsx MATrKOI
MIIeHUIbI YpoBeHb sKcipeccun SOD 6osee Bbi-
COKMH, 4eM B KOPHAX TBEPAON TMIEHUIHI, ITO
MO’KeT YKasblBaTh HA TMOBBINIEHHBI YPOBEHD
ROS y msrkoii nmenuib, 00pasoBaHHbIX IPU
BO3JIEICTBUN BBICOKOI KOHIIEHTPAINN COJIN
(puc. 3). ObpazoBanue BLICOKOTO COJlePyRAHUS
CYTEepOKCcHUIa B KOPHSAX MSTRON TIIEHUIIBI O]
neticreunem NaCl mosker mpuBoguTh K MOPQO-
MEeTPUYeCKUM M3MEHEHUSIM, YT0 U HADJII0IaeTcs
BJIEMICTBUTEIbHOCTHI: 3BHAYUTEILHOE YMEeHbIIIeHIe
AIUHB KopuA y mimennt(bl Opendypreras 22.

[Tpu m3menenun ycaoBuii BuIparnBaHms
MIIeHUILl YpoBeHb srcrpeccun SOD yBejgmun-
BaeTcs B 3—4 pasa, uTo YRas3bIBaeT Ha BLICOKIE
AJIANITUBHBIE CBOMCTBA ATHX COPTOB ITIEHUI[bI
K COJIEBOMY CTPECCY.

Yposenb srcrpeccnn rena Nfn nmeer cxopi-
HBIII Xapakrep ¢ reaom SOD, Kpome HU3KOTO
YPOBHSI 9KCIIPECCHH €0 B INCThAX TBEPILOTI 11116~
Hutbl copra Opendypreras 10, uto, ckopee Bee-
r0, YKa3bIBaeT Ha B3aNUMOCBsI3b ATUX I'eHOB MesK-
Ty coborii.

3ariaoueHue

Uzyuenne sxkcrpeccnt TeHOB-TPAHCITOPTEPOB
HKT n rerios SOD u Nfn siBjisiercst BasKHBIM JJIst
XapaKTepUuCTHKI COJMEYCTONYMBOCTH MTIIEHUILBI.
Yposenb srcripeccun renos cemeiicts HK'T, SOD
u Nfn 3asucur ot conepskanus NaCl B cpepe,
n3MeHeHIsI YPOBHsI dRCIIPECCUM DTUX I'eHOB,
BEPOSITHO, TPOMCXOJISAT 110 OTHOMY MeXaHU3MY 1,
cKROopee Bcero, OHM B3auMocBsizanbl. OOHapysKe-
HO, 4TO U3MEHEeH e YCJIOBIIT BbIpAI[NBAHWS TT1T1e-
HUIIBI COMTPOBOK/IAETCS MBMEHEHNeM DKCIIPeCCUn
rernoB HKT, SOD n Nfn. Ilpu nocrosinnom Bo3-
MeNCTBUN 3aCOJEHNUs PACTeHUE alalTHPYeTCs
K TAKNM DKCTPeMaIbHBIM YCJTOBUSIM U POJIH NOH-
HBIX TPAHCIIOPTEPOB YMEHbBIIAETCSI: UeM CHIIbHee
CHURALTCSI YPOBEHB DKCIIPECCU U TPAHCIIOPTEPOB
HET 1;4, rem coprt ninieHUIs onee yeToMvIns K
noutenbHomy Bosfeiictsuio NaCl.

YBesmueHme ypoBHsI DKCITPECCU TeHOB ce-
meiictBa HR'T, SOD n Nfn B ROPHSIX U B JTNCTHSIX
nrreruib coproB Opendyprekas 10 mw Opendypr-
cKasg 22 B YCJOBUAX COJNIGBOTO CTPECCA CBA3ZAHO
¢ OBICTPBIM BOCCTAHOBJIEHIIEM NOHHOTO DajiaHca
K*/Na" n ypanennem tokcumunbsix nonos Na*
n ROS, 1. e. 3amuTHONl yHKRIMEH U yBesn-

YeHWEeM aJlallTUBHBIX CBOWCTB Pa3HBIX COPTOB
nmrenntpl. OOHapys;keHa TRaHeBas crenu@uy-
Hocth drcnpeccun K*/Na*-tpancrnoprepon
y IIIEeHUIbl B OTBET Ha coJieBoil crpecc. Ecan
OTHOCUTENbHBIIT YPOBeHb dKctpeccun renoB HKT
B JINCThAX YBEJMYUBAETCS HE3HAUUTEBHO, TO
B KOPHAX, KAK TBEPIOI, TAR W MATKON MITTeHUTTHI,
YBEJINUMBACTCS B 2—3 pas3a 110 CPaBHEHMIO ¢ KOH-
TposieM. MOKHO TIPEIONIOKITH, YTO OCHOBHAsI
pPOJIb MOHHBIX TPAHCTIOPTEPOB — OJOKMPOBATH
TPAHCTIOPT TOKCUYHBIX MOHOB 13 ROPHEI B T1o0er
1 X BhIBeJ[eHNe 13 KOPHEIl.

Ha ocHoBanmm mosyueHHBIX JAHHBIX CITEJyerT,
YTO COpPTa TBEPAOI U MATKON IIIEeHUIbl UMEIOT
pPasHy0 YCTOWUYMBOCTh K JIJINTETLHOMY BO3JIeii-
crauio NaCl, 7o 06a copTa MMeIOT BHICOKYTO YCTOTM -
YUBOCTh K €I'0 KPATKOBPEMEHHOMY BO3JIEICTBHIO.

[TornmaHme MeXaHU3MOB MOHHOTO TPAHC-
nopra BayRHO N5 BeisscHennss yarmuu HKT
BO BCEM pacreHun. BbisscHeHMe TKaHecIem-
¢anoit srenpecenn HKT, SOD n Nfn n nx me-
XaHM3MOB KOHTPOJS TTPeJicTaBIseT MHTePec s
YBeJWUYEHNs TOJePAHTHOCTH PACTeHWs K COJe-
BOMY CTpeccy.

Paboma sevtnoanena no 2oczadanuio AAAA-A17-
117091460012-8 u npu gunancosoit noddepoicke
epanma POOU N 18-016-00150.
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Bupycubie 3a0omeBaHns €3Kero/HO BbI3BIBAIOT 1IOTEPN YPOJKASA 1 3aMETHOE CHIKeHNe KauecTBa HPOAYKIINN
pacTeHneBoJIcTBA, B TOM YMCJ/e BayRHEMIICH CeIbCROXO03SMCTBeHHON RYJALTYphl — Kaprodens (Solanum tuberosum 1..).
AHTUBHMPYCHBIX MTPENapaToB JI/Isi pAaCTeHNEeBOJICTBA ITPARTHYECKI HET 1, B 9THX YCJIOBUSIX, HCITOJIB30BaHIe O1OTIperiapaTon
Ha OCHOBe DHJO(MUTHLIX MUKPOOPranuamos, npoaynupyonux PHRasbl, spigercs nepcneKTnBHBIM METOOM 3aIiUThl
pacrennii or Bupycon. [1poBesign anaims criocobHocTi mraMMoB barrepuii Bacillus spp. BIKsTH HA OPasKeH e pacTeH il kaproderis
Bupycamu, a raxske rnpopyruposarh PHRaser. Obnapyskeno, uto oopadorka mrammamu 6axrepuii B. sublillis 2611 BRIIM-5689
CHUZKAIA YPOBeHb NHMUIIMPOBAHHOCTI pacTeHuil Bupycamn Gojiee, yeM Ha JiBe TpeTH B cpaBHeHun ¢ Kourposem. [Ipu
ucrosb3osannu komouuuposantoro npenapara MUKC (B. subtillis 26]1 + B. thuringiensis BRIIM-5689 + B. thuringiensis
BRIIM-6066) passurie Y-Bupyca kaprodes (YBR) ymenbinanocs 6oiee, e B 2 paza 1o CpaBHEHIIO ¢ KOHTPOJIbHBIMI
pacrenusimu. BriepBbie BLIABICHO CBOMCTBO HTUX miTaMMoB Oakrepuii cekpernposarh PHHRaswr, criocobmbie, 1o Mmuennio
aBTOPOB, ORA3BIBATEL TUTHYecKUil derT Ha Bupycol. Beickazano mpejinososkenne, uto suo@urHbie mramMmmel Bacillus spp.
¢ Beicokoit PHRasHO1 akTHBHOCTBIO SIBJISTIOTCS 1TEPCITEKTUBHOT OCHOBOT BROJOIMYECKN Oe30MaCHBIX OMOTIPerapaToB st
KOMIITIEKCHOT 3aIUTHI PACTeHNIA.

Kaouesste crosa: kaprodenb, Mukpodunosorndeckne rnpemaparst, upycsl, PHRaszbr.
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Significant losses of crop of potato Solanum tuberosum L. (up to 30%) and marked decrease of their quality are caused
by viruses, the number of which is not less than 40 species. One of the main protect ways from viral infection remains the
selection of resistant varieties, but unfortunately there are not many plant sources contain immunity genes to aggres-
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sive viruses with dominant monogenic type of inheritance. Transgenic technologies and genome editing technologies
temporarily is effective when genes encoding the synthesis of certain proteins that contribute to increasing the resistance
of plants to insects — viruses vectors or viruses themselves, are introduced into the genome of a plant of a commercially
valuable variety by genetic transformation. A new approach to form genetically modified insect and virus resistant plants
through an RNA-interference mechanism is also known. In this regard, new methods of transport such RNA-insecticides
by using specific symbiotic microorganisms living in the insect intestine or using endophytic bacteria are interesting.
Some strains of such endophytes can theoretically exhibit high antiviral activity due to the ability to synthesize, for ex-
ample, RNase that degrades the viral genome, or the ability to induce systemic resistance in plants, as well as to exhibit
insecticidal properties. The use of biological preparation based on endophytic microorganisms producing RNAse can be
a promising method of protecting plants from viruses. The ability of Bacillus spp. strains to affect the lesion of potato
plants by viruses, and also produce RNAses in our work was analyzed. Potato plants of Udacha variety were grown in
Bashkortostan in the field at the Birsky Experimental Station of the Bashkir Research Institute of Agriculture of the
Ufa Federal Research Centre of the RAS, and of Nevsky variety were grown in the field at the Central Experimental
Base of the Tatar Research Institute of Agriculture of Federal Research Center Kazan Scientific Center of RAS. It was
found that plant treatment with bacterial strains B. subtillis 26D and VKPM-5689 reduced the degree of infection of
plants with viruses by more than two-thirds in comparison with the control. When using the combined preparation MIX
(B. subtillis 26D + B. thuringiensis VKPM-5689 + B. thuringiensis VKPM-6066), the development of Y-potato virus
(YBK) decreased by more than 2 times compared to control plants. For the first time was revealed that these bacterial
strains can secrete RNAses, which, according to the authors, is capable of causing a lytic effect on viruses.Thus, it is
shown that it is possible to increase the resistance of potato plants to viruses by means of preparations based on studied
strains of bacteria, which can limit the spread of insect — as viral vectors, as well, probably can have a direct viricidal

effect due to the production of RNases.

Keywords: potato, microbiological preparations, viruses, RNAases.

IROJIOTU3AIMS 3ATIUTHl PACTEHUTT STBISIETCSI
OITHUM W3 NPUOPHUTETHBIX HAIIPABJIEHUI cOBpe-
MeHHOTO pacreHuneBosictBa. Heronrponupyemoe
NCIOTb30BAHNE XUMUYECKNX CPECTB 3aIUThI
CeIHCKOXO3SMCTBeHHBIX KYJIBTYD, TIpUMeHeHne
X B OOJBIINX /[03aX OKA3bIBAIOT 3HAYNTEb-
HOe HeraTuBHOe BO3JIelicTBIEe Ha arporeHo3bl.
B arux yemoBuax npumenenne 6norpenaparon Ha
ocHOBE sKUBBIX MUKpoopranuamos (MO) mpej-
CTaBJIsIeT OONBIITT MHTEpecC.

CymiecTBeHHbBIe TIOTePH yposKas KIyOHel
rkaprodeas Solanum tuberosum L. (mo 30%)
1 3aMeTHOE CHIKeHIe X Ka4eCTBA BbI3bIBAETCS
HnopaskeHneM pacTeHuil BUPycaMu, 4icji0 BUOB
roropbix He MeHee 40 [1]. OpHum U3 raaBHBIX
myreit 60pbOBI ¢ BUPYCHON nHEPEKIIei 0CTaéTcst
CeJIeRITNST YCTOMYNBBIX COPTOB, HO, K COYKATICHIIO,
NCTOUHNKOB I'eHOB NMMYHNUTETA K arpecCUBHBIM
BUpPycCaM ¢ JOMUHAHTHBIM MOHOT€HHBIM THTIOM
HacJleloBalus y pacteHuil He tak muoro [2].
Bpemenno spperTMBHBIMI OKa3aanCh TPAHC-
reHHbIe TeXHOJOTHN W TeXHOJOTUN PeJlakTiH-
pPOBAHUS TEHOMOB, KOT/Ia B T€HOM pacTeHMUs
XO035IIICTBEHHO I[EHHOTO COopTa IIyTéM reHeTnye-
CKOIT TpaHc(opMaIruy BBOJSTCS OTIpejleIEHHBIE
TeHbl, ROJUPYIOIe CUHTe3 3alUTHBIX PaCTH-
TeJIbHBIX O€JIKOB, 4yRePOIHbIX HHCEKTOTOKCHY -
Hbix OekoB (Hampumep, Cry u Vip dakrepunii
B. thuringiensis, natepdepon) Win BUPYCHBIX
0esikoB [3], crlocoOHBIe YIYUIINTD TO UM HHOE
ero cBoiictBo [4]. M3Becren taKske moOmXoj K
CO3JIaHNI0 TeHeTUYeCKN MOANPUITITPOBAHHBIX
pacTeHuii, yeTOIUNBBIX K HACEKOMBIM I BUPYyCaM,
¢ nomortnbio mexanuzma PHR-unrepdepenmnm.
[TepcriekTuBHOCTH 6OPHLOBLI ¢ BpeuTeIsIMU HA

ocuose PHR-untepdepennun obeympaercs
TaKKe B aclieKTe co3/laHmsi OMOMHCEeKTUIINIOB
(nx, ma mamm B3N, MosKHO HazBaTh « RNAI-
nHcekrtuiupgamm») [, 6]. C nozunuu [7], He-
00X0IMMO €03/1aBaTh HeCKOJALKO BuioB « RNAI-
MHCEKTUTINI0B» WJIN BBOIUTH IEJIYI0 Kaccery
(ITPOTHB HACEKOMBIX, BIUPYCOB, U, MOKET ObITh,
rprOHBIX PUTOTTATOTEHOB) B TEHOM PACTEH IS, 4TO
ABJISIETCST TIPOOTIEMOT KaK ¢ TOUKHN 3peHnst O1o-
0e301acHOCTH, TaK 1 ¢ TTO3UTIHH (DOPMUPOBAH S
BITOCJIEJICTBUN Y TATOTEHOB 1 BPEHBIX HACEKO-
MBIX YCTOWUMBOCTI K JIEHCTBIIO TOKCUYHBIX Be-
IeCTB, POy IINPYEeMbIX MOANPUITITPOBAHHBIMI
pacreHusiMU. B ¢BsI31 ¢ 9TUM WHTepecHbI HOBBIE
crocobnl gocrasku raxux « PHHK-uncexkrununos»
C MOMOIIbIO CIENUMPUUHBIX CUMOMOTHYECKINX
MO, 3uByINX B KUIMEUHNKE TOJHLKO OTIpejie-
JEHHOTO BUIA BPEJHOTO HAaCeKOMOTO [7] nnm
C MCII0JIb30BAHMEM 9HI0(DUTHbBIX OAKTepPuii, acco-
IUUPOBAHHBIX ¢ OTIPEIeJIEHHBIMI BUIAMI CeJb-
CROXO3SIICTBEHHBIX KYIBTYP. Heroropbie mram-
MBI TAKNX 9HI0(UTOB, TEOPETNYECKI, MOTYT ITPO-
ABIATH 1 BBICOKYIO aHTHBUPYCHYIO aKTHBHOCTH
Osaropaps nannumio myna, nampumep, PHHRas,
paspymaoinnx BUPYCHBIN TeHOM, MHIYKI[HT
Y pacTeHuil CUCTeMHON YCTOMYUBOCTU, & TAKKe
MPOSABIEHNI0 MHCERTUIIMIHBIX cBoiicTB. Tak,
BBISIBJIEHO MHOTOKPATHOE YMEHbIIIeHNe CTelleHn
MOpaskeHn s pacTeHN il CBERIbI BUPYCOM HEKPOTH -
yeckoro noskearens Kok (BNYVV) mocie nx
obpaborkm bakrepueit B. amylolequifaciens, aro
ROPPEJIMPOBATIO ¢ YMEHBITEeHNEM YNCJIeHHOCTH
rpuba Polymyxa betae m sKempeccuedt pacTum-
TeJLHBIX TeHOB, KOAMPYIONNX 3aIUTHBIE ORI
(PR-8, NPR-1) [8]. O6napyskeno, uro bakrepusi
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B. subtilis BS3A2) ciepsxuBaer pazputne Mo3an-
KI OTypIla Ha TOMaTax IMOCPeJCTBOM YrHeTeHU s
MepeHoCcYnKa ATOro 3aboseBaHmst — 6Gax4ueBoil TN
Aphis gossipi [9].

B c¢Bsasu ¢ aTuM m3ydeHnme CBOWCTB BH-
nodurHbIX Oarrepuit Bacillus spp. aBnsercs
AKTYaJbHBIM JIJIsI CO3JlaHUsT OMOTpernapaTon
¢ KOMTIJIEKCHON (aHTUBUPYCHON, MHCEKTH-
nuaHol, GYHTUMNAHON, TMMYHU3UPYIOITell n
POCTCTUMYIUPYIOTIEIT) aKRTUBHOCTHIO C IEJTbI0
HROJOTHYECKN 0e30TaCHOI 3aIUThl PACTeHUI
raprodens or bonesneit u Bpeputesneii. Ilennio
MAHHOI padOTHI AIBUJIOCH NCCE/IOBAHIE HATTN ST
PHRasHoil akTBHOCTI Y 9HIO(PUTHBIX, & TAKKe
HeIHIO(PUTHBIX HHCEKTOTOKCUYHBIX DaRTepHil,
BIUsHIE 00PAadOTKM UMM pacTeHnil KapTodes
Ha yCTOMYMBOCTL K (DUTOTIATOTEHHBIM BIUPYCaM.

Marepuasinl 1 MeTObI

Jlst mpoBeerns DKCIIEPUMEHTOB MCTIOJb-
30BaHbl HTaMMbl Oakrepuil B. sublilis 26]1,
B. thuringiensis var. thuringiensis B-5689,
B. thuringiensis var. kurstaki B-6066, mio0e3-
HO TpefocraBiaeHubie st nceaepopanmnii 000
Hayuno-Brepipenyeckum npeprpustuem « barmm-
KoM». JHI0UTHOCTHL OaKTepuii Obljia yeTaHOBIe-
Ha panee [ 10, 11]. Bakrepuu KyJIbTHBUPOBAIN HA
cpenie Luria-Bertani (LLB) B repmocrare ES-20
(Biosan, Jlarsust) mpu 25-27 °C. [lyist onenrn
BJIMSHUS OAKTePUil HA AaHTUBUPYCHYIO aKTUB-
HOCTD 1 YPOSKANHOCTH KapTO(eJIsi NCITOTH30BATN
CYTOUHBIe RYJIBTYPHI.

Bueknerounyio PHRasnyo akrusnoctnb
OaxTepuil onipesiessn cornacHo Merojuke [12].
Jlns aToro mtaMMbl BeIpatuBaan Ha cpesie LB ¢
nobasiaennem posksresoit PHR (6 v/n) (Sigma,
CIITA) mpm 30 °C. Yepes 48 u wamku Ilerpn 3a-
auBasu 3 Ma pactsopa 1M XmopHOT KUCIOTH 1
BBIJIEPKIBAJIN B TeUEHNE D MITH JIJIs1 OCAMKIEHU S
PHR. ITpu orcyrecrBun PHRa3 cpepia cranosuiach
MOJIOUHO-0€JI01i, & PN HAJTMY NN BOKPYT KOJOHWH
(hopmupoBascst Ipo3pavuHbIil Opeost (Tamno).

Arrusnocts BHeRIerouHoit PHRa3b! B KyJib-
TypasbHoM QuUIbTpaTe ONeHnBaIach COTJIAcHO
meropuke [13]. Jlas aToro mraMMbl BbIpaliiu-
Basm 48 4 Ha skujKoit cpefe LB ¢ mobaBmenu-
em nposiskenoit PHR nipn 30 °C. Axktusnoctn
PHHRa3 B rynbrypasibHoM duiabrpare mocie
MeHTPUQYTUPOBAHS OIEHUBAIN CTIeKTPOdO-
TOMETPUYECKU I10 MOTJIONeHW0 PN JIJInHe
BoJIHBI 260 HM, 00YCIOBICHHOMY TUIPOTN30M
Boicokomonumepuoit PHK n yBennvenunem
KOJIMYECTBA PACTBOPEHHBIX HYKICOTUJIOB.

Or6op pacTuTebHOTO MaTepruasia mPOBOIIIN
Ha mocajkax Kaprodesst paHHecHea0ro copra

Ynaua bupcroii onbiTHOT cranTny Bamkupero-
ro HUW cesnberoro xossiictBa — 060¢00JI6HHOTO
CTPYKTYPHOTO Tofipasfienenus Ypumcroro ge-
nepanbHOTO uccaenoBareabckoro mearpa PAH
(BHUNCX YOUIL PAH) n nocagrax kaprode-
Jist cpeptHepanHero copra Heseruii IentpanbHoit
aKcrepuMenTtanbuoii 6a3pr Tarapckoro HUU
cenbekoro xo3siictBa MerepanbHOTO NCCTE0BA-
TeJTHLCKOTO TeHTpa « RazancKkmit HaydHBIT TIeHTP
PAH» (TarHUNCX ®UIL RasHIl PAH). TTopx-
FOTOBKA TOYBBI W TEXHOJOTUS BHIPATMBAHNS
Raproesis — ooIenpuHATas st pernoHon [14].
[Lromas resror 50 Mm%, pasMerrenne cucreMa-
TU3MPOBAHHOE, TOBTOPHOCTH TPEXKpaTHast [19].
Cporn obpaborkm: 1) mosHble BCXObI — /10 OY-
roruzanun; 2) 6yronnsarnusa—iserenne. Bapn-
auThl 00padoTok B yeaosusax TarHUNCX OUI]
RasHIl[ PAH: 1) Kourposabs — Boma 200 71/ra;
2) B. subtilis 26]1 (cyxoii npenapar) — 3 Kr/ra
B 200 51 Boser; 3) MUKC (8 11 eyxoii KpaxmanibHO-
caxaposmuoit cmecn 0,5 MIPJ. MKI3HECTIOCOOHBIX
crop u Kiaerok Oawrrtepuit B. subtilis 26]1,
0,25 mupp — B. thuringiensis ssp. thuringiensis
(BRIIM B-5689) n 0,25 mnpp — B. thuringien-
sis ssp. kurstaki (BRIIM B-6066)) — 1 kr/ra B
200 n Bopbl. Bapnautsl 06paboTOK B YCJIOBUSIX
BHNNCX YOUIL PAH: 1) rourponb — Bopa,
200.1/ra; 2) odpadorka baxkrepusivu B. sublilis 26]1 —
2 1/ranpenapara (turp kiaerok 1 miapp/mir) B 200 1
BOJIbI; 3) oOpaborka barrepusivu B. thuringiensis
B-5689 — 2 n/ra npenapara (TuTp KJIETOK
1 mapn/ma) B 200 11 BOJIBI.

OneHKy pacrpocTpaHeHus TJeil 1 mopaske-
HIe PacTeHnii BUPycaMu B TI0Jie IPOBOJIIIT CO-
rnacHo [16]. Jlnarnocturky BupycoB kaproesis
Y (YBR), S (SBK) u M (MBRK) mposopuin
MeroioMm nmmyHrodepmentHoro anainza. Cratu-
CTHYECKYI0 00pabOTRY pe3y/braToB IMPOBOININ
¢ onerkoit rounoro kpurepus Ourepa [17].

Pesyabrarel n 00cy:knenne

Obpaborka pacrenunii kaprodess mpera-
paroMm, copepsRaIiuM ToJbKO Rietku B. subtilis
26/l — ocnony 6unopynruiuga Ourocmopun-M,
HpUBeJIa K YMEHbBIIEHNTO MOPAKEeH U PacTeHU T
MBHK (ta6u. 1). [Ipu 0o6paborke cMechio ITaMMOB
OarTepuil CTaTHCTHYECKN [IOCTOBEPHO YMEHbIITH -
nock pacripocrpanene Y BRu SBR wa 57 44 %,
COOTBETCTBEHHO, HO paciipoctpanénnocth MBR
He N3MEeHWJIACh 110 CPaBHEHIIO ¢ KOHTPOJIEeM.

Cxoprpiv 00pazom 06padboOTKRa pacTeHmii Kap-
Topesisi yMeHbIana cTereHb pacipocTpaHeH s
BupycoB B yejaosusix BHUNCX YOUILL PAH.
Tar, ecoim Ha KOHTPOJILHBIX JIeTAHRAX OBIIO MTO-
paskeno 60% pacrennii, To ipm 06paboTKe rpera-
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Ta6auma 1 / Table 1

[Mopaskenue pacrenuii kaprodess supycamu (%) / The lesion of potato plants by viruses (%)

Bapuanr / Variant i Bupyc HapTO(I)eéIl};}/{ Potato virus L
Kourposn / Control 50,4+4,3 33,6+4,0 5,8+2,0
B. subtilis 26]1 / B. subtilis 26D 47,9+5,9 43,7+5,9 1,414
MURKC / MIX 21,7+5,0% 18,8+4,7* 0,8+2.8
Ilpumnevwanue: * Pazauuis ¢ KORMPOLbHBIMU DACEHUAMU cmamucmuyeck snawunst (p < 0,05).
Note: " Differences compared with control plants are statistically significant (p < 0.05).
Tadoaunma 2 / Table 2

Borusinme supodurHeix mraMmos poga Bacillus na pacpocTpanéHHoCcTDb TIeil Ha Mocafikax Kaprodeds
u nopazkénnocts pacrenuii macekombimu (%) / The influence of endophytic Bacillus strains
on the prevalence of aphids in potatoes field and on the damage of plants by insects (%)

[Torazarens / Index Bapuanr / Variant
ROHTPOJIb B. subltilis 26]1 B. thuringiensis
control B. subtilis 26D BKITM-5689 / BRIIM-6066
VKPM-5689 VKPM-6066
Pacnpocrpanéunocrs / Prevalence 29,6 14,8 12,2 17,9
[Topaskénnoctn pacrennii 6.5 35 3.1 4.3
Damaged plants

parom Garrepuit B. subtilis 26]1 soisiieno 18%
0OTLHBIX pacTeHnii, bakrepusamu B. thuringiensis
B-5689 — 33%.

OueBumHO, 4TO HAIMYNE AHTUBUPYCHO aK-
TUBHOCTH IIperiapaTa, CojlepsKaliero Tpu mraMma
O6axrepuii (tabu. 1), 13 KOTOPHIX IBa BUIA OTHO-
CATCS K MHCEKTOTOKCUYHBIM, MOTJIO TIPOSIBUTHCS
Gsiarojiaps MOAABJICHUIO PACTIPOCTPAHEHHOCTI
HACEKOMBIX TTePEHOCUYMKOB BUPYCOB 1, KaK
CJeICTBIE, YMEHBINeHNTIO UMI TTOBPEeKICHNS,
B TO BpeMs Kak aHTHUBUPYCHYIO aKTUBHOCTD
B. subtilis 26]1 no nannoit paboThl HEBO3MOKHO
OBIITO OOBACHUTD.

Rpowme toro, yeranosaeno, 4o 06padoTKa
pacteHuii He TOJbKO JABYMs IITaMMaMu n3-
BECTHBIX 110 MHCEKTOTOKCUYHOCTH DaKTepuii
B. thuringiensis cyliecTBeHHO yMeHbIIaJla pac-
MpocTpaHeHne T — OJIHOTO M3 M3BECTHHIX TIe-
PeHOCUMKOB BUPYCOB, HO 1 00paboTKa 1perapa-
TOM Ha ocHoBe barkrepuu B. sublilis 261, uzsecr-
HOT1, B TePBYIO 0Yepe/ib, KaK OCHOBBLI OMOQyHT -
i (Tabn. 2) okaspiBaIa aHAJIOIMYHOE NHCEK-
TUIMOHHOE JIeiiCTBIC.

Takum ob6paszom, OJHUM 13 MeXaHN3MOB
YMeHbIIeHUsI PAaCIPOCTPAHEeHWsI BUPYCOB Ha
pacrennsx kaprodess mpu o6padboTke mpermapa-
TaMU Ha OCHOBE M3YUYeHHBIX IITaAMMOB OaKTepuii
SIBJISIOTCST X CIIOCOOHOCTH TIOJIABJSITH PACIIPO-
CTpaHeHue TN Ha PaCTeHUSX.

Ha ocHoBe monydeHHBIX TaHHBIX MOYKHO
MPEJITOIOKITD, YT0O KPOMe MHCeKTUIHHON aK-
TUBHOCTH OAKTePUE MOTJIN OKa3bIBATh HEraTHB-
HBIT 9P ERT 1 HermocpeIcTBeHHO Ha CaMIT BUPYC-
ubie vactuiipl. [lo nMeonmmes y Hac gannbim,

MPSIMBIX TECTOB HA MPOSIBJIeHIIe AHTUBUPYCHOI
aKTUBHOCTI OarrepusiMu in vitro ner. RKocsenno
0 CTTOCOOHOCTI DAKTEPHIT OKA3BIBATE BIVSHITE Ha
BUPYCHI MOYKHO CY/IUTH 110 HAJTMY IO AKTUBHOCTH
PHHKas, nonarast, uro st MO cekperupyior rakue
(bepMeHTBI B cpejTy 1, TeM CaMbIM, CTIOCOOHBI pas-
pymars PHR Bupycubix vacruir.

JleficTBuTe IbHO, HAM¥ BIlepBbie Oblia BbI-
SIBJIEHA CITOCOOHOCTH MCCJEOBAHHBIX IIITAMMOB
ceKkpernpoBaTh B okpyskaomtyio cpeay PHRaszbt
(rabs. 3). Ilpu sTOM Bee Tpu mitamMmMa Xapakre-
pUB0BAJIMCH IPUMEPHO B PABHOIT CTEIIeHI TaAKOT
AKTUBHOCTHI0. AHAJOTMYHBIE PE3YJIbTaThl ObLIN
noJiyuenbl u npu onenke aktusuoctn PHRasbi
B JIBYXCYTOUHOM KYJbTypaJibHOM (PUIbTpaTe.
Taxmm oopasom, nmpemapar MUKC xapakrepn-
30BaJICs HAJTNYNEM WHCEKTUIIUHON U aHTUBY-
pycHOIl arkTHBHOCTEN Ogarofaps yMeHbITeHTTO
pacIpocTpaHeHsi HACeKOMbIX Ha TTOCaIKaxX Kap-
Toesist n, BOSMOYKHO, IIPIMOMY AHTUBUPYCHOMY
NefcTBIIO DAKTEPUIil.

W3sBectro, uto Muorue bakrepuin, B 0co0eH-
noct u3 popa Bacillus, criocobHbBI poyILH-
poath PHRasbl, a Takske HyKJI€asbl u apyrue
6enru, orgevatortnue 3a PHR-unrepdepentinio
[18]. Hanipumep, 6axrepun B. amyloliquefaciens,
B. intermedius n B. licheniformis MoryT BbI-
pabarbiBaTh BHERJIETOUHbIE PUOOHYKIea3bl —
OGapHasbl, OuHA3HI 1 OaTNMassl, COOTBETCTBEHHO
[19, 20]. BepositHo, 3TuM MO3KHO 00BIACHUTH
CIIOCOOHOCTh COKA M3 JIMCTheB TabaKa, MHE M-
LUPOBAHHLIX KIeTKkamu Pseudomonas putida A3,
HEeIOCPeICTBEHHO pa3pyiiarth YacTHIbl BUPYyca
rabaunoii mozanku (BTM) [21, 22]. Obunapy:re-

133

Teopernueckasi n npuriaagnas sxoaorms. 2019. Ne 4 / Theoretical and Applied Ecology. 2019. No. 4




AT'POIROJIOI A

134

Tadomuma 3 / Table 3

Cpasuurenbhas artusHocth PHHRasbr 6akrepuii
Comparative activity of bacteria RNAse

[Mramm / Strain

Pasmep raso, mm
Halo size, mm

Axrusrocrs PHRaswt, ef./ (Mus - Mr Gesrka)
RNAse activity, unit/(min - mg protein)

B. thuringiensis VKPM-5689

B. subtilis 26]1 / B. subtilis 26D 4,9 13,8+0,4
B. thuringiensis BRITM-6066 4,0 10,8+0,3
B. thuringiensis VKPM-6066

B. thuringiensis BRIIM-5689 5,0 13,7+0,4

HO, 4TO DapHAa3bl, KPOME CIIOCOOHOCTH TTOJIABJISAThH
BUPYCHYIO NH(EKITNIO, MOTYT YMEHbIIIaTh Pa3Bu-
THe IPyrux dosesneit, manpumep, purodroposa,
4TO IOKA3aHO HA TPAHCTEHHBIX PACTeHUSIX Taba-
Ka, mpoxyrmpyfomux baprasy |23]. Hemasmume
UCCTeMOBAHNS IEMOHCTPUPYIOT CTTOCOOHOCTH
MCKYCCTBEHHBIX PUOOHYRJIEa3 MHAKTHBUPO-
Barb PHR-comep:kaiime Bupycol mocpeacTBom
paspyienus PHK u obosouku BupycHbix va-
ctui|24]. IsBectHo, 4TO BHICOKAS YCTOMUMBOCTD
K ratoreHaM HabJIOaeTcs: Y TpPaHCTeHHBIX pac-
TeHWTH, SKCITPECCUPYIONINX, HAIIpUMep, HyKJIeasy
Serratia marcescens [25]. YcraHoBjieHo, 4To
6axrepun mramma B. cereus ZH14 npomgynupyior
HoBBIH TuN cexkperupyemoit PHHRaswbl, aktus-
HOTI IPOTUB BUpyca Tabaunoit mozauku [26]. Y
oaxrepuit pofa Bacillus, ocobenmo B. subtilis n
B. thuringiensis, uaie Bcero ucioJb3yeMbiX B
3aluTe pacTeHunii, ceKpeTnpyeMbie DapHa3bl 1
OWHA3hl W3BECTHBI KAK AHTHBUPYCHBIC 1 aHTHU-
pakosbie arentol [20].

B namieit pabore Briepsble udyueHa cro-
COOHOCTH OTIMCAHHBIX BHIIIE MITAMMOB OaT{HJLI
npoaynuposars Buerjaerounbie PHRasbr. Yera-
HOBJIEHO, YTO, HECMOTPS HA TIPUHAJIE}KHOCTh K
pPa3HBIM BUJIAM U TOIBUIAM, OaKTePU U POy LI -
pyioT pepmenT (bl ), MPUMEPHO paBHbIE TIO AKTHB-
HOCTHU, IIPU KYJbTUBUPOBAHUK KaK HA TBEPJIOI,
TaK M JKUKOM MUTATeIHhHOI Cpejax.

3ariaoueHue

Jlast apperTuBHOTO MOMABICHNS BUPYC-
HBIX 3a00JeBaHNil HEOOXOUMO TOCTOSHHOE
MPUCYTCTBIE TTPOTHBOBUPYCHBIX COEMHEHITT
HeIOCPeCTBeHHO B TKaHAX pacrenmnii. Tarkoi
CIIOCOOHOCTHIO MOTYT 0BJIAJIATH TOTBLRO DHA0PUT-
ueie MO, ipopynupytonine PHRaswi. [loaromy
OJTHUM 13 TIOIXO/[0B B 3alllUTe pacTeHuii ot Bu-
pycHOU HHMERIIT MOKeT ObITh UCITOJb30BaAHIEe
auopuTHBIX Oakrepuit Bacillus spp., npomyiu-
pytomux BeicoroarTuBabie PHRasbr, napsaay co
CIIOCOOHOCTHIO TTPOSIBIISATH MHCEKTOTOKCUYHbBIE 1
dyurunmaabie cpoiicTBa. OnHaKo TaHHBIX 00 NC-
MOJIb30BAHUN TAKOTO MMOJIX0/Ia K CO3/IaHnio O1o-

npernaparoB ¢ KOMIIJIEKCOM 3aIUTHBLIX CBONCTB
B HAYYHBIX IyOJMKAIuUsaX He Berpevaercs. Ha
OCHOBE TIPOBEJIEHHBIX MCCJICOBAHNIT HAMU 110-
Ka3aHa BO3MOKHOCTb IPUMEHEHUS TAaKOTO 110]1-
XO/Ia JIJISI TIOBBITIIEHNA YCTOWUYMBOCTI PACTeHUI
KapTodess K BUpycaM ¢ MOMOIILIO ITPernapaTon
Ha OCHOBE M3YYEHHBIX MITAMMOB OaKTepuii,
CITOCOOHBIX OTPAHMUYNBATHL PacITpocTpaneHe
HACEKROMBIX-TTePeHOCUYNKOB BUPYCHBIX YACTHIT, &
TaK/Ke ORA3bIBATh MPSMON BUPUTIUHBI D PerT
onarosaps npoaykinn PHRas.

Paboma evitnoanena 6 pamrax coemecmmnozo
mexncdynapodnoezo epanma PH® u /lenapmamenma
nayru u mexuuku (DST) npasumeavcmea Hnduu
Ne 19-46-02004. Inmomonozuueckue uccaedosanus
(TamHUNUCX OUI] KasHlI] PAH) nposoduiuce
e pamkax l'ocydapcmeennozo 3adanus Munoopnay-
Ku PO Ne AAAA-A18-118031390148-1.
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CurHanpHast peryJasinisi aKTHBHOCTH 3AIIUTHHIX 0€JTKOB B PACTeHMsIX
Kaprodes in vilro npu nmopas;kennn Bo3oyauresem purodroposa
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[Tporejiera cpaBHUTEIbHAS OIEHKA BJINSHISA PA3JTUYHBIX CUTHAIBHBIX MOJIeRYJT — canniimiosoil (CH) u skacMoHoBOI
(YHR) rucnor, xuroonurocaxapuaos (XOC), merabonnros 6axrepuii Bacillus subtilis (MB) nHa aktuBHOCTH 3alUTHBIX
GearoB B pacrenusx Solanum tuberosum L. nipu mundurmposamnn oomutierom Phytophthora infestans Mont. de Bary.
VlceneoBanus IpoOBOJMIIN HA TPOOUPOUHBIX pacTeHusx Kaprodens BocnpuumunBoro copra Pannss Posa. Brissieno,
uyro obpaborka pacrennit CK, tHK, XOC n MB crnioco6erByer cHusKeHNo crerneHn mopaREHHOCTH JINCTheB Kaprodeis
P.infestans m oxaspIBaeT cTHMYINpPYIOLIee AeliCTBIIe Ha KOHIeHTpaIo nepokenia sogoposa (H,0,) m rpanckpunmuonmyio
AKTUBHOCTH T€HOB MaToreH-wHAYnupyeMmbix 6earon (PR-6enkoB) (mHrmburopos rupposas, XUTHHA3, MePOKCUIA3).
OBCyH1aI0TCS BO3MOMKHBIE MEXaHUBMbI OBbITIEH IS YCTONYIBOCTH KapTodesist K Bo30oyuTesto hurohroposa sKOJIOTHYECKI
0e30TIaCHBIMU COCJIMHEHNSIMI.

Kuouessie caosa: Solanum tuberosum, Phytophthora infestans, curnanbubie Moseryibl, PR-6enku, skonornuecku
Ge3omacHoe pacTeHeBOJCTBO.

Signal regulation of activity of protective proteins in potato plants
in vitro with the defeat potato late blight
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A comparative assessment of the influence of various signal molecules — salicylic (SA) and jasmonic (JA) acids,
chitooligosaccharides (COS), metabolites of Bacillus subtilis bacteria (MB) on the degree of infestation of the leaves and
the activity of protective proteins in the plants of Solanum tuberosum L. infected with oomycete Phytophthora infestans
Mont. de Bary is carried out. Studies were carried out on test-tube plants of potato of susceptible variety Early rose. It
is revealed that processing plants SA, JA, COS and MB reduces the degree of infestation of potato leaves by P. infestans,
but at varying degrees. The best protective effect provided the JA and the B. subtilis 26D bacterial strain. Treatment with
SA,JA, COS and B. subtilis increased the level of H,0, in potato plants. COS and B. subtilis 11VD had earlier stimulating
effect on the production of hydrogen peroxide (24 h after infection). The maximum stimulating effect on the production of
H,0, in the case with treatment with SA and B. subtilis 26D at 48 hours after inoculation was revealed. SA and JA had a
stimulating effect on the transcriptional activity of amylase inhibitor and proteinase inhibitor genes in uninfected potato
plants and especially in infected ones. The possible mechanisms of increasing the resistance of potatoes to the pathogen
of late blight by environmentally safe compounds are discussed. Very promising for potato plants is the creation and use
of environmentally friendly drugs, the protective effect of which against P. infestans is based on the stimulation of H,0,
production and activation of hydrolase inhibitor gene expression in infected tissues.

Keywords: Solanum tuberosum, Phytophthora infestans, signal molecules, PR-proteins, environmentally safe crop
production.
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B ycioBusix BEICOKOIT aHTPONIOT@HHOI Ha-
IPY3KI Ha arpodROCHCTEMbI OCTPO BCTAET BOTIPOC
AKOJIOTMYECKI Oe301acHOI0 PacTeHNeBOJCTBA,
TpeOYIOIero HOBBIX TOIX0/[0B K 3all[uTe pacre-
Huii ot matorenoB. [Ipeonaraercs, uTo BayKHYI0
POJIb B 3QIIUTE OT 1aTOTEHOB UTPAIOT MOOUIbHBIE
CUTHATbHBIE DJIEMEHTBI, TIOCTeI0BaTebHO (DOp-
MUPYIOIIIe CHCTeMHYIO YCTOYNBOCTD K [1aTore-
vam [1]. CurHaIbHbIe MOJERYITBI MOTYT OBITH KaK
DHJIOTEHHOTO (PACTUTEIHLHOTO), TAK 1 HK30TeHHO-
ro (marorenuoro) npoucxoxaenus [2]. Hanbo-
nee 3(PpOeRTNBHBIMI DK30TEHHBIMI CUTHATbHBI-
MU MOJIERYJIaMU CUUTAIOTCA MPOM3BOIHbBIE XII-
TOHA, B YACTHOCTHU, HU3KOMOJIEKYJISIPHbIE BOJIO-
pacTBopuMmble xurtoonurocaxapumab (XOC) [3].

Camununosas kucaora (CH) u sacmono-
Bast kucaora (HHHK) aBasgiores sHAOTeHHBIMI
CUTHAJTbHBIMU MOJIEKYJIaMU, MeXaHU3M 3aluT-
HOTO MeHCTBUA KOTOPBIX CBA3AH ¢ WHAYKITHEN
rereparnum akTuBHbIX popm Kucaopoga (ADK)
B PACTUTENbHBIX TRAHSIX. ITU BEIECTBA, CaMI He
obJiajias aHTUMUKPOOHOI aKTUBHOCTHIO, CTUMY-
JUPYIOT 3AMUTHBIE PeaKINI KJIeTOK pacTeHmii
MOCPEICTBOM aKTHBAIMY CUHTE3a PsIjla CBA3AH-
HBIX ¢ TTATOTeHe30M OeJIROB, B TOM YHCJIe 1 MHTT-
OUTOPOB TUIPOJIA3 TATOTEHOB [4].

Bounbiioe 3Hauenne B cUTHAJIBHOI pPeTyJisi-
UK YCTOMYMBOCTU K IMaTOTeHaM OTBOJIST Herla-
TOP€HHBIM PU300AKTEPUSIM, PETYJIUPYIOIIIM POCT
pacrennii (plant growth promoting rhizobacte-
ria, PGPR). BoabmunerBo n3 Hux 3amyckaior
KacKajl 3alUTHBIX PEAKIINIT 38 CU6T BRIPaOOTKI
pasNMUHBIX META0OINTOB [D], B TOM UYmCye Be-
IeCTB MeNTHHOI TPUPOLI, 00JIaTaI0N X TPO-
TUBOBUPYCHBIM, OARTEPUIUAHBIM, (OYHTHII-
HBIM U MHCEKTUTIUHBIM JleiicTBreM [6].

OcoOblil mHTEpec MPeAcTaBIsIOT ITKIMIe-
CRUe HU3KOMOJIeRYJIsIPHBIE JTUTOTIeTITH I — CYP-
barrun, nrypun n penrunun [7]. B yactHocrn,
cypakTuHbBI 3aITyCRAIOT B pacTeHUAX TabaKa aK-
tusnyio renepanuio H,0, n paga komnonenrosn
OKCUJIUTINHOBOI CUTHAJIHLHOI CHCTeMbI, BRIIOUAS
UHTHOUTOPHI TIpoTenHas [8].

[Tocronbry CH, KK, XOC, PGPR nonosxku-
TeJTHHO BIANAIOT HAa YCTOWYMBOCTH PACTEHWI, OHT
HaXOJIAT MIPOKOe IIPUMeHeHne B ceTbCROX0351i-
CTBeHHOIT TpakTnKe. B 10 j&ke BpeMs, MeXaHM3M bl
(opMUpoBaHMS 3aTNTHOTO OTBETA HEIOCTATOY-
Ho n3yvensl. [logoOHbIe nceneioBanms ABASIOTCS
BayKHBIMHU JIJIs1 TTATOCHCTEMBI KapTodesib — Bo30y-
nuTenb puroroposa, yUIuTHIBas MIMPOKOE pac-
npocrpaHenue aroro 3abonesanus B Poccui.

[lesibio paboThl OBLIO NBYUNUTH BIUSHUE Ca-
JUIUIIOBON 1 $RACMOHOBON KMCJIOT, XUTOOJINTO-
caxapujoB u Merabosmros 6axrepnit Bacillus
subtilis Ha aKTUBHOCTD 3AMUTHBIX COCIMHEHNI

B pacrenusax kaprodes mpu nHOUIEPOBAHUN
BO3OymuTENIeM PuTO(TOPO3A.

OO0 BEeKTBHI 1 METOIbI MCCIeOBAHNS

OO berTOM UCCTeOBAHMIT OB TPOOMPOY-
Hble pacreHust kaprodens (Solanumtuberosum1..)
copra Pannsas Posa. Pacrenus RyJIbTuBUpO-
BaJsiu in vitro B Tedenue 30 cyT Ha arapu3oBaH-
noit cpege Mypacure n Cryra (MC), comepsra-
meit CH, KK nian XOC B KoHeUHBIX KOHIIeH-
rpanusx 10 M, 107 M, 10® M coorsercrBen-
no. Yacrs pacrennii uepes 20 cyr mocJje 1o-
calkyl MHOKYJIUPOBAJIN cyclieH3uneil dDakrepuii
mrammoB Bacillus subtilis 26]1 u 11B]l ny-
TEM HAHECEHUs] RIETOK MUKPOOMOIOTNYeCcKOi
neraéit Ha ocHoBaHue cTedys (KOHeUHbIT TUTP
10% k. /mn). Pacrenusi unduiimpoBain HaHe-
cennem o MiJ cycrensun 10° 3oocmop/mi 0o-
mutiera Phytophthora infestans Mont. de Bary
(mramm Bamkunpceknii) na aucer. Konrposaem
CAYKUIN HeMHMUIMPOBAHHbIE W NHOUITNPO-
BaHHbIe pacterus, pacryiiue Ha cpege MC.

Passurtue 6onesnun nabuaioganu B TeueHue
D CYT 11 OTIEHUBAJIH T10 YeThIPEXOALTHLHOT TITKAe,
r7ie JIUCThs 6e3 cuMnToMoB hurodToposa orneHn-
Basin Kak 0 6aJIJIOB, HAJTMYE CUMIITOMOB OOJIe3HI
n nopaskenne aucra or 1 1o 25% wax 1, or 26 1o
50% war 2; or 51 10 75% rar 3 u 60mee 75% — 4.

Onpenenenne copepsranus HZOZ. Pacru-
TeJbHBII MaTepuas romoreHnsuposasu B 0,025 M
(pocharnom oydepe, pH 6,2 (DB), B coornore-
nun 1:3, nearpudyruposanu 20 mun ipu 10000 g.
B cynepnaranre onpenensann conepsanne H,0,
crekrpodoromerpudecku mpu D60 HM ¢ UCITONb-
30BaHMEeM KCUJIEHOJ0BOIO opaHskeBoro [9].

Onenka TPaHCKPUTIMOHHON aKTUBHO-
CTU Te€HOB MMATOTeH-NHYINPYEeMbIX 0eJIKOB.
PHR u3 pacrenuii BuIgeasijin ¢ IIOMOLIBIO TPH-
3o1a (Molecular Research Center, Inc., CIITA).
Jlns monyuenus kJIHK na ocnose MPHR nsy-
qaeMbIX 00pas3IoB MMPOBOJUIN PeaKInio obpar-
HOIT TPAHCKPUIITINT ¢ ucroib3opanuem M-MulV
00paTHOI TPAHCKPUIITA3bl COTJIACHO MTPOTOKO-
ny gupmbi-mocTaBiKka. AHaAn3 HAKOIJIEHUs
TPAHCKPUIITOB FeHOB MHIMONTOPA aMIIasbl (HO-
mep B GenBank XM006351484), xurnnassr (Ho-
mep B GenBank U49969.1), nunru6buropa npore-
nnasbl (Homep B GenBank JX683427) u nepox-
cunasnl (momep B GenBank M21334) mpoBopu-
au meropom Kosauuecrsennoii [P B pesxume
peanbroro Bpemenn na npudope «iCycler iQ5
Real-Time PCR Detection System» («Bio-Rad»,
CIIA) ¢ ncronb3oBaHneM MHTEPKAJIMPYIOIIETo
kpacurens SYBR Green | («Cunron», Poccust).
V3menenusi B TpaHCKPUIIIINOHHOI aKTUBHOCTH
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reroB (orenka yncna koruit M PHR) onipepens-
JI OTHOCUTETHLHOTO pedepercHoro rema St_act
(«TeH IOMAIITHero X035 HeTBaY, AKTHH, HOMep 13
GenBank X55749) ¢ momoIipio mporpaMMHOT0O
obecrieuenus «iCycleriQd Real-Time Detection
System software» («Bio-Rad», CIITA). Ananus
AMUHOKUCJOTHBIX U HYRJICOTUIHBIX TTOCJIe/0-
BATEJbHOCTEN TTPOBOMMIN ¢ MOMOIHIO MMaKe-
ta nporpamm Lasergene ¢pupmbr «DNASTAR»
(CIIA).

Cratncrnueckast 06paboTRa MPOBOJNIACH B
nporpamme Statistica 6.0. IRcIiepuMeHTHI BRIIO-
JaJin He MeHee TPEX OMosTornyecKkuX nopropon. Ha
PUCYHKaX 1 B TabJAMIAX [IPUBEJIEHbBI CcpeJiHIe pe-
3YJIBTaThl IIOBTOPOB 1 UX CTAHIAPTHbIE OIMTNOKIA.

Pesyabrarsl u 0b6cyskienne

Biansinne curHaabHBIX MOJTEKYJT HA pa3BUTHE
CHMITOMOB (PUTOPTOPO3a 1 CojIeP;KaHKe ITEePOK-
cujia BOJIOPoJIa B TUCThAX KapTogesisi mpu mHPuI-
mupoBannu P. infestans. ViccienoBanms nmoxkasa-
JIN, 9TO CTETeHb MOPAKEHHOCTH JTUCTHEB KapTo-
(enst uepes S cyr nocne nnoryssimuu P. infestans
B KoHTpOJe cocrasisaa 84,1+7,0% (puc. 1). Ha
pacTeHusaX, KyJIBTUBUPYEMbIX Ha cpefie ¢ 1odan-
JeHUeM WCCTelyeMbIX COeInHeH i, Habao/a-
JIOCH CHUZKEHWE CTeleHN Pa3BUTHS CUMIITOMOB
3abonieBanus GuToPTOPO3OM: B BAPUAHTAX OTIHITA
¢ CRu XOC 110 68,0+6,7 1 60,3£5,4%, ¢ #RK — o
40,5+3,5%, a c o6paboTroit mrrammamu B. subtilis
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Puc. 1. Crenienb nopaskénnoctu ancTheB kKaprodess yepes d ¢yt nocsae nHorysinun P. infestans:
1 — kourpoin; 2 — CK; 3 — XOC; 4 — sKK; 5 — B. subtilis 26]1; 6 — B. subtilis 11B]]
Fig. 1. The degree of damage of potato leaves at 5 days after inoculation:
1 — control; 2 — SA; 3 — COS; 4 — JA; 5 — B. subtilis 26D; 6 — B. subtilis 11VD

Ta6anma 1 / Table 1

Nsmenenne copepskanus H,0, (Mrmosn/T ebiporo seca) B kaprogdese npu 06paboTke cHrHATbLHBIMU

mosierysiamu u uaduiuposarun P. infestans / Changes in H,
during treatment with signal molecules and

0O, (kmol/g raw weight) content in potato
infection of P. infestans

Bapuanrer / Variants Bpewms nocne nnorymsitguu, u /

Time after inoculation, h

24 48 72
Kowurposn / Control 2,3+0,1 3,3+0,2 2,620,1
Nudunuposanne / Infection 2,8+0,2 3,9+0,3 2,1+0,2
CR/SA 3,1+0,1 4,2+0,3 2,6+0,2
CH + P. infestans / SA + P. infestans 3,9+0,2 6,4+0,5 2,8+0,1
HR/JA 3,0%0,2 0,7+0,4 3,9+0,2
R+ P. infestans /| JA + P. infestans 4,3+0,4 7,8+0,6 6,7+0,5
XOC / COS 3,4+0,3 9,2+0,5 2,7+0,2
XOC + P. infestans / COS + P. infestans 6,9+0,5 9,9+0,4 3,3+0,3
B. subtilis 26]1 / B. subtilis 26D 4,1+0,2 9,4+0,4 4,9+0,3
B. subtilis 26]1 + P. infestans /' B. subtilis 26D + P. infestans 9,2+0,3 7,2+0,6 5,1+0,4
B. subtilis 11B]1 / B. subtilis 11VD 3,8+0,2 4,9+0,3 4,2+0,2
B. sublilis 11B]1+ P. infestans /' B. subtilis 26NV D + P. infestans 9,9+0,5 6,1+0,6 4,840,3
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Puec. 2. Tpanckpunigumontast akTUBHOCTL TeHa MHrIOUTOpa aMmuaasnl (a) 1 uHrubuTopa nporennasnol (0)
B aneThax kaprogess npu oopadorke CK, HHK n sapasmenun P. infestans, B % & konrposio (100%):
1 — kourposn; 2 — P. infestans; 3 — oopaborka CK; 4 — CR+ P. infestans; 5 — obpaborra tHK;
6 — KK + P. infestans. 3a equnnity skempeccnn TPUHIMATT YPOBEHL TPAHCKPUTIIIMONHON aKTHBHOCTH
1[eJIeBBIX eHOB B KOHTPOJbHBIX HeMHEUITNPOBAHHBIX pacTeHusix 0e3 00padboTKm
Fig. 2. Changes in the transcriptional activity of the amylase inhibitor (a) and proteinase inhibitor (b) gene in
potato leaves under the influence of treatment with SA, JA, and P. infestans infection, percent of control (100%):
1 — control; 2 — P. infestans; 3 — SA; 4 — SA + P. infestans; 5 — JA; 6 —JA + P. infestans. The level of transcriptional
activity of target genes in control uninfected plants without treatment was taken as a unit of expression
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Puc. 3. lamenernne TpanCcKpuIiimoOHHON aKTUBHOCTI PTEHOB NHTHOUTOPA aMuIas3bl (a) U HHTHOUTOpa
nporennasnl (0) B pacrenusx raprodess copra Panuss Posa oy Bausinuem obpadorku B. sublilis n
unduuposanus Ph. infestans, % & konrposio (100%): 1 — kourpoisn; 2 — P. infestans;

3 — obpaborka B. subtilis 26]1; 4 — B. subtilis 26]1 + P. infestans; 5 — obpaborka B. subtilis 11B]l;

6 — B. sublilis 11B]] + P. infestans. 3a equHuIly 9KCIPECCUN TPUHUMATN YPOBEHb TPAHCKPUIITHOHHON
ARTUBHOCTU T€HOB B KOHTPOJILHBIX HEMHMUIMPOBAHHBIX pacTeHusx 6e3 00padoTku
Fig. 3. Changes in transcriptional activity of genes of amylase inhibitor (a) and proteinase inhibitor (b)
in potato plants of Early Rose variety under the influence of treatment with B. subtilis and P. infestans
infection, % of control (100%). 1 — control; 2 — P. infestans; 3 — B. sublilis 26D; 4 — B. sublilis 26D
+ Ph. infestans; 5 — B. subtilis 11VD; 6 — B. subtilis 11VD + P. infestans. The transcriptional activity level
of genes in control uninfected plants without treatment taken as a unit of expression

26]1 n 11BJ] — no 45,1+2,8 n 49,8+2,8% coor-
BeTcTBeHHO. Bee nccneyembie coeftHeHus 1mo-
BBIIIAIN YCTOMYNBOCTh K WHOUITNPOBAHUIO, HO
B pasiauunoii crenenn. Hanayuimii crumyaupy-
ot adgderr okaszpiBasm YK n mramm 6arre-
puit B. subtilis 26]1 (puc. 1).

Rak norasanu sxcriepuMenThl, WHOUIIPO-
Banue P. infestans, obpaborka CK, KK, XOC
u B. subtilis noswimanu yposens H,0, B pacreni-
sax kaproens (tadsa. 1). XOCu B. subtilis 11B]]
OKazbIBaJIN OoJiee paHHee CTUMYJINpYIoliee Jiefi-

CTBUE Ha TPOYKIIIO TepOKCcuia Bogoposa (ve-
pe3 24 1 nocsie nnguimposanus). BoisiBien mak-
CUMATLHBIN cTUMYupyitonnii g gert na mpo-
pysuumio H,0, B Bapuante ¢ obpaborkoii THK n
B. sublilis 26]1 uepes 48 4 110cje MHOKRYJISIIN.
O6pasosanme ADK aprsgercs oqumm m3 Ham-
6oJsiee paHHNX OTBETOB HA KOHTAKT ¢ TATOTEHOM,
B pe3yJibTare 4ero WHAYIUPYeTCs, B 4aCTHOCTH,

cunres PR-6enkos [10]. H,0, moxno paccma-

TPUBATH KaK BayKHEMIITYIO MOJEKYILY, BOBJICUEH-
HYIO B [epeayy BHYTPUKJIETOUHBIX CUTHAJIOB,
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Peryanpyloninx 9KCIPecciio reHoB 1 aKTHBHOCTh
3aIUTHBIX CICTEM.

3MeHeHme TPAHCKPUITIIMOHHOM AKTHBHOCTH
reHoB PR-0enkoB B pacrennsix kaprodelis mojg Bo3-
JeiicTBUeM CHTHAJIbHBIX MosieRy.1 u P. infestans.
OcHOBHBIM Opy/iMieM Halla/[eHIs TaTOreHOB sIB-
JSIOTCS THAPOJIUTHYECKIEe (DePMEeHThI, paspy-
MAaIe KIeTOUHbIe CTeHKN 1 00eciednBaio-
e BHesipenne Tpuda B TRanm [11]. Samurnas
peakrIns pacTennii COPOBOKIALTCS CUHTE30M
uHrIOUTOpOoB H1UX Pepmenrton [12]. B mammx
nccaepoBanusax CHn yRK okazwisanm crumym-
pyoliee JieiicTBIe HA TPAHCKPUIITINOHHYIO aK-
TUBHOCTH N'€HOB MHIMOUTOPA aMuasel (puc. 2a)
n WHrubmMTOpa mporenHaswl (puc. 20) B Heza-
payKeHHBIX pacreHusx Kaprodess, HO 0COOeH-
HO — TIPU 3apaskeHnn.

CxosKue pesysibTaThl MOJTYUYeHbI TIPU UCCIe-
nosanuu renos PR-6eskos 1oy Bosjpeiicrsuem
B. subtilis (puc. 3) u XOC (puc. 4). Tar, obpa-
o6orra B. sublilis moBBITIIATA TPAHCKPUTIIIMOH-
HYIO aKTHBHOCTH TeHOB MHTMONTOPOB aMIJIa3hI

nporennasnl (puc. 3). llpuuém oy BoseiicTBm-
em B. subtilis 26]1 Beicokast TpaHCKPUTITINOHHAS
AKTUBHOCTH T'€HOB MHTHOMTOPOB COXPaHSJIACh
B TeueHue 48 u.

B mupyKiuio 3amutHoro oTBeTa pactreHuii
rkaprodesns k P. infestans nop Bozneiicreuem XOC
BoBJjeKares pasnuunbie PR-6enku. Tak, npn
oopabdorre XOC ycuanpaercst TpaHCKPUIITIHOH-
Hasi aKTUBHOCTH T@HOB WHIMOMTOpPA aMUJIa3bl,
NATHONTOpPA MPOTeNnHA3bl, XUTHHA3Hl N MePOK-
cunasel (puc. 4).

ITpencrasurenn popa Phytophthora nenons-
3YIOT JIJIsI paciierieHnss Kpaxmana @hepMeHThl
Kaprogesisi, akTUBUPYsi X OMOCHHTE3 B MOpa-
FREHHBIX RIYOHSX [ 13]. MosKHO IpeIooKnuTh,
YTO yCUJIeHIe TPAHCKPUIIIY MHTUOUTOPOB aMu -
J1as mpenstereyer pocry P. infestans.

Yceunenne TpaHCKPUIIIY TeHAa MHIMOUTOpa
MPOTENHA3bI TOBBITIIAET YCTONYNBOCTH KapTode-
a1 (puc. 2). RirfoueByio posib B mHUTIHATT 0Opa-
30BaHUsI HHTHOMTOPOB ITPOTeas urpaetr MeMopaH-
HBIi perienitop cucreMni. OH BHI3BIBAET A0 -
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Puc. 4. Vzmenenne TpancKpUIIIUOHHON AaKTUBHOCTH MeHOB nHrOnTOopa amuaassl (a), xurnnassi (b),
nporennasbl (¢) u nepokcuasol (d) B pacrenusix kaprodesns copra Paunsisi Posa o Biausinnem
obpaborku XOC u undpunuposaunus P. infestans, % & konrposio (100%): 1 — kouTpoin;

2 — P. infestans; 3 — obpaborka XOC; 4 — XOC + P. infestans. 3a equHNILY SKCIIPECCUN IIPUHUMATH YPOBEHb
TPAHCKPUIIIIMOHHON aKTHBHOCTI TEHOB B ROHTPOJILHBIX HeMHPUITITPOBAHHBIX PACTeHISX 6e3 00paboTru
Fig. 4. The change in transcriptional activity of inhibitor of amylase (a), chitinase (b), inhibitor of prote-
ases (c¢), and peroxidase (d) genes in plants of the potato Early Rose variety under the effect of the treat-
ment with COS and P. infestans infection, % of control (100%): 1 — control; 2 — P. infestans; 3 — COS;
4 — COS + P. infestans. The transcriptional activity level of genes in control uninfected plants without
treatment taken as a unit of expression
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pusarumio MeMOpaHbl, YTO TPUBOUT K OTKPBITUIO
MOHHBIX KAHAJIOB 1 PE3KOMY ITOBBITIIEHUIO YPOB-
HS MOHOB KaNbI(nsa B KieTke. B pesynsrare aktu-
Bupytorcs MAP-kunaser n pocdosmnasmr u 00-
pasyercs yKaCMOHOBasl KICJIOTA, KOTOPasi, Bepo-
ATHO, W CIYRAT AKTHBATOPOM TPAHCKPUTITI{AT Te-
OB 3aMUTHLIX OenKoB |14, 15].

Xurnnasbl, 00Jaa01Ie aHTUYHTATbHBIM
neiicrsueM, ornocsresa kK PR-6eakam. Xutnnasol
OTIOCPEIOBAHHO WHYIIIPYIOT CUHTE3 (DUTOATIOK-
CHHOB 1 9Kcupeccuio renos apyrux PR-6enkos
[5]. OyHRIW TTEPOKCUIA3bI TECHO CBA3AHBI ¢ Ka-
TAAN30M TOJUMePU3aun PeHoTbLHBIX MOHOME-
pOB B JIuTHUH [7].

[Toryuennbie lantbie YKa3bIBAIOT, YTO KT -
BAIMA CUHTE3a 3aTNTHHIX OGJTKOB B PACTOHUAX
Raprogesist 1oy JielicTBueM UCCAeyeMbIX COe|1 -
HEHUII MOJKeT c11ocobeTBOBaThL (DOPMUPOBAHNIO
ux ycroitunBoctu ¥ P. infestans. [lanbHeiimnine
MCCICMOBANTA B OTOM HATIPABICHIT OTKPLIBATOT
MePCITeKTUBEI TIOBBITIICH IS YCTOMIMBOCTH pacTe-
HUH DKOJTOTHYECKN 6e30TIaCHBIMUT BOIIECTBAMMU.

Paboma eévinoanasacsy wacmuuno no meme
2oczadanus, N eoc. peeucmpayuu AAAA-A16-
116020350027-7, u npu wacmuunoii funancogoil
noddepicke Ipanma Ipesudenma PD das cocydap-
cmeennoll noddepicku MoA00bLY POCCUILCKUX YUé-
Holx — Kandudamos nayk, Ne 075-15-2019-293.
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CpaBHeHIE TOKCHYHOCTH TIPOTHBOOITYX0JI€BBIX BEIIECTB:
noauncaxapunos rpuda Hericium erinaceus BP 16,
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[Touck GespeHbIX 1 9PHEKTUBHBIX OMOJOTHYECKUX CYOCTaHIINIT, 00JIaat0IIX IPOTHBOOIIYXOIEBbIM JIEICTBIEM,
ARTyaJIeH B CBA3M C TEM, UTO BCe CHHTETHYeCKIe ITPOTUBOPAKOBbIE IIPeraparsl, Hapsuy ¢ jedeOHbIM 9(HeKTOM, BbI3bIBAIOT
CHCTEeMHbBIE OCJOKHEHNS, OTPAHNYHBAIOIIIe UX ncoab3oBanme. Cpejiu mpoTHBOOIYXOJIEBbIX CPEICTB 0c000e BHUMAaHNE
MPUBJIEKAIOT BEIeCTBA HPUPOHOTO TTPOUCXOMKACHUS, B YACTHOCTH MOJTUCAXaPUbl BBICIINX Oa3nuiaabHbIX IpuboB
7 KOMIIO3UTHBIE TTPETapaThl N3 3 KIUBOTHOTO N PACTUTEIHLHOTO Chipbs. IIpoBojnin cpaBuenne 6e3BpeiHOCTH 1 TPOTHBOOITY-
XO0JIEBOTO JIETICTBIS IMATBIePOHA (JIeKATHPOKCHUTIPOINHA-2-]IeTIeHOTHIPONZOXMHOIITHA ITMEeTHIIAMITHOATAHO/IA /ThOYMITHAT) —
KOMIIO3UTHOTO IIperiapaTa, CHHTe3MPOBAHHOIO 13 PUPOHBIX COEIMHEHNIT HA aJibOYMITHOBOM HOCUTe/Ie B 1a00paTopiu
nvmynonornun DAHILL Cesepo-Bocrora, n monucaxapunoit ppaxmuu Hericium erinaceus BP 16 (IIOHE), nomyuennoit
HKCTPAKIMENl TopsTueil BOMON M3 TIIOMOBLIX TeJl KYJBLTUBUPOBAHHOrO rpuba 1 cojiepsKaiineil B MOHOCAXapUIHOM COCTaBe
rajlakTo3y, IMIIK03Y, apabuHo3y, MaHHO3Y, (PYK03Y, paMHO3Y, Keunody B cootHomeHnn 27 126 : 19:14:8: 7 : 1 coor-
BeTcTBeHHO. B KavecTBe npenapara cpaBHeHMA NCIOAb30BAIN MHBEKIIMOHHBII PACTBOP METOTpeKcara (CHHTeTHYeCKIi
ITPOTHBOOTIYXOJIEBBIiT TIperapar).

Wcenepoanue mpoTnBOONyXoaeBoil aKTUBHOCTI TIPEHAPATOB IPOBOJNIIN HA OeJIbIX MbIIIAX —OIYXOJeHOCHTEeISIX
caprombr S-180, ompeiesienine ocTpoil 1 XPOHMYECKON TOKCHYHOCTH — HA 3[0POBLIX Oenbix mMbinax u kpoicax. [IOHE
¥ JINATBIePOH aKTUBIPOBAJIN Y MbITIeli BIpaOoTRy anbda-darropa Hekposa omyxoseil (a-DHO) n ramma-narepdepona
(y-MIMDH), Torga kak MeToTpeKcar, HAIIPOTHUB, CHUIKAJ YPOBEHb 3THX IUTOKMHOB. [lo cpaBHEHNIO ¢ METOTPEKCATOM, AT h-
[IePOT YBEJIWIIBAI CPEIHION0 TTPOOKRATEIHIOCTD FRIBHN MbITeii-omyxorenocurenei ma 31,40%, [TOHE — ma 23,40%.
Hawn6osbiiee ropmoskenne pocra ormyxonn nokaszan IIOHE (82,00+£0,08%), a nuanbaepon n merorpercar — 78,50+0,06%
un 75,20£0,04% coorsercrsenno. [{uansaepor n [IOHE ne okaswsiBaan moboaHOro JeiicTBIsI Ha OPTaHU3M JKUBOTHBIX,
a UMEHHO: He 00J1a/1aJ1 OCTPOTi TOKCMYHOCTBIO B TecTe Ha OeIbIX MbIIIaX, He BbI3bIBAJIN M3MEHeH Il 1X (DU3NO0J0rnYecKoro
COCTOSTHUS 1 He BJIMSJIN HA TeMaToJornvyeckie 1 OMOXNUMIYeCKIe MOKa3aTe it KPOBI JKUBOTHHIX. Tect Ha XPOHMYECKYI0
TOKCHYHOCTh HA Kpbicax rmokasan oesspepHocts [IIOHE 1 quanbiepona, B 10 BpeMs Kak MeTOTPEKCAT HOBBIIIAI YPOBEHb
aMuHoTpancdepas, CHURAIT KOJMYeCTBO JTNMQOIUTOB, MOHOIIUTOB, TPOMOOIITOB B KPOBH, YTO IIPOSIBUIOCH B BUJIE aJljiep-
THYECKITX 1 TOKCHYECKITX CUMITOMOB Y JKUBOTHBIX.

HKatouesote croga: npoposskuTenbocTs sKusnu, caproma S-180, topmoskenne pocra omyxosn, GHOXHMIYCCKITE
1 remaToJornyeckue 1morasarTe/in, octpasd u Xponniyecrasd TORCMYHOCTDb.

The toxicity comparison of antitumor substances:
the mushroom Hericium erinaceus BP 16 polysaccharides,
dialderon and methotrexate
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The harmless and effective antitumor biological substances search is relevant because all synthetic anticancer drugs,
as well as the therapeutic effect, are causing systemic complications that limit their use. The polysaccharides of higher
basidiomycetes and animal and plant raw materials composite preparations are attracted attention among antitumor
natural substances. We are conducted harmlessness and antitumor action comparison of dialderon (decahydroxyproline-2-
decenohydroisoquinoline dimethylaminoethanol albuminate) as a composite from natural compounds on albumin carrier
synthesized in the Immunology laboratory of Federal Agricultural Research Center of North-East and the polysaccharide
fraction (PFNE) in the monosaccharide composition of which galactose, glucose, arabinose, mannose, fucose, rhamnose,
xylose were detected in a ration of 27 : 26 : 19 : 14 : 8§ : 7 : 1 respectively from the fruit bodies of the comb grasshopper
Hericium erinaceus BP 16 was obtained by extraction with hot water. The methotrexate solution(a synthetic anticancer
drug) was used as a reference drug.

The study of the antitumor activity of the preparations was carried in white mice — tumor carriers of S-180 sarcoma,
the definition of acute and chronic toxicity was measured in healthy white mice and rats. PFNE and dialderon activated
the production of alpha tumor necrosis factor (a-TNF) and gamma-interferon (y-IFN) in mice, while methotrexate,
reduced the level of these cytokines, in contrast. Dialderon increased the average lifespan of tumor-bearing mice by
31.40%, PFNE — by 23.40% in comparison with methotrexate. PFNE showed the greatest inhibition of tumor growth
(82.00+£0.08%), and dialderon and methotrexate showed 78.50+£0.06% and 75.20+0.04%, respectively. Dialderon and
PFNE did not have side effects on the animals, namely: did not have acute toxicity on white mice in the test, did not cause
changes in their physiological state and did not affect the hematological and biochemical blood parameters of animals.
The test for chronic toxicity in rats showed the safety of PFNE and dialderon, while methotrexate increased the level of
aminotransferases, reduced the number of lymphocytes, monocytes, and platelets in the blood, which manifested in the

form of allergic and toxic symptoms in animals.

Keywords: life expectancy, sarcoma S-180, tumor growth inhibition, biochemical and hematological indicators,

acute and chronic toxicity.

[TparkTuveckn Bce cmHTETHYECKUE TTPOTHBO-
OITYXOJIeBbIe TperapaThl BbI3bIBAIOT CepbE3HbIE
CHCTeMHbIE OCJIO3KHEHISI ¢ TIPOSIBJICHIEM OCTPOIi
1 KYMYJISTHBHON TOKCHYHOCTH, UTO 3HAYNTETIHHO
OTPaHMYNBAET NX NCTIOIB30BaNNe VI XIMIoTepa-
nuu [ 1, 2]. [losromy akryanbHol 3aaueii siBJisiercst
nonck d3PHeRTIBHBIX, HETOKCHYHBIX OMOJIOTIYe-
CKIT aKTUBHBIX CyOCTaHINI, N3ydeHne nX 0e30-
nacuocTi n d3P@PERTUBHOCTN HA HIOTOTMYECKIX
MOJIeJISIX U TIPU KINHUYeCKIX UCCIeIOBAHMX.

SHAUNTEJHLHYIO IPYIITY COBPEMEHHBIX I1PO-
TUBOOITYXOJIEBBIX TIperapaToB — MoJucaxapuji-
HBIX UMMYHOMOJYJISITOPOB — MPOU3BOMIAT HA
ocuose monaucaxapumnon (I1C) Beiciinx Hasu-
MUATbHBIX TPUOOB U MCIIOTB3YIOT KAK BCIIOMO-
rateibHbIe CPECTBA B Tepalni paka B ¢cTpaHax
[Oro-Bocrounoit Azun [3—5]. Mexanusm 1po-
THUBOOITYXO0JIEBOTO AeTCTBUs TPubOB 10 CUX TIOP
MOJTHOCTHIO He u3yuer [9, 6]. BonbimmHeTBo ne-
cienoBaresneii paccmarpubator [1C rpubos kak
MYJIBTUIIUTOKNHOBBIE MHIYKTOPHI, CIIOCOOHBIE
BIAMATH HA HKCIIPECCHTO TEHOB 1 PSJL ITNTOKNHO-
BBIX perenTopos |7, 8]. Ocoboe BHUMaHMIe B 3TOM
KOHTEKCTe IpUBIeKaeT KeuaoTpodHblil 6asujim-
aJTbHBII Ipub — esk0BUK rpederyarsiit (Hericium
erinaceus (Bull.: Fr.) Pers.) [9]. B pesynbrare
psiZia KCIEePUMEHTATbHBIX U KIMHUYECKIX WC-
CJIeJIOBAHMIT BHISBICHO MPOTHBOOITYXO0JIEBOE 1
NMMYHOMOJYJINpPYIoTiee JeficTBIe BeIecTB 1
Mpernaparon, BBIIEJTEHHBIX W3 MJIOOBBIX TeJ 1

KYJIBTUBUPYEMOTro Muiiesns atoro rpuda. Tax,
coobmanocs o crrocobnocru I1C H. erinaceus
cBA3BIBATH AnepHbIl pakTop Kanma B (NF-kB)
¢ JIHK paroBBIX RIETOR, YBEJIMUNBATH dKCITPEC-
CIIO Kaclasbl 3 1 Kaciasbl 9, akTUBUPYS arlor-
TOCOMBI 1 BBI3BIBas, TeM CAMbBIM, I'0€JTh PAKOBBIX
raeror [10]. B nppyroit padore 11C H. erinaceus
MOJIABJISIIIN POCT RIETOK 37TOKaYecTBEHHOI OITy-
XOJIH MOJIOYHOI JKeJIe3bl, CHUFKAS CeKPeTio ypo-
KIHA3 IJIA3MUHOTeHA, BI3BIBAJIN aTIOTITO3 JHJI0-
TeJIMATLHBIX KIeTOK para in vitro. ITpu BBeflennn
BOJIHOTO 9KCTpPaKTa nojucaxapujios H. erinaceus
OeJIbIM MbITIIAM TI0C/Ie TIePeBUBKY 3/I0KAYeCTBEeH-
noit T-numdowmsr EL-4 u T-rnerounoro mumd@o-
aeiikosza P388 BLixmBaeMoCTh SKUBOTHBIX, IT0
CPaBHEHWIO ¢ KOHTPOIBLHON TPYTIIOH, TTOBKITIIA-
nach na 40%. Bopno-crmprosuiii okcrpart 11C
H. erinaceus moskeT MHTHONPOBATH POCT KICTOR
para ;ReJy/IKa, BBI3bIBAasT DKCIIPECCHTo OETKOB
1433S u MTUS2 n artuBupys mepuroHeasn-
ueie makpodarn [11]. Yeranosneno mossbiiie-
HIle Pe3lCTeHTHOCTN OeJIbIX MBIIIIeil K TepeBuB-
Ke acIUTHOI KapImHOMbI JpJnxa B pe3yJibrare
IPUMEHEeHUS BOJHBIX DKCTPAKTOB €3K0BUKA Tpe-
oeruaroro. [Tokazano momoskuTeILHOE BIMSHIE
MPOPUITARTIYECKOTO TPUEMA BOJHOTO AKCTPAKTA
rpuda B 9KCIIePUMEHTATHHBIX MOJI/ISIX CIIOHTAH-
HBIX W WHAYIHPOBAHHBIX aJIeHOM JIETKIUX Y MbI-
mreii [12]. ABTopsl npuBeféHHLIX PadOT CBSI3bI-
BAIOT ITPOTHBOOITYX0JIeBOE T TMMYHOMOYJINPY-
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oree JieiicTBue ¢ paznudnbiMu 1o crpykrype [C
rpuba. Beero u3 mooBbIX Te, MUTIeIUs U KYJIb-
TYpPanabHON sKUAKOCTN [. erinaceus K nacrosiie-
My BpeMmeHnu Bbiiesieno 35 pasnuunbix 11C [9].

W3BectHo, 9T0 pasHble MTaMMbl OJTHOTO BU/IA
MOTYT CUITLHO Pa3JIMYaThCsl MO CBOEMY MOJICA-
xapujHoMy coctaBy. [Kpome Toro, Ha aTor cocran
MOJKeT ORa3bIBaTh BIANHIE XapaKrep cybcTpara,
Ha KOTOPOM PacTér rpud B IpUpojie WK pu 1e-
KYCCTBEHHOM RYJbTUBUPOBAHUMU.

[Mennro Harmieit padoOThl ABJSAJIOCH U3yUe-
HUe Ha JabopaTOPHBIX JKUBOTHBIX MPOTUBO-
OTIYXO0JIeBOT aKTUBHOCTH 1 OTTPeJleJIeHne OCTPO
n xpoundeckoii rokcnuanocTn 11C n3 mrogoswix
rest H. erinaceus (IIOHE) B cpaBnennm ¢ kom-
MO3UTHBIM TIPErapaToM M3 MPUPOLHBIX KOM-
MOHEHTOB — JNATbJePOHOM 1 METOTPERCATOM.

MarepuaJibl 1 MeTOJIbI

Jliist BBItesIeHsT TIOJIMcaxapuioB UCII0Tb30-
BasIM TLoioBRIe Tesia tpuda H. erinaceus BP 16,
BbIpaIlleHHbIe B ONMMCAHHBIX paHee YCJIOBUIX
[13]. TakconoMuUUecKOe TOJIOKEHIE MITaMMa
BP 16 ycranoBieno na ocHOBe CeKBeHHPOBA-
Hust nocJieroparesibHocreit ITS1-5S-1TS2 yuacr-
ranrDNA. ITosyuenublii CHKBEHC IeIIOHIPOBAH
B MesKyHapoHoi nugopmanmnontoii 6aze NCBI
GenBank ((https://www/ncbi.nlm.nih.gov),
yuérubiii Homep — MK809367). Iliomosbie Tena
uzmenbuann, sajuBanu ropsyeii (70 °C) puern-
JUPOBAHHOI BOJIOT M OCTABJISAJIY HA S U JIISI 9KC-
TPARIMHU, TTOCJIe Yero MoJucaxapu/bl 0Casia-
an pobasiaernem 96% osranona (1:4, V/V). Ilo-
JIYIEHHBIIT 0CAJIOK OT/EJsIN MeHTpudyrupona-
HITeM, PacTBOPSIN B JIMCTUTNPOBAHHON BOJE,
pactBop JMoQUIN30BAJN, TTOJYyIaan CyMMap-
HYI0 DPAKITIIO PACTBOPUMBIX B BOJie MOJIcaxa-
punos — [IOHE. B cocrase [IOHE, mocse ruapo-
JIN3a MOJINCaxapuyioB, B BUJIE al[eTaToB HOJIIOJIOB,
merojom 'fHX BwIsiBIIeHBI rasakTosa, TIoKo3a,
apabunosa, Manmosa, Qykosa, paMHo3a, KCHIo-
3a B coorHomennn 27 : 26 :19:14:8:7:1 co-
oTBeTcTBeHHO [14].

Buonornueckyo akrusnocts [TOHE n3-
yuasiu B CPABHEHWUU ¢ paHee onucaHHbiM [195]
KOMIO3UTHBIM MPerapaToM MpupoaHOTo Mpo-
MCXOKeHIST — [INATbePOHOM U CHHTeTHYe-
CKUM IPOTHBOOIYXOJIEBBIM IIPEIapaToM Mero-
TpercaTom («JoeBe», ABcrpusi). JRCIIepUMeH-
TBI BBITTOJTHSIIN HA OECIIOPOHBIX OeTBIX MBITITIAaX
1 KPBICAX B COOTBETCTBUY C MEKYHAPOIHBIMI
peroMeHpmanusamMu EBpormeiickoli KOHBeHTINN
0 3aIIUTe MO3BOHOYHBIX }KUBOTHBIX, NCITOJb3Yye-
MBIX JIJISI DKCIIEPUMEHTOB /TN B WHBIX HAYYHBIX
nesisax ot 18 mapra 1986 .

UccnemoBanme mpoTmBOOTTYX0I€BOIl aRTHB-
HOCTH NCCJIelyeMbIX BEIlecTB 1 Iperaparos 1po-
BOJIMTY Ha MOJIEJNIN TTepeBIBaeMoil caprombl S-180
B cooTBercTBUN ¢ MeTojiKoli [16]. Briio chopmu-
POBAHO 4 IPYIIIbI 3KUBOTHBIX, B KAJKIIOI IpyIIe —
20 mbrimeii-camnos ¢ maccoit Teaa 22,0+1,0 1.
HRUBOTHBIX cofepyRaIn P ecTeCTBEHHOM pe-
JKIIME OCBEIeHUs 1 ¢CBOOOIHOM JIOCTYIIe K BOJIe
u rate. Muireti-omyxogeHocuTeneil ROHTPOITh-
HOTl TPYIIIBI JIedeHnio He moBeprann. finsor-
HBIM TTePBOI TTOOTIBITHON TPYTITIBI BBOIIIN 11 -
TOCTATHK METOTPEKcAT BHYTPUOPIOTTITHHO B 036
20 MKr OlMH pa3 B CYTKU ¢ MHTEPBAJIOM B 48 u,
T. e. enanm d nabekimii B reuenne 10 cyr. Ku-
BOTHBIM BTOPOT 1 TpeThell MOJOTbITHBIX IPYIITT
BBOJLIIN cOOTBeTCTBEHHO inasbaepon n [IOHE
sryrpubdpomuano mo 20 mr (0,2 M pactsopa)
110 AHAJIOTUYHON cXeMe, HAUMHAsI NHHEeKIIH Ye-
pe3 JiBoe CYTOK TI0C/Ie IIePeBUBKI OITYXOJTH. 32 DKC-
MePUMEHTATLHBIMI JKITBOTHBIMI BeJIN HAOJfO1e-
Hue 110 ecrectBeHHol cMepTu B Tevuernue 100 cyr.
Y Bcex MblIieil, B TOM YKCJIe KOHTPOJbHOI
IPYIIBI, ONPeIessin ROHIeHTpannio anbda-
(parropa Herposa onyxoneit (a-OHO) n ramma-
nnareppepona (y-MDOH) B kynbrype crmenonm-
TOB CeJIe36HKI MeTO/IOM NMMMYHO(MepMeHTHOTO
ananunza (MDA) pumarnocrnkymamn «Cusabio
Biotech Co» (HKurait) na mmmynogepmMeHTHOM
amanuzarope Zenyth 340 (Anthos).

Tepanesruueckuii 3 derT TPOTUBOOTTY-
XOJIeBOTO JIeHCTBUS TIPerapaToB OMEeHNBAJIM 110
TopMoskeHmio pocta onyxonu (T) u yBenndenmnio
npopossrurerbrocT sku3nn (Y I17H) B mporen-
Tax, KoTopeie Bhruncsan mo gopmyram 1 n 2
COOTBETCTBEHHO:

T M onrpiT — M ROHTPOID - 100% ()

M onpit

rne M — mMacca omyxoJieBoii TKaHM;

CITR omrbir — CIIYK kourponn
CIIK onbir

VIR =

-100%, (2)

rae CIIYK — cpepnsist Ipolo/RUTEIbHOCTD SRI13-
HI MBITITEH (B ¢yT) B TpyTIIe.

OcTpy1o TOKCUYHOCTH TIperaparoB ompeje-
TSIV HA 3][0POBBIX O€CTTOPOHBIX OETBIX MBITTAX-
camiax maccoir 20—21 r. I3 skxuBOTHBIX OLLIN
cpopmupoBanbl yerbipe rpymibl o 20 ocobeit
B KayKJ0ll. B KOHTpPOJILHOIT TpyIile Mblieil He
MoJBePTaii MAHUTTYJIANNAM (MHTAKTHBI® K-
BOTHbIE). B mepBoii mogonbITHON TpyIie Mbi-
1aM 1pon3BOJIUIN BHYTPUOPIOTIMHHbIE NHBEK-
T MeToTpercara B 1o3e 20 MKT OfliH pas B CYTKI
B TedyeHnue cemu jHei. fAUBOTHBIM BTOPOIl 1
TpeTheil MOMOMBITHBIX TPYII COOTBETCTBEHHO
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BBopun guanbiaepor u [IOHE suyrpubprotmm-
HO B j103ax 20 M 110 aHAJIOTUYHOT cXeme.

B xopie skcnepnMeHTOB OneHUBaIM 001Iee
COCTOsIHVIE W TIOBeJ[eHIe KUBOTHBIX, BHOITHWI
BUJ[ KOKHOTO TIOKPOBA, 1oTpebieHne KopMa u
Bojibl. Uepes JleHb 1Ocjie 3aBepiieHnst Kypca
WHBERINIT OTIPefiesisin TeMaToJorndeckue u
OMOXUMUYECKUe TTOKA3aTe/ 11 KPOBU UCITBITYEeMbIX
JKUBOTHBIX, coryiacHo Mmetofukam [17] ¢ ucrosnb-
3oBanmem anannsaropa Hitachi 912 (T'epmanus,
fAmonws).

XPOoHMUECKYTO TOKCHYHOCTH TTPETIapaTton 13-
yuaan Ha 6eabIX Kpblcax-camIilax ¢ Maccoi Tena
200-250 1, B chopMupoBaHHBIX 110 METOJTY aHa-
JIOTOB YeThIPEX IpyInax — KOHTPOJIbHON 1 TPEx
Moo BITHBIX, 110 10 skuBOTHBIX B Kazkmoil. MHn-
BOTHBIM KOHTPOJILHOI TPYIIIbI BBOAUAN (DU3H-
onormaeckmit pactsop B mosze 0,2 Mur o pas B
CYTKU MOAROKHO. fRUBOTHBIM 1TePBOTI MOOIIBIT-
HOTI TPYIIIbI BBOJUJIM METOTPEKCAT BHYTPUMBbI-
IeYHO B JI03€ 2 MT/KI MacChl TeJia OJiIH Pa3 B CyT-
ru. [TockombRy aHHBIN TIpermapaT yraeraer Me-
Tab0M13M (POJIMEBOT KUCTOTHI, BCEM FKIUBOTHBIM
ATOT TPYIIIBI €3KeJTHEBHO laBasn POJIMEeBYIO KIC-
nory opasibio 1o 0,2 mr. Kpsicam Bropoii u tpe-
TheI MOJOTBITHBIX TPYIITT COOTBETCTBEHHO BBOJ -
nu prasisepon n [HOHE B nozax 20 mr va skuBoT-
HOE TIOJIKOKHO 110 aHAJIOTUYHOI cxeMe. B nepu-
of1 BBejieHust npeniapatos (60 cyT) 3a JKUBOTHBI-
MU BeJiu HabJ0/leH e, OlleHNBaI X Guanoio-
IMYeCKOe COCTOSTHIE, aKTUBHOCTD, TOTpedIeHne
Kopma 1 Bojibl. [1o okoHYaHIY O1bITA OTIpeiesi-
7 OMOXUMUYECKIe U TeMaTOJIOTMYecKne moKa-
3aTeNI KPOBU MCCIEYEMBIX sRIUBOTHBIX.

Cratucruueckass 06paboTRa JAHHBIX BbI-

MOJIHeHA CTaHaPTHBIMI METOIaMI B TIPOIpaMMe
«Statistica 9,0».

Pesyabsrarel n odcy:knenue

W3yuenne npoTuBooIyxoieBoii akTHBHOCTI
MpernaparoB BeISABUIO 3HAYNTETbHOE YIJIITHeH e
cpepueil npoporuTeabnocTn kusun (Gl
MBbIITTei-omyxoneHocurenein caprombl S-180 Bo
BCEX MOJIOMBITHBIX IPYIIIAX 110 CPABHEHUTO ¢ KOH-
TPOJIeM, B KOTOPOM HeJIeYeHHbIe MbITITN BbIFKIBA -
am ue 6osee 14,80+0,08 cyr, 1 Macca oIyxoJin 3a
aro BpeMms yire rocturana 2,10+0,03 r (rad. 1).

HaubGonee Boicoknii mokaszarenn CIIHR
(90,20£0,02 mmeit) nabaiofgainm mociie Kypea
WHBERINHT UalbIepoHa, CynecTBerHno donee
a3kt (28,80+£0,74 mus) — mocsie Tepanm Me-
TOTPERCATOM. YBeJIMueHe MPOoo/KITeTbHOCTI
sruauu (Y II3R) mbieit nocne pecsatugneBHOrO
npumenenust quasabaepona u [IOHE 6b1m0 npak-
THYeCKN WIeHTNUHBIM, cocTaBms 83,60+0,06%
n 82,00+0,04% coorsercrBento. RKype repammun
[TIOHE B Tperbeii nogonbITHOI rpyIiie HanboJiee
apperrurro (82,00£0,08% ) BbIzbIBAI TOPMOsKE-
nme pocra omyxoun (T), aro cormacyercs ¢ am-
HBIMU O TOBBITIIEHU I DKCITPECCUN NeHOB KacIias,
MeTaJJIONPOTeHA3 N BHICOKOM alloNTHYecKOM
s derte onmcaxapuHbIX QPaKIUI eKOBUKA
rpeberuaroro [10].

JlecsiTuHeBHOE BBeJeHME JMaJb/lepOHA
TopMo3ua0 poer omyxonan na 78,50+0,06% 1o
cpaBHeHIIO ¢ KoHTpoaeM. [lnanbaepon akru-
Buposan TH-1 krerounbrii nMMyHUTET, HA 4TO
YKa3bIBAJI0 3HAYNTETLHOE TTOBBINICHIE YPOBHSI
oa-OHO u y-MIOH. [1puuém, MmakcuMaabHO Bbi-

Tadommma 1 / Table 1

Vzyuenne mpoTnBOOITyX0/IeBOI aKTHBHOCTH TTPEIapaToB
The study of the antitumor activity of drugs

[lorasarenn Ronrpomnbias [lopombrTHbIe TPYIIITHE
Markers rpymmal Experimental groups
Control 1-a rpynna® | 2-a rpynna® | 3-a rpynma’
group' 1st group® | 2nd group® | 3rd group*
Macca onyxonn, r / Tumor mass, g 2,10=0,03 | 0,520+0,020 | 0,45+0,01 0,38+0,04
P IPOOIRIUTENLHOCT, JRISHILB IPYIINe, Iy 0 g1 08 | 58804074 | 90,20£0,02 | 82,20+0,03
Average life expectancy in the group, days
T r 0,
Yremn 1CTHC ITPOSIOIRUTELHOCTH SRUBHIL, % B 74.80£0.02 | 83.60£0.06  82.00+0.04%
Increase in life expectancy, %
Topmoskenue pocra omwyxosuu, % B . .
Tumor growth inhibition, % 75,20+£0,04 | 78,50+0,06 | 82,00+0,07
Vposenb a-DOHO, 1ir/ma - r -
The level of -TNF, pg/mL. 180,40+1,17 | 167,50+0,85 | 840,50+0,76 | 510,40+0,81
Yposenb y-IOH, rir/ma oA € = . ‘ ‘ o ¢
The level of y-TFN, pg/ml, 210,20+1,15 | 192,50+0,24 | 1245,70+0,89 | 670,20+0,45

Hpumewanue: 1 — neaewennwvie o, 2 — memompercam, 3 — duanvoepon, 4 — [IOHE.

Note: 1 — intakt mice, 2 — methotrexate, 3 — dialderon, 4 — PSHE.
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COKMIT YPOBEHD DTUX ITIUTOKUHOB COXPAHSAJICH Y
JKITBOTHBIX BTOPOIT IOJOMBITHOI TPYIIIIBI B TEYe-
HITe BCero cpora HabmoieHns. AHaJIOTHYHbBIE,
HO KOJIMYeCTBEHHO MeHee BbIpayKkeHHbIe M3Me-
werns nokaszareseii a-DHO n y-UDH mabmio-
flaanm B KYJbType CILJIEHOI[MTOB MbIIIel Tocje
repanuu [ITOHE. [lo cpaBHennio ¢ ROHTPOIIb-
Hoti rpynmoii, yposerb a-MHO nocye nevenns
AMaThAePOHOM BO BTOPOW TOIONBITHOW TPYTITIe
moBbITaics B 4,7 pasa, B rperveit ([IOHE) — B
2,8 pasa, 4To CBUETEIbLCTBYET 00 YCUJICHUY aK-
TUBAIUN TTEPUTOHEATHLHBIX MAKPOMaros u cruie-
worutoB rpububiM T1C.

Jledenme merorpekcaTom IpPUBOANIO K 00-
patHoMY pesysbraty. ¥Yposenb o-DHO ny-MOH
Y JKUBOTHBIX TI€PBOIi TOONBITHON TPYIITTbI ObLI
HU3Ke, ueM B KoHTpoJie. [lurororcuueckuii ag-
(perT Merorpercara oOycioBIeH yrHETeHIEM
(pepmenra qurugpodosaTpelyKTaznl, YTo Mpu-
BOJIUT K YMEHbBIIICHITIO BHYTPUKIETOYHOTO COfleP-
JRAHMS TeTparnpodoata — mepeHoCuynKa aTo-
MmoB yriepopa npu cunrese [[HK u ropmoskernnio
MUTO3a PaKOBBIX KIeToK B S-paze [18]. Ho nipn
HTOM TAKIKe CHUFKAETCS BIPADOTKA «ITTPOTHBOBOC-
MaJNTeNbHBIX» TUTOKUHOB, B TOM uncye a-OHO
ny-DH, B cBsizu co crumynsiueii puddepen-
IUPOBKI MOHOIUTOB 1 MX allOTITO30M B OITyXO-
nesom ouare [19].

[Tpu rectupoBaHuy mpenapaToB Ha OCTPYIO
TORCUYHOCTD I'MOJTN JKUBOTHBIX HE OTMEUYEHO HI1
B OJIHOIT M3 MOMONBITHBIX TpyTit. MbItiu BTopoii
U TPeTheil MOJONBITHBIX IPYIIT BeJu ¢edsi CIio-
KOITHO, 0CTaBAJINCH AKTHBHBIMU, OXOTHO TTO/aTI

KOPM, HOPMaJTbHO pearnpoBaji Ha BHEITHNe
pasnpazkuresu. [locie nabekimii guanbrepoHa
n [IOHE y sxuBOTHBIX He oTMeva n HapyeHns
KOOPIMHAINN JIBUKEHUTI, TOHYCA MBIIIII, 13-
MEHEeHUsI PeaRIIU 3PAuKa, 4aCTOThl 1 TTyOUHbI
neixanusi. Mt mepBoit MoOTIBITHON TPYIIIIH,
1ocJie MHBeKINIT MeTOTpeKcaTa, HalpoTuB, Ipo-
ABJISLIN OECIIOKOICTBO, TIepexojisinee B yrue-
TeHre, KOOPAMHAINMS KUBOTHBIX M3MEHSIACH,
FRITBOTHBIE TAMKEI0 BITIATN, NHOTIA CUIen He-
MOJIBI;RHO, TIMJIN MHOTO BOJIBL. Takoe cocrosne
npogoszkanoch 40—120 mun, 3areM oprannam
JKIMBOTHBIX BO3BPAIIAICA K PU3MOTOTHYECKOTT
Hopwme. [locsie BBejleH s MeTOTPERCATA Y MBI
HaOIIOATNCh TAKKe ajjlepruyecKkue siBIeHU s
B BHJIE 3y/Ia, PACYECOB, CJIe30TeUeHNST U KaIILJIs.

[Tpu cpaBHUTEIbHOM WCCAEIOBAHUN TIpPe-
mapaToB Ha OCTPYIO TOKCUYHOCTH OTKJIOHEHMIT
reMaToJIOTHYeCKUX 1 OMOXUMUYECKNX TTOKa3arTe-
Jieit KpoBu 0T (PU3NOJIOTHUYECKON HOPMbI Y MbITIIeH
BTOPOIl M TPEThLEN TPYIT He OTMeYasn, 9TO TTOfI-
TBEPsKaeT 0e3BPeIHOCTh NHHEKIIMOHHBIX (DOPM
muanbiaeporna u IIOHE. B orimune or npeniaparon
TTPUPOTHOTO TTPOMCXOKIAEHIS, TINTOCTATHRK METO-
TpeKcar, 10 CpaBHEHWIO ¢ KOHTPOJIEeM, BBI3BIBAJ
CHUJKEHIE JIeITKOINTOB 1 D03MHOMIIOB B KPOBU
B Tipefiesiax (hu3MOJIOTMIecKONl HOPMBI, a TaKkKe
MOBBIIIIeH e aTaHnHAMUHOTpaHcdepassl (AnAT),
4TO YKa3bIBAET HA €10 1I0O0UYHBIE aJI/IePriTyecKue 1
rermaToToKCIecKne ¢cBoicTa (tadi. 2).

[Tpu TectupoBanmu mnpernaparoB Ha XpPOHNU-
YeCKYTO TOKCUIHOCTh Y KPBIC BTOPOW U TpeTheil
MOJIOTTBITHBIX TPYTI HE OTMEYEHO OTKIOHEH T OT

Ta6aunma 2 / Table 2

[Tokasarenn KpoBM MBITIEH TPX MCCTCOBATNN TPETTapaToB Ha OCTPYIO TOKCHIHOCTD
Blood counts of mice in the study of drugs for acute toxicity

[Torazarenn Ronrponpnas [TomombiTHBIE TPYITIIBI
Markers rpynna’ Experimental groups
Control 1-s rpynna® | 2-s rpynna’® | 3-s rpynmna’
group! Ist group® | 2nd group® | 3rd group®
dpurpouursi, 10'2/1 / Erythrocytes, 10'2/L 8,81+0,51 8,45+0,26 8,78+0,28 8,82+0,14
Jleitrommror, 10°/51 / Leukocyte, 10°/L 7,98+0,47 5,62+0,12 10,25+0,37 | 10,42+0,21
dozunodpuant, % / Eosinophils,% 3,60+0,57 1,24+0,44 3,20+0,27 2,60+0,16
Mownorurer, % / Monocytes, % 4.50+0,34 2,45+0,16 2,50+0,61 8,40+0,22
Jlmmormrer, % / Lymphocytes, % 65,70+1,42 | 45,85+0,28 | 67,80+0,21 | 68,80+0,48
Mouesuna, mmosn /i / Urea, mmol /L 3,75+0,18 3,07+0,24 3,81+0,15 3,07+0,25
Kpearunun, mr/mn / Creatinine, mg/dL 0,51+0,02 0,62+0,04 0,49+0,01 0,48+0,05
rroxkosa, moss /1 / Glucose, mol /L 6,72+0,45 6,44+0,96 6,78+0,21 6,81+0,14
Femornobun, r/nn / Hemoglobin, g/dL 12,80+1,12 12,64+0,18 | 14,10+0,25 | 13,80+0,54
Xomnecrepus, mmoab/a / Cholesterol, mmol /L 2,07+0,16 2,61+0,13 2,39+0,24 2,44+0,72
AcAr, en./n / AsAt, unit/L 78,85£1,68 | 75,22+0,89 | 76,96+£1,11 | 72,84+0,82
AnAr, en./n / AIAL, unit/L 62,312 11 | 82,40+0,16 | 65,81+2,61 | 64,96+1,12

Hpumewanue: 1 — neaewennvie mviuiu, 2 — memompercam, 3 — duarvoepon, 4 — [IODHE.

Note: 1 — intakl mice, 2 — methotrexate, 3 — dialderon, 4 — PSHE.
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Tadomuma 3 / Table 3

[Torazaresnn KpoBU KpPbIC IIPU MCCAEOBAHNN TIPEIIAPATOB HA XPOHUYECKYI TOKCUYHOCTh
Blood rats in the study of drugs for chronic toxicity

[Torasarenn Ronrporsaast [TogombITHBIC TPYTITIHT
Markers rpynmna’ Experimental groups
Control - -
group! 1-sa rpynma® | 2-s1 prnng‘* 3-s rpymma’
1st group? 2nd group® 3rd group?
dpurporurst, 102/ / Erythrocytes, 10'2/L 7,54+0,06 6,80+0,02 7,61+0,04 7,58+0,08
Jleiikorurot, 107/ / Leukocyte, 109/L 8,80+0,24 7,80+0,34 9,68+0,15 10,71+0,35
dosunoduint, % / Eosinophils,% 1,80+0,42 0,20+0,01 1,60+0,07 1,60+0,65
Mownounuret, % / Monocytes, % 2,50+0,54 1,10+0,04 6,70+0,25 5,80+0,45
Jlumdonuret, % / Lymphocytes, % 71,70+2,02 64,830+0,08 74,20+1,04 | 84,60+1,04
TpomGouursr, 10°/n / Platelets, 109/L 376,00£2,18 | 238,80+4,25 | 365,20+2,04 | 374,802,111
Femornobww, r/nn / Hemoglobin, g/dL 142,70+£2,52 | 128,60+3,18 | 147,10+1,16 | 150,80+0,24
Imoxkosa, mvonn /i / Glucose, mmol /L 13,20+0,14 10,20+0,81 12,80+£0,45 | 13,40+0,21
Bunampy6bun, memons/n / Bilirubin, mol /L 1,07+0,41 2,19+0,38 1,62+0,35 1,58+0,15
AcArm, en./n / AsAt, unit/L 138,20+0,43 | 214,50+0,65 | 126,20+0,85 | 156,80+1,28
AnAm, en./n / AlAt, unit/L 78,40+£1,64 | 192,60+0,82 | 80,20+2,46 | 76,90+2,61
Ilpunewanue: 1 — guspacmeop, 2 — memompercam, 3 — duarvdepon, 4 — IDHE.
Note: 1 — saline, 2 — methotrexate, 3 — dialderon, 4 — PSHE.
(pusnonornvyecroit Hopmbl. Kpbichl obenx rpymin 3arioueHue

B TedeHNe OIbITa BeJn ce0si eCTeCTBeHHO, ajleK-
BaTHO pearnpoBasIyi Ha BHEIIIHITe Pas/ipasKuTen,
y HUX He HaOJII0[aan HAPYIIeHWs alleTuTa u
cHuKeHMs1 aktuBHocTn. He ormeuanu GoneBo-
ro 6ecroKoiicTBa, HAPYIIeHWs TOHYCA MBIIIIII,
KOOP/MHAINY [IBUKEHNTI, 4ACTOThI JIbIXaHUS Y
JKIBOTHBIX U TI0CTe WHBEKINI InaTblepoHa 1
[TOHE. I'emarosnornveckue u 6noxuMuiecKie
MMOKa3aTesn KPOBM KPHIC 13 BTOPOIl M TPETHEN 1M0-
MOTIBITHBIX TPYIITT JJOCTOBEPHO HE M3MEeHSLINCH 110
CPaBHEHUIO C TIOKA3ATEISIMI KPOBU KOHTPOJIbHBIX
JKUBOTHBIX (TabI1. 3).

Bbio otMedeHo HesHaunTeNbHOE TTOBBITIE-
HIle MOHOIIMTOB B Ipejesnax (u3noaorniecKoi
HOPMBI, 4TO, BEPOATHO, CBA3AHO ¢ YaCTUYHON UH-
MYKITHeil UTOKIHOB 1 cTUMYJistiineit nuddepen-
IIPOBRI MOHOIUTOB.

Y JKMBOTHBIX 11E€PBOIi TIOJIOTBITHOI TPYIIIIHI,
1pu BBeJleHn N MetoTpercara (¢ ghoameBoii RucJjio-
TOIT), OTMEYATN YacThle CJIydan aJljieprun (Ymxa-
HIe, 3y/l, pacYéchl), YACTUUHBII OTKA3 OT KOpMa,
HapyIieHne KOOPAMHAIINN JIBUKEHWT, apTpaJ-
IHH, CYIOPOTH, CHIYKeHe aKTHBHOCTH 11 y4alie-
Hue Jipixanusi. B mokasaressix KpoBu nMesno Me-
cro yBemmuerne AcAr (acmapraraMmuaoTpancde-
passl) 1, ocodenro, ATAT (ananuarpancdepasbr),
4TO OTPAKAET TelaToTOKCHYHOCTH METOTPEKCaTa.
Takske HaOAIOAIN CHUKEHTE COlepsRAHUST JINM-
o1 TOB, MOHOIINTOB, TPOMOOTIUTOB 1 03MHODM-
JIOB, UTO XapaKTePHO JI/Isi KAPTUHbI, CRJIa/[bIBA0-
mefics mocJsie Kypea IuTocTaTuKoB, K TPYIIe KO-
TOPBIX OTHOCSIT METOTPEKCAT.

B pesysibrare BBIIIOJIHEHHBIX UCCJIE0BAHWI
YCTaHOBJIEHO TIPOTUBOOIIYXO0JIeBOe JlelicTBIe
[IOHE, comocrasmmoe no yseamuennio CIIH
MbIIIei-omnyxoaenocureseit caprombr S-180 u
TOPMOKEHUIO POCTA OIYXOJN ¢ KOMITO3UTHBIM
[perapaTomM u3 MpupoHbIX KOMIIOHEHTOB Ji11-
AJTBEPOHOM, 1 JIOCTOBEPHO TTPEBOCXOJIATIEE 110
DTUM MOKA3aTeJNsIM CHHTeTHYECKIT IUTOCTATHK
MeTOTpeKcar.

Uzyuenne ocTpoii 1 XpOHUUYECKOI TOKCHY-
HOCTH ITPeraparoB Ha Jab0PATOPHBIX 3KUBOTHBIX
npoaemoucTpuposano 6esspegnocts [IOHE n
IUaJblepoHa, YTO TMOJTBEPANIOCH OTCYTCTBIEM
MoOOYHOTO JIeWCTBUS TTOC/e NX MPUMeHeHUus 1
COXpaHeHUeM reMaToJOTUYeCKUX 1 OMOXUMI-
YeCKNX MoKazaTesjell y sKUBOTHBIX B ITpejiesax
(hm3momOTrNIecKOl HOPMBI.
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I Beepoccuiieknii popym
«YTIIIM3aIHsa 1 PENUKJINHT OTXO0B IIPON3BOICTBA U MOTPEOJICHIs»

2-95 neradps 2019 r. B r. Kupose 1pu mop-
mepxie OI'YIIL «PocPAO» cocrosmes I Beepoce-
cuiicKmit GopyM « YTHIIMBAIMS U PEIITKINHT OT-
XOJIOB TIPOUBBOJICTBA U TToTpedaeHus». Opranu-
3aTopamu (popyMa BeICTYTTIIN JJabopartopust 61o-
mouuropunra Uucruryra 6monorun Komu HIJ
¥pO PAH un Bsarckoro rocymapcTBeHHOr0 YHI-
Bepcurera, a takske (o3 «Bsarckas Toproso-
MPOMBIIIITIEHHAST TIaJaTa».

3 neradpst 2019 r. B koudepeni-3ane «Aj-
Ma3z» Omsmec-tmenTpa «Kpmeramm» cocTosmoch
opurmanrnuoe otkpuitie I Beepoceniickoro go-
pyMa « YTUuiamsamus U periukJIuHT OTXO/I0B ITPO-
n3BojicTBa n orpedaenns». Ha miuenaprom 3ace-
manum opyma ObLIY C/leJIaH bl TORIAJbI, TOCBS -
MEHHBIE TOCYIAPCTBEHHOMY MOHUTOPUHTY 3a-
IPA3BHEHUS ORPYIKAIONIEN cpejibl; HAITPaBJIeH M-
AM IIPUMeHEeHNsI BTOPUYHBIX PECYPCOB; OIeHKe
BOBMOKHOCTY 1 9 PeKTUBHOCTH OIOfIerpajianm
YIJIeBOJIOPOJIOB He(PTH; yIIpaBIeH 0 00palieHn -
€M C OIACHBIME TPOMBIIIIJIEHHBIMU OTXO/[AMI.

OnHuM 13 BayKHBIX MEpOIPUSATHI, IPOBE-
NEHHBIX B paMKax (Gopyma, ObLI KPYTJIbIi CTOI,
Ha KOTOPOM TTPOBEJIeHO 00CYIKIeH e IIPpodIeM jie-
ATEJHLHOCTH 110 YTUAU3ATUHI OTXO/[0B TTPOM3BOJI-
CTBA, TOTPEOJIEH TSI B CBETE COBPEMEHHOTO TTPUPO-
MOOXPAHHOIO 3aKOHOIATENIHLCTBA, & TAKIKe TIPe-
JIO3KEH bl HAYUHBIE TIOJIXO/IbI, TTYTI, METOJIBI 11 TeX-
HOJIOTUN TI0 CHUYKEHUIO TTPOMBITIIEHHBIX OTXO0-
noB n ux yrunuszaruu B peruonax P®. [1o nro-
ram paboThl KPYIJioro ¢ToJia Obljia moAroToBIeHa
Pe30JoINsI, B KOTOPOII IpeJicTaBIeHbl PEKOMEH-
MUK B Jipec OPraHoB BJAACTH, OPraHN3aTOPOB
U PYKOBOJIUTE eI IPeIIpUsiTHil, Ou3Heca, By30B
pernona u CM.

B pamrax dhopyma cocrosioch 3aceanue pa-
ooueii rpymnbl O0mecrsennoro cosera 'ockop-
noparuu «PocatroM» 1Mo 9ROJIOTHY ¢ yUacTueM
sKciepruoi rpymmn OoiecrBennoii natars: Kiu-
POBCKOT ob1acTu.

Kpome toro, B pamrax mporpamMmbl opy-
Ma rmposejieHbl 1Be Beepoceniickne HayuHo-
MPAKTUYeCKNX ROH(PEPEH NI ¢ MEFKILYHAPOIIHBIM
yuactuem. 4 exadbps 2019 r. cocrosnach kouge-
peHIus «YTuansaius oTXo[0B MPONU3BOICTBA
u 1orpedJeHs: NHHOBAIMOHHbBIE TTOIXOMbI 1
TeXHOJOIMI», HA KOTOPOI OBbLIN ClieJIaHbl T1J1e-
HapHBIe TOKJIAJbI, TTOCBAIMEHHbIE YTUIN3AINN
HedTenIaMoB 1 OTXO/[0B He(PTSHOTO TPOUBBOJI-
CTBA METOJIOM TePMOJIeCTPYRIINY; TTepepadoTKe
MIJIAMOB U OTXOJIOB MPOU3BOJICTBA B TOBAPHYIO
MPOJYKIIMIO; MATEMATUYECKOMY KOMILIEKCHOMY

MOJIeTUPOBAHMIO PA3TMUHBIX (DOPM Barpsi3HEHIS;
COBEPIIEeHCTBOBAHIIO CHCTeMbI OMOMOHUTOPUH-
ra OMaCHBIX MMPOMBIIIIEHHBIX 00beKToB. [lamee
00CYIRIEHUS TTPOJIOJIRUINCH HA 3ace/aHmsaX
Hayunbix ceknmii: 1. Meroppr u Texnomorum yru-
N3N HEOPTAaHMIECKUX OTXO/I0B KUCJTOTHO-
MEJIOYHOTO TPOUBBOJICTRA, PTYThCOIEPIKATIIX
oTx0/10B 1 anexkTpoxumun. 2. Texuonornu yru-
AU3arum 1 06e3BpPeKNBAHNS OPTaHUYECKUX
OTXOJI0B: HedTe3arpsA3HEHHBIX MIJIAMOB, TPAHC-
(opMaTopHbIX Maces U OTXOHO0B MOJUMEPHbBIX
mMarepuanoB. 3. buorexunosorus yrunansaun
0TXOJI0B IIpou3BojcTBa 1 norpedyserus. Ha Kou-
depentuu Ob1710 3acaymiano 18 ceRIMOHHBIX
MORJAOB, KPOMe TOTO, TIPUCYTCTBOBAJIO HoJiee
40 venoBek. OnybanKkoBan cOOPHIK MaTePUaioB
ROH(pepeHInn, B KOTOpbIil Boiio 79 crareii.

Ha npyroit nenn (9 mexadps 2019 r.) na
XVII Beepoccutickoit HaydHO-TTPaKTUUECKOI
ROHMEPEeHINMN ¢ MEKIYHAPOSHBIM yUacTHEM
«bmopmarnocTuka cOCTOSHMSA MTPUPOTHBIX
W TPUPOHO-TEXHOTEHHDBIX CHCTeM» padorasn
4 ceriun: 1. Buosiornuecknii MOHUTOPUHT TTPH-
POJHBIX U TeXHOTEHHBIX cucteM. 2. Meton 6110-
IMArHOCTUKHU B OIEHKe KauecTBa OKPY;RAOIIei
cpefibl. 3. XuUMUSI U dKOJOIUS TI0YB U BOJIHBIX
00BEKTOB. 4. DKOJIOTHS PACTEHUN U KUBOTHBIX
7 MeXaHW3MbI UX aJIaliTalium K cpee oOnTanms.
Boino sacaymano 42 noknana. B pabore ceriuii
RoH(pepennun npuHsn yuacrne 126 uenosex,
B cOOpHUKE MaTepnaioB KOHMEePeHTNE OImyo -
rosano 105 crareii.

Yuactue B pabore (hopyma mpuHUMAJIN 1 CTY -
JIeHTBI I MOJIOJIbIe YUEHbIe, KOTOPbIe 3aHNMAOTCS
BOIIPOCAMI YTHJIM3AINN OTXO/[0B TIPOU3BOJICTBA
u norpedsienusi. Beero Ha KOHKYPC MOJTOJIEKHBIX
npoextoB «Obparienne ¢ 0TXoaMu: MHHOBA-
MMOHHBIC MOAXOAL W PEIeHUA» MOCTYITNIO0
48 IPOEKTOB, B OUHOM dTare KOHKYpPCa MPUH SN
yuactue 15 mpoekros. Becem yuacriunkam Bpyue-
HBI OJlarolapcTBeHHBbIE TTHCHhMA, CePTUMURATHI,
JUTLIOMBI W TTPU3BI.

Ha saxnounrensinom 3acepanuu gopyma,
KOTOpOe cocTosiioch o fpekadbpst 2019 r., 6w or-
MeuYeH BBICOKNMIT YPOBeHb OPraHn3aIn Bcex Me-
poripusitTuii popyma, yHacTHUKU 1 OPTaHU3aTO-
Pl TO[YE PKHYIN HEOOXOUMOCTb ITPOJOJIFKEH IS
MPOBE/IeH ST TOJJOOHBIX HAYYHBIX MEPOTIPUSTHIL.

Jam. npedcedamens Opeanu3ayuoHH0O20
romumema gopyma, d. m. H.,
npogeccop T. A. Awuxmuna
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OTKPBITHE 1 PABOTA I BCEPOCCHIICKOTO ®OPYMA
«YTWINSAIINA N PEHURJINHT
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