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Hupexrop pmmana « RUYXEK» AO «OXR «YPAJIXNM»
Jmurpuii Anaronsesuy Tpymikos

Ouanan «KUXK» AO «OXK «YPAJI-
XUM>» 8 ropopie Ruposo-Yererike — ojiHo u3
KPYIHENIINX HPefpuAaTiil 110 1POu3BoJI-
CTBY aMMMaKa 1 MUHEPATbHbIX YI00peHU i
B Poccuiickoit Meneparyim.

3aBojI IIAHOMEPHO pa3BUBAETCsI, Hapa-
I BaeT IPON3BOJICTBeHHBIE MOIITHOCTH. Pa-
©oTa peIPUsITUS CTPOUTCS B COOTBETCTBIH
C HAMJTYUTITUME JIOCTYITHBIME TEXHOJIOTUSIMU.
[Topwimmas HamésRHOCTH U A(PPERTUBHOCTH
MPOM3BOJICTBA, MbI BCETJ[a YUUThIBAeM 3aj1a-
Y1 110 OXPaHEe OKPYFKAOIIEN CPeJibl, [T03TOMY
KasKIbIIl peasin3yeMblil IPOU3BOJICTBEHHbII
MPOEKT COAEPKNUT DROJOTMUECKYIO COCTAB-
JAIOLYIO.

[Tpuopureramu HKOJOrTYECKOT TOJIUTH -
Kk prmasia « KUX Ky saBasiores camxenne
HeraTuBHOTO BO3JI€IICTBUS TPOU3BOJICTBEH-
HOTI IeATETHHOCTI HA OKPY/KATOIILYIO CPELY;
obecreuenmne codaieHnsi TpedboBaHU
MPUPOIOOXPAHHOTO 3BaKOHOATENIHCTBA; J10-
CTUKEeHNe YPOBHS KOOI MYeCcKoii besorac-
HOCTH, COOTBETCTBYIOIIETO JIy UM ITOKa3a-
TeJISIM BEYIIIX TTPEIIPUATAI OTPACIIH.

Nudopmammonnas OTKPHITOCTH — ATO
OJIMH 13 TJIABHBIX IPUHINIIOB Hallell pa-
OOTbI, U IPUPOOOXPAHHBIE TEMbI HE sIBJIsI-
0TS MeKaouenneM. Borio B Tpaguimio
MpoBeJieHNe MPe3eHTaAINil eKeroHOTO
HKOJIOIMYECKOTO OTYETA TIPEJICTABUTeIISIMU
MPePUsITUs Tepej; 00IecTBeHHOCThI0 00
HKOJIOTMYECKIX TTPOEKTAX 3aBOJIA, €0 padboTe
1 TIePCIeKTUBAX Pa3BUTHS.

Mur ypesnsiem 60JibIlIoe BHUMAaHWIE U
HKOJIOTUYECKOMY ITPOCBEINEeHIIO: Y4aCTBYeM
B TeMaTn4YecKnX KOH(PepeHIusax, opranunay-
eM crieruasibHbie Meponpusitus. Ha narmeit

MPOMBBOJICTBEHHON TIJIOMIA/[Ke OpraHuay-
I0TCSI BCTPEUYN CO CTY/IeHTaMI, MOJIOJ[bIMU
CIeINATNCTAMU, TJIe OHI MOTYT [IOCMOTPETh
Ha paboTy 3aBOfia, MOJYYNUTH OTBETHI Ha
MHTePeCYIOIe BOIPOChl HEITOCPeJICTBEHHO
OT PYKOBOJUTEICN U CIIeINAINCTOR TIPe]-
IIPUATHA.

Esxkeromno punman « KUYXK» cranoBut-
CsI TTAPTHEPOM JIBYX BCEPOCCUMCKIX HAYYHO-
MPAKTUYECKUX KOH(MEPeHINI ¢ MeRIY-
HAPOJHBIM YYaCTHEM 10 HKOJOTUYeCKON
TeMaTuKe, KOTOpbie MPOBOJSATCS HA Oasze
Bsitckoro rocyilapcTBeHHOTO yHUBEPCUTETA.
Kpowme toro, B 2018 1. crieriuanucrst mpe;-
IPUATUA NPUHAIN yJ4acTHe B OKPYKHBIX
HKOJIOTMYeCKIX uyTeHsIX « Tebe 1 MHe HysKHA
Semist» Ha Oase nutes 1. Kuposo-Yemnerka.
Jra MIKOJIa pa3BUBaeT HKOJOTHYECKOe Ha-
npasieHune oopazosanus. [Tpu nopmepskke
dunnana « KUXK» yuanimecst BbITIOTHSIOT
UCCIeIOBATEIbCKITE TTPOEKTHI, Y4aCTBYIOT
B KOHKypcax n KoHdepenmuax. B nuiee
BOCCTAHOBJIEHA TETLTHIIA, OTKPHITA DROTPOIIA,
byHKIMOHUPYeT HK0Ta00paTOPHSI.

Ha cucremarmueckoii ocHoBe (huimalt
«RUYXH» nmpoBopuT n mnojjiepskuBaer pas-
JUYHBIE MEPOTIPUATHS DKOJOTNYECKON
HAIPaBJIEHHOCTU, KOTOPbI® TTO3BOJISIOT
HaxXo[uTh U BHEAPATb HOBbIe TEXHOJOTUN,
IMPOM3BO/INTH UHHOBAIITMOHHLIE KOHKYPEH-
TOCTIOCOOHBIE BUJIBI TTPOLYKIIUN U TIpUMe-
HATH pecypcocOeperawiie TeXHOJOTHN.
Pyrosoacro pununana « KUXK» nocro-
SHHO IIPOBOJIUT ay/iUT BHYTPEHHEl Jles-
TeJIbHOCTH JIJIsi 00eCTIeueH s COOTBETCTBUS
HPeAIPpUATAS IIPUHIATIAM dKOJIOTNYECKON
0e301acHOCTH.
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lodine is an essential microelement for the production of thyroid hormones that regulate the normal development and
functioning of living organisms. Therefore, this element is the most important factor responsible for endemic thyroid dis-
ease because both insufficient and excessive iodine intake can cause thyroid disorders. In addition, according to numerous
researches, the occurrence of thyroid pathologies may also be related to deficiency of other trace elements, such as selenium
which is also involved in the metabolism of thyroid hormones. Despite the fact that according to usual diet estimates intake of
iodine with water does not exceed 5—10% of its total uptake, both water and water contained in fresh food are better digested
and have a higher physiological value. Therefore iodine and selenium content in drinking water are worth to be considered
in relation to endemic thyroid pathology. The paper presents a review of publications devoted to investigation of iodine and
selenium content in natural waters as a possible factor contributing to development of thyroid malfunctions and endemic
goiteramong local residents. Analysis of the published data shows that iodine concentration in water can be used in assessment
of the iodine status of the territories in context of the element deficiency or excess as a health risk. Relationship between low
iodine concentration in drinking water and manifestation of endemic goiter among the local population is most pronounced in
the regions characterized by its combination with low water selenium and iodine deficiency in soils. The disease may also be
provoked by high iodine in drinking water. Performed analysis allowed revealing optimum range of iodine in drinking water
associated with minimum manifestation of endemic thyroid disease and therefore its minimum risk related to water iodine.

Keywords: iodine, selenium, drinking waters, endemic goiter, geochemical health risk.
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Nop n cesien B npupoHbIX BOJAX KaK (PaKTOP PUCKA MPOsABIACHNUSA
DHJIEMIYECKUX 3200/ 1eBaHIIi IIIUTOBUIHON sKeje3bl (0030p)
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Won — mukpoaiemenT, HeoOXOAMMbIII JJIsi TPOU3BOCTBA FOPMOHOB TiuToBuHOM KResesb (HIHR), koropsie peryaunpyior
paspurne u QYHKIMOHNPOBAHNE JKIUBBIX opraHu3mMoB. Takum oOGpasoMm, ero cojiepsranue mpejcrapiser coboii Hanbosee
BayKHBIIT (DAKTOP, OTBETCTBEHHBITT 32 sHeMudyeckne 3abomnesanns LK, mockombKy Kak HeflocTatouHOE, TaK 11 Ype3MepHoe
rorpebjieHIe MOKeT BbI3BATh paccTpoiicTBa 91oro oprana. CoracHo MHOIOUNCIEHHBIM UCCIeI0BAHNAM, BOSHUKHOBEHIE
narosioruii A Mosker GbITh ¢BsAI3aHO ¢ IeUITUTOM APYTUX MUKPOAJIEMEHTOB, TAKIX KaK CeJIeH, KOTOPbII TaK/Ke yuacTByer
B MeTabo/m3Me THPeOUHBIX TOpMOHOB. HecMoTpst Ha TO, 4T0 cOracHO OOBIYHBIM OI[eHKAM PAIOHA, TTOCTYII/IeH e Hojia
¢ Bogoii me npesbimaer 0—10% or ero obmiero mocTymIeH s, BOZOPACTBOPUMbBIC KOMITIOHCHTHI NMEIOT 60jiee BHICORYIO
usnonornyeckyio eHHocTh. [loaToMmy nmeer cMbica paccMaTpuBaTh CojilepsKaHe HOJia 1 CeJIeHa B TUTheBOTl BOJe B CBSI3H
congemnyeckoii marostorueit IR, [TpepcraBien 0030p HaydHbIX TyOInRAINIT, TTOCBAIEHHBIX CCIEOBAHNIO COMlePRAH IS
MOJIa 1 ceJieHa B BOJIaX, B aclieKre nx Bansuus Ha passurue pucdynruuii HIFR Brtors o pacipocrpanens sHaeMnueckoro
3006a cpepnt Hacesenust. [ [poBepéHubIil ananms moKasas, 4YTo KOHIEHTPAIINS N0jia B ITPUPOHLIX (MUTHEBBIX) BOIAX MOKET
HCIIOTB30BATHCS TIPH OT[EHKe NOJHOTO CTaTyca TepPUTOPUIl B OTHONIEHU N IeDUITNTHOCTH WM n30bITKA Hofla Kak (pakTopa
pucka pacrpocrpanenus 3abosnesannii II[H. Cormacno nybaurarnusim, paciipocrpanéuuocTs 3abojeBannii dHjgeMme-
CKIM 3000M IOBBIIIAETCS B CJlydae HUBKOTO W BBICOKOTO COJlepsRaHUsl M0/la B TUTHEBBIX BOJIaX, COBMECTHOIO HIU3KOTO
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coJlepsKatmst NOJla 1 CeJIeHa, a TaKyKe 1PKU OJJHOBPEMEHHOM HU3KOM COJIePKaHUM MO/la B BOJLAX, 1T0UBAX U PACTUTE/ILHOI
npoxyrinu. Ha ocroBamum inreparypHbIX [aHHBIX BLISBJICH HHTEPBAJ ONTUMAJILHO OJATOINPUATHOTO COLePIKAMIS MO
B MITLEBHIX BOJAX, TPU KOTOPOM HAOIIOIaeMbIil YpoBenb sngeMuyecknx sabomesanmit I[N munnmanen.

HKatoueswie cuosa: noj, ceyiet, MUTHEBLIE BOJILI, DHACMITYCCKUI 300, pucK 3a60J1eBaHMIL.

lodine is an indispensable component of
thyroid hormones that play a fundamental bio-
logical role controlling growth and development
of organisms [1]. Natural iodine deficiency is
considered as the main geochemical factor con-
tributing to manifestation of various endemic
pathological states of the thyroid gland and the
goiler in particular [2, 3].

Selenium is involved in the metabolism of
thyroid hormones as well [4, 5]. In case of iodine
deficiency thyroxine (T4) and triiodothyronine
(T3) production decrease and thyroid gland
enlarges in size to obtain more iodine that is
observed as goiter.

That is why in the most part of publications
devoted to the identification of the origin of
endemic goiter and other pathologies of thyroid
gland, both trace elements are considered to-
gether [6, 7].

In the history of iodine deficiency studies
there was a significantly long period of time
when water as a source of iodine in diet was
not paid much attention to, the focus was on
products relatively enriched in this element, i.e.
seafood (seaweed and fish), vegetables and eggs.
The considered intake of iodine with water does
not exceed 5—10% [8, 9]. Nevertheless, water
and water contained in fresh food are better
digested and have a higher physiological value.
Therefore water iodine problem attracted more
attention and the number of papers devoted to
investigation of relationship between the chemi-
cal composition of natural waters, mainly iodine
content in relation to endemic thyroid diseases,
is nowadays progressively increasing [10-13].

The main aim of the present study is to
review and analyze results of the studies on
relation between the chemical composition of
natural waters, primarily iodine and selenium
in natural waters, and the prevalence rate of
endemic thyroid diseases, i.e. publications that
allow treating iodine and selenium of natural
waters as natural geochemical factors provoking
in certain concentration the thyroid dysfunction.

ITodine in drinking waters as an indicator
of iodine transfer to human organism. The
firstidea of relation between endemic goiter and
insufficient iodine content in drinking waters
dates back to the middle of the 19th century. The
studies of Prevost (1848), Chatin (1852) and

Bauman (1895) contributed to accumulation
of data in favor of this theory, which, however,
was not recognized due to the lack of a consistent
evidence base in those times. Later, in the other
independent studies including those widely per-
formed in the former USSR proved that mani-
festation of a pronounced endemic goiter among
the local population is more typical for regions
with significant iodine deficiency in soils and
other environmental objects, including drinking
waters. Recent studies showed that excessively
high concentration of the element in natural
water can also cause similar thyroid malfunc-
tion (Table 1).

Studies of iodine in natural waters and
thyroid disease in the former USSR and Rus-
sia. The first studies of endemic thyroid dis-
eases in relation to iodine content in drinking
walter have been performed in the former USSR
in iodine-deficient mountain regions. Thus,
research was performed in Kabardino-Balkaria,
where until 1933 there was a maximum occur-
rence of endemic goiter among the population
(32%) [17]. They established a very low iodine
content in local natural waters, which did not
exceed 0.1 ug/L.

It should be noted here that primarily used
chemical method of quantitative iodine deter-
mination in water and in other types of natural
objects [25] have been later substituted by the
other ones. The former method slightly under-
estimated iodine concentration as compared (o
the later developed kinetic colorimetric spec-
trophotometer techniques (cerium-arsenic [26]
and rhodanide-nitrite [27]). Nevertheless, the
primary information obtained by Dragomirova
technique reflected general trends of depen-
dence between the considered parameters. The
kinetic approach is still successfully used in
iodine determination together with new instru-
mental ones (gas-liquid chromatography [28],
high-performance liquid chromatography [29],
voltammetry [30], [CP-MS [31], NAA [32]). A
recent publication confirmed a high repeatability
of I concentration values detected in urine by
kinetic and ICP-MS techniques [33].

The iodine status of different areas based
on the content of this element in natural waters
from different sources was evaluated in the stud-
ies [34—41]. The studies have shown that the
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Table 1
Levels of iodine in soils and waters of different regions in association with endemic goiter able
Todine Todine
Country, region in soils in water Endemic goiter (%) Reference
(mg/kg) | (ug/L)
New Zealand 0.3 - 62
0.4 - 40
3.2 - 19 [14]
11.2 — 4
14.0 — 7
Switzerland 0.62 - 26
1.40 — 61 -
4.9% - 12 1]
11.9 - 1
New Zealand (Taranaki) 14.0 - 4 116]
New Zealand (Auckland) 12.0 - 4
Kabardino-Balkaria — 0.1 32 [17]
Russia, Dagestan, Stanislav region 0.3-0.35 — [TI-TV degree 18]
0.45-0.65 - lower than I11 degree
Central China - 462.5 65
- 94.0 15.4 [19]
Sri Lanka (Wariyapola) 9.4 — 12 120]
Sri Lanka (Angunawala-Daulagala) 1.9 - 49
Sri-Lanka 3.9 7.02 10
2.0 9.9 10-25 [21]
2.26 66.5 25
India (Patharpratima) — 100.4 > 30 (60.7%)
India (Sagar) — 22.9 > 30 (55.8%)
India (Namkhana) - 68.4 > 30 (43.9%) [22]
India (Basanti) — 3.9 20.0-29.9 (25.9%)
India (Gosaba) — 60.4 20.0-29.9 (25.1%)
India (Lamshang) - 2.6 > 30 (35%)
India (Wangoi) — 1.8 > 30 (39.4%) [23]
India (Samurou) — 2.2 > 30 (30.7%)
China (Anhui) — 252.0 1.7
China (Hebei) - 266.0 7.9 124]
China(Shaanxi) - 90.6 1.9
China (Tianjin) — 303.0 10.0

Note: *Thyroid goiter cases among children; a dash indicates the absence of data.

concentration of iodine in the local river runoff
can be an important criterion of iodine supply
in certain areas.

At the same time, the established values of
the minimum iodine content in waters possibly
causing contributing to manifestation of endem-
ic goiter varied considerably in different regions.
According the data obtained in Ukraine in sixties
of the last century [34], a severe degree of thyroid
endemia among population was observed in areas
where the average iodine content in surface and
groundwater was as low as 1-2 ug/L; moderate
manifestation of the disease was registered at the

range of 2to 5 pg/L; and weak —at 5 to 10 pg/L1;
pathology was not found when iodine content in
water equaled or exceeded 10 pg/L. In studies of
iodine in natural water of Almetyevsky and Len-
ingradsky districts of Republic of Tatarstan,
it was found that the minimum sufficient level
of iodine equaled to 4 pg/L [35]. In the other
research, it was revealed that cases of thyroid
pathology were absent in regions with the
element concentration in natural waters over
25 wg /L [38].

In Kazakhstan [42], as well as Tatar repub-
lic, the zone that is highly iodine deficient cor-
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responded to iodine content in waters less than
4 pg/L; moderately deficient zone— to iodine
level from 4 to 10 pg/L and the relatively suf-
ficient zone was characterized by iodine level
exceeding 20 pg /L.

Recent study [12] established that iodine
content in the drinking waters of the city of
Bratsk, which is located in areas with a high
incidence of iodine-deficiency diseases, is only
0.2 pg/L, this level being associated with a severe
degree of thyroid goiter pathology. In this area
the low iodine content in local waters was ac-
companied by the low level of the element in food.

High negative correlation (r = -0.98) be-
tween iodine level and occurrence of thyroid
endemic diseases was established in some re-
gions of Dagestan [41]. The mountainous area
is characterized by both low iodine and selenium
amount in natural waters (2.0-2.8 ug/L and
1.4-1.7 ug/Lrespectively), related to the low ele-
ments’ contentin atmospheric precipitation and
soils (2.1-2.4 pg/L iodine and 0.08-2.16 pg/L
selenium) and vegetation (0.15-0.40 pg/L io-
dine and 0.009-0.02 pg /L selenium).

Studies of iodine and selenium in water in
relation to thyroid disorders in the other coun-
tries of the world. The first studies of iodine de-
ficiency in Europe have been described above. In
the middle of the last century, this problem was
studied in the countries of Asia and Africa. D.
Wilson [43] associated the prevalence of goiter
in Sri Lanka with the iodine content in drinking
waterin the range of 1.4—2.7 pg/L. Later studies
in this country [44] showed that in areas where a
high degree of thyroid pathology were observed
iodine level in drinking water varied from 2.2
to 10.1 pg/1L, and in areas where goiter was not
detected, the concentration iodine in waters
ranged from 19.4 to 183 pg/L. The authors con-
cluded that the local level of the threshold iodine
concentration is 10 pg/L. Egyptian scientists
found that iodine concentration of 7 to 18 ug/L
in the drinking water of New Valley oases caused
development of goiter among the inhabitants of
the oases, while the iodine content from 44 to
100 wg/L excluded the disease cases [45]. In
areas of endemic goiter in the mountainous part of
eastern Ghana, the average iodine amount in wa-
ters did not exceed 10 ug /1. [46]. Thus, inanum-
ber of studies conducted in different countries, the
concentration of 10 pg/L of iodine in drinking
water may be treated as a lower threshold.

Comparatively recently the territory of
Denmark was zoned according to the iodine
status basing on an assessment of the trace
elements and iodine content in drinking water

with identification of potentially deficient, op-
timal and excess of iodine [47]. Another study
of drinking water from centralized water supply
in Denmark revealed that groundwater was the
main source of iodine intake in local diets [48].
To build a spatial model with different levels of
iodine concentration in waters and to identify
natural factors and water types in particular,
influencing the intake of iodine into the human
body they used cluster analysis. It was shown
that the iodine content in drinking water was
determined by both the natural (geological) and
technological factors (the preliminary treatment
of water before it was supplied to the residues).
Estimation of the contribution of drinking water
to provision of iodine to residents showed that
intake of iodine by adults may exceed the WHO-
recommended average daily level (150 pg),
while in teenagers’ diets iodine provision with
drinking water varies from 0 to 50% of the es-
tablished standard. The authors paid attention
to local changes in micronutrients’ supply and
recommended taking this into account when
approving various programs for food productsio-
dizing. Even at low content of iodine in drinking
water in most cases, distribution of the halogen
in waters of various hydrogeological structures
is different and should be accounted of in case of
their usage by local population.

On the other hand, Chinese researchers have
revealed that a high iodine content in drinking
water may stimulate the development of en-
demic goiter among the population as well [49].
A large-scale survey of 1978 cities in 11 prov-
inces of China with a sampling of 28.857 waler
samples showed that the iodine content ranged
from 150 to 300 ug /L, and the authors concluded
that the incidence of goiter increased with an in-
crease in iodine concentration in drinking water
(Fig. 1). Therefore, there exists also the upper
threshold for iodine concentration in drinking
water, which lies in the range of iodine concen-
tration from 250 to 300 ug/L. Above this level
an increase of goiter among the children corre-
sponded to increase of iodine in drinking water.

In accordance with classification [42] the re-
gions with a moderate iodine deficiency in India
are characterized by the average iodine level in
drinking water varying from 4 to 10 pg/L [11].

A comparison of chemical composition of
609 water samples collected in 8 districts of Sri
Lanka and the data on the incidence of endemic
goiter among local population allowed to con-
clude that low manifestation of the disease cor-
responded to the mean iodine concentration in
water equaling to 92.8 ug/L (n=135), while the
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Fig. 1. Relationship between water iodine level (ug/L) and goiter prevalence (%)
among children aged 8 1010 years (the data from [49])

Table 2
Iodine and selenium concentration in water samples collected in Kalutara
(Sri Lanka, after [13]
C lodine concentration, |Selenium concentration,| Goiter
DS division Water source .

pe /L pe /L patients
Bulathsinghala Surface water 23 <1 No
Dug well 62 <1 Yes
Tube well 20 <1 No
Ingiriya Dug well 9 ) Yes
Surface water 31 <1 No
Dug well 24 <1 Yes
Panadura Surface water 40 <1 Yes
Dug well 27 <1 Yes
Dug well 61 <1 No

highest level of the disease corresponded to water
mean iodine content of 25.3 wg /L and lower (n =
284) [50]. Rank correlation calculated between
iodine concentration in drinking water and the
incidence rate of the disease among habitants
equaled to -0.64.

The study of endemic goiter prevalence in
the same region (Kalutara) has been performed
also in the framework of the World Health Or-
ganization program concerning salt iodination
[13]. According to the results of this study
the average iodine concentration in ground
water from the endemic goiter regions was
28.25+15.47 pg/L. The non-goiter regions had
almost similar content of iodine in the drinking

ground water (24.74£18.29 pg/L) while in the
surface waters iodine concentration was on the
average slightly higher (30.87+16.13 ug/L). One
should note significant variation of mean iodine
values in both regions (52-74%) that shows
their considerable heterogeneity in this param-
eter. Selenium content practically in all of the
examined water samples did not exceed 1 pg/L
showing no definite correlation with the thyroid
goiter frequency (Table 2). However, the authors
reported that endemic goiter was detected in
some isolated localities where both iodine and
selenium levels were low, concentration of the
latter being below 10 pg /L. In addition, the study
showed that some other geochemical parameters

Teopernueckasi u npuriaaguaas sxoaorus. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2




TEOPETUNYECRUNE ITPOBJEMbI OROJIOI'N

10

such as soil pH, organic matter content and/or
thick lateritic cap control activity of selenium
and iodine transfer to food chain through plant
uptake and water in endemic goiter area. Thus,
forexample, a decrease in the selenium bioavail-
ability and, consequently, its lower intake into
living organisms, is facilitated by a high content
of organic matter, acid sulfates, iron and alumi-
num in the soils of the Kalutara.

Influence of the other factors on the oc-
currence of iodine deficiency. Indeed, there are
cases and direct evidence of additional risk of
endemic thyroid diseases in areas where natural
iodine deficiency is accompanied by man-made
pollution. The most evident example is a nuclear
accident, when technogenic radioactive isotopes
of iodine enter the atmosphere. If radioiodine
falls out in regions with a low stable iodine sta-
tus, the risk of endemic thyroid diseases, includ-
ing cancer, increases. Given a high mobility of
iodine, it is possible to assume a rapid involve-
ment of iodine radioisotopes in food chains due
to easy transfer in food chain to pasture plants,
milk and then the human body. The studies per-
formed in the zone of radioactive fallout after the
accident at the Chernobyl nuclear power plant
showed a significant increase in thyroid cancer
cases among children who lived in the period
of deposition in contaminated areas of Belarus,
Russia and Ukraine [51-53]. A combined effect
of iodine deficiency and radioactive contamina-
tion is considered as a possible cause of thyroid
cancers studied also in Turkey [d4].

Our studies of drinking water collected in
the private farms located in the Bryansk region
affected by the Chernobyl accident confirmed
low water iodine content. Therefore, we sug-
gested that it might contribute to the risk of
thyroid diseases caused by iodine radioactive
isotopes [99]. lodine concentration in drink-
ing waters was compared with their chemical
composition, as well as with the types of water-
bearing soils and rocks, and the content of ty-
pomorphic macroelements (H, Ca, Fe), defining
classes of water migration, mobility of trace
elements [56] and, accordingly, their transition
to food chains. lodine content in the drinking
waters of the surveyed households did not ex-
ceed 10 pg/L, i. e. the level, which, according
to the published data, corresponds to the lower
threshold iodine concentration in drinking wa-
ter. In addition, the studied water samples had a
low concentration of selenium. Enhanced level
of iodine was detected in surface and ground-
water in the areas of loess-like loamy deposits
(median values 16.6 and 10.1 pg/L) [57, 58].

Similar to iodine, the groundwater in these
areas turned out to be comparatively enriched
also in selenium (0.72 pg /1) [59].

Finally the analysis of publications devoted
to iodine and selenium studies in waters as a
factor contributing to occurrence of endemic
thyroid diseases showed that the incidence rate
of these pathologies correlates not only with low
but also with high iodine content in drinking
water. These facts allowed us determining both
the upper and lower threshold iodine concen-
tration range in drinking water with revealing
the optimum iodine content associated with
minimum rate of the thyroid endemic morbid-
ity. According to the analyzed data the lower
threshold concentration of iodine considerably
varies in different countries of the world from
0.1 to 10 pg/L, the cause of which requires
additional research. A moderate manifesta-
tion of endemic goiter is observed in regions
with the iodine content in drinking water at a
level within a range of 4—10 pg/L. The upper
threshold concentration is likely to correspond
to the interval of 250-300 pg/L (Fig. 2), and for
children this threshold lowers to 200 pg /L (Fig. 1).
Further increase of iodine amount in drinking
water leads to a corresponding growth of the
rate of endemic goiter incidence. Therefore the
optimum concentration of iodine content in
drinking water, at which there a minimal inci-
dence of thyroid has been observed lies between
10-50 pg/Land 200-250 pg/L (depending on
the region and population, Fig. 2).

Conclusions

Analysis of the published and our original
data shows that theiodine and selenium in drink-
ing water are the important factors that may pro-
voke the risk of thyroid endemic diseases among
local population including endemic thyroid
goiter. Performed review made it possible to ana-
lyze and establish the upper and lower threshold
intervals of iodine concentration values in drink-
ing water, below and above which an increase in
the incidence of endemic goiter is observed. The
interval between these threshold values present
the optimum iodine range at which the risk of
endemic goiler occurrence is minimal.

It is also shown that in areas with iodine
deficiency subjected to fallout of radioactive
iodine isotopes, the risk of thyroid morbidity
increases due to the combined effect. Further
studies clarifying the threshold level of iodine
in drinking water, plants and soils in various
territories for different groups of population, as
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Fig. 2. Relation between iodine concentration in drinking water and thyroid goiter prevalence

well as determination of a combined contribution
of deficiency or excess of iodine and selenium
to the risk of endemic thyroid diseases are the
promising and practical fields of investigation.

The results of such studies will not only sig-
nificantly improve the effectiveness of monitoring
and prophylactics of widespread thyroid diseases
and improve the quality of life, but also signifi-
cantly improve the health state of the population.
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Opaum u3 myreil ypaneHus coepnaernii rsprénbix Merasios (TM) us okpyskatoieii cpejibl sBisiercst 61ocopoIus.
Bonbumtuerso nccaepoBanuii 1o n3ydeHmno 6nocopoIum impoBoNTCs HA MIKPOOPTaHU3MaX, CPe/in KOTOPBIX TN PYIOTIe
MO3UINN BAHNMAIOT MIUKpoMUTeThl. O 06J1a1a10T BLICOKOTT cTerenbio ajlanrannn n ycroitunsocrn K aeficrsnio TM, crio-
COOHBI ARKYMYJINPOBATh 1 TpaHcdopMupoBaTh coeptraerst T'M, pOsIBIISIIOT 110 OTHONIEHNIO K HIM BBICORYIO COPOIIOHHYIO
AKTUBHOCTH. OCOOEHHOCTBIO CTPOEH NS KIETOYHOI CTeHKN MIKPOMUIIETOB SIBJISITCS TpeodiajilaHiie moJncaxapujios, B 4act-
HOCTH, XUTHHA, U TPUCYTCTBIE MEJTAHINHOB, KOTOPbIe MOTYT ydacTBoBaTh B coporuun TM. Brnomosnerysst rpn6os nmeior B
CBOEM cocTaBe pas/inuyHble q)yHKLLMOHaJleble Ipyliibl, JOHOPHbIE aTOMbI KOTOPbIX (Cafl’l‘b[ CBHBblBaH]A}{) 06yc.11015,r1L13310'1‘
cesaspiBanue ¢ wonamu TM. [Tpu srom xaparrep ¢BsA31 MOYKHO O0BACHUTD ¢ MO3UIII TPUHITATIA JKECTKUX T MATKUX KICJIOT
n ocuoBannii [Inpcona. B crarbe npusefén 0030p JaHHBIX JUTEPATYPEI 110 COPOIMOHHBIM CITOCOOHOCTAM MIUKPOMUIETOB
Pas3HBIX KJIACCOB, POJIOB I BUIOB K MOHAM pasaununbix TM.

OcHOBOTIOTATAIOIIMM U JI/ISI TOHUMaHMS [Ipoliecca 6nocopoInm sBJISIIOTCS 3HAHS 0 MexaHu3Me riporecca. Ha ocHose
KJIETOUHOTO MeTaboIM3Ma MeXaHn3Mbl OMOCOPOIINI MOKHO KiIaccudUInpoBaTh Ha He3aBUCHMbIe 1 3aBUCHMbIe OT Hero.
Ha OCHOBE MeCTOIIOJIOKEeH A 611OCOp6LLMl’1 BbIJI€JIAOT: 1) BHYTPURJIETOYHOE HaROILJIeHUe; 2) BHERJIETOYHOEe HaRoIlJIeHne
nocaRAeHNe; 3) COPOINIO 1 OCAKIIeHIe Ha TIOBEPXHOCTH KIETOK. MeXaH3Mbl, OTHOCSIINECS K IIePBbIM JIBYM I'PYIIiaM, 3a-
BHUCHMBI OT MeTab0I13Ma 1 00y CJIOBIEHbI TPOTEcCaMit KOMIIEKCO00Pa30BaAH NS, OCARIEHIA, HOHHOTO 00MeHa; a HOCae/ s
rpyIina MexaHu3MoB — Takske u ajcopouueil (pusmueckast u xemocopoiust). B crarbe paccMoTpeHbl 0CHOBbI MEXAHU3MOB,
X 0COOEHHOCTH, ITPUMEPbl MUKPOMUIETOB, Y KOTOPBIX OHI HCCIe0BAHbI.

Omioit n3 BaskHenmnx xapaxkrepuctuk mporecca coporun TM 6momornueckumn o0beRTaM I SBISETCST 3aBUCHMOCTH
CROPOCTH COPOIIE OT ITApaMeTpoB IIPoIecca, KOTOpast OMICHIBACTCS KNHEOTHUYEeCKNM ypaBHeHneM coporun. B cratwbe pac-
CMOTPeHbI Hanbojiee paciipocTpaHEHHbIe MOJIEH JIJIst ONncaHust GuocopoIMM: MOJIe/IH MICeB/I0-TIePBOTO U TICEBJLO-BTOPOTO
nopsaKoB, ypasuenne Exosmaa n mojens mapabonnveckoit guddysnm.

HKatouesvle croéa: MUKPOMUTICTHI, MOHBI TSZKEIBIX META/LIIOB, OMOCOPOITIST, MEXaHU3Mbl OHOCOPOINN, KUHETHKA
6rocopoII.
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One of the ways to remove heavy metal (HM) compounds from the environment is biosorption. Most studies on
biosorption are carried out on microorganisms, among which micromycetes occupy leading positions. They have a high
degree of adaptation and resistance to the action of HM, are able to accumulate and transform HM compounds, show
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high sorption activity in relation to them. A feature of the cell wall of micromycetes is the predominance of polysac-
charides (in particular, chitin), and the presence of melanins. Fungi biomolecules have different functional groups in
their composition, the donor atoms of which (binding sites) cause binding to the HM ions. The nature of the binding
can be explained from the standpoint of the Pearson acid-base principle (concept of HSAB — hard and soft acids and
bases). The article provides an overview of the literature data on the sorption capacity of micromycetes of various classes,
genera and species to various HM.

Fundamental to understanding the process of biosorption is knowledge about the mechanism of the process. Based
on cell metabolism, biosorption mechanisms can be classified into metabolism-independent and metabolism-dependent.
Based on the location of biosorption, the following are distinguished: 1) intracellular accumulation; 2) extracellular
accumulation and sedimentation; 3) sorption and precipitation on the cell surface. The mechanisms belonging to the
first two groups are dependent on metabolism and are due to the processes of complex formation, precipitation, and ion
exchange; and the last group of mechanisms is also adsorption (physical and chemical sorption). The article discusses
the basics of the mechanisms, their causes, features and examples of micromycetes, in which this mechanism prevails.

One of the most important characteristics of the HM sorption by biological objects is the dependence of the sorp-
tion rate on the process parameters, which is described by the kinetic sorption equation. The article discusses the most
common models for the description of bisorption: the pseudo-first and pseudo-second order model, the Elovich equation,
and the parabolic diffusion model.

Keywords: micromyceles, heavy metal ions, biosorption, mechanisms of biosorption, kinetics of biosorption.

B nacrosiiiee Bpemsi JocTaT0uHO OCTPO CTOUT
npobaemMa 3arpsi3HeHUsI OKPYIRAIONLE Cpejibl
(OC) paznuunbiMu noJmorantamu. K uneny
HamboJiee paclpocTPaHEHHBIX W OTIACHBIX 3a-
rpsizauTesieit OC OTHOCST COeIMHEH ST TAKETbIX
merannoB (TM), Koropbie B ¢HIy BLICOKOT TOK-
CUYHOCTHU, TOABVKHOCTH U OMOAKRYMYJIAIIT
MPECTABIAIOT OTIACHOCTD s uenoBera |1, 2].

Onunm n3 myreit ynanenus TM n3 kommo-
mernroB OC saBisgercs 6mocoporusa. B eé ocrone
JIeSKUT CIIOCOOHOCTD JKUBBIX OPraHN3MOB, IIPEJK]Ie
Bcero Mmukpoopranuamos (MO), arkymyman-

3aKJII0YAETCST B YAAJTCHNN BEIeCTB U3 PacTBOpa
OuoJIOTHUCCKIM MaTepuasiom [J, 6].
WccrenoBamms mo n3ydennio copoImoHHbIX
CIOCOOHOCTENl FKIBBIX OPraHU3MOB HavYaIM aK-
TuBHO PoBONTHCEs ¢ 90-x 1. XX Bera [7]. B mo-
cJIe[IHIe TOJIbl OTMeYaeTCs: Pe3KUIl MobEM Yrcia
MyONWRATIIH 110 61OCOPOTINT B MEIRITYHAPOTHBIX
HayKoMeTpuuecKnx 6azax janubix Scopus u Web
of Science Core Collection (puc. 1).
[IpaxTuecku Bech GuosOTMYECKIT MATEPH -
as umeer onpepenénnoe cpopcrso kK TM. Ilpo-
BeIeHO MHOJKECTBO MCCJIEOBAHUI 10 MCIIOJb-

30BAHNIO PACTUTEIBLHON 1 }KUBOTHOI OMOMAaCCHI,
a Takyke TTPOM3BOJIHBIX TTPOJLYKTOB (Harpumep,

posars TM [3, 4]. Buocopbuust mpepcrasiser
c000¥ (PUBNKO-XUMUUYECKUIT TIPOILECC, KOTOPbIl
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Puc. 1. Yucno nydnukaruii 1o 3ampocy «biosorption» B MeskyHAPOJHBIX HAYKOMETPHUECKIX Oazax
nanubix Web of Science Core Collection u Scopus (1975-2018) (mouck Boinosnen 8.05.2019)
Fig. 1. The number of publications on “biosorption” in the international scientometric databases
of Web of Science Core Collection and Scopus (1975-2018) (search performed 05/08,/2019)
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Xuroszana) B KauectsBe 6mocopoenton. OpHako
OOJILITMHCTBO UCCACOBAHNIT 110 OuocopoIun
TPAJUITIMOHHO MTPOJIOJIzRAeT poBoAnThHes Ha MO,
TIIABHBIM 00pa3oM, Ha DaAKTePHSIX, BOTOPOCIAX 1
MuKpomurerax [J, 8, 9].

Cpean MUKpoOOB-61MOCOPOEHTOR B TTOCTET-
Hee BpeMs JUANPYIONe MO3UINNI 3aHIMAOT
MUKpOCKoTmuYecKue rpudbl. OHU MPOSIBIASIOT
cTabMABHO BBICOKYIO COPOIIMOHHYIO aKTUBHOCTh
K ooapimuacrsy TM [10, 11]. Hekoropbie Bujib
rpuboB 00LIYHO CBSI3aHbL ¢ cybcTparamu, Oora-
teiMu TM, 1 MOTYT flajke paccMaTpuBaThCs Kak
ux runeparrymyssatops [12].

[lens manmoro o630opa — anaans 0cOGEHHO-
CTeil, MeXaHM3MOB I KWHEeTUKN 61ocopoImm Tsi-
FKREITBIX METAJIJIOB MUKPOCKOTTMYECKIM I TpUOaMu.

OcobennocTn MUKPOMUIIETOB.
MuxpomuieTsr Kak cOpOeHTHI
TAKEIBIX MEeTALIOB

Mugpockonunyeckue rpubbl sIBJISIIOTCS
oflHUMM W3 Hamboaee cTaOMIbHBIX W JIOMU-
HUPYIOTUX MpecTaBuTe el MUKPOOMOTHI.
Onu obHapyskeHbl BO BceX dKOCHCTEMAX, TTe
KOJIOHM3UPYIOT MHOTOYNCJIeHHbIe cyOCTparhl,
BBITIOJTHsIsI pazHooOpas3ubie GyHKIun. Muorne
BU/IbI TPUOOB — KOCMOTIOJUTBI 1 Te€HePaTUCTHI,
JAuOO CIeuaancThl, OTPAaHNYEHHBIE B PaCIIpo-
CTPAHEHWN JINIIb ONPeleJI6HHBIM CyOCTpaTOM.
Cpenm nx mecto-oburanmii 00HAPYKEHbI 1 TAKIE
HEOOBIUHBIC, KAK CyXIe apKTUYeCKIe yCThIHN,
AHTAPKTUYECKIe OJUHBI, aPKTHYECKIe JIbb,
CONMOHYAKN W CBEPX3ACOTEHHBIE MIKPOOHbBIE
marbl [13]. MHorouncaeHHb MyTaJIUCTHYCCKIE
cBsi3u TpUOOB ¢ ipyrumu opranuamamu. Opanm
3 APKUX PUMEPOB KOIBOJIONUY TPUOOB 1 Ha-
CEKOMBIX sIBJISIETCS TPUOHAS MIUMITKPUSI TTOJT STHTIa
repmutoB [14].

B ocBoernnn nazeMHoii cpejibl rpudamMm mpo-
CJIeJKUBAETCSI TPU IIPUHIUITNATBHO PA3TUYHBIX
cTpaTernu: akTUBHOTO TPUCITOCOOTEHMS, TTO]I-
YUHEHUs cpejie 1 n3deranust HeOIarompuATHBIX
yeqioBuii [15].

CroJib ske aKTUBHO MUKPOMHUTIETHI 3aCeJISTIOT
W TeXHOTeHHO MPeodpaszoBaHHble TePPUTOPUN.
Jlorazana Beicouaiinias crermeHb WX ajlanTamnm
R JICTCTBITO TTOJTIOTAHTOB TTPUPOTHOTO U aHTPO-
nmoreHHoTo npoucxoskaenns. C ofHON CTOPOHDI,
3TO TIPUBEJIO K HETaTUBHBIM 9KOJOTNYECKIM
MOCJIEJICTBUSIM, TAK KaK BbI}KNBAEMOCTh MITKPO-
MUIIETOB B 3arpsA3HEHHON cpejie CTUMYJIUPoBaIa
1epexo/; MHOTUX, paHee canpo@uTHBIX BUIOB
B paspsj OMIMOPTYHUCTUUECKIX, BbI3bIBAIOIIINX
0oJIe3HM JIIOfIeil, JKUBOTHBIX 11 pacrenuii [ 16—20],
a TaKsKe MOBBIIIeHNe arpeccuBHOCTH PUTONATO-

reroB [21]. C apyroit cToponbl, ompeeaéHHbIe
BU/IbI MUKPOCKOITMYECKIX I'PrOOB MOJKHO pac-
CMaTPUBaTh KaK MOTEHINATbHBIX areHToB O1o-
peMeiaIni 3arpsi3HEHHBIX IOYB BCJIEICTBIE X
CII0COOHOCTH K ITPOJYIIPOBAHIIO OPTaHMYECKIX
XesaTupyromux kucaor |22], 6morpancdopma-
I MUHEPATbHBIX PY/L [ 23], IecTpyRIUI TaKIX
3arpAasHuTesneil, Kak HepTh 1 HePTETTPOTYKTH
[24, 25], mecrurnuuabl [26], cunreTnvueckue
[MOBEPXHOCTHO-aKTHBHBIC BelecTBa [27], apo-
MarudecKue yriaeBompopobl 28], cunrernueckue
nomuMephl [29], a Taksre GUOCOPOITMOHHON aK-
TUBHOCTHU 110 OTHOMTeH o K T M.

[Tounck MO, akkymyaupytomux u rpancgop-
mupyiomux TM ns OC, — ofHa 13 BasKHBIX 337124
o6uorexnosornu. B yactHocTH, MHOTOUKC/IEHHBIE
MOJIe/IbHbIE OTIbIThI 1 110JIeBbIe UCCIeI0BAHNS 110~
3BOJTUJIN BBISIBUTH KPYT MUKPOMUIIETORB, YCTON Y-
BBIX K T'M 11 06/1a1a10 111X BLICOKOI COPOITIOMHOM
AKTUBHOCTHIO 110 OTHOIIEHUIO K HITM.

Hampumep, BoijieieHHbIe U3 PY/IbI U TTAXT-
HBIX BOJT, IIITaMMBI TPHOOB OBIJIN TPOBEPEHbI HA X
CIOCOOHOCTH PACTH TTPU TOBBITIEHHBIX KOHIIEH-
Tparuax Mmean u Hukesst B cpefie [30]. CGpenn rpu-
0O0B, YCTOMUYNBBIX K MEJI, BBIJIJICHBI CIIELYIONT e
supiel: Ulocladium botrytis, Trichoderma viride,
Penicillium chrysogenum var. chrysogenum,
P. decumbens. TorepanTHOCTL K HUKEJIIO TIPO-
ABJSAIN pyrue Bujbl rpubos: P. commune,
P. aurantiogriseum, P. chrysogenum var. chrys-
ogenum, IPUUEM TOCTEAHUN BU YCTOMUYNB KaK
K HUKeJI0, TaK U K MeJ{H.

YceranoieHo, uto Hanboee ToJIePaHTHBIM I
R Cr(T1I), Ni, Fe(IIT), Mn (I1), Cd, mobaBnsiemMmbim
B nousy, Obiu Aspergillus niger, P. oxalicum
n Paecilomyces lilacinus [31].

[Tpu nccnepoBarum BAMAHUSA MUKPOCKO-
nuyeckux rpudos popoB Mucor n Trichoderma
Ha noasmskHOcTh Cu, Zn m Ni B MomenbHBIX
YCJIOBUSIX OBIJIO TOKA3aHO, YTO X JRUBHEesI Te b~
HOCTb BEJIET K YBEJUYEHUIO TOIBUKHOCTU BCEX
M3y4yaeMbIX 3JIEMEHTOB I YMEHBIIeHUTO UX B CO-
cTaBe OPraHmYeCcKOro BEIecTBa, YTo CBSI3bIBAIOT
C pasjioyKeHueM IMOYBEHHOTO OPraHMYeCKOTO
BelecTBa MUKPOMUIIETAMU, 38 CUGT Yero mpo-
nexXomuT npupoct rpubnoii buomaccen [32]. Ha
npuMepe 34 mraMmoB 22 BU0B MULEAUATbHBIX
MOYBEHHBIX TPUOOB B MOJIETTLHOM OTIBITE OBIJI
obHapyskeH (GaKrT X MOJOKNUTETLHOTO XeMOTPO-
nuama K nonam mequ. [lpm srom nabmopanncn
Mopdosornvyeckne n3MeHeHnsi rpuOHOTO MHUTIe-
JUsi, KOTOPble TPOSBJISIINCH B (DOPMUPOBAHUI
MUTICTHATHHBIX TSRO 1 BeIbMIUTHBIX METEN [33].

Haubonee akrnsubivu copoentamu Cu Obiin
mrrammnl Cladosporium cladosporioides n Stachy-
botrys chartarum. CopOrus moHoB Mean OLLTa
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BBIIIIE Y ITaMMOB TPIOOB, BLIJICICHHBIX 3 COBpe-
MEHHBIX [T0YB, 110 CPABHEHUIO ¢ TeMU, KOTOPhIe
BBIJIeJIeHbI 13 apXeojornyecknx moun [34]. He-
OTHOKPATHO OTMeYajioch TOMUHUPOBaHIE I'PH-
608 p. Fusarium B nousax, 3arpssauéaubix TM.
Hampumep, jokazano yBejnvdeHne 4ncJ1eHHOCTH
dysapuymon B ypbanozémax r. HoBocubupcera
[35] u . Mockssl [16].

Yposenb nzsnederns TM n3 3arpsasHEHHBIX
cybcTparoB KosiedJ1ercst B IIMPOKUX IIpejiesax i 3a-
BHCHUT OT MHOTHX (akropoB. Tak, Muxpomuiier
Verticillium marquandii cnocoben moraoraTh 10
80% 7Zn 13 1me109Horo 4épHOTO MiTaKka, KOTOPbIi
SIBJISIETCST OTXOJIOM METAJLTYPTUYeCKUX HPeJpusi-
it u copepskut 20% mnannoro meranaa [36].

[Torasamo [37], 4T0 BBICOKOT COPOTIMOHHOI
criocobnoctbio 1o oraomenuio ¥ Cr, Cd, Pb u Co
obsamanm MUKPOMUILETHI, BhIJleJIeHHbIe 13
CTOUYHBIX BOJI TIPEJIMIPUATHII XUMUYECKON TTPO-
MBIIIIEHHOCTH 1 KOYKeBeHHBIX 3aBojioB. Cpemnn
4eTbipéx BUAOB popa Aspergillus, BbimeseHHBIX
13 CTOYHBIX BOJ[ KOKEBEHHOTO TPOM3BOJICTBA,
A. lerreus popieMOHCTPUPOBAT OTINUHYIO aJicOPO-
IMIOHHYTO0 CITOCOOHOCTH 110 OTHOTIEHNIO K XPO-
my [38]. Orpaborannas buomacca, cojepsarias
MEpTBBIE KiIeTKU A. niger, moKasajaa Xopoiiue
COpOIMOHHBIE CBOIICTBA 110 OTHOIIIEHIIO K MOHAM
srenesa (1) u (111), k monam nuresns |39, 40].

B MopesibHBIX ombITax ObLIO MOKA3aHO, Y4TO
MPU SKCIIO3UINN KYJIBTYpbI Tpubda F. oxysporum
B TeueHune 7 CyT cTereHb U3BJIeUeHUs 13 PACTBO-
POB cyJib(haToB MeJIn 1 HUKEJIsI ¢ KOHI[eHTpaTie
20 M1/ cocrasister st monos mMen 58,8%, a s
nonos Hukens — 36,5% [41].

[Toppobuoe nzyuenme copoLUI NOHOB CBIH-
a muteanem rpuba F. culmorum w3a pactBopa
nurpaTa cBuHI@ ¢ Kourenrparumeit 10 mosn /i
OKa3aso, uro yepes 1 cyr sKcrosuiuu npoumc-
XOJIIJIO CHIKeHUe KoHnentpamnuu Ph* B pac-
TBOpE M HAKOTIJIEHUE DJIEMEHTA B MUTIeJ U |42,
43]. Ilpu aTOM TTOKA3AHO, YTO HAMDOTEE AKTUBHO
MPOTece cOpOMMM MOHOB CBUHIA MUTETNEM
(dysapuyma 1mén B nepBbie MUHYTHI DKCIIEPH-
MEHTa, 3aTeM CKOPOCTh COPOIUE MOCTEIeHHO
YMEeHbBITTAIACh.

B rauecre OuocopbenTa ocobOblil nHTEpEC
MPeCTaBISIOT JPOIKIKI, UTO 00YCJTOBICHO, B
MepPBYI0 OvYepe/ib, UX MHUPOKON TOCTYIHHOCTHIO
" YHUKAJIBHOCTHIO TTPUPOBI JKIUBLIX 1 MEPTBBIX
JIPOYKIKEBBIX KJICTOK, & TAKsKEe MX MYTAHTHBIX TH-
OB KaK KYJbTHBUPYEMbBIX J1a00PaTOPHBIMU Me-
TOJIAMU, TAK U IMOJTy4aeMbIX B pe3yJbraTe 0TX0/a
OpPONMIBHBIX IIPOUBBOMCTB |44, 49]. dpderTun-
HBIMI O11OCOPOEHTAM U METAJITIOB SIBJISTIOTCS JIPOSK-
sy poroB Saccharomyces, Candida, Pichia [46].
[Torazana raxsie BO3MOKHOCTH OMOARKYMYJISITIAT

Cu, Co, Zn u3 Bojibl CyCHIEHNPOBAHHBIMI B Heil
RAaeTkamu pposkskein Kluyveromyces marxianus
[47]. Copormst Cu n Co MEPTBBIMM KJIETKAMUT
ObL1a, coorsercrsenno, na 61 u 75% suie, yem
susbiMu. Ha npumepe nposksreit Rhodotorula
glutinis OBLTO YCTAHOBICHO, UTO OHNM 00JIaat0T
crocobnocThio B Tevenne 10 mun copdupoBarh
80% cBuHIA 13 BOXHBIX pacTBOPOB [48].

[Tokazanbl TOBOJIBLHO BBICOKME 3HAYEHIS
COPOTIMOHHOT EMKOCTH JIJIsT XUMUYECKI MO I-
IUPOBAHHOI JIPOKIKEBOIT OMoMacchl S. cerevisiae
o otrorennio ¥ Pb (270,3 mr/T), Hg (64,2 Mr/T),
Ni (46,3 mr/1), Ag (41,7 mr/1), Pt (44 m1/T),
Pd (40,6 mr/r) [49, 50]. [luBoBapeHHbIe IPOIK-
KU TPOSBUIN ce0si ¢ HamIydiieil CTOPOHbI
B KauecTBe OMOCOPOEHTA PATMOHYKIUOB ¢ EM-
KocTbio 110 ypany 150-360 mr/r u 1o Topuio —
63 mr/r [50, 51].

Kparkuii crimcok MUKPOMUIETOB, JJIsI KO-
TOPBHIX OKA3aH JIOCTATOUYHO BBICOKNII YPOBEHD
nasnedenus coequaenmii TM 13 TOUBBI T BOJHBIX
cpep, MpuBenéH B TadauILe.

B iesiom, caeryer orMernTh, 4T0 KOHKPETHOE
KoJmuecTBo cBsizamuoro TM 3aBucut He T0Jb-
Ko or OuocopOenta (Bup MO, Tun Guomaccsl,
ROHICHTPAIUSA KICTOK, }KU3HECTOCOOHOCTD,
DJIEMEHTHBIIl COCTaB), HO TaKKe OT TPUPOIbI
MOHA MeTaJijia, ero KOHIeHTPAI[N!, a TaKKe
apyrux GUaNKO-XUMHUUYeCKNX (PAKTOPOB TaKNUX,
Kak tTemieparypa pacrsopa, pH, nonnas cumia
U MeIaoiiee BINsHIe HOHOB IPYTUX METAJJIOB,
ROTOpPBIE IPUCYTCTBYIOT B pacTBope [D2].

APderTuBHOCTL MUKPOOHOT COPOIIITH TAKIKe
oTIpejiesisieTcst KOHIeHTpaIneil 0MoMaccehl u Bpe-
MeHeM, B Tedernue Kotoporo MO kKoHTaktupyior
¢ pacTBopoM noHoB Merasia. [lo onpeenénroro
MOMEHTa BO3pacTanme KOJIM4ecTBa MUKPOOHBIX
RJIETOK B ¢pefie MHTeHCUMUIIPYET TPOTIece CB-
3LIBAHMS METALI0B, HO 3aTeM d(PPHEeKTUBHOCTH
copOIN HAUYMHAET TIJIABHO CHUKATHCS B CBA3NU
C HEIIOJIHBIM HCII0JIb30BaHUEM COpOuUpytolei
noBepxHocTi Onomaccenl. Poct Bpemenu skcmosu-
Y BHAYAJE PEe3KO YBeInInBaet 3(pOeRTuBHOCTD
OuocopOIMM, a 3aTeM KpuBasi UX 3aBUCUMOCTH
BBIXOJIUT HA MIJIATO B TOYKM MCUEPHAHUS aicopO-
HUOHHON éMKocTH Ouomacchl [d3].

Mexauuszmbl Ouocoponm

[Tornmanne MexaHnsmMoB GMOCOPOIIN SIB-
JISETCs OCHOBOIOJATAIONAM JIJIsT OTITHMI3aTN
eé mpumenenns. Tak, ecan Mexanuzm 6mocopo-
[ OCHOBAH HAa MOHHOM OOMEHe, TO, U3MEeHSIs
MOHHYIO CHJTy PacTBOpa, MOYKHO BJIUATH HA 110-
rmomenne Metasra. Berbop meroma mecopormm
TaKsKe 3aBUCUT OT 3aJIeIICTBOBAHHOIO MeXaHI3Ma.
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Tadmmma / Table
Mugrpomuiiersl — coOpoeHThI COSIIMHEH NI TSRETBIX METAJITIOB
Micromycetes — sorbents of heavy metal compounds
Rnace, pon, Bup CopOupyemblii jieMeHT Jlureparypubiii

Class, genus, species

Sorbed element

ucrounuk / Reference

18

Zygomyceltes

Rhizopus arrhizus Ag, Au, Cu, Ni, Pb, Cr [54-57]
R.delemar Cu, Ni [58]
R. nigricans Cr [59]
R. stolonifer Pb, Hg [60]

Iposxskn / Yeast
Saccharomyces sp. Ag, Cd, Cr, Co, Ni, U, Pb, Th, Zn [61]
S. cerevisiae Cd, Mn, Cu, Pb [1,62,63]
Candida sp. Ag, Cd, Cr, Co, Ni, U, Pb, Th, Zn, Ni [61, 64]
Pichia sp. Ag, Cd,Cr, Co, Ni, U, Pb, Th, Zn [61]
Kluyveromyces marxianus Cu, Co, Zn [47]
Rhodotorula glutinis Pb [65, 66]

Ascomycetes

Penicillium sp. Cu, Pb, Cd, Zn, Ni, Co, Hg, Mn, Ag, Cr [55, 67 69]
P. canescens As, Cd, Fe, Pb, Th, U [70-72]
P. janthinellum As [73]
P. ochrochloron Mn [1]
P. aurantiogriseum Hg, Cd [74]
P. purpurogenum Cd, Fe, Pb, Th, U [70, 71]
Aspergillus sp. Cr [38]
A. niger Cu, Pb, Cd, Zn, Ni, Co, Cr, Mn é%: gg: ;l(.)): ggi
A. sydowii Cu [30]
A. versicolor Cu [30]
A. terreus Cu, Ni, Au, Ag, Cr, Hg [38, 54, 77]
A. tamarii Cr [38]
A. flavus Cr [38]
Trichoderma Pb [38]
T. viride Cu [78, 79]
T. harzianum
T. virens Cu, Pb, Zn, Ni [80]
T. aureoviride
Cladosporium sp. Cu, Pb, Cd, Zn, Ni, Co [67]
C. cladosporioides Cu [81]
Alternaria sp. Cu, Pb, Cd, Zn, Ni, Co [67]
A. alternata Hg, Cd [74]
Ulocladium sp. Cu, Ph, Cd, Zn, Ni, Co [67]

Deuteromycetes
Fusarium oxysporum Cu, Ni [41, 73]
F. culmorum Pb [42, 43]
Verticillium marquandii 7n [82]
Beauveria bassiana 7Zn, Cu, Cd, Cr, Ni [83, 84]
Metarrhizium anisopliae Cd, Pb [84]
Botrytis cinerea Cd, Cu [85]
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Hampumep, cBsizbiBare Metajia ¢ KHCJTOTHBIM I
IpyIiaMu MOMKeT ObITh YCTPAHEHO CHUMKEHUEM
pH u niporonupoBanmem aTUX rPYIIIL.

Brisasuth, Kakoit Mexanusm copoIum xapaK-
TePEeH JIJisl TOTO NN WHOTO cCOPOeHTa, JOCTATOYHO
caoskH0. Bo-1miepBrix, 60COPOEHTHI coftepsKar
pasInyHbIe TUIIBI KIeTOK, COCTOSIINX 13 MHOKe-
CTBA MOJICKY.T, COJlePIKAIINX HECKOIBKO Y4aCTKOB
(caiitoB) cBs3biBaHUA. Bo-BTOPBIX, mayke oimH
CAIIT CBSA3BIBAHIS MOKET y4acTBOBATD B PAa3/IN-
HBIX MexaHusmax. Hanpumep, kapOoKkcuabHbie
IPYIIBI CIIOCOOHBI K KOMILIEKCO0OPa3oBaHMIoO,
K DJIEKTPOCTATHYCCKOMY HPUTSKEHUIO NOHOB
TM. B-tperbux, MeXxaHU3M MOMKET OTIPeIeJISIThCS
BHermHuMn yeaosusmu (pH epepibr, remmieparypa,
apparnus n T. m.) [52].

OcobeHHOCTH KIACTOYHON CTEHKU MHKPO-
mureToB. Hierounas creHka siByisieTcsi mepBbIM
KJIETOYHBIM KOMIIOHEHTOM, KOTOPbIil B3anUMO-
peiictyer ¢ monamu TM, nrpas BasKHyI0 poJib
3aIUTHOTO CJI0ST 1 Dapbepa Ha ITyTH TOKCHYHBIX
merastos [80]. [lo 90% wreroumnoii cremkm rpu-
00B cocTaBsIOT oancaxapubl [86]. Kiuerounbie
CTEHKN MUKPOMUIIETOB MOYKHO paccMaTpuBaTh
Kak BYX(asnyio cucreMy, cOCTOSIIYIO U3 XH-
TUHOBOTO KapKaca, BHEJPEHHOTO B aMOpP(HbBI
noJucaxapuHbiii MmaTpuke [87].

XUTHH— 3TO eJJMHCTBEHHBIN IMOJIMcaXapul,
B MOJIERYJIe KOTOPOT'O NUMEEeTCsi a30T, BXOJIAIIII
B areTmaaMunyfo rpynmy (puc. 2), dmarogaps
qeMy XUTHH 00Jamaer BRICOKON COPOIMOHION
c1ocoOHOCTRIO BeeicTBre XeqaTupoBanus TM.
MwukpodubpuanspHoe cTpoeHne XUTHHA B KJTe-
TOYHO CTeHKE CO3[1aéT OrpOMHYIO COPOIMOHHYIO
MOBEPXHOCTH. 'eoMeTpuuecKkas maomab 1mo-
Bepxuoctn Mukpoguoput gocruraer 1000 m?/1
KJaeTounbiX creHok. HeGonbimoe paccrosimme
meskay murpogubpuanamu (5—10 um) rapan-
THPYET BBICOKYIO BEPOATHOCTH 3aXBaTa MOHOB
TM, npoxojsiux B pacTBOpe uepes KJAeTOUHYIO
crenry |88].

OnuuM 13 myreit TpakTuYecKoOro NeIoib30-
BaHUs IPUOHOTO XUTHHA SIBJISIETCS TMOJydeHne
XUTO3aH-TJIIOKAHOBOTO KOMIIJIEKCA HA OCHOBE
A. niger u M. rouxii [89, 90]. Obpabdorka
rpuOHON MUIEJNAJbHON MAacChl KOHIIEHTPH-
POBAHHBIMI PACTBOPAMU IEJI0UYCIl TTPU BBICO-
KIX TemIiieparypax mpuBOauT K 00pa3oBaHMIO
KOMILIeKCa OIOTIOJIMMEpOB, ITPEBOCXOJISIIETO 110
COPOIMOHHBIM CBOMICTBAM XUTO3aH }KUBOTHOTO
MIPONCXOK/eH TS,

Kpome xutuna, B cocraBe BHYTpPEHHEro
CJI0sI KJIETOYHOTl CTEeHKHU MOTYT IPUCYTCTBOBATH
IeJITI0JI03a, MHOTTIA HEeleJLTI0N03HbII B-TTIoKaH
(mamrpumep, y Saccharomyces) [86]. Hapysmmoiit
CJIOTE COCTOUT B OCHOBHOM 13 TJIFOKAHORB, HO TAKIKE

CHs
OH O
NH
HO @) o)
NH
e} OH

Puc. 2. Crpykrypras popmysna Xurnna
Fig. 2. Structural formula of chitin

MOSKeT CojiepsKaTh MaHHAH, Ta/IaKTaHbl, XUTO3aH
(marrpumep, y Mucor, Rhizopus), rmukoren u goc-
(paruposammbie oancaxapuns [91].

Emé opna rpymnmna coefgnueHuii, KOTopbie
BbIpadATHIBAIOTCS TPUOAMI B OTBET Ha JleiiCTBIe
TM, — 510 MesaHWHBI, (PEHOILHBIE MOJTERYIIBI,
CBsI3aHHBIE ¢ RJIETOUHOIT cTeHKkol. Hekoropbie
MeJIAHUHBI MUKPOMUTIETOB sIBIsSTOTCS D PeK-
TuBHBIMU Ouocopoepamu mepu [91-93]. Oona-
PY/REHO, UTO MeJITAHN3NPOBAHHBII p30MOPQHBIIH
mutiennit Armillaria Spp. ROHIIEHTPUPOBAJT MOHBI
Al, Zn, Fe u Cu B 50—-100 pa3s Bwitiie ypoBHsi, 00-
HapyKeHHOTO B OKpYsKatoteii mouse [94].

Mopuduranus KIeTouHONl CTeHKN U Tpub-
HOIT OmomMacehl mMyTéM Guamdeckoro (aBToORIA-
BUpOBaHNE) WM XUMUYECKOTO (MUHepaIbHbIe
RUCJOTHI, TEJI0UN, XeJATUPYIOIine areHThbl)
BO3JIEHICTBUSI CIIOCOOCTBYET YCUJIEHUIO COPOILi-
onnoit akrusroctu 59, 70, 95, 96]. Taxk, nocie
rnpejBapureabHoil 00padboTKku buomacchi A. niger
MUHePAJTbHBIMI KICJIOTaMW W aBTORJIABIPOBA-
nuem yposenb omocoporun Cr(VI) yBenmumics
¢ 2,16% o 86,88% [97].

BaanmopieiicTBie Metasia ¢ KJI€TOYHOI CTeH-
KOIi rpuOOB IpeJIIoIaraer CJa0KHbII MeXaHU3M,
ROTOPBIT BKJITOUAET B ¢e0S1 MOHHBIIT 00MEH, KOM-
mIeKcoobpazoBamme, afcopoInio M OCaRIeHIe
[80]. ITonmcaxapuybl U TITKOTTPOTEMHBI KICTOYU-
HOTI CTeHKM Y4acTBYIOT B cBsi3biBanuu TM 3a cuér
(DYHRITMOHATBLHBIX TPYIIIL.

docdarapie 1 KApOOKCUIbHBIE TPYIITIHI
TJIIOKYPOHOBOT KUCJIOTHI OTBETCTBEHHBI 3 OT-
puUIaTeqbHBI 3apA/ Ha KJIETOYHON CTeHKe
MUKPOMUIIETOB, aMITHOTPYIIIHI XNTO3aHa — 3a
nonoskuTenbubiii 3apsan [86, 98]. [lomumo
DIIEKTPOCTATIYECKOTO ITPUTSREHM S K 9TUM 3apsi-
JKEHHBIM I'PYTIIIaM MOKeT BOSHUKHYTh KOMILJIeK-
coobpaszosanue ¢ jonopamu N uian O (Hanpumep,
xutnHa) [98]. BeicBoboskmeHHbIe MeTaboIUThI
MOTYT PUBOMTH K MUKPOOCAKIEHITIO (OKcaia-
Thl U3-34 [[aBeJIEeBOIl KIUCJIOThI, CYJIb(U/bl N3-3a
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H,S) nin Xenaruposanue (JIMMOHHAs KUCJIOTa,
cuyiepodopsbr).

Caitrer eBaspiBanus. CiiocodHOCTH K O10-
copborimn TM MurpommmeraMmm sBJIACTCS CJe/-
CTBUEM NOHHOTO B3anuMojieiicTBust 1 popMupoBa-
HIUST KOMIIJIEKCHBIX COeJIITHEHMIT MesRILY MOHAMUI
MeTaJJIOB U (DYHKIIMOHATBHBIMU TPYIHTAMU
MOJNMEPOB KJIETOUHOU CTeHKN: MIPOKCUIb-
HBIX, KaPOOHMIbHBIX, KAPOOKCHIBHBIX, CYIb(-
TUAPUIBLHBIX, THODPUPHBIX, CYIbHOHATHDIX,
AMUHHBIX, UMIHHBIX, aMI/{HBIX, TMU/Ia30J1bHbIX
u ap. [70, 99, 100]. Brnag ¢dyHRImoHa IbHbIX
rpynn B 6uocopormio monos Cu?*, Cd** u Pb*
npozsramu S. cerevisiae paznuuer, oH yoObiBaer B
PALY: KapOOKCHIIbHBIE TPYIITIBI > aMUHOTPY b >
bochopunbubie TpynIbl > cyILPrugpUILHBIE
rpynmbl > Junuibl [44]. XuMudeckue Tpymnib
OMOTIONNMEPOB CO/lepKAT CANThl CBs3bIBAHNS,
RKOTOPDIe 00eCTIeUMBATOT ATOMBI JINTATIA, 00pas3yst
ROMIIJIEKCHI ¢ moHaMmu Merasiyion [101].

Buocopoims TM 3aBucur ot KoamdecTsa
caiitoB B MarepuaJse ouocopoeHTa, XuMmIecKkoro
COCTOSTHUSI caiiTa M ero JOCTYIHOCTH, CPOJCTBA
mesrny catitom u TM, 1. e. cunet crienisienns. Teo-
peTnyecKu JOCTYIHO KOBAJICHTHOE CBS3bIBAHIE
TM naske yske co cBsizanubIM caiitom. Cunraercs,
4TO JITIST HJIEKTPOCTATUYeCKOTO CBSI3BIBAHUS CAMT
JOCTYIIEH TOJIBKO IIpK ero noHusarun [7].

Cponerso pazauunbix TM & 6moMoserkynam
3aBUCUT OT UX HPUPOJLI 1 OMOMOJEKYISIPHOTO
nauranzga. CoracHo Teopuu MATKUX U JRECTKIX
kucaor mocnosannii I'. H. JInonca, sce morer TM
ABJISATOTCA KUCTOTaMU (QKIeNTOPaMU TTaphl K-
TPoHOB). VX MOKHO pasmesuTh Ha TPU TPYIIIIDL:
srécTrITe Kueaorel, kiaace a (Co*, Fe?r, Cré', Sr?t);
markme, kiace b (Ag*, Cu*, Hg*, Hg*, CH,Hg",
TI*); npomeskyrounnie [102, 103]. Katuonsl, or-
HOCSIIIeCs K TPYyIIe RECTKIX KUCTOT, 00bIYHO
HEeBeJINKI, 00/1a/Ial0T BBICOKOIT 3JIeKTPOOTPHUIIA-
TeJTHLHOCTHIO U HU3KROT mosstpudyeMocthio [ 104].

Paznuuus Mesy IpoMesKyTOUHbIMU 1 3KECT-
KUMU KUCJIOTAMI JOCTATOYHO BEJNKO, OJTHAKO
Pa3IMUMs MeJRILY TPOMEKYTOUHBIMI 1T MATKIM U
KUCJOTaMU He CTOJIb 3HAUNTEeNbHO. « MATROCTE»
BO3pacraer B caemyiommeM psy: Mn?t < Zn?t <
Ni** < Fe** =~ Co*" < Cd* < Cu*" < Pb*". Mowwr
MeTaioB KoHKypupytor ¢ H* 3a caiirel B jiuran-
nax, a H* pakrmaeckn mosker paccMarpmuBaThes
rak pomeskyrounniii nou [105]. CregoBaresnho,
MOBBICHNE KUCIOTHOCTU HPUBOJUT K HPOTO-
HUPOBAHWIO JINTAH/IA-aHNOHA W K YBEJTNYeHN IO
ROHIeHTpAInu ¢cBoboHoro norna merasa [103].

Xaparrep ¢cBA3Y PN OMOCOPOITNN YACTHUHO
00'bsICHsIETCST TIPUHIIUTIOM JKECTKUX U MATKNX
kucsor u ocuoBanmii [lupcona [102, 106]. Msr-
KIe KUCJIOThI Pearnpyor ¢ MATKUMI OCHOBAHUsI-

MU, COJIePKATIIME THOI(DUPHBIE, TMUTA30JIbHbIe
n SH-rpynnel. fHéctkne Kucaorsl pearupyror
C KECTKUMI OCHOBAHUSIMU, COJepPKANUMNI
KUCJOPOJ, TUPOKCUJIBHO, cyJib(POHATHOIL,
KapOOKCUIbHOI, KapOOHMIBbHOI IPyHTIaAMHU.
[TpomeskyTouHBIE KICIOTHI BCTYIIAIOT B peaKIIH
¢ MPOMEKYTOUYHBIMI OCHOBAHUSIMU, B COCTaB
KOTOPbLIX BXOJAT aMUHHbICe, aMUIHbIEe N1 MMIWH-
weie rpynmel [02]. Takum obpazom, cyrecTByer
onpepgenénnoe cpogcrso nonos TM K cepo-,
a30T- U KUCJOPOJCOAepsKauM (QYHKITHOHAb-
HBIM rpynmaMm omomoserys. «Récrkme» monn
B OCHOBHOM JIeMOHCTPUPYIOT HOHHOE CBSI3bIBA-
HIe, B TO BPeMs KaK «MSATKIE» — HPOSBISIOT
ROBAJIGHTHBIT XapakTep cBs3n [86].

Ruraccupuranms mexannuamoB 0mocopo-
muu. [[ns 6uocopbinm MmoskeT ObITh HCII0JIB30-
BaHA KaK «;KUBasi», TaK 1 «MEpTBasi» O1momacca,
a TaksKke TpeBapuUTeNbHO XUMUUYECKN oOpa-
oorannasi 6uomacca. Venosb3oBanme sKIUBBIX
MO 6omee TPYTOEMKIIT TPOTECC: HEOOXOTITMO
MPelyCMOTPeTh CUCTEeMY X jKu3Heobecieue-
Hust, pasmuoskenust u gecopouun TM. B essizu ¢
ATUM rpuMenenue HeskuBbIXx MO B TexHoI0TH-
YeCKNX Mmporeccax 6osee peHradebHo 1 MeHee
3arpartHo [49].

YpoBeHb copdIIm JKUBOI HUOMACCOT BO
MHOTHUX CJIy4asiX OKa3bIBAeTCs BhIIIIe, YeM Y He-
sruBoii. [lokazano, 4o cyxume rmekapckme Jiposk-
K1 copompytor Tosrbko 22—27% TM u3 3arpsis-
HéHHBIX BOJT, B TO BpeMA KaK ITPU NCITOJIb30BaHU M
JKIBBIX KJIETOK YPOBEHb COPOIIU COCTABIISIET OT
65-99% [63]. Mexanusm copouym TM sruBLIME
MPOYKIKAMY OTJIMYAETCS TUHAMITYHOCTHIO 38 CUET
o0Opa3oBaHus PasINIHbIX BEIeCTB, YUacTBYIO-
MUX B eTOKCHKAIMK (TJIyTaTHnOH, MeTaJIoTHo-
HenHbI, PUTOXETATHHDL 1 JIP.).

Ha ocHoBe Kiaerounoro merabosimama Mexa-
HU3MBI OIOCOPOINT MOFKHO KIACCUUITNPOBATH
Ha He3aBUCUMbIE U 3aBUCUMbIE OT Hero [9, 9, 99,
107-109].

Mexanuambl, He3aBUCHMbIE OT METAOOIN3MA,
XapaKkTepHbI KaK JJIs 3KUBBIX, TAK U JIJIsI HEHKI-
BBIX KJIETOK, OHU BRJIIOYAIOT HecHeru@uieckoe
CBSI3BIBAHNE METAJJIa ¢ KJIETOUHBIMI TTOBEPX-
moctsamMu MO, caoamMu camsu, BHEKJICTOUNLIMI
MarpuiamMu u T. J. (MaccuBHOE MOMIONeHNe)
" OCaskIeHme Ha MOBEPXHOCTH MUKPOOHOI
raerku [110]. Jlannbrit mporece nporexaet j1o-
CTATOYHO OBICTPO, 0OPATHMO U He 3aBUCUT OT
remmeparypst [111, 112].

Mexanuambl, 3aBucuMbie 0T MeTabOJNM3Ma,
XapaKkTepHbI TOJTLKO J1jis1 skuBbiX MO, B ux ocHO-
Be JieskuT epenoc oo TM uepes KJIeTOUHYIO
MeMOpaHy, BHYTPUKJIETOUHOE TOTIOTIeH e 1T Ha-
romenne (onoarkymynsiums) [109, 110]. Rar
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MPaBUIIO, OMOAKKYMYJISAIIA TPOUCXOAUT ¢ Hostee
HUBKOI CKOPOCTHIO, 4eM OHOCOPOIsT «MEPTBOIT»
ounomaccoii [113].

Corsacno Kiaaccm@uKaImm Ha OCHOBE
MECTOTONOKEHUSA OMOCOPOIUN BHIEISAIOT
caeayione Mmexaunnambl: 1) BHyTpuKIeTOUHO®
HakoIieHne; 2) BHEKJICTOUHOE HAKOIJICHNE 1
ocaykeHue; 3) copOIus U ocaskeHne Ha 10-
BEPXHOCTH KJIeTOK. MeXaHM3MBbl, OTHOCAIINECS
K TePBLIM IBYM IPYITTIAM, ABIAIOTCS 3aBICTMBI-
MIT OT MeTabOaN3Ma 1 00YCAOBICHLI IPOTIIECCaMI
KOMILTEKCO0Opa3oBaHMs, OCAKICHIST, MOHHOTO
obMeHa; a MoCJAeHsAs IPyHna MeXaHn3MoB —
Takke u agcopobnmeii. Ha pucynrax 3 u 4
npejcraBieHa 6JOK-cXeMa 1 cXxeMaTudecKast
WJIATOCTPATA MeXaHu3MoB Omocoponum mo

[4]; Ha pucyHKe O — cXeMbl, UJLTIOCTPUPYIOTITE
CYIHOCTH HOHHOTO oOMeHa (a), agcopbuun (b)
n ocasRIeHus (¢).

Mexanuswm ynanenust mequ A. niger B ocHOB-
HOM OOYCJIOBJIEH aKTHBHBIM MeTaboIndecKuM
1POTECCOM, TIPUBOMSAIINM K BHYTPEHHEMY I10-
ranomenmio Mmeramaa [ 114]. Hakomnernme meran-
JIOB BHYTPU KJIETKU MOJKET ObITh Pe3yJbTraToM
OMOAKKYMYJISII, MEIJIEHHOTO MeTab0JIMYeCcKu
3aBUCUMOro Mexanusma ynajaenus [115].

Pryrb, kapmuii, cepebpo, ypan copoupyiorest
rpubamMu B OCHOBHOM Ha IOBEPXHOCTU KJIETOK,
JIMIIH YaCTUYHO TPOHUKAs BHYTPh. Vlonbr mejn,
IMUHKA, HUKeJs, Kobajbra, MapraHiia daie
TpaHcroptupyiores B kierry [116]. B pabore
[83] mns ynamernus TM us pactBopa, copepska-

MexaHHU3MBI OHOCOPOITHH
Biosorption mechanisms

«KUBas» OHomacca
living biomass

«MEpTBas» Ouomacca

dead biomass

3aBUCHMBIE OT METabO0IN3MA
metabolism dependent

HE3aBHCHMEIE 0T METabOoII3Ma
non-metabolism dependent

\

—

intracellular accumulation

BHYTPHUKIIETOYHAS aKKYMYIIALHS | | BHEKJIETOUHASA aKKyMyJIALUS/ OCOKACHIE
extracellular accumulation/precipitation

COpOIH MOBEPXHOCTHIO KICTKH/OCaKICHUE
cell surface sorption/precipitation

X |

TPAHCIIOPT Yepe3 KIETOYHYI0 MeMOpaHy
transport across cell membrane

KOMIUIEKCO00pa3oBaH¥e
complexation

OCaXKICHUE HOHHBIA 00OMEH
precipitation ion exchange

ancopOIus
adsorption

Puc. 3. Biok-cxema mexanuszmoB 6uocopoiiun [4]
Fig. 3. Block-diagram of biosorption mechanisms [4]

Cnoif skHAKOCTH
Ha MOBEPXHOCTH KJIETKH

TpaHCIOPT "epe3 KICTOIHYI0 MeMOpaHy
Transport across cell memebrane

OcaxnaeHue Ha
TOBEPXHOCTH
Surface precipitation

®@ ™
OYHKIMOHANLHEIE TPy
unctional groups

obpazoBaHue
Complexation

QuspgecKasn ancopomis
Physical adsorption

e® — ap .
Bryrpuxnerounas
AKKYMYJIAIHST

Intracellular
accumulation

HonHE1 06MEH
Ion exchange

PactBOp
Bulk liquid

Diffusion

ITon transport

BHEKIETOUHOE OCAK/ICHIE
Extracellular precipitation

Pue. 4. CxemaTnueckas nnocTparusi OCHOBHBIX MeXaHU3MOB 6uocopoIinm [4]
Fig. 4. Schematic illustration of the main mechanisms of biosorption [4]
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Adsorption
b Langmuir model @)

SAME
species
0 P

Puc. 5. CymnHocers MexanuamoB 6uocopOIum: a) HOHHOro 00MeHa; b) agcopbiini; ¢) ocaskuenus [2]
Fig. 5. The essence of the biosorption mechanisms: a) ion exchange; b) adsorption; ¢) microprecipitation [52]

mux cpasy Heckosabko nouos (Zn(Il), Cu(Il),
Cd (I1), Cr(VI) u Ni(1l)), ncionbzoBan Mmukpo-
muiier Beauveria bassiana. Bbuiio ormedero,
4T0 3HAYNTeIbHAS YacTh MoHOB Zn (10 41,8%)
u Cr(VI) (mo 37,9%) ynausiercs 3a cuér 6uo-
copoiyun. [lormomenne Cd, Niu Cu B ocHoBHOM
ormpesessiercs ormoakkymy saiueit (73-88%).

Tpancrnopr TM uepes kiaeTounyio memopa-
ny. Rarmonwsr TM moryr mocrymnath B KiIeTKn
nyrém auddysnun yepes KICTOUHYIO CTEHKY
[117]. Ha nornomenune nonos TM cusnbuo
BJIMSIET TIPOHUIAEMOCTh KJIETOYHOI MeMOpaHbl
[118]. Rak npaBuso, nponnkHoBenue nonos T'M
BHYTPb KJIETOK }KIUBBIX OPraHU3MOB ITPOUCXOJIAT
110 MeXaHM3MY aKTHBHOTO TPAHCITOPTA, KOTOPbIT
UCTIOJIL3YTCsT LIS Tepeiau MeTadoJTndecKu
BaskHbIX monon (Na*, K*, Mg?"). ¥ mukpomurie-
TOB DTOIT CCTEMOTI SIBJISIETCS CMCTeMa TPAHCTIOpPTa
Mg?*, aunorga Mn?* u Ca®>* [116]. Tpancnoprubie
CHCTEMBI DTHX METAJJIOB MOTYT «OINOATHCS»
B ipucyrcTBun nonoB TM Toro ke 3apsija n moH-
HOTO pajinyca 1 y4actBoBath B Tpancropre TM.
Kpowme Toro, nmerorcsi janHble, 4YTO OT/Ie/IbHBIE
noubl TM MHAYIMPYIOT CBOW CUCTEMbBI TPAHC-
mopra [107]. Tlepermocunkm MOTYT COCTOATEL M3
BCEX TPAHCIIOPTHBIX CUCTEM € MeTadoInYecKoi
cesizbio 1 H'-rpapguentom [S80].

Mexanusmbl CBA3BIBAHNA
TSREIBIX MCTAIIOB

Honnbnii oomen. Vonnbiii o0Men 3aKiioda-
ercs B 3amene nonon (Na*, K¥, Mg, Ca®" u ap.)
B copOeHTe, KOHTAKTUPYIOIEM ¢ PACTBOPOM, Ha
unoubl TM. I'taBHOIl ABUMKYIIEN CUTION TAaHHOTO
MeXaHM3Ma ABJSETCS MTPUTAKEHTIEe MOHA MeTaJIIa
K 6uocopbenry. B xopie nornnoro oomena TM 3a-
PATT MOHOB, MOTIOIMEHHBIX O1TOCOPOCHTOM, PaBeH
3apATY BHICBOOOKIACMBIX MOHOB. ITO TTPUBOIIT
K TOMIePRATNI0 HeATPaJILHOTO 3apsama 0mo-
copbenta. TepmMun «MOHHBIIT 0OMEH» SIBHO He
uaeHTH@UIIpPYeT Mexannam cBsazpiBanus TM ¢
01OMACCOI, TOCKOALKY TOUHLIN MEeXaH3M MOJKET

3aKJII0YATHCS B 0OPA30BAHUN XUMUYECKUX CBsI3€i
TN DIEKTPOCTATHIeCKOM B3anmopeicteum [117].

[Tommcaxapumnt kiaerounoi crenkn MO yua-
CTBYIOT B TIpoIfecce 0OMeHa NOHOB JIBYXBaJICHT-
HBIX METAJIJIOB ¢ MPOTUBOMOHAMMI M3 aKTUBHBIX
IPYIIT TOJMCAXapuIoB TaKNX, HAIPUMep, Kak
anpruaoBas kucnora (Alg) [119]:

2NaAlg + Me* & Me(Alg), + 2Na*

[Tomarator, 4yro 60JBINONI BRI/ BO B3AUMO-
MIeCTBYST MEFKILY METaJIJIoM U MUKPOMUIleTaMu
Kak copbeHTaMu MPUXOJIUTCS HA MOHHBIIT 0OMeH,
MOCKOJIbKY B IIPOIecce cOpOIi YMeHbIIIaeTCs
Beanunua pH m3-3a BeIXosa MPOTOHOB, HATIPU-
Mep, 13 RapOoremIbubIX Tpyn [120].

[Tokaszano, 4To Ha KJIETOYHOIl CTEHKE
M. rouxii npoucxomut samerna K* u Ca®" ma Ph*",
ATO TO3BOJISIET MPEAMOJOKITH, YTO MOHHBII
0OMEeH SIBJISICTCS OHUM 13 JIOMUHUPYIOTINX Me-
XaHU3MOB OuocopOIMu MertannoB. Ormeuaercs
yBesnuenne BeicBoOOsKmernss H', Mg* u Ca**
€ COOTBETCTBYIOIMM YBeJHUeHEM OMocOpPOInn
Ag S. cerevisiae [121]. Jlanubie 0 BBIXOJ1€ OJIHOBA-
JIEHTHBIX 11 JIBYXBAJIEHTHBIX HOHOB BO BpeMsi O110-
copoOIIN TOATBEPKAIOTCS NHCTPYMEHTATbHBIM
amanmsom [122]. Ormeuaercs, uto B ocHOBE 6110-
copouun Cu?* rpubamu Ganoderma lucidium n
A. niger qe;KUT MeXaHU3M HOHHOTrO oOMeHa [123].

AKTYanbHOCTD JJIEKTPOCTATHYECKOTO TIPUTSI-
JREHTIS JIIs1 OMOCOPOIIYI 3aBUCUT OT TOTO, SIBJISI-
I0TCSI JIN CANTHI CBSA3BIBAHIS MOHU3UPOBAHHBIMI,
3aHATHIMI TTPOTOHAMY WJIN JAPYTUMU MOHAMMU.
Jro, B cBOIO Ouepesib, sapucut or pH u pK, coor-
BETCTBYIOIIEN IPyIITTbl. AMUHHBIE TPYIIIThI 10JI0-
FRUTEJTHLHO 3apsAKeHbl B CBOei TPOTOHNPOBAHHOI
opme 1 HENTPaIbHBI TIPH JIETTPOTOHMPOBAHNN.
Rapbokcunbusie, cyabdarubie n pocdarube
IPYIIIBL SBJSIOTCS HEHTPATbHBIME TP TTPOTO-
HUPOBAHWHT U NMEIOT OTPUIIATeTHHBIIN 3a P TTPH
nernporoHupoBanun [92].

B nesom, snerTpocraTuvueckn ¢BsA3aHHBIE
MOHBI HE MOTYT BBITECHSTH KOBAJEHTHO CBSI-

Teoperuueckast u npurnamuas sroaorusi. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2



TEOPETNYECRUE ITPOBJIEMbI OROJIOTN

sanmbie nonbl. Kak Habao1anoch B HEKOTOPHIX
CJIyYastX, BHIXOJ IPOTOHOB MPOMCXONI TOJIbKO
npu norsomennu TM, a He nmpu moraomennn
A6TKuX MetanaoB. [[ocKOMBKRY MTPOTOHDI CBsI-
3aHbl KOBAJEHTHO, NOHBI TM MOJKHBI CBA3BI-
BaThesA OoJiee KOBAJTCHTHO, YeM MOHBI JTETKIX
meragron [117].

DusnuecKass 1 XuUMUYeCcKas ajgcopous
(xemocopomust). CyrecTByior jiBa myTH, 1Mo Ko-
TOPBIM TTPOUCXOJUT COPOIHS HA MOBEPXHOCTH:
1) pusnveckas agcopoiusi, ObicTpast, obpaTumMast,
obycaoBieHHas Hecnen@UIeCKUMNI CUTaMI
npursskenns (Hanpumep, cunamn Bawm-mep-
Baanbca); 2) snekrpocrarnyecras ajgcopoius
M3-3a KYJOHOBCKNUX CUJI TIPUTSIKEHUS MY
3aPSAKEHHBIMU PACTBOPEHHBIMI BeIeCTBAMMU
n agcopoupyiomnieit pasoii, 00LIYHO OBICTPAs 1 B
3HAUNTeNIbHOT cTeneHn ooparumast [02, 117, 124].

Duauveckast agcopoIms HecnenuduuHa.
Cunnl Bau-nep-Baanbca, npursrusaioniue
MOJIeRYIBI K TTOBEPXHOCTH TBEPIOTO Tesa, OT-
nocurenbuo caaboi. 1o cBoeill npupoae ona
aHAJOTMYHA MPOIeccaM KOHIeHCAINN apos
agicopOara. [losromy rertora eé 6im3Ka K Terio-
Te RoupteHcanum u cocranysier 0—40 kI /mMonb.
@usnyeckast agcopoOIUs OBICTPO YMEHbIIIAeTCs
MPU TTOBBITIIEHN T TEMITePATYPhI.

Brickasamo npepmonoskente, 4to 6mocopo-
mus U, Cd, Zn, Cu n Co nexxusoil 6uomaccoi
rpUOOB TPOMCXONT OJTATOAPSA DMEKTPOCTATH -
yeckoMy B3ammojetiictsuio nonos TM ¢ wie-
TOUHBIMU CTeHKaMU MUKPOOHBIX KiIeTor [123].
B ocuore 6uocoporum Cr rpudamn G. lucidum
u A. niger nesKar 3MeKTPOCTATHICCKIE B3aMO-
neiicreust [107].

Xemocopbrus crienuduara n 0d6ycaoBiIeHa
cuyiaMm, 3HAYNTeTLHO 0ojiee CUILHBIMU, YeM
npu gusnveckoit agcopdbimm. AxcopoupoBan-
HBIE MOJIEKYJTBI Y PRIUBAIOTCS HA TOBEPXHOCTH
BAJGHTHBIMI CUJIAMHT, CXOHBIMI € TEMHU, KOTO-
phie BOBHUKAIOT MEKLY aTOMaMMU B MOJICKYIaX.
Tennora xemocopdINM cON3MepPUMa ¢ TeIJI0TOT
XUMUYIECKON PEAKINI W COCTABIACT O0LIUHO
80-400 r]lxk/monb. Ognako xemocopoIus u3
PACTBOPOB MOJKET COTTPOBOKIATHCS BBHITIETCHT-
eM TerJIoThl, OJM3KOI K TeroTe (Gu3ndeckoi
azcopoIu.

ApncopO1ist KATHOHOB METAJIOB Ha TTOBepPX-
HOCTH KJIETOK CBSI3aHa ¢ IPUCYTCTBUEM OTPHIa-
TebHO 3apskennbx nonos: PO >, COO, HS,
OH~. Anicopbriimst mpouexoint OLICTPO, 00paTUMO,
He 3aBUCUT OT TeMTIEPATYPhI U DHEPTeTHUECKOTO
Metabonama. I'pudbI, BRIATOYAS [POAFIKIA, a7ICOP-
oupytor U 13 CTOUHBIX BOJ| B TAKOM KOJIMYECTRe,
uro o Mozker cocrasaaTh 10-15% u 18,5% or
Beca CyXoi OGMOMAaccehl COOTBETCTBEHIO, UTO B

2 pasza 6oJibliie, YeM TONIOoIeHe YpaHa HOHHO-
00MEeHHBIMU CMOJIAMU B ITpoMbitiieHHocTn [ 126].
Rommnerkcoodpa3oBanue u xeraTupoBanme.
Yianenne Merasia U3 pacTBopa MOKeT IIPOUC-
XOJUTh TIYTéM KOMILJIEKCOOOpa3oBaHms 1 XeJia-
TUPOBAHMWS HA IIOBEPXHOCTHU KJIETKI B pe3yJibraTe
B3aMMOJIEICTBIS MeTa/lJia U aKTUBHBIX I'PYIIT
riaerounoit crenkn [117]. K rakum rpynmam
OTHOCSIT KAPOOKCUIbHBIC, AMUHHBIE, THOJIbHbBIE,
TUAPORCUIBHEBIE, hocdaTHbBIe U JIP.
ObGpasoBaHue TOBEPXHOCTHBIX KOMIIJIEKCOB
KaTHOHOB MOKeT BRITIOYATh KOOPAMHATINIO NOHOB
MeTajjaa ¢ JOHOPHBIMU aTOMaMu, HAIpuMep,
KUCJIOPOJIOM, TIPH 3TOM BBICBOOOKIAETCSI IIPOTOH:

—S§ —OH +Cu¥ =™ —S —OCu+H",

[Tpu sTroM MoTyT 0Opa3oBLIBATHCS OUIEHTAT-
HbIE TOBEPXHOCTHBIE KOMIIJICKCI:
— S —OH ) —S —0
’
| +Cu¥ = ]

NCu + 2H",
—S —OH

e S mpejicraBisier coOOI y4acTOR MOBepX-
HocTu (S-S mpejcrasisier co00ii B3aNMOCBA3aH-
HbIe YYaCTKI TOBEPXHOCTH ).

RommiekcHoe coefimaeHie — MHOTOATOM-
Hasi MOJIERYJIA, KOTOPAsi COCTOUT M3 O{HOTO WJIN
HECKOJbKUX IEHTPaJbHBIX aTOMOB (OOBIYHO
RaTHOHOB METAJIJIOB), OKPYKEHHBIX JIUTaHIaM I
7 MPUCOeNMHEHHLIX K HuM [D2].

XeJaTel METAJIIOB — KOMIIJIEKCHI METAJLIIOB,
B KOTOPBIX OPTaHMYeCcKoe coejiinHeHne (JTuramH)
CBSI3aHO ¢ METAJIJIOM, 110 MeHbIIell Mepe, TBYMs
poctyiHbiMu TieHTpamu. CrHTe3 opraHmyecKknx
RUCTOT (MMMOHHOM, aBeseBoii, yMapoBoii,
Mosiouroi 1 ss61ounoit) MO nipuBouT K XeaaTn-
POBAHMIO TOKCUYHBIX METAJLIIOB 1 00Pa30BaAHMIO
Merasmooprannyecknx monaerys [107].

Muxpoocasknenue (npenunuranus). fme-
HUS a/[cOpPOIUI 1 MUKPOOCAKIEHUSI OTINCHIBAIOT
HAKOTIJIEHIE 3JIeKTPUYECKI HeNTPaTbHbIX NOHOB
TM 6e3 BoImeseHTA KAaKOTO-TM00 IPYTOTO CB-
zammoro mona [d]. Ho ecan sBaemnne agcopdmmm
00YyCJIOBJIEHO CPOJICTBOM ME3KLY cOPOATOM 1 COp-
OEHTOM, TO TIPUYMHON MIUKPOOCAFKICHIIS SIBIISIETCS
OrpaHMYeHHasl PACTBOPUMOCTh BEIeCTBA B pac-
TBOpHTEIE, T. €. B3AUMOJIEIICTBIE MEK/Y PaCTBO-
PEHHBIM BerecTBOM 1 pactopuresiem [ 127, 128].

Mewnee ruipounbHas Moseryia nmeer 6osee
HI3KO0e CPOJICTBO K JRUIKOIT (pase u, BeaecTBIE
aToro Jierye ajgcopoupyercs. B Mukpoocasrienmnm
rarnoubl TM n annonnt (cynbdun-, okcanar-,
ocdar-monnr 1 p.), KOTOPBIE YACTO ABITIOTCS
MPOLYKTaM1 MeTabon3Ma O Pee I HHBIX THITOB
O1romacchl, 00pa3yoT HePacTBOPUMbIE arperaThl

29

Teopernueckasi n npuriaaguas sroaorus. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2




TEOPETUNYECRUNE ITPOBJEMbI OROJIOT'N

24

(COJTH, KOMILJIEKCHI ), TAKNe KaK CyJIbQU/bl, Kap-
OoHATHI, OKCHJIbI, OKcanarhl [S6].
Murpoocaskeniue He 00s13aTeTbHO BBI3BAHO
ceaspiBannem TM Guomaccoii. AToT porece Mo-
JKET MHUIMUPOBATHCS METAJIJIOM, TIEPBOHAYATLHO
CBABAHHBIM ¢ aKTUBHBIMU caiiTaMu B Ormomacce
[119]. Tlpu sTOM TpOMCXOAUT ABYXCTAMITHBIIT
MPOIIece: CBSA3BIBAHNIE ¢ KOHKPETHBIMU caliTaMu
cOTpoBOsKIaeTcst MUKRpoocaskaenuem [129].
Ocasgernne MOsKeT 3aBUCETH OT KJIETOYHOTO
MeTaboTm3Ma WK He 3aBUceTh OT Hero. B iepsom
caydae yjajleHne Mertajajga 13 pacTBopa 4acTo
CBA3AHO0 ¢ aKTUBHON 3amurioil cucremoir MO.
B nipucyrerBun TokcnuHOTO MeTasiia MuKpoMuIie-
TBI ITPOJLY U PYIOT COIMHEH S, CTIOCOOCTRBYTOTIIE
nporieccy ocazgnerus [107]. Hanpumep, ofmnum
u3 MPOJIYKTOB MeTaboan3Ma rpuboB siBJIsieTcst
maseseBast KICJa0Ta, KoTopast 0opasyer ¢ noHaMu
MeTaJIJIOB HepacTBopuMbie okcanarh [SO].
Ocasknenne coepmrennii TM noprBepsiaer-
Cs1 METOJIOM BJIEKTPOHHOTI MUKPOCKOTIN. Y cTa-
HOBJIeHO, uTo it Rhizopus oligosporus 0CHOBHBIM
Mexanuamom onocoporun Pb sasercs ocampe-
HUe Ha MOBEPXHOCTU KJIETOUHON cTeHKn [122].
Ocasgenme pryTi B 9716 KTPOHHO-IIJIOTHBIX TeJIaX
obs10 oTMeveHo B rugax rpuba Chlysosporum
pannorum. IeKTPOHHO-TIIOTHBIE TeJIa, MTPEJIo-
JIOSKUTEJIbHO CofiepsKalue MIHK, HaOII0annch
y rpuba Neocosmospora vasinfecta mocJjie pocra B
cpefie, cofepsrarieit mmHk. Kpmeramins cyanduia
Men OLLTI 00 HAPYReBI B MuTiesinn rpuba Poria
vaillantii [110]. B cayuae ocaskjieHusi, He 3aBu-
CSATIEeTO OT KIETOYHOTO MeTaboI1m3Ma, 0HO MOsKeT
OBITH CJEJICTBIEM XUMUYECKOTO B3aNMOJIeCTBIS
mesxny TM 1 1oBepXHOCTHIO KICTKU. ITO sIBJIe-
HITe SIBJISIeTCsT KOHewHoil crajneit onocopormn U
R. arrhizus: obpasoBamnme CJ0KHOTO ypamHa-
XUTHUHA COMPOBOKIACTCS KOMIIIEKCHBIM TUIPO-
JIM30M W OCRJIeHEeM TTPOJIyKTa TUipoin3a (Tu-
ApoRcuja ypanmia) B kaerounoii crenke [130].
Paznuunbie mexanuambl 6uocopOimm, pac-
CMOTpPEeHHBIe BBIIIIE, MOTYT OCYIEeCTBISATHCS
OTHOBPEMEHHO.

Runernueckune mopenn ouocopormu

Opoil 13 BajkHeHIIIMX XapaKTePUCTIK IPO-
necca coporun TM 6ronornuecknmm oobekTaMn
ABJSETCS 3aBUCUMOCTH CKOPOCTH COPOIME OT
rmapamMmerpoB Ipoiiecca (Temreparypa, KOHIeH-
Tpars copbara, crerieHb HachITEeH s COPOeHTa),
KOTOpasi OMMCHLIBACTCS KIMHETHYCCKIM ypaBHe-
nuem coporun. MceaemoBarensamm mpeiomeHo
OoJiee 25 pas3IMvYHbBIX BAPUAHTOB TAKOTO YpaBHe-
nust [109], ograko Ha npakTHKe B OOTBITNHCTBE
padoT NCIOAB3YIOTCS NI HECKOJBKO 13 HUX.

Runernueckas mopens 1ncesao-mepsoro
nopsika. Veropmueckn mepBoe KMHeTHYECKOe
ypaBuenmne ajgcopbrun Jlareprpena [131] mo
CUX TIOP TMUPOKO MCIOTb3YeTCs JIIsI ONMICAHMS
nporeccon coporun TM copbenrtamu dGuosoru-
yecKoil mpupobl. B nuddepennmnanbuoii hopme
ypaBHeHUe MeeT BUJIL:

d
—L=k(a,~a). (1)
e g = q(t) — 3aBuCsAIIAs OT BpeMeHN y/elb-
Has Macca copémpoBAHHOTO BerecTBa (0OBIYHO
u3MepsieTcs B MUJIMTpaMMax copbara Ha rpaMm
copbenta); k, — kuHeTHnIecKumii Kopurment
MoJiesin TepBoro nopsiaka (pasmepuocts 1/c¢);
q, — paBHOBecHas yje/nbHas Macca copbara.
Pemenne ypasuenus (1) ¢ navaiabubim
yenosuem ¢(0) = 0 naér narerpanbuyio Gopmy
ypasuenus Jlareprpena [134]:

g(t)=q,-(1-¢"). (2)

YpaBuenue (2) MO3KHO reperncaTh B JinHea-
PU3OBAHHOM BUjIE:

k
lg(qe—q)ﬂgqe—ﬁ. 3)

[Tpu n3BecrHoil Beanmvnne agcopoIMOHHON
EMKOCTH ¢, KOHCTAHTY CKOPOCTH PeaKIu CeBio-
IepBOro MOpPsJIKa k| MOKHO OTIPeJieIUTh 10 HKC-
MePUMEHTATLHBIM JTAHHBIM METOJ[OM HANMeHb-
X KBaJPaTOB Kak KOdPPUIMeHT JUHEHHOI
perpeccui 3aBUCUMOCTH ¢, — ¢ OT L.

Runernvyeckas mopenb mneesao-BToporo
nopsaaka. [uddepennnanibioe ypapHenme Ku-
HETUYECKOI MOJIeIN TCeB/I0-BTOPOTO TOPsIKa
nmeeT BUJL:

dq :
—=ky(q, -q)* 4
dt 2 \1e ’ ( )
rje k, — KOHCTaHTa CKOPOCTH ajcopbrun
BTOPOTO TIOPsIKA (paszMepHOCTL T/ (MT ¢ ¢)).
YpaBuenue (4) peraercsi METOIOM pasjiesie-
HUST TepeMeHHbIX:
d
— Yyt (5)
(¢, —q)

[Tpu mavanbuom yeaosun ¢(0) = 0 ypaBHe-
Hue (9) nMeer perreHmne:

_1 =i+k2t. (6)
q.—q9 4,

Teoperuueckast u npurnamuas sroaorusi. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2



TEOPETNYECRUE ITPOBJIEMbI OROJIOTN

B ssBHOM BUjle 3aBUCUMOCTH Y/IeJIbHOI MacChl
copbaTa OT BpeMeH! OTIICHIBACTCS BRIPASKEHITEM:

4
l)=———, 7
q)=— T (7)
k.
i B imHeapusoBannoii hopme [132, 133]:
t_ 1 L 8)
q kZQe Qe

Roaddurmentsr muHeiiHoii perpeccuu sKc-

MepuMeHTaTbHON 3aBUCUMOCTH L 0T BpeMeH!
q

[IO3BOJIAIOT OTIPEJIeTUTh 00a mapaMmeTpa Mojiean

TICeBIO-BTOPOTO TMOPSAIKA — PABHOBECHYTO Y/I€JTh-

Hylo Maccy copbara ¢, 1 KOHCTaHTYy CKOPOCTH

peaKIuu BTOPOTO HOPSAIKA ..

B pabore [134] ormeuaercs, uto mporece
coporuu nonon menu (1) munennem Fusarium
culmorum (W.G. Sm.) Sacc., Guomaccoii inano-
6axrepun Nostoc paludosum Kiitz., pacrernsimn
spoBoro ssumenst Hordeum distichum 1. xoportio
OIIICHIBAETCS MOJIEJIBIO 1ICEB/I0-BTOPOTO ITOPS/IKA.

Ypasuenue EsoBuua. YpaBuenue, n3-
BecTHOe Kak ypaBHenue Emosuua [135, 136],
ObLIo mpeiioskero B 1934 r. f.B. Senbgosuuem
IJIST OTIMCAHUST QJICOOT[NY Ta30B HA TTOBEPXHOCTH
TBépALIX Test. B nuddepentmuanbioii popme oo
nMeeT BU/I;

dg _
dt

rjge a u b — 3MIUpUYecKre mapaMerpbl
mojiesiu. [Tapamerp @ numeer cMbIC/l HAYUATbHON

ae™" (9)

’

q
CKROPOCTHU COPOINM, T. €. OH PaBEeH ? nput=0
t

n ¢(0) = 0. Ilapamerp b 3aBuCHUT OT MIOIIAN
TOBEPXHOCTH cOPOeHTa M HHEPTUN AKTUBATIIN
xemocopouun [137].

WNurerpupoBanue ypasaenus (9) co cran-
MapTHBIMYU HAYATbHBIMI YCJAOBUSAMUI Ta6T pe-
meHne Buja

q(t)= %1n(1+ abt), (10)

YpaBHenue EjioBrnua Bo MHOTHUX CJydasix
AIeKBATHO OTMCHLIBACT PE3YALTATH KCTIePIMEH -
ta 1mo 6mocopbuum, B ToM umeae copomun TM
MUKPOMUIIETAMI.

Runernueckas mojenn» mapadoanveckoi
nudPysuu. Bedep u Moppuc npejiomnnn

mozenb quddysun BHYTpH yactull copbenTa,
KoTopast MoskeT ObITh 3anncana kakr [ 137, 138]:

gt)=k~t+c, (11)

rpe k, — KOHCTAHTa CKOPOCTH BHYTpHUYA-
cruunoit mud@ysun (pasmepuocts Mr/(r ¢ ¢!/?),
C — apuTuBHAS KOHCTAHTA, JlA0IIas mpej-
CTaBJICHNE O TOJINHE TOTPAHUIHOTO CJIOS Ha
rnosepxuocTu yactui copbenra. HyneBoe 3ua-
YeHUe QINTUBHON KOHCTAHTHI HA JUHEHHOM
rpauke saBucumoct ¢ ot t'/? ykaswsiBaer Ha o,
470 001asi CKOPOCTh alcOPOINI OTIPeJIeIsieTCst
ToJbKO i ys3neil BHyTpU dacTuI] copoeHTa.
B nmpotusnowm ciyuae Bayrpunuactununas gudgy-
3151 He SIBJISIETCS eIITHCTBEHHBIM OTIPeIeJIsTIOTIIM
MexaHm3MoM mpoiiecca. Kpome Heé, B pazuoit
CTereHn MOTYT paboTarh U ipyrie MeXaHm3Mbl,
TaKkne Kak 3JeKTPOCTaTnyeckoe B3anMojieiicTme
MJIM MOHHBIN OOMEH.

3araoueHue

Uccneposanns mo 6umocopbumm Havain
agTuBHO nmpopoauThes ¢ 90-x rr. XX Beka.
B nocnepnee pecsaruierue orMevuaeTcs peskuii
MOBEM YKeaa myoJanKanui mo ouocopodIum
B MEKJIYHAPOJHBIX HAYKOMETPUYECKINX Oazax
nanusix Scopus n Web of Science Core Collec-
tion. BombIMIUHCETBO UCCaemOBAHTI 10 OMOCOPO6-
TTUT TPOBOAMTCS Ha MUKPOOPTAHMI3MAX, CPeN
KOTOPHIX JTUAUPYIOMIAE TO3UTNNA 3aHITMATOT
Mukpomuiersl. OHn 06/1a1al0T BHICOKOI cTe-
MeHbI0 QanTalni M YCTOMINBOCTH K MeHCTBIIO
TM, ctocobHBI ARKYMYJTUPOBATH 1 TpaHCcHOp-
muposarh coepnuenus TM, nmposasiasior mo
OTHOIIEHWIO K HUM BBICOKYIO COPOIIMOHHYIO
AKTUBHOCTD.

OcobeHHOCTHIO CTPOEHNS KJIETOUHON CTeH-
K MUKPOMUIIETOB SIBJIsIETCSA Tpeobajanme
MOJIMCcaxapuaoB W MPUCYTCTBUE MEJAHNHOB,
Kotopbie yuactByioT B coporun TM. Buomose-
KYJIbI TPUOOB NMEIOT B CBOEM COCTaBe Pa3inuHble
(OYHRIMOHANIBHBIE TPYIIIBI, TOHOPHBIE aTOMbI
ROTOPBIX (CATHI CBA3LIBAHNSA) 00YCIOBITBAIOT
cpsaspiBanue ¢ monamu TM. ITpu sTom xapaxrep
CBS3U MOKHO O0'bSICHUTD ¢ TIO3UIIAE TTPUHITITIA
KECTRUX M MATKNX RUCTOT U ocHOBaHMWiT [Imp-
cora. MUKpomMuiersl pasibiX KJIaccoB, POIOB
U BUJIOB MMEIOT PA3JINY S 110 COPOIMOHHBIM CIT10-
cobHOCTSAM K moHaM pa3nmanabix TM.

OcHoBomoOMATAIONUMHI JIJIsI TTOHUMaH s
nporecca OMOCOPOIUN ABIAOTCA 3HAHUSA
o Mexanmame npoiiecca. Ha ocHoBe rietrounoro
MeTaboNM3Ma MeXaHUu3Mbl OMOCOPOINIT MOFKHO
Kaaccu@uImpoBaTh Ha HE3aBUCHUMble 1 3aBI-
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cumbie ot Hero. Ha ocmoBe mecromnososkens
o6uocopbIuu Bhiessiior: 1) BHyTpuRIeTOUHOE
HaKoIJIeHne; 2) BHEKJIETOUYHOe HAKOIJIeHNe 1
ocasiierHne; 3) copbIuMio U ocayKjeHne Ha mo-
BEPXHOCTHU KJIeTOK. MexaHusmbl, OTHOCSIIECs
K IIePBBIM JIBYM TPYIITIaM, 3aBUCUMBI OT MeTabo-
JAu3Ma 1 00yCJAOBIEHbI TIPOIeccaMu KOMILTIeK-
c000Pa30BAHMs, OCARICHIA, MOHHOTO 0OMEHA;
a MOCJeHssA TPYIIa MeXaHn3MOB — TaK:Ke
n ajicopormedi (puanmyeckas m XeMOoCOpPOIHST).
B crarbe pacemorpenbl CyIIHOCTHL MEXaHU3MOB
OmocopOIIY, UX 0COOEHHOCTH, ITPUMEPHI MUKPO-
MUIIETOB, Y KOTOPHIX OHU HCCICIOBAHDI.

OpHOTl 13 BayKHEMIITNX XapaKTePUCTUK TPO-
necca coporun TM 6nomornyecknmm oobeKTaMn
SBJISIOTCS 3ABUCUMOCTB CKOPOCTU COPOIIIY OT T1a-
paMeTpoB IPoIecca, KOTOPasi OMUChIBAETCS KUHe-
THYeCKUM ypaBHeHueM coporuu. [ljis onncanms
OurcopOIy B HAYYHOI JinTepaType Hanbobiiee
pacipocTpaHeHue Mmoayunan MOJeb IICeBJo-
MepBOTro, MCEeBI0-BTOPOTO MOPSIKOB, MOJENh
Enosuua n Mmojsiens mapadoandecroii qud@yanm.

B nacrosiee spemst uocopouust TM mukpo-
MUTeTaMu SIBJISIOTCS MHOTOO0eTIAToTel aabrep-
HATUBHOI TEXHOJOTHEI OYNCTKI CTOUHBIX BOJL 1
Ouopeme Al 3arpsA3HEHHBIX TTOYB.

Pabdoma evinoanena 6 pamkax eocydapcmaeen-
noeo 3adanus Unecmumyma ouonoeun Komu HIJ
YpO PAH no meme «Oyenra w npo2no3 omcpouen-
1020 mexnozenozo 8o3deiicmeust Ha npupodnsle
uw mpancgopmuposanmsie IKOCUCMEMbL ROI30HbL
100icnotl maiieu» N 0414-2018-0003.
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[Tpescrasien meroy oeHKN HHOOPMATUBHOCTH U POBBIX MHOIOCIIEKTPAJIbHBIX N300paKeHil HA OCHOBE BbIYIC-
neHust ux GparTaibHOI Pa3MEePHOCTH, & TAK:Ke PACCMOTPeHA BO3MOKHOCTL €10 PUMeHEeHNs B 3ajla4ax HKOJOIMYecKOTO
MOHUTOPUHTA 3eMHON TIOBEPXHOCTH. ﬂpﬂ MCIOJB30BAHNN MHOTOKAHATIBLHON CUCTEMBI JAUCTAHITMOHHOTO 30HINPOBAHUA
BOBHUKAET HEOOXOJMMOCTh OIeHKN MHPOPMATHBHOCTH MHOTOCIIEKTPaIbHbIX n300paskeruii. [ljis peanusainn Meroja
OlleHKN MHPOPMATHBHOCTH MCITOJNb30BAJIN IHTPOIIMITHBI TOJX0/], & TaKKe Teopuio PpaKTaIoB, KOTOPbIe 103BOJISIOT
aHANIM3NPOBATH M300PAIKEHST He TOJIBHKO 10 SIPROCTHU MITKcesel, Ho u 1o gopme odbexToB Ha nux. llpepnoskena ympo-
MIGHHAS METOANKA OLeHKY (DPARTAIBLHOI PA3MEPHOCTIH IOLyTOHOBOTO H300paskeH I ¢ IOMOILLIO anroputma box-counting,
B OCHOBE KOTOPOTO JIE3KUT MMUTAINS BhIUncIeH s PPAKTAIbHOI paZMepPHOCTI 00BeKTOB Ha M300payKeH NN 1PN N3MEHeH 1
pasMepa sgueek KBajpaTHOil OPMBI ITyTEM BBIUNCIEHNA YIia HAKJIOHA anmporcumupyioineit npamoit. [Ipepcrasienns
pes3yJibraThl OLEeHKN (DPaKTaIbHOIl PA3BMEPHOCTH, & TAKIKE CTAHIAPTHOTO OTRIOHEHIS YNCJI0BOTO 3HaYeHIsI hpaKTalIbHOI
pPaZMepHOCTH JIJIst N300paskeHNIT pasINUHBIX CIIEKTPATbHBIX KaHa oB. [lo BesmunHe crangapTHOro oTRIOHEHS (DPaKTaTb-
HOTI PAa3MEPHOCTI MOKHO CY/IUTH O CJOZRHOCTH TPaHNTl 00LeKTOB 1 anomMainii Ha nzodpaskernun. [Ipepmoskentniii MmeTos
[103BOJISIET a/IEKBATHO OIIeHUTh NH()OPMATIBHOCTH HIPOBBIX MHOTOCIEKTPAIbHbBIX N300paKeH il B cueTeMax JInCTaHIi-
OHHOTO 30H/INPOBAHIS, 4TO JIAET BOZMOKHOCTH O0J1ee dh(PeRTIBHO NCIIOTB30BATD JIAHHbIE DY KX la/IbHeliIeil 00paboTre
nananuse. PaccMorpera BO3MOKHOCTE PA3BUTHA MPEJIOKEHHOT METOMKN JIJIA BBIYMCAeHIA (DPAKTATBLHOIT pAa3MePHOCTH
JUISE PA3JIMYHBIX MOP(OJTOTHYECKIX KIACCOB N300 pasKe s, 4TO IIO3BOJIUT OIEHUTh XapaKTepHble 0COOEHHOCTH CTPYKTY Dbl
00BEKTOB MHTEpPEca HA N300payKeHN .

Haroueswie crosa: AUCTAHIIMOHHOE 30H/IUpOBaHNE, MHOTOCIIEKTPa/JIbHasA C'béMHa, d)paHTaJILHLII?I aHaJ/ln3.

Fractal analysis of information content of multispectral images
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Method of estimating the information content of digital multispectral images based on computing their fractal di-
mension and the possibility of its application in problems of ecological monitoring of the earth surface is presented. When
using a multichannel system of remote sensing there is a need to assess the information content of multispectral images.
To implement the method of estimation of information content the entropy approach and the theory of fractals are used,
which allow to analyze not only the brightness of the pixels, but the shape of objects in images. It is proposed a simplified
method of estimating the fractal dimension of a grayscale image using the algorithm of box-counting, which is based on
simulation evaluation of the fractal dimension of the objects in the image when you change the size of the cells of square
shape by calculating the slope angle of the approximating straight line. The results of evaluation of the fractal dimen-
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sion and the standard deviation of the numeric values of the fractal dimension for images of different spectral channels
allow to judge the complexity of the boundaries of objects and anomalies in the image. The proposed method allows to
adequately estimate the information content of digital multispectral images in remote sensing systems, which enables
more effective use of data for further processing and analysis. The possibility of the proposed development methods to
calculate fractal dimensions for different morphological classes of images will allow us to evaluate the characteristic

features of the structure of objects of interest in the image.

Keywords: remole sensing, multispectral imagery, fractal analysis.

AsporocMuUYecKe MeTO/bl JMCTaHIIMOH-
HOTO 30HIMPOBAHNS 3eMHOI TTOBEPXHOCTH He3
COMHEHWSI UTPAIOT BayKHEMIITYIO POJIb B aHAI3e
DKOJIOTHUECKOT obcTarmoBKM. [1pu aTom oM n3
HauboJiee MepereKTHBHBIX HATIPABJICHU sBJIs-
eTcs n3ydeHne XapakrepueTunk 00beKTOB 9KOJI0-
IUYECKOTO MOHUTOPUHTA ITYTEM OIeHKH MX Iapa-
METPOB OJ{THOBPEMEHHO B PA3JIMUHBIX /{aTIa30HAX
BJIEKTPOMArHUTHOTO M3ayuenusi. B aroii cBs3u
U POKOE PACIIPOCTPAHEHNE TOJIYUUIN CUCTEMbl
MHOTOCITEKTPAJIbHOT (MHOTO30HAJILHOI ) ChEMKU
[1,2]. Pesynbrarom paboThl TaKOI CHCTEMbI JINC-
TAHIMOHHOTO 30HUPOBAHMUS SIBJAsIETCST HAOOP
PACTPOBBIX N300PAKEHITH MCCTEYeMOT0 yIacTKa
3eMHON MOBEPXHOCTH B PA3TUYHBIX CIIEKTPAIh-
HBIX 30HAX DJIEKTPOMATHUTHOTO N3JIYYeHUsI. ITH
MaHHbIe TOJJIesKAT AaTbHeeMy JeTaabHoOMY
aHan3y, OrpeeeHnio KOJTMIeCTBeHHBIX XapaK-
TEPUCTUK UCCTELYeMOTO 00beKTa, HEOOXOMMbIX
JJIST TIPOTHO3UPOBAHUA PA3BBUTUSA ABICHUSA WJIN
npoiiecca. RoanmyecTBo crieRTpaaibHBIX KaHAJIOB
BapbupyeT B 3aBUCUMOCTU OT allllapaTypbl 1
HazHaueHUs cucreMbl 30HAupoBanmsi. Ceiivac
AKTUBHO UCIOJB3YIOTCA KOCMUYeCKe anmnapa-
THI ¥ TpyHupoBKu ciiyTHukoB Landsat, SPOT,
Ranomye-B, Pecype u mip.

NeccenepoBanist B 970 00J1aCTU BEIYTCS YIKe
MHOTHE TO/[bl U 3a OTO BPEMsI BPeMsi pas3JinuHbie
CHeKTPAJIbHBIe KAHATBI CTATN MTIPOKO MCITOJh-
30BaThCS JIUIS PeleHus 3aja4 HKOJIOTMYeCKOTO
MOHUTOPUHTA W UECHTUUKAIMY TUTIOB 36 MHOIT
nosepxHoctn [3]. IlogpobHo n3yueno, kakue co-
OTHOITIEH NS SIPKOCTH B PA3JIMYHBIX 30HAX CIIEKTPa
COOTBETCTBYIOT PACTUTETHLHOCTH, OOHAKEHHO
Imo4vBe, BOAHBIM ITOBEPXHOCTAM N APYIrUM TUllaM
naugmadra. Ha ocnoBanum sroro pazpabdora-
Hbl pa3JMYHble KPUTEPUU OIEHKU, HAILIpUMep,
MHTEHCUBHOCTU PACTUTEIHLHOTO MTOKPOBA, TAKMe
KaK BererarmoHHbIN NHIEKC, NHIeKC JUCTOBON
[oBepxHocTu u ap. [4].

Onmaxo 0co0eHIOCThIO HOLOOHBIX CICTEM
ABJSETCS OOMBITON 00BEM MHOOPMATIIT, TTOJIIe-
Jareil 0opadboTKe, KOTOPAs 3a4ACTYIO SABIACTCSA
n30BITOYHOI, YTO YCJORHSET padOTy CUCTEMbI B
orepaTuBHOM peskume. B 3Toil ¢BsA3U BaskHBIM
aTaromM 00paboOTKM MOTYUYeHHBIX CHUMKOB sIBJIsI-
eTcs KOMILIeKCHPOBaHIe — ITPOTelypa OTTIMI-
3aruu HaboOpa MOTYYeHHBIX M300payKeHUl [/t

OoJiee KaueCTBEHHOTO JlelnpUpoBaHUs BCeX
TUIIOB 00BEKTOB, 0TOOPA3UBIITNXCA HA MHOT030-
HaJILHOM Habope, UX aJleKBATHON HeHTH KA -
[N U OIeHKU UCCIeIyeMbIX ITapaMeTpoB.

O0BeKTBI 1 MEeTOJBI

RoMmmyiekcupoBanme He OrpaHnyunBaeTCs
MPOCTBHIM aIIUTUBHBIM CUHTE3NPOBAHMEM CHUM -
ROB JIJISI OfTHOBPEMEHHOT BU3YaTN3aIun n3oopa-
JKEHNI B HECKOJBKUX CIIEKTPATBHBIX KaHalax.
Hampumep, goctatouno yacto nNpuMeHsIeTCs
CUHEPIU3M TAaHXPOMAaTHUYECKOTO U300 paykeHns
BBICOKOTO paspelieHns ¢ BETHBIM CHHTE3MPO-
BaHHBIM (MHOTO30HAJbLHBIM) M300paskeHIeM
OoJiee HIBKOTO pa3pernenns, a Takke mpeodpa-
30BaHMEe HECKOJbKIUX M300PaKeHUIl B OIHO 110
MeTOJTy MIaBHBIX KOMITOHEHT U JIPyTHe TTPUEMBI,
AJITOPUTMbI KOMILJIeRcUpoBaHus [5—7].

[Ipu sTOoM aKTyasibHBIM SIBJISETCS BOIIPOC
RA4eCTBEHHOI TOATOTOBRM MCXOMHON mHEOP-
MaI[iy JIJisT aHAJIN3a, KOTOPBIT CBOJIUTCS K aBTO-
Martusanun Beibopa Hanbosee nHEOOPMATHUBHBIX
RaHAJIOB ¢ TOUKN 3peHus nx copepsranms. Vn-
(popmaTuBHOCTL M300PAKEHUS OTIPEJENACTCS
HaJMYMeM aHOMaJbHBIX 00'bEKTOB Ha CIeHe,
KOTOpble XapaKTepuayoTres iPROCTHBIMU 1
CTPYKTYPHBIMU (MOP(MOJOrNYecKIME) XapaKk-
TEePUCTUKAMMU.

[lesb paborsl — mccaemoBaHme METOOB
anaan3a nHQOOPMAIMOHHOTO COJlePRAHMS (-
POBBIX MTOJYTOHOBBIX n300bpaskenuii. [{ins sroro
HEOOXOIMMO PeITNTh 3a/[auy OIeHKN nHdopma-
THUBHOCTU M300PasKeHNil ¢ yUETOM SIPKOCTHBIX
1 CTPYRTYPHBIX CBOMCTB 00bEKTOB HA CHUMEKE.

OpHnM 13 OCHOBHBIX TIOKazaresei, KoTo-
phiil Hanboee YacTo MPUMEHAeTCS [T OIeHKN
nHdopmMaruBHOCTH N(PPOBLIX M300pasKeHMII,
saBysiercs sproctHas surponus lllennona [8].
Bripaskenue st onjeHKu MHGOPMATUBHOCTI
HOJIyTOHOBOTO M300pasenus A, BLILIALUT clie-
TYTOTIIM 00paszom:

F()=-30 (0. )y e 0 o )] (1)

TJie a, — 3HaueHne APKOCTH KaHasos, p(a,(1,y)") —

QyHKIS (THCTOrpaMMa) PacIpeieeHns IPKO-
cri, L € [0,255].
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Opmako 3Hadenme dHTPOMMUN OCTHTAET
MaKCHUMYyMa, KOTIJ[a CUTHAJI TIOCTOSIHEH, Y4TO [1PO-
TUBOPEYNT WHTYUTUBHOMY MOHUMAHNTIO MEPHI
nudopmarusuoctu |9, 10]. Kpome Toro, ecian
CUTHAJ UMeeT DOJTLI0e KOJTNYeCTBO NCKAYKEH N,
BbI3BAHHBIX HITYMOBBIMU BOB]IGIL/'ICTBI/IHMI/I, TO OH
dopmasibro obaagaer HOABIIUM KOJTNYECTBOM
nudopmarun. Hakonerr, ora Mepa He yunThiBaeT
CIOFKHOCTH CTPYKTYPhI 00bEKTOB, TPeJICTABICH-
HBIX Ha cHuMKe [d, 11].

Takum obpasom, sipKOCTHAS DHTPOIUS B
psijie caydaesn He MO3BOJISIeT aJleKBATHO OTeHNTh
nHOOPMATUBHOCTL M300pPaKeHNIT B YCJTOBUAX
HIYMOBOTO BO3JICCTBUA, a TaKkke npu padore
co caabokourpactHbiMu cHuMRamu |12, 13].
OpuuM u3 ¢1mocobOB pereHus JaHHON MPo-
OJieMbl SIBJISIETCS UCCJEIOBAHIE CTPYKTYPbI
00beKTOB HA M300paskeHUN ¢ NpPUMeHeHIeM
Teopun (ppaKTanos.

WemonbzoBanue ¢BoiicTB hpakTaibHOT reo-
MEeTPUH T03BOJIsIeT TPUMEHATH 1Jisi 00paboTKN
n3oOpaskennii pparTarTbHYI0 Pa3MepHOCTD,
XapaKkTepusyIolLyio cTerneHb 3aoaHeHUs POo-
CTPAHCTBA, B KOTOPOM CYIIECTBYeT hparTaibHast
cucrema. B a1om cirydae mosiBIaseTcs BO3MOK-
HOCTH OICHUTH KaK HAJM4YMe pasandtbix obJia-
cTell APKOCTU HAa NB00PAFKEHU I, TAK W CTPYKTYP-
Hble XapPaKTePUCTUKU BbIABJCHHbIX O6'beHTOB.

Pasmeprocts MUHKOBCKOTO — 3TO OJiuH 13
c11oco00B 3ajjanus (pparTaabHOIl PAa3MEePHOCTI
OTPAaHMYEHHOTO MHOKECTBA B METPUYCCKOM
MPOCTPAHCTRE, OIPEeSeTCS CAeYIONIM 00-
pasom [1, 4]:

D:hmlOg—N(r):hmM, (2)
r—0 IOg(}?) r—0 _1()gr

rae N(r) — MUHEMaIbHOE YUCIO OJMHO-
JKeCTB pazMepa I, KOTOPBIMI MOM¥KHO TIOKPBIThH
MUCXOJHOE MHOKECTBO.

ECJII/I mpeagctTaBuTh 1OJHOE IMORPbITUE
MuOkecTBa X orpeeéHHOI QOPMBI TITapamn
pagmyca e 6osee vem r, 0003 HaYNB KOJNICCTBO
aTux mapos 3a N(r), To suauenune N(r) Oynmer
pacTu mpu yMeHBbIIeHUN 7 (J7Isi TTOJTHOTO TO-
KpBITHsI OymeT TpedoBaThCs BCE 0OJIbIIIe IIapos,
P HTOM ONUCaHWe IPaHUILl MHOMKecTBA X
oyjer routee).

PazmeprocTbio MUHKOBCKOTO HEKOTOPOTO
MHOKeCTBA OyJIeT sIBJISATHCS TaKOoe YHHKATbHOe
uncsao D, uro N(r) 6ymer pactu kak (1/r)D npn
CTPeMJCHUN ' K HYJII0. ITO CIIPABEeINBO He
TOJBKO JIUISI JIBYMEPHOTO, HO U JIJisi n-MEepPHOTO
coyuas [14].

Jlna pasuwix cien pparranibHas pazmep-
HOCTbH D InmpnanMaeT pasjinyvyHble 3Ha4YeHUd,

neskamnque B npepenax or 0 o 2. [psamas aunus
uMeerT pazMmepHocTh, paBuyio 1. @paxranbHas
pa3mMepHOCTh KPUBOIl paBHA 2, €CJIN 3Ta KpuBast
3aI10JTHsIeT BCIO TJI0CKOCTh. CirefoBaTesibHO, 13-
JIOMaHHAasI JIMHUS HA [IJIOCKOCTH, KOTOPast Tpe/i-
CTaBJieHa B BUJie TPAHUIL 00bEKTOB Pa3INYHOT
APKOCTH HA M300pasKeHUN ¢ TeOMEeTPUYeCKOT
TOYKN 3PEHUs YKe He OJTHOMEepPHBbIl 00heKT,
HO eTé He ABYMEPHBIH, MOATOMY eé pa3Mep-
HocTh Jieskut B rnpepenax or 1 po 2. Ecan ke
n300paskeHue mpejcTaBisier co00il MHOKECTBO
MeJIKNX 00beKTOB (CPAaBHUMBIX C MITHUMAJIbHBIM
pasMepoM r) ¢ OJHOPOJHOI SIPKOCTHIO, TO TIPU
BBIIIOJIHEHU U PACUYETOB 00HEKThI ITPUOINKEHHO
MOTYT PacCMaTpmUBaTLCsA KaKk TOUKM, W UX pa3-
mMepHocTh ieskuT B ripepenax or 0 mo 1. [Toaromy,
AHAJIM3UPYs YUCTOBOE 3HAYeH e (DPAKTAIbHOT
pa3MepHOCTH, MOKHO CJIeJIaTh BBIBOJ HE TOJbKO
0 CJIO}KHOCTU CTPYKTYPbI 00HeKTOB HabI0/1ae-
MOIl CT[eHbI, HO U 0 HAJWYNN TITYMOB 1 JIPYTUX
apredarrtoB Ha nzoopaykenun 1, 15].

B pabore piist onipenesienst mpubInKREHHOTO
3HaueHus hparTaibHOI pazmepHocTn MUHKOB-
ckoro ), mernosb3yercs nTepaTuBHbLL aIropuT™m
box-counting, B 0cHOBe KOTOPOTO JIEKUT M-
TaIus BblucaAeHus QPaKTaIbHOIl pAa3MePHOCTI
00beKTOB (MJIM OoTpeeIéHHON oOaacTm) Ha
n300paskeHny Mpu U3MeHeHNU pa3Mepa siueer
KBajipatHoii popmbl [14].

Bo3bMém HeKOTOpOE OrpaHUYeHHOe MHO-
JKECTBO B METPUYECKOM ITPOCTPAHCTBE, HATIPIH-
Mep, Y6pHO-0eJIyi0 KaPTUHKY, HApUCyeM Ha Hell
PAaBHOMEPHYIO CeTKY ¢ I1arOM 7', U 3aKPaciM Te
SUCHKN CeTKU, KOTOPBIE COMlePIRAT XOTS Obl OJINH
DIIEMEHT MCKOMOTO MHOKECTBA YEPHOTO IBeTa
(puc. 1). Jlamee Hauném ymeHbIIaTh pasmep
sUeeK, T. e. I, TOTJ[a pazMepHocTh MUHKOBCKOTO
Oy/ieT BBIYnCIasATLCS 110 popmyie (2).

[Tpennaraemyto MeTo Ky oleHKN gpak-
TaJAbHOI Pa3MepHOCTH TOJYTOHOBOTO M300pa-
JKEHU ST MOJKHO TIPeJICTABUThL B BUJIE 11OC/Ie/[0Ba-
TeJILHOCTH T11aTr0B:

1. Mexommoe moyTomOBOE M300pasKenme
npeBapuTesibHO 00padarbiBaeTcss U HOpMa-
JU3YeTcsi ¢ MpuMeHeHeM MeTO0B I pPoBOi
obpaborku nsodpaykenuii [9, 16, 17].

2. Ocy1ecrsiisiercst pasdouenue n3odpaske-
HUST Ha CJ0u (Cpesbl), KOTOpbIe TPeCTaBIsioT
coboit Habop dbuHapHbIX n3odOpaxkennii. buna-
pU3aIus OCYIECTBISCTCS IJisl PA3TUYHBIX 110-
POTOBBIX 3HAYEHUIA.

3. Jlas Kaskoro mMoaydeHnHoro OMHapHOTO
M300paKEHNSA, YCJIOBHO PAa3oUTOTO HA AUCHKN
KBaJIpatHOi JOPMBI, BhIUKCIsIeTcst (hpaKraabHast
pasmepHoCTh. | [MKI HOBTOPSIOTCSI 117151 pa3inaHbIX
pasMepoB siueek.
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Puc. 1. ITokpreiTie NCXOHOTO MHOKECTBA MTOJMHOKeCTBAMI O0JTbITeTo (a) 1 MeHbIero (b) pasmepa r
Fig. 1. Coverage of the original set with subsets of larger (a) and smaller (b) size of r
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Ecnu 3adgurcnpoBarh pasmepsl siveek r u
paccmaTpuBaTh [, Kak HEU3BECTHOE, TO JIerKo
3aMeTUTh, YTO IPUBEIEHHOe BhIpaskeHue (3) siB-
Jsiercst ypaBHeHueM npsimoii. COOTBeTCTBEHHO,
eCJ BBIYKUCIATH (PPaKTATIbHYIO Pa3MepHOCTh
VIS Pa3ANYHbIX 3HAYEHUIT Pa3MepOB sSYeeK r u
MTOCTPONTDL PEIPECCHOHHYIO MOJIeNh (puc. 2h, cM.
I[B. BRJIAJIKY) I TOJTYYEHHOTO MAaCCHBA IAHHBIX
(Hamrpumep, JIJist GWHAPHOTO M300PAKEHNUS pas-
Mepom 912 x 312 nukceneit), T0 yroja HaKJIoOHA
AMTPOKCUMUPYIOTIEi TTPAMOIl OyIeT sBIATHCS
3HaueHmnem (pparranbHOll pazmepuoctn MuH-
roBcroro [14, 18, 19].

DparranbHbie pa3MEePHOCTU BBIYUCIISIOTCS
VIS KaK[0T0 OMHAPHOTO «CPe3a» MOJyTOHOBBIX
M300pasKeHIH BCEX KaHATOB.

4. OparrambHas pasMepHocTh Dy [18, 19]
MOJIYTOHOBOTO M300paskeHmsT KayKI0ro KaHasaa
B HAIleM CcJydae YIporneéHHO HAXOAUTCSA Kak
cpefHee 3HaveHne (PpaKTAITLHBIX Pa3MepHOCTe
KasK/[0T0 13 ero «CPe3oB».

1 n
~ ZDbc, , (4)

rjen — ROJNYeCTBO CIIeRTPAJIbHbBIX RKaHAJIOB,
Dy, — ppakranbHas pazMepHOCTh i-ro GUHapHOTO
«cpesa» TMOJIYyTOHOBOTO N300PasKeHIS.

l_)bc =

Cymecrsyior meroanl [14, 17, 20], ocho-
BaHHbBIE HA TTOCTPOCHNN HAJT MTOJYTOHOBBIM M30-
OpaskenneM rpadura mOBepXHOCTH QYHKI[HN
rpajialiiii ceporo, Mmocje 4ero Jjisi Heé CTPOUTCS
creruasibHass QYHKINS, HazbiBaeMast «ITOKPBI-
BaJIOM», HA OCHOBAHUN KOTOPOIl 3aTe€M BBIYNC-
asiercst hpakTaibHASI PABMEPHOCTh TOBEPXHOCTH.
Omnaro B HaIeM ciayvae HanOObINNIT MHTEPeC
npejicTaBisier Hajiuume odaacreii MHTEpeca Ha
BCeM JinarasoHe siprocTeii 1300 paykeHus, o3To-
MY BBIOPaB OIpee/eHHOe KOJTMYeCTBO «CPe30B»,
MOKHO OTeHUTH HATHYMe aHOMAIbHBIX 00heK-
TOB BO BCGM puanasone sprocreii. I[lpu srom
KOJIMYECTBO CPE30B He JOJKHO OBITh CJMITKOM
OOJIBIITIM, 4TOOBI UPE3MePHO He CY3UTh {inara3on
paccMaTpUBaeMbIX 3HAYCHUI SIPKOCTH, TAK KaK
B OTOM CJyuae 00beKThl Ha N300paykeHnn OyyT
paccMaTpuBaThes Kak ToYRN. /{715 moryroHoBOTO
1300 pPaKEeHUS ¢ INATTa30HOM APKOCTEI ITMKCeei
ot 0 1o 255 rocrarouno ot d 7o 10 «cpeson».

Takum oO6pazom, BHIUUCISETCS YUCAOBAs
XapakTepuCcTUKa MOJYTOHOBOTO M300paskeHus,
KOTOpas MO03BOJSET ONEeHUTh CTPYKTYpPHBIE
ocobeHnocT HABJIOKACMON CIlCHDLI: HaJldIe
AHOMATbHbBIX 0OHEKTOB ¢ PE3KUMI TPAHUIIAMU 1
neperajiaMi IpROCTH B PA3INTHBIX IATIa30HaX.

Pesyabrarsl u ob6cyskienne

B rkauecrBe mpumepa paccMoTpuM Habop
HUQPOBLIX MHOTOCIIEKTPAIBHBIX TTOJYTOHOBBIX
nzodpaskenmii okpecrnoctn OHEKCKOTO 03epa
(Poccunst), BBITIOMHEHHBIX ¢ MTOMOTILIO ammapa-
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MHOTOCHIEKTPAJIbHbIX U30BEPAXXEHUNA
B 3AAA4YAX 3KOJIOTM4YECKOIro MOHUTOPUHIA», C. 32
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Pue. 2. ITpumep perpeccrornoit mozenn (b) ghpakrasbHON pasMepHOCTH CHIMKA (&)
Fig. 2. An example of a regression model (b) of fractal dimension of the image (a)
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Puc. 3. Cnexrpanbhbie uana3onbl KaHanoB ciryriuka Landsat 8
Fig. 3. Spectral bands of Landsat 8 satellite channels
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(Brightness entropy, E, bit/pixel)

fipkoctana aHTponus, E, 6uT/nuKcent
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Puec. 4. flprocrnas surpornus (a), yepegnénnast ppakranbHas pasMepHOCTh
noJyToHOBOTO n306paskenus (b) u ycpenuénnoe 3Havenme CTaHapTHOrO OTKIOHEHLS
(parranbioii pazmepHocTu (¢) n300paskeHMil Pa3JIMUHBIX KAHATOB
Fig. 4. Brightness entropy (a), the average fractal dimension of the halftone image (b) and the average
value of the standard deviation of the fractal dimension (c¢) of the images in different channels

Typsl cniyrHuka Landsat 8. Cbhémra nipoBeneHa
13 nosiops 2013 1. B BumMom, O6amskaeM mH@pa-
KpPacHOM, TeIJIOBOM MHEPAKPACHOM J{larazoHax
(Bcero 12 rananos). /lmamasonsl AJIWH BOJH,
B KOTOPBIX BHITIOTHSAIACH CbEMKA, ITPEJICTaBIeHbI
Ha pucyHre 3 (cm. 1B. BRiaajry). [lndpamn yraza-
HBI TOPSAIKOBBIE HOMEPA CIIeKTPATbHBIX KAHATOB.
12-it kanan mpemocrasiasger nu@opMaInio o co-
JlepsRaHIK BJIaTh, 0OJaKkax 1 CHe;KHOM ITOKPOBe.
O6paboTika CHUMKOB MPOBOMIACH CPEICTBAMI
nakera npuraaaaeix mporpamm MATLAB.

Jlns kasgmoro mzobpaskenns ObIaa BhI-
qucaeHa sSPKOCTHAST DHTPONUS 1 PparTasbHast
pPasMepHOCTh MO MPeJCTaBIeHHON MeToanKe.
OpakraibHas pa3MepHOCTh TOJTYTOHOBOTO M30-
OpasKeHUs BBIYNCISATACH KAK YCPeIHEHHOe 3Ha-
yeHne pakTadbHBIX PAa3MepPHOCTell 10 IeBsATH
«cpesam». Pe3yiibrarsl HpUBeieHbl HA PUCYHKE 4.

I'padurn MOKa3BIBAIOT, UTO B IPUBEIEHHOM
npuMepe ¢ TOUKI 3PeHUsI SIPROCTHOI SHTPOITIN
1 pparTaILHON PAa3MEePHOCTH, JIJIS ITPEJICTaBIeH -
HOTO Habopa IMOJTYTOHOBBIX CHUMKOB HanMeHee
nH(GOPMATUBHBIMI SIBJSIOTCS n300pazkens 9-ro

Ramasa, a Hanbosee WHTePeCHbIMI N300 PasKeH IS
9-10, 10-to m 11-10 KamamoOB, MPUUEM, 1O TTOKA-
3aTeJTT0 APKOCTHON DHTPOIINH HTO HEOUeBIIIO.

Tarxske BaXKRHOM XapaKkTe PUCTUKOI SIBJISIOTCS
MoKaszarejab CTaHJapTHOTO OTKAOHeHWsT (paK-
TAJIbLHOI Pa3MepHOCTH, KOTOPBIN MO3BOJsSIET
OIECHNUTH BEJMYNHY Bapuarum GparraibHoil
pasMepHOCTH B 3aBUCHMOCTI OT pazMmepa 00racti
MOKPBITHS 1 XapaKTepusyer cJI0KHOCTH MPaHI]
obberTOB Ha n3oOpazkennu. llosromy nzodpa-
skenns 10-ro u 11-ro kanaios 00J1a1a10T MeHee
CTIOKHOT TPAHUIell aHOMAJIBHOTO 00HeKTa Ha
n3obpaskennu, a nzobpaskennsa 6-ro, 7-ro, 9-ro
n 12-ro kamamoB comeps;at 60IBITe MEJTKIX 00h-
eKTOB CO CIOKHON CTPYKTYPOTI.

Jlesio B ToMm, uro st OOJILIIMHCTBA 3ajad,
B TOM YWCJe W JJIs1 3a/ia4 9KOJOTHIECKOTO MO-
HUTOPUHTA, OCOOBII MHTEPec MPeJCTaBIseT BO3-
MOYKHOCTD OTEHKH «OHOPOXHOCTI» 00HEKTOB
na crene. [losromy, uem MeHbIe mokasaresb
CTAHAPTHOTO OTRAOHEHUS (PparTajsbHON pas-
MEPHOCTH, TeM TOYHEe MOKHO OIPEeJTUTh rpa-
HUTBI 00BEKTOB 1 aHOMAJINIT HA M300payKeH .
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CHuKeHMe TOUYHOCTH OIMEOHKN (PparTaIbHON
pasmMepHoCTI 00YCAOBJICHO HATNYEM Ha N300pa-
JKEHUN MEJIKUX (CPaBHUMBIX ¢ pa3MepoM o0JiacTi
MOKPBHITHS) 00HEKTOB, BO3MOYKHO BHI3BAHHBIX 11
[IYMOBBIM BO3JIeICTBIEM.

Neenegosanme atux 0co0HHOCTE HEBO3-
MOJKHO [PU KMCIIOJb30BAHUN JIUITh SIPKOCTHOM
DHTPOINY B KauecTBe moKkazaresst nHQOOpPMaTuB-
HOCTH, TOTla Kak (parTaibHas pazMepHOCTh,
ABAACH YIAUHBIM JOTOTHEeHNEeM R TOKa3aTesio
SIPKOCTHOI DHTPOIINHI, MOKET ObITh UCII0JAb30-
BaHa B KauyecTBe MepPbl MHMOPMATUBHOCTH TIPH
a"amze MUQPPOBBIX MHOTOCITEKTPAIBHBIX 130-
OpasKeHUIT 3 MHOI TOBEPXHOCTH, TTO3BOJIAIONIEI
OTEHNUTH CTPYKTYPHOE pazHoobpasne 00bheKTOB
Ha HaOJTIOaeMON cIiieHe, a TaKk:Kke uaeHTHE M-
MUPOBaTh HAJTNUYNE AHOMATHLHBIX 00HEKTOB Ha
M300paKEHIN ¢ OJTHOPOTHON APKOCTHIO.

3ariaouenue

Oprnm 13 HampasaeHnii IpUMeHeH s Mpn-
BeIEHHON MEeTOAMKN BUINUTCS OTpejeaeHmne
(parranbHOIl pazMepHOCTH HA OCHOBE pasodue-
HUs N300 paskeHmst Ha MOPOTOTIYECKITe KIACCH,
BhIUMCIeH s PaKTaaIbHON pazMepHOCTH /s
KasK/[0T0 13 KJIACCOB, TOCTPOEHISI THCTOIPAMMbI
(bparTambHBIX pazMepHOCTel U OIEeHKN Ha eé
ocHOBaHUM MHPOPMATUBHOCTH M300payKeHUS.
ITO J1ACT BO3MOKHOCTH OIEHUTh XapaKkTepHbIe
0COOEHHOCTH CTPYKTYPbI 00bEKTOB IMHTEpeca Ha
n300paskeHmnn.

[Ipeposkentast MeToKa aHaaN3a MHOTO-
CITeKTPATbHBIX N300paskennii Ha OCHOBE BbI-
qreaeHnss nxX GparTadbHBIX XapaKTepPUCTUR
mo3BoNT 3(pheRTNBHEe permaTh 3a/ja4n aBToOMa-
TU3AINKN 0O0HAPY/KEHIST aHOMATbHBIX 00BEKTOB
" UX TPaHUI[ HA MHOTOCIEKTPaTbHBIX M300pa-
JKEHUSX, BHITIOJNHATH OTlePaTUBHBII KOHTPOJIb
n Raaccu@uKaImio 3arpsisHeHNIl MOYBbI 1 BO-
JIHOU TIOBEPXHOCTH, OOHAPYKUBATH BbIOPOCH
NMPOMBIIITJIe HHBIX HpeﬂHpHHTHﬁ, BBITIOJTHATH
MOHUTOPUHI M IIPOTrHO3 CE30HHDbIX IMaBO/IKOB
U PasjinBOB PeK, KOHTPOJIMPOBATH ATUHAMUKY
CHEKHBIX TIORPOBOB TTYTEM 3(PHERTIBHOTO 0TOOPA
Hanboaee NHOOPMATUBHBIX N300paskeHnil 1 X
KOMIIJIEKCHPOBAH L.
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The possibilities of using multispectral data of remote sensing of the Earth and field research to highlight plant com-
munities using the example of the Pizhemsky State Nature Reserve (SNR) of the Kirov region are shown. The Pizhemsky
SNR is defined as a complex (landscape) reserve. It is especially valuable for maintaining the integrity, protection and
restoration of aquatic biogeocenoses, preserving in the natural state of the unique natural objects of the region.

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

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

Keywords: Pizhemsky Stale Nature Reserve, satellite imagery, interpretation, Normalized Difference Vegetation
Index, plant communities.
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[Torkazaubl BO3MOKHOCTH MCIIOJB30BAHUA MYJBTUCIIEKTPATBHBIX JIAHHBIX JMCTAHIITNOHHOTO 30HIIPOBAHUS SeMJIH
U TOJIEBBLIX MCCJCOBAHUI JIJIsI BBIAEJACHUS PACTHTENBHBIX COOOIECTB HA MIPUMEpe TOCYapCTBeHHOTO MTPUPOHOTO
sarasnnka «l lmremcxuit» Kuposcroii obractu. 'ocypaperserniii mpupopiniii 3akasnuk (I'T13) «[Tumkemcerniit» omrpenenén
Kak KoMIieKkcHbI (aanpmadruaeiiil). O umeer ocobo 1eHHoe 3HaYeHne JJIsI MO PsRAHUS [[eJOCTHOCTU, OXPAHbI
U BOCCTAHOBJICHIST BOJHBIX OHOTEOIEHO30B, COXPAHCHUS B €CTECTBEHHOM COCTOSHIUN YHUKATLHBIX TPUPOIHBIX 00HLEKTOR
obmacTim.

Boijienienne pacturenbHBIX cO0OOIECTB HA TeppuTopun 3arkasunka «llmkemckuii» ¢ ncmosb3oBaHmeM JaHHBIX
JAUCTAHIMOHHOTO 30HNPOBAHNS SeMJIN MPOBOMUIN B HECKOJILKO HTAIIOB: MPEIIOICBOI KaMepaJbHbIil, MOJIeBOl HKC-
MeIMTIINONHBI 1 KaMepaabibiil 00o0matomuii. [Ipemonesoil kKaMmepasbHbIi ATl BRIOYAT B ¢e0sT TO00P KOCMUIECKITX
cHUMKOB co ciytHukoB Landsat 7 u Sentinel 2 n ux pemudgpuposanue st BbIJieJeHNs OHOPOJAHBIX 10 Aeudpo-
BOUHBIM TIPU3HAKAM YYaCTKOB PacTUTeTbHOCTH. BBiemeHbl HECROIbLKO OJJHOPOJHBIX TI0 ONpeeJIeHHbIM MPU3HaAKaAM
(T[BeT, MUKPOTEKCTYpa PUCYHKA, (DOTOTOH ¥ JIp.) YIACTKOB, OOYCIOBICHHLIX PA3TUIHBIMI MTPUPOHBIMIT 00bheKTaMI
1 PACTUTEJIbHBIMI COOOIIeCTBAMU pailoHa. B 1mosieBoii sKCHeMIMOHHbII ATall ITPOoBeieHbl paboThl ¢ 11e1bI0 ujeHTHdnKa-
[IH Ha MECTHOCTH TUIIOB PACTHTEIHLHOCTI. XaPaKTePUCTHKA PACTHTEIHHBIX COOOIECTB MPOBOIIACH TI0 OOIIEITPUHATHIM
reobOTAaHMIeCKITM MeTOIITKAM.

W3yuenst ocobeHHoCTH IIEHOTHYECKOT0 cocTaBa jecos 3akasunka. Cocras pacrurenbubix coobiiects '3 «[Tuskem-
CRUTI» oTpaykaeT XapaKTepHble 30HATbHbBIE YePThl PACTUTETLHOCTH MCCIeyeMOr0 PETHOHA 1 TPUYPOUYEHHOCTH K OIpesie-
nénnpim Tanpmadraniv amementam. Ha ocrnose amanmsa mmeronierocst Kaprorpaguaeckoro Marepraza m KOCMITYeCKITX
CHUMKOB YCTaHOBJICHO, UTO HOMEHHBIC Jiyra 3anumator oosee 60% nceaemyemoil teppuropui, aeca — oxoso 20%. Jlns
upeHTu(UKAIIE PACTHTETHLHBIX COO0IIEeCTB ObLIN BHIOpAbl Hanbojiee XapakTepHbie i Haunboee JoCTyHHbIe PIMbBIC Jie-
mugposounbie npusnarn (gororoi, popma, crpyrrypa). Kpome roro, ncrmonbzoBann cuires cTamapTHbIX KOMOTHATIITIT
KaHaJIOB «MCKYCCTBeHHBIE T[BeTa» ¢o ciryTHIKOB Landsat 7 u Sentinel 2, 410 1103BOJINIO BBIJIETNTH TPABSIHUCTBIE COOOIIE-
CTBa, JIUCTBEHHBIC I XBOUHbBIE Jieca. Boimonennas KonrpoanpyeMas Kaaccu@uraius ¢ 00ydeHneM mo3BoJIijia moJayauTh
BKITY10 MHMOPMAIIIO O PACTIPEICTCHIH OONBIMTUHCTBA XaPAKTEPHBIX [T PAITOHA MCCTMOBAH U PACTUTEALHBIX COODITECTR.
Wcnonbzosanne nopmanuszosannoro guddepeniuposannoro sererarnunonnoro nugaexca NDVI mo3soaunmo uienuts co-
CHOBBIC, JINCTBEHHBIE JIeca 1 IyTOBbIe PUTOMEHO3bI, a TAK/Ke PACIO3HATH BOJIHBIE 00HLEKTHI It OTKPbITHIE 10uBbI. [lomyueriibie

Pe3yabTaThl MTO3BOJIAT 000cHOBATL HOBLIE TIOAXOIBI K PATIMOHAJIBHOMY TTPUPOIOTTIONH30BAHNIO.

Karouesnie ciosa: rocyiaperBeHHbII PUPOIHbLIT 3akasHIK «[TnsreMckmii», KocMudecke CHUMKH, letnpupoBatime,
HOPMaJIN30BAHHBIN A HePeHTIITPOBAHHBIN BETETAIIMOHHBII HIEKC, PACTUTEIbHBIE COOOTIeCTBA.

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

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

The use of remote methods allows you to
quickly get a fairly complete amount of informa-
tion about the state of plant ecosystems in the
study area [4, 3].

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

sensing data (RSD) in combination with field
studies.

Objects and methods of research

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

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

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

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

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

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

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

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

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

Results and discussion

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

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

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

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

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

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

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

Fragments of images for Figures 1 and 2
(Fig. 3, see colorinsert) clearly demonstrate the
differences in color, photo tone and microtexture

Al
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in different parts of the Pizhemsky SNR (SAS.
Planet Internet resource: Yandex (top row) and
Bing maps (bottom row)).

At the same time, synthesized images (stan-
dard combinations of channels “artificial colors”
6, 5, 2 or 9, 6, 4 from Landsat 7 and spectral
bands 2, 3, 4 from Sentinel 2 satellites) were used
Lo isolate various types of vegetation. However,
the resolution of these images does not allow to
select homogeneous areas with a size of less than
150 m in one dimension (without taking into
account transition zones).

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

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

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

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

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

An analysis of the obtained values of the
NDVI vegetation index revealed that for conif-
erous and deciduous forests the index values
range from 0.32 10 0.68 [14, 15]. This suggests a
poor and sparse tree and shrub vegetation, since
dense forest vegetation corresponds to an NDVI
value of more than 0.67—-0.80. The same trend is
characteristic of plant communities (from 0.68).
Low NDVI values for these types of vegetation
can be associated with a rather low monthly aver-
age air temperature and heavy rainfall. Rather
low temperatures for the vegetation period of
plants disrupt the flow of biochemical processes
in cells, and thus can cause irreversible changes
in them, leading to the cessation of plant growth
and even their death.

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

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

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

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

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

Conclusion

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

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

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

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

The work was carried out as a part of the project
supported by a grant from the President of the Rus-
sian Federation for state support of young Russian
scientists MK-2120.2017.5.
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IIpumenenne KoMmIIeKeca HA3€MHBIX METOIOB HCCIEOBAHMSA
I TUArHOCTUKY 3arPsA3HEHUsI U IIPOIeCCOB BTPOPUPOBAHNS
Bojoxpanmwiuiy Kuposckoii odactn
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[TpoBeseHa oreHKRa COCTOSHUS YeThIpEX KpyIHeHnux Bojoxpanuaniy KupoBekoii o6aactit ¢ nenojab30BaHnem
KOMIIJIEKCA MeTOJIOB (DUBNKO-XMMITYECKOr0, OMOMHNKATIMOHHOTO 1 MUKPOOMOJIOrMYecKoro anaansos. OmpejeneHbl
romOunaropuniii (KNU3B) u yrensioiit kombumaropusiii (Y KU3B) nnjgexcst 3arpsa3néHnocTin 1 KJIacehl KauecTBa BO/.
Yeranosieno, uro 1o xumunvyeckum rnokasaressim KM3B ymenbiaerces B psy Bogoxpanuiauiy: Boabmoe Rupecunckoe —
Omyraunckoe — Yeproxonyuuniiroe — Benoxonynuiikoe. [lokaszano, 4to HanbosbInmii BRI/ B 3arpsisHeHNE BOJOXPAH UL
BHOCAT aMMOHUITHBII a30T N OPraHnyecKie BelecTBa. BoiABiIeHo mpesblienie mpelebHo JOMYCTHMbBIX KOHIeHTPATIIil
JUIs BOAOEMOB KyIbrypHO-Gbitosoro ncnonbsosanus (IJIK ) no skenesy obmemy (or 2 10 9,5 TJIK ) Bo Beex obbekrax
ucenepoBanus, B boabniom Kupceunckom Booxpanuiniie — 1o Xxumudeckomy mnorpednennto kuciaopopa (XITH) (1,6—
171K, ). B OmyTHnickoM BogoXpanniiiie BhIABIeHb PacTeHNA-NHINKaTOPbl Oprannyeckoro sarpasuenus — Typha lati-
Jolia L. w Potamogeton natans L., aro cornacyercs ¢ seaumunnoil XITK (53 mrO/am?). YeranoBieHa mooureabHass peakiius
psicku Lemna minor L., L. trisulca L. w muorokopennuka Spirodela polyrhiza (1..) Schleid. ma mosbimentoe cojepskamnue
AMMOHUITHOTO a30Ta B MecTe BBIITYCKA CTOYHBLIX BOJ B OMYTHUHCKOE BOJIOXPAHUINIIE, TJle CoflepsRaine aMMOHIA OBLITO
B 2,1 pasa Bbllle 110 CPABHEHUIO € JIPYTUME YUACTKAMI BOJOEMA.

Ha ocroBann MUKPOOUOIOTHUECKOT0 aHATI3a BOJbI OMYTHUHCKOTO BOJOXPAHIJINIIA BbIsIB/IEHA Me30carpoOHast 30Ha
BOJ0EMA (IEHTPATBHBIN 1 IIPUIIIOTHHHBIN YYACTKN), YTO TTOJTBEPRIAETCA OTHOIIeHneM OHOJOrnYeckoro moTpedienns
KHCJIOPOJIa K IepMaHraHaTHoil okucasemocti (B cpejaem 27%).

Kaouesste caosa: Bojoxpanminiie, NHAEKC 3arpA3HeHns BOJbI, CAIPOOHOCTD, HBTpodupoBanme, (PUTOnHIMKATIHA.

Application of ground-based research methods for the diagnostics
of pollution and eutrophication of water reservoirs of the Kirov region
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The status of the four largest reservoirs of the Kirov region was assessed using a set of methods for physicochemical,
bioindicative and microbiological analyzes. The combinatorial index of water pollution (CIWP), the specific combinatorial
index of water pollution (SCIWP), and water quality classes are defined. It has been established that in terms of chemical
indices CIWP decreases in the series: Bol'shoye Kirsinskoye — Omutninskoye — Chernokholunitskoye —Belokholunitskoye
reservoirs. It has been shown that ammonium nitrogen and organic substances make the largest contribution to the pollu-
tion of reservoirs. The maximum permissible concentrations for reservoirs of cultural and domestic use (MPC_ ) for total
iron (from 2 to 9.5 MPC_ ) are exceeded in all objects of study, in the Bol’shoye Kirsinskoye reservoir — on bichromate
oxidation (COD) (1.6-1.7 MPC_ ). In the Omutninsky reservoir, indicator plants for the presence of organic pollution
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were found — Typha latifolia 1.. and Potamogeton natans L., which is consistent with the COD value (53 mgO/dm?). It
is established the positive reaction of Lemna minor L., L. trisulca L., Spirodela polyrhiza (1..) Schleid. to the increased
content of ammonium nitrogen in the place of sewage discharge into the Omutninsky reservoir, where the ammonium
content was 2.1 times higher compared to other parts of the reservoir.

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

to permanganate oxidation (an average of 27%).

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

[Tpobriema 3arpsiaHeHnst HOBEPXHOCTHBIX BOJI
€ KasK/IbIM TOJIOM CTAHOBUTCS BCE HoJiee aKTyaTh-
Hoii. CBA3AHO 9TO B OCHOBHOM C Pa3BUTHEM TTPO-
MBITILIEHHOCTH, POCTOM TOPOJIOB, MTOCTYIIJIEHNEeM
B BOJOEMbI OTPOMHOTI0 KOJMYECTBA 3arpss-
HAOINX BeIecTB, OMOreHHBIX 3JIeMeHTOB Yepe3
CTOYHBIE BOJIbI IIOCEJICHUIT, CeJILCKOX03AIMCTBEH-
HBIX YTOJIUii, TPOMBIIIJI@HHBIX TPeIIPUsTHIL,
YTO MPUBOJUT K 3HAYUTETHHOMY YBeJIMYeHNIO
ROJIMYECTBA ABTPOPUPOBAHHBIX BOJJOEMOB, Jie-
rpajlaln B HUX KaK OTJeAbHBIX KOMIIOHEHTOB
HKOCHUCTEeMBI, TAK 1 TIEJIBIX COODTECTB OPTranm3-
MoB [1-2]. 9BTpoduKanus MpuBOAUT K CHIURE-
HUI0 PbIOOXO3AMCTBEHHOTO W PEKPearmoHHOTO0
MOTEHIMAMa BOJIOEMOB, OKAa3bIBACT HEraTUBHOE
BIIMSIHIIE HA CHCTeMbI OUMCTKU BOJIBI 13 BOJTHBIX
00'bEKTOB JIJIsl TUTHLEBOTO BOlocHAOReHus |3, 4].
[Tpu sBTpodmrammm yacro HabIOTALTCS «I[BETE-
HTe» BOJBI, @ TAKKE MacCOBOE PA3BUTHE BBICITIX
BOJIHBIX pacreHnii. B Hacrosiiee BpeMsi aHTPOIIO-
reHHast 9BTPOPUKATIIS SABITETC OJ[HIM 13 BaK-
Helmnx (akTopoB HEraTMBHOTO BO3JENCTBUS
MTPOMBITIIIEHHOH, CeTLCKOX03ACTBeHHON T MHOM
nesiTeIbHOCTH Ha BopHble 00beKThl [2]. Perie-
Hue npobdJieM 0 CHUMKEHUIO HBTPOPUPOBAHMS
BOJIOGMOB — aKTyaJIbHAs 3ajla4a COBPEMEHHOI
nayku n npaktukn. Heodxopnmo momyuars 60-
Jiee TOUHbIe KOJIIMYeCTBEHHbIE OT[@HKN, BBISBIISATD
Hauboiee 3HAUNMbIe MHOOPMATHBHbBIE (DAKTOPHI
B Pa3BUTUM MPOTECCOB 3aTPA3HEHUST BOIHBIX
00LEKTOB 11 X HBTPO(PUPOBaHIS, pa3padaTbiBaTh
ONTUMAJIbHbIEe METO/bl U AJTOPUTMbBI IUATHO-
CTUKU TTPOTECCOB dBTPOPUPOBAHNSA BOJOEMOB
IJIsT pazpaboTKM Mep 1o WX COTMaNbHOT 3a1nTe
1 peabuInTaIUN.

[Ters paboThI — OTIEHUTH COCTOSTHITE BOJIOXPA-
nwni Kuposcekoi obacTit ¢ nemonbzoBanmnem
ROMILJIEKCA HA3EMHBIX METOJIOB UCCICIOBAHMSI.

O0BbeKTBHI 1 METOJbI HCCJIEI0BAHIS

O0beKTaMu MCCTEOBAHMS TOCTYKIIN Ca-
Mble KpyITHbIe Bofgoxpanuimiia (npymast) Rupos-
croit obmactn: beroxomynnikoe, OMyTHIHCKOE,
Boabimoe Rupcuuckoe u YepHoxonyHuiikoe.
Cormacuo raaccmPURATNT MO MTOJTOKEHNIO
B reorpauyecroii 3oHe [d], Bce 00BEKTHI WC-

CNeOBAHMS SBJISAIOTCS JIECHBIMU, 110 MTPUYPO-
YEHHOCTU K Makpopenbedy — paBHUHHBIMY, 110
TJIOTIAJM BOJIHOTO 3epKasa [6] — Hebonbimmmn.
OGrMu yepramMu JIJIst BCeX BOTOEMOB SIBJISTIOTCS
CXOJHbIe TIPUPOJHO-KIMMATHYECKIEe YCJIOBUS.
PacturenbHoCTh U KUBOTHBINT MUP B pailoHAX
PacToNIOMKEHNS BOTOEMOB TUITMIHBI JIJI5T TAGsKHOM
rosiockl. Bee Boploxpanuauiia cospanbl B X VI
BeKe B paiioHax 00U 1 Pa3pabOTKN yReJTe3HbIX
pyxn. C MoMeHTa cosfanms 10 cepenHbl XX B.
OHU BBITTOJHSIN 001IYI0 (PYHKINIO — obecte-
qeHUe BOMOCHAOMKOHWSA MeTaJTyPTuuecKoro
npousBojictBa. OCHOBHBIE OTJINUYUS BOJTOEMOB,
BBISIBJICEHHBIC 10 JIAHHBIM ITOJIEBBIX UCCAeI0BA-
HIH 1 aHATN3Y KOCMOCHUMKOB, COCTOST B MOP(O-
MeTpuYecKnX rapamMerpax, pa3Hoil OpueHTanum
B IIpocTpaHcTBe, (hopMe yalim u nu3pesaHHoCTn
OeperoBoii INHNN, B MHTEHCUBHOCTH BOJI000Me-
Ha, cTelleHn aHTPOIIOIeHHOI HATPY3KM 1 B pas-
BUTHM 1TpoteccoB dBTpodukaruu |7]. Haubomnee
OCBOEHbBI I MHTEHCUBHO MCIIOJIB3YIOTCS Oepera
B IPUILIOTHHHBIX YYacTRaX Bogoxpanuimil. Me-
TOUYHUKAMU 3aTrps3HeHnss Ha Oeperax BOJOEMOB
SABJSAIOTCS MeTaJTyprudecke mponu3BoJicTBA,
00 BERTBI JIETKOM TTPOMBITILIIEHHOCTH, aBTOJIOPOTH,
HaceJGHHbIE TTYHKTBI, CaJ[0BO/YECKIE 00IeCTRA.
Ha Omyraunckom Bogoxpanumnuiie ¢ 2010 r.
(purcupyercs MHTeHCHBHOE «I[BETeHUE» BOJIbI,
4TO CBUJETEJNHCTBYET O Pa3BUTUU MPOIECCOB
ssTpohupoBanus B nanHom Bogoéme. Ilpu srom
HanboJIee SIBHO «I[BETeHNe» TTPOSIBIISIeTCS Ha TP -
IJIOTHHHOM Y4acTKe, TJ1e OTCYTCTBYeT BhICIIas BO-
JTHAsT PACTUTEIbHOCTH U TIOCTYIIaeT HeOPraHn3o-
BaHHBIN ITBHEBLIN CTOK € TOPOMICKOT 3aCTPONKI.
MHaTeHcnBHOCTD «IBETEHUS» TIOJITBEPIKIACTCS
BeJIMUMHOMN onTtraeckoil moraoctu (D) Bomwl,
orobpannoil y mosepxuoctu (0,3 M): oHa Bapbu-
pyer B ipepenax D = 0,15-0,22 npu uzmepennn
B KIOBETE ¢ TOJIIUHON rmoryoraroiiero cios 1 cm
u e BoJHbl 615 um [8].

Habnronenus mpoBoauinch Ha akBaTo-
pUM UCCIeIyeMbIX BOJOXPAHUJINII B TeYeHIe
2011-2018 rr. [1poOwl BOJbI JIIsi IPOBEJI@HS
(PUBUKO-XUMUYECKOTO aHAJIN3a, OlpeleseHu s
BHJIOBOTO COCTaBA BOOPOCICIT I MUKPOOMOIOTT -
YeCKOT0 aHaIM3a OTOMPAI HeCKOJAbKO Pa3 B Te-
qeHue JeTHe-0CeHHETo Teprojia: B nioHe, aBrycre
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n oKkTsIOpe. ['panuiibl BOXOXPAHWINII 1 CTeTIeHD
3apacTaHmsl BhICIIEl BOJHON PacTUTEIHbHOCThIO
YTOUHSINCH TI0 KOCMOCHUMEAM [7].

DuanKo-XuMUYECKNii aHaam3 1m1pod BOJbI
MPOBOJIMJIY B AKKPEIUTOBAHHOTI J1abopaTopui 1o
aTTecTOBaHHBIM MeTofKaM. PesynbraTsl anasmaa
CPaBHUBAJIN C TIPEJIeIbHO-TOTTYCTUMbIMI KOHIEH-
TPAIUSAMHU JIJIsI BOJOEMOB KYJIBTYPHO-OBITOBOTO
nasnavenns (IIJIK ) w nenombsoamm st pac-
yéra kombmnaropuoro (KU3B) u ymennbnoro
romoOunaaroproro (Y RU3B) unpexcon 3arpsaném-
HOCTH BOJIBI.

Kpome Qpusnko-XxuMm4ecKnx MeTOiOB aHa-
ausa B pabore MpUMEHsJIN TPU MeToxa Ouo-
JOTMYEeCKUX MCCJeOBAHMI: OMOMHMKRATINS
(uro- m 3oomHAMKAIMS), GUOTECTUPOBAHIE
n MUKpobroornyecknii anaans. B qanmoi cra-
The TMPUBEIeHBbI Pe3yabTaThl (PUTOMHINKATNN
" MUKPOOMOJIOTTYECKOTO aHAII3A.

J:[OMI/IH&HTHLIO BUJIbI BBICHINX BOAHBIX 1 ITPH-
OpPesKHO-BOHBIX PACTOHUIT 1 UX PACIIOJIOFKEeH e
B BofloéMe (PMKCUPOBAIN BO BpeMs MapIipyT-
HOTO 00CJe0OBAHUSA aKBATOPUU 1 OeperoBoit
JUHWT, TPOBOMMOTO ¢ MOTOPHOI Jofaku. Jlis
BBISIBJICHIS WHANKATOPHBIX BUOB pacTeHmit
MCITOJIBb30BAJIN CIIUCKN PACTeHWI -MHMKATOPOB
3arpsi3HeHNs 1 9BTPOPUPOBAHUS PAZTUIHBIX
BOHBIX 00BeKTOB [9].

Jlas MuRpoOHOIOTHYECKOTO aHAIN3a mpod
BO/Ibl IIpUMeEHAJIN qareaH b MeTO/l RoJunue-
cTBENHOTO yuéra Mukpoopranmsmos [10].

Pesyabrarel n odcysrnenne

B xome BhIsiBIeHUS cTemeHN Pa3BUTHUSA
nporeccoB dHBTPOPURATNT OBIJTIO TPOBEIEHO
KOMILJIEKCHOE MCCJIe0OBaHIe DKOJIOTNYeCKOT0
cocrosinus besoxonynniikoro, OMyTHUHCKOTO,
Boawimoro Kupcunckoro m YépHoXoTyHUTIKOTO
BOIOXPaHUJUII ¢ UCITOJb30BaHUEeM Ha3eMHbIX
METOJI0B UCCJIe/0OBAHMSI.

Imapoxumuvecknii anains npod BObI 13
UCCyeMbIX BOJIOXPAHUJINII TIPOBOJIUIIN B JIeT-
He-ocenunii cezon B Tevenne 2011-2014 rr.
Pesynbpratel pU3NKO-XNMNUECKOTO aHaamn3a
npegcraiaens B radauie 1. B 2016—2018 rr. fo-
MOJIHUTEILHO TTPOBOJIMIIN aHAJ3 TPOO BOJBI N3
Owmyramackoro n Boabsmoro Ripenrckoro Boyio-
XPAHWIUII 15T KOHTPOJIST Ka4ecTBA BOJbI B HIX,
TaK KaK JIAHHbIE BOJOEMbI B O0JIbIII€IT CTEIIeH N, T10
cpaBHenuio ¢ Benoxomynunkum n Yeproxoiry-
HUTIKUM TTPYIaM U, TTOJIBePsKeHbI 3arPsi3HEeHUO.

CornacHo nosrydeHHbIM pedysibratam (tadu. 1),
B BOJle BCEX M3yuyaeMbIX BOJOXPAHUJIUII OTMe-
uaerca npessimenne [IJIR 1o copepskannio
obmiero skenesa, B boibimom Kupceunckom npy-

Iy — TT0 XUMWYECKOMY TTOTPeOJIeHIT0 KICTOPO/Ia
(XITH). S3nauenus Bcex octaibHbIX TOKa3aTeei
namuoro nmsxke HJIK .

Bopmopopnsrit morkazaresnn (pH) B mayuae-
MBIX BOJOEMaX Bapbupyer B pepesnax or 6,1 po
8,6 exn. B zaBucumoctu or Besmunibl pH Bomb
BeoxomyHuIKoro BogoXpaHuaniga oOTHOCSATCS
K caabomenounbiM, Omyraunckoro n Yepuo-
XOJYHHUITKOTO — K HelTpaabHbiM, Boabimoro
Rupcunckoro — k cnaborucanim. M3sectio, uro
HOPMAJbHOE PA3BUTHE KUBHI BOJIHBIX OPTaHN3-
MOB HJIET IPU HEWTPaTbHOIT NN CJ1a00IeJT0UHOT
pearmun cpexnnt [11]. B Bogoémax ¢ kuesoit pe-
aKimeil cpejibl POTOCUHTETUYCCKUE TTPOIECCH
0CTIAabIIeTBI, BCJICICTRITE UeTO PA3BUTIE DAKTePIII,
BOIOPOCIIE 1 300TIankrona yriueraercs. Husxoe
snauenne pH B Bome Boabiioro Kupcunckoro
BOMOXPAHUJIHINA O0BACHICTCS TIPUCYTCTBUEM
TYMYCOBBIX KUCJIOT B ITOYBE 1 DOJOTHBIX BOJIAX,
nurarorux npys. Camskenne pH 1o 5,5 efi. mosker
BBI3BATH 3HAYNTENLHBIC N3MEHEHUs B BUOBOM
cocTaBe KUBBIX OPTAHU3MOB BOJIOGMA.

Conepskanne OMOTEHHBIX DIEMEHTOB BO
BCeX BOJIOXPAHUMINIIAX HeBbIcOKoe. M3 meopra-
Hmyecknx (opM azora B M3y4aeMbIX BOTOEMax
npeobaagaetT aMMOHMIHBIN azor. V3BectHo, uto
MPUCYTCTBIE B HE3arPA3HEHHIBIX MOBEPXHOCT-
OBIX BOMAX MOMOB AMMOHTS CBA3AHO TIABHBIM
00pasom ¢ mporeccaMin aMMOHUQUKAIMET a30T-
cofepsRamux oprannvyecknx ermects (OB),
HaXOJANMXCS B BOJle B pe3yJbrare MPusKmns-
HEHHBIX BBIJICJICHUIT U MOCMEPTHBIX OCTATKOB
BOJIHBIX Oprann3mMoB. OCHOBHBIMU NCTOUHIKAMI
MOTIOJTHUTETBHOTO TMOTalaHiss aMMOHUIHOTO
a30Ta B BOJIOGMBI SIBJISIOTCS KUBOTHOBOUCCKITE
(pep™bBI, X03ATCTBEHHO-OBITOBBIE CTOYHBIC BOJIBI,
MOBEPXHOCTHBIN CTOK ¢ CeNTBXO3YTOMMI B CIIy-
4ae MCIO0JIb30BAHUs aMMOHUNHBIX YI00PeHMUII,
a TakyKe CTOUHBIE BOJBI TP PUATIH TUTIeBO,
KOKCOXTMUYECKOT, JeCOXUMMUCCKON M XUMI-
yeckol npowmbiiientoctu [12]. Hanmenbinue
KOHTIEHTPATINN NOHOB aMMOH ST OTMedeHbl B be-
JIOXOJTYHUTTKOM BOJIOX PAHIJTHIIE, HANOOJIBIIIIe —
B Bosibimom Kupennckom. Bo Beex npyjax, kpome
YepHOXONIYHUIIKOTO, COflepsKaHie aMMOHUITHOTO
a30Ta Ha BCeW akBATOPUN MTPAKTHYECKI HE N3Me-
usiercst. B YepHOXOJIYHUIITKOM BOJIOXPAHUJIUIILE,
B €r0 CpejiHel YacT, KOHTEHTPAIINA aMMOHUSA
BBITIIE, YeM B BEPXOBHE W TPUTLIOTHHHON YaCTH.
Bepositro, 910 ¢BsA3aH0 € MOCTYIIICHTEM B BOJO-
6M ¢ TTOBEePXHOCTHBIM CTOKOM XO3AHCTBEHHO-
OBITOBBIX CTOYHBIX BOJ| ¢ TeppuTOpHn 1oc. Yépras
XoJyHuUIa, KOTOPBIIl PACIO0KeH Ha MPaBOM
Oepery B cpejiHeii wacti Bogoxpanuaniia. [1o co-
fepsRanmio aMMOHIITHOTO azora besoxomynui-
KUl [Py ABJISAETCS YMEPEHHO 3arps3HEHHBIM,

Teoperuueckast u npurnamuas sroaorusi. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2
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Ta6auma 1 / Table 1

CpeniHee cofiepskaHme XUMIYECKUX KOMITOHEHTOB B 11P00AX BOJIbI 13 BOJOX PAHUJIHIIL
na cesepo-socroke Ruposcroii odnacru 8 2011-2014 rr.
The average content of chemical components in water samples from reservoirs
in the northeast of the Kirov region in 2011-2014

Kommounenrst, Bopoxpauumnuiie / Reservoir
eI HU LB Beroxomynnnroe / |  Owmyrannackoe / | Bonbioe Rupennckoe /| YepHoxomyHmiikoe /
usmepennusi /| Belokholunitskoye | Omutninskoye | Bol'shoye Kirsinskoye | Chernokholunitskoye
Components, . .
units 1 2 3 1 2 3 1 2 3 1 2 3
Bopopojibiii
MOKa3aTeb, 80 | 76 | 86 | 7.0 | 7.0 | 68 | 6.1 6,3 6,4 6,8 6,8 6,6
en. pH /pH,
unit of pH
+ 3
N w1 a3 1045 | 0,41 | 058 | 0,54 049 | 1,50 141 | 140 | 042 | 0,79 | 0,46
mg/dm’
- 3
flg;éz‘lﬂ/w/ 0,037 | 0,046 | 0,038 | <0,02|<0,02/<0,02 0,027 | 0,027 | 0,026 | <0,02 | <0,02 | <0,02
- 3
NO Mr/m®/ o4 | <01 | <011 025 031 <04 | <01 | 011 | <01 | <01 | <01 | <01
mg/dm’
3- n 3
El(gé/dﬁj/“‘/ <0,05] <0,05|<0,05| <0,05 <0,05 <0,05| <0,05 | <0,05 | <0,05 | <0,05 | <0,05 | <0,05
3
Ko /I /g 2310 66 | 0,60 | 0,67 | 0,65 | 0,74 | 2,57 | 285 | 270 | 0,63 | 0,71 | 0,66
mg/dm’

XIIKR, mrO/nm? /
COD, mgO/dm?

17 48 o1 o1 15 13 13

PacrBopénubrii
RUCJIOPO]L,
mr/am® / -
Dissolved
oxygen, mg/dm?

2,04 | - | 5,63 6,20

6,27 | 4,31 | 453 | 5,04 | 582 | 5,66 | 5,29

[{BernocTn,
IpajIyChl
uernoct / 59 | 85 | 64 | 51 | 54
Chromaticity,
degrees of
chromaticity

26 212 | 398 212 44 44 42

llpunewarue: yugpanu obosnarwensvt yuacmru sodoxparnuiuwy: 1 — eeprosve, 2 — yeHmpaibHoli, 3 — MPURLOMUHHbLI,

«—» 06o3nawaem omcymemaeue OaHnblx.

Note: the numbers denote parts of the reservoirs: 1 —upper, 2 — central, 3 — near the dam;

OmyrHuHCKNT 1 YepHOXOMYHUTIKNI — 3arpsi3-
HéHHBIMI, Bonbimoit Kupcnaceknii — rpsisHbIM.
R 2018 1. comepsranme aMMOHUITHOTO M HUTPUT-
Horo azora B bosbiom Kupcunckom Bogoxpamn-
JIAIIE BO3POco B 2 pasza 1o cpasuenuio ¢ 2014 1.
n cocraBuio 3,2 u 0,22 Mr/aM? cooTBETCTBEHHO,
4TO YKas3blBaeT HA YXYJIIeHUEe CAHUTAPHOTO
COCTOSTHUS BOJTHOTO 0O'bEKTA W YBEJIMUEHUE T10-
CTYTIEHUS OBITOBBIX M COTbCKOX03ACTBEHHBIX
CTOYHBIX BOJI ¢ BOjtlocHopa.

Conepsranne ocdar-noHOB BO BCEX BOJIO-
xpannanmax B revenme 2011-2014 rr. 6wI-
JI0 HUKe Tipejesa oOHApY/KeHUus MeTOUKNI
[THI] ® 14.1:2:4.112-97 (0,05 mr/nm?). Haun-
Hast ¢ 2016 r., B 1leHTPaIbHOM U HPUILIOTHHHOM

« o

—"indicates the absence of data.

yuactkax OMyTHUHCKOTO BOJOXPAHMANTIIA KOH-
nentparus gocdar-mornos Bozpocaa o 0,08, a B
Boawsmom Rupcenmickom npymy — 1o 0,11 mr/mv?.
W3BectHO, 4TO 1P MUHUMAJIBHOM KOJUYECTBE
HUTPATOB 1 (OCHATOB 1 BHICOKOM COJ[@PIRAHIT
OB B BOOEMe HIET OBICTPOE Pa3BUTIC [IUAHODAK-
repuii (I1B) [13]. [logoOnas 3akonomMepHOCTD
ormMedera HaMu B OMYTHHHCKOM BOJOXpaHI-
nute, B kKoropom B 2011 u 2012 rr. nadaiosa-
JOCh OYCHH MHTEHCUBHOE «I[BETEHUE» BOJIBI.
B cocrase gomunanros «isererus» (puc. 1, cm.
I[B. BKJIAJIKY) Oblin obHapyskensl Tpu Buja 11b:
Aphanizomenon flos-aquae, Anabaena spiroides,
Microcystis aeruginosa, KOTopbie 4alile BCero
0TMEYAIoTCsi B 9BTPOPUPOBAHHBIX BOJOEMAX

A7
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Esporneiickoii vactu Poccun [14]. B Bosbiom
Rupcunckom Bopoxpanuiniie, B Bojie KOTOPoOro
Tarske cofiepruTes muoro OB, Takoro MmaccoBoToO
passurus [1D He orMeueHo, 4yTO CBSI3aHO, CROPee
Beero, ¢ HU3KNM 3Hadernem pH B Bosie aT0TO BO-
noéma. B mepuop nadmopernmii ¢ 2011 mo 2018 rr.
MuHIMaIboe smaderne pH B orom Bomoéme co-
CTaBJISIO0 9,3 €., a MakcuMasanuoe — 6,9 en.

CoorHotiene HeOpraHnvaecknx (popm azora
1 hocopa Bo Beex m3yuaeMbIX BOTOXPAHMIATIIAX
meree 5. CorsacHo JUTEPaTypPHBIM JIAHHBIM,
B JIAHHOM cJiydae paspuTie QUTOTTaHKTOHA JIH-
murupyer azor [13].

Kounenrpamun sxeme3a B 0TOOpaHHBIX
npobax BOJABI OBIJIW BHITIIE YCTAHOBIEHHBIX
HOPMaTHBOB 1 cocTasiasann ot 2 10 9,0 IR, .
I'maBuLIMU MCTOUHUKAME COCIUHCHUN JKeIe3a
B ITIOBEPXHOCTHBLIX BO/IaX ABJAIOTCA ITPOIECChl X1 -
MUIYECKOTO BbIBETPUBAHUA TOPHBIX ITIOPOJT, COIIPO-
BOJRATOTIICCS NX MEXaHMIeCKITM Pa3PyITeHnem
7 pacTBOpeHNEeM, 3HAUNTeIbHBIe KOTMIeCTRA
MOCTYTIAIOT ¢ MOJ3eMHBIM CTOKOM 1 CO CTOYHDI-
MU BOJAME TPEAIPUATHI METATyPTUUeCKO,
MeTa006padbaThBAIOIIeH, TeKCTHIHHOI, TAKO-
KPacovHO TPOMBITILICHHOCTH, ¢ CeThCKOX035TTi-
crBeHHbIMI cToKamu. [loBbIeHHoe coflepskamnne
sese3a 00bIaHO HabJr01aeTess B 00JOTHBIX BOJAX.
Haubonbiee copepskamnme o0IIero skemesa or-
MeueHo B Bojie bonbmoro Kupcenmceroro mpyja,
4TO, CKOPee BCETO, CBA3AHO € TMOCTYIIeHTEeM
B BOoéM 600THHIX Bofl. Hak orMeuasoch parnee
[7], Bce nusyuaembie BOJOEMBI PACIIONOKEH bI
B 0JlHOM (pH3NKO-TeorpamaeckomM oRpyre, BOIM-
3 MECTOPOKICHIII JKeJTe3HBIX PYII, UTO TaKsKe
OKazbIBaeT BIMsHUE HA COMEpsKaHme yKeaesa
B TIOYBAX 1 BOJIE JIAHHBIX TePPUTOPHMIi. YBeande-
Hie coepskanus skesresa B Bojge OMyTHHHCKOTO
1pyja B ero HpuiioTMHHON 4acT, BePOSTHO,
CBSI3AHO ¢ BJUAHNEM METAJJIYPTHUECKOTO 3a-
BOJIA U MEPUOMYCCKUM YKPEIIeHIeM OTKOCOB
TJIOTHHBI IOMEHHBIM MTIJTAKOM.

Suavenuss XIIK B uzyuaembix Bomoxpa-
nuanmax namensauck or 0,4 no 1,7 IIAK ..

[Torkasarensr XIIK mossoaser menars BLIBOILI
0 ROJIMYECTBEHHOM COJlePsRaHN N TPYIHOORUCIIsie-
mbix OB B Bosie. Cocras OB B npupopiabix Bojrax
(bopMupPYyeTcst TOJ1 BAUSHIEeM BHYTPUBOLOEMHBIX
OMOXMMUYECKUX MPOIECCOB MPOLYIPOBAHUS
u TpancopmMaIum, mocTyIJIeHus U3 APyrux Bo-
HBIX 00BEKTOB, ¢ MMOBEPXHOCTHBIMI ¥ TIOJ3€M-
HBIMU CTOKaMI, ¢ aTMOC(EepPHBIMEU OCaiKaM,
C TTPOMBITTITIEHHBIMY 1 XO35THCTBEHHO-OBITOBBIM I
crounipiMu Bogamn. Hanmboanimme smavens XI1TR
3adgurenpoBanbl B bombimom Rupenrcekom npymy
Ha Bcell ero arBatopnn, HanMeHbIne — B Yepro-
XOJTYHUITROM 1pyy. VicrounnroMm mocrynaenns
OB B Bonbmoe Kupcurckoe Bojoxpanuinie,
CKOpee BCEro, SIBJSIOTCS BOJbI, TIOCTYIAIOTINE
¢ y4acTKoB Topopa3zpaboTor, pacriooKeH -
HBIX BBIIIE BofoémMa, n n3 Kupcosoro dosora.
Jlosonnio Boicokme smavenns XITH orvmeuennt
B IeHTpaibHOM ydacTke OMYTHUHCKOTO BOJO-
xpanuania (radma. 2), 4To MosKeT ObITH CBA3AHO
¢ TIOCTYTIIeHeM OBITOBBIX CTOUHBIX BOJ] C TePPH-
Topun cagoBopueckux ooiiects. [lepmanranar-
Hast OKMCJISIeMOCTD HA TAHHON aKBATOPUN TAKKe
ObILTa BBITITE TI0 CPABHEHWIO ¢ IPYTIMI Y9acTKaMI
(10,8 u 7,9 MmrO/nm? coorsercrento). Boicokoe
s3navenne XIIH B BepxoBbe Booéma, 3apukcn-
poBanHoe B 2012 1 2014 rr., MosKeT ObITH CBsI3aHO
¢ npupopubiMn garkropamu. [loBbimentoe co-
JlepyRaHue BelecTB OpraHnyecKoil pupojibl pn
HU3KOM cojlepskanum HuTpar- n gocdar-nonon
MOTYT CTUMYJIUPOBATH WHTEHCUBHOE PA3BUTHE
B Bostoéme LB [15]. MaccoBoe «iiBeTeHmne» BOJibl
B IeHTPaIbHOI yacTn OMYTHUHCKOTO BOOXpa-
HIJIATIA COOTHOCUTCS ¢ OOJIBIITIM 3a1TacoM pac-
tRopéHHbIX OB B Bojie Ha aroii akBaropun (puc. 1,
CM. T[B. BRITaJIRY). Takske Ha JaHHOM ydacTKe OT-
MeueHbI BBICIITITe PACTEeHUSI-MHIMKATOPbI 3arpsi3-
wenusi OB (Typha latifolia 1..) n 6GuoreHHbIMT
BernecTBamu — Spirodela polyrhiza (1..) Schleid,
Lemna minor L. n L. trisulca L. ITociegnue Tpu
Bujia Obiin Berpevuenbl Hamu B 2011 1. B MecTe Bbi-
ITyCKAa CTOUHBIX BOJI CAHATOPUSI-TTPOPUIARTOPIS,
pacmosmoskernoro ma Gepery Bogoéma. Comep-

Tadauna 2 / Table 2

Xumnueckoe norpedsenne kucaopoja(XITK) B pasubix yuacrrax
Owmyraunckoro Bogoxpanuiuiia B 2011-2016 rr., mrO/pm? 7
Bichromate oxidability (COD) in different parts of the Omutninsky reservoir in 2011-2016, mgO/dm?

Tlom ncenenosanus Yuaacror Bopoxpanuianuiia / Reservoir area
Year of study Bepxosbe / headwater | menrpanbubiii / central | mpunorunubiii / near the dam
2011 27,3 27,0 26,8
2012 63 53 50
2013 15 21 17
2014 37 37 33
2016 32 43 31

Teoperuueckast u npurnamuas sroaorusi. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2
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Puec. 2. Copepsranne pacrsopénnoro kucyaopoja B sojge Omyrauncroro sogoxpanuiniia B 2011-2014 rr.
Fig. 2. The content of dissolved oxygen in the water of the Omutninsky reservoir in 2011-2014

Tadauma 3 / Table 3

Rnacesl kauecTBa BOJbI 17151 BOJOXPAHUINII ceBepo-BocToka KupoBeroii obnactu
(cpeHMe 3HAYEHWS 110 IAHHBIM XuMudyeckoro ananmnsa 3a 2011-2014 rr.)
Water quality classes for reservoirs in the northeast of the Kirov region

(average values according to chemical analysis data for 2011-2014)

Haspanue Bojoxpanumiuia / YRUN3B/ kiace kauecTBa, XapakTepucTuKa
Reservoir name RI3B / CIWP SCIWP / quality class, characteristic

Benoxonynuiikoe 12,82 1,07/ 11, cnabosarpsizaéanas
Belokholunitskoye low polluted water
OmyTHUHCKOE 26,25 2,19/ 111, sarpsisuéunas
Omutninskoye polluted water
Bosbimoe Rupenncroe 31,83 2,65/ 111, sarpsrauénumas
Bol’shoye Kirsinskoye polluted water
YepHOXOIYHUTIROE 13,76 1,15/ 11, cnabosarpsizaénnas
Chernokholunitskoye low polluted water

JKaHMe aMMOHUITHOTO a30Ta Ha dTOI aKBaTOpUU
B 2011 r. gocrurano 1,14 mr/nm?, B 10 Bpems
KaK Ha JIPYTUX yYacTKaX COCTABISIO B CPeIHeM
0,54 mr/am?. Tlocsie BBOia B 9KCILTyaTAIIIO HO-
BBIX OUMCTHBIX coopyskenuii canaropusi B 2012 1.,
S. polyrhiza (1..) Schleid, L. minor L. L. trisulca 1.
B IenTpannioil vactTu OMYTHUHCKOTO TIPYAa
HaMK 00HAPYKeHbI He ObLIN.

Roumenrparusi pactBOpEHHOTO KNCTOPO/IA
BO BCEX M3yd4aeMbIX BOMOXPAaHUJINILAX J[0-
BOJIbHO Hu3Kast. K nporeccam, yMeHbITAIOIUM
cojiepsRanme KICJopojia B BOjie, OTHOCATCS pe-
AKIUN MOTPebIeHs ero Ha JbIXaHue BOHBIX
opranmamMoB, bnoxnmnueckoe oruciaerne OB,
a TakKe XuMmueckoe oxkmeaenue Fe?t, Mn?*,
NO,, NH,*, CH,, H,S. Cxopocts norpedaenns
KUCIOPO/A YBEJANUNBACTCA C OBLIIICHITEM TEM-
meparyphl, KOJUuecTBa OakTepuil u APyrux Boj-
HBIX OPTAaHU3MOB U BEIIEeCTB, MOABEePTATOIIXCS
XUMHUIECKOMY I OMOXUMUICCKOMY OKMCICHUIO.
Hauwmenbiime sHadenns 1mo cojepRanmio pac-

TBOPEHHOTO KMCIOPOTA OLIIM OTMEYeHBI B
Boabmiom Rupcunckom Bogoxpanuiniie. Ilo-
JYUYeHHBIE Pe3YJIBTAThI COTACYIOTCS C IAHHBIM I
o BoicokoM cojiepskanun OB B aTom Boj0éMe.
Jror GakT cBUAETEIHCTBYET O Hebaaromnpm-
ATHOI 00CTAHOBKE B IAHHOM BOJOXPaHIJINIIE,
TaK Kak HU3KOe COoIepskaHme PacTBOPEHHOIO
Kucaopojia u Beicokas KoHienTparnus OB
HeraTuBHO BJAMSAET Ha ;KU3HEIEATeTHhHOCTH
TUAPOOMOHTOB, B YactHocTn nHyszopuit [16].
HebnaronpusitTHo Ha KUCJIOPOJHOM pesKuMe
BOJOXPaHMJINIIA OTPAKACTCA HU3Kasg MHTeHCHB-
HOCTH BOooOMeHa, KoaduimeHT BojoodMe-
Ha (k) cocrasiysier Bcero 0,9 ef1., B To BpeMsi Kak
B BesoxomyHuIiKoM BOJIOXpaHUIUIIEe OH IOCTH -
raer 9,4 ex. BOMyTHIHCKOM BOZOXPAHIIKIIE Ha
nporsizkennn 2011-2014 rr. ormeuanoch CHURE-
HITe KOHIIEHTPAIIT PAcTBOPEHHOTO KICJIOPOIa
B Bojie ¢ 9 10 6 Mr/nm? (puc. 2), opraro k 2018 1.
ero cojiepskaHue B BOJe BO3POCJIO B CPEJHEM JI0
7,3 mr/nm?. [l jarHoro BojoéMa XapakrepHa
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CpeHssT MHTEeHCUBHOCTH BOJJ0OOMEHA 110 CpaB-
HEHWIO ¢ JIPYIrUMU 00'beKTaMU NCCAeloBAHUS,
k=44 epn.

[To pesyabraram rupOXMMUYECKOTO aHAJI 3
3a 2011-2014 rr. paccuntanst KU3B u YRN3B
(rabs. 3).

CornachopaccuntanibiM nHeKkcam (Tabi. 3),
Bojia B benoxonyHuiikom u HepHOXOJIYHHUITKOM
BOJLOXPAHMJIMIIAX SIBJSAETCS MeHee 3arpsi3HeH-
HOTI, ueM B IBYX ipyrux Bogoémax. Haubombimeit
3arpsA3HEHHOCTHIO XapakTepusyiorest Bosbiioe
Rupenncroe n OMyTHUHCKOE BOJOXPAHUITUIILA.
Sarpszuenne Boabl Boabmoro Kupcunckoro
npyja HabJI0IaeTest M0 COJePyRaHNI0 AMMOH T -
HOTO a30Ta, 001Iero skeaesa, snavennmam XITH.
B Bofoéme ormeuena ciaabokucaas pearius
cpepbl (taba. 1), uto HEOGJATOMPUATHO BIMSET
Ha COCTOsTHUE BOJ0EMA U JKUBBIX OPTAHU3MOB.
Sarpsasnenne nanuoro npymra OB B ocHOBHOM
BBI3BAHO IIPOBOJIUMBIME paHee Topdopaspa-
6orramu. 3arpsisHeHue Bojbl OMYTHUHCKOTO
npyjaa HabJoaeTcs 1mo cojepyRaHmio sResesa,
ammonns n XIIR. ITo ornomennio BITK, /nep-
MaHTaHAaTHAS OKUCIseMOCTh (B cpenem 27%)
ycranoBygeHo, uTo OMyTHHHCKOE BOJOXPaHN-
JUILe UCIBITHIBAET CUJIbHOE carnpodHoe 3a-
rpsi3HeHne. ITO HOATBEPK/ALTCS pesyabraTaMin
MUKPOOMOIOTHUECKOTO aHAIN3a, COTTIACHO KO-
TOPOMY BOJia B IEHTPAJIHHOM U HPUILIOTUHHOM
yuacTKax 1o crereHn pa3BuTis rerepoTpoHbixX
MUKPOOPTAHM3MOB OTHOCHUTCSI K Me30CaTTpoOOHOI
30He (CpeHsIsl YMCIeHHOCTh MUKPOOPTaHN3MOB
B Bojie BapbupoBasa B npejesnax or 4700 no
99000 ROE/mu). Cornacuno kiaaccuduraum
BOJO6MOB 110 DaKTepUaTbHBIM MOKA3aTeJsIM
BOJIa B BEPXOBbLE BOJIOEMA SIBJISIETCS «YJOBJIET-
BOPUTEILHO YNCTOI», B CPeIHEi 4acTh COOTBOT-
CTBYET KJIACCy Ka4ecTBA BOJBI «3aTPA3HEHHAS»,
B MPUILIOTUHHON — «I'psA3Hasg». 3arpsasHenune
Omyruunckoro Bopoxpanuaniia OB cBsiza-
HO ¢ TOCTYIJeHMEeM 3arpsi3HsIOIIX BeIecTB
B BOJIO6M € XO35IHICTBEHHO-ObITOBBIMI CTOUHBIM I
BOJIAMU U TTOBEPXHOCTHBIM JINBHEBBIM CTOKOM, C
BJIMSTHUEM HTPOMBIIILIIEHHbBIX ITPeIPUsTHIA.

[ToswitiernHoe cojiepskanie OMOTEHHbBIX Jie-
meHToB 1 OB B OMyTHUHCKOM BOIOXPaHUJINIIE
OKa3bIBAIOT BJIMsIHIE HA PA3BUTUE BOJIHBIX pac-
TEHUIl, YTO MMOJTBEPIKaeTcss o0Hapys;KeHueM
MHMKATOPHBIX BUIOB PACTEHUI B TIEHTPATHHOM
" HPUIIOTUHHOM ydYacTKax Bopoéma. Besoxo-
JYHUITKOE BOJOXPAHUINIIE, COMTACHO MH/EK-
cam RM3B n YRUS3B (radn. 3), moasepkerno
3arpsi3HEHNIO B MeHbIeil crernenu. [las sroro
BOJI06Ma OTMeUYeHA HEBbICOKAs aHTPOIIOTEeHHAs
HarpysKa 1 BbICOKasi CKOPOCTh BOJO0OMEHA, 4TO
CIIOCOOCTBYET CAMOOUYMITEHUIO BOJIBI.

CornacHo Kraccu@uKanmm KauecTBa BOJ 110
TPOoo-carpoOHBIM TOKA3ATE M (PACTBOPEHHBII
KUCJIOPO]I, cojlepRaHme OMOTeHHBIX HJIeMEeHTOR
n OB), npepnoskennoit 8 'OCT 17.1.2.04-77,
BCe M3ydyaeMble BOJOXPAHUIUIIA SIBJISIOTCS
B-Me30campoOHBIMI, UTO TIO TPOPUIECKOT TITKA-
Je Riaccu@uKranum BOJLOEMOB COOTBETCTBYET
HBTPOPHOMY KJIaccy.

3ariaoueHue

Taxkum o6paszom, mpoBeieHa HKOJIOTmIecKast
OTeHKA YeThIPEX KPYHHeHIIIX BOLOXPAH I
Ruposcroii obactu ¢ npuMeHeHneM KOMILIeKca
Ha3eMHBIX MeTo[0B nccaenosanus. Omnpenene-
HO, 4TO HaI/I6OJIbLHaH OpupoaHO-TeXHOreHHas
Harpyska xaparkrepHa iyisi OMyTHUHCKOTO BO-
poxpanusiuiia. Ké mpupomHas cocraBisionias
00yCJI0B/IeHA BIUSHIEM O0JIOT, PACTIOIOKEHHBIX
Ha Teppuropun BOsu3n BrageHus p. OMyTHOI
B TIPY/I, XOJIMICTOTO pesibeda BogocOOPHOT 110-
Ay mpyia B MeHTPaJIbHOM U TPUILIOTHHHOM
y4acTKax, pasBUTHEM HPO3UOHHBIX MPOIECCOB,
4TO B HEPBYIO OUepe/ib MOATBEPKIaeTcsT BhICO-
KIM cojiepskanmem ob1ero skenesa B Bojie. Broaj
B TEXHOTEHHYIO HATPY3KY BHOCAT METAJJIYyp-
IMYecKUil 3aBOJI 1 TOPOJICKAs 3aCTPOiiKa, pac-
ITOJIOJKEeHHbIe B HpI/IHJIOTI/IHHOfI yacru, JIe‘le6HO-
03JIOPOBUTETLHBIC YUPEKICHIA 1T CAIOBOTICCKITC
00I1ecTBa B MEHTPATLHON YacTH BOJ0GMA, 0 U6M
CBUJIETEILCTBYIOT BBHICOKOE COJlepskaHme B BOJE
OB, amMoHMITHOTO a30Ta, MacCcOBOE pasBUTHE
carmpoTpoPHBIX DARTEPUIT 1 MHTEHCUBHOE «I1BE-
TEHIEe» BOJIBL.

Bbicoryio npupoaHo-TeXHOTeHHY IO HaTpy3-
Ky ncnbithiBaet boabimoe Kupeunnckoe Bojo-
xparuaniie. Ero xapaktepHbiMi pupoHbIMI
0CODEHHOCTSIMU SIBJISIETCST PACIIOJNIOREHNEe B paii-
oHe 1peodaaafms 60JOTHO-TTO/BOTNCTHIX TOYB
n nuranue BojamMmu Hupcosoro Gomora, pac-
MOJIOKEHHOTO BBITIEe TI0 Teuenuio p. [lanbusas,
YTO OTPasKaeTCs HA COJlePRAHNN B BOJIe sKeje3a
obmtero, mokazaressix pH u nsernoctu. Texno-
reHHas Harpys3Ka Ha BOlOéM 00YCJI0BIeHA BIIHSI-
Hiem ropdopaspaboror Ha Kupcosom Gosore,
JKUJION M ITPOMBIIIIeHHOT 3acTpoiikoii 1. Kupca.
Bopoxpanuiuige xapakrepusyercsi MeHbIIei
MPOTOYHOCTHIO TI0 cpaBHEHUIO ¢ OMYTHUHCKIM
BOJOXPAHIJIIIIEM, YT0 HeOJIarompusTHO BJIWSI-
eT Ha KUCAOPOJHBIN peykum npypa. benoxo-
JYHUIKWI TIPY/I, 10 CPAaBHEHWIO ¢ BOXOGMaMM
B 1. Kupce un r. OMyTHIUHCKE, HCTIHITHIBAGT MEHD-
mryio Harpysky. [Ipupojiasie yeoBus, B KOTOPHIX
cO3/1aHO 1 (DYHKIIMOHUPYET BOLOXPAHUJINIILE,
TPAKTHUCCKN He BANAIOT Ha IMOCTYIIeHne 3a-
IPA3HATONNX BerecTs B BogoéM. Hanmenbimas
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MPUPOHO-TeXHOTeHHAsI HaTPy3Ka B HACTOSIIIee
BpeMst oTMeueHa st YepHOX0oyHHITKOTO Ipy/ia.
OHa cRyTaibIBaeTCS N3 BANSHUS HEMHOTOUNCITeH -
HbIX 6OJIOT, pacioJiosKeHHbIX BbllIe 110 TeYeHU o
p. Uépuas XomxyHnuia (BepxoBbe pyfa) u Ko
3aCTPONKN OMHOMMEHHOTO TOCETKA B TIPUILIO-
TUHHON YacTu, 4TO MPOABJIACTCA B ITOBBITIIEHHOM
coflepRaHn aMMOHUITHOTO a30Ta B IIEHTPAIILHOM
yuacTie BOJOXPAHUINIIA.

Wenonnaoname B pabore KoMILIeKca (PU3NKRO-
XUMUYECKNX, MUKPOONOJTOTHIECKIX METO0B
aHaam3a 1 OMOMHIMKAIINN TTO3BOJINIIO BHISBUTH
YYaCTKI BOIOXPAHUINII, HanboJee moj[BepKReH-
HbIe 3arPsI3HEHII0 1 HBTPO(PUPOBAHITIO, OIEHNUTh
BJIVISTHITE TIPUPOJTHBIX 1 AHTPOITOTeHHBIX JaKTOPOB
Ha (popMupoBaHe KauecTBa BOJbI IPYJIOB.

Paboma evinoanena npu noddepicke epanma
Ipesudenma Poccuiickoii Dedepayuu das eocydap-

cmeennoi noddepicku Moa0dbLx Yuénovlx — Kandu-
damoe nayr (MK-86.2019.5).
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Nnentuduranmsa n n3yyenue cBoiicTB
Streptomyces geldanamycininus 3R9, BbiieIeHHOTO
13 OYBbI 10]1 3apociasimu dopiieBuka COCHOBCKOro

© 2019. E. B. Toseruxk!, k. 0. H., ¢. H. C., {OIIEHT,

A. B. Cazanos', k. 0. H., pyKOBOIHTEIb IIEHTPA KOMIIETEHINI, TOT[EHT,
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T. A. Ammxmuna':3, x. 1. 0., npogeccop, r. H. ., 3aB. Jadoparopueii,
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610000, Poccust, r. Rupos, yi. Mockoscrast, 1. 36,

2Mepepanbubiii arpapubiilt Hayunsiii entp Cesepo-Bocroka nmenu H. B. Pynruiikoro,
610007, Poccus, r. Rupos, yiu. Jlenuna, 1. 166a,
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AHTarOHICTIIeCKI AKTUBHBIT GaKTepIATbHLIT rrramyM 3 K9 BhiTesen 13 mouBHI MOJT 3apOCIIMIT MHBA3NBHOTO BIa Herac-
leum sosnowskyi Manden. pentuduranmio mramma 3HY mpoBopuin ¢ nucroab3oBanmnem KyJIbTy paabHO-MOPMOTOTHICCKITX
MPU3HAKOB, a TaK;Kke Ha ocHowe ananusa pparmenrta rena 16S pPHR. Yerawosneno nanGonaniiee cxonctso (98,54%)
HYRKJICOTHIHOI TIocaenoBareasHocTn imrramma 3 K9 ¢ mocnenosarennocrsio myrmeoruos Streptomyces geldanamycininus NRRL
3602 (mudp NCBI NR_043722.1). Cpeput criekrpa npoyupyembix mrramMoM 39 anTubnornkos ¢ moMoIbio onTn4ecKoi
criekrpockon oonapyskerb Makoerut I (0,00 mxr/mn) n Banupamuims A (0,78 Myr/i1). YeranosieHa criocoOHOCTb HITaMMa
3R9 & cunresy 1-(azabensumugaszon-2-mi)-2, 5-gurnapo-3H-nupposo| 2,1-a| nzounmmona — coeuenns,, N3BECTHOIO KaK
nuruburop arrusHocTn Genra Hsp90. C momoriipio BoicokodhdertnBHoil sKupKocTHON Xpomatorpadun B 9K30MeTabonTax
HCCJICILyeMOro IITaMMa 00HAPYKEeHBI TeITH/bl, AMUHOKUCIOTHL B Kostmdectse 145,00; mukonun — 117,62; morenn — 19,06;
¢uronn — 0,97 mrr/m. B maboparopHbiX yeJ0BUAX MOKA3aHO, 9T0 MPOAyIHpyeMbie mrrammoMm S. geldanamycininus 3HK9
BerecTBa (jaeryune u auddyHpupyioie B arap) nHrubupyior poct guronarorennoro rpuba Fusarium proliferatum.
B yenoBusix coBMeCTHOTO KyJIBTHBHPOBaHUS Jeryune Meraboauntsl S. geldanamycininus 3R9 3amepyisiior pajaiibHblii pocT
womonmit F. proliferatum moutn B aBa pasa. [lommmo amrnbmornros, mramm 3K mpopynmpyer BHeRIeToTHbIT hepMenT,
paspymaioruii iesionody. Ha cpefe lerunncona coorrnotenne nmmpuibl 30Hb! pocta mramma 39 1 o6paszyemoii M 30HbI
paspylieHust KapooKCUMeTHIE/LT0103bl cocrassier 2,5. B skuprodasnoii kyasrype S. geldanamycininus 3K ve nposisu
CTIOCOBHOCTI TIPOYTIMPOBATH AYKCHHbBI (MHIONIMI-3-YKCYCHYT0 Kucaory). B xome mcemenosanms aysersurensioctn S. gel-
danamycininus 3H9 kK auTuOMOTHKAM yCTAHOBIEHA €T0 Pe3UCTeHTHOCTh K PpUMaMITUINHY, aMOKCUIIMIITNHY, HUCTATHHY
U JIEBOMUIIETHHY B KIMHIYECKN 3HaYMbIX KoHIleHTpanusx. [Hlramm 3KY nposisiisier wyBCTBUTENIBHOCTD K aHTUOMOTHKAM,
MHTIONPYIONNM CHHTe3 OeTKa (TeTPATIIRIII, KAHaAMUIIH, HJPUTPOMUTINT) T CHHTe3 KIETOUHON cTenku (medasomnm,
Garurparun). Crenan BbIBO 0 ToM, uTo S. geldanamycininus 3R9, 6aarogapsi HaTMYMIO0 AHTUOMOTUYECKOI AKTUBHOCTH,
MOZKeT [POTHBOJEIICTBOBATE BTOPKEHHIO MATOTEHHbBIX BUIOB MUKPOCKOITMYECKUX IPUOOB B IIPUKOPHEBYIO 30HY pacTeHuil
GoprieBnia COCHOBCKOTO I TeM CAMBIM CTIOCOBCTBOBATE TIOBBITIICHITIO €T0 MHBAZMBHOCTI.

Kuouesote caosa: Sltreplomyces geldanamycininus, Heracleum sosnowskyi, Fusarium proliferatum, moneryisipHo-
remernveckuit ananus, 16S pPHR, maxbernun I, samugamumun A, anTnOnOTHKOPE3NCTEHTHOCTD.
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The antagonistically active bacterial strain 3K9 was isolated from the soil under the thickets of the invasive Herac-
leum sosnowskyi Manden. species. Identification of the 3K9 strain was performed using cultural morphological traits,
as well as based on the analysis of a fragment of the 16S rRNA gene. The greatest similarity (98.54%) of the nucleotide
sequence of the 3K9 strain to the nucleotide sequence of Streptomyces geldanamycininus NRRL 3602 (Accession number
NCBI NR _043722.1) was established. Macbecin I (0.50 ug /L) and validamycin A (0.78 pg/L) were detected among the
spectrum of antibiotics produced by the 3K9 strain using optical spectroscopy. The ability of the 3K9 strain to synthesize
1-(azabenzimidazol-2-yl)-2,5-dihydro-3H-pyrrolo|2,1-a]isoindole, a compound known as an inhibitor of the activity
of the Hsp90 protein, has been established. Using high performance liquid chromatography, peptides, amino acids in
the amount of 145.00 pg/L were detected in the exometabolites of the studied strain; lycopene — 117.62; lutein — 19.06;
phytoin — 0.97 pg/L. Under laboratory conditions, it was shown that substances produced by S. geldanamycininus 3K9
(volatile and agar diffusing) produced by the strain inhibit the growth of the phytopathogenic fungus Fusarium prolifera-
tum. Under co-cultivation conditions, the volatile metabolites of S. geldanamycininus 3K9 slow down the radial growth of
the colonies of F. proliferatum almost doubled. In addition to antibiotics, the 3K9 strain produces an extracellular enzyme
that destroys cellulose. On the Hetchinson medium, the ratio of the width of the growth zone of the 3K9 strain and the
carboxymethylcellulose destruction zone formed by it is 2.5. In a liquid-phase culture, S. geldanamycininus 3R9 did not
show the ability to produce auxins (indolyl-3-acetic acid). During the study of the sensitivity of S. geldanamycininus
3K9 to antibiotics, its resistance to rifampicin, amoxicillin, nystatin and chloramphenicol in their clinically significant
concentrations was established. Strain 3K9 shows sensitivity to antibiotics that inhibit protein synthesis (tetracycline,
kanamycin, erythromycin) and cell wall synthesis (cefazolin, bacitracin). It is concluded that S. geldanamycininus 3R9,
due to the presence of antibiotic activity, can counteract the invasion of pathogenic species of microscopic fungi into the

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

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

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

Hanmane B3anMHBIX CBsI3el MEKTY pacTeHn -
SIME U TIOYBOI UTPAET BaKHYIO POJib B PYHKI[MO-
HUPOBAHWN HAa3eMHBIX pKocucTeM. Bzanmmo-
MefcTBIe MEsKILy HIUME MOKeT HeCTH KaKk OTPH-
naTeJbHbI s pacrenuii apdexr, ecan peun
UAET 0 MATOTeHHBIX MUKPOOAX, TaKk W OO -
TeJIbHBIN — B cJTydae CMMOMOHTOB U JIECTPYKTOPOB
pacTuTesbHbIX ocTaTKOB [1, 2].

W3BecTHO, 4TO pacteHus MOCPECTBOM KOP-
HEBBIX KCCYIATOB CTIOCOOHBI I3BMEHSTh MUKPOO-
HOE OKPYJKeHIe, BHOCS TeM CaMbIM BRJIAJ B (DOp-
MHUPOBaHWe MUKPOOHBIX cO00IecTB MouB [3].
OnHoBpeMeHHO OT/Ie/IbHbIe TTPeICTaBUTE I HTUX
COODIIECTB MOTYT BJMSATH HA POCT PacTeHMIl 3a
cuéT cBOoeH (PYHKITMOHATLHON aKTHUBHOCTH |4, O].

Boabioii marepec B CBA3Y ¢ STUM BBI3BIBAIOT
BTOPHUYHbBIE METaOOJINTHI AKTHHOMUIIETOB, [T KO-
TOPBIX XapaKkTepeH HIMPOKII CIIeKTP OMOoIormde-
CKOIT aKTUBHOCTH, BRJITOYasi (DUTOPETrYIIATOPHYIO
[6]. M3BecTHO, uTO NIpecTaBUTE/IN aKTUHOMI -
1eroB npopynupyior 6osee 70% KInHUYCCKN
3HAUMMBIX aHTHOMOTHKOB, 80% 13 KOTOpPHIX —
BTOPUYHBIC MeTabOUTR poja Streptomyces |7].
[Hmporoe pasmoobpasme aHTHOMOTIKOB CTPETI-
TOMUIIETHOTO MPOUCXOKICHNS BRITOUALT aH-
CAMUTINHBI, aMUHOTJTMKO3HU/IbI, TeTPATINKINHBI,
B-sakTaMbl, MAKPOJU/IBI, TETTUIBI, TTOJMEeHbI,
AHTPATINRANHEL, Tonuddupsl u ap. [8]. Muorue
13 HIX 00J1a1a10T AaHTHMYHTATHHBIM J[eHCTBIEM.

[Tesimm paroit paboThI SIBUIICH UAeHTH (-
Rarus u uzydenne Guanoaoro-6moXuMmniecKmx
cpoiicts mramma 3K9, BLimesenmoro ms mouYBLI
mop, 3apocasamu oopiieBura GocHOBCKOTO, [1Jis
BBISCHEHNS BO3MOKHBIX MEXaHU3MOB €ro aHTI-
(pyHTaTHHOI AKTUBHOCTH.

O0BbeKThI 1 MEeTO/bI

[Mravmm 3KRY O BHITETIEH B 4MCTYIO KYJTh-
TYpPY M3 IOYBbI y4acTKa MaccoBOrO pocta 6op-
mesura Cocuoscroro (Heracleum sosnowskyi
Manden). Mecrononoskenne ydactra mpoboor-
6opa — QPaméuckuit paiton Kuposckoit obmactn
(N 58°21,558" E 51°33,533"). [lns muzonsinun
KYJBTYPBI UCITOTB30BAIN OOTIENPUHATHI Me-
TOJl CePUTHBIX Pa3BeACHUI ¢ TMOCTCAYIONNM
BBICEBOM IMOYBEHHON CYCIEH3WN HA Ka3euH-
raunepuroBbiit arap [9]. Oumerky n xpamenne
MTaMMa OCYIIeCTBISIN HA MUHePaJIbHOM arape
layse 1 [10].

Nnentudurarmio mramma 3K9 mposognan
cornacuo ompegennressm [10, 11] n pyrosos-
ctBy [12], a TarkyKe ¢ TTOMOIIHIO MOJTEKYISAPHO-
remerndeckoro ananunza. CekBeHMpoBaHmIe
¢pparmenra rerna 16S pPHRK npoBopunn B na-
YUHO-TIPOU3BOICTBeHHOI KoMTanun «CGuHTo1»
(Mockga). llonyuennyio HyKJICOTUHYIO TT0-
CJIEIOBATETLHOCT COMOCTABIISIIIN ¢ MATePUATIOM,
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nenonnpoBanibiM B reabanke NCBI ¢ ucnonnso-
BanueM rmakera nporpamm BLAST [13]. Muosxe-
CTBEHHOE BhIDABHIBAaHNE HYKJIEOTHIHBIX MTOCIe-
nosaresbrocteit rera 16S pPHKR u mocrpoenme
(ustoreHeTIUECKOTO JlepeBa OCYIECTBIISIIN C 110~
motrnio porpammbl MAFET [14]. [las mocrpoe-
HISI JiepeBa MCIoab30BAIN METO/ 00beIImHeH s
«bnmmsraitmmx coceneii» — neighbor-joining (NJ).
B rauectBe pepepencHoro (He mpuHaIesRAIIETO
R pony Streptomyces) oprannama ObLIT BHIOpaH
mramMmm Rhodococcus rhodochrous DSM43274T.

Jlist monmydenns sK30MeTaboOINTOB TITAMM
3K9 wynvruBupoBasin B Koubax Ipaenmeiiepa
(250 ma1) ¢ MunepasbHOii cpepoii ['ayse 1 (00bém
90 M) na meiikepe (180-200 06/vMum) B Teue-
uue 7 cyr pu 22 °C. KyabrypajibHyI0 sKUTKOCTh
nearpudgyruposasn B reuernne 10 Mmun npn
7000 06/mMuH f7151 OTAETEHU ST GOMACCHI KIETOK.
CyrnepHartanT OJJHOKPATHO HKCTPATrUpPOBAIM,
BCTPSIXUBAST JKUJKOCTH ¢ PABHBIM 00'bEMOM reK-
caHa nmpu KOMHATHON TeMIIepaType B e TuTelb-
HOW BOPOHKE B BBITSIKHOM TIRAPY. JRCTPAKT
(10 MJ1) KOHTIEHTPUPOBAIN, PEIKCTPATHPOBA-
HITe TTPOBONIN DTHIOBBIM ¢IiupToM. OunceTry
" aHaJu3 dTaHOJbHOTO DKCTPAKTA MPOBOIIIN
MEeTOJIOM BBICOKOA(P(PeKTUBHOI KUIKOCTHOI
xpomarorpadun (BIYRX) ma xpomarorpade
GILSON npu caeayomux yeaoBusX: KOJOH-
ra — Ultrasil-Si (250-7,8 mm; 10 mxm) n (250—
4,6 MM; O MKM) COOTBETCTBEHHO; MOABUKHAS
dasza — 97,5% rexcan + 2,5% wmzonpomanor;
cropocTth nporora — 2,0 u 0,5 Mir/MuH cooTBeT-
CTBEHHO; 00'bEM TIPOOBLI, HAHOCUMBIT HA KOJIOH-
Ry, — 2 M u 100 MKJI cOOTBeTCTBEHHO; JleTeK-
rupoBanue — YO npu 240-280 u 260-280 um
coorBercTBeHHO. YD-creKTphl BaaugaMutimna A
n maxbernua | caumasu na criekrpogoromerpe
SPECORD UV VIS (I'epmanmust).

Bnusnue Heleryunx BHEKJIETOYHBIX MeTa-
6osmrtoB mramma 3K9 wa pocr F. proliferatum
ornpesiesisiin MmeTojiom finddysun B arap. Biusinue
neryunx Berects (JIB) mramma 3K9 na pocr
rpuba F. proliferatum wmccnegoBaiy ¢ mMOMOIIBIO
IBOITHOI RYJIBTYPbI, cO3/laBast (pusmueckoe pasye-
JIEHTIe MKy CTPETITOMUIIETOM U MITKPOMUIIETOM.
Ilnst ororo B mentp ponra yamiku [lerpu ma mior-
HYIO IuTaresibHyio cpefy Yarexa ocyrecTisain
OJTHOKPATHBIN TTOceB «yKoaom» F. proliferatum.
B kpoimky garnku [lerpu Ha 3acThIBITYIO KaTLIio
arapa romerraian 6aouer (10 Mm) razona mramma
3K9, npenBapuTeibHO BRIPATIEHHOTO HA TIIOTHOI
munepanbroit cpepie ayse 1. Yamry [lerpu 3a-
KPBIBAJIH, TePMETH3NPYS cThIK TiéHKoN Parafilm,
4T00BI TIpefoTBparutTh yreury JIB. Wukyoupo-
Basm vamku pu 27 °C. B Routpose neiictsue
JIB mramma 3R9 na F. proliferatum ncxiouain,

nomeras Ha Kpuiiiky damkn [lerpu 6mouer
crepmibHOi MuHepaabuoi cpenbl Fayse 1. Tlo-
BTOPHOCTH OIbITA TPEXKpaTHasi. VIHrnbupoBanue
pocra rpuda JIB mrramma 3K omrpenensinm myrém
uaMepenus aquamerpa ronouun I. proliferatum
B JIBYX B3aMMHO TePIeHINKYISIPHbIX HATIpaB/ie-
nusx. [luamerp KosoHuit yanrsiBasin qepes 3, 4,
9 u 7 cyr nocje nocepa. PajuajibHyl0 CKOPOCTh
pocTa KOJIOHUT BBIYMCJISIIN 110 (DopMyJie:

K = d-d,

;o

rae K — pajmaibHas CKOpPOCTh pocTa KOJIO-
Huu, MM/4; d 1 d, — juamMeTp KOJIOHUM B JAHHBLIL
" HAYaJILHBIIT MOMEHTHI BpeMeHU, MM; [ — BpeMs
MHRYOAI[MM, Yac.

[eanononurnyeckyo akTHBHOCTh IIITAMMa
3R9 ompenessam Ha MIOTHOW MTUTATEIHHOT Cpe-
ne letunHcoOHA ¢ KAPOOKCUMEOTUIIIEIII0I0301
(KMIT). O nanwvum 1eanionouTndeckoil aKk-
tuBHoctn Ha cpefe ¢ KMIL cymuan mo nosiie-
HITIO 30HBI TIPOCBETICHUS OKOJIO TECTHPYEMOTO
nsoJsTa mocae okpackn cpeabl 0,1% BogHBIM
pactTBOopoM KoHTO KpacHoro [15].

Onpepenene WHIOMMI-3-YKCYCHON KICI0-
ol (1Y K) mpoBojimin B BOJTHOM pacTBOpe 9K30-
metabonuToB ¢ peaktuBoMm CanbkoBckoro [16].
Buipamusanue mramma 3H9 ocyrectsiasnn
B TeUeHUe MATU CYTOK B JKUKON MUTATEJTbHOU
cpene Yamnera ¢ rpunroparom (0,2 v/n). Rynib-
TYPaTbHYIO JRUIKOCT, KOTOPAs COJepsRaza KOM-
IIeKC DK30MeTadoanToB mramma 3R9, ornemrsin
OT OMoMaccehl IMyTéM MeHTPU(YTuPOBAHIS.

Yysersureabuoctsh mramma 3K9 k amru-
OMOTHKAM OTIPe/esIsin TUCKO-TuM Y3 nOHHBIM
MeTomoM. [ls 5TOTO MCMOAB30BAIN INCKNT
(JIN-TIJIC-50-01, HUTL®D, Cankr-Ilerepdypr)
U3 PasHbIX TPYIHI U RJIACCOB aHTUOMOTUKOB,
B KIMHWYECKN 3HAYNMBIX KOHTIeHTparusx. ['pyr-
ma B-makramoB ObLTa TIpesicTaBIeHa medasonnHoM
(redpamociopuabr), 30 MKI 1 aMOKCHTIHIITHOM
(meHuIITnHbI ) , 20 MKT; MAaKPOJIUIIOB — HPUTPOMI -
UHOM, 15 MKT; aHCaMUIINHOB — pudamMInIumHOM,
D MKI; aMHUHOTJIMKO3UI0B — KAaHAMUINHOM,
30 MKr; TpyIina TeTpanuKkINnHOB — TeTpariuKJIn-
HoM (Kiacce moaukeTuinl), 30 MET; xmopamde-
HUKOJIOB — JepoMmurerunom, 30 MKr, bamurpa-
nuabl — 6anurpanuuom, 10 Ex; nonnenon —
nucrarumnom, SO Ex.

JlocToBepHOCTH DKCIIEPUMEHTAIBHbBIX JAH-
HBIX OTEHUBAJIN METOJaMI MaTeMaTndecKoil
cratuctuku. Pacuérsl, mocrpoenne rpaguKkoB
U UX ONUCAHUEe OCYHIEeCTBISIN ¢ MOMOIbIO
npunoskennit Microsoft Office Word n Excel,
MOCTPOeHNE CTPYRTYPHBIX OPMYJT aHTUOMO-
tukoB — ChemOlffice.
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Pesyabrarsl u ob6cyskienne

HIramm 3KY popmupyer cnmpanbubie
nernouykn crop. Ha munepanbuom arape 1 Bo3-
nyuraeiii Munenunii (BM) mramma nmeer et
oT 0es0To 10 Ceporo, OTiebHbie KOJOHUN CO
BpeMeHeM uepHeroT, 6Jarofaps aBTonsy; cyo-
crpatubiil Munennii (CM) — Gecrsernsnrii. Ha
OBCSIHOM W IJINIEPUH-HUTPATHOM arape ImBer
BM — or 6enoro mo ceporo, CM — GeciiBerHbiii,
pacTBOpUMbIe ITUTMEHTHI OTCyTCTBYIOT. Menano-
ujiHble TTUIMeHTHl He obpasyioresi. Ha opranu-
geckom arape 2 nser BM — ot Gesioro 1o ceporo,
CM GecriBerHblii, 0Opasyercs cadblii ;KeaToBa-
Teiii TurMenT. Ha ocHOBaHUM RyJIbTYpaibHBIX
n MopdomornuecknX mpu3nakos, mramm SH9
OBLI TePBOHAYATHLHO OTHECEH K BULY Streptomyces
hygroscopicus [10].

Tarconommnueckas unaeHTnGURATIS, OCHO-
BaHHas Ha ananuze pparmenTa rera 16S pPHR,
mokasaia, uro mramm 3K9 mambomee 6aM30K
(98,54% cxofcTBa) IO TTOCTEOBATETLHOCTH FeHa
16S pPHH & nenonuposannomy 8 NCBI mrammy
S. geldanamycininus NRRL 3602 (nomep no-
cryna B renbanke NCBI NR_043722.1) (tabu.).

B pesyibrate MHOMKECTBEHHOTO BhIpaBHIBA-
HUST HYRJIEOTH/IHBIX TTOCIe/0BaTeTbHOCTE! reHa
16S pPHR u nocrpoennst gpunorenernyeckoro
fiepeBa ObLIO TTOKA3AHO, YTO JIOCTOBEPHOCTH KJIa-
crepmsarnyn mramma 3R9 ¢ S. geldanamycininus
NRRL 3602 cocrasisier 97% (puc. 1). [lerapo-
rpaMma mocrpoeHa Ha ocuoBanuu meroga NJ
¢ momoripio iporpammbl MAFFT. Iudpamu nmoxa-
3aHa CTATUCTHYeCKast OCTOBEPHOCTD TIOPSITKA BET-
BJIEHUSsI, OIIPeJlesIEHHAs ¢ TIOMOIIbIO «bootstrap»-
ananuza 1000 arsrepHATHBHBIX JIEPEBHER.

Buposoii craryc S. geldanamycininus no-
ayuns B 2007 r. Ha OCHOBAHU M TEHOTUTTNUECKOTO
1 (HeHOTUITIMYEeCKOTO aHaIN3a THIIOBOTO TITaM-
ma NRRL 3602, nannoro B [17]. Pamee aror
mTaMM paccMaTpuBajcs Kak S. hygroscopicus

var. geldanus, S. hygroscopicus subsp. geldanus.
CornacHo ganubiM Jiureparypsl, S. geldana-
mycininus crnocodeH MpoAyInpPoBaTh rejijaHa-
munun (monexynsphas gopmyna CyH, N,O,)
— IIPOTUBOOTIYXO0JIeBbIiT aHTHOMOTHK 1,4-6eH30-
XUHOHA AHCAMUINH, OJIH 13 TIePBBIX OTKPBITHIX
narnburopos Oerka Hsp90, mpencrasasioniero
MHTEPEeC B CBSI3U C TTOMCKOM MTPOTHBOOTTYXOJIEBBIX
cpencrs [18].

Cpeanm aHTHOMOTNKOB, TPOAYIINPYeEMbIX
S. geldanamycininus 3R9, ¢ momomibio onTuye-
CKOI CIIEKTPOCKOITI Y OBLT 00HAPYKEH MaKOeIIH
I (CAS 73341-72-7, monerynsipuasi gopmyia
C,,H,,N,O.) B konmmuecrse 0,500 mkr/n. Rak n
reapamamuinn, makbenun I — sro antubuoTuK
AHCAMUIMHOBOI IPYIIIbI, CIIOCOOHBIN MHIUOM-
posath 6es0x Hsp90 [19] (puc. 2).

Opmaro ot reagamamMuinna, maxoemmn [
OTTMYAETCS OOBINEIT PACTBOPUMOCTBIO, CTA0NITh-
nocteio 1 agpdunanrocTsio [20].

[Tomumo markbermna I, cpepu sx3omeTadosIm-
toB mramma 39 obnapysken ené ogun anTubMo-
TUK IPYIITB aMITHOTJIITKO3W/I0B — BaJIM@aMITNH
A (CAS 37248-47-8, mosiexynsipruast popmyna
G, H, NO,,) B konuuecrse 0,78 mkr/m1. On usse-
CTeH KaK MOIIHBII MHIMONTOP aKTUBHOCTH Tpera-
JIa3bl y TPUOOB, a TAKKe PacTeHMIl 1 HACEKOMBIX
[21]. B cBsizu ¢ atum BasugaMuiind A mmnpoKo
MCITOMB3YIOT KaK MOIIHBIN MPOTHBOTPUOKOBHII
arpoanTnomoTnk [22].

B menbiiem komuuecrse (0,06 mrr/imn), yvem
makoeryd | u BanupamMumna A, B cyliepHataHTe
mramma 3K oonapysken 1-(azabensmmugason-
2-nn)-2,5-puruapo-3H-nuppoao[2,1-a]-
nzonumoa. [lannsie o MUKPOOHOIT mpupoje
ATOTO COEJIMHEHNsI OTCYTCTBYIOT. B nureparype
OHO YITOMIHAETCsI KaK IIPOM3BOJIHOE H30MH/[0JIOB
(6eH3M30Kca30/1a), MOJyYeHHOe TTyTEéM XuMnye-
CKOT0 CUHTe3a I PEKOMeH/[yeMoe K HCII0Th30Ba-
HIIO B KAYecTBe MHIMONTOPA aKTHUBHOCTU OeKa
Hsp90 [23]. Takum obpasom, B Haieit pabore,

Tadauma / Table

Bauskaitimue popersennukn mramma 3K9 B 6aze pannnix Genbank (na ocnoBanuu conocrabienus
dpparmenros rera 16S pPHR) / The closest relatives of the 3K9 strain in the Genbank database
(based on a comparison of fragments of the 16S rRNA gene)

PopcrBenbie mraMmbl Howmep pocryna Genbank CxoperBo
Related strains Accesson Number Similarity, %
Streptomyces geldanamycininus NRRL 3602 NR 0437221 98,54
Streptomyces sporoclivatus DSM 41461 NR_117954.1 98,43
Streptomyces sporoclivatus NBRC 100767 NR 0414131 98,43
Streptomyces antimycoticus NBRC 12839 NR 041080.1 98,43
Streptomyces sporoclivatus LMG 20312 AJ781369.1 98,32
Streptomyces castelarensis DSM 40830 NR 117953.1 98,32
Streptomyces castelarensis NBRC 15875 NR 1124791 98,32
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10__R_Rhodococcus_rhodochrous_

0.07

DSM43274T__X80624_1

___.7__R_Streptomyces_antioxidans_
871, MUSC_164__NR_145593_1

| .8__R Streptomyces_hygroscopicus_

NBRC_13472__NR_041145_1
.1_3K9
97 | =

—

| .2__R_Streptomyces_geldanamycininus_
80, NRRL_3602__NR_043722_1
,3__R_Streptomyces_castelarensis_
56 =, DSM_40830__NR_117953_1
= .4_R_Streptomyces_mordarskii_
NRRL_B-1346__NR_044200_1
48 B .9 R _Streptomyces_niger_
1 NBRC_13902__NR_112421_1
_.5__R Streptomyces_cameroonensis_
", JJY4_NR_146825_1
L . 6__R_Streptomyces_malaysiensis_
NBRC_16446__NR_041410_1

Puc. 1. Qunorenernveckoe fepeBo, MoJyueHHOe HA OCHOBAHIN aHaJM3a [mocJaefloBaTe/bHOCTell hparmeHTa
rena 16S pPHR uccaenyemoro mramMmva u ero 6Jimskail X pojicTBeHHNKOB, HalieHHbix cepucom BLAST
Fig. 1. Phylogenetic tree, obtained on the basis of sequence analysis of the 16S rRINA gene fragment of the
test strain and its immediate relatives, found by the BLAST service

Puc. 2. Crpyxrypubie popmyiint reajanamuiinna (a) u maxberuna |
Fig. 2. Structural formulas of geldanamycin (a) and macbecine I (

MO-BUNMOMY, BIlepBbie OOHAPYKeH ONOCIHHTe3
MANTOTO COeMHenus akTunodbatepmeit S. gel-
danamycininus 3R9. CmocobHocTs TPUPOTHOTO
M30JATa K MPOAYRIINY TaHHOTO COeMHEeH S
MOJKeT MMeTh MpaKkTuuecKne meperuneKTHBI,
B CBSI3N ¢ IPUMEHEHIEeM B KauecTBe JIeilCTBYIO-
IeT0 BeIecTBa MPOTHBOPAKOBBIX MPeraparos.

[Tomumo anTUOMOTHKOB, cpejin HK30MeTab0-
nuro mrtamma 3KY ¢ momornpio BAYRX obnapy-
JKeHBI XapaKTepHbIe [T OaKTePUil COeJIMHeHS.
Cpepnt HUX — TeNTH/BI, AMIHOKNCJIOTHI B KOJIH-
gecrse 140,00; takme RapOTHHOWHBIC TTATMEH-
Thl, Kak Juronunn — 117,62 u morenn — 19,00,
a TakyKe TPeITeCTBeHHIK TMKONNHA — (PUTONH —
0,97 mKr/mn.

(b)
b)

UsBectHO, uTO B ecTeCTBEHHOII Cpejie, B YCJIOBH-
SIX OTPAHNYEHHBIX UIIEBbIX PECYPCOB, aHTUONO-
TUKI HEOOXOIMMbI GAKTEPUSIM JIJIsl HHTUON POBAHIIS
KOHRYpeHTOB. [l IpoBepKRM HaIMYMsl aHTH-
(yHranbHoll akTuBHOCTH Y mTamma S. geldana-
mycininus 3K9, mpoxyupyioiiero aHTHONOTHKA,
OTIpeJIeJIsIIIN eT0 AaHTATOHUCTUYECKOe JlelicTBIe
B orrorennn rpuba F. proliferatum. G momonibio
meroia auddysnn B arap yCTaHOBIEHO MHITON-
pylotiiee IeiicTBIe SK30MeTabOMNTOB HCCIeTyeMOTO
mraMmma crpernrtomuiiera Ha poct F. proliferatum.
Cpenssisi BeImunHa 30HBI MHTHONPOBAHIS POCTa
F. proliferatum cocrasuna (24+1) mwm.

B niocaiesiree BpeMsi, 1pi co3/jaHI MUKPOO-
HBIX CPEJICTB 3AIUTHI pacTeHnii ot GuronaTo-
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Pue. 3. [lunamuka ckopocrtu pajuaibioro pocra F. proliferatum
oI leiicTBIEM JieTyunx Berects S. geldanamycininus 3K9
Fig. 3. Dynamics of the rate of radial growth of F. proliferatum
under the action of volatile substances S. geldanamycininus 3K9

TeHHBIX TPUOOB, 0c000e BHUMAHIE NCCTIeM0-
BaTeseil MPUBJIEKAIOT JIeTy4Yne OpraHnvyecKme
COCIMHEH S B COCTABE BTOPHYHBIX MeTabO0JIMTOB
[24, 25]. IlpencraBasisi coboil aumoduiabHbe
BelllecTBa ¢ BHICOKUM JlaBJIe€HIEM 11apoB, B OT-
AudYme OT PAaCTBOPUMBIX COEJIUHEHWIT, OHU
CTTOCOOHBI ¢BOOOMHO MPOHUKATEL Yepes O1moo-
riudeckue Memopanbl, Tud@yHupoBaTh yepes
BO3JIYIITHbBIE 11 TA30HATIOJTHEHHBIE TIOPHI B TOUBE
[26]. B xome 6eckoHTaKTHOTO TeCTHPOBAHUS
S. geldanamycininus 3R9 na Hajiuuue jgeryunx
MeTabOJUTOB OBLTO BBISIBIEHO WHTHOWPOBAHIE
pocta F. proliferatum.

Ha4—5-T-e cyT coBMECTHOTO KYJIBTUBHPOBA-
HUS CKOPOCTH pajinaibHOro pocra I, proliferatum
MoJt JleficTBUeM JieTyunx Berrects S. geldana-
mycininus 3KY Obl1a HIKE, YeM B KOHTPOJIe Ha
32-19-51,6% coorBercrBenno (puc. 3).

Crocobmocers S. geldanamycininus 3H9
K HPOJYKIUN aHTU(YHTATbHBIX MeTaboJInTORB
OIEHUBAJIN HE TOJbKO ¢ TOYKHU 3PEHUsI CUHTe3a
AaHTUOMOTURKOB, HO U TUAPOJUTHUECKUX dep-
MEHTOB — 9K301e/TI0a3. B xoje nccnemoanms
MeJITI0JOJTNTHYeCKOTT aKTUBHOCTH Ha cpeje
Fetunncona ¢ KMLI, perucrpuposanu cpepiee
3HaveHue Mupuubl 30ubl pazpynienns KMI]
OKOJIO TeCTUPYEMOTO M30JIsTa MOCae OKPACKH
cpenpt 0,1% BOHBIM PACTBOPOM KOHTO KPACHOTO,
paBuoe 8+1 mm. CooTHOIIIeHNE TIUPUHBI 30HbI
pocra S. geldanamycininus 3R9 n obpasyemoit
UM 30HBI IPOCBETIeHUs ObLIO paBHO 2,5.

B sxuprodasuoii kysasrype S. geldanamycini-
nus 3K He ObL c1rIocOOEH K TPOIYIIPOBAHNIO
WHJIOJINIT-3-YKCYCHOT KUCTOTH (QYKCUH).

NsBecrHo, 4To mpopynupoBaHne aHTuOMO-
TUKOB 1 YCTOUMBOCTh K MHTUOMPOBAHNIO aHT -
OMOTURAMU — JiBE YePThl, KOTOPbIe HEOOXOIMbI
MUKPOOPraHU3MaM JiJisi BbIKUBAaHUS B ecTe-
CTBEHHBIX cpeftax odurtanus [27]. Kpome sroro,
AHTUOMOTUKOPE3NCTEHTHOCTD BBICTYIIAeT Kak
MeXaHM3M 3aIUThl TPOJLYIIEHTA OT COOCTBEHHBIX
antnbuorukros [28]. MccaenoBanme uyBcTBI-
reabnoctu mramMmma SH9 k antubuornkam, Boisd-
BIJIO €TI0 PE3UCTeHTHOCTD K 4 13 9 nccaeyemMbix
antnOomornroB. Cpeyit HUX MOJTYCHHTETHYECKIE
AHTHOMOTURN — pU(aMIUINH, AMOKCUIUJITNH,
HUCTATUH U CUHTOTHYECKUIT aHTUOMOTHK — Jie-
BOMMUIIETHH.

[Mramm S. geldanamycininus 3K9 npo-
SIBJISLTT UYBCTBUTEJNBHOCTh K aHTUOMOTUKAM,
WHIUOMPYIONUM CUHTe3 OeJika (TeTpariuKJInH,
KaHAMUIIH, 9PUTPOMUIINH) 1 CUHTE3 KIETOUHOI
crenku (redazonu, darurparun). B nandomin-
meit creriern poct mramma 3K9 orpannvnBancs
RamaMumuiaoM (3ona marnomposanms 001 mm).
Bropwim 110 cuiie geiictBus cpeay aHTUOMOTUROB,
MHTUOUPYIOIINX CHHTe3 OeJTKA, ObLIT S PUTPOMUTIIH.
Hecmotps ra o, uto ero ncceneyemast io3a (15 Mrr),
Obly1a BIiBOE MeHbIIIe, 4eM Y TeTPAIMKINHA, dPU-
rpomutina (31+1 mm) warndbuposan pocr S. gel-
danamycininus 3K9 B Gosblei cremenu, yem
rerparuiand (17£1 mm). SoHa HHIUOMPOBAHUS
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pocra S. geldanamycininus 3R9 nedazonuuom
cocrasmaa 20+£1, 6arurpanunom — 371 Mmwm.

BoiBojbt

Ha ocHoBanmm KoMIaeKca KyJabTypasib-
HBIX, MOP(OJOTUIECKUX U MOJEKYJISIPHO-
PeHETHYECKUX ITPU3HAKOB yCTaHOBICHA TPUHAJL-
aeskuocth mramma 3R9 k supy S. geldanamy-
cininus (wn S. hygroscopicus var. geldanus, nian
S. hygroscopicus subsp. geldanus). Viccnepyembiii
mramm crnocoben K cuHTe3y MakOermuua | n
Basmpamutinaa A. Hanmune antnbumornveckoit
arTUBHOCTH y uccaeayemoro mramma 3H9 co-
MPSIFKEHO ¢ AaHTUOMOTUKOPE3NUCTEHTHOCTHIO K 4
u3 9 recT-aHTUOMOTUKOB CJEIYIONUX KIACCOB —
B-nmakraMbl, aHCAMUIMHBI, XJI0paM(eHKOJIbI,
nosnuensl. Kpome antubnornros, puddynmm-
pytomux B arap, mramm 3K nponyuupyer JIB,
c110cOOHbBIe MHTUOMPOBATH POCT (DUTOTIATOTCHHO-
ro mukpomumetra F. proliferatum, a taxske sK30-
MEJTI0IAa3bl, 0 YEM CBU/IETETHLCTBYET Pa3pyIieHie
RMIL B mecte ¢ KOHTO KpacHbIM. YUUTHIBAS TO,
yro mramm S. geldanamycininus 3K9 Boienen
Ha yuyacTKax MaccoBoro pocra H. sosnowskyi, on
MOT KOCBEHHO BJIMSITH Ha XOJI HellpeJiHaMepeHHOT
nHTpoAyRIIN 6oprieBuKka COCHOBCKOTO 32 CUET
OTpaHUYEHIS PABMHOKEHUsI BUIOCTIe MUY HbIX
pPacTUTeTLHBIX TATOTEHOB B ITOYBE.

[TpaxkTuyeckuii nHTEPEC TAKIKE MOJKET IPe]-
CTABJISITH BIIEPBBIE BISBICHHAs Y MCCICIOBAH-
moro mramma S. geldanamycininus 3R9 cmocob-
HoCTh K OnocmuTesy 1-(azabensnMuaazomn-2-mi)-
2,5-nurugpo-3H-nuppono[2,1-a]usounmgona,
paHee MmoJry4aeMoro ToJIbKO IMyTéM XUMITYecKOro
CUHTE3a 1 MCI0JIh3yeMOTo B KayecTBe MHTHOM-
tropa akruBHoctn Oesika Hsp90, yuacryiorniero
B OHKOTeHe3e 9yKapuoTHYecKX KIeToK.

Pabdoma evinoanena npu noddepicke epanma
Ilpesudenma Poccuiickoii Dedepayuu das cocydap-
cmeennoll noddepicku Moa00bLx YUEHBLX — Kandu-
damoe nayr (MK-2880.2018.5).
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MOHI/ITOpI/IHI‘ CoCTaBa PpaCTUTEJIbHbBIX COOﬁIJ_IeCTB Ha OTBAJaX
n3 0TxoaoB 0601‘ameH1/1}1 OBCTHDLIX MCTAJJJIOB

© 2019. A. f1. Tamaxuna, J. c.-X. H., foneHT, A. A. AXKxy0ekoBa, acnupanr,
Rabappuno-Bankapekuii rocynapeTBeHHbBI arpapHblil YHUBEPCHUTET,
360030, Poccust, r. Hanbung, np. Jlenuna, a. 18,

e-mail: kbgsha@rambler.ru

W3ydeHbl cocTosiHIte paCTUTETHLHOTO TOKPOBA 1 COCTAB PACTUTEIBHBIX COODIIIECTB HA Teppacax 1aMObl XBOCTOX PAH T -
ma ThipHBIAY3CKOTO BOIBHPAMO-MOTNOeHOBOrO KOMONHATA. B aKKYMYJIATHBHOM 9KOTOTIE TePPAC HUFKHETO YPOBHSI 1aMObl
(Bospact 34—49 sier) npeobaaatoT 371aKOBO-TIOBIHHBIE 1T PA3HOTPABHO-TIOJIBIHHBIE COODIIECTBA ¢ TPOEKTHBHBIM TIOKPBITHEM
99%. B rpancamoBnanibHOM 9KOTOTIC TePPAC CPETHET0 YPOBHS (Bo3pact 24—33 rojia) OTMEUCHBI PYICPATHHO-eCTECTBEHHBIE
3JIAKOBO-PA3HOTPABHBIE COOOIECTBA ¢ MPOCKTUBHBIM HOKpBITHEM 36,6%. B amoBuaibHoM sKoTOIIE Teppac BepXHero
ypoBHst (Bospact 14—23 roa) GopMupyorcst MOHOJOMIHAHTHBIE COODIIECTBA MaTh-1I-MayeXu, [NKOPUS OOLIKHOBEHHOTO
7 GOMISIKA OOBIKHOBEHHOTO ¢ TIPOEKTHBHBIM TTORpBITHeM 13%. CrapoBo3pacrtibie Teppachl WMEIOT HanbOIBITee CXOACTBO
¢ 30HATLHON IIOPOIT 1 XapaKTepu3yIoTcsi OTHOCUTETHLHO BHICOKMMI BUOBBIM OorarcTBoM (62 B1a) 1 HACHIIEHHOCTHIO
(24 mrr./m?). G yBeamueHmeM mMpofoRITeILHOCTH CYKIIECCHTT OTMEYEHbl M3MEHeHUA B JOMIHUPYIOTINX FKU3HEHHbIX
(opmax, cHuKeHMe J01 BUJIOB ¢ INPOKUME apeaiaMil, BO3pacTaHnue YnCJAeHHOCTH TeMIYBPUONOHTOB 1 Me30ONMOHTOB.
OrMeueHbl BUJIHI TPABSHUCTHIX PACTEHUIT, TEPCIIERTUBHBIX JITs1 PUTOPEMeHaliinim.

Kaouegoie crosa: cyrieccus, THOHEPHAST CTAIS, DKOTOI, PACTUTEILHOE COODIIECTBO, XBOCTOXPAHILIUIIE, TePBUYHBII
cyberpar, TayREIbIe MeTalIbI.

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

© 2019. A. Ya. Tamakhina
A. A. Akhkubekova o .. 0000-0001-8633-1094°
Kabardino-Balkarian State Agrarian University,
1v, Prospect Lenina, Nalchik, Russia, 360030,
e-mail: kbgsha@rambler.ru

ORCID: 0000-0001-8958-7052"

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

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

nasubivu akTopamu, onpeessionumMn  ABIAIOTCA HCXO[HOE COCTOAHNe cyOcTpara
HampaBIeHHOCTh BOCCTAMOBUTENBHON CYK- M 9KOTOIA B L[€J0M, HAJUUKMe BOKPYT HAPYIIeH-
IMecCun M JANTeILHOCTh OTIENBHBIX €6 cTamfmil  HbIX 3eMeJb BBICOKOIIPOJLYKTUBHBIX [IPUPOJIHBIX
B HeostaHIma@rax KapbepHo-0TBAILHOIO THIIA, 1 KYJIBTYPHBIX JaHAIIa(ToB, IOTOK JHACIIOp 13
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ponosuix puronenozon n Gank cemsau [1-4].
CyKIleCCUMOHHBIN 1TPOIEcC HA TOKCUUHBIX ¢YyO-
cTpatax OTJIMYaeTcss BHICOKOW TTPOOJIZKUTE -
HOCTHIO MUOHEPHOU CTAAUU, IMPeIcTaBIeHHON
HROJTOTUUCCKN TIACTUYHBIMU PYACePATbHBIMI
BUJIAMU ¢ TIIHPOKUME apeasiaMii i MeXaHu3MamMn
3ATMNTHI OT BHICOKOW KOHIEHTPAITNT TOKCHY-
HBIX DJIEMEHTOB, He3HAUNTETHHBIM TTOKPBITICM
1 6eTHOCTHIO (DITOPUCTIYECKOTO COCTABA, MAJIHIM
YUCOM BUIOB-TOMIHAHTOB, YITPOIIEHHON TIPO-
CTPAHCTBEHHOI cTpyKTypoi [2, 3, 5—11].

Ha reppuropun Kabappnno-Banrkaperoii
Pecniyonukn k neonmanpmadgramMm KapbepHo-
OTBAJILHOTO TUIIA OTHOCUTCS XBOCTOBOE XO3s1i-
ctBo oborarurenbHoil padpurn OAO «TeipHbia-
Y3CKUIT BOALHPAMO-MOTHOEHOBBITT KOMOMHAT
(TBMR), 3a mepuop pabors Kotoporo (1963—
2001 rr.) makomieno 6osee 80 MrH M* OTXOIOB
oborareHusi BOJIbLMPaMoOBOTO, MOJINOIEHOBOTO
1 MeJITHO-BUCMYTOBOTO KOHI[EHTPATORB, 00JIa/1a10-
MIX BBLICOKON TOKCMYHOCTHIO W TOBBIMMIEHHON
PacTBOPUMOCTBIO B IPYHTOBLIX Bojax [12].

B cBsasu ¢ orHocurebHo ciaboii nayder-
HOCTBIO 0CODEHHOCTEN MTPOTEKAHWS TTePBUUYHOI
CYKIleCCUU HAa TOKCHMYHOM cyOcTpare Iebio
necJaeloBaHMs ¢Tajl MOHUTOPUHT COCTaBa pac-
TUTEJTHLHOTO COODINEeCTBA HA OTBAIAX U3 OTXOJIOB

oborareHns 1BeTHLIX MeTaJJIOB XBOCTOXPAHN-
aumta Ne 1 TBMHK.

O0BEeKTHI 1 METOIbI MCCIETOBAHI

B xopte MmoHuTOpHHTA PACTUTEIHHOTO TOKPO-
Ba jlamoObl xBocroxpanuaniia (2016—-2017 rr.)
00 beKTAMU M3YUYEHUS CTAJIM YUYACTOK TOPHOI
CTeTNW HA PACCTOSAHUN 3—4% KM BBepX IO JIO-
nune p. bakcan (om) m HKOTONBI HA PA3HBIX
YPOBHAX Teppac 3amajHOTO CKJAOHA JlaMObl
XBOCTOXpaHuINIa. RanMarnyeckme ycaoBus
paiioHa XBOCTOXPAHUJINIIA OJU3KN K apUHBIM
CO CPEJIHETOJIOBBIM KOJIMUYECTBOM OCAJIKOB OKOJIO
300 mwm. Cpepiree cofepsRamme TIABHBIX METAITIOB
B ITOBEPXHOCTHOM CJIO€ TPOMBITIIIIEHHBIX OTXO/I0B
cocrasasier (r/1): W — 420, Mo — 145, Zn — 290,
Cu - 69, Sr — 315, Rb — 118 [12]. Knumar upu-
JeTAIONNX K XBOCTOXPAHUJIHUIILY TePPUTOPUI
YMEepPeHHBII ¢O CPeHeTOMOBOI CYMMON 0CaTKOB
600 mm. [TouBbl TéMHO-RaIITAHOBBIE, peARIMS
Bepxuux ropudontoB (0—40 cm) HelirpanbHas
u ciabomenounas (pH =6,9-7,5), conepsranue
obrmero azora cocrasisier 0,26%, BogopactBo-
pumbix coseit — 0,05-0,06%.

ANTIOBUATLHBI JTAHITAQT BEPXHIX PAHHEe-
Bo3pactHbIX Teppac (TB) XapakTepusyercst BbICO-
KOIi TIJIOTHOCTHIO TPYHTA, CUJBHO MIEJT0YHOT pe-
artumeit cyocrpara (pH = 9,3-9,5), rpansurnbiii

TPAHCAIIOBUATBHBIN CPeIHEBO3PACTHBIX Teppac
(Tc) — Bosee pbIXABIM 1 yBIAKRHEHHBIM TPYHTOM,
MOKPBITHIM CIJIOTITHBIM TOHKUM CJIOEM MOJIOJIOT
MOYBDI TOJIIUHON JT0 2 ¢M ¢ MIET0UHON peaKrinei
cyoerpara (pH = 8,3-8,7), arRyMyIATHBHDIIT
HUKHUX cTapoBo3pacTHBX Teppac (Tu) —
VBIQGKHEHHBIM I'PYHTOM, ¢ TIePBUYHON TTOYBOT
CJI0eM JI0 O CM U MeHee IeJ0YHOI pearijuei
cyoerpara (pH =7,9-8,2).

B xome MmommTopmnTa MpoBOAMIOCH TEO-
Horanmyeckoe obcseloBaHme Teppac XBOCTOXPA-
HUANIA 1 (OHOBOTO ydacTKa, cocTaBIeHIIe
OoTaHMYeCKIX ONMICAHNI ¢ YKa3aHneM 3HaYeH i
MTPOEKTUBHOTO MTOKPBITUSI BUIOB B [IEPUOJ, MAKCH -
MaJbHOTO PA3BUTH S TPABOCTOST (MIOJTh — aBIYCT).
Bcero 0bi10 cocraBieno 35 onucanuii uropsl
MUOHEPHBIX IPYIIUPOBOK 1 7 onncanuii poHo-
Boro janjmadra. Pazmep yuéTHbIX IJI0TIAJI0K
9 x 10 m% CxoeTBO pacTuTenbHBIX COOOIIECT
Teppac 1 OHOBOTO yuyacTKa oleHuBanm KodQdu-
nuenTom fRakkapa (Hj), cTereHb PAaBHOMEPHOCTH
pactpeesenus oomans — nugercom [uery (E),
BugoBoe borarcrso — nngekcom Llenmoma—Yu-
Bepa (H). Jlns ananuaa BugoBoro paznoobpasus
HPUMEHSIJINCH KPUBbIe «[OMUHIPOBAHUS — Pa3-
HOOOpa3msi».

JKOJIOTYeCKIe OTIeHKN BUJIOB OTIPeIesIsiin
M0 AMIIUTY/HBIM ¥ TOYEYHBIM HKOJOIMYECKUM
mranam [13—15]. 1o 3HaueHusIM RIMMaTHYECKO-
ro (It kimm.) m mousennoro (It MouB.) MHIEKCOB
TOJIEPAHTHOCTH BUJIBI TPABSIHUCTHIX PACTEHUI
nojipaspessiin Ha crenodbuontubie (GB), remu-
crenobnontusie (I'CB), mezoononrusie (MB),
remudBpubmonteie (I'DB) m sBpubMonTHLIE
(9B). st srosoTO-Teorpaduueckoro anaansa
pPacTUTENLHOCTH MCITOTH30BAIN CBOJKN 110 (hro-
pe Rabapnuno-bankaperoit Pectiybnuru [16].
rRusnennbie GopMbl pacTeHul ONpeessin 1Mo
rnacenduran Paynkuepa. Conepsranie TsRe-
JIBIX METAJIJIOB B TIOYBE U PACTUTEIHHBIX 0Opasiax
OIIPeJIeJIslin aTOMHO-a0COPOIMOHHBIM METOJIOM
¢ pIeKTpoTepMmUecKoit atomusareii. Crememn
YCTOMYMBOCTH OTJEIBHBIX BUIOB K TSKEIBIM Me-
TaJJIaM OIeHUBaIN Rod(PPUImenTom 6moaornie-
croro Harorenns (KBH) n rpancrokanmorHbiM
roappunmenrom (KT), paBabiM oTHOTTEHUTO
COJIePsRAHS DJIeMeHTa B HaJ[3eMHOI 4aCTH K ero
COJIepsRAHMIO B TIOI3eMHOIT (putomacce [17].

Pesyabrarel n o0cy:knenne

B crapoBospacTHbIX Teppacax mpucyTeTBYIOT
c00011IecTBA 371aKOBO-MeTeJIb4aTO- 110 bIHHbIe
7 pasHOTPaBHO-METeJb4aTo-MOJBIHHbBIE ¢ J10-
mMunupoBanuem Artemisia scoparia Waldst.,
pPasHOTPaBHO-IIOJIBIHHBIEC ¢ JTOMUHUPOBaHEM
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A. austriaca Jacq. n A. marschalliana Spreng.
BeaencerBue Boicokoil ghiopuctnueckoil Hach-
IEeHHOCTN 0011Iee MPOeKTUBHOe MOKPBITHE TPa-
BAHUCTHIX pacreruii focturaer 09%. Ha cpenne-
BO3PACTHBIX Teppacax OTMeUYeHbl pyjepanibHO-
ecTeCTBEHHBIE 3JJAKOBO-PAa3HOTPaBHbBIE CO-
o0IIecTBa ¢ NPOEKTUBHBIM HOKpbITHEeM 36,6%.
Cpenu 3naros Haunbosee obuabubl Festuca
valesiaca Gaudin, Elytrigia repens (1..) Nevski,
Melica transsilvanica Schur, Setaria viridis (1..)
P. Beauv., Achnatherum caragana (Trin.) Nevski.
PasnorpaBbe npencraBieHo KcepouabHBIMU
u pyaepasnbabiMu Bupamu ( Verbascum thapsus L.,
Cichorium intybus .., Achillea millefolium 1.,
Pyrethrum partenifolium Willd., Scabiosa bipin-
nata K. Koch, Tussilago farfara 1. n np.). Ha
MOJIOJIBIX TePPacax ¢ MOKPBITHEM TPABSIHUCTHIX
pacrenuit 13% orMedenbl MOHOZOMUHAHTHDIE
coobmecrsa Tussilago farfara L. n Cirsium
vulgare (Savi) Ten. Kyctsl obmenuxu Kpymmu-
HOBUHOI, MOCaKeHHbIe ¢ TeJIbI0 TePBUIHOI
PEeRYJIBTUBAINN, HAXOJATCS B YTHETEHHOM CO-
CTOSTHIY 1 MacCOBO 3aChIXAIOT.
DropucTnvyecKknii cocTaB M3y4YeHHBIX HKO-
TONOB BRJItO4YaeT 71 BUJ| COCY/IMCTHIX pacTeHNI.
Pacturenbnoe coobuiectBo Teppac HUKHETO
YPOBHSI XapaKkTepusyeTcss OTHOCUTETbHO BbICO-
KUM BUIOBbIM OorarcTBoM (62 Buja) m Hack-
HMeHHOCTBIO (24,1+3,2 111, /M?) 110 cpaBHEHUIO CO
cpegrumn (D3 Buyia; 18,6+2,4 mir. /mM?) 1 BepXHIMEI
(19 Bugos; 6,5+1,8 mr./m?) reppacamu. Cym-
maproe rnpoexktusHoe nokpbitue T (108,8%)
B 1,3—2,8 pasa npesbliiiaer aHaJoTUYHBIN 10-
rkazaresab Tc u T, Pacturenbuniii nokpos Tu
XapaktepuayeTcs HanboJjee BhIpaBHEHHBIM

pactupepenenuem obunusi no rakconam (E =
0,76) u crenenbto paznoodopasus (H = 4,50) mo
cpaBHeHUO ¢ TToRazaTessiMu Tc (cooTBeTCTBEHHO
0,65 1 3,49) u'Ts (coorBercrento 0,02 u 2,23).
Dopma KPUBBIX «JOMUHUPOBAHUSI-PA3-
HOOOpa3usi» CBUETENHLCTBYET O TOBBITIIEHUN
OuopaszHoobpasusi U yCUJICHNUN JOMUHIPOBA-
HIST BUJIOB B CYKIIECCOHHOM BO3PACTHOM PsILy
B CBSI3U CO CHUJKEHUEM CTPECCOBOI Harpys3Ku
srorornos. [Tosoras S-ob6pasnas popma KpuBoii
«TOMUHUPOBaHUA—pasHoobpasusa» T OGams3ra
K JIOTHOpMaTbHOMY pacrtipefesneniio Ilpecrona
(6ONBITNHCTBO BUIOB IAHHOTO HKOTOIA MMeeT
cpejiHee 00uIIe; TOMUHUPYIOTIUX U e[[HHUTHbIX
BUJI0B Masi0). PanroBoe pacnpenesnenne BH0B
srotona T npubamsKaeTcss K TeoMeTpuieckoMy
pactpejesnernio MotoMmypbl, XapakTepHOMY JiJist
OeTHBIX MaJTOBUIOBHIX COOOIIECTB HA PAHHNUX
cTausix cyrieccun. PanroBoe paciipesesnenue
BUMOB 3KoTOoNA Tc Xaparkrepuayercss HU3KUM
COOTBETCTBHEM TeOMEeTPUUYECKOI MOJen, mpu-
ORASCH K JorHOPMaTbHoMy (puc. 1).
CrapoBo3pacTHbie Teppachl UMeoT HaOOTh-
1ee CXO/CTBO 110 (DIOPUCTHYECKOMY COCTABY CO
CpeHeBO3PACTHLIMI Teppacamu (Hjn-(: =0,03)
1 OHOBBIM HKOTOTIOM (Hjn’(b: 0,29). Hanmenn-
1mee CXOJCTBO ¢ (POHOBBIM HKOTOMOM MMEIT
pannesospacrubie Teppacsl (K, = 0,13). Ilo
cpaBHeHNIO ¢ flaHHbiMU MoHuTOpuHTra 2003 T

(R =045, K. =0,35 K =0,08) ycramon-
jH-c ju-¢ iB-g

JIEHO BO3pacTaHme CXOICTBa (bJIOpI/ICTI/I‘IeCI—(OFO
cocTaBa CTapo- M CPEHEBO3PACTHLIX Teppac,
a TaKyKe paHHEBO3PacTHBIX Teppac u doHa.
CHusKeHMe CXOJCTBA CTAPOBO3PACTHLIX TEppac

n q)OHOBOI‘O JKOTOIIa CBA3aHO C IIOJaBJeHrueM

O = N W AU NI X®

[IpoexTuBHOE MOKpPHITHE, % |
Projective cover, %

1 6 11 15

20,5 26,5

31 37 4 4 515 565 605

Panr Buga / Rank specie

—— T/ Tl——Tc/Tm —+«—TB/Tu

Pue. 1. KpuBbie ToMITHIPOBAHISI-Paznoobpassi» B 3aBNCHMOCTH OT TIPOFORITETLHOCTH CYKICCCTT
Fig. 1. Domination-diversity curves depending on the duration of the succession
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Ta6auma 1 / Table 1

HHusHenubie POPMBI paCTEHUI B 3aBUCUMOCTH OT TTPOJOJKUTENIBHOCTH CYKIECCHH
Life forms of plants depending on duration of succession

34—-49 ner / 24—-33 ropa / 14-23 ropa /
HRusnennas gpopma / Life forms 34—49 years 24-33 years 14-23 years
. % 1. % . %
®anepodursl / Phanerophyltes 4 6,49 2 3,77 0 0,00
Xamedurot / Chamephytes b} 8,06 4 7,95 2 10,53
leogurst / Geophytes 3 4,84 2 3,77 0 0,00
Femurpunropurs / Hemicryptophytes 39 96,45 29 94,72 8 42,10
Tepodurer / Terophytes 15 24,20 16 30,19 9 47,37
Bunosoe 6orarctio / Species richness 62 100,00 93 100,00 19 100,00
% 60 1
50 1
40 1
301 I? =
= =
20 | =
10 ::l = =
0 - = = i

clim. (Tl) clim. (Tm) clim. (T

OCE/SBETICE/HSBOME/MBEIDE / HEB E 35 / EB

wmM. (Tw) / wmwm. (Tc)/ I wmm. (TB) / . mous. (Tu) / mous. (Tc)/ mous. (Ts)/ It

w

soil (T1) soil (Tm) soil (Tu)

Puc. 2. Pacupepnenenne sxomopd 1o snavenusim koaduiimenton ronepanrnocru (It kianm., It mous.)
B PACTHTEJIBHBIX COOOIECTBAX Ha pasHbiXx ypoBHsX reppac: CB — crenodmontsr, 'CH — remucreHoOmoOHTHI,
MB — mesobuontsi, I'96 — remusspubduonTsr, 9B — 3BpuOUOHTHI
Fig. 2. Distribution of ecomorphs by values of tolerance coefficients (It clim., It soil)
in plant communities at different levels of terraces: SB — stenobionts, HSB — hemistenobionts,
MB — mesobionts, HEB — hemieurybionts, EB — evribionts

JRMBHEHTOTO TIOTeHTINATA 30HATLHBIX BIUIOB B yC-
JIOBUSIX BBICOKOI TOKCHYHOCTH cyOCTpaTa n, Kak
caefcTBIe, ¢aaboil BCXOMKECThI0 CeMsSH 1 /1im
roTepeii crocooHoCTH K MX 00pa3oBaHuio.

Wnunmanbrbie crajinit BOCCTAHOBJICHUS Pac-
TUTEJHLHOTO MOKPOBa ¢(HOPMUPOBAHBI TTPENMY-
mecTBeHHo reMuKputroputramMu u repoduramn.
C yBesmmueHmeM mpofoJKITeTbHOCTH CYKIECCHT
nosst repodpuron cumzkaercst na 23,17%, xame-
¢uro — ua 2,5%, remukpunrouros u pane-
poduToB BodpacTaer cooTBercTBeHHO Ha 14,3
n 6,45% (rabm. 1).

Mdiopa GOHOBOTO yUacTRA M THOHEPHBIX CO-
obrecTs Teppac mpepcrasiaena 17 reosmemenTa-
mu. Q61 pHbBIe apeasibl (MIIOPUPETrnOHAIBHBII,
TOJIAPRTHYECKUI W MaJeapRTUYECRIIl) MMeer
6osiee Tpern BuioB (34,95%). Haunbosee mmpokro
B pAaCTHTETLHOM ITOKPOBE YUaCTBYIOT BUJIBI TTaJIe-
APKTHYECKOTO, KABKAZCKOTO 1 I0KHO-CUOMPCKOTO
reosneMeHToB (coorsercrBeHno 26,52; 21,70

n 14,47%). B pacrurensubix coobuiecrsax B n
Te Bozpacraer yuactie BUOB ¢ ITUPOKOI DKOJIO-
TUYecKOl aMTIIuTyioil (cooTBeTcTBeHHO 46,67
n 42,31%) mo cpaBrennio ¢ Gosee GIATOTIPUAT-
apiMn yeaopusimu Ta (39,49%). B nmonepubix
coobimecrBax Tc u TB ormeuerno obenente reo-
rpauvaeckoro CreKTpa BIO0B, MPEICTaBICHHOTO
coorBercTBernto 13 u 8 reonsiemenTamu.

B cyxkimeccrnonnom Bo3pactHOM psy Ham-
OoJsiblllee pacrnpocTpaHeHne Ha BCeX aranax
CYKI[eCCUM MMEI0T Me300MOHTHbIE 1 TeMUIBPH-
OuoHTHBIE BUIbI. B Xofie cyKileccuu JoJsi 3Ko-
mopd Bozpacraer B psany b — I'0b - Mb —
I'Cb —CBb (puc. 2).

CBsi3h MeJKy MHEKCAMI TOJePAHTHOCTH
U IMPOGKTUBHBIM MOKPBITHEM yMepeHHas (r =
0,32). Jloyist BUOB ¢ OTRJIOHEHUEM PERUMOB
AKOJTOTHYECKINX (PAKTOPOB OT KOM(POPTHHIX yBe-

JMYUBACTCS B BO3PACTHOM CYKIECCHOHHOM PAJLY
1o 42,0-45,3% (puc. 3).
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251

20+
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1011
5_—
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Kn

Hd
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Oxonoruueckue pakropsi / Ecological factors
OTue/TIWTc/ Tm OTs/ Tu

Puc. 3. J[lons BujioB ¢ OTKIOHEHTEM PesKITMOB DROJOTHUECKNX (DAKTOPOB OT KOM(POPTHBIX:
Tm — repmuveckuii peskum, Kn — kournnenranbuocts, Hd — yBinasuenue rmous,
Re — gucaorrocts ous, Nt — azoroobeciieueHHOCTH 110UB, Tr — COMEBOIT pesKIM 1TOUYB
Fig. 3. The share of types with a rejection of the regimes of ecological factors from the comfort:
T — thermal regime Kn — continentality, Hd — soil moisture, Rc — soil acidity,
Nt — soils of the nitrogen, Tr — salt regime of soils

Tadauma 2 / Table 2
Copepsranme B pacrennn (C, MKr/r cyxoro Betiiectsa), 6momornueckoe varkormierne (KBH)
u tpancaoranus (HT) rssrénbix Merasios B HafzeMHoil (H) u nmojzeMuoit (1) puromacce™®
Content in a plant (C, pg/g dry matter), biological accumulation (CBA) and translocation (CT) of heavy
melals in the elevated (e) and underground (u) phytomass*

[Torazarenn / Ephedra Phleum Melilotus | Taraxacum Inula Inula
Indicators procera phleoides officinalis officinale britannica germanica
Cn /Ce 1,12+£0,12 | 37,94+4,01 | 74,08+7,83 | 43,66+4,62 17,12+1,81 29,11+3,08
Cn /Cu 3,4620,30 | 54,72+4,73 | 118471025 | 74,46+6,44 | 110,87£9,59 | 132,56+11,47
Mo | KT /CT 1,95 1,44 1,60 1,71 6,48 4,59
RBH/CBNT 0 0 0.67 1.4 0.91 1,35 1,62
Cu /Ce 0,34+0,11 | 3,17+1,00 | 0,16+0,05 2,12+0,05 0,58+0,16 0,93+0,18
Cn/Cu 0,71£0,15 | 4,35+0,91 0,94+0,20 | 3,52+0,54 0,71+0,14 1,43+0,30
Pb | KT /CT 2,09 1,37 9,87 1,66 1,22 1,94
RBH/CBNT 0 04 0.26 0.05 0.21 0,07 0,08
Cu / Ce 1,49+0,46 | 5,43+1,67 1,18£0,36 | 6,21+1,91 18,07+4,56 14,32+3,41
Cu / Cu 3,06+0,82 | 8,13+1,88 | 4,52+1,04 | 9,78+2,56 20,63+4,76 18,45+4,25
Zn | KT /CT 2,39 1,50 3,83 1,57 1,14 1,29
RBH/CBN T 503 0,07 0.04 0,08 0.18 0.16

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

Hamnbonpimmee orkronentie o1 KOMGOPTHHIX
YCJIOBIII HA BCeX YPOBHSAX Teppac oTMedeHo 10
snapuuecknm parropam (Nt, Tr, Re). Bupnnr ¢
OTCYTCTBUEM OTKJIOHEHUIT OT 9KOJOTUIECKIX pe-
wuUMoB (Artemisia scoparia Waldst., Cichorium
intybus L., Taraxacum officinale F.H. Wigg.,

Inula britannica L., I. germanica L., Phleum
phleoides (1..) H. Karst., Plantago major L.,
P. media L., Ambrosia artemisiifolia L., Meli-
lotus officinalis (1..) Pall., Scabiosa bipinnata
R. Koch, Ephedra procera Fisch. et Mey.,

Echium vulgare 1..) ormedenbl B pacTuTeIbHbIX
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coobrmecrsax Te u Ts. Ananus snavenuit KbH
n RT s1ux BujgoB cBujerebetByer o6 ycroii-
YUBOCTH K TIOBBITIIEHHBIM KOHITeHTparusam Mo,
Pb u Zn, ¢Bda3annoil ¢ HaKOIJIEHIEM TS EIbIX
METAJIIOB MTPEUMYTIECTBEHHO TO/3eMHOIT PUTO-
maccoi (tabm. 2).

B coorBercTBum ¢ 1ojinBapuaHTHO MOJIEIbIO
nepBuuHoil cykieccnn [ 18] na T ipopomraercs
TMePBHINA sTam mrmoHepHoi cykmeccnn. GoeTost-
HITe pacTuTeabHoro mokposa Tc coorBercTByer
HepexoHoll «3JaKkoBoii» cragun, a Th — nepe-
XOJTHOM «KYCTaPHUKOBOIT» CTAII BTOPOTO HTaria
MIOHePHOI cyKieccun. B 1enom, nmporekanme
MITOHEPHOIT CYKIeCCUN Ha TOKCHYHOM cybeTpare
COOTBETCTBYET KOMOMHMpPoBaHHOIT S-R—Mopme-
JIW OPTAHM3AIMN PACTHTETHLHBIX COODIIECTB ¢
y4acTueM MaTHeHTOB dKCTPEMATbLHBIX YCTOBMIA,
opmMupoBaHeM cereTanbHbIX U PYlepaibHbIX
rpynnuposok. [lepexon k C-R-S—mopmenn na
CTAPOBO3PACTHRIX Teppacax CAepsKIBACTCS BHI-
COROI TOKCTIHOCTHIO XeMO3EMa.

3araueHue

[To pesysabraram MOHUTOPWHTA PACTUTENb-
Horo nmokposa xpocroxpauuania TBMHK ycra-
HOBJIEHO, UTO 3apacTaHie aMObl IpoTeKaeT 1mo
TUITY TTePBUYHON CYKIECCUN, HATIPABICHHOM
Ha IOCTeIleHHOe 3aMellleHue pyjepalbHbIX
pacTeHMil BUAMU €CTeCTBEHHON (Daopbl n
yBeanuenme BUmoBOTO pasnoodpasus. C Bos-
pacTaHmeM HPOJOKNUTEIbHOCTH CYKIECCHN
OTMEeUYeHbl M3MEHEeHWS B JIOMUHUPYIOTUX
JRMBHeHHBIX opMax, cHIUKeHne T0J1M BUIOB
¢ MNPOKNMI apeajaMu, Bo3pacTanne YncieH-
HOCTH TeMUIBPUOMOHTOB 1 Me300MOHTOB. Bujipt
¢ OTCYTCTBUEM OTKJIOHEHWI OT 9KOJOTNYeCKINX
PEeRIMOB, TPON3pacTaloniue B 9KOTOMAX MOJIO-
IBIX U CPeJIHeBO3PACTHBIX Teppac, XapaKkTepu-
sytores napan@@epeHTHoCTbI0O K XUMTYECKOMY
3arpsA3HEHMIO cpejibl OONTaHuA N ABJIAIOTCSA
MepereKTUBHBIMY JIIsT hruTopeMeHarinm.
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N3menenne oTocmATETHYECKON ARTHBHOCTH JIPEBECHBIX PACTEeHMIT
B YCJIOBHSAX YTrOJHLHOTO TEPMUHAJA

© 2019. H. B. Caaramn, K. 0. i., u. c., E. A. CBarkosckas, u. c.,

E. II. HInanak, m. u. ¢., H. H. Tpocrenmox, u. c.,

0. B. I'ouraps, Bpuo gupexropa, K. 0. H.,

[Tonsipro-anpuuiickuii 6oranndeckuii cajg-uncrutyr um. H. A. Appopuna RHI[ PAH,
184209, Poccusi, Mypmanckast obsactb, 1. Amatutbl, AKageMroposiox, u. 19a,

e-mail: saltan.natalya@mail.ru

[Tpoanannauposano cofgepskanne HOTOCHHTETHYCCKIX MTUTMEHTOB B JINCTHAX a0OPUTEHHBIX W IHTPOAYITIHPOBAHHBIX
JIPEBECHBIX PACTEHIT, TTO/IBEPREHHBIX BINSHIIO YTOJIBHOTO TepMuHaia MypMaHCKOTO MOPCKOTO TOPrOBOTO [OPTa JI/Ist T1O/]-
6opa YCTOMUYMBHIX BUIOB, CITOCOOHDBIX YIYUIIIATH HROJTOTIICCKITE YCTOBIS HA TePPUTOPIT MTPOMILTOMANKN u T. Mypmamcka
B 1esom. OfbexkraMu ncesneoBanust mocayskuin abopurertnie pacrenus (Betula sp., Salix sp., Sorbus gorodkovii Pojark,
Pinus friesiana Wichura) u narpoaynenrst (Picea glauca (Moench) Voss, Lariz sibirica Ledeb). B konie asrycra 2017 .
0TOOPATDI TPOOLT CPEIMHHBIX IMCTHEB PACTEHTI. B CIIIPTOBLIX ARCTPAKTAX CBEKITX 00PAZIIOB OTTPEIETIeH0 KOTITIecTBO hoTo-
CHHTETHYECKIX MUTMEHTOB: XJT0POPUIIOB @, b 1 RapOTHHOMIOB CIIEKTPOMOTOMETPIYECKIM METOIOM. BBIsSBIEHO, 4T0 MX
HAUOO0/IbIIICE COACPKAHIE B ACCHMUINPYIOINX OPraHaX JTUCTBEHHBIX ITOPOL ilepeBbeB. OCHOBHAs 1051 B CBETOIIOIIOIIAIOLIEM
ROMILTeKce puHajieskut xaopopuimry a. Y Betula sp., Salixz sp. u Larix sibirica na mpoMiuionaske Habogaercs mpeodraza-
HITe KAPOTHHOMIOB HAJ XJTOPOPIIIIOM b, BBIOTHSIONIX TPOTEKTOPHYTO (PYHKITIIO B PACTUTETHHOM OpPraHu3Me. ¥ H3YIeHHbIX
JIEPEBBEB COfIePIRAHIE TMTMEHTOB BhIIIIE B YCJIOBUSIX OPTa, YeM B TOPOJie, NCKIIoUeH e cocraBiia Sorbus gorodkovii. [Tokaszano,
UTO BIAMSMIE YTOTBIOT0 TePMITHATA He SBISETCS 3HATNTETBIBIM MTPI BO3ACHCTBIT Ha MUTMEHTHBIT (DOTT 00CTeIyeMBIX pac-
temil. /[peBecibie BUIBI YCIIOITHO QIaTHPOBAHDI K CYIIECTBYIONINM YCTOBUSIM I MOTYT OBITh PEROMEHIOBAHBI TIPH CO3JIAHNT
CAHNTAPHO-3AIIUTHBIX 10JIOC 13 36JI8HBIX HACAM/IEH NI, SKPAHIPYIOHINX PACIIPOCTPAHEHUE [TBLIN B BO3/LYIITHOTI Cpejie ropojia.

Kaouessie croga: Gorocnnrernyeckiie MNIMEHTDI, ACCUMIIISIIIMOHHBIN allapar, peBecHble pacTeHus, TOPojIcKast
cpejia, yroJibHast MblJb.

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

Keywords: photosynthetic pigments, assimilatation apparatus, woody plants, urban environment, coal dust.
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Onuoll m3 cCOBPeMEHHBIX DKOJOTHUYECKIX
npobJyeM SIBIsIeTCs co3jlanue 6JaromnpusTHON
TOPOJICKOT CpeJibl IS 3JI0POBbSA W MOJHOTIEHHOI
JRUBHEesATeTbHOCTH YesoBeka. Cpenn MHOsKe-
cTBa DYHKINMIT J[peBECHBIX PACTeHUIT B ropojie
0c000 BbIJIeJIeHA X POJIib B KauecTBe caHuTap-
ubIX puabrpos [1-5]. CriocoGHOCTL 3€MEHBIX
HACARIICHII OUHIIATh BO3/IYX OT BPEHBIX TTPH-
Meceil 3aBUCHT OT BUIOBOTO COCTABA 1 TIOJTHOTHI
PeBOCTOEB, (DOPMBI T AKYPHOCTH KPOH, BHICOTHI
1 pasMelleHusl IepeBbeB U KycrapHuKkos [6—8].
Jlncbaranc ectecTBeHHBIX PUBMOTOTIIECKIX
(OyHKITIIT ¥ TPOTIECCOB B pACTEHUSX B YCIOBUSX
TOPOJICKOI CpeJibl SIBJISIETCSI OTBETHOI pearIii-
eit opranmnamMa Ha HeraTuBHbie GaxkTopbl [9].
OmHuM 13 9yBCTBUTETHHBIX (PU3MOJTOTHYECKIX
MPOIECCOB PACTeHUI K BHEIITHEMY BO3JIeiCTBUIO
ssasiercst porocuures [10-12].

[TpombiniienHoe 3arpsisHenye arMochepHo-
IO BO3JlyXa IMPUBOMUT K Pa3HOHATIPABICHHOMY
W3MEHEHUTO COJIePRAHUS U COOTHOTTEHUS TTNT-
MEHTOB B JIMCTHSIX ipeBecHbIX pacrenuii [13—18].
B psie pabot mokasano, 4Toy flepeBbeB B TOPOJi-
CROIT cpefie HaOITOfTaeTcst cHIReHne (hoTocnHTe -
TUYECKON CTIOCOOHOCTN X aCCUMUISIINOHHOTO
anmapara [19, 20]. K ogaum n3 ¢garropos, 1mo-
HIKRAOIIM BTy CITIOCOOHOCTH, OTHOCSAT ITHIJb 1
cayRy B Bosjyxe. [lpyrumum mcceiegoBaresisimm
BBISIBIICH POCT COJIEPYKAHNST 36JIEHBIX TTUTMEHTOB,
CBA3BIBAEMBIIT ¢ pA3BUTHEM aJIaNITAINY PACTeH N
K cTpeccoBoMy Bozfeictsmio [21, 22].

[Hesb HacTOsIIIRIT PAOOTHI — AHAJIN3 COIEPRAH IS
UTMEeHTOB (JOTOCHHTE3a B JINCTHSIX /XBOe abOpUTeH-
HBIX 1 THTPOLY TN POBAHHBIX JIPEBECHBIX PACTEHTI,
MOJIBePKEHHBIX BINAHMIO YTOTBLHOTO TEPMITHAIA
Mypwmanckoro moperoro roprosoro ropra (MMTII)
st morbopa yeTOMYNBHIX BUOB, CIIOCOOHBIX
YIIYUIIATH BKOJTOTHYECKIE YCIOBIS HA TEPPUTOPUT
npoMIIomaaKy n B 1. Mypmancke B 11eJ10M.

MarepuaJibl 1 METOIbI

H OJHOMY 13 MMOTEeHINAJbHbBIX NCTOYHUKOB
BJAUSHUS TPOMBIIIICHHON NHPPACTPYKTYPHI
r. Mypmancka Ha 9KOJOIMYecKYyI0 00CTaHOBKY
ornocurcs gesiresbrocts MMTII, ocyiecrsiisiio-
Ier0 MePeBaIKy DKCIIOPTHO YTOTbHO POy K-
Y, TTPUBOJIATILYIO K MTOBBIITIEHNTO COlePRaHms
B3BEIEHHBIX BEIECTB B aTMOCHepPHOM BO3JyXe,
YBEJIMYNBAS TEM CAMbIM DKOJOIHYCCKIE PUCKI.

Jloist mpoBeienst nccaeloBaHMI 3aJ105KEHO
O npobubix nuaomanork nadawogennit ([TTTH)
pasmepom 10 x 10 m (NeNe 1, 2 — ma reppuro-
puu MMTII (10-20 M or yroabHOro Tep™mu-
maga) m NeNe 3—5 — 3a eé mpemeramn, B Uepre
r. Mypwmaricka). O6beKTaMy HCCIeTOBAHTISA TT0-

cayskuan abopurenubie pacrenus (Betula sp.,
Salix sp., Sorbus gorodkovii, Pinus friesiana)
n uarpoaynentsl (Picea glauca, Larix sibirica).
Heobxonuvo ormernts, uro Picea glauca, Larix
sibirica, Pinus friesiana Bplca;KeHbI B IOPTY B MC-
caemyembiii ropt (nionb 2017) KpymHoMepHbIMET
pacTeHUsIMU, MOJYYEHHBIMI U3 MUTOMHUKA
[Tonsipro-anbnuiickoro 60TaHTYECKOTO cajia-
nrernryra (1. Ammatutsl). [Tocajira kpynnomepos
OCYIIECTBIICHA C T[eJIBIO JIOMOJHITETHHOTO OCaMK-
JIeHUsT TBEPJBIX MBLTEBBIX YaCTHIL.

B romnme Bererarmonnoro nepuopa 2017 1.
(aBrycr) orobpanbl MPOObI CPENHHBIX JTUCTHEB
BBIITIEYKa3aHHBIX BUIOB pacTeruii. B crimproBbix
pkcerpakrax (96% sranos) cBeskmux oOpasos
OBLIIO OIIpeJleJieHO cojlepsKaHue (POTOCUHTETH -
YEeCKUX TTUTMEHTOB: XJ0poduJIioB a, b 1 Kapo-
TUHOUIOB CIIEKTPOPHOTOMETPUYECKUM METOIOM
npu imHax BoJgH A = 665, 649 n 470 um coor-
BETCTBEHHO, PACYETHI C/IeTaHbI 10 (DOPMYIaM JIJIst
coiporo Beca [23]. OeHKy cOCTOSTHUS IPeBeCHbIX
[LOPOJL OIIPeleJisin 110 MeTofuKe [24].

Pesyabrarsl u od6cyskienne

[Tomyuennbie pesysbraTsl mokasanu (puc. 1),
41O HamboJIbIllee cofiepsRanme xaopoduiia a
XapaKTepPHO JIJisl INCTBEHHBIX [[EPEBbEB, 0CODEH-
Ho Jist Betula (mopt). Y XBOWHBIX TTOPOJL JlaH-
HBII 1OKazarenb Bbiie y Larix sibirica (mopr),
nanbosiee Hus3Kuit — y Pinus friesiana (ropoj).
CpaBHUTEIHLHBIN aHATN3 TPOIEMOHCTPUPOBAI,
4T0 5T OOJMBIMUHCTBA BUIOB (34 MCRIIOYEHTEM
Sorbus gorodkovii) copepsranue xjopoduiia a
BBITIIE B 1TOPTY, 4eM B ropoje. s Salix sp. ne
BBISIBJICHO 3HAYNMBIX PA3INYMIL, TOJHKO Juara-
30H coJlepsRaHMS XJI0POMUIIIA @ Ipe B Topojie.
Picea glauca B ropoje He obHapyKeHa, MOITOMY
pes3yabTaThl IPUBOJAATCA TOJbKO [IJIA TeppUTOPUN
pominotaaku MMTTI, 3neck copepsranue jnax-
HOI'O IUTMeHTa Ha ypoBHe Pinus friesiana. Tarum
0bpasoMm, s GONBIMTNHCTRA BUIOB M3YUCHHLIX
pacTeHmii CHUKeHIe CoflepyRaniist xaopoduia a
IO/ BJVSTHUEM YTOJIHHOI MTHLTH He HabI0/1a/0Ch.

OreHKa COCTOSTHUS paACTeHIH TTOKA3aJ1a, 4To
JINCTBEHHbIE TIOPOJIBI B TOPOJIE BHAYMTeTHHO JIyU-
1e, ueM Ha TeppuTopun nopra (puc. 2). XBoiHble
narpoaynentsl (Larix sibirica, Picea glauca)
B TIEPBBIII I'OJT IIOCAJIKI HA TTPOMILIONIA/[Ke ObLIN
MpenMyIecTBeHHO Oe3 MPU3HAKOB ocaabaeH s,
TONLROY Pinus friesiana nOMUHUPYIOT YK3EMILIs -
pbl B 0CJIa0JIEHHOM COCTOSTHU.

RonuvecrBo xnopoduiia b mHaxoaumaoch
B obmacTu Gosee MM3KUX 3HAUCHIH, MAKCTMYM
XapakTepeH JJisl JUCTBEHHBIX TOPOJ, (puc. 3).
B nucrbsix Betula sp. na mpoMiniomnajKe mokasa-
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HO yBeJIMYeHIe CojlepsKaHus JaHHOTO MIUTMeHTa
110 CPABHEHUIO ¢ TOpojioM. B accumusmpyomnumx
OopraHax OCTaJibHbIX JINCTBEHHBIX Ha6JIIOI[3JIaCB
obparHas KapTuia, B ocobenuocTn s Salix sp.
Cpefn XBOWHBIX JIePeBbEB MAKCUMYM COJiepsKa-
Hust BbisiBjieHn y Larix sibirica (ropon), y Pinus
[friesiana sror MOKAa3aTENH BBHITIE B TIOPTY.
W3BecTHO, 4TO KAPOTUHOWUIBI BHITTOJTHSIOT
MPOTEeKTOPHYIO (DYHKIINIO B PACTUTETHLHOM Op-

raHm3Me M yBeJMYNBAIOT ero YCTOHUYMBOCTh K
crpeccoBbiM BozpeiictBusim [12]. Conepsranne
KapOTHHOMIOB Y OOJBIMTNHCTBA BUIOB PACTeHUIT
HECKOJILRO BHIIIE, 4eM XJaopodunna b. Ymenn-
HieHne KOJM4ecTBa JJAHHOTO ITUTMEHTa B TOPTY
BbIsiBJIeHO Y Sorbus gorodkovii (puc. 4).

Taxkum obpaszom, oueBHUIHOE CHUIKEHUE CO-
pepsRaHus (POTOCUHTETHYECKUX MUTMEHTOB B
30He BIMSHUS YTOJBHOTO TePMUHAJIA MOKHO
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KOHCTATUPOBATH TOJLKO IS AucTheB Sorbus
gorodkovii, Ipu HTOM MMOKa3aTesib KOJINYeCcTBA
3M0POBBIX pacrenuii Boitie (32%), uem y apyrux
JINCTBEHHBLIX TTOPO/L.

O crenenu chopmupoBanuoctu $oTo-
CUHTETUYECKOTIO amiapara MOKHO CYJUTh 10
cooTHOTIeHnT0 Xaopoduiia a K xjaopodunny b
(a/b). IT0 OTHOIIEHNE CBS3AHO C AKTUBHOCTHIO
«IJIABHOTO» XJopoduiana a, yeM 0HO BhHIIIe,

TeM nHTeHcUBHee gorocuHTe3. B Hopme aror
IMOKAa3aTeJab TOJKeH coorBeTcTBoBaTth 2,2—3,0.
Paccunranmpie 3HaveHmnss 9T0ro COOTHOTIEHU ST
B HallleM mnccJie/JoBaHnun BbIllle HOPMAaJbHOTO
(Tabu.), mosToMy (DaKT MOBBITIIEHN ST COJlePIRAH S
xsaopoduiia a B faHHBIX 00pasiax MOKHO pac-
cMaTpUBaATHL KaK IPHUCIIOCO0JIeHe pacTeHnil K
HEeOIArOTPUATHBIM YeoBusM cpefibl. Hanbosee
BBICOKIE 3HAYEHNSI TOJTY4YeHHOTO COOTHOTIIEH S
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Tadmuma / Table

Bennuwnna cootHoteHuss (POTOCHHTETHYECKIX ITUTMEHTOB B JINCThSX PACTEHMI
Correlation of photosynthetic pigment content in the lamina of the trees

Bunx pacrerninn o/b Py
Species of plant
mopt / port ropoj / city mopt / port ropop / city
Sorbus gorodkovii 3.67 414 9,29 4,89
Betula sp. 4,41 4,32 5,25 9,12
Salix sp. 4,62 3,60 4,57 4,95
Pinus friesiana 4,11 4,94 4,41 3.85
Larix sibirica 4,46 3.47 4.22 9,13
Picea glauca 4,81 — 4,22 -

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

«—» — danmnwvle omcymcemeyrom.

Note: the minimum values are underlined; the maximum values are shown in bold; “—

xapakrepHsbl 1151 Picea glauca — 8 iopry n Pinus
Jriesiana — B ropoje. Camast HU3Kasi BeJIMUHA B
[HOPTY OTMeYeHa B JiucThsax Sorbus gorodkovii, B
ropope — Larix sibirica.

Ornorenme cyMMbI XJTOPOMUITOB K Kapo-
TuHouaM (a+b/KRapoTUHOUBI) UrpaeT cyle-
CTBEHHYIO POJIb TIPU XapaKTepucTure padoThl
(orocmHTETHUECKOTO alllapara, B HOpMe OHO
cTabuAbHO U OYeHb YYTKO pearupyer Ha uame-
HeHUS pPas3jinyHbIX (pakropos cpejbl. [pu cpas-
HEHNUNW TMOTYIEHHBIX BeJWYNH, B 3aBUCUMOCTI
OT YCJOBUII MPOU3PACTAHIS MOYKHO OTMETUTh,
4710 OOJIee BBHICOKIE 3HAUEHNsT XapaKTepPHbI s
Sorbus gorodkovii n Betula sp. B nopry. Axrn-
BallMsI CUHTE3a TUTMEHTOB MOJKeT ObITh CBsI3aHA
¢ HeOOXOMMOCTRIO TIofjlep:Rafns GOoToCHHTE-
THYECKUX TTPOIECCOB HA OTPeleIEHHOM YPOBHE
B HEOJIATONPHUATHBIX YCIOBUAX TTPOU3PACTAHUS.

Takum obpaszom, st cO3/laHNSA BATIUTHBIX
HaCAKJIeHWI TIPOTUB B3BeIIeHHBIX BEIECTB Ha
mpomiiomagke MMTII Baskuo ucmosnb3zoBarh
aJlalTUpPOBaHHBIe K JJAHHOMY THUIY 1 YPOBHIO
3arpsi3HeHUsI TTOPOJIbl IPEBbEB.

3ariaoueHue

[To conep:ranuio GoToCUHTETHYECKUX
MUTMEHTOB B aCCUMUINPYIONIX OpraHax Bbi-
IeJISIOTCS INCTBEHHBIe TTOPOJIBI IePEBHhEB, B 0CO-
oennoctu Betula sp. v Sorbus gorodkovii. Cpepn
XBOWHBIX M0 DTOMY ITOKa3aTeqio JOMUHIPYeT
Lariz sibirica. OcroBuas goJis B CBETOIOIIONIA -
I011eM ROMILTIeKCe TTPUHAJIEKUT XJT0PoP ULy a.
Y Betula sp., Salix sp. n Larix sibirica na mpom-
mroraake MMTII mabmrogaercs mpeodragamnme
RapOTHHOW/OB HAJ| XJIOPOMPUIIOM b, BHITTOTHSIO-
MUX TPOTEKTOPHYIO (DYHKITNIO B PACTUTEIHHOM
opranmusme. [[ist GobIIMHCTBA BUIOB [IePEBHEB
cojiepskaHme MITMeHTOB BBIIIe B YCJOBUSIX TIOPTA,

£

—no dale.

yeMm B ropojie. Mermouenne cocraBuna Sorbus
gorodkovii, cocrosiHne KOTOPOIl He BbI3bIBaeT
onacenus. [IpoBepénunie necaegoBanus 1mo-
KasaJjn, 4T0 BANSAHNE YTOJILHOTO TepMUHAIA He
ABIAETCA 3HAYNTEIHHBIM PN BO3JEHCTBIN Ha
nurMeHTHBI douy pacrennii. UcerenoBannbie
Bupbl (Betula sp., Salix sp., Sorbus gorodkovii,
Pinus friesiana, Picea glauca, Larix sibirica)
YCIeNHO aJlaliTuPOBaHbl K CYIIECTBYIOIINM
YCJOBUSM U MOTYT ObITh PEKOMEH/IOBAHBI TIpU
CO3JIaHNU CAHUTAPHO-3AIUTHBIX TTOJIOC U3 3€J16-
HBIX HACAIKIIEHWT, DKPAHUPYIOIINX PACIPOCTpa-
HEeHIe MbIIeBbIX YacTuil Ha 1. MypmaHcK.
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Determination of microplastics in coastal beach
sediments along Kattegat Sea, Denmark

© 2019' R' A‘ Hansen ORCID: 0000-0003-2314-3488

A' GPOSS ORCID: 0000-0003-0830-1134°

Aarhus University, Department of Business Development and Technology,
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An evaluation of the level of contamination of microplastics in the coastal marine sediment from Kattegat Sea in
Denmark has been conducted. The evaluation is based on sediment samples collated from beaches located on coasts par-
tially surrounding the Kattegat Sea: Mou, Bogense, Hasmark, Zealand Odde, and Rorvig. Microplastics were extracted
from the sediment samples using a newly developed density and flotation apparatus. Afterwards, the extracted micro-
plastics were categorised under a stereo microscope, and the criteria for visual identification as synthetic polymers were:
shape, colour, degradation and surface contours. This study indicate the presence of microplastics in coastal sediments
throughout the Kattegat Sea i.e. between two and 55 particles/550 g Dry Weight were found in the sediment across the
five locations. The total abundance of microplastics were 210 particles. Among the samples — fragments (46.1%) were the
most dominate shape whereas fibres (34.8%) accounted for the second largest fraction. Our results highlight widespread
occurrence in coastal sediments from the Kattegat Sea and provide valuable information for further environmental as-
sessments of microplastics in Denmark.

Keywords: microplastic, extraction device, sediment, synthetic polymers.
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Oupepnesienne MUKPOILIACTHKA
B IPUOPE;KHBIX oTaosKkeHuax mops Rarrerar ([lanus)
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Opxycermnii yausepenrer, /lemapramMent pa3sutnsa OM3Heca U TeXHOJIOTHUI,
15, Bupxk llenrepnapk, r. Xepuunr, [lanus, 7400,

e-mail: rah@btech.au.dk

Belta npoBeieHa orieHKa ypoBHS 3arpsi3sHeHN S MUKPOYACTHIIAMMI [JIACTHKOB (MUKPOTIIACTHKAME) TTPUOPeHHbIX
Mopcrux oryoxkennii mopst Rarrerar B [lanuu. [l oreHKN nemoib3oBan 00pasiihl OTJI0MKEHII, COOPAHHbBIX HA TIJIs-
srax mobepeskbs, okpyskaiomiero mope Rarrerar: Moy, Borence, Xacmapk, Senangust Opne nu Popsur. Mukpouactuibt
ObLIN M3BJAEYEeHBl N3 00PA3IOB OTJIOMKEHNIT ¢ NCIIOIb30BAHIEM HeJlaBHO paszpaboTaHHOTO amnapara s gaoramumn
n onpejpeaeHund 1mJa0THOCTHU. MBBJIO‘I@H Hble MUKRPOIIJIACTURN 6hlJl " KJIHCC]/I(I)H IIMpOBaHbl 110]I CTEPEOMUKPOCKOIIOM.
Rpurepusivu ijist BusyanbHO njleHTHURAINN CUHTOTHYECKUX MOJMMePOB ObLIN (DopMa, I[BeT, Jlerpajaiisa i KOH-
TYPBI TOBEPXHOCTH. ITO UCCIeI0BAHNe YRKa3blBAeT HA IPUCYTCTBIE MUKPOIIJIACTHKOB B TPUOPEIKHBIX OTITOKEHUSIX 110
Bcemy Mopto Harrerar — B isitit Mmecrax 66110 oOHapysKeHOo oT 2 110 9 actut Ha 000 r cyxoii Mmaccw ornozkernii. Odriee
KOJIMYeCTBO MIUKpodacTull miaactukos cocrapuyio 210. Cpepu o6pasinos jomuHupytoiieii Gopmoii 6b1an gparMmeHTh
mnactura (46,1%), sropyio o Bennunne gpariuio cocrapysian Bojokna (34,8%). Iloayuenupie pesyabrarsl mMoKa-
3bIBAIOT IHINMPOKOE paciipocTpaHeHne MUKPOIIJIACTUROB B llpl/l6p(‘,?KthX OTJIOMKCeHUAX MOpPA RaTTOI*aT n 1peacTaBiadioT
c000ii 1eHHY0 HHPOPMAINIO ISl AaTbHEIIINX HCCaAe0BAHUI 110 3aTPSA3HEHNI0 MIUKPOIIJIACTHKOM OKPY:KaIeil
cpennl B [lamnm.

Haroueswie crosa: MUKPOILTACTUK, 9KCTPARIINOHHOE O60pyI.LOBaHI/Ie, OTJIOReHU A, CUHTeTUYeCK1e 1oJInMMephbI.
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During decades, plastics have become an
integrated component of modern society. Glo-
bal annual production of plastic is now rising
to above 335 million tons [1]. Approximately
00% of all plastics today are disposed after a
single-use [2] and the quantities recovered as
a fraction of total discards shows that recycling
rates are relatively low [3]. A consequence of
this is that between 4.8 and 12.7 million tons
of plastics were estimated in 2010 to enter the
marine environment. The cumulative input of
mismanaged plastic’s debris to the oceans is
predicted to reach as high as 250 million tons
in 2025 [4]. Further studies predicts that during
the next decades, total production of plastics will
increase and approximately 12 billion tons of
plastic waste will be in landfills orin the natural
environment by 2050 [5].

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

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

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

Field campaign

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

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

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

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

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

Zealand’s Odde (S%4) was in recent times an
area with great ship traffic due to the ferry routes
from Odden harbor on the south coast to Ebeltoft
and Aarhus in Jutland. Today fast catamaran
ferries with more than 15 daily departures serve
these two routes. No heavy industry besides the
ferry activities are located in the areas. The city
size is small, however due to large areas with
holiday homes the actual population differs de-
pending on seasonal activities.

Rervig (S5) is a cottage and port city in
Northwest Zealand with 1,051 inhabitants [10].
Rervigislocated on the northern part of Isefjord
at the western shores of the northern mouth of
Isefjord inlet. The town is located in Odsherred
Municipality and is located in Region Zealand.
The area is a frequented recreational area with
significant seasonal fluctuations of humans.
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Table 1
Sampling locations, ID, and GPS coordinates
Site ID Location Longitude Latitude
S1 Mou 26°5853.1"N 10°18°25.3"E
S2 Bogense 95°32'29.8”N 10°00'30.8”E
S3 Hasmark 99°33'23.0"N 10°28'49.7"E
S4 Zealand Odde 95°59°03.5”"N 1M171911.27E
S5 Rervig 2O DT 11.T"N 11°43°00.2"E
Table 2
Five site specific features potentially affecting the abundance of microplastics
Site specific features (located nearby)
Location ferry recreational area(public beaches, water .
harbour . inlet
berth vacation homes etc.) stream
1 (Mou) X X X — X
2 (Bogense) X - - - -
3 (Hasmark) — — X — X
4 (Zealand Odde) X X - - -
S5 (Rervig) X X X X X

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

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

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

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

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

Laboratory procedures

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

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

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

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

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

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

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

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

of trapped microplastics during full suspension
in water column.

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

For testing the extraction efficiency of the
newly developed instrument used in this study three
samples were prepared. Each sample contained
10 fragments of PE (p = 0.89-0.93 g/cm?,
size = 300-450 um), 10 fibres of nylon and
polytetrafluoroethylene (PTFE) (p = 2.1-
2.3 g/cm?, size = 1000-2000 wm), and a volume
of laboratory quartz sand (450-550 g DW,
particle size = 0.2-0.4 mm).
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Fig. 4. Types and quantity of found particles at Mou, Bogense,
Hasmark, Zealand’s Odde and Rervig in Kattegat Sea
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The efficiency tests showed that our instru-
ment performs with an efficiency 98 to 100%
with respect to both the PE fragments and the
PTFE fibres. In the efficiency tests conducted by
[14] their instrument showed an extraction ef-
ficiency of 75 (plastic granules) to 98% (fibres).
The reason for a higher filtration efficiency is
achieved in this study compared to the study by
[14] could be the inner surfaces of the separa-
tion column. During construction of the column
considerable effort were placed on smoothing the
surface allowing the microplastic particles not
being retained by small irregularities on the in-
ner surfaces of the column allowing the upward
particles not to get retained.

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

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

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

—fibers are equal in thicknessin their entire
length,

— particles show clear and homogenous
colours [17].

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

Results

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

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

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

Discussion

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

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

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

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

Conclusion

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

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

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

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

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

The authors thanks Marianne Glasius and
Soren Norgaard Jorgensen and furthermore ac-
knowledge the facililies, and the scienlific and
technical assistance of the Department of Chemistry
and Interdisciplinary Nanoscience Center (iNANO),
Aarhus University.
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OrneHKa moKapHoOi 3YMUCCHHT YIVIEPO/a B COCHOBBIX I [YOOBBIX Jiecax
AATHHCKOrO rOPHO-/1€CHOTO MPUPOHOTO 3ANOBETHIKA

© 2019. B. I'. Kobeunnckas, k. 0. u., gouenr, O. b. flpomu, 1. 5. 0., npodeccop,
Rpeivmeruii gpepepanbubiii yauusepenrer um B. V. Bepuajickoro,

295007, Poccusi, Peciyosimka Rpeim, 1. Cumepornonb,

npocrekt Akagemunka BepHajckoro, 1. 4,

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

B reuerme 10-tu merrero meproia MPOBECHBI MCCACOBAHNS TT0 HMIICCISIM YIIEPOJA B COCTABE YIITEKIICIOTO Ta3a
BCJICJICTBIE BO3JICHCTBIS HHPOTeHHOr0 (DAKTOPa HA JIPEBOCTOI, TTOJJIECOK, OTIAJ] U HOJCTUIIRY B PA3HOBO3PACTHBIX (UTO-
I[eHO03aX I03KHOTO MaKkpockaoHa KpeiMeknx rop. OGbeKkraMu necyeloBaHNs SIBJISIIOTCS TOPETbHUKN COCHOBBIX 1 TYOOBBIX
JECOB, PACTIONOKEHIBIE HA TePPUTOPUH SIATHHCKOTO TOPHO-TECHOTO MTPUPOIHOTO 3ATIOBEIHITKA, KOTOPLIIT B3AT B KAYECTBE
MOJIeJIbHOTT TeppuTopui. PaGoTel 10 oreHKe 00bEMOB AMICCHT YITIEKUCIIOTO Ta3a pu TopeHni B jecax Kpeima panee He
MIPOBOJIMIINCh.

B pesyabrare mpoBeéHHOTO MCCAETOBAHISA Ha MTPUMepPe COCHOBBIX 1 Iy0OBLIX (huroternosos flatmmnckoro ropmo-
JIECHOTO TPUPOJIHONO 3aMOBEIHIKA, KOTOPbIe 3aHUMAIOT HANOOJbIIIe M0/, OblJIa PACCUNTAHA AMUCCHS YIIIepPOJia
B COCTaBe YIVIEKMCJIOTO Tasa, BhIIeJNBIIET0cs Mpu moskapax 3a 10-jerHuii nepuos. 9To mo3BOJIMI0 OIEHUTh CyMMapHbIe eT0
00némbr na yposue 14170 r wrm 13,03 1/ra. Iru mokasateanm MOTYT CBUIETEILCTBOBATH O CYIIECTBEHHOM BIUSTHUT JTAHHOTO
IMAPHIKOBOTO I'aza HA KINMaTHYeCKIe XapaKTepucTHRI I03KHOOepesKHbIX aKocucTeM KpbiMa, Ha n3MeHeH e IOTOJIHBIX Xa-
PAKTEPUCTHUK B CTOPOHY YUall[eH s 3acyX B JIETHE-OCEHHITIT TIePUOJI, 4TO B Pe3yJbTare BeIéT K 0¢1a01eHI0 BOJLOOXPAHHBIX,
KIMMATOPETYINPYIONIIX U MOYBO3AIITHBIX CBONCTB OTNX JecoB. [lannas TeHIeH s TOATBEPIKIACTCS TPIBEICHHBIMIT
B paboTe MeTeopPOJOrnYecKUMY laHHbIMY cO crantmn Afi-TTerpu.

Henonb3oBannas B paboTe METOAIKA OIEHKIL 3a1IACOB YIVIEPOJia HA JIECOMOKPLITLIX IVIOMIAJIAX, TAKIKe JAET BO3MOSK-
HOCTL TPIMEHATH €6 [T PACUETOB PEATbHBIX 00HEMOB BLIIETNBITETOCS B aTMOCHepY YIIEKICIOTO ra3a B pesyaprare mo-
srapoB. OHa anpodnpoBaHa Ha OCHOBE JIECOTAKCATIMOHHBIX JJAHHBIX HACAKIICH NI KOHKPETHBIX TePPUTOPHIl 110 KBapTasam
1 BBIJIeJIaM ¢ YUETOM KaueCTBeHHBIX I KOJIMYeCTBEHHBIX XaPAKTePUCTHK PEBOCTOS, HOJJIECKA, TIOICTUIIKIL I MHOTOJIETHETO
yaéra BePXOBBIX T HI30BLIX JTECHBIX TTOKAPOB, YTO JIGTACT TPEITIOKEHHYIO B paboTe MeTONNKY H(D(HEeRTHBHBIM HHCTPYMEHTOM
JUIST OTeH KU BeJMUMHBI yiiepoa, HAaHeCEHHOTO JIGCHBIM AKOCHCTEMAaM B PE3YJIhTare MOKapoB.

Kaouessie crosa: yrieruciblii ras, jec, Rppim, 3a0BelHNK, NHPOTeHHBII (DAKTODP, BEIOPOCHI.

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

© 2019. V. G. Kobechinskaya

0. B. Yarosh ORCID: 0000-0001-9663-2528°

Crimean Federal University V. I. Vernadsky,

4, Vernadsky Prospect, Simferopol, Republic of Crimea, Russia, 295007,
e-mail: valekohome@mail.ru, iarosh.olga@gmail.com

ORCID: 0000-0001-9467-9533°

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

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

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

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

JlecHoil TTOKPOB sABJIsIETCS €CTECTBEHHBIM
MOTJIOTUTE/IeM TaPHUKOBBIX Ta30B 1, B IePBYIO
ouepesih — yrimexucsoro raza [ 1, 2]. Orenke smuc-
CUU YIJIEKUCJIOT0 ra3a Mpy 1Moykapax B JeCHBIX
arocucremax Poccum u ipyrux crpaH mocBsieHo
3HaunTennbHoe Koandectso pador [3—10]. Ogna-
RO 17151 tecoB Pecrybnnkm Kpwim ara padbora e
BBITIOJIHSIJIACH B CUJTY TEPPUTOPHATIHHBIX 0COOCH-
HocTel permoHa. B ¢Bsism ¢ weMm, 1mesbio fanHoi
paboTHI ABJISIETCS MOJyUYeHe HOBBIX TaHHBIX 00
IMUCCHU YIJIePOja B pesybrare BO3JeilCTBUS
OTHsI B MHOTOJIeTHEIT IMHaMIKe Ha 9Th coo0Ie-
cTBa. B cooTBeTCTBMM ¢ 9TUM MOCTABJIEHBI JIBE
OCHOBHBIE 33J]a4N:

— anpoOoMpoBaTh METOMKY, TO3BOJISIONIYIO
OTleHNBATH 00'bEMBI TTOKAPHOIT AMUCCHHT yTJIe-
pojia Ha HpuMepe OJIHOTO 13 KPIMCKIX JIECHBIX
3aMOBEJIHIKOB;

— IIPOBECTH KOMILIEKCHYIO OIeHKY YIIIepO/-
HOro OojKeTa 110 BHIOpocaM YIJIeKUCJI0ro rasa B
pesyJsbraTe BO3eMCTBIS MUPOTEHHOTO haKTopa
Ha COCHOBBIE 1 Iy0oBBIe Jeca ropHoro Kpbiva n
OICHUTH UX BIAUsHIE HA KINMAT PernoHa.

B repuos ¢ 1990 1o 2003 rr. B Yipaute 66111
BBITTOJTHEHBI pabOTHI, TJIe c/leaHa olleHKa 00hé-
MOB BBIOPOCOB YIVIEKICJIOTO Ta3a 1Py MMoKapax
B Jlecax Ha OCHOBE yuéTa Macchl OPraHMYecKoro
BeIeCTBA, eT0 XUMIUYECKOT0 cOCTaBa 1 YCJIOBUI
ropenusi. lloykapuas sMuccusi mapHUKOBBIX
raszoB OIEHNBAJINCH B D—39 T/Ta B 3aBUCHUMOCTI
OT cOocTaBa, BO3pacra M TUIA JECHBIX HacCaKe-
auii [11]. OpHaKo, B JaHHBIX HCCJIEOBAHMIIX
He MpHUBIEKaINCch MaTepuaabl 1o KpeiMckomy
noayoctpoBy. st mx comocraBumocT Obia
MCITOJIb30BAHA METOIMKA OICHKIU YIJIepojia, je-
MOHMPOBAHHOTO B JIGCHBIX DKOCHCTEMAX, KOTOpast
Oblia pazpaboraHa cOBMecTHO XapbKOBCKUM
HaloHaIbHbIM yHUBepcuTerom um. B. H. Rapa-
suna u HUU necuoro xo3stiicTBa u arpoJjiecome-
nauoparuu um. I'. H. Beicorikoro [11]. Hamu 6bi1a
nposefieHa oreHKa HHEeRTUBHOCTH HTOI METOJ1-
KU [T pacuéra pacXomHONl 4acTl YIIepomgHOTO
Oro/yReTa 10 YIJIeKNCJIOMY Tasy mpu BeiOpocax B
pesyJbraTte MoyKapoB PasHO MHTEHCUBHOCTU B
COCHOBBIX 1 J1y00BBIX Jecax Pecryomurkn Kpbim
Ha mpumepe HATHHCKOrO rOPHO-JIECHOTO MPH-
ponuoro 3anosepauka (ALJI113). B pesynbrare
BOBJICHICTBUS OTHS ITPOUCXOUT DKOJOTIMUCCKAs
fectabuIM3aIus MPUPOIHOI CPeibl, CHIRAETCS

YPOBEeHb IEHOTHYeCKOTO PazHoo0pas3ns pacTu-
TeJILHOTO TTIORPOBA, WET COKRpaTene mioTmajei
NPUPOAHBIX I'PYNIMPOBOK W YHPOIIeHne nX
CTPYKTYPBI, UTO HApyIIaeT roMeocTas 3aroBeyi-
weix ganpmadros [10]. J[lannoe uccneposanme
BBITIOJHEHO BIIEPBbIE IS HTOTO PernoHa.

Meroguka uccjae0BaHms

CytmecTByIoT paznoodpasubie MeTOIK, TT0-
3BOJISIONNE Ha OCHOBE MCIIOAL30BAHUS [IICTAH-
IIITOHTHOTO 30HANPOBATN SeMIN JTeCOMOKPHITHIX
IOl IIPU OTCYTCTBU M IIOJHOM Oa3bl AHHbIX
110 JlecaM OIeHMBATL HPUPOCT MACCHI yIiaepoja
B HAa3eMHLIX YacCTSAX JAPEBOCTOsI 110 IapaMerpam
nareHcusHoctn orocunresa |6, 8]. Tarxe Bos-
MOJKHO OIEHUTDH 4acTh 3aMAacEHHOTO Yraepoja
M0 AKKYMYJIAUNA €T0 B JIPEBOCTOE, NCTIONB3YS
KOHKPETHBIE CHUMKN TTPOOHBIX TIIOTIA/eil, HO
obs3aTebHOE YCJTOBUE — BPEeMEHHBIE TPAHW-
LI, T. €. JOKHO OBIThL OJHOE COBIIAJeHIe 110
CPOKAM CHUMKA M JAHHBIX HABCMHON CHOMKI
npobmbix mrotmageit [ 12-13]. Ho 6omee mommniv,
0e3yCIOBIO, ABIACTCS KOMIICKCHBIA TOIXO]I,
[PUBJICKAIOIINI TAKsKe B aHAJII3e OLleHKN 00111e-
IO KOJIMYecTBa yrjepojia BJiecax eié: omaj, moj-
CcTHIRY 1 cyxocroii [9, 14—16].

Jlnst pacuéra KonmuecTBa yriaepoja B Ha-
CARIEHMSAX UCITOIb30BAJINCH COOCTBEHHBIE 110~
JeBBle MaTepuasbl, cCOOpaHHbIe HA TOPETbHU-
Rax [15], npuBieranach Taks;ke 6a3a JaHHBIX
[0 JIeCOYCTPOUCTBY IJOIIaell, MPoieHHbIX
OTHEM TIO BBRIJeJIAM U KBaprajam, Kiaccam
OoHUTETa, MOJIHOTHI 1 BbICOTHI JIPEBOCTOSI C YUé-
TOM MOPOJBI 1 (PPaKIMii: omaja, MOACTUIKN
1 TOJIecke.

OcobenHOCTH CYXOro cyOTPOIMUYECKOIO
RJIMMaTa JaHHOTO PernoHa IPOosIBJISIOTCS B TOM,
4YTO B BECCHHII IEPUOJ] BLIIIAAeT MaJIO 0CAIKOB,
B cpepem 70—111 mwm, a ierom — 90-104 mwm,
co cHmKenueM 1o rogam 10 20—o0 mMm. Jlerom
CpeJiHsASs TeMIIepaTypa B 9TOM paiioHe cOCTaBsgeT
29 °C, urto BefiéT K BHICYNIMBAHWIO TPU3EMHOTO
CJI0ST OTIAJIA W MOCTUIKNA U CO3/IaéT OJaromnpu-
ATHBIC YCJTOBUA IS BOSHNKHOBEHUS MOMKAPOB.

3aMeTuM, 4TO HUCCJAeJoBaHIe KAacakloCh
TOJBKO TYOOBBIX M COCHOBBIX HACAIKICHMI, 3a-
HUMAIONNX HAMOOILINTe TLIONANN Ha Teppu-
TOPHUU I03KHOI0 MakpockjaoHa HpbiMcKux rop
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Ta6auma 1 / Table 1

Pacuérrbie cOOTHOTIIEH WS [IJIST ONIPEJIeTIeH IS COJlePRAHMS YIIepoja 110 PPaKIUsAM B COCHOBBIX 11 TyOOBBIX
necax / Calculation ratios for determination of carbon content in pine and oak stands on fractions [11, 16]

No hopmyint / RommonenTst Dopmyiib
No. of Components Formulas
formula
1 LT RPOTILL COCHE (0,05 + Ik, * KAH™ « KAP" + KAMG + KASS) * r,* S
crown of pine 1 I
sk, kg, K, cTBONA COCHBE . w1 . . .
2 for with % , k,, k, pine trunk (0.5 k, + KAH (1-0.5+ KAP) = KAP®) * 1, +§
3 st KpoHbl iyba / oak crown (0,05 « k, « KAA? « KAP¥ « KAMG + KASS) * r,* S
sk, ko, k, ctBona jyba . . - . . P
4 for with %, k,, k,an oak trunk (0,5« k,*« KAH® « (1 -0,5 « KAP) « KAP¥) = r,*S
5 AU TTOAIECHA COCHBE 0,45 + (2,561 « EAP — 1,311 » KAP?— 0,0263) * Jk * r.* S
undergrowth pine 8
6 ALz nofiaecka fyGa 0,45 + (2,561  KAP — 1,311 « KAP? — 0,0263) + k * 1, S
undergrowth oak 7
JIJIST OTIaJla U MOACTIIRI . . ) . . e
7 litterfall and litter oy (hy s RAAT+ key» KAA+ k) = HAP Fip* S

Ipunewanue: KAH — svicoma, KAP — noanoma, KAMG — 3anac na 1 ea, KASS — koadihuyuenm cocmasa, KAA —
sospacm, S — naowads svrdena.
Note: KAH — height, KAP — the fullness of the plantation, KAMG — stock per 1 ha, KASS — composition ratio, KAA — the
age of the stand, S — area of allotment.

Tabsuma 2 / Table 2

Rousepcuonnnie koadduiinenTor & JIJist onipejiesieHus cojlepRatus yriepoja B nojjecKke
cOCHOBBIX 11 IyboBbIX Hacasaennii / Conversion factors k for determination of carbon content
in the undergrowth of pine and oak stands [16]

Bospacr nacasenus Knacc Bospacra Cocna Jly6

Age of planting Age class Pine Oak

Mousopasiku / young growth 2,3 0,5 0,45
Cpennesospacrabie/ middle-aged 4,5 0,6 0,6
[Tpucnesatormue / ripening 6 0,65 0,65
Cnenbie / ripe 7,8 0,7 0,7

B nipefesnax ALJITIS. Pacuérubie coornomnenms
IJIST OTIpejie/IeHNsT COfle PyRaHusl yIaepojia B ipe-
BOCTOE, TIOJIJIECKe, OT1a/[e U IMOJICTUTKE COCHOBBIX
1 IyOOBBIX HACAKIIEH U OBLTN TPUHATHI, NCXOJIs
13 CJEYIONUX cooTHOITeHni (Tabm. 1).
Rousepcmonnnie kKoo puiments (oTHOMITE-
uus) (k, k,, ky, k,) n rosddumuentsr pasmep-
HOCTH (I}, Ty ovv Iy, T ), TIOJIYUCHHBIE PACUETHBIM
nyrém [11, 16] pust necoB cTpambl, ObLIN BbI-
BeJIeHbI JI7Isi BCeX OCHOBHBIX JIeCOOOPA3YIONIX
MOPOJL ¢ YY4ETOM MX BO3PACTA, BHICOTHI, TOJIHOTHI
JIPeBOCTOEB 1 NX YCJOBMI Tponspacranust. OHu
MePeBOJIIIIN 3A11aChl YITIePOia, AKKYMYJINPOBAH-
HbIE B CTBOJIOBOII J[peBeCHe, B 3a11achl yI/iepojia
IS BCET sRUBOI 1 MEPTBOIT (PUTOMACCHI, BRIIOUAST
BETBH, JINCTHSI/XBOIO, CYXOCTON U JIECHYIO TIO]T-
cTuary. Takske B ananmse orMevasnach IpUHA-
JeRHOCTH HTUX COOOIECTB K TOMY WJIN WHOMY
JIeCOPACTUTETLHOMY PAOHy ¢ YIETOM T POTHOM

11 BBICOTHO 30HAJILHOCTH cTpaHbl. B anHoii pa-
00Te ObLT NCITOTB30BAH PSAJ| N3 KOHBEPCHOHHBIX
ROD(DPUITMEHTOB ITNX MCCTeoBaTeeH.

C yuérom Bo3pacra HacaKIEHWI BBOJSTCS
RODPPUIMEHTBI JI7IsI pacuérta Macchl yriaepoja
B TOJIJTECKE COCHOBBIX 1 JIyOOBBIX JiecoB (popmy-
a6t No D 1 No 6), oHU TaKIKe BABUCAT U OT YCJOBMIA
npouspacranus (tadiu. 2).

JInirs B MOJIOJIHAKAX OHE OTJINYAIOTCS: JIJIs
cocunl 910 0,9, s myba — 0,45. Jls epepieos-
PACTHBIX, TTPUCITEBATOTIIX W CITEJIBIX COODITECTB
pacuérubie RKOIPEPUIMEHTH, HE3aBUCUMO OT
MOPOJBI B TIOJ/IJIECKE, OMUHAKOBDLIE (TTPOLOIKI-
TeJILHOCTH Kiacca Bo3pacta peoctost — 20 jer).

Tarske pacyéTHLIM IyTEM UMK OLLIN I1OJTY-
qeHbl KOdPPUIMEHTHI TT0 QPARIIAM JIPeBOCTOS,
OTTAJIA 1 TTOJICTUIKY JIJIST KasRILOM TOPOJTbI (Tadir. 3).

Wexons ns pacuéros, oueBUHO, 4TO 00IAs
Macca yraepoja mpu mo;RapHoi HMUCCUE 110
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Tadommma 3 / Table 3

Ronpepcuonnbie KO3 UITMEHTBI [ OTIPeIeJIeHNIST COePIKAHS YIUIepoyia 1o pparIusm
npeBoctosi, oniazia n mopcTuakm cocHer 1 yoa [11] / The proportion of the fractions of the stand
of pine and oak by formulas and coefficients [11]

[Topopa Oparigus No hopmyiibt / i i i i
Species Fraction No. of formula 1 2 3 4
Cocna / Pine |kpona/ crown 1 0,346 -0,793 -0,705 -0,695
Cocna / Pine |crtBos/ trunk 2 5,701 1,464 1,525 1,589
Jly6 / Oak KpoHa/ crown 3 0,265 -0,254 -0,128 -0,114
Jly6 / Oak crBosi/ trunk 4 0,385 0,06 0,11 0,14
. OTTaj] M TOICTITKA / -
Cocua / Pine litterfall and litter 7 0,48 -0,003 0,51 0,63
oraj| u MoACTuIKA / 4 ) 9 .
Ay6 / Oak litterfall and litter 7 0,42 0.0012 0,24 0,25

ToJlaM MCCTICMOBAHNI B M3YUYCHHBIX COCHOBBIX I
nyboBbIX HacaskaeHusix Kpoima, Obliia oreHeHa
KaK CyMMa BeeX pacCUnTanibnixX caaraeMoix. [lpm
9TOM MOYKHO TPEJITON0KNTE, UTO OKOHIATCILHBIC
TanHbIe OYAYT HeCKOILKO HIFKe, TAK KaK He YUl -
TBIBAJIACH AKKYMYJISIUSA YIVIepoja B KOPHAX 1
MOYBE DTUX PACTUTEJILHBIX COOOIECTR.

Pesyabrarel u ux odcy:kaenmne

Jleca AT'JII13 nanbonee yacro nopepraiores
Bosjeticteuio orust (71% or Beex rapeit moryocr-
poBa), MOATOMY UX HCIIOJIH30BAIN B KAaueCTBE
MOJIeJIbHOI TePPUTOPHUN JIJIsT alipoOnpPOBAHUS
nanmon Meroguku. Ero obmas miaomannh —
14523 ra, npuuém JecOomOKpbLITas HOCTUraer
75,8%. Bepyime npuanHbl BO3HUKHOBEHU S
371eCh TI0KAPOB — HTO AHTPOITOTHHBIIT (DAKTOP 1
OTCYTCTBUE 3aUTHOI OydepHoil 30HbI, T. K. OH
€O CTOPOHBI MOPSI ITPUJIeraer K 10KHOOepesRHBIM
RypopTHbIM Tocénram [15].

HawnGomsimie muorain B 3aoBeiHIKe, 00pa-
351 CIIOTITHOI XOPOIITO BbIPAsKEHHbIIT 1T0SIC, 3BaHM-
MAaloT HUPOQUTHBIE JIeca 13 COCHBI KPHIMCKOI MJTT
[Mannaca (Pinus pallasiana D. Don) (5600 ra —
38,5%) — 30Ha WX PACIPOCTPAHEHNS BIOJb 107K~
noro 6epera Kpoima ot 60 o 1240 m nan y. M., co-
cHbl 00bIkHOBeHHOM (Pinus sylvestris var. hamala
Steven) (863,3ra —5,9%), Kotopas IpIypoUeHa K
Beicoram 700—1350 M HaJLy. M. 1 He3HAUUTEJIHLHBIC
maotaju cocubl Crankesuyua (Pinus stankewic-
zii (Sukacz.) Fomin), koropast BcTpeuaercst ot
nobepeskns o 200 M wam y. M. Beero atu neca
B cymMme 3anumaror 46,6% or Beeil Treppuropun
sanoseHuka. Jlyo mymmcerstii (Quercus pubescens
Willd) npuypoden k HuskHEMY TPUMOPCKOMY
1osicy, npouspacras 1o crjaoHam o 660 m Haj
y. M., u y0 crasmbHbiil (Quercus petraea liebl),
oburatonuit B mpegeaax 290—-1100 v maxg y. m.
B coBorynnocru onn 3anumaior 2689,6 ra, uro

cocrasisier 18,5% or obmieit maomamu ATJITTS.
Ha reppuropun 3aroBeHuKka B 0011l CJI03KHOCTH
rpoiigeno oruém 2291,3 ra, B rom uncne 447,9 ra —
HTO BEPXOBBIC TOKAPHI ¢ TIOJTHBIM YHIUTOKEHIEM
JecHOTO TMOKpoBa. [lons KonmvyecTBa KPYITHBIX
MOKapoB B 1ejoM Hesnaunreavia (3,1%), no na
HUX TPUXOANTCs 10 95,5% 0T Beex MoBPesKIEHHBIX
oruém mrorniajieil. B manHoi pabore MbI IpoBesn
OIeHKY DMUCCUU YTJIepPOjia IPH JIECHBIX MOKapax
B pesyJsibrate ropenusi ouomaccsi. Ilocienosxap-
HbIe OCTATKN HA TapsX, KOTOpPbIe pPasiaraloTcs
MeJIJIEHHO — JIeCATUIeTHs, B YUéT He Opasuch.
Jlanubie ObLIM TTOTYyUYeHbI HA OCHOBE COOCTBEH-
HBIX MOJEBHIX MCCJAOBAHNIT, COOPAHHBIX Ha
18 11pOOHBIX IJIOIMIAMSX OJHOIIOPOHBIX HACAK]Ie-
HII PABHOBO3PACTHBIX rOpeTbHUKOB 3a 10-nerHumii
Mepuoj| B IGCCHUUYECTBAX ATOTO 3anoBejiHrKa [19],
JlecoTakcaImoHHO Oa3e MaTepHasoB ATOM Teppi-
TOPUU C JIOTOJTHEHUSIMU HEKOTOPHIX JI00ABOYHbIX
rmoKasaresieli, KacalIuXxcs pacuéToB sMUCCUN
yriepojia ¢ mpuBjiedeHeM KOHBePCUOHHBIX KO-
appurmeHToB.

[TepBomauaabHO OBLIN COCTABICHBI TAOTMTIHT
110 TOJIaM MCCJIeIOBAHUI JIJIST KayKIOTO YIaCTKO-
BOTO JIECHMYECTBA ¢ YUETOM KBapTAJIbHOW CeTH
1 BBIZIEJIOB, T7ie ObIT 3aUKCUPOBAH TTOMKAP, €r0
TJIOTIAN W COCTaBa TIOPOJT, BO3pACTA U TIOJTHOTHI
npesoctosi. Hanbosibiee koJlimaecTBO BO3ropa-
HUI Jeca purcrpyercs Ha repputopun Ayr-
KIUHCKOTO JecHnyectsa (6osee 65%), ocobenmo
B KBaprase 23 n Ononsuésckoro (B KB. 13 n 14),
HanMenbinee — B JluBaguiickom (5—10%). Tlo
JIeCOTAKCATIMOHHBIM OTMCAHUSAM HaCaKIeHUIT
OTJIeJIbHO, ¢ YuéTOM KO3(PPUIMeHTOB, paccuu-
THIBAJINCH JJAHHBIE TI0 OMUCCHU yIJepojia JiJist
MOJIJIecKa, OT1a/[a 1 TMOCTIIIRY 110 KayKI0T ITopojie
110CJIe BePXOBLIX 1 HU30BBIX TTOKAPOB.

B rabauie 4 mpuBomsATCa cyMMapHbIe TTOKa-
3aTeN AMUCCUN YTIIEPOJia B COCTaBe YIVIERUCIOTO
raza, o0pas3oBaBIIeTOCs B pe3ysabraTe TOPEHMUS
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Ta6amma 4 / Table 4
Pacuér BeiGpocos 1o yraepopy u3 gpaxiium peBocTOs PU BEPXOBIX MoKkapax SaTuHCKOro
TOPHO-JIECHOTO ITPUPOJIHOTO 3aTI0BeIHUKA J1Jis1 yOoBbIX 1 cocHoBbix Hacaykpenuii / Calculation of carbon
emissions from the forest stand fraction in mountain fires of the Yalta mountain-forest nature reserve
for oak and pine plantations

Top [Topopa . | .« | Ilmotmajs ropenbHIKOB, Ta / Cymmapubtit BLIGpoc
Year Species KAA | KAP| KAMG | KASS Area burners, ha yHaepona, T
Total carbon emissions, t
2007 | Jly6 / Oak 70 | 0,5 120 10 200,77 7780,87
2007 | Cocua / Pine | 85 | 0,7 190 10 135,52 1520,61
2008 | Jly6 / Oak 80 | 0,6 130 10 1,37 03,21
2008 | Cocua / Pine | 90 | 0,7 200 10 0,92 10,53
2012 | Jly6 / Oak 60 | 0,0 110 10 0,89 34,71
2012 | Cocua / Pine| 80 | 0,7 180 10 0,60 6,87
Bceero/ Total 340,07 9406,81

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

Tadmuma 5 / Table 5
Pacuér smuccun yraepopa ns ppariuii mojiecka, onaja u NojcTuikm flaTnHeroro ropHo-necHoro
MPUPOJIHOTO 3ATTOBEJIHNKA JIJIsI YOOBBIX 1 COCHOBBIX Hacasxienuil mpu Hus3oswix noxkapax / Calculation of
carbon emissions from the undergrowth, the litter and litter fraction of the Yalta mountain-forest nature
reserve for oak and pine plantation in case of grassland fires

Buiopoc yraepopa| Beiopoc yriepopa,  Cymmapubiii
[Lnommans oT (pparIIit oT pparImit BBIOPOC
Tox KAA|KAP| KAA | KAP |ropenbiu- Dparkiim BUIOB JyDa, T | BUJIOB COCHbBIL, T / yriepoa or
Y Hy6 | [Iyo |Cocna|Cocha| Ka, ra Fracti Carbon Carbon pparmuii, v /
“A Oak | Oak | Pine | Pine Area FACHON o missions in emissions in Total carbon
of fire, ha fraction from oak| fraction from emission in
species, { pine species, t fraction , t
. . 1 124,74 91,95 216,69
2007 70 | 0,5 | 100 | 0,8 1002,4 9 9704.0 1484.66 4188.7
- 1 6,63 4,89 11,52
2008 60 1 041 80 | 0.6 533 2 143,80 78,94 222,74
- - 1 0,46 0,34 0,80
2009| 80 | 0,5 85 0,6 3,7 9 9.98 5.48 15.46
. 1 0,30 0,22 0,52
2010| 70 1 0,5 | 90 0,7 2,4 9 6.47 3.55 10.02
. . . 1 0,11 0,08 0,19
2011} 60 | 0,4 | 80 0,6 0,9 9 9.42 1.33 375
- - - 1 2,44 1,80 4,24
20121 75 | 0,4 | TS 0,5 19,6 9 52.88 29,02 $1.90
. 1 - 0,002 0,002
2013 - - 60 0,4 0,02 9 - 0.03 0.03
. 1 - 0,07 0,07
2014 - - 70 0,5 0,795 9 - 117 IRT;
. . o o 1 — 0,24 0,24
2015 - - 80 0,6 2,628 9 - 3.8 3.8
. 1 - 0,13 0,13
2016 - - 60 0,4 1,42 9 - 510 2.10
Nroro 1 134,68 99,722 234,40
Total 1087,16 2 2919,25 1610,16 4529,75

Ipumewanue: 1 — nodaecor; 2 — onad u noocmuara; KAA — sospacm dpesocmosn; KAP — noanoma nacaxcoenust.
Note: 1 — undergrowth; 2 — litlerfall and litter; KAA — the age of the stand; KAP — the fullness of the plantalion.
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I PEBOCTOST COCHBI KPBIMCROT, COCHBI OOBIRHOBEH-
HOIL, iy0a Iy mmeToro u iyda cKaJbHOTO B 1[EJ10M
sl Beero 3amoBeqHnKa 0e3 pudgeperimannm
10 BUJIAM 11 Y4aCTKOBBIM JIECHIUECTBAM 1IPU Bep-
XOBBIX TORApaX, KOTOPbie ObLIN 34 TOMbI yuéTa
toabko B 2007, 2008 u 2012 rr.

Tar, cymmapHbIil 00bEM DMUCCHT YTITIEPOJIa,
HaKOIIJIEHHOTO B JIPEBOCTOE 3aIOBEIHIKA ¢ 00-
et mroraan 340,07 ra or BepXoBBIX [103KapOB
nocruraer 9406,81 1. B nepecuére na 1 ra (6e3s
pasfesieHust 1o MOPojiaM) BBIOPOCKHI yIyIepoja
cocraBun B cpefaem 27,66 1. CreoBarenbho, ¢
YUETOM BO3pACTa HACAMKICHUIT, BRIA 110 DMUC-
CUU YTJIePojia B Pe3yJibTate BepPXOBbIX MOKAPOB
B IIPUPOIHBIX (DUTOIEHO3aX 3ATTOBEIHUKA J10-
CTATOYHO 3HAYNMTEJIeH W MPEeBBIIIAeT CPeHuIil
1oKasareJib JIjisi 1eCOB ATOI 30HbI B 2,0 pasa [11].

Ormenra 00bHEMOB BMUCCHN YTepOfia 13
mojiyiecka, onaja m MmoACTUARKI Ha Tapsax 1mpu
HIBOBBIX MOKApaXx MpuBejeHa B Tadsuie J.

G 2013—-2016 rr. He OBIJIO HU30BHIX ITOKAPOB B
nyopaBax, IoaToMy B TaOJIIIIe D 9TH [IaHHbIe OTCYT-
CTBYIOT. Pe3ynbrartbl pacuéroB MOKa3bIBAIOT, 4TO
00BLEMBI HMUCCHY YTITIEPOJIA OT CTOPEBIITIX OT1a/[a 1
IMOACTIIKY TOCTUTAIOT 4029, 75 T, 4TO COCTABJIACT B
cpeprem 4,17 v/ra, npnyém BRIAJ, 110 TTOPOJIHOMY
cocraBy (UTOIEHO30B JIyda MyHIMCTOro n ayda
cKasibHOrO BhIle B 1,8 pasa, ueM COCHbI KPHIMCKOIT
7 COCHBI OOBIKHOBEHHOI. BRIOpOCH B pesymsrare
HU30BOTO TIO3KAaPa OT TOPEH s MOJTeCKa CPaABHI-
Te/bHO HeBbicOKNe — 234,40 1, 1. e. 0,22 1/ra.

CpaBHuTeIbHbBIN aHaan3 BRIa[a BLIOPOCOB
yriiepojia mpu moskapax mo (ppariusam 4éTko
BBISIBJISIET, UTO UMEHHO B J[PEBOCTOE HAKOIIJIEHO
camMoe BBICOKOE ero Kosrmuectso — 66,4%, Bropoe
MecTo 3aHuMaer cropesiias mogermika — 31,96 %,
BRJIAJ MOJIJIeCKa KpaiiHe He3HAUMTEJeH — BCETO
1,64%. Crenosarennio, eciun ve auddepentin-
poOBaTh 10 KOMIIOHEHTHOMY COCTaBY JieCa 1 BbI-
BECTH CPeJIHIe TTORA3ATeNIN TOKAPHON HDMUCCUT
YIJIepoJia B COCTaBe YIIEKICIOTO rasa, BhIIeTIB-
muecst B arMmocdepy B pesyJabrarte TOpPeHus, Kak
pesyJIbTaT MosKapoB PasHoil WHTeHCHBHOCTH, TO
onn orennBaorcs Ha yposue 13,03 v/ra.

[Tonaraem, 4To 9TOT METOJI OTIEHKI TT03BOJISIET
MOJTYYHTh BIIOJTHE [IOCTOBEPHbIE IAHHbIE, 4TO TaéT
BO3MOJKHOCTH HAa OCHOBE IePBUYHBLIX MaTepua-
JIOB JIECOTAKCAIMY JIECOTIOKPBITHIX TEPPUTOPHIL,
MPOBOJIUTH HE TOJTLKO OTIEHKY JIeTIOHIPOBAHHOTO
YIJIepojia B JIeCHbBIe COODIIeCTBA, KaK Mpe/iaraior
aBtopsl [12, 18], HO 1 ycIIeIIHO CIIONB30BATH AT
TaMHBIe [T PAcCUETOB PACXOMHO YaCTN OIOfI7KeTa
HETTO-CTOKA YMUCCHE YIJIepojia B COCTaBe yrie-
KHUCJIOTO Ta3a ¢ JJ0CTaTOYHOM JJOCTOBEPHOCTBIO PN
MmosKapax B Jjiecax. JTo MO3BOJISIET OIEHWBATD He
TOJBLKO 00BEMBI CTOpeBIIeil GnoMacesl o gpax-
IIMOHHOMY COCTaBY, HO I BKJIAJL [IOKAPOB JIAHHOT
TEPPUTOPUN B «ITAPHUKOBBIIT d(pPerT» 1 n3meHe-
HIe PErMOHAJIbHBIX KINMATHUYeCKIX TapaMeTpoB
[19]. [HoprBepskierne nanHoOro pakta MOKHO
HalTIH B METEOPOJOTMYECKNX HADJIOeHUSIX 110
aTOMY permoty. 3a mocyaenne d0 mer cpemmero-
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noBas Temieparypa nmosbicusach na 0,5 °C, a npu
pPaccMOTPEHUN METEOPOJOTNYECKUX JIAHHBIX CO
cranmun Aii-Ilerpu, pacrosoykernoii Ha siityie, n
HaXOMATIEHCs B paccMaTpuBaeMoi 30He, BUJIHO,
YTO MBMEHEHUS eIié OoJiee 3SHAUNTEALHBIC (PHC. ).

Taxr, ecnm cpenmerogoBass TeMmeparypa
B 2006 1. cocrasasaa 9,79 °C, a Mmepnannoe
3nauenune Obo Ha yposue 6 °C, to B 2017 .
cpepHerojoBas remieparypa cocrasisiia 7,06 °C,
¢ MegumannniM 3nauvenneMm 7,1 °C. Yseanuenme
TeMIepaTypbl BO3/lyXa U yMeHbIIeHNe KO-
JUMYecTBA aTMOC(PEPHBIX 0CAJIKOB YCUTMBAET
BEPOSATHOCTH BO3HUKHOBEHWS TOPEHUS JIECOR.
[ToBbinienne npuseMHoOil TeMIIepaTypbl BO3/IyXa
B pe3yJsibTare 4acThiX MOKAPOB MOFKET COIMTPOBO-
JKIIATHCS YUAIeHNeM 3aCyX B yKapKIe Mepuojibl
rofia, COKpaIeHneM KOJTMYecTBA OCAIIKOB, HAPY-
MTeHTEeM TOYBEHHO-THIPOJOTHICCKOTO PEKITMA.
B pesynbrare 510 BeiéT K CHIREHUIO 001110 TPO-
JYKTUBHOCTH JIeCHBIX (PUTOIEHO30B U HAPYIIIe-
HITIO IX TOMEOCTAa34a, UT0 CRAYKETCS BIIOCTSCTBIN
Ha YXYAITeHUN UX KINMaTOPeryTupyonnx, mod-
BOBAIIUTHBIX W BOJOOXPAHHBIX (DYHRIWI, 0CO-
OeHHO JIJIsT 103KH00epesKHBIX dKRocuereM Kpwima.

BoiBojbi

Jlnst ropubix ecoB Kpwima Ha mipumepe coc-
HOBBIX 1 Jy0OBBIX puTOIeH030B HaTHHCKOrO
TOPHO-JIECHOTO MPUPOJIHOTO 3AMOBEIHNKA OblIa
paccumTaHa YMUCCHUsI YIJIepojia B cocTaBe yrie-
KICJIOTO rasa, BHIOPOIIEHHOTO P! 1MoKapax
3a 10-7eTHuil mepuoj, 4To MO3BOJIUIO OIEHUTH
cymMmapibie ero o0béMbl Ha yposte 14170 1 uian
13,03 v/ra. 1 MoKazaTenn CBUACTEbCTBYIOT O
CYMIECTBEHHOM BIAWSHUN IAHHOTO TTAPHIUKOBOTO
rasa Ha KJIMMaTHYeCKUEe XapaKTePUCTURN TO3K-
HobepesRHBIX dKocucTeM Hpwima. [lannas Ten-
JIeHTU S TTO/ITBEPIRIIALTCST METeOPOJIOTHYeCKIM I
nokazarensimu co crannuu Aii-ITerpu.

Ucnonb3osannas B pabore METOIITKA OTIEHKI
3a11acoB yIJIepojia Ha JIECOTIOKPBITHIX TLIOTIASIX
TaKKe TaéT BO3MOKHOCTL MTPUMEHSATH €€ JJis
pacuéroB peajbHbIX 00bEMOB BbIJIEAMBIIETOCS
B atMocdepy YIIeKncJ0ro raza B pesyJsbrare
noskapoB. OHa MPOBOJINTCA HA OCHOBE JIECOTAK-
CAIMOHHBIX JIAHHBIX HACAMKICHNIT KOHRPETHBIX
TEPPUTOPUIT 10 KBAPTAJaM 1 BBIJIeIaM ¢ YUETOM
RAaueCTBEHHBIX U KOJMYECTBEHHBIX XapaKTepu-
CTHK JIPEBOCTOsI, MOJIECKA, Oajia U TOCTUIRI
P MHOTOJIETHEI PerncTparui BceX BepXOBbIX
U HUB0BBIX JIECHBIX TI03KaPOB, YTO JleJaeT mpeji-
JIO’KeHHYI0 B pabore MeTonnKy 3P erTuBHBIM
MHCTPYMEHTOM [IJIA OIeHKU BeJINYUNHbI yLuep6a,
HAHECEHHOTO OTHEBBIM BO3/IICTBUEM JIeCHBIM
DKOCHCTEMAaM.
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Ilyabt u noroku yriaepoja B 9KocucTeMax BhIpYOKT
eabHUKOB cpenei Taiirn Pecniyoauku Romu
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[Tpusegena KormaecTBeHHAS XaPaKTEPUCTIKA 34MACOB W PACIPEIETCHNs YIIepoaa OPTaHnIecKoTO BeIMecTBa
B creTeMe ouBa—(UTOTEHO3 BRIPYORH MOCJIE CIIOTHOICCOCETHOI PYORH IPEBOCTOS IBYX THIOB €TLHIKOB HA TOPPIHMCTO-
MOJI30JINCTO-TJIEeBATHIX TT0UBAX. Y CTAHOBJIEHO, YTO B AKOCHCTEMaX 4—6—jeTHell BRIpYOKH eThbHIKOB aKKYMY/JIHPYETCst
115-121 roic. krC/ra, Goabinas 4acTh KOTOPOTO KOHIEHTPUPYeTcs B mouBe. O1eHeHbl MPOyKIIMOHHO-eCTPYKITHOHHBIe
npoiecenl huromaccest B cucreme puroriernod—rouna. Ha BoipyOKe enbHIUKOB 3aTpaThl yriepojia arMocdepnl Ha ITPOTYKILIIO
duromacest (1,8-2,2 teic. Kr/ra) npeobaagator Hajg ero Bozsparom ¢ onagom (1,4—1,7 teic. kr/ra). B rogmanom
OMOTOTIIECKOM KPYTOBOPOTE YIIEPOIA BHIPYOKM eTHHIKOB BELYIITYIO POITH BHITIOMHATOT PACTEHTISI HATTOYBEHHOTO MOKPOBA.
B yraepoamnom mirkie BoipyOKm 60sbIIoe 3Hauenne nMeeT KPYmHblil ipeBecHbliil edpuc (cyxocroii, Basiesk, mopydoumbie
OCTaTKI, KOPHU BBIPYOJEHHBIX JIEPEBBER), B Macce KOToporo koHieHTpupyercst 22,0—27,6 teic. kr(/ra n iecHast OJCTUIIKA,
rie akkymysaupyercs 18,6—-27,8 roic. krC/ra.

Kaiouessie crosa: Cesep, cpepusis rafira, CIIONIHOIecOCEUHASI PYOKA, BLIPYOKA, eJILHUKI, 3a1aC YIVIEPOJa, ITOTOKK
yraepopa.

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

© 2019' N' V' LikhanOVﬂ1 ORCID:0000-0002-4317-7872? K' S' BOkaV&Z ORCID: 0000-0003-0346-28797
'Pitirim Sorokin Syktyvkar State University,

99, Oktyabrsky Prospect, Syktyvkar, Russia, 167001,
“Institute of Biology of the Komi Science Centre of the Ural Division RAS,
28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,
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The quantitative characteristics of the reserves and distribution of carbon of organic matter in the soil—phytocenosis
system after clearing the stand of two types of spruce forests on peaty-podzolic-gleyed soils are shown. It is established
thatin the ecosystems of 4—6 years old felling of spruce forests 115—-121 thousand kgC/ha are accumulated, most of which
is concentrated in the soil. The production-destructive processes of organic matter in the phytocenosis-soil system are
estimated. It is shown that on the cutting of spruce forests the carbon costs of the atmosphere for phytomass production
(1.8-2.2 thousand kg/ha) prevail over its return with fall (1.4—1.7 thousand kg/ha). In the annual biological carbon
cycle, felling of spruce forests is dominated by the plants of the ground cover. In the carbon cycle of cutting down, large-
scale wood debris (deadwood, brushwood, felling remains, roots of cut trees) is of great importance, in the mass of which
22.0-27.6 thousand kgC/ha are concentrated, and forest litter accumulating 18.6—27.8 thousand kgC/ha.

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

Ha espomeiickom Cesepe Poccun na mpo-  nmsa. Pybra geca ABasercs OHIM M3 MOTIHBIX
TAMKEHUW BCEW MCTOPUM PA3BUTHS JTeCHON 0T-  (PARTOPOB AMHAMUKY JTECHBIX cOOOTIECTB, 00Y-
pacjim MPOMBITIIJIEHHOCTH eJIOBbIe Jieca ObLIN  CJOBAMBAIONNX TPAHCHOPMATINIO CTPYKTYPHbBIX
OJIHUM 13 OCHOBHBIX 00'b@KTOB JIECOTI0JIb30BA-  KOMIIOHEHTOB JIECHBIX 9KOCHCTEM 1 HAPyIIeHme
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B HIX 0OMEHHLIX TIpotieccoB. OMenKy n3mMene-
HITH (DYHRITMOHMPOBAHIST JIECHBIX OMOTEOTIeHO-
30B B ITpoIiecce pyOKW HEBO3MOKHO MTPOBOJIUTH
06e3 BCECTOPOHHET0 MBYUYEHUS CBS3EH MEK/Y
puronenoszamu u mousoii. [Ipm srom caemyer
OTMETHUTh, UTO (DUTOIEHO3 SBJACTCS OTpejie-
JSI0NUM KOMIIOHEHTOM OuoreorieHosa, ¢gop-
MUPYIOTIIM eT0 CTPYKTYPHYIO OpTaHM3aInio.
B necunix coobrecTrax mocse pyoRu mponcexo-
JISIT CYIIEeCTBeHHbIE UBMEHEH s DKOJOTUYECKIX
YCJIOBIIT cpeibl, PU3MKO-XUMUUECKIX CBOTICTR
MOYB 1 B TpaHcOpMAIMU MTOTOKOB BeIEeCTBA
MesLy mouBoil u purorenosom [1-3]. Crnemyer
OTMETHUTh, UTO ROJINUYECTBeHHAA XapaRTePMUCTM -
Ra COCTOSTHUSA W B3aWMOJIEHCTBUS OCHOBHBIX
3BEHDBEB YIJIEePOJHOr0 OlojseTa HAa BhHIpyOKe
SABJSAETCSA OCHOBOW Pa3BUTHS TeOPUU OMOTIPO-
AYRIMOHHOTO MpoIiecca, NouYBo0Opa3oBaHMS
B IIPOU3BOJHBIX OMOTrEOIeH03aX HA PAHHUX
CTAINAX NX Pa3BUTHS.

[lenb macrosiieit paboThl — onpeyesneHne
3a1acOB 1 OCHOBHBIX 1aPaMeTpPOB IO UYHOTO
OMOJIOrMYeCKOT0 KPYroBOPOTa yIiepojia B crucre-
Me 1oYBa—@UTONEeHO03 B IKOCHCTEMAaX BHIPYOOR
CpeHeTaéKHBIX eIBLHNKOB HAa ToppAaHMCTO-
MOJI30JIMCTO-TJIeeBATHIX TToOUuBax. B xome padboThi
MBI ITPOBEPSIIIN THTIOTE3Y, YTO HA BRIPYOKAX €JIh-
HUKOB B FOJIUTHOM YIJIEPOJTHOM IR BeIyIast
POJIL TIPUHAJTIEIKUT PACTEHUSAM HATIOUBEHHOTO
nmokpoBa — sauduratropam srocucrem. B yrie-
POJIHOM OIOJIJKeTe JAHHBIX COODIECTB TaKKe
3HAYMMa POJTh KPYIHBIX J[PEBECHBIX OCTATAKOB
(RJ10): Bameska, cyxocrost, TOpyOOIHBIX OCTAT-
KOB, ROpHeii BIpYyOJIeHHbIX JIePeBbEB.

O0BeKTBI 1 MEeTOJBI

Necenenosanus nposopuian B 2009—-2014 rr.
Ha Teppuropun YepHaMCKOro JIECHOTO CTallo-
napa Mucruryra 6uonorun Komu HI1 ¥YpO PAH
(62°01° c.m., 52°28" B.;1.). Pabora BhITIoiHeHA HA
ABYX TMOCTOSTHHBIX 1TpodHbIX tromaax ([TTT1T)
pazmepamu 0,20 u 0,25 ra, 3aJ105REHHBIX B CITEJIBIX
erpHnKax B 1978 1. cormacuno 'OCT 16128-70.
B enoBbix coobiectBax 10 pyoKu 1poBeieHbl
UCCJIe/IOBAHMS YITIEPOHOTO KA U OCBEIeHbl
Hamu panee [4, 5]. B sumuuii nepuom 2005—
2006 rr. B paccMaTtpuBaeMbiX eJOBBIX cOO0TIIe-
crBax Ha D00 ra mpoBejieHa CIIONTHOIECOCeTHAS
PYOKa ¢ XIBICTOBOI TPEIEBROM TPEBECTHEL.

BripyOKka esibHIKA YePHUYHOTO BJIAKHOTO.
[Tpu pyOKe esibHIKA COXPAHUINCH TOHKOMEPHbIe
nepeBbst (HemopyO, CeMEHHUKI) B KOJTNUYECTBE
400 u cyxocroiinbie — 30 sK3./ra. Banemx co-
craniasier 185 sK3./ra ¢ 3amacom JipeBecHHbI
12,5 m?/ra. Camoces u moppocr (8315 sK3./ra)

umeior coctas 6 E3B1P6+en COc. Tpassino-
KYCTapHUYKOBBII SPYC ¢ OOIUM HPOCKTHBHBIM
nokpeituem (OITIT) 50-60%, o6pazosan Gpyc-
HUKOI, YepHUKOU, JINHHEeell ceBepHOIl, 0COKOM
IIAPOBUTHOI, XBOIT[OM, JIYTOBUKOM U3BUJIMCTHIM.
Moxossriit mokpos ¢ OITTT 80-90% ¢gopmupyior
Pleurozium schreberi (Brid.) Mitt., Sphagnum
wulfianum Girg., S. girgensohni Russ., S. rus-
sowii Warnst., naraamu Berpevaiorest Polylri-
chum commune Hedw., Hylocomium splendens
(Hedw.) Br. w Dicranum polysetum (Mich.) Sw.

BoipyOoka enbHuka goaroMomnno-cdar-
Hosoro. Ha BoipyOKe coxpaHenbl TOHKOMepPHbBIe
NePeBbsI eJi, COCHBI, 0epE3bl 1 ceMeHHNKN — D88,
cyxocroiitabie — 212 r3./Ta, Banek — 223 9K3./ra
¢ 3amacom ppesecunnt 9,9 m?/ra. [logpoct n
camoceB (6760 sk3./ra) umetor cocrar 7E3b.
Tpassino-rycrapanurossiii sspyc ¢ OTIIT60-70%
obpasoBam OPYCHUKON, YePHUKON, JUHHEEH
CeBEPHOI, 0COKON TapOBUAHON, XBOIIOM, JIy-
TOBUKOM M3BUJINCTHIM 1 nBaH-daeM. MoxoBbrit
IMOKPOB IIOUTH CILIONIHOI 00pasyior Polylrichum
commune n Sphagnum wulfianum, S. girgensohnii,
S. russowii, nsaTHaMu Berpevaercs Dicranum pol-
ysetum. ITouBa na BoIpyOKe 060UX HCCICIYEeMbIX
eJIBLHUKOB TOPMAHMCTO-TIO/B30JMCTO-TJIeeBaTast
WITIOBUATBHO-TYMYycoBast [6].

YraepojHbiit 610/7KeT Ha BHIPYOKe M3ydyeH
o ouonpoaykTuBHOCTH. Macey u mpupoct opra-
nmdeckoro Berectsa (OB) ipeBecHbIX pacTeHmii
OTIpPeIesIsSlin METO/IOM MOJIeJIbHBIX JlepeBbeB [7,
8]. [Ipoananusupopano 20 MojeNbHbIX /[ePEBLEB
Ha BBIpYOKe eJbHUKA YepHUYHOTO 1 23 — Ha
BBIPYOKEe eJbHUKA JOJATOMOITHO-cHarnoBoro,
10 MopesbHBIX 9K3eMILISIPOB Hofpocta ey, 10 —
0epésbl, 8 — psadunbl. Maccy cTBOJIOB cyxocTos,
BaJsieska, MOPYOOUHBIX OCTATKOB BBIUMCISIIN 110
ux 00bEMY 1 0a3MCHOI MJIOTHOCTH JIPEBECUHBI.
[Tpupoct cTBOMOBOIT ipeBeCUHBI OIEHNBAJIN 110
TERYIIEeMY ITPUPOCTy 00bEMa CTBOJIA MOJIeJIbHBIX
nepesbes, 1pu momotu npudopa LINTAB 5
c ucriomb3oBanueM rmporpammbl Tsap Win Basic.
Pacuér rerytiero mpupocra KopHeii jpeBeCHbIX
pacrennii onpepensan mo [9], ncmonbdys gop-
myny 1:

1 Kp R (1)

rie an — NPUPOCT ROPHEN (eUHUIIBI Mac-
cbl); 11 — npupoct cTBONIOB 1 BeTBell (eUHIIbE
Macehl); K — ons kopHeit ot cymmapHoit Maceh
crBoJia, BerBeil u Kopueii, %; G — moss crBosa
1 BeTBell OT CYMMapHOW Macchl CTBOJA, BeTBeil
n kopueit, %.

Hapizemuyto maccy pacreHuii Half04YBeHHOTO
[MOKPOBa OIIpeJleJisiii MeTOJ0OM YKOCOB Ha ILJI0-
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maarax pazmepom 0,20 x 0,20 m B 20-gparnoii
nopropuocT. l'ogmuHas MPOYKIUS TPaBsi-
HUCTHIX PAacTeHWil paBHIETCS WX HAJ3eMHOM
uromacce. ¥ KycTrapHUYKOB IMPUPOCT TPU-
HUMAJICsI PAaBHBIM Macce 100eroB TeKYIero
rojia ¢ JUCThsIMU. ['OIMUHYI0 TTPOYKITNI0 MXOB
OmpeJlesisANN, cpe3ast modern TeKyIero roja
y 100 pacrenuii kazkaoro Buja. Onajy peBecHbIX
pacTeHMiT YUUTBIBAIN ¢ ITOMOIIBIO OOy IaBJI -
Bareseil pasmepom 00 x 50 cm B 20-KparHoii 1o-
Bropuoctn. Maccy onaja KycTapHIYKOB 1 MXOB
OTIPeJIeJISIIIN TI0 MX TpupocTy. [keroqno ormmpa-
IOTTYT0 Maccy MXOB TpuHuMann pasuoii 70, uep-
nuku — 100, 6pycaurn — 30% or npupocra [1,9].
[Tpupoct 1 onaj KopHeit MHOTOJIETHIX PaCTeH I
TPaBSHO-KYCTAPHUYKOBOTO sIpyca COCTABJISIOT
B cpeem 20% ot ob1eit macebt kKopueii [9, 10].
Pasnoskenne KOMIIOHEHTOB 1 yuéT 110T€pPh Mac-
ChI PACTUTETbHBIX OCTATKOB OIaj[a U3ydayuu 1o
[11]. O6pa3sibl padHbIX Gparuii paCTUTETHHOTO
0T1a/1a B D-KPATHOI MOBTOPHOCTH 3aKJIA/IBIBAJIN B
MeITouKax n3 HeiJIOHOBOI ceTKN (pasmep sueer
X2 MM) Ha TTOBEPXHOCTD JICCHOM MTOJICTUITKY 1 110
ncrevernn 12w 24 mec. orrpejiesisiim yoblIh B Bece.
Omrpefienissin CKOPOCTH pas3ioskeHnsi (BecOBbIe
1oTepu) OTHENbHBIX ITOJIIOPU30HTOB (JIMCTOBOII,
(bepmenTaTUBHBIN, T'YMYCOBBIIT) JIECHOT TTONCTII -
KU. 3anachl HOJICTUIIKY OTIPEJIeJISIIIN ¢ TTOMOTITHIO
MOHOJIUTOB, B3SITHIX METAJINYECKUM 1aOJTOHOM
mromanbio 98 em? B 20-KkparHoii moBTOPHOCTH
¢ y4éTOM TeXHOTeHHOIl Harpysku (maceka, BO-
nok). Coprepskanne yriepoja B IpeBeCHBIX pac-
TEHUSIX BHIYUCISIIN HA OCHOBAHUN TTOJYYeHHBIX
HaM¥ TaHALIX (puToMacch M KOHIEHTPAINT
YIJIepojia B OTAeNbHBIX € parImsaX, MCTIOAb3Y s
rRopGuUIMeHTH, IpuBeiEHHbBIe B padore [12].
Jlns RJ1O nenonbsosasu koadpurment 0,9.

3anace C [r/ra| B mouBe BeIpyOKuU orpejie-
nsii 1o popmyate 2 [13]:

C [r/ra] = C [%]p,h, (2)

e G [%] — copepskanme rymyca OTHOCHTEh-
HO MacChl CYXOIl MTOUYBbI OT/[@JIbHBIX TOPU3OHTOB,
p,[r /em?] — morroeTs ouBkn, h [eM] — MomHOCTE
CJIOSI TTIOYBBI, B KOTOPOM COCPEJIOTOYEH YTIepO/.

Roumnentpaiuio yriepopa u azora B odpas-
1ax pacTeHuii u pacTUTEITbHBIX OCTATKOB O] -
CTUJIKH OTIPeJesisiin Ha 0a3e aKKpPeUTOBAHHOI
pROaHaNIUTHYecKOl aboparopuu VHcTuryra
ouonorun Komu HI[ ¥YpO PAH (arrecrar POCC
RU.0001.511257 ot 26.02.2014 1., geiictByer 10
26.02.2019 r.). Copmepsxarnme yriepoja n azora
B IIOYBEHHBIX 00pa3iax OmNpeiessijiin MeTo[0M
ra3oBoii xpomarorpauu Ha aBTOMATHYECKOM
ananuszarope EA-1100 ¢pupmur Carlo Erba

(Uranms). MaremaTnko-cratuctuieckime pac-
46T BRITIOJTHsICH 110 [ 14]. Ananns, o6padorka
MaTepuasia mpoBOJINJIACh HA TEPCOHATBHOM KOM-
nbioTepe ¢ ucroyibzoBanuem mporpamm Microsoft
Word, Microsoft Excel.

Pesyabrarel n nx odcyskaenne

Orenky OrofKeTa yraepoja B pacTuTes bHbIX
€OO00ITECTBAX CIIeLyeT TPOBOJINTE 110 4 ITystaM: (pu-
TomMacce, MEPTBOIL JipeBecuHe, OYBe U MOJCTUIIKE.

Yeaepod gumomaccor. Ha BoipyOKe yriaepop
duromacch 006pasyiOT TOHKOMEpPHbBIE JIePeBbs
Heylopy0a, cCeMeHHUKM, ITOJ[POCT, CAMOCERB, pacre-
HISI JKIBOTO HATIOYBeHHOTO MoKkpoBa. Ha ocHoBe
aHaJ113a MOJIETbHBIX JIePeBbeB HAMU BbIBeeHbI
perpeccuoHHbie YpaBHEHUsI CBA3M MaCChl OT-
JIeJIbHBIX OPraHOB JIPeBECHBIX PaCTeHUIl ¢ Jira-
MeTpoOM cTBoJIa Ha BicoTe 1,3 M, pacrennii moj-
pocTa ¢ Maccoii OTAENbHBIX OPIraHOB 1 BBICOTOII.
Ompenenenst 3amacel OB fpeBecHbIX pacreHmit
[15]. [Moraszamno, uro B uronenosax Buipyd-
KU eJbHUKOB aKKyMyJupyercs 99,30—
72,96 toic. krC/ra (tradma. 1). Tak, conepranne
YIJIepo/ia OpraHuaeckoro BerecTBa B IpeBeCHbIX
pacTeHUsIX Ha BBIPYOKe eTbHNUKA YepPHUYHOIO
BIasKHOTO coctaBuio 16281, Ha BeipyORe eib-
HIKA JIOJTOMOIITHO-cdarnoBoro — 22263 Kr/ra,
U3 HUX B TOHKOMEPHBIX /lepeBbsiX, Heopyda
n cemeHHAKOB 91,3 u 94,4% cooTBeTCTBEHHO.
B puromacce pacrymmx opranos peBecHBIX pac-
TeHUII caMOCeBa I IOJIpocTa Ha BHIPYOKe eTbHIKA
YEePHUYHOTO BIAAKHOTO ROHIeHTpUpyercs 972,
Ha BBIPYOKe eJIbHUKA J0JTOMOIITHO-C(HarnoBo-
ro — 883 krC/ra. B ¢puromacce pacrennii Hamo-
YBEHHOTO OKPOBA HA BHIPYOKe eJIbHITKA YePH Y-
HOTO BIa3KHOTO akkymysaupyercs 4143 wrC/ra,
u3 Hux 06% cocpeoToueHo B KOPHSX TPaB U Ky-
cTapHUYKOB. B KoHIIeHTpaInm yriepoja Hajzem-
HBIX OPTAHOB PaCTeHUII HATIOYBEHHOTO ITOKPOBA
HPUOPUTETHYIO POJIb BBITIOTHSIOT MX1 (Tad. 1).

Ha BripyOKe moaroMomiHo-c@arioBoro
eJIHLHIKA 3aT1achl YIJIePo/ia B PACTeHUSAX HATIOY-
BEHHOTO TIOKPOBA paBHbI 4074 Kr/ra, u3 HuUX
B KOPHSX TPaB U KYCTAPHUIKOB KOHIIEHTPUPY-
ercs 66%. Ciemyer orMeTuTh, 4T0 Ha BHIPYOKe
HPOUCXOJUT MHTEHCUBHOE pPadBuTne OPYCHUKMN,
TPABAHMCTHIX PACTEHUIT 1 MXOB, 0COOEHHO Ha
BOJIOUHBIX TIpocTpancTBax (tadu. 1).

Yraepox RJIO. B necubix procucremax
uronerpur ABAsSETCA NIMHAMUYHBLIM W 3HA-
YUTEJIbHBIM KOMIIOHEHTOM YTJI€POHOTO YA,
YYaCTBYIOIIUM B KPYroBOPOTe BEIECTB 1 BbI-
MOJIHATONIIM TTPOMEKYTOUHYIO (DYHKITNIO B €ro
MOTOKax B cucreme noupa—@duronenos [16].
B RJ1O na BbipyOKe eNbHUKA YepPHUUYHOTO aK-
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kymynaupyercst 21,96 roic. krC/ra, n3 uux 23%
KOHIIEHTPHUPYETCS B MOPYOOUHBIX OCTATKAX,
B Basieske — 29, B CYXOCTOMHBIX JIEPEBbSX 1 CYXNX
BeTBSX pactyiiux iepeBbes — 1, B kopusax — 01%.
Ha BoipyOre eibHIKA [0JITOMOIITHO-C(arHoBOro
B KJ1O 3armioueno 27,57 toic. krC/ra, n3 Hux
B CYXOCTOMHBIX JIePEBBAX I CYXHUX BeTBsAX — 8%,
B MOPYOOUHBIX ocTaTKax — 24, B Baseme — 15,
B KOpHAX — 23%.

Takum oO6pasom, Ha BLIPYOKe eIbHIUKA Yep-
HUYHOTO BJIAKHOTO IYJ yriuepoja GuroMaccht
cocrannsier 42,38 roic. kKr/ra. Ha mavanpnom
arare opMupoBanus GUTOIEHO3A TOCJIe PYOKH
JIPEBOCTOSI B AKKYMYJISIIIY YIJIePO/ia 3HAYNMA
(51,8%) porn RJ10. B konmenrtpaiun yriepoja
JIOJIsI YyUacTHsi TOHKOMEPHBIX JlepeBbeB Hemopyba
1 ceMeHHUKOB cocraBaser 36,3%, npeBecHbIX
pacrenmii camoceBa m Tmopipocta — 2,3, pacTeHmit
Hanousennoro nmoxposa — 9,6%. Ha soipyOxe
@JILHITKA JIOJITOMOIITHO-C(ATrHOBOTO T1YJT YIJIepPojia
uromaccsr pasen 94,41 Thic. Kr/ra u pacrpeje-
asercsa: 50,7, 39,3, 1,6 u 8,4% coorsercTBenno.
Crnemyer oTMeTUTD, YTO PA3IMYMsT MEFKILY ITyJIaMu
yIVIepojia Ha BhIpYOKe JIBYX THIIOB eJIbHUKOB, pas-
BUBAIOMINXCA HA TOJYTUAPOMOP(HBIX MOYBAX,
HefocroBepHbl (p > 0,09) n HAXOATCS B ITpejieax
CIyuaitHbIX KOJlebanuii 91oro rmokazaresns (tad. 1).

Janace! yriiepopa B nouse. B Bepxueii uactu
MOYBEHHOTO 1poduiisi BHIpYOKM eJbHUKA 4ep-
HIYHOTO BJIAKHOTO YETKO BbIpazkeHa oTopgo-
BaHHasg MOACTUIKA A, MOIHOCTBIO Ha IlaceKe
12,2+1,0, na Bonokre — 11,8£0,9 cm, 1oy koropoii
3aJieraet MoJ30IMCThII FOPU3OHT A, (MOTITHOCTBIO
12-17(20) cm) co craegamu orieeHUsT B HUSRHEH
uactn, nepexopsumuii 8 ropusonr A, B, mom-
noctbio 17(20)—41 em. B merpoBom cioe mou-
BbI JIAHHOIT BHIPYOKN €JIbHUKA aKKYMYJINPYeTCs
72,1 toic. krC/ra, us nux 25,8% KoumeHTpupy-
eTcsi B OpraHOTeHHOM ropu3onTe (Tabi. 2).

B nouennom npoduiie BEIpYOKU elibHUKA
JIOJIPOMOIIHO-¢(harHOBOrO rOPU3OHT A IMeeT MOl -
noctb Ha nacexe 19,0+1,1, na sosore 18,4+0,7 cm,
MOJ] KOTOPBIM 3aJieraeT Mmoji30JUCThIl TOPU3OHT
A,g" (mommuocteio 150-19 cm), mepexopsaniuii
B ropusont A2g”” mommuocteio 19-26 cm n A, Big
morrHocThio 26—31 ¢cm. B MerpoBom ciioe 110UBbI
BBIPYOKM JJAHHOTO eJIbHUKA aKKYMYJIUPYeTCs
66,7 reic. krG/ ra, B Tom uncsie B ofermake —41,0%
(rabs. 2). B nesiom, B TOpsAHICTO-TIOBOINCTO-
IJIeeBATON 1T0YBEe BBIPYOKHU €JIbHUKA YePHUTHOTO
BJIQJKHOTO 3aI1achl yriaepoja ryMmyca (COPF) B MU-
HEPATLHON YaCTH METPOBOTO CJIOST COCTABILIN 93,0,
Ha BBIPYOKe eJIbHUKA [I0JITOMOTITHO-C(ParHoBoro —
38,7 toic. kr/ra. O61me 3amachl Opranmaecko-
ro yriepojia B MeTpoOBOM ¢jioe TOP(PsAHUICTO-
MOJI30JIICTO-TTIeeBATON TT0UBbBI BHIPYOKH €JTbHITKOB

cocraBunan 66,7-72 1 teic. Kr/ra. Itu ganHbe
BIINCBHIBAIOTCS B IIPefiesibl KoeOaHuil 3a11acoB
yrieposa (0144 1o 151 1/ra) B MeTpoBoM cJioe 11ou-
BBI @ILHUKOB cpefreit Tavirn |9, 17, 18]. Creyer
OTMETHTb, YTO PA3JINYNsI MEKILY 3aIiacamiu yriieposia B
MeTPOBOM CJI0€ TOP(SHICTO-TIOJ[30INCTO-TIIeeBATOI
MOYBBI HA BBIPYOKE eIbHIKOB YePHIYHOTO BIAsKHOTO
1 JIOTITOMOTITHO-¢(harHoBoTo HeytoctoBepHbl (p >0,00).

Hpodyryus yeaepoda gumoyerosos. B ropuu-
HOM TiprpocTe PUTOMACCHI HA BHIPYORE eThLHIKA
YePHIYHOTO BJIAKHOTO €KeTO/[HO HAKATINBACTCS
1827 krC/ra, kKoropbrii chopMUpPOBAH B OCHOBHOM
pacTeHUsIMU HaoOYBeHHOTO MoKpoBa (79%).
[Tpopyxius yriaepona puroMacesl ipeBecHbIX pac-
TeHmii coctaBuia 367 Kr/ra B roji, n3 Hux 46,7%
HaxarmBaer oepésa, 47,9 — enn, 5,4% — cocna.
Ha BbipyOKe esibHUKA [10JITOMOITHO-C(ArHOBOro
B IIPOJLYKITHH (DUTOMACCHI €7KeTOJIHO HAKATI/INBAET-
cs1 2189 krC/ra, u3 Hux 75 % METIOHIPYIOT PACTEHIIS
HarmoyBeHHOro nokposa. Ilpoaykims yriepona
JPeBECHBIX pacTeHnii Ha TaHHOI BHIPYOKe paBHa
943 Kr/Ta * oy 1 chopMupoBaHa OHA B OCHOBHOM
ennio (92,7%). Bepésa n cocna nakammBaior 38, 1
1 9,2% coorsercrernno (tadi. 1). Amamns moka-
3aJ1, UTO OTJIMYUST MEKILY MPOYKIINell yriepoja
(OUTOIIEHO30B HA HCCIEYeMOI BIPYOKe eJIbHUKOB
YEePHUYHOTO BJIAZKHOTO 1 JOJITOMOITHO-C(DarHoBoro
neocroBepHul (p >0,09).

Tarkum obpaszom, obOIMI MyJ yrieponia
B DKOCHCTEMAaX BBHIPYOKM €J0BBIX COOOIECTB
Ha TOPPIHUCTO-TTOB0INCTO-TJICEBBIX TOUBAX
cocrasaser 114,4—121,1 toic. Kr/ra, u3 HUX
18-22% cocpegoroueno B pacTyIux pacTeHmsX
Puronenoson, 19-23 B — KJ10, 55-63% — B me-
TPOBOM CJIO€ TI0UBBI, BRIIOYAS OJCTUIIRY (pHC.).

Yriepop B gectpykiimonnom 3sere. Havn
paccMOTPeHBI CTPYKTYpPa OTaja U MpoIecehl
ero paznoskenus [19]. Macca yraepona, 1mo-
CTYTIAOIEro B MOYBY ¢ PACTUTENILHBIM OIaJIOM,
Ha BHIPYOKe eJIbHIUKA YepPHUYHOTO BJIAMKHOTO
pasmua 1439, Ha BoIpyOKe eIbHIKA TOJTOMOIITHO-
carnoBoro — 1679 kr/ra * roj, 4To cocTaBisier
98—78% or eskeroHoii ero poaykiun (tadi. 1).
Ha BoipyOKe ebHIKOB Ha O1aJi HAJI3eMHbIX Opra-
HOB pacrennii mpuxopnutest d0—60% or obrteit ero
maccer. OcroBayio gacth (89%) pacTureabHBIX
0CTAaTKOB o11aj1a JOPMUPYIOT MXU U TPABSHUCThIE
pacrenusi. Cornacuo [20], B yenosusax Apxan-
reJabcKoil oonactn Ha 1—4-meTHux BuIpyOKax
MOCJIe YCJAOBHO-CILIOMIHBIX PYOOK eJbHIKOB
YePHWYHBIX HA XBOIO 1 JINCTBY JIPEBECHBIX pac-
TeHni npuxoanTes 2,8—3,7, Ha eReTOMHBIT OTIaT
TPaBAHO-MOX0BOI pacturesnbroctn 96—-97% or
o01Ieit Macehl omaja.

Ha BbipyOKe e/TbHIKA YePHUYHOTO BJIAJKHOTO
pacipeiesieHue yriaepoja HaJj3eMHOTO O11a/a pac-
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Ta6amma 2 / Table 2

3aracel yriepojia OpraHnuecKoro BemecTBa mous Ha BbIpyOKe eJTbHUKOB/
The carbon stock of soil organic matter on cutting down spruce

Cpepmee 3nauenie,
Oo6bexr, mouna/ 3anac yriepoja TBHIC. KI'/Ta s
Object, soil Carbon stock Medium value,
thousand kg-ha!
COpr 10 20 cm / Cm_g to 20 cm 6,2 +0,5
BripyOKa elbHIKA 4epHITIHOTO G000 em /G to 50 cm 22,7 +2,8
prasknoro, ropdsuancro-nogzonmero- | G, 10 100 em /G to 100 cm 53,5 +4,0
rjeeBatas WLTIOBUAILHO-TYMYCOBast /| yriepos HofcTuaKm / 186 1.0
Felling of spruce myrtillus moist, carbon litter ’ o
peaty-podzolic-gleyey illuvial-humus e 10e 0— .
YITIepojL B clioe 0-100 cm/ 72.1 99,1
carbon in the layer 0—100 cm
COpr 1o 20 cm / Cmg to 20 cm 8,0 +0,05
=S = ¢
BolpyOKa eJlbHIKA J[0rOMOLIHO- G, 050 em /G to 50 cm 24,4 +0,55
¢armoBoro, TOpPAHNCTO-TOA30MTNCTO- C(,pr no 100 cm / C()rg to 100 cm 38,7 +0,95
reeBaras WITIOBHAILHO-TYMYCOBast /| yriepo mofcTuakn / r
Felling of spruce polytric-sphagnum, |carbon litter 278 5,3
peaty-podzolic-gleyey illuvial-humus o T _
yuepochmeO 100 cm / 66.7 N4k
carbon in the layer 0—100 cm
llpumewanue: 6 — cpednersadpamuuroe omrioHeHe.
Note: 6 — is the standard deviation.
114484 121107
63%
B 7 i 189% 22%
1 ll‘l‘l LiLl1ll
Liliiill
11 1E1
]
19% 9
e 23% B1H2 3
A B

Puc. Ilyn yriepoja na BeipyOKe eJIbHUKA YePHUYHOTO BI;KHOTO (A),
esbHIKA foaromoiino-cdarunosoro (B): 1 — yraepon puromacest, 2 — RJ10, 3 — nousa.
B pamrax obriiue 3amachl yriaeposa B skocucremax Boipyoru, krC/ra
Fig. Carbon pool on felling of spruce myrtillus moist (A), spruce polytric sphagnum (B):
1 — carbon of phytomass, 2 — coarse woody debris, 3 — soil.
Within the total carbon stocks in the logging ecosystems, kgC - ha™!

TeHmit HaroYBeHHoro moxkposa (702 kr/ra - rox)
caemyioniee: KycrapHnakn 3annmaor 38,6%,
TpaBbl — 23,9, Mxu — 37,9% or ob1ero ux Ko-
JandectBa. B KOpPHAX KycTapHUYKOB M TPaB CO-
IepsRuTCest 49,5% yraepojia ornaja pacTuTesbHbIX
octaTkoB. Ha BBIpyORe elbHUKA JOJTOMOIITHO-
cparaoBOTO Yyriepoj| onajia HaJBeMHbIX dacTei
pacTeHuii HaroYBeHHOTo OKpoBa (749 kr/ra - roj)
pacipejesserTcs caeaylonuM o6pa3zom: Ky-
CTAPHWUYKYN 3aHUMATOT 44,6, TpaBel — 22,4
nmxu — 33,0%. B kopHsax TpaB 1 KycrapHUUKOB
routmenTpupyercs 50,0% yraepoja or copepska-

HIS eT0 B PACTUTEILHBIX OCTATKAX OI1ajia Haloy-
BEHHOTO IMOKpoBa. Pacxoskenns B cofepskannn
yIaepojia B pacTuTesbHLIX OCTATKaX olajia Ha
BBIPYOKE BYX THIIOB HCCJIEIYEMbIX €TbHUKOB
Ha MOJYTHPOMOP@HBIX MOYBAX HEOCTOBEPHbI
(p >0,05) (raba. 1). BoiaBaeno, 4To NHTEHCNB-
HOCTH Pa3JI0KeHUsT OTJeJIbHBIX KOMIOHEHTOB
0113JIa 32 TOJi HA BLIPYOKe eJTbHUKOB KOJTe0IeTcs
or12,271069,5% [19]. Ckopocth MuHepaansanm
pPacTUTEIbHBIX OCTATKOB OTajja HEBBICOKAs —
yYOBLTH B Bece X B TeUeHNe ITepBOro rojia Ha BbI-
pyoKe esbHUKOB 0K0J10 36,0%.
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Croriaosiecoceutbie PyOKN B €JI0BBIX CO-
o0IecTBax OKa3bIBalOT CUIbLHOE BO3JielicTBIe
Ha OOMeHHBIe TIPOTECCH YIIepoja B cucTeMe
nmouBa—@durornenos3. Hamu morkaszano, uTo B
paccMaTpuBaeMbIX CPeHeTAEKHbIX eJbHIKAX
B TIpoTiecce 3MMHEeH CIITOTITHOIeCOCeUHON PyOKT
TP XJIBICTOBOW TPEJEBKE EePeBLEB BHIBOZUTCA
40—-44% yraepopa oT ero 3aacoB, aKKyMYJIHPO-
BaHHBIX B hutomacce mero3on [15]. [Torkazano,
4TO Macca PacTeHUil TPaBAHO-KYCTaPHUYKOTO
1 MOXOBOTO IIOKPOBA, 3HAYUT U YIJepoja, Ha
4—6-neTHeill BHIpyOKe B 2—2,5 pasa OoJbIie, ueMm
B crenbix enpankax [19]. C KJ1O nocne py6-
KU JIONOJHUTeIbHO B TI0YBY nocrynaer 21,96
27,57 moic. ®krC/ra. Cnemyer OTMETUTH, YTO
B HacTosIee BpeMs pojib JpeBecHoro aedpuca,
0C0OEHHO KOpPHeili BbIPYOJIeHHBIX JIEPEBbEB, B yTJIe-
POJIHOM IIMKJIe U B I[eJIOM B ITOYBOOOPA3OBAHIH
Ha BBIPYOKE B ITPOU3BOJIHBIX HKOCUCTEMAX MTPaK-
THYecKku He uceyaeposana. Ilpogykius yraepona
(puromaccrl Ha BRIPYOKE HCCTelyeMbIX eThbHITKOB
B 1,53—1,8 pasza Menbliie, YeM B CIIQJIBIX eJIbHITKAX
1o pyoru. Paguuia B HaKOIIeHU yraepoja
B TIPOIYKITNT (PUTOMACCHI CITIEJIOTO eTbHIKA 1 Ha
BBIpYOKe moctoBepHa nipu p < 0,05 (tadu. 3).

Bbi10 0TMeueHO, 4To B IeIIOHUPOBAHUN YTIe-
pozia B puromMacce cresibIx eTbHIKOB OCHOBHYIO
posib (83—92%) BBLITIOTHAIOT ipeBecHbIe pacre-
HIsI, 8 HA BBIPYOKe, KaK IIOKA3bIBAIOT IIPUBEJIEH-

Hble B JIAaHHOI paboTe MaTepuasbl, — PACTeHUSs
HarouBeHHOro mokposa (70-79%) [4, 5].
Cireqryer Takske OTMETHTh, YTO ¢ MOPyOOU-
HBIMU OCTaTKaMU U KOPHAMU BbIPYOJEHHBIX
JIPeBECHBIX PACTEHMII B TOUBY B ATUX DKOCHUCTE-
Max mnocrymnaer 60JbIoe KOJn4ecTBO YIieposa,
MPUMEpPHO B 3 pasa HpeBbIiaiolee BeJTuInHy
FOJIMYHOTO ero moctyiaenus ¢ onamgom. [locre-
MeHHO OCBOOOJKIAEMBIIT B TTPOTIECCe PABTIOZKEH ST
" MUHEePaJIN3anny MopyoOUHBIX OCTATKOB 1 OT-
MepIInX KOpHeii BbIpYyOJIeHHbBIX JIePeBbeB yrie-
poji OyjieT HAKAIINBATHCA B TIOYBE, BBITTOJIHSIS
3HAUUTENLHYIO POJIb B TOuBOOOpazoBanuu [21].
CreroBaTesibHO, 1Ipu uccaeoBanum QyHK-
IMMMOHNPOBAHMNS HROCUCTEM BHIDYOKN BechbMa
BasKHAa olleHKa 3aracos mépreoro OB, npocrpan-
CTBEHHOIO paclipe/ieJleHusi uX, COOTHOIIeH sl
YIJIepojia sKuBoi 1 MEPTBOI (DUTOMACCHI. 3arac
MOCJIe/IHET0 CRIAJIBIBAETCS 3 [PEBECHOTO [eTpH-
ra (KJ1O) u necuoit moperunxn [16, 18]. Obuime
3amacel yraepoga méprsoro OB (KJ1O+necnas
MOJICTUJIKA) B MCCJAEYEMbIX HAMU COODOITEeCTBAX
BHAYUTETIHHDI 1 COCTABIISIOT 38,03—09,37 Thic. Kr/Ta.
@opmuposanue yraepoga OB B mecHbIx
AKOCHCTEMAX OTIPeesIsIeTCs: ABYMsI TPyIamMu
[POIECCOB: HEePBasi KOHTPOJIUPYET ero Mmpojy-
IIPOBaHMe, BTOPAsi — MOTEPIO TTPU OTTOPKEHN N
C OIaJ0OM, OTHAJIOM C TOCJeAYIoNeil TpaHc-
opmarnueit Ha nnoBepxHocTu mouBbl. Mépreoe

Tadoauma 3 / Table 3

[Tokasaresin OTOKOB yTyiepojia B CIIeJIbIX eJIbHIKAX 1 Ha 6-J1eTHell BhIpyOKe/
Indicators of carbon fluxes in mature spruce forests and a 6-year old cutting

Enbuuru / Spruce
YePHUYHBIN BIKHBII / JOJITOMOIITHO-C(ArHOBBII /
Yraepogn / Carbon myrtillus moist polytric-sphagnum
cresbiii / BHIpyOKa / cresbiii / BuIpyOKa /
ripe ¥ culting down ripe ** culting down
1

@uromaccsi (kr. ra’) / 864804 204244 777104 268374
Phytomass (kg . ha'):
napesecHbie pacrerusi / woody plants 84870 16281 75810 22263
pacTeHus HAMOYBEHHOTO TOKPOBa / 1610 A43 1900 4574
ground cover plants
[Tpopykiun (kr.ra™'. rog") / R R R R
Products (kg . ha'' . year): 3432 1827 2810 2189
npeBecHbie pacrenus / woody plants 3130 367 2290 243
PACTeHHS HANIOYBEHHOr0 OKPOBA / 302 1460 520 1646
ground cover plants
Onapa (kr.ra'. rog') / A A A A
plant debris (kg . ha!. year!) 2117 1439 2060 1679
napesecHbie pacrerust / woody plants 1815 152 1570 176
pacTeHus HAMOYBEHHOTO TOKPOBa / 302 1987 490 1503
ground cover plants

Ilpumevwanue: ¥ — no [5], ¥* — no [4], * — paszauuus mencdy 3anacanu yerepoda gumonaccot, e2o npooyKyuL
U pacmumesbiblL 0CMamro8 onada 8 CReAblT eAbHUKAT U HA 8biPYOKe eabHukos docmoseprut (p > 0,05).

Note: * — according to [5], ¥* —lo [4], * — the differences between the carbon stocks of phytomass, its products and plant
debris in mature spruce forests and felling of spruce forests are reliable (p > 0,05).
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OB Ha MOBEPXHOCTN MOYBHI, B CBOIO O4Yepejib,
SBJISIETCST OCHOBOI POPMUPOBAHMS KOMITOHEHTA
uTorenosa — JeCHON TOCTUIKY, KaK eJbHI-
KoB, Tak 1 BeIpyOoK [19, 22, 23]. Ha BripyOre
CpelHeTaéKHBIX eNbHUKOB HA TOPPAHUCTO-
MOJI30JINCTO-TJIeeBATHIX TTOUBAX KOHCEPBAIUs
OB suaunrenbHo npeodsagaer HaJ| MPOIECCOM
munepanusanuu. [lokazarens C/N KocBeHHO
XapaKkTepu3yer cTereHb pasaosKeHust u TyMugu-
Raum pacturebHbix ocratkos [24]. Cornacio
[19], Hanbosee MHTEHCUBHO PA3AATAIOTCSI JIACThSI
oepésbl, Bennunaa C/N B KOTOPHIX cocTaBisieT
39-38. 910 cooTHOMIEHNE Y XBOU €JIM U COCHBI
uamensiercs ot 40 o 66. [Tokazarens C/N B pac-
TUTEJbHBIX OCTATKAX OPraHOTeHHOTO TOPMU30HTA
Ha BeIpyOKe cocraBiser 32,7-35,0 (tabdu. 4).
WHreHcnBHOCTD MUHEPAIN3ATINNT TOJICTIIKI
TECHO CBs3aHA ¢ OCOOEHHOCTSAMU paciiajia pac-
TUTEJILHBIX OCTATKOB U OIIPEJIeJIsSIeTcss Maccoil,
COCTABOM OIaJ[a 1 TUPOTEPMUYCCKUME YCJI0-
BusaMu ous |23, 25, 26]. Ha BoipyOke enpHmka
YePHUYHOTO BIQKHOTO YTIePOJI, BHICBOOOINB-
IITUTIICS TP PA3JIOKEHIH PACTUTETLHBIX OCTATKOB
omaja, cocrapisier 936 Kr/ra - rog uwan 37,2%
OT €3KeTOJTHOTO HAKOTIIeHNsT ero (PUTOIEHO30M.
Ha BripyOKe foaroMorrHo-carHoBoro eJibHIKa
B TeUeHIe IepBOTO rojia 0CBOOOKIeHITe YIiepoyia
paBHo 631 kr/ra, uro cocrasiusier 37,6% ot romo-
BOTO Pa3JI0ReH s PACTUTETbHBIX OCTATKOB OT1a/[a.
Ha BripyOKe eJIbHUKOB OTMEUYEHO CHUMKEHIIE, 110
CPaBHEHWIO CO CIIEJBIMU eJIbHUKAMU, 3a11acoB
yriepoja B OpraHOTeHHOM TOPU3OHTE MOYBbI.
B criesiom enbHIKe YepHUYHOM BJIAFKHOM /[0 PyO-
KI 3a11ac yriepoja mogcTimikm cocrasisi 26,0, B
eJILHIKE JIOJTOMOITHO-CPATHOBOM — 32,6 ThIC. KI/Ta.
Ha 4—6-71erneii BoipyORe paccMaTpuBaeMbIX eJib-
nukoB o B 1,3—1,4 paza menbie. [Ipuunnoii cna-
0011 MHTeHCUBHOCTI PA3JIOKEHUS PACTUTETbHBIX
OCTaTKOB Ha hOHE HEJIOCTATOUHOTO TETLIA SBJISIETCS
OTHOCUTEbHO BbICOKAS BJIAKHOCTD IT0UB.

Citetyer oTMETHTD, UTO HAa BHIPYOKE eJTbHIUKOB
Ha TOPPAHUCTO-TIO/BOTNCTO-TJIEEBATHIX MOYBAX
B HAKOTIJIEHNN MacChl PacTeHII HaTIOYBEHHOTO
MOKPOBA 3HAYNTEJbHYIO POJTH BBITTOJHSAIOT car-
HoBbie Mxu. CeoBaTesibHO, COCTaB TOJCTUIKI
dopmupyercs mop ux Biusiauem. Pacturenbubie
OCTaTKH, B COCTaBe KOTOPBIX IOMUHUPYIOT car-
HOBBIE MXU, Pa3JIaratoTcsi MejlJIeHHee, 4eM KOMITO-
HEHTHI, CJIOFKEHHbIE 113 0CTATKOB COCY/INCTHIX pac-
TeHU. ITO OOBACHAETCA XUMITYECKIM COCTAaBOM
c¢(ParHOBBIX MXOB, B TRAHAX KOTOPBIX COIEPKRATCS
o eHOIBHbIE ROMTIIEKCHI, OCTA0JIAIONIe M-
Hepauzaiuio knerok [27]. Ha BoipyOke ebHIKA
YEPHUYHOTO BJIAYKHOTO B TeUeHUE roja yoblib
B Macce JiecHoil nojcTuikn cocrapuna 13,4%,
MPU HTOM BBICBOOOIIOCH 2463 Kr/Ta yriaepoja.
Ha BoipyOKre eibHIKA [0JITOMOIITHO-C(arHoBoro
B II€PUOJL TePBOTO Tojia HADJIOIeH NIl Macca Jiec-
noii nogeTmikn ymenbinmaach va 11,9%, ns neé
BBICBOOOMIOCH 3321 Kr/ra yriaepoja (tadi. 4).

3araoueHue

B srocumeremax BuIpyOOK cpemHeTaé k-
HBIX eJLHUKOB Ha TOP(PAHMCTO-TIONB0IMCTO-
rJIeeBaThiX MOYBAX ITyJI YIJIepojia PACTUTENIHHOTO
OB cocraBnsier 114—121 Twic. kr/Ta, donabinas
qacTh (90—63%) KOTOPOro KOHIEHTPUPYETCs
B 1I0YBe, BKJIOUYasi OPraHOTeHHbBINI TOPUBOHT.
Foposoii mpupoct yraepopa pacrennii B guro-
1eHo3ax 4—6-aeTHeli BLIpYOKM eJIbHUKOB paBeH
1,8—=2,2 Thic. Kr/Ta 1 ¢ OIAJOM BO3BpAIAETCs
B nouBy 1,4—1,7 teic. kr/ra. B dopmuposanmnn
HeTTO-TTPOYKITNN YTIePojia 1 eTo TOIIIHOTO 1T0-
TOKa B TIOYBY OCHOBHOIT BRJIAJT BHOCAT PACTeHMS
HaIOYBEHHOTO TTOKpoBa. OcOOEHHOCTHIO HROCT -
cTeM BBIPDYOKN eJbHUKOB SIBJISIOTCS JOBOJIBLHO
Gosbrine 3anachkl (22—28 Thic. Kr/ra) yriepoja
RJ10, 6oabimas yacth KOTOPHIX (POPMUPYETCs
MOPyOOYHBIMI OCTATKAMU 1 KOPHAMU BbIPYOJ/IeH-

Ta6anna 4 / Table 4

Briesoboskmene yriepoia opranimaeckoro BemecTBa JeCHON TOICTIIKA
B TIporiecce pasnoskenns Ha BeipyoOre enpbHnKoB / The release of carbon from the organic matter
of forest litter in the process of decomposition on felling of spruce forests

Enbnuku / Spruce
[Torazarenn / Indicators YePHUYHDIN BIaKHBIT / TOJTOMOTITHO-c(AaTHOBBI/
myrtillus moist polytric-sphagnum
3armace! yriepoa mofcTIIKN, ThIC. KT'/Ta . . o ¢
Carbon syLockI; élf littgr, thousand kg -/ha'1 18,6+1,5 27,8+2,2
[Toreps maccwt ipu pasnoskennu, (% rox™') / 127 17
Loss of mass when decomposed, (% year!') ’ ’
C/N 35,0 32,7
BroicBoGoskenue yriepoga m3 mogeTuIKTI
TBIC. KT/Ta - TO
éarbon {elease ?r)o/m the substrate 2,540, 3,3+0,26
(thousand kg - ha!- year!)
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HBIX iepeBbeB (mojzemublii erput). OcBobOs K-
[laeMblil B IIpoIecce MIUHEePaJIu3arium dTHX KOM-
MOHEHTOB YTJIePOJ HA PAHHUX CTa/{USX PA3BUTHS
MPOM3BOIHOTO PUTOTIEHO3A, BO3HUKIIIETO MOCIe
PYOKM, TOCAYKUT OCHOBOW JIJIsi 0OpPa3oOBaHMA
opraHmyeckoro yrieposa B nmousax. Ha Beipyore
@IHHUKOB HA MOJYTUAPOMOPPHBIX TOUBAX OT-
nomrenue C/N B pacTuTebHBIX OCTaTKAX Olajia
cocTaBisIeT oT 39 A0 60, JecHol MOMCTHIKNA —
ot 32,7 1o 35, 4T0 CBUETEJILCTBYET 0 caaboii
MHTEHCUBHOCTH UX jgecTpykinu. CymmapHas
moTepsi yriaepoja B Mporecce MuHepaJsn3ann
pPacTUTeTLHBIX OCTATKOB OTIajia Ha MOBePXHOCTI
nousbl cocrasisier 030-630 krC/ra - roxr. Hako-
nJIeHne yraepoja B oYBe 3a CUéT 3aKperieHns
ero B MUHepaJibHOM cyOcTpare B pesyJibrare
PaBI0KEHUS PACTUTE/IbHBIX OCTATKOB OPraHOTeH-
HOTO Tropu3oHTa paBuo 1,5—1,7 Teic. Kr/ra B rof.
Crnmommosecoceunas pyoka MpPUBOANT K
3HAYNTEIbHBIM M3MEHEHUSIM, KaK 3a11acoB, TaK
1 TTOTOKOB YTJIepojia B JIECHBIX HROCHCTEMAX.
[ToxrBepskrmaercs naira uexXoaHast THIIOTE3a, YTO
B TOJMYHOM KPYTOBOPOTE YIJIepojia B CUCTeMe
mouBa-@UTOIEHO3 B HKOCHCTEMaX BBIPYOOK Ha
TOPPAHUCTO-TION30JIMCTO-TIIEEBATHIX TOYBAX
3HAYMMA POJIb PACTEHUI HATIOYBEHHOTO TOKPOBa
n KJ10. CnemoBarensmo, st oTlleHKN Dasamnca
yriepojia B 9KOCHcTeMaX BhIPYOKU HEOOXOIMMbI
JlaHHbIE YMUCCHUOHHBIX ITOTOKOB YIJIepPOJia ¢ 110-
BepxHocTH 110uBkl 1 Bhiferenna CO, ¢ rauoIero
npesecrioro faedpuca. CiaegoBaTe nbio, 3HaHIe
BJIMSTHUS IIPOMBITILICHHBIX PYOOK HA YI/IePOTHBII
IIKJ XBOWHBIX JIECOB, B YACTHOCTH €JTLHUKOB,
BaYKHO JIJIsI TIOHMMAHWS MEXaHU3MOB BJIMSHUS
AHTPOIIOTEHHBIX HATPY30K Ha JIGCHBIE COODITIeCTRBA
T JIJTS1 OTeHKY YIUIePOJL I TTOHIPYTOTIeit Oy HKITH I
JIECOB TIPU MHTEHCUBHON WX DKCITYaTaI[I.

Paboma evinoanena npu noddepiicke npoexmos
HKomnaercrnoii npoepammst Ypaiovckozo omadeaenus
PAH Né 15-12-4-39 u Né 18-4-4-29.
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OT JIpyra IpUPOHBIX HOYJISINI noaéBru-sronomku (Alexandromys oeconomus Pall.), oburaioineii na reppuropusix,
CXOJIHBIX 110 HKOJOTMYECKIM YCIOBUSIM CYIECTBOBAHUSI BUJIA I OTTIHYAIOTINXCS 10 YPOBHIO €CTECTBEHHOTO PAINAIIIIOHHOTO
(ora ma opmu-gBa mopsgka (Yxruuckuii paiton Pecnybinmka Homn), mokasamo HeoquHaKoBOe N3MEHEHNEe HEKOTOPBIX
pemorpaduuecknx u Mmopdodusmonornueckux moxasareneil B pasubie Gaspl MOMYJISANMOHHOrO TnKIa. B KavecTne
roKasareJsieil NCoab30BaHbl OJTOBO3PACTHASI CTPYKTYPA MOIYJIAINI, YPOBEHb BOCIIPON3BOjICTBA 1 MOPPODUBHOIOTNIecKe
mokazaresn (Macca Texa, abCOMOTHBIN M OTHOCHTEILHBIN BeC HAMMOUEUHNKOB, cepiana n medern). ObHapyskeno,
4TO MOHUBWMPYIOIee najaydeHne okasbiBaeT Mojnduinpyioiiee jeiicteiue Ha coctossHne MopHoPuanosornyeckKinx u
peMorpauvecKiX mapaMeTpoB, ITOKa3aTes i pa3MHOKEH IS OJTEBOK-9KOHOMOK B YCJIOBUSAX PAJIHOAKTHBHOTO 3arPSI3HEHIIST
CPEJIBI OOMTAHIIS 1T CITOCOOHO YCUAMBATE BAMSHIE BHYTPUTOMYISITNOHHBIX TTPOTECCOB.

Kaouessle caosa: monéBRA-IKOHOMKA, HOIY/AMUMOHHBIE IIKILI, XPOHUIECKOE BO3elicTBIe, HOHUBUPYIOLee
n3rydenne, Mop@oduanonoTnIecKne NHATKATOPHI, Pa3MHOKEHTIC.
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Different changes in certain demographic and morpho-physiological parameters of tundra voles (Alexandromys
oeconomus Pall.) at different stages of the population cycle were found as a result of long-term (1981-2018) radioecologi-
cal studies of two isolated nature populations, living in the areas with similar ecology and different level (by one or two
orders of magnitude) of natural radioactivity (Ukhta district of the Komi Republic). We used sex-age structure of the
populations, reproduction level and certain morphological and physiological parameters (weight of vole, absolute and
relative weight of adrenal glands, heart and liver) as the marker traits. Since 80-s, more animals have been noted at the
contaminated site at all stages of the population cycle, and the number of individuals have been changed synchronously.
Increase in the body weight and later reproduction of current year voles are followed by decrease in the functional activity
of thyroid gland and chronic stress of adrenal function in voles at the contaminated site. Fluctuations of body weight and
adrenal index in voles matched with changes in number of voles and may be used as relevant indicators of population state.
In animals from the contaminated sites, high fertility compensates the increased mortality of young voles and contributes
to the conservation of the population. “Radiation stimulation” occurs also as increased reproduction intensity, potential
and total fertility, and accelerated maturation of follicles in the ovary. Our study and literature survey reveal that peri-
odic ups and downs in the number of mouse-like rodents may be a result of changes in the population traits indicating
significant changes in the organism of the animals forming population at the different stages. lonizing irradiation had
a modifying effect on the state of morpho-physiological and demographic parameters and the reproduction of tundra
voles under the radioactive contamination. Irradiation could also strengthen the influence of intrapopulation processes.

Keywords: tundra vole, population cycles, chronic exposure, ionizing irradiation, morpho-physiological traits,
reproduction.
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BoisiBienne oOmux TeHeHIINl 1 3aKO0-
HOMEPHOCTeIl TPUCIocobJeHmsT JKUBOTHBIX K
YCJOBUSIM CYIIECTBOBAHWS — OJ[HA N3 BasKHeEll-
mux 1mpobaemM coBpeMenHoii 6uonorun. [lns eé
pertenuss HeodXOMMbl KOHKPETHBIC 3HAHUA 00
aJlalTUBHBIX 0COOGHHOCTAX TIpeJcTaBuTe el
Pa3HBIX HKOJOTMYCCKUX TPYIII, IUHAMUKe a/[afl-
TUBHBIX TPEOOPA3OBAHUI PA3TMYHBIX OPTAHOB 1
cucrem [1, 2].

[Momynsiium MeJKuX MJIEKOIUTAIONIUX 00-
JIAJIAIOT PSJIOM CITeMUUeCKNX XapaKTePUCTHK,
K BayKHEWIINM M3 KOTOPHIX CJIeJ[yeT OTHEeCTH:
YUCJTCHHOCTD, TUIT TOMYJIATINOHHON UHAMUKIA,
POKIAEMOCTH, CMEPTHOCTD, JeMOrpaduiecKyio
CTPYKTYPY M WHINKATOPHI KU3HECTOCOOHOCTH
nonynsnun. JleitctBue 1omoaHuTeNbHBIX (aK-
TOPOB CITOCOOHO 0CHABIATL WM YCUIUBATEH Pe-
IyJISIIMOHHBIE cITocoOHOCTH TIoy s, MoskHO
ORUJIATh, UTO TIePeHATIPSIZKeHIe WIN NCTOTIeHne
(GyHRIMIT opraHu3Ma BCJIECTBUE BJIUSIHUSI
pagnannornHoro gakrTopa B MepByI0 ouepeb
CKRaJKeTCsT HA CTPYRTYPeE MOTYJIAIIN, MHTeHCUB-
HOCTH TIPOTECCOB PA3MHOKCHS 1 HA U3MEHeHU N
MopdoduznoIOTHIECKIX TapaMeTpoB, TaK KaKk
M3BECTHO, YTO TMPUCHOcobIernme Bujaa K dKC-
TPeMaJIbHBIM YCJOBUSAM CPeJibl — KOMILICKCHOE
sIBJIEHNe, BRJIOYAlONee B KauecTBe OCHOBHBIX
sRoJIoTnYecKkue u Mmopdoduaunosornieckue co-
crapystiorne [3—9]. Heobxommmo mposeperne
I/ICCJIGI[OBaHI/IfI TMOIMYJTANNOHHBIX XapaRTePUCTUR
1 MOPPOPU3NOTOTTIECKOTO COCTOSTHIS OPTaHOB
Yy HoJIEBKRU-dROHOMEN (Alexandromys oeconomus
Pall.) B ycioBusX HOpMaJIbHOTO YPOBHS pajino-
AKTUBHOCTH B 3aBUCUMOCTH OT (DA3BI OIS
OHHOTO IUKJIA C IeJIbI0 TOCAeYIONIero cpaBHe-
Hust ¢ apderToM pajmariiy, HaKJIaIbIBATOIIEr0Cs
Ha 9KOJoTHYecKre (DAKTOPHI B YCIOBUSIX CPeJibl
o0UTaHUS DTUX JKIUBOTHbIX.

O0BeKTHI 1 MEeTO/bI

Marepuasiom nocaysuian c6opbl MOMEBKI-
AKOHOMKMU, MOJyUYeHHbIE B pe3ysbraTe MHOTO-
netHux padbor B Pectiybinke Komu Ha yuactrax
¢ HOPMAJTbHBIM (KOHTPOJbHBIN YyU4aCTOK) U
MOBBIIIEHHBIM pafianoHubIM GoHOM (pajiue-
BbIIl 1 ypaHo-pajguesbiii yuactku). Ilogpobuo
PAJIOIKOTOIUecKast 00CTAHOBKA HA yd4acTRaX
onmcana B 6ojiee pannnx padorax [6]. Orme-
TUM, 4TO B IPUPOIHBIX YCJIOBUSIX BO3JlelicTBIE
MOHMBWPYIOTIel pajinaiiii Ha OPraHu3M cove-
TAeTCs ¢ JIeliCTBUEM dKOJIOIMYecKux (hakropos
HepaJIMaIMOHHON PUPOJIbI, KPOME TOI0, OHO
YCUJINBACTCA XUMUYECKUM JIeIICTBIEM T5KETbIX
pPainoaKTUBHBIX 3/IeMeHTOB. OTJI0B JKIBOTHBIX
MPOBOMIN €3KeTO[HO B OJJMH U TOT JKe 10-

JIeBOIT TIePUOJ CTAHIAPTHBIME JKIBOJTOBKAM,
UCIOJb3YsI UX paccTaHoBRY B aunum. Daszp
MOMYJISTIMOHHOTO TNKJIA OTIPeJleJIsiiN ¢ YYETOM
OTHOCHUTEJILHOI YNCJIeHHOCTH U ieMorpaduye-
CKOUl cTpyRTyphl nonyasiiuu. Ha ocHoBaHum
KOMIIJIEKCHOTI OIleHKN BO3pacTa OblIn Bhijiese-
HBI TPU TPYIIIbI: CETOJETKI HEeM0J0BO3peible,
MOJIOBO3PeJIbie U 1epe3nMOBaBIINe TMOJEBKI.
[Torkaszaresim BoCIpon3BoicTBA AaHATN3UPOBAIIH
Y PerpoyKTUBHO-aKTUBHBIX 0CO0ET TI0 CIIeYT0-
MM TIOKA3aTe/IsIM: CPOKN HAaYasIa PasMHOKeH ST
(1o crajum GepeMeHHOCTH 1 BO3PACTY AMOPHO-
HOB), TOTEHIINANBHYIO (110 YHCTY FKEATHIX TeJT
6epemMeHHOCTH) 1 (PaRTUYECKYIO (110 YHCTY
JKUBBIX DMOPUOHOB W IIJIAIIEHTAPHBIX TISTEH)
MJIOIOBUTOCTH, PACCUNTHIBATIN 00II[Ie dMOPIO-
HaJbHbIE MOTepPu (110 COOTHOMIEHUIO FKEITHIX
TeJI, MeCT UMILJIAHTAIMN 1 JKIUBBIX HMOPHOHOB).
Ilns amannsa mopdoMeTpuyecRIX moKazaresuei
MCTOJIL30BAJIN aDCOTIOTHBI M OTHOCUTETbHbII
Bec opranoB. HacTb OTIOBJIEHHBIX TOJEBOK
pocrasysiin B Bupapuil Mucruryra dumonaornu
KHIIT ¥pO PAH B «Hayunyio Ko/uieKiuio sKc-
MepuMeHTaIbHBIX JKMBOTHBIX» [http://www.
ckp-rf.ru/usu/471933/] pns maboparopuoro
pas3BeJleHIs U IPOBeJIeHN ST DKCIIePUMEHTOB.

Pesyabrarel u ux odcy:kaenmne

JlnHaMU KA YMCIEHHOCTU M TOJOBO3-
pactHas crpykrypa. Muoronernuii yuaér qmc-
JeHHOCTU TOJEBKU-IKOHOMKE ITOKA3aJ, 4T
IPOHOIMUTEIbHOCTD IMURKJIA Yy KUBOTHBIX Ha
KOHTPOJBLHOM U PAJiMOAKTHBHO 3arpsSA3HEHHOM
yuacrtrax cocrasiasier 3—o jger (puc. 1). Iep-
Bble nccyaenoBanus, nposenénnnie B 1950-e .
(T. e. cpa3y mocie TpeKpalieHus To0pYr 1 mpo-
UBBOJICTBA COJICH pajins), YKazbiBAIOT Ha TO,
4TO YMCJIEHHOCTh IMOJEBOK Ha yYyacTKax ¢ 10-
BBIMMEHHBIM pajinanouuasiM GOHOM ObIaa
HIJKe, 4eM B uncThIX paiionax. Vccienosanus
1ocJje TPOBeJleHNs [e3aKTUBATIMOHHBIX paboT
(1961-1967 rr.) cBUIETETBCTBYIOT O PE3KOM
MaJIeHUN YNCICHHOCTH 1 TTOCTeIIeHHOM eé BOC-
cranoBiennn yepes 3—o jetr. B mepuop ¢ 1967 o
1975 1. npoucxonuin N3MEeHEeHUSI B COCTOSIHUI
MOMYJISITINN TOJEBOK-DKOHOMOK — YN CJI@HHOCTh
eé Ha yJyacTKax ¢ HOBBIIEHHBIM COlepsRaHnemM
TSKEIBIX eCTeCTBOHHBIX PAJMOHYKINIOB Ha
(paze MUK YNCJEHHOCTU TIPEBBITIATA TAKOBYIO
B KoHTpose [6]. B 80-e rr. orMeueHo nipeBbi-
mneHne 4YncJeHHOCTU KUBOTHBIX Ha pajiueBoOM
ydyacTKe yiKe Ha Bcex asax [7], HO cUHXPOH-
HOCTh M3MEHEHUsI YNCIeHHOCTH COXPaHSIeTCs,
TaKkas 3aKOHOMEPHOCTH OTMEUYAeTCsl /[0 HACTOsI -
miero spemenn (puc. 1).
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Puc. 1. OrHocuTebHAS THCICHHOCTD TTOTEBKI-9KOHOMKI HA PAHEBOM 1 KOHTPOJTHHOM YUaCTKAX
¢ 1981 110 1987 rr. u ¢ 1996 110 2018 rr.: n — uncio ocobeit Ha 100 10BYHIKO-CYTOK
Fig. 1. Relative number of the tundra voles at radium and control sites from 1981 to 1987
and from 1996 to 2018: n is the number of individuals per 100 trap-days

Tadauma / Table

Bospacrroii cocra moiéBOK-9KOHOMOK Ha Y4aCTKAX, PA3IHYAIOIIIXCS 10 YPOBHIO PALHOAKTUBHOTO (hoHA
(1981-1987; 1996-2018 rr.) / The age composition of the tundra voles in sites that differ in the level of
radioactive background (1981-1987; 1996-2018)

Yucso HermomnoBo3spedbie [TosoBo3pebie [TepesnmoBasinue
Yuacrin / SKUBOTHBIX / cerojieTku / CerosieTkn / ocobn / 5
The sites Number of | The immature The mature The overwintered
animals underyearling underyearling individuals
Rourposbubiit n 251 179 223 653
Control % 38,4 274 34,2 100
Papuesbiit n 692 225 362 1279
Radium % 24,1 17,6 28,3 100
Ypano-pajineBbiit n o1 27 29 107
Uran and radium 9% 47,7 25,2 27,1 100

Ha pagmeBom yuacrtire nabdaroaercs 60Jb-
mee KOJTMYecTBO HEIOJOBO3PEIIBIX CEroJeTok
(Tab.), 9T0 KOCBEHHO CBUJIETETHLCTRYET 0 DoJiee
MEJIJIEHHOM TI0JIOBOM CO3PEBAHUM MOJIOJHSIKA
[pU XPOHUYECKOM ODJTYUEeHIH B cpejie O0uTaHus.
[Tpu pTOM KOJNIMUECTBO TOTOBO3PEBIX U TTEPe3-
MOBAaBIINX RUBOTHBIX MEHBIITE, 4eM B KOHTPOJIe
(na 10 1 6%, coorBeTCTBEHHO).

Mopdodusuomornueckne moxKasareiu.
Merog mopdoduznosornueckux MHIAMKATO-
POB T103BOJISIET 110 KOMILIEKCY DKCTePhePHBIX U
MHTePHhePHBIX TTPU3HAKOB OIEHNBATH CTENeHb
OJIArOTIONYYNS U MHTEHCHBHOCTD JRUBHEJIeSATe T h-
Hoctu ocobeil [3]. Anasnus macchl Teia moxrasadi,
9TO Y TOJEBOK cTapIieil BO3pacTHOW TPYTIIHI,
00UTAIOMNX HA 3aTPA3ZHEHHDBIX PAJNOHYRIM-
MAaMH y4acTKax, BO Bce (asbl MOMYJIsAIUOHHOTO
MUKJIA TTOKA3aTeJIN BHIIIE, 4UeM Y KOHTPOJbHBIX
JKUBOTHBIX [7].

Obuapys:ReHbl OTINYNSA 110 aOCOTIOTHON 1
OTHOCHTETLHOT Macce ceppia. Ecan yuects, uto

yBeJmdeHue cepjia CBsSI3aHo ¢ BO3pacTaHmeMm
MOTOPHOIT aKTHBHOCTH, TO }KUBOTHBIX ¢ pajine-
BOTO yJYacTKa OTJIMYaeT CTPeCCUPOBAHHOCTD,
MOBBLITIIEHHBINT 0OMeH BelecTB U JBUTaTeJ bHast
arTuBHOCTH. OHIMET 13 Hanboaee BaKHBIX pe-
TYJISITOPOB, YYaCTBYIONINX B peamsarum oore-
r0O aJanTanimoOHHOr0 CUHPOMA TIPU Pa3TNYHBIX
opmax crpecca, SIBISIOTCS TIIOKOKOPTUKOM]L-
Hble TOPMOHBI HAJ[IIOYEYHNKOB. AGCOTIOTHY IO
U OTHOCHUTEJIbHYIO MACCy HAIIOYeUHNKA 4aCTO
UCIIOJIB3YIOT B KAUeCTBE KOCBEHHOTO ITOKa3aTe/Isl
AJIPEHOROPTURATbHBIX (DYHKITII, TAK KAK HAJIITO-
YeUHUK He sIBJISIeTCs sKese30ii 3armaca TopMOHOB
1 ObICTPO pearupyer Ha Jii000e dIKCTpeMaibHoe
Bospeiicreue [7, 8]. Ilonosurenbuas Koppesi-
IIST MACCHI ReJTe3bl Y METTKIX I'PHI3YHOB ¢ TLTOT-
HOCTBIO TIOTTYJISI[NI OTMEYaeTcsi MHOTUMI aBTO-
pamu [1,7—=9]. Y 0NEBKU-IKOHOMKN PajineBOTO
ydacTra B mepuoj nukoB unciaenuoctn (1981 r.,
1984—-1985 rr., 1993 r.) macca HaIIOUEUHUKOB
Obl1a MarcuMasIbHOI. VIHIeke oprana rakske Bo3-
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Pue. 2. Nzmenenne nnjgexca HagioqeqnnKa B CBA3M ¢
HaJlllTOYeYHIKa llepeSl/llVlOBaBLLll/lX CaMIlOB; B — OoT

AMHAMUKON YMCJEHHOCTU TOMYJISIn: A —ITHIeKC
HOCUTE/IbHAS YNCACHHOCTH (N — YUCJI0 0co0ei

na 100 nosymirko-cyrok) / Fig. 2. Changes in the index of the adrenal gland due to the number

of population dynamics: A — the index of the adrenal

gland in the overwintered males; B — the number

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

pacTas ¢ yBeJamdenneM YncAeHHOCTH ;KNBOTHBIX
(pue. 2). Takmm 0Opaszom, HTH TOKAZATE MOTYT
CIYKUTH BIIOJTHE aJleKBAaTHBIMI WHMKATOPaMI
COCTOSTHU ST TIOTTYJISITN.

Pesynbratel MHOTO(aKTOPHOTO aHaaM3a
MOATBEP/NAN CTATUCTUYECKN 3HAYMMBble d-
et eiicTBus nccaeyeMbix Gakropos (pa-
AManuoHHBI (parrop, paza MonyasumoOHHOTO
IIKJIA, T10JI, BO3PACT) HA MHJIEKC HAJIIIOYEUHIKA,
a TaKkyKe HeKOTOPbIe 3HAYMMbIe B3aMOJIeiCTBUSI
HTIX (ParTOpPOB (puc. 3), ITO MO3BOIAET BAKIIO-
YUTh, YTO TPUPOJHBIE YCTOBUS ¢ TTOBBITIIEHHBIM
Gormom pagmanuym yBeJMUNBAIOT Pa3aMUIMA
MoPPOoPUBMOTOTHIECKIX XaPAKTePUCTHK, BbI-

3BaHHBIE leilcTBIeM APYTuX GaKkToOpoB, M CBU-
EeTeJILCTBYET 00 yeuaeHun (PyHKITMOHATBHOTO
HaNpsisReHNsT KOPHl HAITOYeUHNKA Y TTOTEBOK
pajineBoTo y4yacTKa.

JlocrosepHoe yBenunuenue Mmaceni Tesia u 60-
Jiee 1o3jiHee, 4eM B KOHTPOJIe, BCTYILIeHe ¢ero-
JIETOK B Pa3MHOKEHNE, COUeTALTCS ¢ yTHeTeHeM
(byHRIMOHANBHOT AKTUBHOCTU HMIUTOBUHON
senesnl |10, 11] m xponmyecKnM HaNTPsKEHTEM
(byHRIMT HAATIOYEUHWKOB Y KUBOTHBIX pajine-
Boro yuacrtra [7, 12]. sBectHo, 4TO HElOCTaTOK
TUPEOWTHBIX TOPMOHOB, CHUKAS MHTEHCUBHOCTD
0OMEHHBIX TIPOTIECCOB B OPTaHU3Me, TPUBOJIAT K
YBeJIWUEeHUTIO MACCHI TeJla 1 33/IePsKKe TMOJT0BOTO
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Pue. 3. Uzmenenus nujerca HalioueqHIKA HOJIGBKI-9KOHOMKY [IPU B3aUMOJEHCTBUN
«pajiuaimoHHoro harropar ¢ harropamu «@asa monyJIsIuoOHHOro IKIa» u «11os» (p <0,09):
P — pagmessrit yuacror, K — KOHTPOIBHBIN yaacTOK
Fig. 3. Changes in the index of the adrenal cortex of the tundra voles in the interaction
of the “radiation factor” with the factors “phase of the population cycle” and “sex” (p <0.05):
R - radium sites, K — control sites

cospesanus [9]. Bosee BrIcORMIT Bec cepira
n HaJAIIOYeYHUKOB cBUIEeTeJILCTBYET O TOM, 4TO
OpPramm3M TMOJEBOK, OOMTATONINX HA YIACTKE
¢ TIOBBITIIEHHBIM PAJIHATIMOHHBIM (DOHOM, padoTa-
eT HepKOHOMHO, ¢ HATIPSMKEHNEM, 4TO TTOJUE PRI -
BaeT HeOJIATOIOyure NX CYIIeCTBOBAHIS B DTUX
yenosusix. Herkoropbie mopdodusnonornueckne
MOKa3aTesn, COXpPaHss 3aBUCUMOCTD OT YHCJICH-
HOCTU TIOTIYJIANNN, UMEIOT Pa3Jiudus 1Mo 1Moy
ninn Bozpacty. Tax, Hanpumep, WHACKC TeUCHN
Mepe3nMOBABIINX CAMIIOB ¢ PAIIMEBOTO YUaCTRA
BO Bce (Dasbl UMCJICHHOCTI HITYKE NN PABEH KOH-
TPOALHBIM 3HAUCHUAM, & DTOT JKe TTOKAa3aTe/lb y
CaMOK IIpeBblIIIaeT 3HaueHusi KOHTpoJist [7].

PasznonampapieHHOCTD JI@IICTBISI KOMILIEKCA
PainaIinoOHHOI0 U COMYTCTBYIOTINX eMy (DaKkTO-
POB HepauaIMOHHON TPUPOJIBI B 3aBUCUMOCTI
oT Bo3pacta, 1mojga u ¢Gaszbl MOMyJAIUOHHOTO
MUKJIA, HeOOXOMMO YUUTHIBATH TTPU TIPOTHO-
3BUPOBAHUN JICHCTBUS MAJIBIX /{03 pajiuarin Ha
TOMYJATIN JKUBOTHBIX.

IMorazaresn pazmHos;kenusi. bepeMeHHOCTD
MTONEBKI-DKOHOMKH ITPOJIO/IFRACTCS OKOJI0 20 [THEI.
B Bospacre 15-20 nmeit 3BepbKU MPUCTYIATOT
K CAMOCTOATeILHON KI3H, & HEKOTOPHIC CAMKI
K PasMHOKEHNIO. YJacTue ceToJeTOR B pas-
MHOKEHUN B SHanTeJﬂ)HOﬁ CTermeHm 3aBUCUT OT
001IIelT uneaennHocT Hoa6éBoK. OHo BLIIIIE B TO-
Il cIIajia u jlerpeccuu YncaeHnocTn. Beandn-
Ha BBIBOJIKOB KoJedJeTcss B mpejiesiax ot 4 o
10 meréubitieii, yaiie Bcero 6—8, mpu 2TOM oHa
MeHsIeTCsl B pasjundnbie rofbl. MHTeHCHBHOCTD
pPasMHOKEHUS ¥ dSMOPUOHATIBHAS CMEPTHOCTH
ABJATOTCA BKHBIMI XaPAKTEPUCTURAMUI JKU3-
HECITOCOOHOCTH TMOMYJIANNNA. ITH MOKA3aTe N
nsydain Ha HOJIéBI(aX, OTJOBJICHHBIX B TTPU-

POJIHBIX YCJIOBUAX U TTOMEIEHHBIX B YCJOBUS
BuBapus [13]. OnennBaim MHTEHCUBHOCTH pa3-
MHOJKeHUsI (KOJMYecTBO 1ap yKUBOTHBIX, yua-
CTBYIOIUX B PAa3MHOYKEHUN 34 OIPeJeIe HHbII
MepuoJi BpeMeH N’ ), MPOIOIKUTeIbHOCTD JKIU3HI
U PeTPOLYKTHUBHOTO TIePHOJIA, IJIOJIOBUTOCTD, & Y
noromkos (K, n F,) ckopocts pocra monognska
" ypOBeHb HOMOPHOHAIBHOI 1 TTOCTOMOPHOHAIb-
Hoii cmepriocTu. OKasanoch, 4T0 HaMOOJbIIEH
MHTEHCUBHOCTHIO PABMHOKEHUS (COOTHOIIIEHIE
(arTIUecKOro 1 MOTEHINATHLHOTO YNCTa TTOME-
TOB KayK/I011 CAMKI) XapaKTepu3yIoTCs MOJEBKI
¢ pajiueBoro yuacrtka — B cpepeM 82%, y caMor
C YpaHO-pajineBoTo yyacTKa 3TOT MOKa3aTesb
B CpeIHEeM COCTaBIIS 70 %, HANMEHBINNIT — B KOHT-
poae (55%). Brarogaps MoBBIIIEHHONI WHTEH-
CUBHOCTH PAa3MHOKEHUs 1, HeCMOTPsI Ha DoJiee
KOPOTKMI PENpOAYKTUBHBIN TEePUOJ, Y TTOJTEBOK
pPagneBoro yqacTka OBIIO TOCTOBEPHO OOJNLINE
MOMETOB (MAaRCHMATbHOE KOJTUYECTBO TOMETOB,
POSKIEHHDBIX OT cAMOK pajueBoro yuacria — 12,
B KoHTpOJe — 9), dakTuveckas mI0L0BUTOCTD
Toske ObLTa BHITIe ROHTPOJist. [Ipu srom amOGpmo-
HaJbHAST CMEPTHOCTL Y OOJYUEHHBIX MOJTEBOK-
HKOHOMOK W JIOMMILIAHTAIMOHHAs THOeJ b Ha
y4acTRax ¢ MOBBIIIEHHBIM panammoHHbIM (O-
HOM OblJIa CTATUCTUYECKH 3HAYMMO BBIIIIEe HTHX
noxasareseii B kourposie. [logobubie pesyinb-
TaThbl 6BIJH/I IMOoJIy4eHbl 1 IPpyruMum aBpTopaMm 11o
cubuperoit kpacuoit monéske [14]. Tloromerso
00 TyUGHHDBIX JKUBOTHBIX MeHee JKI3HeCIT0C00Ho,
OTMEUeHO MEPTBOPOIKIICHIE U JIO TT0JI0BO3PEIOTO
COCTOSIHISA B BUBApUM BEKIBaIO Meree 00 % jie-
TEHBIIICH, TOTJIa KAK B KOHTPOJIE DTOT IIOKA3aTe b
cocranisi 70%. Hecomuen#o, 4To mMoBbITIIeHHAS
IJIOJIOBUTOCTH KOMIIEHCHPYET BBHICOKYIO CMepT-
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HOCTH MOJIOMHAKA M CIIOCOOCTBYET COXPaHEeHMIO
qpcJaeHHOCTH monyasnun. « Pagnanmonnas
CTUMYJISITIHST» TIPOSIBIISIETCSI M B MOBBIITEHNT
UHTEHCUBHOCTU PA3SMHOMEHUA, HOTeHHHaJIbHOi;I
u 00111ell II0/JOBUTOCTH, & TAKKE B YCKOPEHHOM
co3peBanuy QOJJINKYIOB B AUYHUKE (Y JRUBOT-
HBIX ¢ PANEBOTO M YPAHO-PANEBOTO YIACTKOB
modst pactymux goiunnkrynos u ['paadoBbix my-
3BIPHKOB BO3PACTAET 110 CPABHEHUTO ¢ KOHTPOJIEM
na 12 u 3% coorsercrento; p <0,05). Oxmako,
«ILTATOT» 38 HeE, ABJISIOTCS COKPAIIeHIe PO
FRUTETLHOCTH $KI3HI, PEITPOLYKTUBHOTO TIePHojia
U pe3epBHBIX BO3MOKHOCTEH AMYHUKA CAMOK
(cumsxenue na 17% uuesa npuMopaNaIbHBIX
ponmurynon; p < 0,05), a Tarkyke yBequueHmne
HMOPUOHATLHON CMEPTHOCTI 1T MEHEe JKIU3HECTI0-
cobHoe MTOTOMCTBO.

3araoueHue

Takum 06pasom, pesysbTaThl HAINX NCCTIe-
JIOBAHUII U aHAJIN3 NUMEIONINXCS B JUTEparype
JIAHHBIX CBUIETEJ]HCTBYIOT O TOM, 4TO HEpPUO-
JIMYECKN MTOBTOPSIONIECS TTONbEMBI U CIIAJbI
YUCTEHHOCTU MOMYJISANN MBITIEBUTHBIX I'Phl-
3YHOB SIBJISIIOTCSI PE3YJbTaTOM 3aKOHOMEPHBIX
N3MeHEeHUT TMOMYJIAIMOHHBIX XapaKTepuCTuR,
CBUICTEJIbCTBYIOINUX O CYHIEeCTBEHHbIX Tepe-
CTPOIKRAX, MPOUCXOJAIINX B OPraHu3Me 3Beph-
KOB, (DOPMUPYIONIX TOMYIAINNI0 HA PA3HBIX
(azax unciennoctn. Monmsupyioree nanydene
oRasbiBaeT Mopudumupyloiee JeiicTBre Ha co-
crostare MOPMOYU3MOTOTHIECKIX 1 ieMoTpadu-
YeCKUX apaMeTpoB, MOKa3aTean Pa3MHOKeH s
MOJEBOK-9KOHOMOK B YCJTOBUSAX PA/IMOAKTUBHO-
rO 3arpsi3HEHUs Cpejibl OOUTAHUs U CIIOCOOHO
YCUJAUBATH BIAUSHIE BHYTPUIOMYJISI[IMOHHBIX
HPOIECCOB.

Pabdoma evinoanena 6 pamkax eocydapcmaeen-
nozo 3adanus UB Komu HI] YpO PAH, Ne I'P
AAAA-A18-118011190102-7.
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Electrochemical obtaining of nickel hydroxide from nickel plating waste
water for application in the alkali secondary cells
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The rinsing and waste water of the plating industry, containing the heavy metal cations, are the source of environmental
pollution. Nickel cations have a strong biological hazard. At the same time, up to 30% of nickel compounds spent on nickel
plating are irretrievably lost to the rinsing water. Purification of the rinsing and wastewater from heavy metal cations is
expensive. It’s economically effective to develop the methods of local treatment of plating rinsing water with the recovery
of the heavy metals in the easy utilizing forms. The hydroxide is the most perspective form for nickel as it has high electro-
chemical activity and can be used for alkaline secondary cell production. The method of electrochemical synthesis of the
nickel hydroxide in the slit diaphragm electrolyzer from the rinsing water of bright nickel plating has been proposed. The
treatment of rinsing water of the bright nickel plating for surfactants recovery has been made. The samples of nickel hydroxide
obtained from treated and untreated rinsing water, have been studied by XRD, voltammogram and charge-discharge cycling
in the secondary cell regime. The comparative analysis shows that even the nickel hydroxide sample obtained from untreated
rinsing water can be used as an active substance of the positive electrode of alkaline secondary cells. This sample’s specific
capacity is 142 mA-h/g with cost of 4 $/kg (in comparison with 182 mA-h/g and 18-22 $/kg for industrial sample). It was
detected that the nickel hydroxide sample obtained from the rinsing water of bright nickel plating after purification from
surfactant by bubble-film extraction, has the highest parameters. In this case specific capacity is 194 mA-h/g compared
182 mA-h/g for the industrial sample produced by Bochemie JSC (Czech Republic).

Keywords: nickel hydroxide, rinsing water, bright nickel plating, slit diaphragm electrolyzer, alkaline secondary cell.
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[Tpemiosken MerToj| HJ1IEKTPOXNMIYECKOTO CUHTE3A MUIPOKCUIA HIKEJIA 13 POMBIBHBIX BOJ| OJI€CTAIIEr0 HUKeINpo-
Banus B 1eseBoM auadparmennom snerrposansépe. [Iposesena 06paborTka npoOMBIBHBIX BOJL 0JIECTAIIEI0 HUKEINPOBAHUS
VIS ylaJleH st TOBePXHOCTHO-aKTHBHBIX BetrecTB ([TAB). O6pasis rujipokcnia HuKe s, ojrydeHHbie 13 00paboTaHHbIX
1 HeoOpabOTAHHBIX IPOMBIBHBIX BOJI, M3YUYeHbI METOJAMI PeHTreH0(Pa30BOro aHANN3a, INKIMYECKOIT BOJILTaMIIEPOMETPUN
U TATHBAHOCTATIHUECKOTO 3aPSTHO- PA3PSTHOTO IIITKINPOBAHIIS B peskiMe akkyMyJisitopa. CpaBHUTETbHBII aHAJINB BJIEKTPO-
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XUMIUYECKIX XapaKTepUCTHK MOKa3aJl, u4To jazxe o0paser ruj[poKCHa, MoJydyeHHblil 13 HeoOpaboTaHHOT IPOMBIBHOI
BOJIbI, MOKET HCIIOJIh30BATHCS B KAYECTBE AKTHBHOTO BEIIECTBA TOJTOKUTEIHHOTO SJIEKTPOJIA MeJOYHBIX AKKYMYJISTOPOB.
Ero ypensnas émkocts cocrasisier 142 mA-vac/r upu cebecroumoctn 4 $/kr (no cpasnenuio ¢ 182 mA-uac/r u 18-22 $/kr
JUISE IPOMBITIIIEHHOTO 00pasiia). BeisgBIeHO, 4T0 HAMIYUIIINMI HapaMeTpaMi o0Jafaror 00pasibl THAPOKCH/IA HITKEJIS,
MOJIyYeHHbBIE 13 TIPOMBIBHBIX BOJL 0JIECTSIIEr0 HUKeTMpoBaHust mocie ounctrn ot [ITAB MeTooM 11y3bIpbKOBO-I1IEHOUHOT
HKCTPARINI. YieTbHas 6MROCTE B 9TOM cayuae coctasmiaa 194 mA-4/r o cpasuennio ¢ 182 mA-4/r npombimniennoro 00-

pasia npoussopcrsa pupmbl « Bochemie» (Yexns).

Kawuesore crosa: TUAPORCHU]] HUKReJA, TPOMBIBHBIE BOJBI, 6JIeCTHH_[ee HUReJnpoBanme, meneBoﬁ L[Ha(i)paI‘MeIIIII)HUI

DNEKTPOJIMBED, MIEJOYHON AaKKYMYJISATOP.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Research object and methods

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

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

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

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

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

Results and discussions

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

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

Cyclic voltammogram of sample A (Fig. 3,
see color insert) shows no pronounced charge
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Fig. 1. Slit diaphragm electrolyzer (SDE) for Ni(OH), obtaining
a — disassembled SDE; b —assembled SDE with flows indication
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peak, while the discharge peak is present. Further
cycling showed a shif to cathodic peaks into lower
potential values, indicating of working through
of material. During cycling of sample C (Fig. 4,
see color insert), almost no shifting was observed
for cathodic and anodic peaks. The first cycle also
showed pronounced charge peak. Based on the
results of charge-discharge cycling, sample C has
the highest electrochemical activity.

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

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

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

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

Conclusions

1) Treatment of washing water from glossy
nickel plating has been conducted. Electrochemi-

2

4.6 Ni(OH),
2.7 Ni(OH),
2

T
2
Z
on
"z
(Q\

1.57 Ni(OH),
1.48 Ni(OH),
134 Ni(OH),

" [=] $1.34 Ni(OH)

1.75 Ni(OH),

Intensity (a.u.)
=E

14 29
10 20 30 40 50 60 70 80 90

Fig. 2. XRD patterns of the Ni(OH),sample:
1 —sample A; 2 — sample B;
3 —sample C; 4 — sample D

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

2) Characteristics of prepared samples have
been compared with commercial nickel hydroxide.
It was found that nickel hydroxide prepared from
untreated washing water had a specific capacity
of 121 mA-h/g (compared to 182 mA-h/g of com-
mercial sample), while it’s cost is about 18-22%
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Fig. 5. Electrochemical properties of the samples
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of the commercial sample. It was concluded that
this sample can be used as a partial substitute of
commercial hydroxide in order to reduce the cost
of accumulators. It was found that highest specific
capacity (194 mA-h/g) was demonstrated by nickel
hydroxide sample prepared from washing water of
glossy nickel plating that was treated with bubble-
film extraction.
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CHIZKeHue IMHUCCHU 3Aa1aX000Pa3yI0IUX BEIeCTB B YCJIAOBUAX
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CBuHOBOTUECKIE TIPETPUATHS ABIATOTCS NCTOYHIKOM MHTEHCHBHOTO 3aMAX0BOTO 3aTpA3HEHNsT arMocdepHoro
BO3JlyXa. YKpPYITHEHHe JIeHCTBYIONINX 1 CTPOUTENHCTBO HOBBIX KOMIICEKCOB HPUBOINT K CYIECTBEHHOMY 000CTPEHITO
1po0OJieMbl 3a11aX0BOTO 3aTrPsSIBHEHUS I MHOTOUYNCJIEHHBIM Ka/100aM HaceJeHHs HAa COCTOSIHUE OKPY:KAIOIieil cpejibl.
CRIAIBIBAIOTIASCS CUTYATS 00YCIOBIANBACT BHICOKYIO aRTYATHHOCTh T MPAKTHICCKYIO 3HATIMOCTD MCCTCMOBAHMIII,
HATIPABJIGHHBIX HA pereHne 1mpobieMbl CHUMKEeHUs SMUCCHE 3araxoo0pasyonux eniecrs. [lens nacrosieii pabors
COCTOSITA B pa3pabOTKe YKOHOMUYECKN U HKOJOTMYECKN 000CHOBAHHOTO TEXHOJOTHYECKOTO PeIleHusl, O3BOJISIOINero
CHU3UTH 3aMaX0BOE 3aTPA3HEHNEe BO3AYXA 34 CUCT OUMCTKE BeHTHISINOHHBIX BLIOPOCOB, CHIKEHUS MHTEHCHBHOCTI
MUKPOOHOJIOTHUECKIX TTPOIECCOB PA3JIOKEeHsT HABO3A 1 1epepaboTKi COOTBETCTRYIONNX OTXO/[0B B IPAHYJINPOBAHHOE
OpraHOMIHEepaIbHOe Y00 peH e, IKCIePHMeHTATbHbBIE HCCTeI0OBAHIS BBITOTHSINCH B IAO0PATOPHBIX 1 TPOM3BOJICTBEHHBIX
yeaosusax. B pesymnbrare necieoBamimmil yeTaHoBIeHo, 9T0 3 (DHEKTHBHBIM METOIOM CHIKEHIISI HMICCHT 3aTTaX000Pa3yIOTIIX
BEIECTB MOJKET CTaTh MOJKICIeHNe HABO3HBIX CTOKOB cepHOil KicaoToi o pH 4,5+0,2 en. Ouncrka BeHTUIATIMOHHBIX
BBHIOPOCOB MO3KeT ObITh [IPOBEJleHa PeareHTHBIM METOJ0M HelOCPeICTBeHHO B ra30X0/ax 3a CUET MOCAe[0BATEIbHOTO
OPOTITEHTST 3aTPSA3HEHHOTO BO3MYXa pa3baBIeHHBIMI PACTBOPAMHI CEPHON KMCIOTHI U METOYHOTO THIOXIOPUTA HATPUST
(OTXO/bI TIPOMBBOJICTBA XJIOPA HIEKTPOXUMUYECKUM METOOM) ¢ TOCJe/yIoMell yruinsaiueii orpaboTaHHbIX PAcTBOPOB
peareHToOB B COCTaBe HABO3HBIX CTOKOB. Ha ocHOBe MOJy4eHHBIX pe3ysibraToB pazpaboraHa TeXHOJOTHYECKas cXeMa
mepepaboTKI HABO3HBIX CTOKOB B opranoMuuepaibioe ypoopenue « NPK—-rrayronnr—opranura» — 2,5: 9,5 : 3,2—13-22.
[Tnanupyemblii pe3ysibrar BHeJPEeHUsT COOTBETCTBYIOIIET0 TeXHOJTOTMYECKOT0 PEIeHUs B ITPAKTHKY 3aKII0UAETC B PE3KOM
COKpAIIEeHNI KOJMYeCTBA OTXO/0B, 0OPA3YIONNXCsl HA CBUHOBOYECKNX TPENPUSATHAX, CYIECTBEHHOM CHUMKEHIN
3aIMax0BOTO 3aTPS3HEHIS I 030POBICHITH HKOTOTITICCKON 0OCTAHOBKI HA TEPPUTOPHSAX PACTIOTOZKEHIIS CBUHOKOMILTEKCOB.

Hawuesovle crosa: svuccus ra3oB, 3allaxoBoe 3arpdAasneHue, OYNCTRA BEHTUJIATNOHHBIX BI)I6pOCOB, Hepepa60TKa
CBUHOTO HAaBO3a, OpraHoMmnHepaJjJbHble yI[06peHHH.
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Pig-breeding enterprises are a source of intense odor pollution of atmospheric air. The enlargement of the existing
complexes and construction of new ones leads to a significant exacerbation of the problem of odor pollution and numerous
public complaints about the state of the environment. The current situation determines the high relevance and practical
significance of research aimed at solving the problem of reducing the emission of odorous substances. The purpose of this
work is the development of economically and environmentally reasonable technological solution to reduce odor pollution
of the air by cleaning ventilation emissions, reducing the intensity of microbiological processes of manure decomposition
and processing the corresponding waste into granular organic-mineral fertilizer. Experimental studies were performed
in laboratory and production conditions. As a result of research, it was found that acidification of manure runoff with
sulfuric acid to a pH of 4.5£0.2 can be an effective method for reducing the emission of odorous substances. Ventilation
emissions can be cleaned by the reagent method directly in gas ducts due to the sequential irrigation of polluted air with
dilute solutions of sulfuric acid and alkaline sodium hypochlorite (waste of chlorine production by the electrochemical
method), followed by utilization of spent reagent solutions in manure. Based on the results obtained, a technological
scheme for the processing of manure runoff into the NPK—glauconite—organic fertilizer with proportion of components
2.5:5.9:3.2—-13-22 was developed. The planned result of introducing an appropriate technological solution into practice
is to drastically reduce the amount of waste generated at pig-breeding enterprises, significantly reduce odor pollution

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

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

mineral fertilizers.

B macrosmiee Bpems 3amaxm paccMaTpuBa-
I0TCS KaR OfNH 13 (DAKTOPOB 3arpsi3HeHN s OKPY-
FRATOTTIETT Ccpejibl, ORa3bIBAIOTIIIT OTPUTATEIHHOEe
BJIMSIHIE HA 3[I0POBHE 1 0JIATOTIOyd e YeJi0BeKa
[1]. HenpusitHbie 3amaxu, gaske mpu cojieprraHnm
3anaxoobpasytoinux Beriects (30B) B Bo3ayxe
HiusKe yeranosaeHubix 3nauennii [IJ1K, Boi3wia-
10T YYBCTBO pasjipaskeHus, quckoMmdopra, yxy-
MeHme caMouyBeTBHA [2—9]. 910 00YCTOBICHO
TeM, YTO MOPOTH BOCIIPHUATUS 3a11aX0OB MHOTHX
BeIlecTB MMeIOT OoJjiee HU3KMEe 3HAYEHNS, YeM
snavenust [I/IK coorBercrBylomux coepunennii
B armocdeprom Bozpryxe [6]. Ocobermyio octpory
npodaema 3arpsisnerus soamayxa 3OB npuobdpe-
TaeT B palioHaxX pasMereHnsi CBITHOBOTYECKIX
MpenpusATHii. 3armaxoBoe 3arpsisHeHe TTPUBO-
JIUT K MHOTOUYMCJEHHBIM 3Ka100aM HaceJeHMsl,
MPOKUBAIOIIETO HA TEPPUTOPUSX, TPAHMYATIIX
¢ CAHUTAPHO-3AIMUTHBIMI 30HAMU CBUHOKOM-
miexkcoB. [To MHeHNTO aMepUKAHCRIX CIIeIHaT -
CTOB, PEHTAOCTHHOCTD, YCTOMINBOCTE M 00HEMBI
MPOM3BOJICTBA CBUHWHBI OY/IyT 3aBUCETH OT TOTO,
CMOTYT JIN CBUHOBO/[YECKIE TTPeIITPUATIS YMEeHb-
MNTH BEIOPOC 3a11axo00pasyoninx BemecTs 10
YPOBHS, KOTOPBIIT OKpYsKalolee HaceaeHne Oymer
B COCTOSIHUM TeprieTh [7].

OCHOBHBIMI TIPUYMHAMU 3arpsi3HEHUS
armocdeproro Bosayxa 3OB na coBpemenHbIX
cBIUHO(EpMax sIBJSIOTCS MCTOYHUKI BbIOPOCOB
OT 3/laHNi1 CBUHAPHUKOB: OTBEPCTUSA BBITAYKHOIN
BEHTUJIAINN U adparnoHHbie (QoHAPHU, a TAKIKE
maBozoxpanminiia |8, 9]. CroiicTBeHHBIT CBU-
nodepMaM HeTIpUATHBIT 3amax GopMupyercs
MITPOKUM CTIERTPOM PA3HOOOPA3HBIX JIETYUNX
BemiecTB. B Bo3pyxe momernienuii Aias copep-
manus cuHell nnentudguimuposano coxee 300
Pa3IMYHBIX COeMHEeHNIT, MHOTHEe NX KOTOPBIX
nmeror xapaxkrepubiii 3anax [10]. Bamuermum
MCTOYHNROM HETIPUSATHOTO 3aTiaxa siBJisieTcs Ha-

BO3 3KUBOTHBIX. OcOOEHHOCTH 3ariaxa CBUHOTO
nasosza (CH) obGycnoBnennl rimaBHbIM 00pa3oM
JETYYUMU JKUPHBIMI KICIOTAME, OPTaHUYeCKI-
MU COeJIMHEHUSIMI Cepbl, (heHOoTaM’ 1 MHII0TaMI
[11]. MHOTME 13 9TUX cOeMHeHMIT TTPeICTaBIIsI-
0T CepbE3HYI0 YTPO3Y JIJIsl 3[I0POBbsI Ye0BeKa
" JKUBOTHBIX.

[TonpiTku pemuTh MpodieMy ycTpaHeHus
HEeINPUATHBIX 3a11aX0B, TeHEPUPYEMbIX CBITHOBOJI-
YeCKUMU TPEAIPUATHIMEI, TPeIPUHIMAIOTCS
YUEHBIMU U CHEIUAJINCTAMI Pa3HBIX CTPaH Ha
HMpOTsiKEHNN MHOTHX JeT. K Hacrosinemy Bpe-
MeHU pa3paboTaH MUPOKRMIT CIIEKTP PA3INIHBIX
MOJIXOJIOB K PeIIeHN IO JAHHOI 3a/[aun, BRIOYAs
MACKUPOBKY, CBs3bIBaAHWE, IECTPYKITNIO WIH
cumskenne smuccnn 30B, oiHaKO BbITTycKaeMble
OTeYeCTBEHHOI IPOMBIIIJIEHHOCTHIO 1 3apy0esk-
HBIMU TIPOUBBOJIUTENSIMU YCTAHOBKY OYMCTKU
BO3/IyXa UMEIOT CJAUIITKOM BBICOKYIO CTOMMOCTH
U 9HEPrOEMKOCTh, YTO OTPAHUUYNBALT X MACCO-
BOe BHeJpeHne B MPAKTHYECKOe CBUHOBOJCTRBO.
Ocnaierne cBuHodepM TakKUM 000PyI0BAHIEM
Hen30eKHO MIPUBEET K CYIIeCTBEHHOMY TTOBbI-
MIEeHNI0 ce0ecTOMMOCTIH W CHUKEHNIO KOHKY-
PEHTOCIIOCOOHOCTH TIPOU3BOAMMOT TPOLYKITUN.
B ¢Bsi31 ¢ 9TUM MOMCK 9KOHOMHYHBIX CIIOCOOOB
camkenus smuccun 30B 1o coruanbHo 1 KO-
JIOTHYeCKI IIPUeMJIeMOTO YPOBHS MeeT 60JIbIoe
IpaKTUYecKoe 3HaYeH e,

[lenns pabotsi cocTosta B pazpaboTKe DKOHO-
MUYECKHN 1 9KOJOTUYECKN 000CHOBAHHOIO TeX-
HOJIOTUYECKOTO PeIleH s IIPO0IeMbl CHUKEH U
AMUCCHUN 3a11ax000PasyIoNnX BemecTs n3 mpo-
M3BOJICTBEHHBIX TTOMEIIEHUI JIJIsI COMePIRAHMS
JRMBOTHBIX, IPUTOHOTO JIJIsi HPAKTUYECKOTO
BHEJIPEHNsI B YCTOBUSAX POMBIIIIIEHHBIX CBUHO-
BOJYECKUX TIPEITPUATHIL.

B ocHoBy pazpabarbiBaeMoro pemieHust ObL
MOJIO3KeH KOMOMHUPOBAHHBIN MMOJIXO0/I, BKIIO-
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YAl OTpaHNYeHe MHTeHCUBHOCTH MUKPO-
6uosornuecroro pasnoxkennst CH B anaspodHbIX
YCJIOBUSIX B HABO3HBIX BaHHAX (3a CUET 1O~
RUCJEHUs HABO3HBIX CTOKOB CEPHOIT RUCJIOTOTT ),
OUYUCTKY BEHTUJISIIIMOHHBIX BHIOPOCOB (€ TIOMO-
b0 PACTBOPOB CEPHOI KMCIOTHI 1 MEJIOUHOTO
pacTBOpa TUIOXJIOPUTA HATPHS) ¢ TIOCTETYOTei
yTuIH3anuei orpaboTaHHbIX PACTBOPOB peareH-
TOB B COCTaBe HABO3HBIX CTOKOB, MepepadoTKy
CH B rpanyiupoBanioe opraHoMuHepaibHOe
ynooperue (OMY).

[Inanupyemblii pe3yabrat BHePEHUs CO-
OTBETCTBYIOIIETO TeXHOJIOTUYECKOTO PerieHust
B TIPAKTUKY TIpeJiIojiaraeT peskoe coKparieHmne
KOJIMYecTBa OTXOJI0B, 00Pa3yIoIuXcs HA CBIU-
HOBOJUECKUX TIPEJIIPUATUSIX, U 03[I0POBJIEHIE
HKOJIOIMYECKOIT 00CTAHOBKI HA TEPPUTOPUSIX UX
PacIoNOReH s,

OO0 BeKTBI 1 MeTOIbI

B rauecrBe ncrounnka 3amaxoodpasyiomnux
BEIeCTB I MPOBeJleHIsT UCCACOBAHNE 1C-
moabn3oBaicsa cpesknil becnogernaounniii CH,
BIKHOCTBIO 83+£2%, orobpanublii 13 momerre-
Hust otkopmounoro tuna. [lockonbry B uncnao
OCHOBHBIX KOMITOHEHTOB, 00YCJIOBINBAIOTINX
zanmax CH, Bxopsar BerecTBa, nposiBIAsIONe
OCHOBHbIE (AMMUAK) 1 KUCJOTHbIE CBOICTBA (J1e-
Ty4Yne ;RUPHbBIE KICJIOTHI, CEPOBOIOPOJI, MHIIOJbI
U JIp.), & TaKsKe MIUPOKUI CIIEKTP JIeTKO OKMIC-
JNAEMBIX cOeiMHeHNT (aJIbeTH/bl, CYAbQUIbI,
MepKanTaHbl 1 JIP.), B KAYeCTBe PeareHToB IS
norsomennss 30B O0bLu BIOPAHDbI U UCIbITAHBI
pactsop cepnoii kucaorsl (H,SO,) n menounoii
pacrBop runoxjaoputa Harpus (NaOCl). O6a
peareHTa J0CTaTOUHO MINPOKO UCIOTB3YIOTCS B
MPAKTUKE CeJILCKOTO X03SMCTBA U TIPU ITPABUIIb-
HOM TOJIXOJIe K MPUMEHEHWIO U YTUIN3aIny He
MPeCTaBISIOT OMACHOCTHU JIJIsi OKPYRAIOIIei
cpennt. [lns pazdasienmnix pactsopoB NaOCI
XapakTepHbul OaRTepUIIHbIe, (PYHTHIIIHDIE,
AHTUTIPOTO30MHBIE, UMMYHOMOYJIUPYIOIIUe
CBOTICTBA, & TAK}KEe OTCYTCTBHE TOKCHYHBIX, MY-
TareHHbIX 1 KAHIePOTeHHbIX 3(PeRTOB, TT0ITOMY
NaOCI mupoKo nmpuMeHseTcs B KauecTBe BeTe-
PUHAPHOTO Iperapara Jiyist Je4eHusi PasJImaHbIX
3aboneBannii skuBoTHLIX [12]. CepHast Kucaora
HaxouT npumenenue Ha cgurodepmax HIisernn
n Jlanuu pays nopkucaenus nasosa go pH 95,9,
¢ 1e/Iblo cHuKkenus omuceunn ammuaka (NH,) ns
HaBO3HBIX cTOKOB [13].

Jlist npuroroBieHusi pabouux pacTBOPOB
npumensamuch 82% H,SO, n menounoit pacrsop
NaOCl, cogepsarumii 3—5% rujporcuia Harpus
n 5-9% runoxmsopura warpusi. O6a pearenra

MpecTaBasIn co00l OTXObI MPOM3BOACTBA
XJIOpPA BJIEKTPOXUMUYECKUM METOJIOM (3JIeKTPO-
auzom pacreopa NaCl). [Ipumenenne orxomos
B KavecTre pearerTon jis oopadorkn CH u mo-
riotenust 3OB 1o3Bosisier CHU3KUTH PacXoibl Ha
npuobperenne pearenton Gosee yem B 10 pas.
B rkadecrBe 3arpsisHAIONINX KOMIOHEHTOB OT-
xonnas H,SO, copepsana xjaop B Konnuecrse
0,01%. [lexounoit pacrsop NaOCI re comepsran
BHAUYMMBIX KOJNYECTB 3arps3HAONNX KOMIIO-
HeutoB. Clieyer oTMeTUTh, YTO IIPUCYTCTBUE
ocratounoro xnopa B pacrsope H,SO, nossomser
obecreunts lesununupyiomuii aderT mpu
00paboTKe HABO3HBIX CTOKOB U BEHTUJISIINOH-
HBIX BbIOpOCOB. [lpu npaBuabHOM NpuMeHeHN N
peareHTa ONaCHOCTh BO3JIECTBUs OCTATOUHOIO
XJIOpa Ha JKUBOTHBIX 1 PADOTHUKOB CBUHOMEpPM
MOJIHOCTBIO NcKIo4aercst. VI3 nexopuoro pacto-
pa H,SO, metosiom pasbasienus Bojioil roroBu-
e 30% pacrsop s nopkucaenns CHu 2—-3%
pactop juis nornomenns NH, abcopormonnbim
mertozioM. CepHasi KicaoTa HeJieTydast 1 He nMeeT
3araxa, T. e. UCIOJIb30BaHIe TaHHOTO peareHTa
B abcopbepax He IPUBOJINT K OTOJHUTETbHOMY
3arpsisHeHunIo Bo3uyxa. [lis mpurorosiaenus pa-
6ouero pacreopa miesouroro NaOCl mexomubrit
pacTBOp peareHTa pazdaBIIsIICs BOIOI TAKUM 00-
paszom, urobnr korrerTparsa NaOCI B pactsope
cocrasiisia 3—5%.

Nsyuenne pauanns nodaskn H,SO, na smuc-
cuto neryunx coequuennii u3 CH Burmosasiocsh
B J1a00OPATOPHBIX U TIPOM3BOJICTBEHHBIX YCIOBUSIX.
B nabopatopHbIX YCIOBUAX TPOBOMIICH NCCTE-
JIOBAHISI, HAIIPABJIEHHbIE HA N3YUYeHIe BINSHU
HMOJIKMCJIeHNsI HAa 00lilee BbIJieJeHne ra30B n3
HaBo3a. [l7st 97010 B CTERJASTHHBIE KOHUYECKIE
k01661 00BbEMOM 2000 eM? moMeramnes 06 pasibl
CH maccoii 1 kr. B ojgroi 13 kK016 HaBO3 MOKIC-
nancs pacrsopom H,SO, (30%) no pH 4,5+0,2 ep.
Rosbbl 3akpbiBaINCh KayuyKOBBIME TTPOOKAMM
€ Ta300TBOIHBIMY TPYOKAMU 1 BhIJIePRUBATUCH
B T@PMOCTATHPYEMbIX YCJIOBUAX TIPU TeMIiepa-
rype 25 °C. Buigensioniuecs: ra3sl coOnpaanch
B MHOTOPA30BbIe MaKeThl JJisi 00pPasioB ras3a
Chemware n3 propmonumepnoii (PVIEF) nmnénkn
roamuiroi 0,05 M.

B 11pou3BojicTBEHHBIX YCJIOBUSIX BBITTOJH I
Cs1 AHAJTI3 BO3/IyXa CBIHAPHUKOB HA COJIepsRaHIe
NH,, H,S n mepranrtanos. ['a30Bblii cocras Bo3-
JlyXa UCCIeOBAJIN JIMHEITHO-KOJTOPUCTUYECKUM
MeTomOM acrnuparopom cuiab@oHHbIM AM-
oM.00.000 TIC ¢ ncmonnbzoBanmeM MHITKATOP-
HBIX TPYOOK.

Usyuenne BoamoskHOCTH 1 3PEKTUBHOCTI
npuMeHeHus: abcopOUPYONMX PACTBOPOB JIJIs
norsoteHuss SOB npoBouI0CH € IOMOIIBIO J1a-
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OOpaATOPHOIT YCTAHOBKY, BRIIOUATIOIIEN EMKOCTD ¢
HaBO30M, DJIEKTPUUYCCKII BO3LYIITHBII KOMITPec-
COp W JIBA MOCJEIOBATETLHO PACTIOJIOKEHHBIX
abcopbepa ¢ pacrsopamu H,SO, n menounoro
NaOCI. Ilpn 6apboraske uepes faBa abcopdbepa
¢ pacTBOpPAMI PEAreHTOB PACXOJ] 3aTPA3SHEHHOTO
BO3/TyXa Haxomics B pefenax or 1,510 2,5 m? /1ac,
P 9TOM BpeMsi KOHTaKTa abrazoB ¢ IMOTJIO-
MAOIIIMI PACTBOPAMI OIEHOYHO COCTABIISIO
0,5—1,5 c. KouTpoib nHTeHCUBHOCTH 3al1axa Ipo-
BOJIMJICST OPTAHOJICTITHYCCKIM METO/IOM I'PYIITOT
aKcreproB n3 d yesoBer. Ciaeryer mMerh B BUJLY,
YTO TOPOT BOCIIPUATHS 3a1laxa MeTIIMepKarTana
cocrassier 0,4 MKr/m?, cepoBopgopona — 14 mr/m?,
uro snaunresbuo Hiske [1/|K coorBercrByronmx
coefimHeH Mt B Bo3ayxe paboueii 3oubl ([T/[K me-
THJIMEPKAIITaHa B BO3JIyXe paboueil 30HbI COCTAB-
asier 0,8 mr/m?%; cepoBosopoma — 10 mr/m?) [14].

Pesyabrarel n nx odcyskaenne

B pesynbrare mccaeoBanmii yeTanoBJIeHO,
yro smuccus razos n3 GH mapacraer B nipo-
rnecce XpaHeHUsT COOTBETCTBYIOIIEr0 OTX0/a B
060TpeBaeMbIX TOMEIEHUAX, T. €. KOJUYeCTBO
BBIJICJISTIOIUXCS TA30B BABUCUT HE TOJBKO OT KO-
JMYecTBA HAKOTIJIEHHOTO HABO3a, HO 1 OT BpeMeH !
naxomgenns CH B naBosubix Bannax. Tax, Ha
4-e cyrku xpanenusi CH B anaspoOHbIX yc10B1-
sax rnpu remieparype 295 °C obiee Koan4ecTBo
BBIJIEJISIONINXCS Ta30B Bo3pacraer Oojiee yemM B
2,3 pasa. [Toprucaenune CH no pH 4,5 npusojput
K CYIIECTBEHHOMY CHUKEHUIO dMUCCUN Ta300-
Opasubix semects (puc. 2). Cogepsanme NH,

B Bhitessiembix 13 CH rasax ymenbimaercst Ha
80-90% 110 cpaBHEHUIO ¢ KOHTPOJIEM, YTO 00Y-
cnosneno ceasbiBannem NH, B Kucnoii cpefie B He-
JeTyune aMMOHUITHBIE COJTH. IMUCCHST ra3000pas-
HBIX coefunennit u3 noaxuciaenroro CH rakske
YBEJIMUMBACTCS B TPOTECCE XPAHEHMUS, OTHAKO
ocraéresi Ha 6oJiee HU3KOM YPOBHE, YeM dMUCCUS
razos u3 CH 6e3 nodasku H,SO, (puc. 1).

CHmxenme sMUCCn Ta3000pa3HbIX TPO-
JLYKTOB passozkernns nop sausanem H,SO, cro-
COOCTBYeT YJAYUIIEHUIO KINMaTa B HOMEIeHIsX
JUIST COJlePsKAHMST JKUBOTHBIX W YMEHBITEHU IO
HArpy3Ku HA CHCTeMbl BEHTUJISATIIN.

[Ipu nociaepoBaresbHoM 6apOOTHPOBAHIY
3arpsA3HEHHOTO BO3JIyXa uepes BOJHBII pacTBOP
H,S0, (2-3%) n memnounoii pacrsop NaOCI
(3—5%)) POMCXOUT MOJTHOE YCTPAHEHUE HETP -
sarroro 3amaxa GH.

B pactsope H,SO, npoucxopur casazbiBanme
NH.,. ITpn usowirke H,SO, B X011 cCooTBETCTBYTO-
ITeiT peaky 06pasyeTcst XOPOImo PacTBOPIMbBITT
ruapocyabdar aMMOHHSI:

NH, + H,S0, = NH,HSO, (1)

B coorBercrBuu ¢ ypasuenuem peakiuu (1),
100 kr 3% pactsopa H,SO, obecrieunBaer cBsi-
spipanme 685 1 NH,. Cepnas kucsora (ocobenno
B BUJIC OTXOJIa TTPOUBBOJCTBA) ABJISACTCA OHIM
3 HanboJree AEIEBBIX PeareHTOB, TOITOMY TIPe/l-
Jaraemblii ciiocod nornomenus NH, apisgercs
HKOHOMIYECKN 000CHOBAHHDIM.

Hocae ypamenua NH, ounimaembrii Bo3ayx
mpoiycrajcs depes abcopbep, 3a0JHeHHbI

200

—_

A

=]
|

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

OOBEM BBIJIETUBIIIETOCS Ta3a, M

— 0Oe3 moxkucienus / without

acidification
- - - - ¢ J00aBKOW CEPHOI KHCIIOTHI

/ with addition of sulfuric acid

1 2

3 4

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

Puc. 1. O0b6M BBIICIAIONIXCS ra30B U3 CBUHOTO HABO3a
Fig. 1. The amount of released gases from pig manure
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mesiounbiv pactBopom NaOCI. Oxnenenne H,S
THTIOXJIOPUTOM HATPHS B IIETOTHOI CPeJie MOKeT
OBITH TTPEICTaBACHO CJeAYIONEeM ypaBHeHeM
pearimn:

H,S + 4NaOCI = 4NaCl + H,S0, (2)

Cormacno ypasHenuio peaxiuun (2), Ha
oxucaenne 100 kr H,S (65882 1) pacxonyercs
876,5 kr NaOCI. Pacxoy peareHTOB MOKeT OBITDH
cyiecTBeHHo cHusken (B 1,0—2 pasa), ecin
B CBUHAPHUKAX Oy/eT NPUMEHATLCS CHCTeMa
MOKNCJICHIsT HABO3HBIX CTOKOB B HABO3HBIX
BaHHAX CePHON KMCIOTOM.

Ha ocrose pe3yibraTtoB BHITOJTHEHHBIX 9KC-
nmepuMeHTOB Obljta paspaboraHa TeXHOJOrnve-
cras cxema (puc. 2), TO3BOJSIONAS CYIIECTBEH-
o corparuth amuccnio 30B u nepepadborars CH
B OMY, cosiepsraiiiee moJHbIIT KOMILICKC MAKPO-
U MUKPODJIEMEHTOB, HEOOXOUMBIX JIJISI TTAH ST
pacrenwuii. [[ns mpakTunyecKoii peasnsarum npejy-
JlaTaeMoil CXeMbl TpedyeTcs ompeenéHHass Mo-
JIePHUBAIIS THIIOBBIX CUCTEM TTPUHYIUTETHHOI
MPUTOUHO-BBITAKHON BEHTHIAIIN, KOTOPHIMI
00BIYHO 0DOPYYIOTCH CBUHAPHUKI.

CooTBeTcTBYIONIAs MOIEPHUBATIIST 3aKITO-
qaercss B 00ecIeueHnn pas3aeabHOro yaaae s
BO3JIyXa M3 BePXHEIl 30HbI MOMEIIeHU sl ¢O-
MepsKaHmst KUBOTHBIX W 13 HABO30COOPHMKOB,
PacIoNOKeHHBIX 1O peréryarsiM mojom. [1pn
DTOM BO3JIYX M3 BepXHeil 30HbI BHIOPACHIBACTCS
B armocdepy vepes miaxtel, 060pyOBAHHbBIE
ocebiMu BerTungropamn (1), a manbosee 3a-
IPASHEHHBIN BO3IYX M3 HABO30COOPHWKOB Ha-
MPaBJsIeTCs HA OYMCTKY PEareHTHBIM MeTOJIOM.
Yepes Bepxuioio 3ony yaansercs 90%, a uepes
nasoszocoopuukn — 10% Bosgyxa. OobémM 1pu-
TOYHOTO BO3/tyxa He nsmensercs. HaBozubie cto-
KI B HABO30COOPHMKAX TOMKUCISIIOTCS PACTBO-
pom 30% H,SO, o pH 4,5-5,0. Ilogaua pacrsopa
H,S0, ocymecrsisiercsa yepes oTaeabHbIH 010K
JIO3UPOBAHUS, COCTOSIIII U3 TOJTUITIICHOBOTO
eBpoKyOa ¢ MeMOpPaHHBIM HACOCOM-JI03ATOPOM.
Bosnyx m3 kanasa HaBoszoyjajdeHus W MO -
36MHOT0 HaBO30COOPHUKA MPOIYCKAETCS Yepes
JIBa TIOCJIe/I0BATE/IbHO PACIIOJIOKEHHBIX yUaCcTKa
oporraemoro Tazoxosa (6, 7), 060pyOBAHHBIX
opecyHKamMu TOHKOTO pPacIblia JJis MOAa4n
pearerToB (2—3% pacTBOPOB CEPHOI KMCTIOTHI I
[IeJIOYHOTO TUIoxJaopuTa Hatpust). s mopgaun
peareHToB MPeayCcMOTPEHbI OTAeNbHbIe EMKOCTI
(4, 5). Jlns ynaBauBanust Ramesb OpoIaioninx
PacTBOPOB B KOHIIE COOTBETCTBYIONNX YIACTKOB
razoxojia yecraHoBJIeHbI cermapaTopbl B BUJE ¢eT-
4aToOro pyKapa. YJOBJEHHAas BJara CJMBaeTCs
yepes JIpeHasKk razoxojia B Moji3eMHbIIl COOPHUK

HaBO3a ¢ MelaJKol (2) m MyJbIOBBIM HACO-
com (3). CiuB oTpaboTaHHBIX pEAreHTOR B OJIH
HABO30COOPHUK MMO3BOJAET YACTHIHO PEITUThH
npobaemy meitpanusanun H,SO, menounbim
pactBopom NaOCIl. OunimeHHbII BO3AyX U3 Ka-
HaJa HABO3OYAJIEHUs uepe3 BeHTUJATOP (8)
BoiOpachiBaeTcss Ha BbicoTy He MeHee 20 M st
paccenBanus B armocepe. CH n3 naBozocoHop-
HUKOB HAIIPaBJsIETCs B NOJ3eMHBIIT COOPHUK
C PAMHOII MeITaJTKON 1 MOTPY#KHBIM ITYJIbIIOBBIM
HacocoM (2, 3), B KOTOPBIiT 106aBISIETCS TOHKO-
nucrepcHas gochopurHas MyKa, coepsrariast
coefimHeHNs Raabiusa (Hanpumep, dgocdopur-
Hast Myka Bsireko-Ramckoro mecroposkiennst,
Koropas comepskut 10 37,5% CaO [15]). 3a cuér
pocdopurroit myru pH HABO3HBIX CTOKOB 10BO-
JUTCS J10 9,9, T. €. 10 YPOBHs, 00eCTednBatoIero
KOPPO3MOHHYIO YCTOWYNBOCTH 000PYOBAHS,
MUCTI0JIB3YEMOTO B TEXHOJOTUUECKOM IPOIECCe.
[Tpu B3anmopeiicTBIT sto/. C COJIAMM KaJIBITIS
obpasyercsi CBeKReOCAKEHHBI TUIIC, YIyu-
MIAIOTIUI TTOCTCYIONTYIO Cerapanuio TBEPIOro
ocratka Ha nearpudyrax. Yacruuamnoe 0be3Bosim-
BaHIe HABO3HbBIX MACC HA MeHTPUQyTax sB/sSTeTCs
BYRHEMIIINM YCJIOBHEM 0OeciedeHnsi DKOHOMI -
YeCKN TTPUeMIeMOI TeXHOJOTUH TepepadoTKm
CH B OMY. Ha ocagurenbuoii earpudyre (9)
HABO3HBIE CTOKW pazjensiorcs Ha 2 gpariun:
Kek, copepskammit 30% cyxoro ocratka n Qy-
rar, BraskaocTbio 98—99%. Kex B AByxBaibHoM
cmecuresie (10) cmemusaercst ¢ RCl n gpyrumn
nodaBramm JiisA cranfapruzamnun coctapa OMY
110 COJIePKAHMI0 OCHOBHBIX 3JIEMEHTOB MUHE-
panbroro nurtanus. Odoramenue CH ¢gocdo-
POM JIOCTUTAETCsT 32 CUET BHOCHMOII B HABO3HbBIE
CTOKM TOHKOAHCIepcHOH dochoputHoit MyKn
(Ha cragum HeWTpaIM3aIUn MOJKNCIEHHOTO
CH) w rmayronnrconepskariero adesns (Ha cra-
AUW 4acTUYHOI ouncTky (pyrara). CMentanubii
¢ MUHEPATLHBIMI T00ABKAMI KEK MOJAaéTcs Ha
TypOOJIOnacTHoIl cMecuTe b-rpanyastop (11)
IJISL TIONTYYeHU A KPYTKI, KOTOPast HaTlPaBJISIeTCS
B Oapabanublii rpanyasTop-cymuiary (12). Cy-
HMIAJILHBINA areHT 13 TazoBoro Kasopudepa (13)
npu temieparype 200 °C nogaércs B CymmirRy
C TAKOU CKOPOCTHIO, YTOObBI MUHUMU3UPOBATH
MBIIEYHOC B cUCTeMY Tiblierazoouncriu. Kpymka
BoIcyITIBaeTcs 1o Braskaoctn 10—12% u oxarsi-
Baercsi. BeicymuBanue kpynku B redenue 30—
40 MUH. IpK TeMITepaType B cJioe POy KTa He Me-
mee 100—135 °C mo3Boster od6ecIreunTh HALGKITOe
yeTpaneHne OnoJiorndeckux maroreHon. ['otrosoe
OMY ronBeitepHO-dJIEBATOPHBIM TPAHCITOPTOM
HATIPABJISETCA HA CRIAJ IS OXJIaKCHIS U 3a-
TapuBanus B Meiku uian our-oeru. CornacHo
pacuéram, mponsBojcTBO 1 T opraHoMmHEpaIh-
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IJROJOTI'NSANMA ITPON3BOJCTBA

HOTO yA00pPeHUs MO3BOJIUT YTUINZUPOBATH O T
CBITHOTO HABO3a BJaKHOCTHIO 95%.

@Oyrar mogaéress B peakTop ¢ MeMajaKoil
(14), ®yna mobaBiasiercst TIAYKOHUTCOEPIRATITIIT
adesib JiJis1 IcOPOIUN 1 OCAXK/IEHISI PACTBOPEH-
HBIX U B3BEIIEHHBIX 3arPSA3HSIONINX BEIeCTB.
Ob6paszyronascs mysabiTta ¢ TOMOTITHIO TTYJIHITOBOTO
nacoca (19) st otenienust TBEpOIl pasnl (Keka)
MPOITYCKARTCA Yepe3 paMHbI (DUIbTP-1pecc
(16), a puwabTpar HATIPABISIETCS B PEAKTOP ¢ Me-
mankoit (17) nyst obeszapaskusanus. Ode3zapa-
JReHHBIIT PuIbpTpaT oTKaumBaercs Hacocom (18)
U UCIOJIb3YeTCsI B IIPOUBBOJICTBE JIJIsI TeXHUYe-
CKUX IleJieil B KauectBe 000poTHOIT Bosibl. Her
nocyie GUIBTP-TIpecca HalNpaBisieTcs B IBYX-
BAJbHBIN CMECHUTEJb JIJIsi CMEIIeHUsI ¢ KeKOM,
MOJIYYeHHBIM 110CJIe TeHTPUu@yrupoBaHMSI.

Cornacuo pacuéram, iiist mepepadorn 11 CH
B opranoMuHepasnbHoe yroopemrne morpedyercs
30 &r cepmuoit Kucaorel (B mepecuére na 100%
H,SO,), 35 kr ronkomonoroit pochopntHoit
MYKH, J KT IyiayRoHuTCOfiepsraitero adgens. [Tpu-
MepHast (PopMyJia oJyyaemMoro 1o rnpejjiaraeMoit
cxeMe opraHoMuHepasbHoTOo yroopenns « NPK—
MIAYKOHUT—OpTrannka» — 2,5:5,0:3,2—13-22.
Ynobpenue Oyper odoraieHo cyiabdaramu, yTo
nMeer OGOJIBINOE MPAKTUYECKoe 3HAYeHIe, 110-
CKOJIbKY B HacTOsIII[ee BpeMsi MaxOTHbIe 3eMJII
GonbinucTBa pernonoB Poccuiickoii Mepeparun
XapaKkTepusyloTcsi BblpaskeHHbIM Te(uiintom
Cepbl, YTO TPUBOJUT K CHUKEHUIO YPOKATHOCTI
W YMEHbIIEHNIO HAKOTJIeHNsT OeJTKa B pacre-
Huepoueckon mpopykipnu. CorslacHo pacuéram,
cebecronmoct OMY moikita cocTaBUTh 11e bosee
8000 py6. /T, uro obecrieunBaer HaAEKHYIO KOH-
KYPEHTOCIIOCOOHOCTh COOTBETCTRBYIOIIETO MPO-
JIYKTa [P MCITOJb30BAHIY €10 151 COOCTBEHHbBIX
nysrp npepmnpusitus. s nepepadorku 100 CH
B uac (B pacuére Ha BIasKHOCTH 90%) B oprano-
MUHepajabHoe yinoOpeHue moTpedyercs JUHUs
IPaHYJISAINNKI U CYIKI CTONMOCTHIO 80 MH pyo.

3araoueHue

Buimonmennsie necjaeoBatus mMO3BOJSIOT
PeInTh 3a7a4y CHUKEHN DKOJOTHICCKOTO
HaBICHHA Ha OKPYRAIONIYIO CPeY ITPOMBIIII-
JeHHBIMI CBUHOBOYCCKIMY TIPEIITPUSTUAMEI 1
MOKA3BIBAIOT, UTO /IS YMEHBITEHIA 3a11aX0BOT0
3arpsisHeHus aTMOcMepHOTO BO3/LyXa OTXO[aMu
CBUHOBOJCTBA MOJKET ObIThL HCIIOJL30BAH KOM-
MJIEKCHBIN TOAXO0J, BRIIOUYAIONINI CHUMKEHIE
omuccnn 3OB 3a cuér mopgKucaeHns HaBO3HLIX
CTOKOB CePHOI KUCTOTOIH; OINCTRY BeHTHIATIN -
OoHHBIX BBIOpOCcOB or 30B ¢ mowmornbio moce-
MOBATEILHOTO OPOTIEHNSA YAAISICMOT0 BO3MyXa

B Bosryxosogax 2-3% pacrsopamu H,SO, n
menounoro NaOCl; mepepaborry CH u orpabo-
TaHHBIX peareHTOB B OMY; ouncTry 1 memosnb-
30BaHuUe JIJI TeXHUUECKUX Ieiell yiansgeMoll us
HaBO3HBIX CTOKOB BOJbL. [ljisi cHuskenust 3arpar
B RauecTBe peareHTonB MOryT 6BIT]3 MNCIIOJIb30BAHBI
OTXOJIbI TPON3BOJICTRA XJIOPA DTEKTPOXUMUYCCKIM
METOJ[OM, & TaKyKe OTXO/[bl oborateH s gocdopu-
TOB (TyIayROHUTCOAEpsRaTii ahesb) . Brioyernne
COOTBETCTBYIOIINX OTXO/IOB B IepepadboTKy 1mo-
3BOJISICT 3HAYNTELHO TOBBICUTH HKOJIOTHYCCKYIO
3HAYMMOCTD TpeyiaraeMoii Texuosornn. K mpen-
MYIIECTBAM TeXHOJOTH CJeYeT OTHECTH CICTeM-
HBI TTO/[XOJ] K PEIeHIIO 3asIBJICeHHOI TPOOJIeMbI,
KOMTIIJIEKCHOE HCITOTh30BaHNE BTOPUYHBIX ChIPbe-
BbIX pecypcoB, OTHOCUTE/IbHO HU3KNE 3aTPaThl HA
BHe/I[peHne TeXHOJIOTUN B IIPAKTURY, BOSMOKHOCTb
MOJIePHUBAIINT TeXHOJIOTMYeCKOT CXeMbl B 3aBICH-
MOCTH OT KOHKPETHBIX YCJIOBUI, CKIA/bIBAIOTITIXCS
Ha JKIBOTHOBOIMECKOM TIPEIITPUSTIN.

Paboma evtnoanena 6 pamkax 2ocydapcmeen-
Ho20 3adanus Bamcroeo 2ocydapcmeennozo ynu-
eepcumema no meme «Mexanuszmol adanmayuu
U Yycmouiueocmu nOUEEHHOU MUKDPOOUOMbL K MEXHO-

2ennomy 3azpaznenuio» Neb.4962.2017/64.
Jlureparypa

1. Schiffman S.S., Williams C.M. Science of odor as a
potential health issue //Journal of Environmental Quality.
2005. V.34 (1). P. 129-138.

2. Munurun MLA., Bypapuna O.B., Capuynun A A.
Passurue rurmeHnYecKNX 0CHOB HOPMIPOBAHIIST T KOHTPO-
JIST 3a1axa B arMoC(epHOM BO3IyXe I ITYTH TapMOHU3ATII
Boroit obmactu // 'mrnena n canmrapust. 2012, No 5. C. 72-75.

3. Hangartner M. Recommendations on olfactometric
measurements // Environmental Technology Letters. 1985.
V. 6. P. 415-420.

4. Winneke G., Sucker K., Both R. Population odour
annoyance is influenced by the hedonic quality of industrial
odours // Environmental odour management: International
Conference. Cologne, 2004. P. 9-12.

9. Sucker K., Muller F., Bischoff M., Both R., Win-
neke G. Assessment of frequency, intensity and hedonic
tone of environmental odours in the field: A comparison
of trained and untrained resident // Environmental odour
management: International Conference. Cologne, 2004.
P. 219-228.

6. flmenro-Xwmemesckas M.A., Hubynscxuit B.B.,
Xwurpuna H.I'., Koposrenko JI.U. Onbdarromerpuueckue
uccJae0BaHus BEIOPOCOB 3amaxa HAa POCCUUCKUX Tpefi-
npustusx // Buochepa. 2013. T. 5. Ne 3. C. 303-310.

7. Zhu J. A review of microbiology in swine manure
odorcontrol // Agriculture, Ecosystems and Environment.
2000. V. 78. P. 93-106.

119

Teopernueckasi n npuriaagnas sroaorms. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2




IJROJIOTNSAIIA ITPON3BOJICTBA

120

8. Cnayrenro E.I'., [lerpocsr A.A. I'mruennveckoe
O60CHOBHHI’TC paBNIQpOR CaHI’lTapHO-SaHIV[THFﬂX 30H JJ1d
CBIUHOKOMTIZICKCOB CPEIHEN MOIHOCTH ¢ YIéToM 0cober-
HOCTEH PACITPOCTPAHEH ST 3A1IAX000PA3YTIOINX XUMITIECKIX
BerecTB B armocdeprom Bosuyxe // [Ipobmempr 3oposbs
u srosorun. 2018. Ne 1 (55). C. 98—101.

9. Cazamnos A.B., Tepeurnen 10.H., Corpunua H.B.,
Anmxvuna T.f., Rossonnn B.A. IIpoussojcrso 6moopra-
HOMUHEPATLHBIX Y0OPEHTI KAk HATTPABICHITC PeaTN3aTinim
6e30TXO/[HBIX TeXHoJornil B cBuHOBOficTBe // Teopermue-
ckast u npursanas sroaorus. 2017. Ne 3. C. 85-90.

10. Ciganek M., Neca J. Chemical characterization of
volatile organic compounds on animal farms // Veterinarni
Medicina. 2008. V. 53 (12). P. 641-651.

11. Cai L., Koziel J.A., Kerr B., Trabue S. Effects of
dietary treatment on odor and VOCs emitted from swine ma-
nure lingshuang (lowa State University Animal Industry
Report 2009) [dnexrponmsiii pecype| https://lib.dr.iastate.
edu/cgi/viewcontent.cgi?referer=https://www.google.co
m/&httpsredir=1&article=1477&context=ans_air ([lara
obparmenus: 08.04.2019).

12. Beppuuxos IL.I1., Tpym H.B., Cepames M.U.
Crumynsius GepMeHTHOIT aKTUBHOCTH KUITEYHOTO X1~
Myca B 3aBUCUMOCTU OT BapUAHTOB IIPUMEHEHUA 11e0/JInTa
u runoxioputa // Becruuk ATAY. 2012. No 7. C. 64-65.

13. Tapacos C. CrangnHaBCKMil OMBIT CHUMKEHUS
HKOJOTMYCCKNX PUCKOB MPU WHTEHCHBHOM MTPUMEHEHNN
opranmyecknx ypodpenuii // MemuyHapoHblii ceabeKo-
xossiicrBentbiit srypruait. 2017. Ne 3. C. 32-37.

14. Yenernu W.B., Augpusimiuna T.B. Buibpocn
maxydnx Beriects B armocdepy. [Ipobmemsr u permenns //
Becrnur Kazamckoro TeXHOTOTHTECKOTO YHUBEPCHUTETA.
2013. N 10. C. 80-83.

15. Munarosckuit A.@., [llaruno B.W., Jlapuonosa O.11.,
THopmemkun O.B., Crosinosa JI.®., Axramosa C.C. Uzyue-
Hue GecKUCIOTHOTO Meroja nepepaborku gocdopura
Bsarcko-KaMmckoro mectoposgjieHust B KOMILJIEKCHBIE Y/10-
opernsi // Becrank KazaHckoro TeXHOJIOTHYECKOTO YHI-
sBepenrera. 2016. No 8. C. 43-49.

References

1. Schiffman S.S., Williams C.M. Science of odor as a
potential health issue // Journal of Environmental Quality.
2005. V. 34 (1). P. 129-138.

2. Pinigin M.A., Budarina O.V., Safiulin A.A. Devel-
opment of the hygienic bases of rationing and control of
the groin in the atmospheric air and ways of harmonization
in this area // Gigiena i sanitariya. 2012. No. 5. P. 72-75
(in Russian).

3. Hangartner M. Recommendations on olfactometric
measurements // Environmental Technology Letters. 1985.
V. 6. P.415-420.

4. Winneke G., Sucker K., Both R. Population odour
annoyance is influenced by the hedonic quality of industrial

odours // Environmental odour management: International
Conference. Cologne, 2004. P. 9—-12.

9. Sucker K., Muller F., Bischoff M., Both R., Win-
neke G. Assessment of frequency, intensity and hedonic
tone of environmental odours in the field: A comparison
of trained and untrained resident // Environmental odour
management: International Conference. Cologne, 2004.
P. 219-228.

6. Yatsenko-Khmelevskaya M.A., Tsibulsky V.V.,
Khitrina N.G., Korolenko L.I. Olfactory studies of odor
emissions in Russian enterprises // Biosfera. 2013. V. 5.
No. 3. P. 303-310 (in Russian).

7. Zhu J. A review of microbiology in swine manure
odorcontrol // Agriculture, Ecosystems and Environment.
2000. V. 78. P. 93-106.

8. Slautenko E.G., Petrosyan A.A. Hygienic substan-
tiation of the size of sanitary protection zones for medium-
power pig farms, taking into account the peculiarities of
the spread of odor-forming chemicals in the atmospheric
air // Problemy zdorovya i ekologii. 2018. No. 1 (53).
P.98-101 (in Russian).

9. Sazanov A.V., Terentyev Yu.N., Syrchina N.V.,
Ashikhmina T.Ya., Kozvonin V.A. Production of bioorganic
mineral fertilizers as a direction for the implementation of
non-waste technologies in pig production // Theoretical
and Applied Ecology. 2017. No. 3. P. 85-90 (in Russian).
doi: 10.25750/1995-4301-2017-3-085-090

10. Ciganek M., Neca J. Chemical characterization of
volatile organic compounds on animal farms // Veterinarni
Medicina. 2008. V. 53 (12). P. 641-651.

11. Cai L., Koziel J.A., Kerr B., Trabue S. Effects of
dietary treatment on odor and VOCs emitted from swine
manure lingshuang (Iowa State University Animal Indus-
try Report 2009) [Internet resource] https://lib.dr.iastate.
edu/cgi/viewcontent.cgi?referer=https://www.google.co
m/&httpsredir=1&article=1477&context=ans_air (Ac-
cessed: 08.04.2019). doi: 10.31274/ans_air-180814-952

12. Berdnikov P.P., Trush N.V., Serdcev M.I. Stimu-
lation of the enzyme activity of the intestinal chyme, de-
pending on the uses of zeolite and hypochlorite // Vestnik
AGAU. 2012. No. 7. P. 64—65 (in Russian).

13. Tarasov S. Scandinavian experience in reducing
environmental risks with the intensive use of organic
fertilizers // Mezhdunarodnyy selskokhozyaystvennyy
zhurnal. 2017. No. 3. P. 32-37 (in Russian).

14. Chepegin 1.V., Andriyashina T.V. Emissions of
odorous substances into the atmosphere. Problems and
solutions // Vestnik Kazanskogo tekhnologicheskogo
universiteta. 2013. No. 10. P. 80—83 (in Russian).

15. Minakovsky A.F., Shatilo V.I., Larionova O.I.,
Dormeshkin O.B., Stoyanova L.F., Akhtyamova S.S. Study
of the acid-free method of processing phosphate rock from
the Vyatsko-Kamsky deposit into complex fertilizers //
Vestnik Kazanskogo tekhnologicheskogo universiteta.
2016. No. 8. P. 43-49 (in Russian).

Teoperuueckast u npurnaguas sroaorusi. 2019. Ne 2 / Theoretical and Applied Ecology. 2019. No. 2



IJROTORCNROJIOINA

YR 546.3:581.17 doi: 10.25750/1995-4301-2019-2-121-130

TecTupoBamnne yetoitunBOCTH Pa3HbIX (DOPM TUMEH s
(Hordeum vulgare L..) Kk TOKCUYeCKOMY TeiICTBHIO aTIOMIHWS

© 2019. H. B. Kononenxo', k. 0. 1., B. u. ¢., . A. Yaoan', k. 6. n., B. H. C.,
E. A. Cmupuosa'-2, 1. 6. u., npodeccop, 3as. tadoparopuei,

. I'. lllupoxux?, 1. 6. u., 3aB. 1adboparopuei,

0. H. lllymrenosa ?, k. 0. u., c. u. ¢., E. H. bapanosa !, k. 0. u., B. H. c.,
' BHUWN ceabeckoxo3stiicTBeHHON OMOTEXHOJOTUH,

127550, Poccust, r. Mockna, yi. Tumupsizescras, . 42,

2MI'Y nm. M. B. Jlomonocosa,

119234, Poccust, r. Mockga, Jlenunnckue ropwi, 1. 1,

3 Mepmepanbubiil arpapubiii Hayuabrii mentp CeBepo-Bocroka,

610007, Poccusi, r. Rupos, yu. Jlenuna, 1. 166a,

e-mail: nilava@mail.ru

ToKkcHYHOCTD AMTIOMIHIS B YCJIOBUAX KUCTBIX OYB CO3AAET IJIst SUMEHs 3HAUYNTeNbHbIe TPY/HOCTH B peajn3ariun
norentana npojpykrusuoct. Pazpadorka apdekTuBHBIX TeCT-cucTeM [ BhisiBIeHUs 1 0TOOpa yCTOMUNBBIX TEHOTUITOB
ABIACTCA al{'l‘yaJleOﬁ 33][3‘19]?[ B CBA3M C yBeJInueHneM BO BCeM MUpe 3eMeJIbHbIX yTo[iun Il ¢ MOBBIMMEHHON KICJIOTHOCTHIO.
Jlist BBIsIBJIEHIST 0COOEHHOCTEl peaKIni PacTeHN Il Ha TOKCHYeCKoe IeficTBIe aTIOMUHUS NCIOTh30BAJIN TeHOTUIIBI STUMe-
HSI C Pa3JINYHON YCTOMYNBOCTLIO K noHHoi Tokcukamun (copra Bexropopckuit 100, Besoropexnii, Ryrer, o, 999-93
n pererepanTHast inHusg 917-01). B MojiesibHBIX SRCTIEpUMEHTAX ¢ TTOMOTI[I0 METOJ0B IINTOPOTOMETPIH, CBETOOTITHYECKOT
1 BIEKTPOHHOI MIKPOCKOIIIH OXapaKTepU30BaHbI CTPYKTYPHO-(PYHKITHOHATIbHbBIE 0COOEHHOCTH KIETOK KOPHEBOTO YeXJIIKA
MPOPOCTKOB STUMEHS 1 YCTAHOBJIEHbI IIUTOJOIMYECKIe MapKePbl, IIPUTOIHBIE [T CO3AAHUS TeCT-CUCTeMbl paHHell Inarto-
CTUKU YYBCTBUTEJIbHOCTU 'eHOTUITIOB AYMEeHA K aJIllOMNHWIO. Peam (1A pacTeHm i Ha BOS}LeﬁC'FBl4e AJJTIOMUHIA 3aRJII04Yaa1ach
B U3MEHEHUSX MUTOTHYECKOTO NH/IEKCA, THOM PAcIIpeie/IeHIN KJIETOK KOPHEBOIT MepuceTeMbl 110 (hazaM KJIeTOUHOTO KA,
0CODEHHOCTSIX HAKOIIJIEHUS 3allaCHBIX BelecTB (KpaxMasibHble 38pHA), KaK MPeJIoaraeMbiX MapKkepoB YyBCTBUTE b-
HOCTI. y YYBCTBUTEJIbHBIX K aJJIOMUHWIO TeHOTUTIOB (COpT 3.1[0) , HPU TORCUYECKROM BO3[[€I7|CTBV[ n Ha6JI opaIn 1ecTpyRrIimnio
KpPaxXMaJIbHBIX 36peH B KJIeTRaX KOPHEBOTO YeXIMKA, TOT/Ia KaK Y TeHOTHIIOB YCTONUYMBLIX (copT besoropekiii), HAIpoTus,
CTPYKTYpa KpaxMa/JbHbLIX 36peH B KIeTKax coxpaHsnach. llpepnaraercsa mcionb3oBaTh NpuKN3HeHHOe OKpaIINBaHIe
KpaxMaJibHbIX SépeH B RJEeTRaX KOPHEeBOI'o YexJimka 1eJioro Kopelika B KauecTBe TecTa Ha YyBCTBUTE/IbHOCTL pacTeHM i
SUMEHS] K TOKCHYECKOMY JIeHCTBITIO allOMIHUSI.

Karouesste crosa: mouBeHHast KUCJIOTHOCTD, AIIOMIHII, KOPHEBOI YeXJINK, KpaXMalibHble 36pHA, eCTPYKTHBHbIE
U3MeHeHUs.

Testing the stability of different forms of Hordeum vulgare L.
to the toxic action of aluminum

© 2019. N. V. Kononenko'
E. A. Smirnova':?

ORCID 0000-0001-6064-20117 1+ A Chaban'
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Combined effect of aluminum toxicity and acidic soil conditions is the major problem for barley productivity in
certain areas of crop cultivation. Therefore the development of effective test systems for the identification and selection
of aluminum-resistant barley genotypes is an important goal, especially for regions all over the world with high soil
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acidity. We used barley genotypes with different resistance to ionic toxicity (Belgorodsky 100, Belogorsky, Kupets, Elo,
999-93 and regenerant line 917-01) for characterization of the plant’s reaction to the toxic effect of aluminum. Using
methods of cytophotometry, light and electron microscopy we studied structural and functional changes of the root cap
cells and obtained cytological markers suitable for early detection of the sensitivity of barley genotypes to aluminum. We
showed that the response of plants to aluminum exposure was manifested in changes of mitotic index (MI) and phases
of the cell cycle of meristematic cells, and differences in accumulation of starch grains in the root cap cells. It appeared
thatin aluminum-sensitive genotypes (variety Elo), aluminum induced destruction of starch grains in the root cap cells,
whereas in aluminum-resistant genotypes (variety Belogorsky), the structure of starch grains was well preserved. We
propose to use the live staining of starch grains in the root cap cells of the whole root as a test for the sensitivity of barley

plants to the toxic effect of aluminum.

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

[To o6béMam TTPON3BOCTBA 3epHA U TTOCEB-
HBIX 1omaent sumensb (Hordeum vulgare 1..)
3aHIMaeT 4YeTBEPTOe MecTo B MUpe cpeu 3ep-
HOBBIX KyJIbTyp. B cezone 2017—-2018 rr. noces-
Hble TIomaan ssumernst cocrasuan 49,04 vt ra,
BToMm unce 7,7 mun ra 8 Poccuiickoit Memepariun
[1]. I[TosToMy yBenueHme yeTOMUMBOCTI U YPO-
FRATHOCTI STUMEHS K Pa3JIMIHbIM d1auaecKkum
cTpeccam siBJISIeTCS aKTyaabHOM TTPOBIeMOii.

K amcny mmpoko pacinpocTpaHénubIx (1mou-
™ 70% mMupoBoro QoHga MaxoTHBIX 3eMeJh)
srauuecKX CTPeccoB OTHOCHUTCS TTOBBIIIIEHHAS
KHUCJOTHOCTH [TOYB, 4ACTO yCyTy0JisieMast TOKRCUYHO-
CTBIO B KUCJIOM cpejie noHOB aimtomunus. Mounas
TOKCUYHOCTH CO3/1a6T ISl sSTAMEH s BHAUMTeIbHbIe
TPYAHOCTH B pPeayn3arium moTeHInana mpopLyK-
TuBHOCTH. CUMIITOMBI TIOPAKEHUS ATIOMUHITEM
MOTYT OOHAPY/KUBATHCS B PA3JIMYHOE BPEMsI 110-
CJIe TOKCHMYECKOTO BO3JICMCTBIS — OT HECKOIBKIX
MEHYT 0 YacoB uin gazke cyrok [2]. Ropuesas
cucTeMa pacTeHuil SBJSeTCS MepBOHAYATbHON
MUTIEHbIO ICHCTBIS ATIOMIUHIS HA OPraHN3MeH-
HOM ypoBHe [2], Toria Kak Ha KIeTOYHOM YPOBHE
nospeskpatores siepuast [IHR [3], appoimgn [4],
MUTOCKeeT [ D], mrazmarnyeckie MeMopansr [6].
B pesynbrare feiicTBUs BHICOKUX KOHIIEHTPAIIUii
ATIOMUHIST BO3HUKAIOT TeHOMHbBIE I XPOMOCOM-
HBIe MYTAT[NH, YTO YUNTHIBACTCS TIPU BHIACHCHTT
CTeNeHN TOKCMYHOCTH aJIOMUHWS HA PAHHUX
cTajusiX OHTOreHe3a stuMeHst [7]. AnoMuHmii
MHIUOMPYET MPOIecchl RIACTOUHOTO TeJTeHs,
PACTSReH IS KIeTOK I TPAHCMeMOPaHHOTO TPAHC-
nopra [8, 9].

[Toyt BO3EIICTBIEM QTIOMUHISA B MTEPBYIO
oyepelb CHUIKAETCS JIJIIMHA KOPHsI, N3MEeHseTCs
ero 1BeT, NCKPUBJISAIOTCS, PeLyIlPYIOTCs KOp-
nesbie Bosockn [10]. B pesynwrare acuuxpon-
HOTO U pajinabHOTO JIeJeHNUsI KIeTOK KOPTeKca
UBMEHSIeTCs TOJINHA KOPHEHl U BO3HUKAIKOT
MexaHmdeckue moppesruenus snugepmuca |11,
12]. Boi3BanHble anioMUHUEM HapPYyIHICHUS CO-
MPOBOK/IAIOTCST PE3KUM TIa/[eHNEM BCAChIBAIOIIEH
CTIOCOOHOCTH KOPHEBOI CUCTeMbI 1T KaPIITHATHHO
U3MEHIOT HOPMaTbHOe CHaOKeHe pacTeHuil
BOJIOIT 1 pyieMeHTaMu utanus [2].

Cosmanme copToB, TOJEPAHTHBIX K NOHAM
AJIIOMUHUS, TT0O3BOJIsIeT COKPATUThL [MOTePH He
TOJIBKO OOYCTOBICHHBIC HU3KIM ¢OOPOM 3epra,
HO U CBSI3aHHBIE ¢ N3BECTKOBAHIEM KUCJIBIX [TOYB.

[Ipumenenne KIeTOYHON CeTEKINN 3HAYN-
TeJILHO PACIITIPSIET BO3MOKHOCTI TPAUITIMOHHBIX
METOJIOB CO3JIaHMs MCXOHOTO MaTepuana. Vzyue-
HUe DIUTEeHeTUYeCKNX N3MEeHEeHU T pudocoMarh-
noit (35S) JIHK, conpoBoskiaommx KJIeTouHyo
nepugdepentimanuio n guddepentuauio, mo-
KazaJio, uto B iefindepeHImpoBaHHOM KaJLIyCe
MopienbHOoTo pacrenust Nicotiana tabacum, 1o
CPAaBHEHUIO ¢ JIUCThsIMI, HAOTIO/A/I0Ch CHIKe-
nue metusanpoBanus o [IM (muro3nn-ryannm)
u [JIT (1urosun-11000ii HYRJI€OTH/-IYaHUH ),
n OHO He OBIJIO CAY4YailHBIM, a 3aTParnBasio
oTTpesiesIEHHBIEe CeMelcTBA TeHOB pUOOCOMATLHOI
JIHHK [13]. Takum obpasom, crajus TOTHIIO-
TeHTHOCTH W TPOJIMQeparmm Kaaryca comnpo-
BOJK/IAETCS CHUKEHMEM MeTUJIMPOBAHWS W, CO-
OTBETCTBEHHO, YBEJIMYEHUEM DKCITPECCUN P
pubocomanbubiX TeHoB. [Ipu aTrom perenepupo-
BaHHBIE 13 KAJIJTYCOB PACTEHMS JUIITh YaCTUIHO
BOCCTAHOBJINBAIOT METUJIMPOBAHIE COOTBETCTBY -
IOIIUX [T0CJIe/I0OBATETLHOCTEI, B pe3yJ/brate 4ero
MOSABJISIOTCA COMAaKIOHBI, OTINYAIONIECs 110
PSY TPU3HAKOB OT UCXO/HOTO reHotuta. [1po-
BeJleHIe 0TOOPOB KALTYCHBIX JIMHWT in vilro Ha
KUCJIBIX CeTeKTUBHBIX CPeIaxX ¢ aTIOMIHUEM 110~
3BOJISIET BLISIBUTH CPEIU HIUX (DOPMBI € IIOBBITIICH-
HOIT YCTOMYMBOCTHIO K TOKCMUHBIM noHam [13].
[Tpu prom BaskHOe 3HAUEHUE UMeeT pa3padboTKa
COOTBETCTBYIONINX KPUTEPHUEB, TTO3BOJAIOIINX
MPOBOJINTH CPABHUTEILHBIT aHATN3 NCXOJHBIX
COPTOB ¥ IMOJYYEHHBIX dKCITEPUMEHTATbHBIX
anuauii [14-16].

U3BecTHO, 4TO 110 TIPUBHAKY YYBCTBHUTE -
HOCTH K aJIOMUHUIO OT[eJIbHbIe BULI 1 JaKe
copTa pacTeHu it MOTyT 3HAUYNTE/IbHO Pa3JInYaThCs
[17]. Obramarorme yeTOMUYMBOCTHLIO PACTeHUS
B HACTOSIIEe BPeMS aKTHBHO MCIOJIb3YIOTCS
st UeHTHOUKATINNA TeHOB, KOHTPOJUPYIOMIITX
aJNTOMOTOJIePAHTHOCTH. BMecTe ¢ TeM, upe3Bbi-
4aliHo BasKHO pazpaboraTh Takue KPUTepuu u
TECT-CUCTEMbI /TSI OIEHKI ToJIepaHTHOCTH (MK,
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HAaob0POT, YyBCTBUTEIHHOCTH ) NCXOHOTO Mare-
puajia, Koropbie 1mo3BoJAT fuddepeHiiupoBarth
(pyHRIIMOHATBLHO pasanyHble JTUHUT 1 (POPMBI
6e3 npuMeHeHUsI JJOPOTOCTOSIINX TeXHOJOI Uil
7 JUTUTeNBHBIX TToJIeBbIX uenbitannit |[18]. Bos-
MOJKHBIM TIOJIXOJIOM K ATOMY sIBJISIETCS NCTIOTH30-
BaHUe B COBPEMEHHOM CeJIeKIMOHHOM POIiecce
IUTOJOTHIECKITX MAaPKEPOR.

[lennio Hacrosiero mccaeoBaHnus ObLIO
BBISIBJIEHNE KJIETOUHBIX CTPYKTYp, Hambosee
YYBCTBUTEJAbHBIX K TOKCHYCCKOMY J[@ICTBUIO
TIOMUHIS, JIJIST PAHHEI IMarHOCTHKI YCTOH Y-
BOCTH sTUMEHS K 91auecKoMY CTPecCy.

MarepuaJibl 1 METO/IbI HCCACTOBAHUS

B pabore nciiosnbzoBain pazandaioninecs mno
TOJIEPAHTHOCTU K alioMIHNI0 copra bearopos-
cxmit 100, Rymert, 999-93, cosmamnnie metogamn
TPAJMITMOHHON CeJeKI[NN, U pereHepaHTHYIO
auaunio 917-01, nonyuennyio 3 copra 999-93
B pe3yabTaTe RIACTOUHON CeTeRITNN Ha YCTOMUMI-
BOCTD K asoMuumio. [Ljist uayvuenus crpyKkrypHoii
OpraHm3anuy KJIeTOK KOPHEeBOTO YexJmKa 1mpo-
POCTKOB sTUMEHS NCITOJB30BAIN CeMeHa STUMer st
coproB benoropekuit u dno. Cemena Kasguoro
reHOTUTIA OB TIOJYUYeHbI B PE3yJIbTaTe pPerpo-
AYROUU HA IBYX KOHTPACTHBIX ITOYBEHHbBIX (bOHaX
B YCJIOBUAX BereTalluoOHHOTO OllbITa, OIIMCAHHO-
ro panee [19]. [leprnoBo-mofzonncras moysa B
OJTHOM CJTydae XapakTepu3oBaiach CojepsRaHnem
nopasrHOTO amomuuns 12,0 mr/100 r noussr,
pH_, 4,0; B 1pyrom — He copepsKaia mOABMKHbBII
amomummit, pH_ =~ 5,5. Cemena, mosydennoie B
KOHTPACTHBIX TIOYBEHHBIX YCJOBUSAX, TPOPATILH-
BaJII B TeUEHITE CYTOK B IUCTULTIPOBAHHOI BOJIE
B repmocrare ripu 21-23 °C. [Ipopociiue cemena
MOMEIANN MEsKILY JIBYMs CJIOSMU YBJIAyKHGH-
HOI (punabTpoBaibHON OymMarn u GopMUpoBaAIN
pyJsionbl, Kotopbie Ha 1/3 BRICOTHI TTOMeTIaIn B
Bojy (pH 5,8-6,0) wiu B pactBop, B KOTOpHIit
OB mobaBeH cyabdar aTfoOMIHISA 13 pacuéra
KOHEUYHOW KOHIeHTPANNN MOHOB amiOMUHN S
40 mr/i1, cornacHo cxeme orrbita. /st mosyderus
MPOPOCTKOB éMKOCTH ¢ PYJOHAME TTOMEITaJIH
B repmoctar mpu 21-23 °C 1a 5 cyrox.

Peaxnuio KieTok KOpHEBOI MepuCTeMbl
MPOPOCTKOB HA TOKCHYECKOE JIeHCTBIE atoMI-
HUS OMEeHUBAIN 10 BeJNYNHE MUTOTHYECKOTO
nunexca (MU) u pacrnpepesneHnio KIeTor 1o
(azam KJIETOUHOTO TMKJIA: COOCTBEHHO MUTO3
(M), npecunrernueckuii (G,), cunrernyeckuii
(S) m nocrcunrernyeckuii (G,) mepuosbL.

[uroporomerpuueckmii ananns. Ronunku
ROPHS Pa3MepoM OKOJI0 4—d MM UKCUpoBaIn
B CMeCH DTaHOoJIa U YKCYCHOU KUCJIOTHI (B CO-

ornomennn 3:1) B revenne 3 wac. Marneparuio
KOpHell TTPOBOJIIIIN B PACTBOPE, COflepsKalem
0,4% mesmonassr («Sigmay, CIITA) 1 0,4% mex-
tunasbl («Merk») B reuenne 2 u mpu 37 °C. [loce
rupposnsa B o HCI (40 mun ipn 22 °C) cycmen-
3110 Kietok okpammBanu peakrusom Iludgda
(«Merk») B reuenne 2 vacos. Copepsranne [|HK
B Afpax uaMmepsaan Ha rurogoromerpe SMP-20
(Opton) ¢ ooberTBOM X 16, oKYyAspOM X 10 11 30H-
mom 0,16 mm. B RavecTBe cTammapra memoab3oBa-
JIU SIF[PA JIeJIATIUXCST RIETOR Ha CTainu Tesio(asbl
(2C) nam meradasw (4C). Beibopra st kaskyoi
AKCITePUMEHTATLHOM TOUKI COCTARIISITIA He MeHee
300 simep. [lammble aHaIM3upPOBAJIN B IIPOTPaMMe
Cratucrnra 5.0.

CseroBasi Mukpockonus. /|5 KauecTBen-
HOTO aHaJan3a OTONpPaIN O OIMNHAKOBBIX 110 pa3-
Mepy IIPOPOCTKOB, He UMEIOIIIX MeXaHUYeCKuX
n MHQERIMOHHBIX noBpeRaeHnii. Orpesann
Je3BMeM 4acTh KOPHs ¢ uyexjankom. [lomyuen-
Hble (pparmenter nomerasnu B 1% pacrsop noma
B MOsI0uHOI Kucsaore Ha 10 mun. Orparinenubie
YeXJUKI KOPEITKOB IIPOCMATPUBAIN B CBETOBOM
MukKpockote npu 20 KpaTHOM yBeJMYEHUU U
(ororpadmposann. RonmdaecTBo moBTOPEHMIT 7151
RasK0ro odpasma — 3.

daexrponnas Mukpockonus. Or roperi-
ROB OTHeJsAIN (PparMeHThl JJIUHOW 4—9 MM 1
durcuposanu B 2,5% riyrapoBoM ajberuje
Ha gocdarnom 6ydepe (pH 7,2) ¢ modbasnennem
caxapossl (15 mr/mi) nBoe cyror (mpu +4 °C).
[Tocrdpurcarmio o6pasitos nposoguan B 1% pac-
tBope OsO,, nerujpataiuio — B HTaHo/e BO3pac-
raiorei koutenrparun (30, 50, 70, 100%) n B
oxcnjie mpommaera. OOpasIihbl 3aKIT0TATN B CMECh
ATIOHA 1 apaJIjiiTa 1o cTaHapTHomy meromy. Jlist
CBETOOTITHYECKOI MIUKPOCKOTINI «TTOJTYTOHKIE»
cpesnl (oroso 1000 MEM TOIIUHOI) MOHTHPO-
BaJIN Ha IIPEJIMETHbIE CTEeKJIA, BAKII0YaJIN B DIIOH,
nonumMepusoBanu npernapathbl 1 cyrru mpu 60 °C
u pororpadupoBan ¢ NCIOTHL30BAHIEM MUKPO-
ckona Olimpus BX51 (fmonus), obopymnoBanHo-
ro iudpooit kamepoii Color View (I'epmanmus).
Perucrparus nsobpasenuii npoBojuiaach ¢ mo-
MOIIbI0 (DAB0BO-KOHTPACTHOI MUKPOCKOIINN.

Pesyabrarel n o6cy;rienne

Bausinue BbICOKOIT KOHIEHTPATNT MOHOB
amomuaus (40 Mr/i) Ha TIporece MPOXOsKIIe-
HISI KJIETOYHOIO HUKJIA KJIeTKaMU KOpPHeBOI
MEePUCTEMBbI TTPOPOCTKOB SIYMEHS OTIPe/essiin
¢ TIOMOTIBIO TUTOHOTOMETPUUECKOTO aHATN3A.
Pacnipenenenne kieror mo ¢gasam KJI€TOYHOTO
IIKJIA Y TTPOPOCTKOB M3 CeMsIH, PeTpoLyInpo-
BAUHLIX HA [I0YBe ¢ AJIIOMUHIeM 1 6e3 1ero, OLLI0
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pasamanbiM. VI3BecTHO, 4TO KIOTKI, HAXO/SCH B
nocreunrernyeckoii (G,) gase, apasiores donee
YYBCTBUTEIbHBIMI K CTPECCY 110 CPABHEHUIO C
KieTkamu B npecunrternueckoil (G,) gase, u
yBeJIMYeHNe X KOJUYECTBA CBUIETEIBCTBYET O
crpeccoBom Boapietictsun [20]. TonepanTHOCTH
K QJIIOMIHITIO OTIeHIBAJIH TI0 KOJTMYECTBY KIETOK
B G, dase. Takr, y mpopocTKOB suMeHs COPTOB

Benropopcknii-100 nu Kyrmer, monyyeHHbIX 13
CEMEHHOTO IMOTOMCTBA, BBIPAIEHHOIO HA 10-
YBaX, COMEPIKANUX AJIOMUHNTI, B KOHTPOJIE
oT™MeueH OJOK (HAKOTIJIeHNe KJIETOK B OTHON
n3 ¢as, npuBopsAlee K OCTAHOBKE KIETOYHOTO
nukna) B G, dase, nnrubupyrommuii genenne,
9TO TPUBOMUT K CHUZKEHWIO POCTA M YPOKAS.
B omwite y copros Besnropopckuii-100 u Ryrery

A
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o\oo
2 8 60
: g
5S40
2“5
F
52 201
5 g
E
LN 0
=
K 0]
1
Copr, Bapuanr / Variety, variant
B
80
OG1
oS
B G2
= 60
&
)
o
33/10 I a
5 2
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=
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Copr, sBapuanr / Variety, variant

Puec. 1. Biusinue BRICOKIX KOHIIEHTPAIINIT AJTIOMUHNUST HA PACIIpejieieHne RIeTOK 110 hazaM KIETOUHOTO KA
KOPHEBOIl MepUCTeMbI ITPOPOCTKOB STIMEHST, TTOTYYeHHBIX 13 CEMEHHOTO TIOTOMCTBA, BBIPAIIIEHHOTO HA TIOYBaX,
coptepsramux asmomuunii (A) u npm ero orcyrersuu (B): 1 — copr Bearoponcruii 100; 2 — copr Rymer;

3 —copr 999-93; 4 — nunus 917-01; K — kourposn; O — onbir
Fig. 1. Effect of high concentrations of aluminum on the distribution of cells in the cell cycle phases of the
rool meristem of barley seedlings obtained from seed progeny grown on soils containing aluminum (A)
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and in its absence (B): 1 — variety Belgorodsky 100; 2 — Kupets variety;
3 — variely 999-93; 4 — line 917-01; K — control; O — experiment
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Copr, Bapuant / Variety, variant

Puc. 2. Biusinue aTioMUHIS HA MUTOTHYECKUIT NHIEKC KOPHEBOI MEPUCTEMbI IPOPOCTKOB sTUMEH],
BBIPOCIINX M3 CEMSH PACTEHUIT, TPOU3PACTABINNX HA TOYBE ¢ AITIOMIHIEM 1 0€3 aJTIOMUHIS:
1 — copr Besropopcknii 100; 2 — copr Kynerr; 3 — copr 999-93; 4 — iunusn 917-01; K — gourpoan; O — ombir
Fig. 2. Effect of aluminum on the mitotic index of the root meristem of barley seedlings grown
from plant seeds grown on soil with aluminum and without aluminum: 1 — variety Belgorodsky 100;
2 — Kupets variety; 3 — variety 999-93; 4 — line 917-01; K — control; O — experiment

MaKCMMaJIbHOE KOJMYEeCTBO KIETOK HAXO/[UTCS B
daze S (Ppaze cunresa). Y copra 999-93 u munnn
917-01 rax B KouTpoOIE, TAK 1 B O1IBITE 010K B G,
dasze orcyrerByer. ¥ copra 999-93 konuuecrBo
k1eTok B G, ase B onbiTe BHIIIE O CPAaBHEHNIO
¢ KoHTpoJieM (B 2 pasa), 4To CBUIETELCTBYET O
MEHbBILIEH YCTOMYNBOCTH OIBITHBIX PacTeHU. Y
muann 917-01 onbrrabie pacrenns B G, gase B
MEeHbIIIeN CTeTIeHI OTJINYAIOTCS OT KOHTPOJIBHBIX,
1o cpasuenmnio ¢ pacrenussmu copra 999-93, uro
HPeIoIpeielisieT TOJTePAHTHOCTh K a/TIOMUHUIO.
[Tpu anammse mpopocTKOB sTAMEHSI, IOy 4YeH-
HBIX 13 CeMsTH, PeIpo/yI[UPOBAHHBIX Ha I0YBE
06e3 anomMunusg, soipesaserca aguunug 917-01,
OIIBITHBIE PACTEHWSI KOTOPOIi, B OTJIMYIE OT KOH-
TPOJIsi, COJlePsKAT MEHbIIlee KOJUYECTBO KIETOK
B G2 ¢ase. IIpopoctru 917-01 nposiBuiu 6051b-
MIyI0 YCTOWYUBOCTH B CPABHEHUN € MCXOIMHBIM
coprom 999-93, n3 Koroporo paHHast JUHUs ObLIA
oTobpaHa B RAJUIYCHOI KYJIbTYpe Ha KUCTBIX ce-
JIGKTUBHLIX cpefax ¢ ajmomunuem [19]. Jlunns
917-01 B aTOM ciryuae TPEBOCXOJNIA TARIKE 110
yeroitunBoctu copra Rymern Benroponcxuit 100.
Tarkum obpasom, pe3yabTarsl 1uTO(HOTOME-
TPUYECKOTO aHAJII3a paciipejiesieHnsi KIeTOK 110
azam KJIeTOUHOTO UK/ CBUIETEThCTBYIOT, YTO
pacrenns sumens renotrunos 917-01 n 999-93,
PerpoyIuPOBAHHBIE B YCJOBUSIX TOKCUUHOCTH
MOHOB aJIIOMWHUS, JIYUIIle TIePeHOCST er0 BhICO-

Kne KOHIeHTPAIIY, 110 CPABHEHUIO ¢ TPOPOCT-
ramu renorunioB Rymen u Benropopcruii 100,
PeTpOLYIINPOBAHHBIMI B TEX jKe YCJOBUSIX.

B pesyanrare 00paborku KopHeil IpopocTKOB
BBICOKNMU KOHIICHTPATUSIMU JTIOMIUHIS BBIsIBJIC-
HBI Tarsre namMenerust MU. Y nmpopocTroB imHNT
917-01 1 copra 999-93, noryueHHBIX 13 CEMEHHOTO
MOTOMCTBA, BHIPAIIIEHHOTO HA [I0YBAX, COJIePRATIIIX
amomuanii, MU cHmsraics y onbITHBIX pacTeHuin
(B 1,2—1,3 pasa) 110 cpaBHEHUIO ¢ KOHTPOJIEM, & Y
copros Rymer n bBerrropopexuit 100 mosbitmasnics mo
cpaBHeHuio ¢ kourtposem (B 1,3—1,6 pasa).

Y TPOPOCTKOB, TIOJYUYEHHBIX 13 CEMEHHOTO
MOTOMCTBA, BBHIPAIIEHHOTO HA IMOYBaX 0e3 asio-
vunust, MU camskaics y onbITHBIX pacTeHUI 110
CPaBHEHUIO ¢ KOHTPOJbHBIMI Yy coproB Rymerr,
999-93, sunnn 917-01 (8 1,2—1,7 paza), a'y co-
pra Benropopckuii 100, naobopor, moBsiancs
(B 1,2 paza) (puc. 2).

ITO TOBOPUT O TOM, YTO YCJOBHUS PEIPOIyK-
UK ceMsTH (B IIPUCYTCTBUY QTIOMUHUS Win Oe3
HEro) MOI'YT OKa3bIBaTh BIUSIHIE HA YCTONYIBOCTh
IIPOPOCTKOB K aJIlOMUHUI0. UyBCTBUTE/ILHOCTH
K ajioMuHmnio perenepantroin guaun 917-01
B OOJIbINEHl cTeleHy 3aBucejia OT YCJOBUI pe-
HPOYKIINN CeMsTH, YeM 4YBCTBUTEIbHOCTH WC-
xoznoro copra 999-93. Bosmoskito, 510 BbI3BaHO
AMUTeHEeTHYECKON HeCTabMILHOCTHIO B CBS3N
¢ nposejennem reqorura 917-01 uepes rasnyc-
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Hyio Ryaerypy. V3BectHo, uro snurenernveckne
coObITHsT — aMIInUKaIMs TeHOB U METUINPO-
BaHUe — POUCXOJIAT B ieindepeHInpoBaHHbIX
KaJIITYCHBIX KJIeTKaX ¢ 60JIbITIeli MHTeHCUBHOCTHIO,
4yeM B MHTaKTHOM pacreHun |21, 22].

[Tockonbry hopma, 7IHA, TONIUHA KOPHS
U TPaBUTPONMYECKAs HATIPABICHHOCTh POCTA
(BpIpaskaBiiasics: B uckpusyaenun kopueit) [10]
CYIIECTBEHHO Pa3andajich y MCCTeIOBAHHBIX
PeHOTHIIOB, MbI TTPEITIONOKIIN HATNYNE CBA3U
MESKILY DTUMU HapyIIeHussMu 1 JOpMUpoBaHIEM
KpaxMaJibHbIX 36peH (CTaToJIMTOR), OTBETCTBEH-
HBIX 32 TPABUTPONITYECRYIO PEAKITNIO, B KIETKAX
KOJIYMeJIJIbl (0ceBast 4acTh YeXJnKa) KOPHs.
B cBs3u ¢ 91UM MBI HCCITEIOBATIN CTPYKRTYPY KOP-
Hell IPOPOCTKOB STYMEHs Ha TIOJYTOHKIX cpe3ax,
oTMeuasi CTPYKTYpHbIe U3MEHEHUsI B YeXJMKe
KOPHSI.

Jlnst usydenusi CTpyRTYPHOI OpraHusarin
KJIETOK KOPHEBOTO YeXJTNKA TPOPOCTKOB STUMEH I
MCIOAb30BaNN ceMerna copros bemoropekuit n

AJI0, OTIIMYAIOIINXCS 0 coJieycroitanBoctn [23].
Bbio mokasano, uro y npopoctkoB benoropekmii
KpaxMajbHbie 36pHA B RJIETKaX KOJYMeJJIbl
He pa3pymainch U COXPAHSJIN 1eJOCTHOCTD,
TOT/IA KaK y AUMEHS copra JJio HadIoxanach
MeCTPYKINS KpaxMaJdbHBIX 36peH U paspyiie-
HITe CTaTOJIUTOB B KJAETKAX KOPHEBOIO 4eXJIN-
Ka (puc. 3). BospeiicTBue moHOB amioMUHUS
(40 Mr/J1) HA KOPHU TIPOPOCTKOB STUMEHS M3Me-
HITO0 MOPQOJOTHIO KIETOR YeXJINKa, Hanboyee
CUJIHHO MPOSIBUBIINCH Y copTa A0, ¥ KOTOPOTO
HaOJIo/Ia/In BhIpasKeHHbIE JIe(DEeRThI CTaTOINTOR
KRoJymMe bl yexsinka. HemaBHo morasano, 4to
JieficTBIe MOHOB aMIOMUHNS BbI3bIBAET YMEHb-
IMeHue coflepsRaHmsl KpaxmMasaa B JHMCThSIX das
[24]. Takum obGpas3om, MBI TipejIogaraeM, 4To
CYIIeCTBYET TeCHasl CBSI3b MEJKILY UBMEHEeHUsIMU
CTPYRTYPHI KPAXMATBHBIX 36peH 1 HedIarompm-
ATHBIMI YCJOBUSIMU CPeJIbl (3acyXa, HU3Kast Nin
BBICOKAsi TeMIlepaTypa, AeiicTBue HeKOTOPBIX
XUMHUUYECKUX BetrecTB) [25—27].

Puec. 3. Brusinue anioMunms Ha cTpyKTYpPY KPaXMaJIbHBIX 38PeH B KJICTKAX KOPHEBOTO YeXJIIMKA TPOPOCTKOB
samenst. Oonextns x40. Copr Bemoropeknit: a — kouTposb, b — amommamit 40 mr/i;
copt Jio: ¢ — KoHTpoab, d — amomuauil 40 mr/n. O6o3HaueHNsT: CTPEJIKA — KpaXMalibHbIe 36PHA;
* — IecTpyKRIMs KpaxMaJbHBIX 36peH. Macirabubiii orpe3ok 400 MKEM.
Fig. 3. Effect of aluminum on the structure of starch grains of the root cap cells of barley seedling.
Lens 40 x. Variety Belogorsky: a — control, b — aluminum 40 mg/L; variety Elo: ¢ — control, d — aluminum
40 mg/L. Legend: arrow — starch grains; * — destruction of starch grains. The scale bar is 400 pm
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Puec. 4. Yabrpactpykrypa KIeTOK 4eXJanKa Kopus ssumens copra bemnropopcxuii 100
(a — KouTpOsTH; b — amomuawit 40 Mr/m1) m copra Ao (¢ — KouTposTH; d — amomunmit 40 Mr/1).
ObGosHaveHus: N — AP0, V — BAKYOJIb, S — KPAXMaJbHOE 36PHO, CW — KJIOTOUHAS CTeHKA,
* — ecTpyRIUs KpaxMasibHbIX 3épen. Mactirabublii orpe3ok 00 MEM
Fig. 4. Ultrastructure of the root cap cells of barley variety Belgorodsky 100

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

* — destruction of starch grains. The scale bar is 50 um
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Jlns yrounenus cTpyKkTypHO-QYHKIINO-
HAJbHBIX HApPYIIeHUI CTATOJIUTOB B KJIeTKaX
ROJIYMEJIITbI KOPHEIT TP1 BO3/eiCTBIT aTIOMITHU S
HPOBOJUIN 3IeKTPOHHO-MUKPOCKOINUEeCKUI
ananua (puc. 4). MumensmMu ToOKCUIECKOTO
meficTBUA alfOMUHUSA ABJIsINCH nuddepeniin-
POBaHHBIE KJIETKI KOPHEBOTO YeXINKA: COXPAH-
HOCTB CTATOJINTOB, IPE0OPa3oBaHMe BAKYOJIeil I
MOBPEKCHNA TNTOTIa3MaTHIeCKNX MeMOpan
KJIeTOK KOpHeBOil MepucreMbl. Pamee mamm yxe
OBLTO TIOKA3aHO, YTO B KAUECTBE IIUTOJOTHIeCKIX
MapKepoB YyBCTBUTEIHLHOCTI PACTeHMIT K Jieli-
CTBUIO QTIOMITHISI MOJKHO NCIIOJIb30BaTh JAHHBIE
110 CTPYKTYPe sijiep, s/IPBIIIeR 1 BARYOJIeil KIeTOK
mMepucreMbl RopHs [12].

OpmHaKO MeTOJIbI TPAHCMUCCHOHHON MUKPO-
CKOINM JOCTATOYHO TPYAOEMKU U IIPOJOJI-
JKUTEJHLHBI 10 BpeMeHM, MOYTOMY B JIAHHOM
MCCTeOBAHNN MBI PACCMATPUBAJIN BapUAHTHI
HKCITPeCcC-OIeHKN, MCXO/A N3 MOTYyYeHHBIX JIaH-
HBIX HA YIABTPATOHKUX U TMOJYTOHKUX Cpe3ax.

[Tonyuennbie Ha yIBTPACTPYKTYPHOM U CBETO-
ONTUYECKOM YPOBHE JlaHHbIC PAHHEH JMarHo-
CTUKM YCTOMUYMBOCTH SUMEHS K TOKCHYECKOMY
MEeNCTBUIO aJITOMUHS IAI0T OCHOBAHME CUNTATh,
YTO UACHTUMURATNA HATUINA Kpaxmaia B 30-
He YexJMKa, MOKeT OBITH TIpom3Befieria bosee
npocTeiM MeTomoM. B wactHocTn, Bo3MoskHA
BU3YaJIN3aIisa KPaXMaJIbHbIX 36peH B KOJTyMeJI-
Je TTyTéM MPUKN3HEHHON (Ha 1eJoM Koper-
Re) MUTOXUMHWYECKON MeTeRINu TP TOMOTIN
crieruuyeckoil peakum Ha YyBCTBUTEIHHOCTD
pacreHnii sUMeHs K a0MOTUYECKOMY CTPECcCy.
OnTumMusarus TecT-cuCTeMbl JIIST IUArHOCTHKI
YCTOMUYNBOCTH PACTEHUI K aJIOMUHUIO TTPOBO-
aunach Ha coprax sumens bBemoropekuit n 9o
(OTAMYATOTIIIXCS 10 YCTOMUMBOCTH K COJIAM).
Jlisi kKavecTBEHHOI peakIuy HA Kpaxmal 1c-
noab3oBasics 1% Bomubiil pactBop moga. ¥ 2-x
CYTOUYHBIX IIPOPOCTKOB, BBIPAIEHHBIX B BOJE
(KOHTPOJIB) U B pacTBOpe ¢ amioMuHueM (OmbIT),
00HAPYKEHO, UYTO KOHTPOJIbHBIE PACTeHST 000X

Puec. 5. Oxpamiermnie pacTBOPOM MO KOPEIITKI TPOPOCTKOB sraMerst copra beroropekmit
(a — kourpoab; b — cynandar amomunus) u copra Ao (¢ — KOHTPoOJb; d — cyabdar amoMuHms).
ObGosHaueHus:: M — MepUCTEMA, I'C — KOPHEBOI YeX/INK;
* — lecTpyKIusa KpaxmasibHbix 3épen. Macirabublii orpesok 400 MM
Fig. 5. The iodine-stained roots of barley seedlings of the Belogorsky variety
(a — control; b — aluminum sulphate) and Elo variety (¢ — control; d — aluminum sulphate).
Designations: m — meristem, rc — root cap; ¥ — destruction of starch grains. The scale bar is 400 pm
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COPTORB TIO JIORAJIU3ATNY KpaxMaaa B YexJuKe
ROPHS HEe OTJIMYAIoTCs MeskLy codoii. Pacrenns B
OTIbITE, B BABUCUMOCTH OT COPTA, OOHAPYIKIBATOT
orsimunst. Tar, B 4exqamke KOPHs POPOCTKOB sS4 -
MeHsi copra Besoropekuii, npu KOHIeHTpaIn
nonoB antoMmunus 60 mMr/1, obHapyKUBaeTcs
KpaxmaJj. YexJnK KOPHS HPOPOCTKOB SIUMEHSI
copra 9JI0 B TeX jKe YCJIOBUSX MOIBEPTraeTcs
paspyniernio. I'panynpl Kpaxmaia pasMbIThl,
4TO CBUMETENHLCTBYET 0 HEYCTOHUMBOCTU COPTA
R JIaHHOI KoHIeHTpanun amomuans. Ha pu-
CYHKe D TipejicTaBJeHbl poTorpaduu ToTanb-
HBIX TIPErnapaToB KOPEIIKOB, MPUKN3HEHHO
OKpaIlleHHbIX pacTBopoM noja. Kak Bupno ns
HUX, Y KOHTPOJBHBIX PacTeHUIT 000X COPTOB B
KOPHEBOM YeXJIKe MHTeHCHBHO OKPATITNBAIOTCS
KpaxmasbHbie 3épHa (puc. d a, ¢). [locae nmpopa-
MUBAaHNA PACTeHUT B TPUCYTCTBUN aniOMUHNA
OKpacKa KpaxMaJbHBIX 36peH He BU3Yyaan3u-
pyercsiy copra Jiio (puc. d d), Ho HabIOaeTCS
y copra Bemoropermii (puc. 9 b).

Takum 0O6paszom, JaHHbII ITOIXO[ 1O03BO-
aun 46TRo auddepeHIIMPOBATH YCTONUYNBHIE
W HEYCTOWUMBbBIE COPTA TUMEHS 110 CTPYRTYPHBIM
HAPYIIEHUAM, YIBTPACTPYKTYPHOM Opranusarnm
RJIETOK KOJIYMEJITbL U CTATOJIUTOB W O PEJIeJIsAThH
X TIPU TTOMOTIK crielndniecKoil peakiinm.

3ariaoueHue

B mporiecce necmemoBanisa OB TOTYICHBI
DKCIIePUMEHTAIbHBIe JJAHHBIEe 110 BbISIBJIEHUIO
YCTOMYNBBIX TEHOTUTIOB, KOTOPbIE TTO3BOJIUIN
0XapaKTepm30BaTh CUCTEMHBIH KJIETOUHBIN OT-
BeT HA CTPECCOBBIe BO3MIEHCTBISA adMOTHIeCKOT
MPUPOLI (Ha ITpuMepe JelicTBIs aadmaecKkoro
cTpecca — TOKCUYEeCKOTO JIeHCTBIS aTlOMIHIIS )
B KJIETKaX KOPHeIl IPOPOCTKOB sSIYMeHSI.

Ananus pacipesiesieHnsi KIeTok 1Mo azam
RJIETOYHOTO IUKJIA KOPHEeH TPOPOCTKOB STYMEH I,
MOJIYYeHHBIX U3 CEMEHHOI'0 MOTOMCTBA, Bhipa-
IMEHHOTI0 Ha M0YBaX, COlePKAINX aTIOMUHII
U [P €70 OTCYTCTBUM, TOKA3AJI, YTO U3 ITPEeJICTaB-
JeHHBIX 00pasIoB yCTONYNBOCTL K alIOMITHITO
nposisuu ipopoctiu inann 917-01. Copr 999-93
OKA3aJICA CPelHeyCTONYMBLIM. YyBCTBUTETHHbI-
MU K TORCUYHOCTN aTioMITHIs Obiiin copra Rytery
n Besaropopcruit 100. Tarnm obpasom, mporece
MPOXOJKIEHNST KJIETOYHOTO INKJIA B KOPHEBOT
MepucTeMe TPOPOCTKOB STYMEHsT MOFKHO NCIT0JIb-
30BaTh B KayecTBe IUTOJOTHUYECKOTO MapKepa
YYBCTBUTEIbHOCTH PACTEHUN K TOKCHMYECKOMY
JCICTBUIO QJIIOMUHUS,

CpaBHeHue 110 CTPYKTYpe KpaxMaJibHbIX 3épeH
FeHOTUIIOB STUMEHsI, Pas3anvaioNinxcs Mo ycroii-
YUBOCTH K MOHAM aJIOMUHIS, TTO3BOJIMIIO OXa-

pakTepmusoBaTh CTPYKTYpPHO-QYHKIMOHATbLHDIE
npeoOpazoBaHysl Ha KIETOYHOM 1 OPraHN3MeH-
HOM YPOBHAX M YCTAHOBUTH ITUTOJOTHYECKUIT
MapKep (HaJanume KpaxMaabHbIX 36PeH B KIeTKaX
YexJIMKa), KOTOPBIIl MBI IIpefijlaraeM B KauecTBe
MepCIeKTUBHON TeCT-CUCTeMBbI JITIA paHHeil fina-
THOCTUKYM YYBCTBUTE/HHOCTI sTUMeHs K dadu-
YeCKOMY CTpecey.

Paboma evinoanena ¢ pamrax Ilpoepammst
PyndamenmatbHolx HAYUHBLY UCCACAOBAHULL 20-
cydapcmeennvlx akademuit HAyk no 3adanusim
N 0574-2019-002 «Paspabomra skcnepumen -
maabHblx RO0X0006 NOBLLULEHU RPOJYKMUBHOCINU,
a makoice Yycmouuueocmu ceabCK0X03aiucmeen -
HbLX pacmenuil K abuomuieckum u ouomuieckum
cmpeccogulm akmopam memodamnu dGLOMexrHono-
2ul w 2ennoll unncenepuur u N 0767-2019-0093
«Paspabomra u pearuzayus pyndamenmanviste
Hayuno-memoduueckux nodxodog moduruzayuu,
usyuenus, co3danus (6 m. u. ¢ UCROALIOBAHUEM
ouomexnoaozuii) u noddepircanus YHUKAAbHLY
RPUPOOHBLY U IKCREPUMEHINALLHBLL 2EHEMULECKUX
Pecypcos Aposulx 3epHOGLLY Kyabmyp (nuienuya,
AuMensb, ogec); modeneil cOpmMO8 ¢ ROBLLULEHHOLL
nPoJYKMUBHOCMBIO U YCMOUUUBOCINDBIO K Delicmeulo
cmpeccosuvlr GUOMUUECKUX U aduomuueckux far-
mopoe, ¢ YAYywueHHbLMU CeACKYUOHHO-YeHILBLMU
RPUBHAKAMU; MEXHOAOUU YNPABAEHUS NPO-
JYKYuoOHHBLM nPOYeccom ¢ yuémom rdagureckux
u duomuueckux cmpeccogulx iarmopos esponeii-
cko2o Cesepo-Bocmora Poccuu, aokaavrnozo u
2100aAbH020 UBMEHEHUS KAUMAMA 04 PeULeHULs
armyaibislx 3adaw obecnewenust UMnRopmo3ameuie-
HUA U YAYUULEHUA KALeCE8a RUMAHUSL HACEACHU» .
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Modern problems of ensuring ecological safety of consumer products in the Russian Federation are considered, and also
measures forimprovement of the mechanism of regulation of quality and ecological safety in the sphere of consumption are offered.

The methodological basis of the research is the analytical method, which allows to consider the practice of regulation of
the environmental safety of products, the formal legal method, which allows to reveal the systemic connections in legal regula-
tion, regulatory features of legal acts, law enforcement practice in Russia and abroad.

The directions of public administration in the field of environmental safety in terms of improving the legislation in the
field of environmental requirements for production are analyzed. The criteria for greener products are reviewed, the need to
raise awareness among consumers about the product’s properties is identified. Practical problems and directions of further
development of legislation on environmental safety of products are determined.

The problem in the regulation of quality and safety of products is the presence of a large number of evaluation concepts
that carry the initial risk in the regulation of relations between sellers and consumers. The social significance of food, its key
role in ensuring human activity causes an increased interest on the part of the state.

Product safety management is carried out by the state within the framework of technical regulation. Exceeding the
maximum permissible levels of product safety indicators makes it dangerous for consumption. The world food industry uses a
system of hazard analysis according to established criteria. Through the system of hazard analysis at critical points, a technol-
ogy for the safety of the products was created. In a free market, the legislature has significantly reduced the degree of public
danger for violations in the field of environmental safety of products.

The model of legal regulation of product safety issues is based on mandatory technical regulations as framework for regu-
latory documents. According to the authors, the legislation should be developed in the direction of regulation of environmental
protection from the effects of hazardous products. For environmentally hazardous products, all production processes should
be regulated, including product operation, transportation, storage, disposal, i.e. at all stages of the life cycle. In solving this
problem, itisimportant to ensure the optimal combination of state technical regulation with the economic freedom of producers.

Regions should independently develop legislative acts relating to the regulation of the quality and safety of products in
their territories.

Keywords: environmental safety, product quality, legal regulation.
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Paccmorpensl coBpemerHbie podaeMbl 00eCiedeH st HROTOTHUeCKOI 6e30TacHOCTH TOTPeONTeThCKOI TTPOLYKITIHHT
B Poccuiickoii Mefeparnnm, a TaksKe 1MPeIIIOKEeHbl MePbI 110 COBEPIIEHCTBOBAHIMIO MeXaHN3Ma perJiaMeHTalni BOIPoCOB
KAagecTBa M HKOTOTIICCKON Oe30TmacHocTn B cepe moTpedIens.

Mero 010 uecKy0 OCHOBY MCCTIeOBAHMS COCTABMIN aHAJTUTHUECKUTT METOJI, TTO3BOJSAIONIII PacCMOTPETh
MPAKTUKY perjaMeHTaliil BOIPOCOB HKOJIOIMYeCKOIl 6e301MacHOCTH IPOYKITNN, (DOPMaTbHO-I0PUNYECKIIT MeTO]I,
TTO3BOJISTIONIITI PACKPHITH CHCTEMIBIE CBA3M B TIPABOBOM PETYINPOBANIN, PETYISTHBHBIE 0COOCHHTOCTI MPABOBLIX AKTOB,
IPaBOIPUMEHUTEIHHYIO MpakTury B Poccuu u 3a pybeskom.

[TpoBenién ananns HarpaBaeHUIl TOCYIaPCTBEHHOTO YIIPaBIeHus B chepe HKOJOTHYECKOI He3011acHOCTH B Y4acTi
COBEPITeHCTBOBANMST 3aKOHOATEILCTBA B chepe COBTTOIEHIS 9ROTOTHIECKITX TPeBOBATNI K TPON3BOCTRY MPOTYKITHT.
Pacemorpenbl Kpurepun 9KOJOTMUYHOCTH TPOAYKIINI, BBISABICHA HEOOXOANMOCTh MOBBIIIEHNsT HHOOPMIUPOBAHHOCTH
norpeduresieii o ceoiicrax npojpykra. OnpepieseHbl mpakTHyeckue mpooaeMbl 1 HPeJIIOKeHbl HATIPABIEH IS la/ibHel I1ero

PasBUTHA 3aKOHO/IaTEeTHLCTBA B 00J1aCTI DKOJOTHYCCKOT 0e30T1acHocT TIPOMYRINN.

Katouegwte caosa: sromormueckast 6e30MacHOCTb, KAUCCTBO IIPOYRIIN, IIPABOBOE PETYINPOBAHIC.

Al present one of the main social benefits
guaranteed by the international legislation is
the security of an individual and a citizen. One
cannol overestimate the significance of the right
to security. It is both a constitutional value
and a comprehensive right or guarantee which
facilitates the realization of all other human
and citizens’ rights. Fundamentally, security is
directly linked to realization of the right to life,
which is, asitis known, an inherent and natural
right of every individual.

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

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

In Russia the issues of realization of goods
to consumers are regulated by the civil legisla-
tion (Civil Code of the Russian Federation, part
one of 30.11.1994, No. 51-FZ [5] and part two of
26.01.1996, No. 14-F7) |5], as well as by Federal
law of 07.02.1992 No. 2300-14 “On Protection
of Consumers' Rights” [6]. At the same time,
the specified legislation regulates only general
issues of product turnover; however, in terms

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

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

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

Ecology and product safety:
state regulation

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

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

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

Environmental friendliness of products:
approaches to defining criteria

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

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

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

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

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

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

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

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

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

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

Directions of development of legislation
on environmental safety of products

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

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

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

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

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

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

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

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

Conclusion

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

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

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

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

Keywords: resource-ecological safety, region, secondary resources, solid wastes.
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B pernowe 1 pa3zpaboTKa cTpaTeruii coBepIieHcTBOBAHNS YIIPABICHIS IIePBUUYHBIMI 1 BTOPUYHBIMI pecypcaMil Ha OCHOBe
HKOHOMHMUYCCKIX MOJiesIell T MeXaH3MOB CTAHOBSITCS IPHOPUTETHLIMI B PETHOHATHLHOM PA3BUTHM.

[Toaromy B crarbe paspaboran 1 HayuHO 0OOCHOBAH TEOPETHKO-METOOJOTHYECKNIT MTOJIX0Ml K OTleHKe YPOBHS
PecypeHO-IKOJIOTHYECKOT 6€3011aCHOCTI PErMOHOB B CHCTEMe YCTOUMBOrO pa3BUTHsI, KOTOPHIl 3aRII0UAETCsI B pacuére
TPEXKOMIIOHEHTHOTO [TOKa3aTe/si I yUNTHIBAGT YPOBEHb HKOJOIMYECKOI 6e3011acHOCT SKOHOMIKI PernoHa, ypoBeHb
HKOJOTMYECKOTO PUCKA 3JI0POBBI0 HACETEHNs HA OCHOBE allPHOPHOTO BHIOOpPA MOJiesn, KOTopas oToOpaskaer pasHble
B3aMMO3aBUCHMOCTI B CHCTeMe OTHOIINEeHUIl «4elIOBeK-cpejia», YPOBeHbL pecypcochepeskeHus n pecypcosamMelnetne
B pernoxe. PazpabotaHbl Te0peTHKO-METO0JIOTMYECKIE TIOJIXO/IbI K (POPMUPOBAHUIO PECYPCHO-9KOJIOIMYECKOIT 6e3011acHOC-
TH pernona Ha MPUHIATIAX COYeTAHNA HKOJOTHICCKNX, HDKOMOMIICCKIX, TeXHOJOTHICCKAX 1 COTMATLIBIX NMIEPaTHBOB.
Paspaborana Mmatemarnueckast MOJIeJib YIIPABJICHUS PECYPCHO-DKOIOTHUCCKON Ge30MacHOCTHIO U TIOJIXOJIbI K OTIPeJIeIeHIT0
ONTHMAJILHBIX YIPABICHICCKIX CTPATETNil 1 MEXaHM3MOB X peajn3alinn Ha pernoHaabHoM ypoBHe. Merojorornueckoi
OCHOBO MCCIETOBAHNSA CTATN Pe3yaAbTaThl PYHAAMEHTATILHBIX W TPURIAHBIX NCCASOBANNI B OTPAacan (DU3MIECKON
1 9KOJOTHMUECKON DKOHOMUKHM, TIOJOKeHIe ROHTIeun yeroitunsoro pa3sutus. [losydennbie pe3yabraTsl nccaeoBanms
03BOJIIIIN CHOPMUPOBATH KOHIENITYaJIbHbBIE IPUHIUITBI 00eCIIedeH sl PeCYPCHO-IKOJIOTHYeCKOT 0e3011aCHOCTH PEIrOHOB
YRpauHbl, OpPNEHTHPOBAHHBIX HA TOBbITIIEeHIE d3PQOEKTHBHOCTI HCTIOE30BAHNST €CTECTBEHHO-9KOHOMITYECKOTO OTeHI[HAA
TEePPUTOPHN, PeCypcochepesReH st 1 Pecypco3aMerieH st Ha OCHOBe KaltnTaan3arni TBEP/LIX OTXO/[0B 1 MITHUMU3AT[NN 11X
HeratnBHoro Baussaus. [loryuennsie pe3yisrarsl mecaeoBaHus MO3BOIIIIN ¢hOPMIPOBATH ROHIETITYATbHBIE TTPIHITNIIHI
obecrieueHnsi pecypeHO-dROIOTIYECKOIT 0e30MaCHOCTH PErMOHOB YKpPANHbl, OPUEHTHPOBAHHBIX HA pecypcochepesreHe
1 1oBbieHne 3pOeRTUBHOCTN NCIIOAB30BAHNS €CTECTBEHHO-DKOHOMNYECKOTo0 rnotennasia reppuropun. [Ipakrnueckas
3HAYMMOCTH PabOThl 3AKIIOYAETCS B ONTUMU3AINN CTPATerni 00ecedeHtsi pecypCHO-KOJIOTHYECKOI 0e3011acHoCTH
B permoHe, peajnsarus KOTOPOIl MO3BOJNT YIYUIINTh KOHKYPEHTOCTIOCOOHOCTH PETHOHA; MOTYYUTh JIOTIOJHUTEIbHBII
JI0XOJl OT BTOPUYHBIX PECYPCOB; COXPAHUTh IIePBUUHbBIE PECYPChl U YIYUIIUTh UX Ka4ecTBO; YMEHBIIUTh PUCK 3[I0POBbIO
HaCeJeHNsl OT HeraTUBHOTO BJANSTHUS OTXO/I0B; 00ecednTh coXpaHeHue 1 BO30OHOBIEHIEe OKPYIRAIOILeil ecTecTBeHHOI

cpelibl pernona, eCTeCTBeHHOTO COCTOAHUA JKOCUCTEM.

Kauouessie ciosa: pecypcHo-sRoM0rTYeCKast 0E301ACHOCTh, PETHOH, BTOPUUHbBIE PECYPChI, TBEP/bIE OTXO/(bI.

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

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

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

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

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

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

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

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

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

Description of the main
materials of research

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

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

K=f(P. M, W) (1)
P.M. W—1,ifP,SW>P .S W,

P’ M’ W— 0’ if P’ S’ W< Psu,f]’ Smj]’ suff

. where P@ujf’ waf’ I/I/suff_

indexes P, M, W.
Constituents of three-component index in

relation to resource-ecological strength of region

securily it is suggested to delermine so:

sufficient value of

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

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

Z=542+ 128G —0,112D + 0,144E
E=42,4+8,2F+ 17,5~ 1,4C (2)
C=21,45+ 1,45M.

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

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

Eight values of three-component index
of estimation of resource-ecological regional
securily are possible in theory, that corresponds
to 4 zones presented on Figure 2.
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Fig. 1. Estimation (2005-2017) and forecast of ecological risk (until 2020) for the Poltava region
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Fig. 2. Zones of resource-ecological safety of region

Based on the author’s methodology for  Thisapproach should include the following com-
identifying danger and for defining resource-  ponents: identification of danger and definition
environmental safety zones, an integrated ofresource-environmental security zones; scien-
140 approach has been developed to ensure the tificand methodological principles for the selec-

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

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

Conclusion

The article developed a theoretical and
methodological approach to assessing the level
of resource-ecological security of regions in the
system of sustainable development. This ap-
proach is based on calculating a three-compo-
nentindicator that takes into account the level of
ecological security of the regional economy, the
level of environmental risk to public health based
on an a priori choice of model reflecting various
interdependencies in the system relations “man-
environment” and the level of resource saving
and restoration in the region.
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CraTucrnueckne MeToIbl aHAJIN3a B3ANMOCBA3H
KavecTBa aTMOcepPHOTO BO3YXA H COCTOIHUSA 3[I0POBbS
nerckoro HacejneHusi Ruposcekoii odaacru

© 2019. C. . Ranuuun, a. . H., npodeccop, C. . Toponosa, accucrenr,
Bsitckuii rocyiapeTBeHHbBIN YHIUBEPCHUTET,

610000, Poccus, . Rupos, yi1. MockoBeras, 1. 36,

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

Hacrositiiee nccieoBaine peaan3oBamo ¢ [MeJbio OTEHKI BRIAJA 3arPs3Hentist arMocepHoTo Bo3ayxa B (GOpMIPOBaHIe
percroil 3abosesaeMoctu Ha Teppuropun Kuposckoii oonacru. Ha ocrose onenkn 00acTHbIX TTOKazaTeJ el yeTaHoBIeHo
HaJMyuie CTaTHCTUYeCKN 3HAUNMBIX CBSI3€il MeK1y BbiOpocamit B arMocdepy yrieBojopojoB, JeTyunx OpraHnuecKknx
COeIMHEHNN U MePBUUYHON 3200IeBA@MOCTHIO ETCKOT0 HaceJeHst o0sactu 60JIe3HIMI OPTaHoB bixanus. B pesynbrare
aHaJamn3a CTAaTUCTNYCCKMX IIOKaSaT(‘/JICI'/)I Ha YyPpOBHE MYHUIINITIAJbHbBIX 06pa3033H ni 06OCHOBaHO HaJaMyme CTAaTUCTUYCCKU
3HAYMMOT0 BKJIAJAa BBIOPOCOB 3aTPS3HSIONINX BEIECTB OT CTAINOHAPHBIX MCTOUYHNKOB 3arpsi3HeHNsI B BOSHUKHOBEHIE
3a00JIeBAHUI IETCKOTO HACEJIEHUST PErmoHa OCTPLIMU MH(ERIUAME BEePXHUX JbIXaTeabHbIX myTeil. Maremarmueckoe
MojieJimpoBanne OoCyIuecTBIAJ0CH ¢ IOMOIILIO PperpecCuoHHOro anajunsa 110 1maHeJIbHbIM JIaHHbIM, ITPeICcTaBIAIOIIIerO
BO3MOZKHOCTH AHAJTN3UPOBATE WH/NBUYATHHBIC OTTIYN H3yYaeMbIX 00beKTOB, 4er0 HeJIb3sT CJIeJIaTh B pAMKAX CTaAHaPTHBIX
perpeccuonubix mMopeneit. Onpepeneno, 4to perpeccuonuas Mojesnb ¢ gurcupoBannbiMu 3 derramu obecrednBaer
mojtyueHne 000CHOBAHHOTO BAPUAHTA MOJICTPOBAHNSI.

Karuesore crosa: KOppeJIHLII’IOHHO-peI‘pec()HOHHBIfI aHaIn3, perpecCuOHHbIe MOJIeJIN, ITaHeJTbHbIe JaHHbIe, RJIaGTeprIﬁ
aHaJns3.

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

© 2019' S' I' Kalinin S' I' TOI‘OpOV& ORCID: 0000-0003-0533-5654"
Vyatka State University,
36, Moskovskay St., Kirov, Russia, 610000,

e-mail: kalinin gu@mail.ru, svetoriS2@mail.ru

ORCID: 0000-0001-5439-9414°

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

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

Keywords: correlation and regression analysis, regression models from panel data, cluster analysis.
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Cornacno rnacenduranum BeeMuproii
OpraHm3arum 3/[paBOOXPAHEHIS, BTOPOE MECTO
cpenu aKTOPOB, OKA3BIBAIONMX BJINAHIE HA
nporiece GOPMUPOBAHNS 3[OPOBLS HACETEHS,
ocJIe CONMUATLHO-dIKOHOMIYECKUX TTOKa3aTe/eil
NPUHAJICIKUT DKOJTOTUUCCKUM (DAaKTOpaM, Uan
cocrostHITIO OKpysRatotiein cpepanl [1]. Umeercs
00IIMpPHOE KOJINYECTBO CePhE3ZHBIX MCCIe/l0Ba-
HUIA 110 DKOJOTUHN 1 MeJuInHe, HOCBALEHHBLIX
U3YYeHUIO IAHHOW 3aBUCUMOCTHU, CYIIECTBEH-
HOe MEeCTO Cpe/l KOTOPBIX 3aHUMAT paboThi
110 aHAJIM3Y DKOJIOT03aBUCUMbBIX 3a00JIeBaAHMNII,
B TOM uncie 6osiesneit opranos fapixanus (bBOJL)
[1-6]. Ocobyio obecrokoeHHOCTh aBTOPOB BbI-
3BIBAET 32007I€BAEMOCTD JIETCKOTO HACETCHUST KAk
WHTKATOPA DKOJOTHUCCKI HeOJIAromoTyaHoro
COCTOSIHUS BO3AYIIHON cpenbl [2—4, 6].

B coorBerctBun ¢ ounmanbHLIMU JlAHHbI-
mu [7] mHanbosiee 4acTO TPUINHON TTEPBUUYHOI
3a007€BaeMOCTN BCeX KaTeropuili HaceJeHU s
permoHa, B TOM YmcJIe IeTCKOT0, Ha ITPOTSKeH N
HECKOJbKIX MMOCJEHUX JIeCATIIeTHI sIBJSIOTCS
BOJ1. CremoBatennbo, mpobaemMa BANAHIA Kave-
cTBa arMoc(epHoro Bo3ayxa Ha 3a601eBaeMOoCTh
HACeJeHUs TPEeJICTABIACTCH aKTyaAbHOU s
RUTENel 0bIacTn.

OpHuM 13 BajkKHEWNINX WHCTPYMEHTOB
W3YYEeHWS PacCMaTPUBAEMBIX 3aBUCHMOCTEI
BBICTYIIAeT MaTeMaTHdeCKUil anmapaT, B 4acT-
HOCTU MaTeMaTH4ecKoe MOJIeTNPOBAHNE 1 cTa-
TUCTUYECKUIT aHAIN3 JaHHbIX. B ¢Bsizn ¢ Tem, uTo
MHOTHE XapaKTepuCTUKI OKPYsKAIOIIeil cpejibl
U 1OKa3aresin 3/[0POBbsl HACEJNEHUS SIBJISIOTCS
HelpepbIBHBIMU KROJNYECTBCHHbBIMU TIepeMeH-
HbBIMU, JIA UX OHEeHKU IMPUMEeHATCA MeTO/|bl
ROPPENATMOHHO-PErpeccnonioro anaansa [3].

He menee BaskHOIT 3ajiaueii, peraeMoii Me-
TOAMI MAaTeMaTHdeCKON CTaTUCTRU, SBISETCS
3ajiava Kraccuduranum 00beKTOB 1 UX TPY I -
POBKA TIO cJeyomuM npuanaam. Bo-mepBoix,
CYIIECTBYIOT MHOTOUMCTEHHBIE UCCTCOBAHNS,
aBTOPbHI KOTOPBIX JIeJNA0T 000CHOBAHHBII BbI-
BOJI O TOM, 4TO OT[eHKA B3aNMOCBA3M PAKTOPOB
OKPYJKAIOIIeil cpejibl 1 COCTOSAHUS 3[0POBHS
HaceJIeHNUsl JI0JIHKHA OCYIECTBIAATHCS € YUETOM
KOHKpeTHOI Tepputopun [3—3]. B rex cayuasx,
KOTJIa MCCJIelOBAHNe OXBAaThIBAeT, HAIpUMep,
denepanbHblil ORPYT, 1ejeco0bpaszHo pac-
npejeseHne TeppUTOPUIl Ha TPYIITBI, XapaK-
TePUBYIOINECs OMHOTUITHBIMU TOKA3ATe SIMI.
Bo-Bropbix, ofiHOIl 113 CyIIECTBEHHBIX IIPO0JIeM,
BO3HUKAIONIX B TIOJIOOHBIX MCCTEIOBAHMSX, SIB-
Jnsgercs HeodXoMMOCTh YUéTa OJ[HOBPEMEHHOTO
BOBJIENICTBUA OFPOMHBIX MAacCUBOB (PAKTOPOB
pasHoOil CHJBI, NHTEHCUBHOCTU U TTPUPOJIHI.
B cBs3m ¢ rem, uTo aHaIN3 MOJIETN, COflepIRATIeT

MEeCATKN WU COTHU TIePeMeHHbBIX, 3aTPY/IHUTE-
JIeH, Te1ec000pa3Ho YMEHBINUTL PA3MEePHOCTh
MHOJKeCTBa MCXOJHBIX JIAHHBIX U OCTABUTH N3
HUX HPUOPUTETHLIE TPYIIIILL.

0O630p HAYUHBIX UCCACTOBAHNII CBUCTEIT -
CTBYeT O TOM, 4TO 6OJI]3H_II/IHCTBO n3 HUX MOKeT
OBbITH OTHECEHO K OJTHOMY 13 JIBYX HallpaBJeHUIi:
n3yueHnume BpeMeHHbIX PALOB (CTHTI/ICTI/I‘{C-
CKUX TIOKa3aresiell ommpeieIéHHOI TepPUTOPUN
B pa3Hble MOMEHTHI BpeMeHU) WJIHU MPOCTpaH-
CTBEHHBIX COBORYITHOCTEH (MHOOpMAn B (PUK-
CUPOBAHHBIIT MOMEHT BPeMEHW HA PAa3JUUYHBIX
teppurtopusax). I[lpakruueckn orcyrcrByioT
paboThl, peanusyooiiue OHOBPEMEHHO aHAIN3
1o BpeMeHU 1 B mpocTtpancTBe. MoRHO BbI-
MeauTh uccaepoBanne [3], B KoTopoM ornmcamno
HECKOJbKO TUIIOB PETPECCUOHHBIX MOJiesell,
OTpasKAIINNX BIMsTHIE (PAKTOPOB BO3JLYIITHOTO
bacceitna ma pacrpoerpanenme bBOJl macerennsa
B 3aBUCHUMOCTH OT OMOKJIMMaTH4YecKkux 301 [pu-
mopckoro kpast 3a 2000—-2013 rr.

[TocTpoene ool MOJ@/IM, COBMEIIAOIIEI
B cebe MpocTpaHCTBEHHBIC U BpeMEeHHbBIEe PsIJibl
W cOYeTAoNel JOCTOMHCTBA KasKIOT0 U3 DTUX
BUJIOB JlAHHBIX, MPEyCMAaTPUBAELT anmapar
pPerpeccMoHHOr0 aHaIN3a MaHeJbHbIX JIaHHbIX.
Benencrsue cBoeil criennalibHON CTPYRTYPHI
JlaHHBIE ATOTO THIA 00ecIeynBaOT MOCTPOe-
Hue GoJsiee aJleKBATHBIX U COJlePKRATEbHbBIX
MaTeMaTH4ecKnX MOJeeil ¢ 1eJiblo N3ydeHus
NPUYUHHO-CJIEICTBEHHON CBA3M MERITY (pak-
ropamu [9—11].

[Tenp HacTOSATIETO HCCTEMOBAHNS — YCTAHO-
BUTH HATMYNE CTATHCTHYECKT 3HAYNMOTO BRJI/1a
zarpsisauTesieit armoceproro Bosayxa Kupos-
CROTI oOstacTv B (popMupoBaHme 3a00J1€BAEMOCTH
nercroro nacesenusi pernona BOJl na ocrnose
MojleJiell TTaHeIbHbIX JIAHHBIX, YUYUTHIBAIOIIX
MPOCTPAHCTBEHHYIO 1 BPEMEHHYIO CTPYKTYPY
MMEIOIMXCS Pe3yJabTaToB MOHUTOPUHTA.

O0BeKTBI 1 MEeTOJBI

ObberTaMu KMcCae0BaHUS SIBJSIINCH CTa-
TUCTNYECKIEe JaHHbIE, Oﬂy6JTVIROBaHHBTe Ha
oUNMUANBHBIX caliTax mpaBuTebcTBa RKmpon-
ckoil obaactu, Pocunorpednangsopa, Poccrara
n Ruposerara 3a 2002-2017 rr.

Ha yposue Kuposcroit obnactu st yera-
HOBJICHHST BO3BMOKHOI CBSI3M KAuecTBA aTMOC-
(peproro Bozmyxa m 3ab0JTeBAEMOCTH JIETCKOTO
nacenennss BOJl B kauecTBe mccaemyemMbix
GyHRIMIT ObIIM COCTABIEHBI U TIPOAHAJI N3N -
POBAHDBI PETPECCHOHHBIC MOJENN ¢ TTOMOTIHIO
nporpammil MS Excel. [lennio nceaegosanms ma
ypoBHe paiionoB RumpoBckoii obractit ABMIOCH
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nzyueHue BKJIAJA OTHEJIbLHBIX 3arpss3HuTesei
B popMupoBaHme 3ab0aeBaEMOCTU IETCKOTO
HaceJeHUsl OCTPHIMU MHMERINAMI BEPXHUX
[IbIXaTeJbHBIX ITyTeil ¢ UCIOJIb30BAHIEM MOJIe-
Jieil TTaHeJIbHbIX JJAHHBIX, TapaMeTPbl KOTOPbIX
OBLIN OT[eHeHBI TocpecTBOM TTporpammbl Gretl.

[TpunsATO BHIIEAATH TPU TUIIA PETPECCUOH-
HBIX MOJIeJIeTl 110 TaHeIbHbIM JIAHHBIM: 00 he/[1-
HEHHAsT MOfie/ib (MOJie/ib CKBO3HOI perpeccui,
pooled model), Mmonennb ¢ puKkcUpoBAaHHBIMI
apderramu (fixed effects model, FEM), monenn
co cayuaiinbimm apderramn (random effects
model, REM) [9-11]. llpencraBum panmbie
MOJIeJIN.

O0benuuénnas MoIeNb eCTh OObLIYHA JIN-
HeliHas MOJiesib perpeccuu, oHa PaKkTUYECKU
He YUUTHIBAET aHeJbHYIO CTPYKTYPY TaHHbIX,
B YACTHOCTH MHJMBUAYAJTbHBIE Pa3JUYMS
N3y4aeMbiX 00beKTOB. YUéT YyHOMUHAEMbIX
MHMBUYATbHBIX PA3ANUYNI IPelycMaTpuBaer
Mozienh ¢ pukrcnpoBanusiMn dderramn 3a
cuéT BRIIOUEeHNsI B ypaBHenue perpeccun N
(OUKTUBHBIX lTIepeMeHHbBIX, r7ie N — KOJIn4ecTBo
00bekTOB nccaenopanns. Cunraercs iesne-
c000pa3HBIM UCIIOJNb30BaHNE Mojean ¢ PUK-
cupoBaHHbiMu dPdeKrramu, eciu BrIOUpPaeTcs
yHuKaabHbIN Habop N permonos crpausi, N
MYHUIATIAJBHBIX 00pa30oBaHUIl OIIpeeé HHOT
aJIMUHUCTPATUBHON TeppuTopuu u T. 1. [12].
Mopenns perpeccui co caydaitnbiMm dddexramm
OCHOBaHA Ha TPEJMOJOKeHUN O CAYydailHOM
Buibope N 00beKTOB 13 HEKOTOPOI reHepasb-
HOW COBORYTTHOCTH.

[Tanenbublil ananmM3 JaHHBIX TTPeCTaBIeH
B nyOJIMKANUAX, MOCBANEHHBIX COBPEMEH -
HBIM MCCTEOBAHUAM B 00JaCTU MEJ NI HBI
n srosoruu. Hampuwmep, nennio padorsr [12]
SABUJIACH OIEHKA COIUATbHO-IKOHOMUUECKUX
7 9ROJIOTMYeCKNX (DAKTOPOB HA PeTHOHAIbHbBIE
nemorpauueckne npormeccol B8 PMO. B néwm
000CHOBAHA aJIEKBATHOCTH MOJIeJIN ¢ (DUKCUPO-
BanubiMu 3dderramu. B nccaenosanun [13]
npejicTaBaeH aHaIN3 00bIYHBIX PEIPEeCCUOHHBIX
Mofienell I perpecCcumOHHBIX MOJIeNIeH TI0 TTaHe I b-
HBIM JIAHHBIM, PACCMOTPEHBI X CXO/[CTBA 1 Pa3-
JUYST, HeIOCTATKI 1 IIpenmyinectsa. B nannom
HUCTOYHWKE TIPUBEJeHBI IPUMepPbl MaHeIbHBIX
MCCJeIOBAHMIT 13 OTeYeCTBEHHOI 11 3apYOeKHOT
JUTEPATYPHI IO MeJIUIIITHE.

B Hacrosiiem mccjieoBaHnN peain3aiinm
MaHeJbHOTO aHaJM3a JaHHBIX MPeITecTBO-
Bajla MHOTOMepHas Raaccu@uraius paiioHoB
Ruposcroit obactin 0 YPOBHIO 3aTPsA3HEHS
arMoc@epbl cpeicTBAMI KJIACTePHOTO aHaI3a
¢ IpUMEeHEeHeM aKkeTa NPURIAHBIX TPOTPaMM
Statistica 12.0 merosiom k-cpepnnx.

Pesyabrarel n o6cys;rnenne

B iporiecce peasimsaiim mocraBiaeHHON HeJn
nccaenoBanus GOPMyINPoOBATACH MOCTE[0BA-
TeJILHOCTH B3aNMOCBSA3AHHbBIX 3a/1a4, pelieHne
KOTOPBIX OCYIIECTBISIOCH TTODTATIHO.

Ha nepsom amane modesuposariisi 3aBUCHMO-
creil «3arpsizHenne arMoc@epHoro BO3yXa — 3710-
POBbE JIETCKOTO HACEJIEHUsT» TIPOBOIUIIC HAYTHO
000CHOBAHHBIHT 0TOOP (pakTOPOB B MOJIesh. Bhian
yuTeHbI IMEIOTIecs: B OTKPBITOM JIOCTYTIe CTaTH -
cTHYecKue Tanmubie, paj nceaenopanmii |1, 9, 6],
HaJIM4Yme TeCHOT ¢BsI31 (PAKTOPOB € 3aBUCHUMBIMI
MepeMeHHBIMI U ¢J1a00il KOPPeanpoBaHHOCTI
npyrc apyrom. B pesysibrare B kKauecTBe nccey-
eMbIX QyHKIIIT ObLI1 0TOOpaHbl §, — llepBUUHAs
saboseBaemocth BOJl merckoro macenenust Ku-
posckoii obnactu (ma 1000 ven.) ny, — 3abomne-
BAEMOCTh JIETCKOTO HACEJIeHIST PailOHOB 00J1acTH
ocTphIMU MHQPEKIUAMI BEPXHUX JIbIXaTeJbHbIX
nyreii (#a 100 Thic. Yes.); B 4nca0 He3aBUCH-
MBIX TIePEMEHHBIX ObIJIN BRIIOUEHBI CJeIYIOII e
MOKa3arejan: ¥ — KOJNYECTBO BHIOPOIIIEHHBIX
B armocdepy 3arpsi3HAONINX BEIeCTB OT CTalino-
HAPHBIX NCTOUHUKOB 3arpsisHeHUs (ThIC. TOHH),
13 HUX I, — Ta3000pasHble 1 jKUJIKIe BellecTBa
(TBIC. TOHH), I, Z, — aHATOTHMYHbIC OKA3aTe/IH
1o yriieBojiopojam (6e3 JIeTyunx opraHnaecknx
COCIIMTHEHMIT) ¥ JIeTYU e OpranndecKie coenme-
nust (JIOC) coorBercTBeHHO.

Cratucrmvyeckue anHbie, COOTBETCTBYIO-
1i1e YUCIOBBIM 3HAYCHUAM IIePeMeHHbIX J,, I, I,
x,, I, ObLIK npefcraBiensl rpadguueckn (puc.).
CpaBHeHMe 1MOCTPOEHHBIX TPAPUKOB MOCTY-
JKIJIO0 OCHOBAHUEM IIPeJIIOI0KUTh, YTO NUMeeT
MeCTO JIMHeTHAs KOPPeJIAIINOHHAs 3aBUCUMOCTh
MeJKITY 3200/1€Ba@MOCThIO IETCKOTO HACeJTeHU s
BOJl u BoiOpocamu 3arpsisHsioninx BeIecTs B
armocdepy RKuposceroii odnactu. B nanbueiinem
copMyanpoBaHHAas THIIOTe3a 000CHOBBIBACTCS
aHaINTHYCCK.

Ha esmopom amane modeauposarus nipumene-
HIUe anmapaTta KoppessiimoHHO-PerpeccnonHoro
aHaIM3a K MOJIeJINPOBAHIIO 3aBUCUMOCTI 3a-
OoseBaeMocTH JIeTCKoro HaceseHus Kuposcroii
obmactn BOJI obecrieunsio ycranoBieHune aByx
CTaTUCTUUECKN 3HAYMMbIX TIePeMeHHBIX X, 1 Z,.
JIuHeiiHble MOJIe/IN TAPHOI Perpeccun UMeoT BUJL;
Y, = 1074,62 + 25,442, u y, = 950,67 + 111,92z,.
XapakrepucTHKI JJAHHBIX YPABHEHUIT CTATHCTH -
qecKM 3HAUYNMBI Ha ypoBHe 3Haunmocti ¢ = 0,001.

W3Bectro, 4T0 KOPPEKTHOE MCITOJIH30Ba-
HUe MOCTPOCHHBIX PErPecCHuOHHBIX MOJeell,
B 4AaCTHOCTH HPOTHO3MPOBAHIE HA X OCHOBE,
OCYIIeCTBIACTCS PN YCJTOBUHM YCTAHOBICHUS
UX aJ[eKBaTHOCTI MOJIeJINPyeMoMy 00berTy [8].
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ucrounukros 3arpsiznenus (B) B 2002-2016 rr.
Fig. Dynamics of primary morbidity of children’s population in the Kirov region (A) and the amount
of pollutants emitted to the atmosphere from stationary sources of pollution (B) in 2002-2016

Jlanbueiinmme paccysRueHus MpoBeEM ¢ MO-
nensio p, = 1074,62 + 25,44z,. Eé nocroBepHocTs
OblTa 00yCIOBICHA OTHOCHTETLHON OMUOKOT
annporcumanuu 4 = 8,53%), He npesbliiaoniei
10%, koappurmerrom erepmunammn R = 0,60,
00BACHAIONMM ypaBHenueMm perpeccun 66%
JUCTePCHN Pe3yabTaTuBHOTO IIPU3HAKA, 1 COOT-
BETCTBUEM CJIYYaHHBIX OCTATKOB HOPMaJIHHOMY
3aKOHY pacipesiesieHns Ha 0CHOBe Koy utimen-

toB acummerpun A =—-0,21 usrcmecca £ =—-1,02,
VIOBJIETBOPAIONINX HepaBeHcTBaM |A| <15, 1

<150, ’

‘E+—6
n+1

Ile G, U G, — DTO CPeJ/lHee KBajpatnyeckoe
OTKJIOHEHWe acCUMMeTPUN U dKCIecca cooT-
BeTcTBeHHO. OHAKO aHAJIN3MpyeMast MoJieb
nMeeT pAJL HeJlOCTaTKOB, CPeil KOTOPBHIX — He-
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BO3MOJKHOCTH YuéTa MHAMBUAYAJTHLHBIX pas-
AUYnil paiioHOB 00JacTN 1O KOHIIEHTPAI[N
3arPSABHAIONINX BEIEeCTB U KOJNYECTBY UC-
TOYHMKOB 3arpsi3HeHUS.

Rak ynmomunasioch Bbilie, perpecciuoHHast
Mojielb ¢ (puKkcnpoBaHHbIMU dderTamMmu 0ObIv-
HO TIpejicTaBsier HanboJiee 3HAUYMMbBIIT BApUAHT
MOJIeJIUPOBAHUS JIJISI MCCJEJOBAHUST PEIHOHOB
Poccenm nan paitornos onpegenénmoit obmacti. B
CBSI3M C TeM, UTO YKa3aHHast MOJIe/Ib, COlepsRaIiast
OJIHY HEe3aBUCUMYIO TIePEMEHHYI0 U COPOK (PUK-
TUBHBIX TTepeMeHHbIX (T. Kupos n 39 paiionos
Ruposckoii obnactun), aBjisiercst [OBOJBHO TPO-
MO3JIKOI JIJIsI MCCIIe/JOBaHNUs, TTepefi aHAIM30M
MaHeJbHBIX JJAHHBIX 1[eJeco00pa3Ho pa3douThb
paccMaTpuBaeMbie pailoHbl Ha TPYIIIbI CO CXOJI-
HBIMU 3HAYEHUSIMU U YMEHbIIUTh PA3MEPHOCTh
KOHCTPYNPYEMOil MOJIeJI.

Ha mpemvem amane modesuposanus ma
OCHOBAHUY M3YUYEHHsI CTATHCTUKU BHIOPOCOB
BPEHBIX BerecTs B arMocdepy 1 KOJTndecTBa
CTAIMOHAPHBIX MCTOUHNKOB 3arps3HeHNs 3a
2008—2017 rr. ObLI OCYIIECTBAGH KJIACTCPHbII
aHaan3, B pe3yJabrare KOTOPOTO afMUHUICTPa-
tuBHbIe TeppuTopun Kuposckoii obmactu Obiin
pPasdoUTHI HA YETHIPE TPYIIIIbI.

Rracrep No 1 Brtouaer tosibko 1. Kupos, mo-
CKOJIBKY BCe paccMmarpuBaeMble MOKasaTesu Jijist
00JIACTHOTO IIEHTPA TIPEBBIIIAIOT COOTBETCTBYIOTIIIE
roKasare;iu 1o paitonam oosacri | 7]; kacrep Ne 2 —
Bepxmeramermit, 3yesckuii, Kuposo-Yermerkmir,
Ryméncruii, Manmbireknii, Homuncrknii, Omyr-
nuncknii, Opuuesckuii, Ciaodozncroit u Coser-
ckuii pafionsr; kaacrep Ne 3 — AdanacneBckuii,
Benoxomynunkuii, Bsarckononsuckuii, [lapos-
croii, Bepxommmxemcruii, Jlysckuii, Haropermuii,
Opnosernii, Ypskymcknii, Qanéuckuii, FOpbsamn-
ckuil n flpanckunii pailoHbl; ocTanbHble PAOHbBI
Ruposckoit obiactit ObIIN OTHECEHBI K RIacTepy
No 4. Knacrepbt 2—4 ynopsijioueHbl 110 YObIBAaHUIO
YKa3aHHbIX [I0Ka3aresieil 1 yIydiieH o COCTOSHIUS
aTMOCc(epHOTO BO3JLyXa COOTBETCTBEHHO.

Ha wemeépmom amane modeauposarnius
€ YUETOM peain30BaHHOTO KJIACTEPHOTO aHAIN3a
JUIST TIOCTPOEHMST MOJIe/Iell MaHeTbHBIX TaHHbIX
OBl 0TOOpaHbBl HMCCaeyeMble TOKa3arejin
r. Ruposa u tpéx paiionos Kuposckoii obnacru
110 OJTHOMY M3 OCTaBIINXCs KiacTepoB. Pesyib-
TaThl PErPecCMOHHOTO aHAIN3a M0 TaHeIbHBIM
MAHHBIM CJeJIYIOTIHe.

Ob6bepunénnas Mojenb UMeeT BUJ Y, =
74565,17 + 2423,53x, Bce mapameTpwl JaHHON
MOJIeJIN CTATUCTUYECKN 3HAYMMbl HA YPOBHE
snaunmoctn o = 0,05, R? = 0,54.

Ypasuenne p, = —188,06x +157222f +
71900,5f, + 39617,9f, +117892f, ectb Moz

¢ purcupoBanabpiMu 3P PerTamMn, B KOTOPOil
CTATUCTUYECKN 3HAYUM HA YPOBHE 3HAUMMOCTU

a = 0,05 kospdunuenr npu nepemeHHoil z,
OCTAJIbHbIE TTAPAMEeTPhI CTATHCTUYECKN 3HAU MM b
Ha yposte snaunmoctu oo = 0,001, R* = 0,92.
Mgﬂeﬂb CO CAYyYANHBIMUT S(b(beg-‘(TaMl/I nMeer
BIIJL; v, =92012,8 + 361,04z, rne y , =y, — 0,
¥y, — npeobpasoBaHHOE 3HAUEHUE 3aBUCHMOI
TmepeMeHHON IS I-0i eTUNHUILI COBORYITHOCTH B
momenT Bpemenn ¢ (i=1,2,...,N,t=1,2,...,T),
Y, — QHAJTIOTHYHOE NCXOHO0e 3HAUeHme (DYHKIN,

¥, — cpefiHee 3HaYeHme O BPeMeHN [T KasKI0-

ro obbexra nadmopenus, 0 = 0,88 — napamerp
KOPPEKTUPOBKY; JIJIST He3aBUCHMOIT TIepeMeHHOT
MMEIOT MeCTO aHAJTOIMYHbIe COOTHOIICHUA. YTII0-
BOU KODPPUIMEHT CTATUCTUUYCCKU 3HAYNUM Ha

yposte 3uaunmoctu oo = 0,01, cBobopHbIii uen —

na yposue anaunmocru oo = 0,001, R = 0,54.

OreHKRa OCHOBHBIX TUITOB PerpeccroOHHbIX
MoJiesiell 10 TaHeJIbHbIM JJAHHBIM Ha aJ[eKBaT-
HOoCTh ¢ nomotibio rectoB Dumepa, Bpeyma-
[Tarama m Xaycwmara [8], morasasa, 970 MOIeNTH
¢ purcupoBanubiMu dPdexrramu Handosee 10-
CTOBEPHO OIHMCHIBACT NCXOJHbIE [AHHBIE.

[IpoBenerno anamornvyHoe mccaegoBanme,
MMOCBATIEHHOE M3YICHNTIO PACTIPOCTPAHEHHOCTH
BO/1, 3aboseBaniii opraHos MUIIEeBaPEHIST, KOFKI
W TTOJIROKHON RIETYATKI, MOYETIOJIOBOI CHCTEMBI,
MHEOEKIMOHHBIX U TTAPA3UTAPHBIX 3a00JIeBAHNIA,
KOCTHO-MBIIIIEUHON CUCTOMbI 1 COCIIMHUTETBHON
TKaHI, T71a3a 1 eT0 ITPUIATOYHOTO ariapaTa B3poc-
noro nacenenusi Kuposcroii obactit o RoJmde-
CTBA BLIOPOIIEHHBIX B aTMOC(HEPY 3arpsi3HIOIIIX
BerrtectB. CraTueTnyeckn 3HaunMble CBSI3U He
BBISIBJICHBI.

JlaHHBII BBIBOJ COTTIACYETCS ¢ pesyibTatami,
MOJIYYeHHBIMI IPYTHME HCCICIOBATENISAMU, YKa-
3BIBAIOTIINMI HA COMUATLHO-3HAYMMBII XapaKkTep
3a00JIeBAEMOCTH OPTAHOB JBIXaHUS B3POCIOTO
HaceneHus XaHThl-MaHcHiicKOTO aBTOHOMHOTO
okpyra [2], I[Tpumopcroro kpast [3] u sip.

3araoueHue

B pesyabrare ncciaenoBanus ObLIN yCTAHOB-
JeHBl CTATUCTUYECKN 3HAYMMbIe CBSI3U MERILY
KOJTMYeCTBOM BHIOPOCOB 3aTPSI3HSIONIIX BEIeCTRB
B armocdepy Ruposckoii obnactu n mokasaresiem
3a00/1eBaEMOCTH JIETCKOTO HACEJeHUS PernoHa
BOJl, B wactHocTu, ocTphiMu MHPERIUAME
BEPXHUX JIBIXATeJbHBIX 1yTeit. OrindanrebHo
4epToil JAHHOTO NCCAeI0BAH IS SIBUIOCH HOCTPOe-
Hue Mojienn ¢ PpuKcnpoBanHbIMu dhderTamu,
MO3BOJISAONEN YU4ecTh HPOCTPAHCTBEHHYIO 1
BPEMEHHYIO CTPYKTYPY aHAJIN3UPYyeMbIX CTATH-
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CTUYECKUX JIAHHBIX, UTO HeJIb3s ¢leslaTh B PAMKax
CTAHAPTHBIX PETPECCHTOHHBIX MOJeTel.
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AHOTORCHEOAOTIN

HAYUHbIV SKYPHAN

B nacrosimmee Bpems skypuan «Teopern-
qecKas 1M MPUKJIAJHAS DKOJOTHSI» BRIOUEH
B KaTajor Mepuojinuecknx M3ganuii Yibpux
(Ulrinch’s Periodicals Directory), B 6u6-
nuorpaguueckue 6as3wl Scopus (SourcelD
21100828916), Web of Science Core Collection,
RSCI na nnarpopme WoS, Google Scholar
n Poccuiicknii mHIEKC HAYTHOTO IIUTHPOBAHUS
(PWHILL).

26 mapra 2019 r. sxypHaJ yCIIEITHO MPOIés
nepeperucrpanuio B BAR o ciaenyiomum or-
pacJsAM HAYKU U CIeIUATbHOCTSAM:

® (02.00.02 — Ananntnueckast XuMns (XuMmn-
YecKue HAyKN)

@ 03.02.03 — Mukpobuosorusi (6uoysorniec-
KIe HayKn)

e 03.02.08 — 9rosorus (1o orpacssim) (6uo-
JOTMYecKIe HAYKN )

® (03.02.08 — Oronorus (1o orpacasim) (xu-
MUYecKue HayKiu )

® (03.02.09 — Buoreoxumns (XumMnveckne
HAYyKN)

e 03.02.13 — llouBoBenenue (Omosornyec-
KIe HayKn)

® 25.00.23 — ®usuueckast reorpadust u ouo-
reorpagusi, reorpadusi OB 1 TeOXNMUST JIAH]I-
ma@roB (reorpadguveckie HayKim)

® 25.00.34 — AsporocMuueckue nccaeoBa-
Hust 3emun, GororpaMmMeTpusi (TeXHUYeCKue
HAYKN).

C 11eJ1b10 JIaJIbHEI IIeT0 Pa3BUTHS sKYPHAJIA,
nepexojia Ha 60Jiee BBICOKMIT KBAPTUIb B MEJK-
JIYHAPOJHBIX HAYKOMETPUYECKNX 6azax JaH-
ueix Scopus n Web of Science Core Collection,
peKoJIerns yKypHagsa mpuraamaer K co-
TPY[IHUYECTBY BEYIINX YUEHBIX ¢ MUPOBBIM
MMEeHEeM, YUacTBYIOIUX B pazpaboTKe MHHO-

BAIlMOHHBIX [TPOEKTOB, TEXHOJOTUIT 1 METO/[OB
ncCJIelOBaHNSA, HAYYHBIX TIPOTPAMM B paMKax
rpanToB IIpesunenra Poccniickoit Mepeparinn,
PODOU, PH® u meskayHapogHbIX KOHKYPCOB.
Penkosierns skypHaia npakTukyer myoJmKa-
110 COBMECTHBIX CTaTeil POCCUMCKUX YUEHBIX
€ MHOCTPAHHBIME aBTOPAMU. 3a TIOC/e/Hee Bpe-
M3l B JRypHaJie MOsBUJINCH PabOThI ¢ yuacTruem
MHOCTPAHHBIX YUéHbIX 13 Ruras, Amxnpa, Ra-
vayel, Homwmm, 'epmannn, [lannn, Yrpannsr,
bBenapycn, Razaxcrana. Crarbi mpmHIMAIOTCS
1 IyOJIMKYIOTCS He TOJTbKO Ha PYCCKOM, HO 1 HA
anrauiickom sizbikax. G 2018 1. kostekTMBOM
pellarIuu TPOBOUTCS KOHKYPC HA JIYUITYIO
0030pHYIO U DKCIEPUMEHTATbLHYIO CTAThIO
B JKypHaJe.

Mopndunuposan n akTuBHO (DYHRINO-
Hupyer cair skypuana — http://envjournal.ru.
Jlnst oniepatuBHOI pabOTHI ¢ aBTOPAMU PeJIKOJ -
Jerueii skypHaia paspadoraH JUUHBIT KaOum-
HeT, MO3BOJISAIONINI 3aTPysKaTh MyOJUKAIUIO,
OTCJIE;RUBATDH €€ CTaTyC, XOJ PelakTUPOBAHUS
1 10pabOTKI CTAaThI IO CIAYM B TIeYaTh 1 Iy 0.Ii-
KaIllu B 3KypHaJIe, 00MeHUBATHCA NHPOpMATII-
eii ¢ pearosierneii. Mucrpykius n npasmnia
[10JIb30BAHUS JIMYHBIM KAOUHETOM caiiTa sRyp-
nasa «Teopernueckas n puKIaIHAS YKOJIOTUS»
pasmetiienbl 110 ajgpecy http://envjournal.ru/
libnet.php Onekrpornas pegaxiyus sKypHaia
[103BOJISIET B OLIePATUBHOM PeKIMe PerucTpiu-
poOBaTh MOCTYHAIONINE PYKOIIUCH, PeIeH3IPO-
BaTh UX, OCYIIECTBISATH BCIO Mpe/edaTHyo
MOJITOTOBKY.

naswblit peflakrop sypaasa, npodeccop
T. fI. Amnxmuna



SSN 1995-4301

1SS
oll771995

430004



