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Cooperative anti-leukemic effects of vitamin D derivatives and plant polyphenols in
AML models: the role of the interplay between NRF2, AP-1, and VDR

Treatment of acute myeloid leukemia (AML) has not significantly improved in the past 40 years. The active
form of vitamin D, 1.25-dihydroxyvitamin D3 (1,25D3), has strong in-vitro antileukemic effects at toxic con-
centrations in vivo. Several low-calcemic vitamin D analogs (VDASs) have been synthesized to reduce 1,25D3
toxicity. We have previously shown that plant polyphenolic antioxidants (PAOX) synergistically enhance the
effects of 1,25D3 and VDA:s at non-toxic doses. These effects were mediated by the nuclear factor (erythroid-
derived 2)-like 2 (Nrf2) and activator protein-1 (AP-1) transcription factors. The study aimed to 1) Character-
ize the combined effects of novel highly potent vascular disrupting agents with peroxisomal N(1)-acetyl-
spermine/spermidine oxidase on differentiation and growth of acute myeloid leukemia cells; 2) Elucidate the
role of the interplay between nuclear factor erythroid 2, activator protein-1, and vitamin D receptor (VDR) in
the combined antileukemic effects of vascular disrupting agents and peroxisomal N (1)-acetyl-
spermine/spermidine oxidase. This article presents the treatment of AML with pharmaceutical plants and vit-
amin D. Such techniques as culture dilution (HL60, U937) and Western Blotting were used. We determined
the in-vitro antileukemic effects of novel plant vitamin D2-based VDAs with removed C-19 (19-nor analogs;
PRI-5201 and PRI-5202) or with a side-chain modification at C-24 (24-cis analogs; PRI-1916 and PRI-1917)
on HL60, U937, and MOLM-13 human AML cells. The differentiation potency of PRI-5201 and PRI-5202
was 1-2 orders of magnitude higher than that of 1,25D2 or 1,25D3, while the 24-cis modification was almost
ineffective. The 19-nor VDA/CA combinations are promising for treating AML. In vivo, testing of these
combinations is in progress. We suggest that direct or indirect Nrf2-mediated up regulation of AP-1 and VDR
by PAOX increases the sensitivity of AML cells to low doses of 1,25D3 or VDAs.

Keywords: acute myeloid leukemia (AML), nuclear factor (erythroid-derived 2)-like 2 (Nrf2), activator pro-
tein-1 (AP1), polyphenolic antioxidants (PAOX), vitamin D analogs (VDAS).

Introduction

Leukemia is represented by a variety of malignant diseases that are characterized by the uncontrolled
proliferation of white blood cells (WBC) [1-3]. These actively dividing, immature, functionless cells accu-
mulate in the bone marrow and peripheral blood of a patient with leukemia [4]. The bone marrow can no
longer produce enough normal erythrocytes, WBC, and platelets. As a result, leukemia patients suffer from
anemia, cytopenia, increased risk of infections, and bleeding. Additionally, malignant hematological cells
circulating in the peripheral blood may reach the lymph nodes, liver, spleen, central nervous system, testi-
cles, and other organs [5-6].

There are about 300,000 leukemia new cases over the world each year and 222,000 deaths. The five-
year relative survival rate for patients with leukemia has more than tripled in the past 47 years [3]. In
1960-1963, a leukemia patient had a 14 percent chance of living for five years when compared to a person
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without leukemia. Gradually, the overall relative survival rate increased to almost 50 percent in 1996-2003.
However, the five-year survival improved mainly for patients with acute lymphocytic leukemia (60 percent)
and chronic lymphocytic leukemia (70 percent), whereas the same five-year survival rate for patients diag-
nosed with acute myelogenous leukemia (AML) remained low, at approximately 20 percent [7].

To date the main treatment for acute myeloid leukemia AML, chemotherapy is very ineffective and tox-
ic. Following the treatment 80 percent of AML patient will dye of the disease or due to cytotoxic effects [8].
Consequently, new therapies are necessary to improve survival of AML patients. Differentiation therapy is
used as an alternative or complement to conventional chemotherapy for the treatment of cancer. Several
compounds are known to induce differentiation of neoplastic cells. For example, all-trans retinoic acid
(ATRA) has proven extremely valuable in the treatment of acute promyelocytic leukemia (APL), a subtype
of AML. The serendipitous introduction of ATRA for the treatment of APL turned out to be the first truly
effective targeted therapy for the treatment of APL and has had a profound effect on increasing the cure rate
of this disease. Similarly, vitamin D3 is currently under investigation as a differentiating agent in a variety of
tumor types. It is well-known that the therapeutic use of the most biologically active vitamin D metabolite,
1,25D3, is limited by its hypercalcemic effect. Synergistically acting drugs that can potentiate the differenti-
ating effect of 1,25D3 at low, non-toxic concentrations may present a solution to this challenge [9-10].

This research is a continuation of our studies demonstrating that the plant-derived polyphenol carnosic
acid (CA) enhances myeloid leukemia cell differentiation induced by nearly physiologic concentrations of
1,25D3 and ATRA (10). The aim of the present study is to investigate the molecular mechanism of potentia-
tion of 1,25D3-induced myeloid leukemia cell differentiation by CA.

Tasks: 1) To characterize combined effects of novel highly potent vascular disrupting agents with pe-
roxisomal N (1)-acetyl-spermine/spermidine oxidase on differentiation and growth of acute myeloid leuke-
mia cells; 2) To elucidate the role of the interplay between nuclear factor erythroid 2, Activator protein 1 and
vitamin D receptor in the combined anti-leukemic effects of vascular disrupting agents and peroxisomal N
(1)-acetyl-spermine/spermidine oxidase.

Experimental

Reagents and antibodies. Carnosic acid was purchased from Alexis Biochemicals (Laufenfingen, Swit-
zerland). 1,25D3 was a gift from Dr. Milan Uskokovic (BioXell, Inc., Nutley, NJ). 12-O-
tetradecanoylphorbol 13-acetate (TPA), tert-butylhydroquinone (tBHQ), and DMSO were obtained from
Sigma Chemical Co. (St. Louis, MO). The antibodies against VDR (C-20), Nrf2 (C-20 and H-300), c-Jun
(H-79), c-Fos (4-10G), ATF2 (C-19X), and NQO1 (C-19), were purchased from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA). Anti-GCS antibody (RB-1697-P) was obtained from NeoMarkers (Fremont, CA). An-
ti-calreticulin antibody (PA3-900) was obtained from Affinity BioReagents (Goden, CO). Peroxidase-
conjugated AffiniPure donkey anti-rabbit and donkey anti-goat 1gG were purchased from Jackson Immu-
noResearch Laboratories, Inc. (West Grove, PA).

Stock solutions of CA (10 mM), 1,25D3 (0.25 mM), and tBHQ (30 mM) were prepared in absolute eth-
anol. TPA (1 mM) and (MG132 25 mM) stock solutions were prepared in DMSO. The precise concentration
of 1,25D3 in stock solutions was verified spectrophotometrically at 264 nm.

Cell Culture and Treatment. HL-60 human myeloblastic leukemia cells and U937 human myelomono-
cytic leukemia cells were obtained from Dr. R. Levy (Ben-Gurion University). Cells were grown in RPMI
1640 medium containing penicillin (100 U/ml), streptomycin (0.1 mg/ml), and 10% FCS. Cells were plated
in 6-well plates (4 x 104 cells/ml) unless stated otherwise and incubated with the indicated concentrations of
CA and/or 1,25D3 for various periods of time. All procedures were done under dim light.

Western Blotting. Cells were washed twice with ice-cold PBS and resuspended in ice-cold lysis buffer
containing 50 mM, HEPES (pH 7.5), 150 mM NaCl, 10% (v/v) glycerol, 1% (v/v) Triton X-100, 1.5 mM
EGTA, 2 mM sodium orthovanadate, 20 mM sodium pyrophosphate, 50 mM NaF, 1 mM DTT and 1:50
Complete TM protease inhibitor cocktail. The lysates were incubated for 10 min on ice, and the cellular de-
bris were cleared by centrifugation (20,000 x g, 10 min, 4°C). The protein content of the samples was deter-
mined by the Bradford method using a protein assay kit (Bio-Rad, Richmond. CA). Equal amounts of protein
(30 ng) were separated by SDS-PAGE and then transferred to a nitrocellulose membrane (Whatman GmbH,
Dassel, Germany). The membrane was blocked with 5% nonfat milk and probed with one of the abovemen-
tioned primary antibodies. Protein bands were visualized using the Western Lightning™ Chemiluminescence
Reagent Plus (PerkinElmer Life Sciences, Inc., Boston, MA) after exposure of the membrane to a corre-
sponding secondary antibody coupled to horseradish peroxidase (Promega, Madison, WI). Protein abundance
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was quantitated by densitometric analysis using an Image Master VDS-CL imaging system (Amersham
Pharmacia Biotech).

Statistical Analysis. The significance of the differences between the means of the various subgroups
was assessed by the two-tailed Student’s t-test. Two compounds (A and B) were considered to show en-
hancement in the experiment if the effect of their combination (AB) was larger than the sum of their individ-
ual effects (AB>A + B), the data being compared after subtraction of the respective control values from A,
B, and AB. Data are presented as mean+SE. P value less than 0.05 was statistically significant. The computa-
tions were performed using Microsoft EXCEL and GraphPad Prism software (GraphPad Software, San Die-
go, CA) programs.

Results

Figure 1 illustrates that, while not affect the differentiation of U937 cells, CA (10uM) strongly potenti-
ated the ability of a low concentration of 1,25D3 (2.5 nM) to induce expression of an early monocytic sur-
face marker, CD14, following treatment for 60 h. Cells were incubated with vehicle (A) or indicated com-
pounds (B, D, E) for 60 h, followed by expression analysis of the surface differentiation markers CD11b and
CD14, as described in “Materials and Methods”. 1,25D3 (100 nM) was used as a positive control (F). Panel
C summarizes the data of two independent experiments (means + the upper and lower limits of experimental
values).

The expression of a general myeloid differentiation marker, CD11b, was also enhanced. Importantly,
the differentiation effect of combination treatment was like that induced by a high (100 nM) concentration of
1,25D3 alone.
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Figure 1. CA potentiate U937cell differentiation induced by 1,25D3 (D3)

Since, it was recently demonstrated in our laboratory that CA acts as an antioxidant in HL60G leukemia
cells, we first determined whether potentiation of 1,25Ds—induced differentiation by CA is accompanied by
the activation of the Nrf2/ARE system. Therefore, we set out to investigate whether CA induces any detecta-
ble changes in the mRNA and protein levels of Nrf2, the key transcription factor of the ARE. U937 cells
were incubated with 10 uM CA or 30 uM tBHQ (the classic Nrf2/ARE inducer) for 1 h, followed by semi-
quantitative RT-PCR to measure mRNA levels. As shown in Figure 2 (A, B), these antioxidants did not sig-
nificantly change Nrf2 expression. However, Nrf2 protein levels were increased in U937 cells treated for 1 to
6 h with CA or tBHQ (Fig. 2C), as compared to control cells. Cells were treated with CA or tBHQ for the
indicated times, followed by determination of Nrf2 mRNA and protein levels by semi-quantitative RT-PCR
(A) and western blotting (C), respectively. Whole cell lysate of tBHQ-treated T47D breast cancer cells was
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used as a positive control (C). 28S (A) and calreticulin (C) were used as loading controls. In A and C, one
representative of two similar experiments is shown. In B, the quantification of these experiments is present-
ed. Data shown represent the average of two experiments. Error bars correspond to the variance of the
means.

The total protein extracts from tBHQ-treated T47D breast cancer cells were used as a positive control
for Nrf2 protein expression.
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Figure 2. Induction of Nrf2 in U937 cells

In order to evaluate whether CA is able to transactivate the ARE, we measured its effects on the NQO1-
ARE4-luc reporter gene system in transiently transfected U937 cells. As shown in Figure 3A, CA induced
transactivation of the ARE in a concentration-dependent manner. Concentrations higher than 20 uM were
found to be cytotoxic (data not shown). Additionally, other plant-derived polyphenols — curcumin, carnosol,
and silibinin — with known antioxidant property were able to reduce the levels of intracellular ROS in the
HL60 leukemic cells (Gabi lzumchenko, unpublished data) and were evaluated as possible inducers of the
NQOL1-ARE4 reporter gene system in leukemic cells. We found that, unlike CA, neither silibinin nor rosma-
rinic acid transactivated the ARE, but carnosol and curcumin activated the ARE-luc reporter in a concentra-
tion-dependent manner, albeit to a lesser extent than CA (Fig. 3A, B). Accordingly, figure 3B demonstrates
that CA and curcumin, but not silibinin, transactivated the AREx4-luc reporter gene system, which contains
four tandem synthetic ARE repeats.

In order to evaluate whether CA and 1,25D;are cooperative in terms of ARE transactivation, we meas-
ured the effects of CA, 1,25D3, and their combination treatment on the NQO1-ARE4-luc (Fig. 4A) and
AREx4-luc (Fig. 4B) reporter gene systems in transiently transfected U937 cells. When added alone, 1,25D;
did not significantly affect the ARE activity but moderately enhanced CA-induced ARE transactivation
(Fig. 4A, B) U937 (A, B) and WEHI-3B (C) leukemia cells (2x10°) were co-transfected with NQO1-ARE4-
luc (A) or AREx4-luc reporter (B, C) and Renilla plasmids. Four hours later, cells were treated with CA or
1,25D; (Ds3) alone and in combination. Luciferase activity was determined after an additional 20 h. tBHQ
was used as a positive control. The Firefly luciferase to Renilla luciferase ratios of a preliminary experiment
(B) or of 2-4 experiments (A, C) are presented as the means + SE of triplicate.* significant enhancement of
CA effect by 1,25D3, as compared to CA alone (P < 0.05). To demonstrate that the CA-induced ARE trans-
activation is not unique to the U937 cell line, we transiently transfected WEHI-3B murine myelomonocytic
leukemia cells with the AREx4-luc reporter plasmid and evaluated ARE induction. In results similar to those
obtained in U937 cells, CA transactivated the ARE in WEHI cells, and 1,25D; increased CA-induced ARE
transactivation; 1,25D; alone, though, even at 100 nM concentration, did not affect ARE activity (Fig. 4C).

To assure that the results of the reporter gene assays reflect a physiological increase in ARE activity, we
determined whether CA and 1,25Ds treatments induced the expression of the Nrf2/ARE-responsive proteins,
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NQOL and the catalytic subunit of y-GCS, in untransfected U937 cells. As shown in Figure 5A, NQO1 was
substantially induced in cells treated for 20 h with CA (10 uM).
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Figure 3. Effects of different polyphenols on the ARE transactivation. U937 cells (2x10%) were co-transfected with
NQO1-ARE4-luc (A) or AREx4-luc (B) reporter and Renilla plasmids
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Figure 4. 1,25D; moderately increases CA-induced ARE activity

When added alone or in combination with CA, 1,25D; did not significantly affect NQO1 expression.
v-GCS was also induced following treatment with CA, and 1,25Ds slightly enhanced this effect (Fig. 5A, B).
tBHQ (30 uM) induced, as expected, the expression of both Nrf2/ARE-responsive proteins. Cells were treat-
ed with the indicated agents for 20 h for western blot analysis of NQO1 and y-GCS levels (A). tBHQ was
used as a positive control. Calreticulin was used as loading control. Representative blots of two similar ex-
periments are shown (A). Densitometric analysis of protein bands presented in panel B (means + the upper
and lower limits of experimental values, n=2).
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v-GCS is responsible for glutathione synthesis [5-6]. Therefore, we determined whether the cooperation
between CA and 1,25D; on ARE transactivation and CA-induced elevation of y-GCS protein level was ac-
companied by changes in the intracellular glutathione levels in U937 cells. To this end, cells were incubated
with CA (10 uM) 1,25D; (1 nM), by themselves and in combination or with tBHQ (30 uM) for 24 h, fol-
lowed by measurement of total cellular glutathione. When added alone, CA and 1,25D3 showed a moderate
effect (Fig. 6).
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Figure 5. Effects of CA, 1,25D3 (D) and tBHQ on NQO1 and y-GCS protein expression
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Figure 6. Effects of CA, 1,25D3 (Ds) and tBHQ on total glutathione levels in U937 cells

Cells were incubated with the indicated compounds for 24 h followed by measurement of total glutathi-
one by the glutathione reductase recycling assay described in “Materials and Methods”. Data are the means +
SE of two independent experiments performed in triplicate. *CA/1,25D; combination-induced effect was
significantly stronger than of the sum of each agent alone which is signed by a horizontal line (P<0.05).
However, in combination, they produced a substantial synergistic elevation of glutathione levels.

To explore the role of the Nrf2/ARE system in the 1,25Ds/CA-induced differentiation, we employed
Nrf2 over expression and down-modulation strategies. To this end, U937 cells were stably transfected with
expression vectors for Nrf2, its dominant-negative mutant (dnNrf2), or empty vector (pEF) and were desig-
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nated U937-Nrf2, U937-dnNrf2, or U937-pEF cells, respectively. The transfected cells were cloned by limit-
ing dilution. Prior to determine the differentiation induction, the functional consequences of Nrf2 over ex-
pression or down-modulation were estimated by determining Nrf2 protein levels (Fig. 7A) and induction of
ARE-responsive gene products (Fig. 7B). These assays were performed in two U937-Nrf2 clones (#18 and
#20) and two U937-dnNrf2 clones (#13 and #17). Untransfected U937 cells, as well as a mixed U937-pEF
clone culture and the isolated clone U937-pEF#3, were used as controls.

As shown in Figure 7A, in the absence of stimulation, untransfected U937 cells, control transfectants, and
U937-dnNrf2 clones demonstrated a low expression level of a ~97-kDa Nrf2 polypeptide, whereas U937-
Nrf2 clones had relatively higher Nrf2 levels. U937-Nrf2 #18 clone exhibited a slightly higher Nrf2 expres-
sion than U937-Nrf2 #20 clone. In both U937-dnNrf2 clones, we observed the appearance of a truncated
dnNrf2 form (~22.5 kDa). Upon stimulation with tBHQ, the increase in Nrf2 levels was more pronounced in
the Nrf2 transfected cells, U937-Nrf2#18 clone being more responsive than U937-Nrf2#20 clone. Cells were
treated with CA or tBHQ for 24 h, followed by determination of protein levels by western blotting. The Nrf2
and dnNrf2 detecting strips were taken from the same blot. The y-GCS and NQO1 levels were determined in
the U937-Nrf2 #18 and U937-dnNrf2 #17 clones. Blots of one experiment are presented. The similar data for
the NQOL1 levels were obtained in 3 independent experiments performed with mixed (uncloned) dnNrf2
transfectants (data not shown).
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Figure 7. Induction of Nrf2 (A) and ARE-regulated gene products y-GCS and NQO1 (B) in U937 cells stably transfect-
ed with Nrf2, dn-Nrf2, empty vector (pEF), or in untransfected cells (U937)

The enhancement or attenuation of the Nrf2/ARE transcriptional system activity due to Nrf2 modula-
tion was accompanied by respective changes in the expression of the ARE-responsive gene products, NQO1
and y-GCS. As demonstrated in Figure 7B, Nrf2 over expression resulted in an increase in both the basal and
tBHQ-induced NQO1 and y-GCS expression in the U937-Nrf2 cells, compared to untransfected U937 cells
or U937-pEF cells. On the other hand, dnNrf2 expression led to a marked reduction in both the basal and
induced NQOL and y-GCS levels.

Collectively, these results show that CA activates the Nrf2/ARE system and induces the ARE-regulated
proteins, and that transfection of Nrf2 or dnNrf2 can increase or decrease, respectively, the levels and activi-
ty of Nrf2 in leukemic cells.

To elucidate the mode of the involvement of the Nrf2/ARE system in the induction of leukemia cell dif-
ferentiation by 1,25D3 and CA, we first explored the idea that this system may participate in the regulation of
cellular levels of VDR and RXR and, hence, cell sensitivity to 1,25D3. Furthermore, we addressed the role of
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Nrf2/ARE system in the regulation of one of the major transcription factors implicated in the regulation of
VDR expression, AP-1, in myeloid leukemia cells.

Vitamin Ds induces leukemic cell differentiation acting via a nuclear VDR/RXR ligand-activated tran-
scription complex. Previous studies in our laboratory have demonstrated that 1,25D3; and CA alone upregu-
lates VDR and RXR protein levels in HL60-G cells and greatly synergize in this effect. In order to find
whether CA enhances VDR transcriptional activity as well, we measured VDRE activation by a reporter
gene assay in transiently transfected U937 cells. As expected, 1,25D3 induced a dose-dependent VDRE
transactivation (Fig. 8A). CA significantly (p<0.01) increased 1,25Ds-induced transactivation of VDRE-luc
reporter system (Fig. 8B). U937 cells (2x10°) were co-transfected with VDRE-luc reporter and Renilla plas-
mids. Four hours later cells were stimulated with the indicated compounds. Expression of firefly and Renilla
luciferases was determined 24 h after the transfection. 1,25D3(D3) at 100 nM was used as the positive con-
trol. The Firefly luciferase to Renilla luciferase ratios of 7 (A) and 2 (B) experiments are presented as the
means + SE of triplicate. *P<.05, significant enhancement of 1,25Ds-induced effect by CA, compared with
1,25D3 alone.

The effect of the CA/1,25D; combination treatment was comparable to that of a high concentration of
1,25D3 (100 nM). Treatment with the polyphenol alone slightly increased VDRE activity probably due to the
presence of 1,25D; traces in serum.
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Figure 8. Carnosic acid enhances 1,25Dz-induced VDRE transactivation

To determine whether the Nrf2/ARE system is involved in the regulation of VDR expression and activi-
ty we measured the effects of CA, 1,25D3 and their combination on VDR protein levels and VDRE activa-
tion in U937-pEF, U937-Nrf2, and U937-dnNrf2 cells. As shown in Figure 8 (A, B), treatment for 24 h with
CA slightly increased the VDR protein levels in U937-pEF cells, and this effect seemed to disappear after
96h.1,25D; (2.5 nM) alone elevated VDR content in U937-pEF cells following incubation for 24 h or 96 h
while the addition of CA did not further increase the receptor level. Importantly, Nrf2 over expression result-
ed in a marked upregulation of treatment induced VDR protein expression. This effect was more pronounced
in the U937-Nrf2#18 clone, which had higher Nrf2 levels than the U937-Nrf2#20 clone (Fig. 6). The basal
VDR levels also increased in the U937-Nrf2#18 clone (Fig. 8). Transfection with dnNrf2 strongly reduced
VDR content in both U937-dnNrf2#13 and U937-dnNrf2#17 clones.

Discussions

Our laboratory focuses on studies of natural food derivatives and their anticancer effects [10]. Recently,
we and others have shown that plant-derived polyphenolic antioxidants CA, curcumin, and silibinin marked-
ly potentiate the differentiating action of low, near-physiological concentrations of 1,25D3; and ATRA in
HL60 human leukemia cells. Similarly, we demonstrated that CA or the CA-rich ethanolic extract of rose-
mary leaves synergistically potentiated differentiation of WEHI-3B D(-)murine myelomonocytic leukemia
cells induced by 1 nM 1,25D3 or its low-calcemic analogs, R0o25-4020 and Ro027-5646. Importantly, this
treatment elicited strong cooperative antitumor effect, without inducing hypercalcemia in Balb/c mice bear-
ing WEHI-3B D(-)tumors. In this study, we have investigated the molecular mechanism of synergy between
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CA as a representative of ARE-activating plant-derived polyphenols and 1,25D; at low doses. In general,
antioxidants exert their anticancer therapeutic effects via two major mechanisms: 1) direct scavenging of
harmful radicals and 2) induction of various defense systems, which depend on redox-sensitive transcription
systems. One such transcription system is the ARE and its major activating transcription factor, Nrf2. The
ARE is found in the promoters of detoxifying and redox-regulating enzymes. We hypothesized that polyphe-
nolic antioxidants drive Nrf2/ARE activation, which, in turn, potentiates the vitamin D receptor activity,
leading to an enhanced differentiation response in leukemia cells. Our hypothesis was supported by several
lines of evidence:

First, we found that the phenolic diterpene CA and, to a lesser extent, some other polyphenols,
induced ARE transactivation in leukemic cells. We demonstrated that CA strongly upregulated the Nrf2
protein levels without significant change of its mMRNA levels. Since the mechanism of action of CA on Nrf2
expression/translation is not clear yet, we suggest that CA acts similarly to the other Nrf2/ARE inducing
agents that increase the half-life of Nrf2 by stabilization of theNrf2 protein without affecting the steady-state
level of MRNA. We found that CA promoted the expression of the Nrf2/ARE-responsive gene products (e.g.,
NQOL, y-GCS) and de novo synthesis of glutathione in U937 cells (Fig. 2, 5). In support of our finding, Wei
et al. recently reported that CA activated the Keap1/Nrf2 transcriptional pathway in monkey kidney COS7,
murine hippocampal HT22, and rat adrenal pheochromocytoma PC12h cell lines by binding to specific
Keapl cysteine residues. Although the Nrf2/ARE system and its regulation by phytochemicals and other
compounds have been well characterized in various cell and animal models, this system remains only scarce-
ly investigated in leukemia cells. For example, synthetic triterpenoids, hemin, and the gold(l)-containing
compound auranofin have been found to activate the Nrf2/ARE transcription system in U937 cells. Interest-
ingly, in our study CA-induced ARE transactivation and increased total glutathione levels were augmented
by 1,25D3, even though NQO1 and y-GCS protein levels were not significantly further affected by the differ-
entiation inducer. We suggest that 1,25D; may potentiate the effects of CA on ARE activation by modulating
Nrf2 function, e.g., via stimulation of signaling kinase pathways. Extracellular signal-regulated Kkinase
(ERK), c-Jun terminal kinase (JNK), phosphoinositide 3-kinase (PI13-K), and protein kinase C (PKC), which
are known to be activated by 1,25Ds in myeloid leukemia cells, may also positively regulate the Nrf2/ARE
pathway. We propose two putative pathways mediating the effect of the CA/1,25Ds-combined treatment on
the intracellular glutathione levels. We hypothesize that the CA/1,25Ds-induced enhancement of the yGCS
complex enzymatic activity is the result of 1) enhanced expression of ARE-driven yGCS regulatory subunit,
2) posttranslational modifications of yGCS protein or the combination of both. This hypothesis requires fur-
ther investigation and will be the subject of next study.

Second, we demonstrated that CA-triggered Nrf2/ARE activation potentiates 1,25Ds-induced
leukemia cell differentiation. We showed previously and in the present study (Fig. 1) that, while having
almost no effect on leukemia cell differentiation, CA potentiates the ability of low, near-physiological con-
centrations of 1,25D3; and ATRA to induce differentiation of leukemia cells. Strikingly, the CA/1,25Ds-
induced effect on leukemia cell differentiation was strongly enhanced by Nrf2 overexpression (Fig 8), but
depletion of Nrf2 by siRNA or expression of a dominant-negative Nrf2 completely abolished this effect. This
suggests a critical role for Nrf2 in CA-mediated potentiation of 1,25Ds-induced leukemia cell differentiation.
Importantly, the differentiation induced by a high concentration (100 nM) of 1,25D3 in leukemia cells was
significantly enhanced by the Nrf2 overexpression and reduced by the expression of dnNrf2. These results
imply that the Nrf2/ARE transcription system participates in the basic mechanism of the differentiation in-
duction by vitamin Ds. Our findings demonstrated that the Nrf2/ARE transcription system plays a major role
in myeloid leukemia cell differentiation. Furthermore, these findings are supported by recent publications
reporting the role of Nrf2 in differentiation of hematopoietic cells. It has been shown that Nrf2 is upregulated
during megakaryocytic and erythroid differentiation of human CD34+ cord blood cells induced by thrombo-
poietin and erythropoietin, respectively. Furthermore, hemin, the inducer of erythroid differentiation, activat-
ed ferritin H gene transcription in K562 human erythroleukemic cells through ARE activation. Generally,
these findings suggest that the Nrf2/ARE system is essential in the maturation of hematopoietic progenitors
and differentiation of leukemia cells.

Third, we demonstrated that the regulatory action of the Nrf2/ARE system in cell differentiation
is mediated, at least in part, by the AP-1 and VDR transcriptional systems. We analyzed two potential
mechanisms that may mediate the regulatory action of the Nrf2/ARE system during differentiation of mye-
loid leukemia cells: the activation of VDR/VDRE and AP-1/TRE transcriptional systems. Both systems have
been shown to be involved in 1,25Ds-induced differentiation. For example, EI-Huneidi et al. found that inhi-

Cepus «bronorusa. MeavuuHa. Meorpacdusax». 2024, 29, 1(113) 15


http://en.wikipedia.org/wiki/Protein_kinase

R.N. Aitbekov, A.G. Zhumina, M.P. Danilenko

bition of VDR transcriptional activity by a VDR oligodeoxynucleotide (ODN) decoy markedly abrogated
1,25Ds-induced differentiation in HL60 cells. The same group also showed that functional AP-1 is required
for 1,25Ds-induced monocytic differentiation. Our experiments clearly indicate that the component expres-
sion and activity of both the VDR/VDRE and AP-1/TRE transcriptional systems are enhanced or reduced by
Nrf2 overexpression or downmodulation, respectively (Fig. 8). Of equal importance, is our finding that Nrf2
may regulate the basic mechanism of 1,25Ds-induced differentiation, by controlling VDR and RXRa protein
levels and VDRE transactivation, as was shown by positive or negative modulation of the Nrf2/ARE tran-
scriptional system respectively. Our results demonstrated that the dnNrf2 expression reduced the basal ex-
pression of NQO1 and yGCS proteins and caused 22-49% reduction in 1,25Ds-induced VDRE transactiva-
tion, therefore we suggest that the basal activity of Nrf2 and ARE-driven products is important for the
1,25Ds-induced activation of the VDR/VDRE transcription system. To estimate the precise effect of 1,25D3
treatment we plan to use stripped serum in our future research.

Using Nrf2 and dnNrf2 stable transfections we showed a positive role of the Nrf2/ARE system in pro-
tein expression regulation of several major AP-1 components, such as c-Fos, c-Jun, and ATF2. We observed
that regulation of AP-1 protein levels was accompanied by Nrf2/ARE-regulated AP-1 functional activity.
These results are supported by recent data that describe a decrease in c-Fos and c-Jun mRNA levels and AP-
1 activity in Nrf2 knockout mice. Using AP-1 decoy ODN we proved that the Nrf2/ARE system facilitates
leukemia cell differentiation through the activation of the AP-1 transcriptional complex. In support of this
finding, Trachtenberg et al. also found that AP-1 decoy ODN decreased 1,25Ds-induced HL60 leukemia cell
differentiation, which was associated with reduced VDR protein levels. The VDR promoter contains two
AP-1 response elements, and the data from our laboratory demonstrated that polyphenols potentiated 1,25D3-
induced AP-1 binding to them. In addition, AP1-mediated regulation of the VDR expression was demon-
strated by application of truncated c-jun, and site-directed mutagenesis of the TRE inthe VDR promoter.
Therefore, it is likely that Nrf2 acting via AP-1 regulates the expression of the VDR in myeloid leukemia
cells, thereby increasing their responsiveness to 1,25Ds.

The possibility of direct interaction between Nrf2 and VDR is supported by recent findings in our la-
boratory demonstrating co-recruitment of Nrf2 and estrogen receptor (ER) to the estrogen response element
(ERE), using chromatin immunoprecipitation (ChIP) assays (Andrea Atzmon and Keren Hirsch, unpublished
data). Furthermore, inhibitory function of Nrf2 on ER/ERE transcriptional activity in breast cancer cells was
also demonstrated by stable expression of Nrf2, dnNrf2 or Nrf2 silencing. In contrast to the negative role of
Nrf2 in the ER/ERE system, a possible physical and functional interaction between Nrf2 and
VDR/RXR/VDRE is likely activating, as supported by our VDRE activation data.

Motif scanning results of the RXRa promoter suggest an additional level of the regulation vitamin Ds-
induced cell differentiation by Nrf2. We found two Nrf2 binding sites in the RXRa promoter and showed
that Nrf2 overexpression led to a marked upregulation in RXRao protein expression, while transfection with
dnNrf2 decreased RXRa content. These results imply that CA may also potentiate 1,25Ds-induced differen-
tiation by upregulation of RXRa through activation of the Nrf2/ARE transcriptional system, but further stud-
ies are required to elucidate the possible direct induction of nuclear receptors by Nrf2/ARE.

Conclusions

In this study we have investigated the mechanism for enhancement of 1,25D3s—induced differentiation of
myeloid leukemia cell lines by antioxidant polyphenols, utilizing CA as the strong ARE activating phenolic
compound. Our results suggest the following model of the functional role for the Nrf2/ARE system in differ-
entiation enhancement (Fig. 1):

1. CA transactivates the Nrf2/ARE transcriptional system and induces the ARE-regulated genes, thereby
encoding antioxidant and phase Il detoxifying enzymes, such as, NQOL, and y-GCS. y-GCS is particularly in-
teresting as it is a rate-limiting enzyme in the glutathione (GSH) synthesis.

2. Elevation of GSH content can facilitate the activation of the redox-sensitive transcription factor AP-1.

3. The activated AP-1 binds to two AP-1 response elements (TRE) located in the VDR promoter thus in-
creasing the VDR expression. The VDR transcriptional system might also be activated directly via physical in-
teraction with Nrf2.

4. The classical VDR/VDRE pathway activated by 1,25Ds, leads to the expression of differentiation-
related genes. We suggest that at least some polyphenols may enhance 1,25Ds-induced leukemia cell differentia-
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tion by activating Nrf2/ARE and AP-1/TRE, leading to the upregulation of the VDR/VDRE transcriptional sys-
tem and thus to the sensitization of the leukemia cells to the low non-toxic concentrations of 1,25D:s.

In conclusion, our findings demonstrate for the first time that the Nrf2/ARE transcriptional system plays
a major role in myeloid leukemia cell differentiation and thus may represent a target for mechanism-based
therapy of AML.
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P.H. Aiit6ekoB, A.I'. XKymuna, M.II. Jlanunenko

AKMJI monenbaepinaeri D gopyMeHi MeH ociMaik moau(eHO0J TYbIHABLIAPbIHBIH
Jeiiko3rakapcsl OipaeckeH dcepi: NRF2, AP-1 :xone VDR apacbingarsl e3apa
dpeKeTTecyAiH poJii

XKenen muenonnrs neiikosasr ((KMJII) emaey corrsl 40 XKblnaa aiiTapibIkTail xkakcaprad koK. D Butamumi-
HiH 1,25-guruapokcusuramun D3 (1,25D3) Gencenai Typi in ViVO yBITTBI KOHIEHTPAIKSICHIHAA iN Vitro Kymrri
neiikosrakapchsl acepre ue. 1,25D3 ybITTHUIBIFBIH TOMEH/IETY YIUIiH KYpaMbIHAa KaJbluiii ToMeH D napymeHi-
HiH (VDA) 6ipHeme ananorrapsl cuHTe3nenmi. bypsiH 6i3 eciMmik moaudeHONIbl aHTHOKCHIAHTTAPABIH
(PAOX) ynbr emec nozanapaa 1,25D3 sxone VDA acepiH CHHEpPreTHKabIK TYpJe KYIIEHTETiHIH KOpCEeTKEeH
6onateiHOBI3. By acepnep simponbik dakrop (3putpons 2 TybHABICH)-2 (Nrf2) jxoHE akTHBATOp aKybI3bl-1
(AP-1) Tpanckpumnims (hakTopiapsl apKbUIBI XKY3€re aChIpbUIIAbL. 3epTTEYAiH MaKcaThl: 1) HepPOKCHCOMAIIBIK
N (1) — ameruncrepMuH/CriepMUAANHOKCHAA3aChl Oap *aHa KYIITI ocep eTEeTiH TaMbIP/bl KEHEHTETIH areHT-
TEpIiH XKelel MHEIOHITH JICHKO3 kKacyladapbiHbH qudQepeHnanusacel MeH ocyiHe OipiKTipiJireH ocepiH
cunarray; 2) TaMbIpAbl KEHEWTYyLIi areHTTepIiH JIeHKo3Fakapchl jxoHe mepokcucomanbasl N (1)-
aleTHICIIEPMHUH/CIIEPMHUIMHOKCHIa3aHbIH OIPIKTIpiIreH acepinAeri s3puTpous 2 sapoiblK (HaKTOPBIH, aKTH-
Batop akyb3bl-1 sxone D nmopymeni perentopsl (VDR) apackiHaarel e3apa 9peKeTTECYdiH POIliH aHBIKTAy.
Maxkanana JXMJI-Hbl papManieBTHKAIBIK OCIMIIKTEpMeH xaHe D opyMeHiMeH eMzey YChIHbUIFaH. OciHini
ecipy (HL60, U937) »oHe BecTepH-OJOTTHHT CHAKTHI dfictep Kosnauburad. JKoieuran C-19 (19-nor ana-
norrapsl; PRE-5201 sxone pri-5202 anamorrapsl) ecimaik Herisinmeri B2 mopymeni memece HL 60, U937
xoHe MOLM-13 anam xacymanapeiana C-24 (24-uuc ananortapst; pri-1916 sxone PRI-1917) Oyitipiik Ti3-
6exti MmoqupukamusTanys! xana VDA-ma nefikosrakapesl ocepi in Vitro amsikrangst. PRI-5201 sxone PRI-
5202 muddepenmmanusaceHbH THIMILTT 1, 25D2 Hemece 1,25d3-TeH 1-2 peTTik jKoFapbl OOJIFaH, all CoJl ya-
KbITTa 24-111c MoAMUKALHACH ic xy3iHae THiMci3 6omapl. 19-nor VDA/CA xomOunatmsiapsr XKXMJT emaey
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yurin taimai. Kasipri yakprrra 6y1 koMOuHaMsuapas! in Vivo tecriney xyprisinyae. PAOx kemerimen AP-1
skoHe VDR Tikeneil Hemece jxaHama Nrf2 apkpuibl Oencennipizyi XKMJI sxacymanapsabia 1,25D3 Hemece
VDASs TeMeH fo3aapbliHa Ce3IMTaNIbIFBIH apTThIPaibl A€l 00KaMBbI3.

Kinm ces3oep: xenen muenountsl neiikemust (OKMJI), saponsik ¢akTop (SpUTPOUI TYBIHIBICH 2)-aKybI3bI
6encenniperin 2 (Nrf2)-1 (AP1), momudenon antnokcunantraps! (PAOX), D nepymeni ananorrapsr (VDAS).

P.H. Aiitoekos, A.I'. XKymuna, M.I1. Jlanunenko

CoBMecTHBIE TPOTHBOJIeiKO3HbIE 3G eKThI NPON3BOAHBIX BUTaMuHa D u
PACTUTEJIBHBIX NOJH(PEHOT0B B MOJEJISAX OCTPOr0 MHEJIOHIHOTIO JIeiK03a:
poJb B3aumoaeiicreus me:xkay NRF2, AP-1 u VDR

Jleuenne octporo muenongHoro jeiikosa (OMJI) 3a mocnenuue 40 JeT CylIECTBEHHO HE YIy4IIMIOCh. AK-
TuBHas (opma ButammHa D, 1,25-murmnpoxcusntamun D3 (1,25D3), o61agaeT CHIBHBIM IPOTHBOJEHKO3-
HBIM JIeHCTBHEM iN Vitro mpu TOKCHYHBIX KOHIEHTpAUsX iN Vivo. lis cHikeHust TokcnuHocTH 1,25D3 6b110
CHHTE3MPOBaHO HECKOJILKO aHAJIOroB BuTamuHa D ¢ HM3kuM copeprkanueM Kanbims (VDA). Panee MbI moka-
3aJM, YTO PACTUTENbHbIC NMONM(eHoIbHble aHTHOKCUIAHTH (PAOX) CHHEPrHYecKH YCWIIMBAIOT JAeHCTBHE
1,25D3 u VDA B HETOKCHYHBIX 103aX. DTH 3(PEKTHI OBUTH OMOCPEIOBaHbI SACPHBIM (HakTOPOM (TIPOU3BOA-
HBIM 3puTpoua 2)-mogaoousm 2 (Nrf2) u akruBaropusim Genkom-1 (AP-1) dakropamu tpanckpunmuu. Le-
JBIO HCCIIeIOBaHUS ObUIO: 1) OXapaKkTepu30BaTh KOMOMHHUPOBAHHOE BO3JCHCTBHE HOBBIX CHIBHOICHCTBYIO-
IIMX COCYIOPACIIMPSIIONINX areHTOB ¢ MepokcucomMaibHoi N (1)-ameTHicmepMuH/CriepMUANHOKCHAA30i Ha
T EepeHITUPOBKY U POCT KJIETOK OCTPOTO0 MHEJOMJHOTO JIeHK03a; 2) BBLICHHUTH POJIb B3aWMOJCHCTBHS
MEXIy SICpPHBIM (aKTOPOM 3PHUTPOUA 2, aKTHBATOPHBIM OeikoM-1, u penentop ButamuHa D (VDR) npu
KOMOWHHMPOBAaHHOM aHTHJICHKO3HOM BO3AEHCTBHU COCYHOPACIIUPSIONIMX areHTOB M IepOKCHCOMAaNbHOH N
(1)-aneruincrniepMun/criepMuAMHOKCH A3l B HacTosel craThe npeacrasieno Jedenrne OMIT dapmarieBTu-
YECKHMH PACTCHUSMH H BUTaMHHOM D. Mcronp30Banuch Takue METOIBI, Kak pa3BeneHue KyiapTypsl (HL60,
U937) u BeCcTepH-OIOTTHHT. MBI ONpeIeNiI POTHBOICHKO3HBIE P deKThI iN Vitro HoBbix VDA Ha ocHOBE
pactutensHoro ButamuHa D2 ¢ ynaneanem C—19 (ananoru 19-nor; PRI-5201 u PRI-5202) nmu ¢ monuduka-
uueit 6oxkoBoit nenu Ha C-24 (24-umc-ananoru; PRI-1916 u PRI-1917) Ha yenoBeyeckux kierkax AML
HL60, U937 1 MOLM-13. DddexruBaocts nudpdepennmposanus PRI-5201 u PRI-5202 6puta Ha 1-2 mo-
psinka Beme, 4yeM y 1,25D2 wim 1,25D3, B To Bpemst kak 24-1c-MoauduKays Oblila IpakTHIeCKn Hedd-
(dexrupnoit. Komounamu 19-nor VDA/CA sBsirorcst MEHOroobermatormumu uist sieuenuss OMJI. B HacTos-
1Iee BpeMs IPOBOJHUTCS TECTUPOBAHKE ITHX KOMOHMHALMH N VivO. MBI mperrosaraeM, 4To IpsMasi Wik He-
npsmast Nrf2-onmocpenoBannas aktuBaiust AP-1 m VDR ¢ nomompsio PAOX moBbImaeT 4yBCTBUTEIBHOCTh
kirerok OMIJI k Huskum go3am 1,25D3 umm VDAs.

Kniouesvie cnosa: ocTpblii MHETOUIHBIN JIEUKO3, SACPHBIA (HakTop (MPOU3BOMHBIN dpUTpora 2)-T0T0OHBIIT
2, akTHBHpYIOLIHA O0e0k-1, mommdenonsHple anHTHOKCHAAaHTH (PAOX), ananoru ButamuHa D (VDAS).
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Soul with beautiful and amazing creatures
(to commemorate Nadezhda Petrovna Savchenko's 80th birthday and 50th
anniversary of her scientific and educational endeavors)

Nadezhda Petrovna Slavchenko, a soil zoologist, spent forty years of her life and career as a teacher and
scientist at the Karaganda Pedagogical Institute, Karaganda University, and the Department of Zoology. The
process of educating scientific and pedagogical staff of the greatest educational institution in Central
Kazakhstan is depicted retrospectively on the example of the creative fate of a professional biologist. It was
difficult to go from being an assistant to the department chair and a prominent associate professor, but it was
made possible by senior colleagues' encouragement and the direction of the newly established University of
Karaganda. Soil zoology specialization led to contacts with renowned scientists and great individuals, as well
as a fantastic unexplored world. The sole stationary soil-zoological research of invertebrate creatures
conducted in Central Kazakhstan by N.P. Slavchenko soil organisms contributed to a better understanding of
the relict nature of the Pleistocene island forests' faunistic complex inside the folded nation of Kazakhstan.
Invertebrate representatives from over 200 species and 57 families were described; some were reported for
the first time for the Sary-Arka or Kazakhstan region. The post-glacial fauna's migration paths were taken
into consideration. N.P. Slavchenko's students went on to become naturalists and professors, defended
scientific theses, and maintained a passion for zoological study.

Keywords: Central Kazakhstan, Faculty of Natural History of Karaganda Pedagogical Institute, Faculty of
Biology of Karaganda State University, Department of Zoology, invertebrate animals, soil zoology,
entomology.

Review about life pass

Following her graduation in 1967 from the Karaganda Pedagogical Institute's Faculty of Natural
Science, N.P. Slavchenko (Fig. 1) was assigned to the Department of Zoology, where she became a member
of the team of working scientists who first exposed her to science. A.N. Mukhachev, a specialist in plant
protection, agrochemistry, and entomology; N.B. Shlykov, an entomologist and arachnologist; and
N.G. Skopin, an expert on darkling beetles, were among her colleagues and mentors [1]. Every one of them
imparted a bit of experience and left a mark on her spirit. As a result, it is reasonable to assume that N.P. had
a natural interest in studying invertebrates, the most intricate and diverse group of animals. According to
Nadezhda Petrovna's recollections, she first learnt about the existence of soil zoology from Professor
N.G. Skopin, who was well familiar with the works of systematists of the scientific school of soil zoologists
M.S. Gilyarov.

Figure 1. N.P. Slavchenko
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In Kazakhstan, soil zoology — a relatively young field of study that combines soil science with zoology
had not gained any traction yet. The majority of the pertinent publications and methods were housed in
Moscow leading scientific libraries and were invaluable. N.P. Slavchenko was fortunate to participate in a
four-month advanced training program with a focus on “Zoology of vertebrates and invertebrates” at
Lomonosov Moscow State University (1971). It brought together 500 teachers from USSR states. Apart from
the standard curriculum, every pupil pursued a personalized scientific regimen. N.P. Slavchenko was
assigned to the Laboratory of Soil Zoology of the A.N. Severtsov Institute of Evolutionary Morphology and
Ecology of Animals (IEMEA) of the USSR Academy of Sciences after deciding to specialize in soil zoology.
The laboratory was led by Mercury Sergeevich Gilyarov, who is known as the “father of Soviet soil
zoology”. Yulia Borisovna Byzova, his first pupil and assistant, gave her a warm welcome in the lab and
played a pivotal role in the future of the burgeoning soil animal population researchers. The first exposure to
pertinent methods and works of M.S. Gilyarov; materials of All-Union Meetings on soil zoology; works of
the laboratory staff, particularly with the first edition of the “Identifier of invertebrate larvae living in the
soil” (1964) and articles by foreign scientists were all made possible under the excellent guidance of Julia
Borisovna, a physiologist and zoologist.

In order to perform a thorough inventory of the fauna of soil-dwelling invertebrates and evaluate their
significance in soil formation and ecosystem functioning, it was necessary to enlist the services of young
specialists who could conduct research in various places. The Mercury Sergeyevich laboratory team was
involved in a nationwide cycle of training and support for colleagues from other regions. The study of soil
fauna greatly benefited by the purposefulness, scientific literacy, stringent consistency, and
conscientiousness generated by the degree of knowledge and comprehension of the target of inquiry. These
characteristics set Mercury Sergeyevich and his students apart, along with their high level of intelligence.
The laboratory created an extremely conducive environment for scientific inquiry, which stimulated
everyone's creativity. With the backing of seasoned zoologists, N.P. Slavchenko began fieldwork in the
distinctive pine woods of the Karkarala mountain range.

Extensive soil excavations turned into an important test for N.P. Slavchenko for this reason, young
enthusiasts heading to soil-zoological works were posed a pointed question by renowned zoologist and
biogeographer D.A. Krivolutsky: “Are you ready to devote all your time, and maybe your whole life to such
activities?” As a passionate field worker who had taken part in several international and all-union trips, he
was well-versed in the nuances and difficulty of gathering and preparing soil invertebrates from different
taxonomic groupings. Every month for a number of years, N.P. Slavchenko excavated and painstakingly
examined dirt monoliths in search of their elusive occupants, frequently by himself in the dense forest. It was
essential to go through the multi-pass problem of identifying groupings and species for weeks in the
laboratory. N.P. Slavchenko uses humor to describe the details of his field job in the Karkarala woods,
recalling amusing situations and unplanned meets. The Karkaralinsk zoology and botany training camp was
only starting to take shape in the 1970s of the 20th century. In order to plan their living and working
arrangements, explorers frequently traveled alone and had to rely on their creativity. They slept in the forest,
traveled, and had to find food someplace. They also drank water from a creek and frequently got cold and
wet. The rector of the Pedagogical Institute, S.B. Baimurzin, met in Karkaralinsk with second graduate
students and applicants. He was always interested in the progress of scientific activity and helped to resolve
problems related to housing, transportation, and other matters during the difficult times of complete shortage.

In 1974-1975 N.P. Slavchenko published her first printed papers on soil entomofauna [2, 3]. Natural
scientists might publish in the collection of scientific articles “Experimental studies in chemistry and
biology” produced by Karaganda State University. Later on, publications titled “Issues of ecology of flora
and fauna of Central Kazakhstan” started to appear. Despite their provincial focus, both journals helped the
institution to establish its scientific goals and were important enough to the USSR Higher Attestation
Commission to consider when defending dissertations. N.P. Slavchenko continued to be a regular instructor
at this time, giving lectures, conducting practical classes, and making time to go through a large number of
soil sample contents. She spent a year studying a postgraduate course that helped her to analyze the results of
field collection. Her identification of the creatures in the soil also required the help of other specialists. At
the Kazakh SSR Academy of Sciences Institute of Zoology in Alma-Ata, the entomological samples from
Sary-Arka were often given careful consideration. Hemipteran expert R.B. Asanova and entomologist
I.D. Mityaev provided a wealth of insightful guidance and recommendations that aided in the identification
of various species. N.P. Slavchenko met several distinguished systematists from the Gilyarov scientific
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school in Moscow, including I.H. Sharova (carabidologist and entomologist), N.T. Zaleskaya (centipede
expert), and A.L. Tikhomirova (coleopterologist and rove beetle specialist).

When Karaganda State University was first established in 1980, N.P. Slavchenko, as a teacher there,
attended in Zoology of Invertebrates courses at Moscow State University's Faculty of Professional
Development. All of the lectures were given by renowned zoologists. Lectures on “Zoogeography of the
Seas” were given by Prof. V.A. Sveshnikov, the head of the Laboratory of Ecology and Morphology of
Aquatic Invertebrates (IEMEA). K.V. Beklemishev was the instructor for “Comparative anatomy and
embryology of invertebrates” at Moscow State University. The subject of academician M.S. Gilyarov's
lectures was “Zoology of Invertebrates”. N.P. Slavchenko was accredited by the Moscow State University
Department of Zoology of Invertebrates after completing a report titled “Soil mesofauna of different forest
types of Karkarala forestry” using the materials from her dissertation.

K.S. Baishev, the vice-rector of Karaganda University and a biologist and ecologist, was well aware of
the difficulties and scientific importance of handling entomological materials. When crucial consultation
travels to Moscow and Leningrad were required, he assisted the dissertant. N.P. turned to scientists at the
Zoological Institute of the USSR Academy of Sciences in Leningrad to define complex groups: M.E. Ter-
Minasyan, a coleopterologist with expertise in seed beetles, Attelabidae, and Curculionidae; I.M. Kerzhner, a
specialist in Hemiptera; and O.L. Kryzhanovsky, an entomologist with expertise in ground beetles and
chister beetles.

The deans of the Faculty of Biology, I.M. Anapiev and O.A. Abdrakhmanov, greatly aided in the
important research that was done on the fauna of soil invertebrates in the Karaganda region, insect
systematics and biodiversity, and pest protection of agricultural plants. Significant assistance was also
provided by academician E.A. Buketov, the first rector of Karaganda University, who regarded educating his
own trained professionals and developing the most recent scientific directions as top priorities.

The appointment of a scientific supervisor for N.P. Slavchenko's thesis was required to finish the
scientific study on soil zoology she had begun in Central Kazakhstan (Fig. 2). Since there were no experts in
this sector in Kazakhstan, E.A. Buketov wrote an official letter to the Directorate of IEMEA. Aware of his
impending retirement, Evnei Arstanovich made every effort to expedite the commencement of all scientific
endeavors at the university. In the final days of his tenure as a rector, he assisted N.P. Slavchenko with an
impromptu journey to Moscow to obtain clearance for the head of her thesis from academician
M.S. Gilyarov.

Figure 2. N.P. Savchenko determines entomological collections at KarSU laboratory (70-80s)

Future scientific endeavors were encouraged by the rector of KarSU, Zeinollah Muldakhmetovich
Muldakhmetov, taking careful and considerate care to develop his human resource capacity.

N.P. Slavchenko gave a report on the subject of her dissertation study at the VII All-Union meeting on
the challenges of soil zoology in Kiev (1981), which served as approbation to her dissertation defense [4].
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Subsequently, N.P. Slavchenko took part in several soil zoologist symposia in Ashgabat, Novosibirsk,
Tyumen, Leningrad, Vilnius, Moscow, Thilisi, Kiev [5-8]. For those who were drawn together by the
scientific concerns, these were remarkably productive gatherings.

Every trip became a discovery, according to N.P. Slavchenko. The biggest and most memorable ones
were the XIlI International Symposium on Entomofauna of Central Europe (Kiev, 1988) and the IX
International Colloquium on Soil Zoology (Moscow, 1985), where she had the chance to report on the soil
entomofauna of the Karkarala mountain oasis [9, 10].

Zoologists have always had a fascination in Central Kazakhstan. Most of the invertebrate species found
in Sary-Arka were frequently absent in faunistic reviews. The knowledge of the relict nature of the faunistic
complex of Pleistocene island forests on the area of the Kazakh Upland has been deepened by
N.P. Slavchenko's first and, to date, only soil-zoological research for Central Kazakhstan (Fig. 3).

More than 200 species and 57 groups of invertebrates were described in the works of N.P. Slavchenko;
some of these were first identified for the region of Kazakhstan or Central Kazakhstan [11, 12]. Data on
individual species and large taxa of soil inhabitants, patterns of biotopic and vertical distribution, and the
composition and structure of the complex of soil invertebrates were all collected for the first time, and these
details helped to clarify some aspects of the region's general history of the formation of its flora and fauna as
well as its historical relationships with the northern forest types.

Species of the Elateridae family provided an excellent illustration of how soil inhabitants may preserve
their primary habitats. As a result, the postglacial relic species Dalopius radiculosus Gurjeva, 1964,
dominated the wet pine forests and small-leaved forests of Karkaralinsk. In the soils of mountain birch
forests, the boreal species Selatosomus melancholicus (Fabricius, 1798) predominated [13].

According to N.P. Slavchenko's works, relict species of true bugs that are typical of northern pine
forests have been preserved in the forests of Karkaralinsk. These species include Drymus brunneus
(R.F. Sahlberg, 1848), Drymus sylvaticus (Fabricius, 1775), Eremocoris abietis (Fallén, 1807) Eremocoris
plebejus plebejus (Fallén, 1807), Ligyrocoris sylvestris (Linnaeus, 1758), Philomyrmex insignis
R.F. Sahlberg, 1848 [14].

Materials on the origins of the soil faunistic complex of the island highland forests of the Kazakh
Upland were presented by N.P. Slavchenko at the All-Union Zoogeographical Conference in
Leningrad (1985). She arrived at a conclusion in her investigation regarding the postglacial western nature of
fauna migratory pathways [15, 16]. It was able to conclude, based on historical geobotany, that human
impact led to the isolation of these island woods in the past centuries.
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Figure 3. The employees of Karaganda State University's Department of Zoology (70s). Senior lecturer
N.P. Slavchenko, associate professor A.B. Fathulova, head of department T.I. Aubakirov, associate professor
M.K. Utebaeva, and senior lecturer L.N. Prus are seated on the first row, left to right. Associate professor
K.B. Bekishev is on the right, associate professor T.B. Balmagambetov is on the left in the second row
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At the university, there were always chances to transmit scientific experience. Students' fieldwork in the
Karkaraly mountains was a significant practical phase. It was there that N.P. Slavchenko displayed his
extraordinary dedication to his favorite endeavor — the study of invertebrates. Those who attended
Karaganda State University in the 1970s through 1990s likely recall the zoology students' summer
excursions, when they would arrive carrying field tablets loaded with test tubes, insect bottles, notebooks,
pencils, tweezers, and nets. The most odd constructed containers, traps, and butterfly wingspreaders were
perched on the window sills of the hostel for students.

Within the students' rooms, entomological artifacts flew, crawled, and buzzed after escaping the crates.
Study room displays of binocular microscopes and atlases for identifying insects encouraged the pupils'
interest for research. In the same hall, an insect eclector blazed brightly all night. Any practical job, such as
creating entomological mattresses and envelopes, keeping track of nocturnal butterflies, identifying, naming
of biocenotic collections became the most fascinating thing for everyone while N.P. Slavchenko was around.
Research captivated even the pupils who felt uncomfortable handling insects and preferred to work with
gloves.

Naturally, students writing theses on the invertebrates of the Karaganda Oblast and other parts of the
country received more attention from N.P. Slavchenko at competitions for young researchers, student
scientific works under the supervision of N.P. Slavchenko were given certificates and diplomas. While some
of N.P. Slavchenko's pupils went on to become instructors and defend their scientific theses on different
topics, all of them have strong memories of their time spent conducting entomological research as students.

N.P. Slavchenko led the Department of Zoology from 1988 until 1992. Along with associates
M.K. Utebaeva, V.I. Kapitonov, and T.B. Balmagambetov N.P. Slavchenko advocated for the priority study
of the Kazakh Upland's animal biodiversity (Fig. 2). Staff members of the Department of Zoology
summarized data on the relationship between environmental variables and the distribution of organisms in
the main ecosystems for the scientific work “Biological assessment of natural populations of flora and fauna
of Karkarala Nature Park”, which was published in 1991 [17].

The USSR State Committee for National Education named N.P. Slavchenko as an Associate Professor
in the Department of Zoology in 1990. She served as the University's Deputy Dean of the Faculty of Biology
and Geography for scientific work and as a member of the Scientific and Technical Council for a long time.
N.P. Slavchenko served as the journal's responsible secretary for a while (Vestnik KarSU, Series “Biology,
Medicine, Geography” and was a member of the dissertation council for the specialties of “03.00.08 —
Zoology” and “03.00.13 — Physiology™.

“Invertebrate Zoology”, “Practical Invertebrate Zoology”, “Biomethods of Control of Populations of
Harmful Species”, “Comparative Embryology of Invertebrates”, and “Theory of Zoological Systematics™ are
the five main courses that N.P. Slavchenko developed and are still relevant for KarU as a classical university
today. She released a number of methodological guidelines for independent work on field practice of
invertebrate zoology and individual, control, credit assignments in various years [18—20].

N.P. Slavchenko provided a summary of her extensive observations of rare invertebrate species in
Central Kazakhstan in the monograph “Rare and Endangered Animals of the Kazakh Upland” [21]. It was
suggested that eight species of butterflies, nine species of beetles, three species of true bugs, four species of
bumble-bees, wasps, and bees; three species of earthworms; one species of flies and grasshoppers be added
to the regional list of protected species [21]. For over two decades, N.P. Slavchenko authored exclusive
content for the reference book “Karaganda. Karaganda Oblast: Encyclopedia” (1986, 2008) concerning
insect species that adorn the environment and require preservation [22—-28].

Over 70 scientific articles on invertebrate animals of Karaganda region were published by
N.P. Slavchenko in the proceedings of international scientific and methodological conferences, symposia and
colloquia, in journals of Kazakhstan and other countries [29-30]. Recent publications include theses of
reports at the XVIII International Colloquium on Soil Zoology (ICSZ 2021) and XV International
Colloquium on Apterygota (ICA 2021) in Italy [31, 32].

Is it possible for a naturalist with professional observation skills and an inquiring mind to have a “well-
deserved rest”? These individuals inhabit a world wherein everything surrounding them serves as a
biological discovery and inspiration source. When it comes to insects, entomologists never grow old. They
can recall the challenging Latin names of small bedbugs and terrible larvae, catch even the most evasive
beetles with ease, and search in any weather condition for new photo objects of Kazakhstan's fauna to
contribute to the iNaturalist website.
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Today, Nadezhda Petrovna assiduously continues the work of her mentors, scientists, and educators.
She writes scientific articles, develops training materials, works with colleagues on entomological research
projects, and willingly helps with invertebrate identification. It is important to emphasize that the scientific
school of invertebrate zoology, which was established by B.N. Mukhachev, N.B. Shlykov, N.G. Skopin, and
N.P. Slavchenko, is still in operation and producing results at the Faculty of Biology and Geography at
Karaganda University.

We wish the jubilee a long and healthy life, creative success, and many fascinating new discoveries!
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A.M. Ajitkynos, B.C. AGykeHoBa

Kaparblibichl 06J1€K KaH
(H.IT. CnaBuyeHKOHBIH TyFaHbIHA 80 JKbLT KIHE
FBUIBIMHU-TIEAArOTUKAJIBIK KbI3MeTiHiH 50 JKbLIILIFbIHA Opaii)

Kaparauap! memarorukanblk MHCTUTYTHI, KaparaHIbsl yHHBEPCHTETiHIH 300JI0THs Kadeapacsl — Ielaror-
FaseIM, TonbIpak 300si0orsl Hagexna [lerpoBHa CiaBY4eHKOHBIH 6MipiMEH THIFBI3 OaitnaHbICTEL. O 300710THSA
KagenpacklHAa KBIPHIK JKBUIIaH acTaM XKeMicTi eHOek eTTi. KociOu OHosorTiH FyMbIpHAMAIIBIK, ©MipOastHbIH-
na Opranbik KazakcTaHHBIH €H ipi OKYy OPHBIHIAFbI FBIIBIMH-TICIArOTKANIBIK KaApJiap bl JailbIHAAY OapbIChl
PETPOCIEKTUBTI Typae KepceTineni. KaTapaarbl acCHCTEHTTEH OacTarl jKEeTeKIIi JOIEHT, Kadenpa MeHrepy-
IIiCi KbI3METiHe JeHiH YIaFaTThl eMip JKOJIBIHAH OTTi. FBUIBIM jKOJIBIHA TYCIM, TOMBIPAK 300JOTHSICHIH 3€PT-
Tell, ©3iHiH yieciH KocTbl. EHOEK >KoNbIHAA TaHBIMal FalbIMIapMeH, KepeMeT alaMIapMeH >KY3IeCTi.
H.IT. CnaBuenkonsly Opranblk Ka3akcTaHHBIH OMBIPTKAchl3 KaHyapllapblH CTal[MOHApJIBIK TOTBIPAK-
300JI0THSIIBIK 3epTTeyi Kaszak eriHiH KaTmapiibl IUICHCTOICH Ke3eHIHZIEri apajl OpMaHIapbIHBIH (ayHabIK
KEIICHIHIH PEeNUKTI CHIATHl Typalibl TYCIHIKTI TepeHaere tyceni. OHma ompIpTKaceiaapasH 200-neH actam
Typi MeH 57 TYKbIMAACBIHBIH OKIJIepi CHUMATTalFaH, onapAbH Oip OGemiriHiH anram per Caprlapka Hemece
Kazakcran aymarbIHIa Ke3/1eceTiHAIr aiTeuIFad. My3aaH KeiiHri ke3eHeri hayHaHbIH MUATPAIHSIIBIK SKOJIBI
KapacTeipbUrad. H.I1. CaBueHKOHBIH MIOKIPTTEpi OKBITYIIBUIAP JKOHE TaOHuFatT 3epTreynrinepi 6omapl. Omap-
JIbIH Keiibipeynepi ©3epiHiH FBUIBIMFA JJETeH KYIITapJIBIFbIHBIH apKaChIHIA 300JI0THSIIBIK 3epTTeyIep JKYpri-
3iM, FBUIBIMH TUCCEPTALMSIIAP KOPFabl.

Kinm ce30ep: Opranbik Kazakcran, Kaparanzbl nearornkajislk HHCTHTYTBIHBIH JKapaThUIBICTaHy (aKyibTe-
Ti, KaparaHasl MeMJIEKeTTiK yHHBEPCUTETiHIH Ouoyorus QakyibTeTi, 30010THs Kadeapackl, OMBIPTKACHI3
JKaHyapJiap, TOIBIPaK 300JI0TUSIChI, SHTOMOJIOTHSI.

A.M. Aiitkynos, B.C. AGykeHoBa

Jlymioii ¢ npeKpacHbIMM U YAMBHUTEJIbHBIMHU CO3IaAHUSIMH
K 80-neTHemy 100miero n S0—1eTuio Hay4YHO-NeJATOrMYECKOM AesATeIbHOCTH
Hapnexabl IlerpoBabl Cl1aBueHKO

Kaparanguncknit nexuactuTyT, Kaparanamuckuii yHuBepcHUTeT, kKadenpa 300JI0THH — COPOK JIET SKU3HA U
JeATeNIbHOCTH TIPETIOJIaBaTeNIsl M ydeHoro, moyBeHHoro 3o0o01ora Hanexnasl IlerpoBrsr Cnasdyenko. Ha mpu-
Mepe TBOPUYECKOW CyIbOBI MPOQECCHOHATBLHOTO OHONOra B PETPOCHEKTHUBE MOKa3aH MPOLECC MOATOTOBKH
Hay4YHO-TIEAarorHYecKUX KaJIpoB KpyIHeiiero yueoHoro 3aBenenus Llenrpansroro Kaszaxcrana. CtanoBie-
HHE OT aCCHCTEHTA JI0 3aBeyIOIIero kadenpoi U BeAyLIero AoeHTa ObUIO0 HEPOCTHIM M MPOUCXOANIIO IIPU
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MOAJEPKKE CTapIINX KOJJIEr U PyKOBOJCTBA Moyioforo yHuBepcutera Kaparanasl. Crenpanu3zanus o nod-
BEHHOH 300JI0THM OTKpBUTA YAUBHTENbHBIN HEMO3HAHHBIA MUp U NMOJapHia BCTPEUU C U3BECTHBIMH YIEHBIMU
U 3aMevaTenbHbIMH TMOAbMH. EnuncTBeHHoe i LleHTpaneHoro KasaxcraHa cranmoHapHOE IOYBEHHO-
300JI0THYECKOE HCCIIe0BaHue OECIIO3BOHOYHBIX KUBOTHEIX, BhIoiaHeHHoe H.II. CnaBueHko, yriry6mmo mo-
HHMaHHUE PEIMKTOBOIO XapakTepa (payHHCTHYECKOTO KOMIUIEKCA OCTPOBHBIX JIECOB IIIEHCTOIIEHOBOTO Bpe-
menn Kaszaxckoif ckiaguaroi crpansl. bemm oxapakrepu3oBaHbl npeactaButenu 6osee 200 BumoB 1 57 ce-
MEHCTB 0ECIO3BOHOYHBIX, YAaCTh M3 HHUX BIIEpBBIC yKa3aHa il Tepputopun Capsl-Apku mwim Kasaxcrana.
PaccMoTpensl MUTpallOHHBIE TyTH (GayHbl B HOCICIeAHUKOBBIH nepuon. Yuenuku H.II. CraBueHko cranu
YUHTENSIMU-HATypPAIUCTaMH, 3alUTHIM HaydHbIE JUCCEPTAllMHM U COXPAHWIH CTPACTh K 300JIOTHYECKHM
U3BICKAHHAM.

Knrouesvie crosa: lentpanpublii Kazaxcran, dakynbrer ecTrecTBo3HaHUS KaparaHaMHCKOro MeAaroruyecKko-
TO UHCTUTYTA, Ononornueckuii pakynsrer KaparananHCKOro rocyJapcTBEHHOTO YHHBEPCHUTETa, Kadenpa 30-
oJ10THH, OECIIO3BOHOYHBIE KHUBOTHEIE, TOYBEHHAS 300JI0THSI, SHTOMOJIOTHS.
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Improvement of the potato seed production system on a virus-free basis
in Almaty region

This article presents data on the induction of potato microtubers and the potency of different varieties to form
microtubers in vitro. It has been established that the main factors influencing the process of tuberization in
potato regenerated plants are: the concentration of carbohydrates and plant growth regulators in the nutrient
medium and physiological state. Experiments were carried out to obtain microtubers from regenerated plants
of 4 potato varieties of domestic selection (Alliance, Babaev, Miras and Pamyaty Konaeva) for the selection
of virus-free primary material for seed production.As a result, a modified nutrient medium Murasige and
Skoog (MS) containing 20 mg/L orotic acid was developed to accelerate the formation of microtuber for-
mation of potato plants in vitro.

Keywords: Solanum tuberosum L., microtubers, nutrient medium, in vitro.

Introduction

In Kazakhstan, potato (Solanum tuberosum L.) is a main food product, and take the second place in
terms of importance after bread. Potato planting areas in the republic are approximately 195.0-200.0
thousand ha, the total annual harvest is 3.8-4.0 million. tons, and productivity — 18-19 t/ha. If the
consumption rate per person is 100 kg, then it is known that we will meet the needs of the population of the
republic in marketable potatoes. However, today providing the country's farms with high-quality seed
material of potato crops cured of various diseases is becoming an urgent and insoluble problem. One of the
reasons for the unsatisfactory situation in potato production is the lack of quality seed material. In many
countries, including the Republic of Kazakhstan, during the last 40 years, virus-free healing technology has
been introduced into the cultivation of potato seeds using the tip tissue method [1]. In vitro production of
microtubers has a great future in order to create a stock and collection of potato varieties cured from the
mentioned diseases, to preserve them and to increase efficiency in seed production [2].

In vitro method of obtaining microtubers is the most effective way for rapid multiplication of potatoes.
According to many authors, the use of microtubers as a planting material in the field will undoubtedly
greatly simplify the process of seed production [3, 4]. Compared to standard potato seed tubers, microtubers
are superior. First of all, the microtuber removal method prevents its re-infection, so they are completely
neutralized from the pathogen. Due to their small size and weight, they are very convenient for storage and
transportation. Microtubules can be obtained in artificial culture medium at any time in the laboratory.
Storage of a collection of varieties in the form of microtubers ensures their complete isolation from
pathogens [4]. Many researchers have shown the importance of nutrient medium composition for the
induction of healthy microtubules in vitro [5].

According to scientists' research, the use of substances that regulate growth activity in modern
technologies of potato cultivation is an important factor that increases its reproduction rate and
productivity [6]. Growth regulators for the treatment of vegetative plants are a type of biological catalyst,
immunomodulator and adaptogen [7]. They activate vital physiological processes of plants, increase their
productivity, and also provide resistance to diseases and adverse environmental stresses [8]. The main
regulatory factor of plant growth is their growing nutrient medium, and an important condition for plant
growth is the presence of plant growth regulators (PGR) in the nutrient medium [9].
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In this situation, it is very important to find effective ways to optimize the process of breeding unique
seeds treated for diseases, to find and effectively use the most productive and economical ways to obtain
treated raw materials in order to reduce the required material, labor and energy resources and reduce the cost
of production.

The purpose of the research is to obtain microtubers from regenerated plants of domestic potato
varieties cured of diseases in vitro and optimize the composition of the nutrient media for the rapid
production of microtubers from regenerated plants on the basis of microclonal propagation.

Experimental

In cooperation with scientists from the department of potato breeding, seed production and
biotechnology of the regional branch of the KazNIl of the fruit and vegetable industry, “Kainar” LLP,
research work was carried out in the direction of improving the virus-free potato seed production system.

There are 1,800 samples from 35 countries of the world in the potato gene pool of the “Kaynar”
regional branch, including samples of 46 wild and 279 cultivated types of potatoes. According to the origin,
half of it or 50% of varieties and interspecies hybrids of Russian selection, 19% of European countries, 18%
of Kazakh selection, 13% of the rest of the world. Therefore, the development of seed production of
promising domestic potato varieties adapted to the soil and climatic conditions of our country is an urgent
issue. As an object of study, we used regenerated plants grown in vitro from potato varieties of domestic
selection Alliance, Babaev, Miras and Pamyaty Konaeva, which are characterized by high productivity,
disease resistance and are more adapted to the soil and climatic conditions of the Almaty region, as well as
selected for results of market research and demand from farmers.

The method of isolation of apical meristems was used to obtain the initial material of potatoes
according to the recommendations of domestic and foreign scientists [2-5]. Murasige and Skoog (MS)
medium was modified and purified according to the components. MS medium supplemented with high con-
centrations of sucrose and different concentration and combination of PGR (6-benzylaminopurine (BAP),
kinetin, adenine, heteroauxin) used as inducers of microtuber formation. Increase the concentration of carbo-
hydrate in MS medium was achieved by using the following concentrations of sucrose 40.000 mg/L, 60.000
mg/L, 80.000 mg/L, 100.000 mg/L, 120.000 mg/L and 140.000 mg/L or from 4 up to 14%. MS medium
containing 20,000 mg/L (20%) sucrose was used as a control. In the course of research, the influence of su-
crose and PGR concentration in the nutrient medium on the formation of tubers, as well as the temperature
regime during storage of microtubers, was determined. In order to obtain potato microtubers in vitro, the
scientists of the regional branch of the KazNII of the fruit and vegetable industry, “Kainar” LLP, increased
the content of sugars, changed the content of phytohormones in the nutrient medium, etc. according to the
developed recommendations and methods of microtuber induction [9, 10].

The evaluation of the results was determined when tubers appeared on the roots of the plant. The
regenerated plants were grown under aseptic conditions, in laminar boxes, in glass test tubes and flasks filled
with a nutrient medium with tuberization inductors. The influence of various physical factors on the growth
of plants and the formation of microtubules in them is considered. The grafted plants were initially placed in
a permanently dark chamber, and after 4-5 days they were transferred to the light, the photoperiod was 16/8
hours. Plants were grown in a phytotron at a temperature of 22°C.

At the initial stage of microsprout cloning, the 1st cultivation was carried out in September using initial
plants isolated from the in vitro collection. The 2nd and 3rd cultivation was carried out in October and
November. All parts of the plants, upper, middle and lower, were used to obtain microtubers.

Results

Studies have made it possible to determine the potency of various potato varieties to form tubers in
vitro. The ability to form microtubers depended primarily on the biological characteristics of varieties,
growing conditions, the optimal combination of PGR, the concentration of sucrose and other components
that positively contribute to the formation of tubers.

The results of the study showed that with an increase in the content of sucrose in the nutrient medium to
80.000 mg/L, tuberization in all tested potato varieties reached about 60.0% (Fig. 1).
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Figure 1. Foration of microtubers in potato plants on MS-medium with different concentrations of sucrose.

It has been established that an increase in the concentration of sucrose (100.000, 120.000 and
140.000 mg/L) in the nutrient medium leads to a decrease in tuberization of potato plants. Thus, it was found
that the amount of carbohydrates in the artificial nutrient medium, exceeding 80.000 mg/L, adversely affects
the formation of microtubers in potato plants. In addition, it was found that the time of formation of
microtubers in the studied varieties in all variants was 30—-40 days, and the concentration of carbohydrates in
the nutrient medium did not contribute to the acceleration of tuberization.

At the next stage of the study, the effect of various concentrations of sucrose on the formation of the
biomass of microtubules formed in vitro was determined. As a result of the study, it was found that the
addition of 8% or 80.000 mg/L of sucrose to the MS medium showed a positive effect on increasing the
number, size and mass of microtubers in plants.

The data in Table 1 show that the biological characteristics of potato varieties have a significant impact
on the ability of plants to form microtubers. The number of microtubers of varieties Alliance, Babaev, Miras
and Pamyaty Konaeva was 1.6-1.9 pcs per plant in the variant of MS medium with 80,000 mg/l of sucrose,
and in the control variant only 0.8-1.0 pieces of microtubers were formed per plant.

Table 1

Effect of different concentrations of sucrose in the MS medium on biomass of microtubers obtained in vitro
from potato varieties

The number of Size of 1 Weight of 1
Variety Nutrient media microtubers per microtuber, microtuber,
1 plant, pcs. mm mg
Alliance MS + 20 000 mg/Lsucrose (control) 1.0 5.0 163.0
MS + 40 000 mg/Lsucrose 1.0 5.3 168.2
MS + 60 000 mg/L sucrose 1.3 5.5 189.0
MS + 80 000 mg/L sucrose 1.7 6.0 196.7
Babaev MS + 20 000 mg/L sucrose (control) 0.8 5.1 159.0
MS + 40 000 mg/L sucrose 0.9 5.6 182.3
MS + 60 000 mg/L sucrose 1.3 5.8 186.7
MS + 80 000 mg/L sucrose 1.9 6.1 193.1
Miras MS + 20 000 mg/L sucrose (control) 1.0 5.2 164.0
MS + 40 000 mg/L sucrose 1.0 5.3 166.5
MS + 60 000 mg/L sucrose 1.2 5.5 174.2
MS + 80 000 mg/L sucrose 1.6 6.5 188.7
Pamyaty MS + 20 000 mg/L sucrose (control) 1.0 5.0 160.0
Konaeva MS + 40 000 mg/L sucrose 1.3 5.3 166.0
MS + 60 000 mg/L sucrose 1.4 5.8 179.3
MS + 80 000 mg/L sucrose 1.9 6.2 200.0
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Depending on the genotype of the tested potato varieties, the volume of 1 microtuber in the
experimental variants was 5.3-6.2 mm, and in the control — 5.0-5.1 mm. The weight of 1 microtuber in the
experimental variant was 166.0-200.0 mg, in the control — 159.0-164.0 mg.

The highest indicator in terms of the number of microtubers per 1 plant, the size and weight of
microtubers was observed on the variant of the MS medium with 80,000 mg/Il of sucrose. Among the tested
cultivars, the cultivar Pamyaty Konaeva according to the specified version stood out with high rates. The
number of tubers per 1 plant of the named variety in the experimental variant was 1.9 pcs, in the control
variant — 1.0 pcs. The volume of 1 microtuber was 6.2 mm in the experimental variant and 5.0 in the control
variant, and the weight of 1 tuber was 200.0 mg in the experimental variant and 160.0 mg in the control.

To accelerate the formation of microtubers, various concentrations of orotic acid (from 10 to 30 mg/L)
were added to the artificial nutrient medium, and an effective variant of the medium was identified.
Murasige-Skoog medium supplemented with 80,000 mg/L sucrose was used as a control. It was established
that the addition of 20 mg/L of saturated orotic acid to the nutrient medium contributed to the formation of
plant microtubers in vitro in a short period of time. In addition, it was found that the degree of tuberization in
the selected experimental variant was higher than in the control (Table 2).

Table 2
The effect of orotic acid on in vitro tuberization in potato varieties
Nutrient media Microtuber formation, %
10 days | 20 days | 30 days | 40 days
Alliance
MS + 80 000 mg/L sucrose 23.5 32.0 50.0 56.0
(control)
MS + 80 000 mg/L sucrose+ 10 32.0 35.0 52.0 64.6
mg/Lorotic acid
MS + 80 000 mg/L sucrose + 20 38.0 49.9 63.0 79.0
mg/L orotic acid
MS + 80 000 mg/L sucrose + 30 38.0 50.0 63.0 79.0
mg/L orotic acid
Babaev
MS + 80 000 mg/L sucrose 29.0 33.0 48.0 52.0
(control)
MS + 80 000 mg/L sucrose + 10 32.3 33.6 49.8 57.0
mg/L orotic acid
MS + 80 000 mg/L sucrose + 20 35.0 51.0 76.8 80.0
mg/L orotic acid
MS + 80 000 mg/L sucrose + 30 35.0 51.0 76.0 78.0
mg/L orotic acid
Miras
MS + 80 000 mg/L sucrose 28.9 34.0 44.5 49.0
(control)
MS + 80 000 mg/L sucrose + 10 36.0 58.0 66.0 86.2
mg/L orotic acid
MS + 80 000 mg/L sucrose + 20 44.0 89.8 100 -
mg/L orotic acid
MS + 80 000 mg/L sucrose + 30 44.1 89.8 980 -
mg/L orotic acid
Pamyaty Konaeva
MS + 80 000 mg/L sucrose 30.0 30.0 48.0 53.2
(control)
MS + 80 000 mg/L sucrose + 10 37.2 56.8 68.1 85.3
mg/L orotic acid
MS + 80 000 mg/L sucrose + 20 45.2 83.6 100 -
mg/L orotic acid
MS + 80 000 mg/L sucrose + 30 45.2 83.6 100 -
mg/L orotic acid
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According to the results of the study, it was found that a nutrient medium containing orotic acid at a
concentration of 20.0 mg/l is optimal for the rapid formation of microtubers in all potato varieties. In this
variant, the formation of microtubers of potato varieties Miras and Pamyaty Konaeva for 30 days was 100%,
and in the control variant, the formation of microtubers of these varieties on the 40th day was only
49.0-53.2%. In the experimental variant, the formation of tubers in potato plants of the Alliance variety was
79.0%, and in the Babaev variety — 80.0% in 40 days.

Thus, in the process of accelerating the process of microtuber formation, the effectiveness of the MS
nutrient medium containing 20 mg/L of orotic acid was shown. This modified Murasige and Skoog nutrient
medium has been proposed to accelerate the formation of microtubers in potato plants in vitro (Table 3).

Table 3
The composition of the modified MS medium to accelerate the growth of microtubers of potato varieties in vitro
N | Components | Concentration, mg/L

Macroelements

1 NH4NO; 1650

2 KNO3; 1900

3 CaCl . 2H.0 440

4 MgSO4 . 7H20 -

5 KH2PO4 370

6 Na,DJITA 170

7 FeSO4 * 7TH,0O 37,3
Microelements

8 HsBOs 6,2

9 MnSQO; . 4H,0 22,3

10 KnSO4 . 4H,0 8,6

11 Kl 0,75

12 CuS04 . 5H,0 0,025

13 Na;MoQO,. 2H,0 0,25

14 CoCl; . 6H,0 0,025

Vitamins

15 Thiamine (B1) 1,0

16 Ascorbic acid (C) 2,0

17 Pyridoxine (Be) 1.0

Growth regulators

18 Orotic acid 20,0

19 Gibberellic acid 2 mg/L
Carbohydrates

20 | Sucrose 80 000or 8%
Other reagents

21 Casein hydrolysate 40,09

22 Agar-agar 6-79

pH 5,7-5,8

The data of many studies show that potato microtubers appear only in cuttings taken from the middle
and lower parts of plants [6-8]. In our studies, it was found that most microtubers are formed in the middle
part of potato plants.

Discussion

Experiments were carried out on the induction of microtubers from potato regenerated plants obtained
in vitro from varieties of domestic selection Alliance, Babaev, Miras and Pamyaty Konaeva. Two types of
tuberization have been identified: the first one is in plant shoots developing from cuttings; the second — in
the axils of the leaves of plants grown from cuttings.

During the experiment, we observed that growing cuttings at a 16-hour light period, and then
transferring them to a dark place, then micronodules usually appear on the shoots. If, after planting, the
cuttings of the plant were immediately transferred to a dark place, microtubers develop mainly in the axils of
the leaves [10].
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Conclusion

In the process of optimizing the conditions for obtaining microtubers from plants grown on an artificial
nutrient medium in vitro, it was shown that tuberization in all tested potato varieties was 60.0% with an
increase in the sucrose content in the nutrient medium to 80.000 mg/L. As sucrose saturation increased
(100.000, 120.000 and 140.000 mg/L), a decrease in the ability of potato plants to form tubers in a nutrient
medium was observed. Thus, the concentration of carbohydrates in the nutrient medium in excess of
80,000 mg/L has a negative effect on the formation of microtubers in potato plants.

It was shown that when studying the formation of microtubers in potato varieties in vitro, an increase in
sucrose to 80,000 mg/L positively affects the increase in the number, size and weight of microtubers formed
on plants. The addition of 20.0 mg/L of saturated orotic acid to the culture medium as an inducer contributed
to the acceleration of microtubule formation, showing higher rates compared to the control. In this variant of
the medium, depending on the biological characteristics of the variety, 100% of microtubers were formed
after 20, 30 days, and in the control variant, the formation of microtubers reached 95% only on the 40th day.
As a result of the study, a modified Murasige and Skoog nutrient medium was proposed for the rapid
induction of potato microtubers in vitro.
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AJIMaTBI 00J1bICHI JKAFAANbIHAA KAPTONTHIH TYKBIM HIAPYAIIBLIBIFBIHBIH
BHPYCChI3 Heri3/eri xKyieciH keTiigipy

Makasazna in Vvitro skarmaiia KapTon MHUKPOTYIHEKTEPiH MHIYKIHUSIAY )KOHE dPTYPIi COPTTAap/blH MHKPO-
TYHHEK Ty3y KalijeTTepi Typassl Jepekrep OepinreH. KapTonTeiH eciMIiKkTep-pereHepanTTapblHaH TYHHEK-
TepJiH mMaiina 6oJyBIHA dCep €TETiH HeTisri (pakTopiap KOPEKTiK OpTaJaFbl KOMIpCYJlap MEH O©CIMAIKTEpIiH
eCcy pETTETITEepiHiH KOHIEHTPAIMACHl JKOHE OCIMIIKTIH (DU3HONOTHSIIBIK JKAaFlaiibl €KEeHI aHBIKTAJIbL.
OTaHIbIK CeNeKIMAAFbl KapTONThIH Anbsitc, babaes, Mupac xoue Ilamamu Konaeea, SFHA OCbI 4-COPTTHIH
MHUKPOTYHIHIEpiH ay yIIiH Toxipubenep sxyprizinai. Hotmkecinae in vitro kapron eciMaikTepiHae MHKpO-
TYHIHIIIepAiH TY3iMyiH XKeaenneTy YImiH Kypambiaaa 20 MI/a opoT KBILIKbBUIEI 0ap MoauduKanusiaHFaH
Mypacuee xone Ckyzaza KOPEKTIK OpTa )Kacaipl.

Kinm ce30ep: Solanum tuberosum L., MUKpOTYHHEKTEpP, KOPEKTIK opTa, iN Vitro.
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M.O. Ocin, K. Beiicos, XK.O. Tox6eprenona, XK. T. JlecoBa, P.A. Mckennupoga,
b. blpeimMxan, A. AmupoBa

CoBeplieHCTBOBaHHME CHCTEMbI CEMEHOBOICTBA KapTo(deisi Ha 0e3BUPYCHON OCHOBE B
YCJIOBUSIX AJIMATHHCKOM 00J1aCTH

B crarhe mpuBeAeHbI JaHHBIE 00 MHIYKIWH MHUKPOKIYOHEH KapTodems B KyapType in Vitro, u BbLIBICHA
CIIOCOOHOCTh Pa3IMYHBIX COPTOB (OPMHUPOBATH MUKPOKIYOHH. Y CTAaHOBIEHO, YTO OCHOBHBEIMHU (hakTOpammu,
BIIMSIIONIMMH Ha KITyOHeoOpa3oBaHUe B PACTEHUSIX-PETreHepanTax KapTodes, IBISI0TCs KOHIEHTPAIHs yTile-
BOJIOB M PEry/SITOPOB POCTa PAaCTCHHI B MHUTATENBFHOH cpele W (DU3MOJIOTMYECKOE COCTOSHHE pacTEeHHS-
perenepanTa. [IpoBeIeHEI ONBITHI IO HONYYEHHIO MUKPOKITyOHEH 4-X cOpTOB KapTo(dels OTeUeCTBEHHON ce-
nekuun: Anvsanc, babaes, Mupac v Ilamamu Konaesa. B pesysnbrare pa3paboTaHa MOIU(DUIMPOBAHHAS ITH-
TarensHas cpepa Mypacuee u Ckyea, conepixkaniast 20 MI/i1 OpoTHUECKOW KHCIIOTHI, AT YCKOpEHHsT 00pa3o-
BaHHs MHUKPOKITYOHEH y pacTeHuil kapToderst in vitro.

Knoueevie cnosa: Solanum tuberosum L., mukpokiayOHH Kaprodens, murartenpHas cpeaa, in
Vitro,0TeuecTBeHHAs CEMeKIIHSI.
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The influence of humates produced by “Shubarkol Komir” JSC on the germination
of seed material of various vegetable crops

The biological activity of humid substances is manifested in increasing the resistance of plants to unfavorable
factors and stimulating their metabolic processes, which has a positive effect on the growth characteristics of
both seed material and the vegetative part of the whole plant. The article examines the influence of humates
produced by “Shubarkol Komir” JSC during pre-sowing soaking on the germination of seed material of vari-
ous cultivated plants, and assessed their antifungal activity. Commercial humates “Ideal”, “Gumate 7+, and
“Biomaster” humates were used as comparison preparations. In the experiments, seed material of the follow-
ing crops and varieties was used: tomato, Siberian Yabloko variety; eggplant, Caviar Paradise variety; sweet
pepper, D'Artagnan variety; water cress, Abundant-leaved variety; radish, grade “5+”; nut. For tomato and
sweet pepper, the best content of humates in the solution for soaking seed material was 0.5%, for eggplant,
watercress, radish and chickpeas — 0.1%. The effectiveness and antifungal activity of “Shubarkol Komir”
humate is not inferior to commercial drugs used as reference drugs.

Keywords: humates, seed material, pre-treatment, germination, germination energy, antifungal activity.

Introduction

The following types of humates are distinguished depending on the predominant content of one or an-
other element — potassium, sodium and enriched with microelements.

They offer three main ways to use new generation humates in crop production: applying the prepara-
tions directly to the soil with fertilizers, seeds, and watering; pre-sowing treatment of seed or other planting
material, possibly in combination with fungicidal preparations; spraying green vegetative plants is also pos-
sible together with pesticides of various groups [1].

The biological activity of humates consists in their influence on the resistance of plants to unfavorable
factors, as well as in the stimulation of metabolic processes, which leads to better growth characteristics, es-
pecially in the initial stages of plant development. This is due to the presence of mineral components and
organic acids in humates, which contributes to the activation of plant growth processes and their protective
mechanisms. Pre-sowing treatment of seed material reduces the development of bacterial and fungal infec-
tions of seedlings and adult plants.

Due to the intensification of agriculture, as well as difficult climatic conditions in the region, the use of
humic preparations is becoming increasingly relevant and in demand [2—6].

Based on humates from weathered coals of the Shubarkol deposit, a humic fertilizer has been devel-
oped, which can increase the soil fertility of Central Kazakhstan, and also solves the problem of waste, since
previously this group of coals was stored without use.

Evaluation of the positive effect of humates on indicators such as germination, germination energy of
seed material, inhibition of the development of phytopathogenic mycoflora, will allow us to recommend the
widespread use of this fertilizer produced by Shubarkol Komir JSC.

Experimental

The object of research was humates provided by “Shubarkol Komir” JSC, as well as commercial solu-
tions of humates as reference preparations: humate “Ideal”, “Gumate 7+”, humate “Biomaster”.

The tested humates produced by “Shubarkol Komir” JSC (hereinafter referred to as GS) were diluted in
concentrations of 0.1%, 0.01%, 0.5%, 0.05% and 0.005%. Solutions of commercial humates were prepared
according to the attached instructions.

The seeds of the following crops were taken into the experiment:

- tomato, Siberian Apple variety;

- eggplant, Caviar Paradise variety;
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- bell pepper, D'Artagnan variety;

- watercress, Abundant-leaved variety;

- radish, grade “5+”;

- nut.

Before sowing, seeds were soaked for 24 hours in solutions of humates of various concentrations. Dis-
tilled water was used as a control. Experiments were carried out in quadruple repetition. Seed germination
was assessed in laboratory conditions using standard methods [7-9]. Germination was carried out in Petri
dishes on filter paper.

When germinating seed material, the degree of damage to seedlings and germinating seeds by fungal
diseases was assessed. Thus, minor fungal infection (+) — damage to 5-10% of seeds and seedlings, moderate
fungal infection (++) to 30% of seeds and seedlings; significant damage (+++) — from 30 to 50%; severe
(++++) — more than 50% of seeds and seedlings are damaged.

Results and Discussions

The results obtained as a result of germination of seed material of various vegetable crops after pre-
treatment in solutions of humates of various concentrations are presented in Tables 1, 2.

In tomatoes, the best results among comparison products were obtained with “Humate 7+ - 90.0% =+
4.5 germination energy and 100% germination rates. The same growth characteristics were obtained with
solutions of Shubarkol Komir humates at a concentration of 0.5%. Control values are 15% less.

When pre-treating bell pepper seeds, the best results among commercial preparations were shown by
humate “Ideal” — germination energy — 60.4%=+3.3 and germination — 75.0%+2.37. The use of GS in a
concentration of 0.5% led to the manifestation of better growth characteristics of pepper seed material,
83.0% =+ 4.5 and 96.0% =+ 4.62 germination energy and germination, which is more than 20% higher than
corresponding indicators for the best comparison drug considered. If we compare the data obtained with the
drug “Gumate 7+, then the growth characteristics after treating seeds with GS 0.5% will be 7.5 and 6 times
higher, respectively.

The eggplant seed material of the Caviar Paradise variety showed the lowest germination energy and
germination rate of all the studied cultivated plants: 22.3%+0.99 and 36.0%=1.3, respectively. The most ef-
fective of the commercial humate solutions used, “Biomaster,” increased the growth performance of eggplant
seed material of the studied variety to 35.0% + 1.06 — germination energy and up to 50.5% =+ 1.5 — germi-
nation. Indicators comparable to these data were obtained when seed material was treated with Shubarkol
Komir humate at a concentration of 0.1%: 36.3+1.3 — indicators of germination energy and 54.5+1.5 —
germination. A decrease in the content of humates in the solution for pre-treatment of seeds led to a decrease
in growth characteristics, but not below control values.

Table 1

The influence of different concentrations of humates on the energy of germination of seed material
of the studied crops

Experience option Tomato Sweet pepper Watercress Radish Eggplant Chickpeas
GS 0,1% 75,443,2 65,4+2.9 55,5+1,78 100,0 36,3+1,3 52,5+1,66
GS 0,5% 89,6+4,6 83,04+4,5 52,5£2,6 20,0+0,14 26,8+0,4 46,0+0,8
GS 0,01 % 77,34£3,5 25,5+1,2 72,5+4,75 58,0+1,3 30,3+1,8 48.2+1,9
GS 0,05% 80,2+3,3 58,3+£2,2 70,0+6,67 65,0+£3,4 26,3+0,3 50,0+1,71
GS 0,005% 55,842,5 45,0+1,8 65,0+4,1 87,0+3,8 30,0+0,7 32,5+0,93
Gumate ldeal 80,2+4,0 60,4+3,3 47,5+3,54 65,0+1,2 30,5+1,4 45,0+1,74
ggg:::e Bio- 79,3432 10,240,6 51,5434 55041,8 | 35,041,06 45,0+1,74
Gumate 7+ 90,0+4,5 11,4+0,8 60,0+3,21 45,0+1,5 25,5+1,32 25,0+0,33
Control, water 75,4+2,8 75,5+3,8 65,0+4,14 75,0+£3,7 22,3+0,99 0

Pre-sowing treatment of watercress seed material with humate solutions did not lead to a significant in-
crease in growth performance; almost all experimental options were worse or at the same level as the control
values. Moreover, the effectiveness of commercial preparations turned out to be lower than that of the stud-
ied humate produced by Shubarkol Komir. Among the concentrations under consideration, the best result of
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germination energy and germination was obtained when seed material was treated with a 0.01% HS solution:
72.5% + 4.75 and 86.0% + 5.66, respectively.

Interesting results were obtained when studying the effect of pre-treatment of radish seed material with
humates. Firstly, seed treatment with commercial preparations led to a decrease in growth rates compared to
control values.

Secondly, radish seeds soaked in Shubarkol Komir humates had a high growth rate; germination energy
in almost all experimental variants coincides with germination, which indicates rapid and friendly seed ger-
mination. The solution with a concentration of 0.1% had the best efficiency, and germination and germina-
tion energy in this case were 100%.

Table 2

The influence of different concentrations of humates on the germination of seed material of the studied species

Exgstrilgrr:ce Tomato Sweet pepper Watercress Radish Eggplant Chickpeas
GS0,1% 86,5+4,59 87,7+4,74 59,5+2,78 100,0 54,5+1,5 60,0+2,71
GS 0,5% 100 96,0+4,62 57,0+2,7 20,0+0,14 52,5+2,37 54,2420
GS 0,01 % 80,0+4,14 41,1+0,31 86,0+5,66 60,0£1,14 43,8+0,73 55,6£1,8
GS 0,05% 86,7+4,33 76,2+3,26 76,0+3,08 65,0+£3,4 32,3+0,7 57,5+1,53
GS 0,005% 69,3+1,75 60,2+3,61 76,5+2,12 91,0+2,73 49,340,7 47,5£1,66
Gumate Ideal 93,3+5,16 75,0+£2,37 52,5+1,61 75,0+3,4 41,3+0,44 57,5+2,89
ﬁggg‘:e Bio- 86,7+3,16 23,842,91 59,542,51 65,0+1,07 50,541,5 | 52,5+1,86
Gumate 7+ 100 16,7+0,86 70,4+4,5 50,0+2,5 37,0£1,6 55,0+1,77
Control, water 87,5+4,13 83,75+5,46 85,0+4,11 80,2+2,8 36,0£1,3 0

The chickpea seed material in the control, without pre-treatment with humates, did not sprout, i.e. we
can conclude that this crop requires mandatory pre-sowing preparation. The growth indices of seeds that un-
derwent pre-sowing treatment with the studied humates produced by Shubarkol Komir are similar to the data
obtained from seeds treated with comparison preparations. The best option is a solution with a GS concentra-
tion of 0.1%, the germination energy was 52.5%=1.66; germination — 60.0%=+2.71.

In addition, the ability of humate solutions to suppress the development of phytopathogenic fungi was
investigated (Table 3).

Almost all types of seeds were damaged to one degree or another by mold fungi in the control; chickpea
seeds experienced the greatest damage; more than 50% of the seed material was damaged.

Table 3

Comparison of the degree of damage by phytopathogens to seed material of various vegetable
crops after pre-treatment with humates

Experience
option

GS 0,1% - - - - - -
GS 0,5% - - - - - -
GS 0,01 % - - - - - -
GS 0,05% - - - - - -
GS 0,005% + - - - _ ¥
Gumate Ideal + - - - - —+
Gumate Bio-
master
Gumate 7+ - - - - - -
Control, water ++ + + + T+ P

Tomato Sweet pepper Watercress Radish Eggplant Chickpeas

Pre-treatment of seed material with humates leads to less damage to the seed material. Using the exam-
ple of pepper, watercress, radish and eggplant, we can conclude that contact with a solution of humates of
any concentration and from any manufacturer leads to inhibition of the development of phytopathogenic
fungi on seed material. Using the example of tomato and chickpea seeds, it can be seen that the concentration
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of the humate solution used for preliminary treatment matters. The content of humates produced by Shubar-
kol Komir in the solution should not be less than 0.05%, otherwise the effectiveness of the antifungal effect
is significantly reduced.

Conclusion

Despite the differences in the reaction of the seed material of cultivated plants, it can be concluded that
pre-treatment with humates produced by Shubarkol Komir leads to an increase in the growth characteristics
of the seed material compared to control indicators, and also has pronounced antifungal activity. In addition,
the described experimental data demonstrate that the studied humates have an effectiveness comparable to,
and in some cases greater than, the effectiveness of widely used commercial preparations of humic substanc-
es.
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«IlyoapkeJ kemip» AK eHaipeTiH ryMaTTapAbIH dPTYPJIi KOKOHIC TaKbLIAAPbIHBIH
TYKBIM/JIBIK MaTePHAJIbIHBIH OHYiHE dcepi

T'ymuHZIK 3aTTapIplH OMONOTHAIBIK OEJICEHAINIr OCIMIIKTEepIiH KOJalch3 (akToprapra TO3IMALIITIH apT-
THIPY/aH KOHE OJIApAbIH METaOOJMKAIBIK MPOIECTePiH BIHTATAHIBIPYIaH KepiHedl, Oy TYKBIMIBIK MaTepH-
aIpH 1a, OYKIT eCIMIIKTIH BEreTaTWBTI OOINITiHIH Jie ecy CHIaTTaMaliapblHa OH ocep eremi. Makamanma
«ybapken kemip» AK eHIIpreH rymMaTTapIsl €Tic alAbIHIAFBl CIHIPY Ke3iHIe OpTYpIi JaKbUIABI ©CIMIIIK-
TepAiH TYKbIM MaTepHalbIHbIH OHTILITITiHE dCepi KapacThIPUIBII, OJIApAbIH CaHbIpayKyJIaKKa Kapchl OeceH-
niniri 6arananpl. CanbICTBIpMalbl MpernapaTrrap peTiHAe KOMMepuusuibK rymartap «Maeam», «'ymat 7+»
xoHe «buomactep» rymaTtapsl KonaaHeuiabel. Toxipubenepnae kpi3aHak, «CuOHpckoe s07I0K0» COpThI; Oak-
naxat; «VkopHsIit Paii» coptbl; 6omrap Oypbiibl, «/['ApTaHbsH» COPTHI; €KIe-IIHBIPMaK, MOJI JKarbIPaKThI
copT; maiFaM, «5+» COpPTHI, -HOKAT CHUSKTHI JaKbUIAAP MEH COPTTAapJbIH TYKBIMIBIK MaTepHalbl Maimana-
HBUTIBL. KpI3aHak meH Gosrap OypBIIb YIIiH TYKBIMIBIK MAaTEPHANIBI CIHIpYTe apHaJFaH epiTiHAigeri ryMar-
THIH €H >kakchl Memmepi 0,5%, an OGakiaxaH, eKe-IUBIPIIBIK, [IajdFaM koHe Hokat yuriH — 0,1% 6ommsr.
«ybapken keMip» AK ryMaTeIHBIH THIMALTIN MEH caKbIpayKyJIaKKa Kapchl OSNCEHIUTITT ATATOH/IBIK TIpe-
mapaTTap peTiH/e KOJIaHbLIaThIH KOMMEPLHSJIBIK IpernapaTTapAaH KeM TYCIeH .

Kinm ce30ep: rymMarTap, TYKbIM MaTE€PHAIbI, AI/IBIH ajla OHJICY, OHY, OHY SHEPTUSICHI, CAHBIPAYKYJIaKKa KapChl
OeNCeHIITIK.
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Bausinue rymaroB npousBoacTtBa AO «llly6apkoyb KOMHP)» HA BCX0KeCTh
CeMEHHOI0 MaTepuAaJia Pa3JIuYHbIX OBOIIHBIX KYJIbTYP

Buonornueckas akTMBHOCTh T'YMHUHOBBIX BEILECTB IPOSIBISICTCS B IOBBIIICHUM YCTOWYMBOCTH PacTEHHH K
HeOJIaronpuATHBIM (DaKTOpaM U CTUMYJIIMHM UX OOMEHHBIX HPOILIECCOB, YTO MOJIOKUTEIIBHO CKA3bIBACTCS HA
POCTOBBIX XapaKTEPHCTHKAX KaK CEMEHHOTO MaTepHalla, TaK U BETeTaTHBHOMN YacTH LENI0ro pacTeHus. B cra-
ThE PACCMOTPEHO BIUsIHUE ryMaToB HpousBoacTBa AO «Illy6apkons KOMHpP» MPH MPEANOCEBHOM 3aMaulBa-
HHUHU Ha BCXOXKECTh CEMEHHOTO MaTepHaia pa3lInyHbIX KyJIbTYypPHBIX PACTEHHH, IPOBEIECHA OL[EHKA UX MPOTHU-
BOrpHOKOBOH aKTUBHOCTH. B kauecTBe IpemapaToB CpaBHEHUsI HCIIOIb30BaIM KOMMepueckue rymatsl «Mme-
am», «['ymar 7+», «buomactep». B skcriepuMeHTax UCIONIb30Balll CEMEHHON MaTepHuall CIEAYIOIUX KyJIbTYp
U COpPTOB: TOMaT, copT «Cubupckoe SI6mo0Kko»; GakmaxaH, copt «MxopHsi Pait»; meper 6onrapckuii, copt
«J1” ApTanbsHy; Kpecc—canat, copT «OOMIEHONUCTHEINY; pemuc, copT «5+»; HyT. st TomMaTa 1 nepma 6oi-
rapcKoro Jy4IIMM COZAEp:KaHHEM I'yMaTOB B pacTBOpE Ul 3aMauuBaHUSA CEMEHHOIO MaTepualla 0Ka3alaoch
0,5 M %, o GaknaxkaHa, kpecc-canara, peauca u Hyra — 0,1 %. DddekTuBHOCT U TPOTHBOIPUOKOBAsK aK-
tuBHOCTH rymaTa AO «lllyGapkonb KoMup» He yCTYMaeT KOMMEPUECKUM MperapaTaM, UCTIOIb30BAHHBIM B
KauecTBE MpenapaToB CPaBHEHUS.

Kniouesvie criosa: Tymatsl, CEMEHHOM MaTepHa, MpeaBapuTeabHas 00paboTKa, BCXOKECTh, SJHEPTUS IIpopac-
TaHUs, IPOTHBOTPHUOKOBasI aKTHBHOCTb.
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Family Caryophyllaceae in the flora of Central Kazakhstan:
species composition, spreading, practical use

This article analyzes the species composition of the family Caryophyllaceae of the flora of Central Kazakh-
stan within the Karaganda and Ulytau regions, the distribution of identified taxa, ecobiomorphological fea-
tures and phytoprotective status. It was revealed that the family Caryophyllaceae includes 80 species from 18
genera, which is 44.4% of the species flora of this family of Kazakhstan and 7.2% of the total number of spe-
cies of the flora of Central Kazakhstan. The leading genera by number of species are Silene L. (28 species)
and Dianthus L. (11 species). Endemic species are 2 taxa. Phytoprotective status has 1 species, which is in-
cluded in rare and endangered plants of Karaganda region. In relation to moisture conditions, mesophytes (12
species) prevail among the described taxa, xeromesophytes (19 species) are in the second place, and mesoxe-
rophytes (16 species) are in the third position. Analysis of life forms showed predominance of herbaceous
perennial (60 species) and annual (16 species) forms. Among the species of the family Caryophyllaceae, the
following economically valuable groups were noted: weedy, medicinal, poisonous, and suitable for perfumery
and cosmetic purposes, ornamental, technical, fodder and honey-bearing groups.

Keywords: family Caryophyllaceae, flora, Central Kazakhstan, species composition, ecological groups, life
forms, useful properties, phytoprotective status.

Introduction

The flora of Kazakhstan is represented by a unique species composition, which is determined by the di-
versity of landscapes and soil and climatic conditions. The flora of the regions is characterized by various
ecological groups of plants, including every-biont and stenobiont species. According to the last data, the flo-
ra of Kazakhstan includes about 6040 species from 1118 genera, including 709 endemics and 387 species
listed in the Red Book of Kazakhstan [1, 2].

The territory of Central Kazakhstan is poorly studied in terms of determining the species composition,
ecobiomorphological features and economic properties of plants. When analyzing the flora of the region, it is
necessary to take into account large families, one of which is Caryophyllaceae. This family is included in the
list of the largest taxa of Kazakhstan, includes 282 species from 42 genera; among them 20 endemic species
and 11 species listed in the Red Book of Kazakhstan [3, 4]. The family is cosmopolitan, but the dominant
species composition grows in Central and East Asia [1].

Representatives of the family Caryophyllaceae participate in the formation of phytocenoses of steppe,
meadow and forest zones. They are promising medicinal, ornamental, fodder crops, and also have technical
and honey-bearing value. Plants are rich in biological active compounds, which have adaptogenic, tonic, an-
timicrobial, and antiviral properties [5-8].

Weak study of this family is connected with high variability of species; so, in particular, plants from
genera are difficult to identify Silene, Oberna,Elisanthe, Melandrium, etc.

Within the framework of preparing a complete outline of the flora of Karaganda region, we analyze
large families to understand their species richness, structural features, useful properties and to identify spe-
cies in need of protection.

The aim of this study is to determine the current species composition of species of the family Caryo-
phyllaceae and to rank them by biomorphs, ecological groups and to identify economically valuable plants.

Experimental

The species composition was analyzed on the basis of literature data [1, 2, 9-13], analysis of the herbar-
ium fund of the Biology and Geography Department of Karaganda University named after academician E.A.
Buketov (QAR), the State National Natural Park “Buiratau”, Astana (NUR) and Zhezkazgan Botanical Gar-
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den, data from the Nature Museum of the Institute of Ecology of Plants and Animals, data presented on the
GBIF platform, as well as the results of our own field collections.

Species names are given according to taxonomic GBIF categories (https://www.gbif.org/).

Ecological groups were identified on the basis of the relationship of plants to moisture conditions [14],
life forms — according to the publication of 1.G. Serebryakov [15], economic groups — according to refer-
ence books [5-8, 16-18].

The allocation and justification of the status of rare endangered species of the region was carried out on
the basis of the own materials and works of M.S. Baitenov [3, 4], the list of rare and endangered plants of
Karaganda region [19].

Results and Discussions

The territory of the Central Kazakhstan (Karaganda region) is located within the continental West Sibe-
rian steppe zone and occupies a middle position in the republic. The following floristic districts are located
on the territory of the Central Kazakhstan.

Taxonomic analysis

Present days, the family Caryophyllaceae of the flora of Central Kazakhstan is represented by
80 species belonging to 18 genera (Table 1), which is 44.4% of the total number of species composition of
this family of Kazakhstan flora and 6.45% of the total number of species of the flora of Central Kazakhstan.

Table 1
Taxonomic composition of species of family Caryophyllaceae

Ne Total number of spe- Total number of o% L
L Lo o of total species in
Genus cies in Central species in Kazakhstan
Kazakhstan, pcs. Kazakhstan, pcs.

1 | Herniaria L. 2 4 50

2 | Spergula L. 1 1 100

3 | Spergularia (Pers.) J. & C. Presl. 5 5 100

4 | Holosteum L. 2 2 100

5 | Sagina L. 1 3 33,3

6 | Cerastium L. 4 12 33,3

7 | Lepyrodiclis Fenzl 1 2 50

8 | Stellaria L. 6 19 31,6

9 | Sabulina L. 3 7 42,8

10 | Moehringia L. 1 3 33,3

11 | Arenaria L. 4 12 33,3

12 | Acanthophyllum C. A. Mey. 1 6 16,7

13 | Petrorhagia (Ser. ex DC.) Link 1 1 100

14 | Gypsophila L. 7 21 33,3

15 | Agrostemma L. 1 1 100

16 | Dianthus L. 11 24 45,8

17 | Saponaria L. 1 1 100

18 | Silene L. 28 56 50

The leading positions on species diversity are occupied by 2 genera: Silene L. and Dianthus L. Thus,
genus Silene L. includes the following species: S. sibirica var. holopetala (Bunge) Lazkov, S. sibirica (L.)
Pers., S. anisoloba Schrenk, S. lithophila Kar. & Kir., S. praemixta M. Pop., S. chlorantha (Willd.) Ehrh.,
S. multiflora (Ehrh.) Pers., S. balchaschensis Schischk., S. gavrilovii (Krasn.) M. Pop., S. graminifolia Otth,
S. karkaralensis A. Dm. et M. Pop., S. adenopetala Raik., S. incurvifolia Kar. & Kir., S. dichotoma Ehrh.,
S. betpakdalensis Bajt., S. suffrutescens M. Bieb., S. altaica Pers., S. alexandrae B. Keller, S. brahuica
Boiss., S. nutans L., and S. repens Patrin. Taxonomic composition of representatives of the family Caryo-
phyllaceae, growing on the territory of Central Kazakhstan is presented in Figure 1.
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Figure 1. Numerical distribution of species in genera of the family Caryophyllaceae of the flora of Central Kazakhstan

According to the number of species, Caryophyllaceae are among the 10 leading families of the flora of
Central Kazakhstan [17], occupying the 6th position (Table 2). Representatives of this family occupy 7.24%
of the total number of species and 5.66% of the total number of genera.

Table 2
The list of the leading families by species composition of Central Kazakhstan flora
Ne Family Number of % of total number Number of % of total number
genera, pcs. of genera species, pcs. of species
1 Asteraceae 50 10,3 187 14,9
2 Fabaceae 22 4,6 113 9,0
3 Brassicaceae 44 91 82 6,5
4 Poaceae 30 6,2 81 6,5
5 Chenopodiaceae 24 4,9 74 5,9
6 Caryophyllaceae 15 3,1 57 4,5
7 Lamiaceae 20 4,1 50 4,0
8 Boraginaceae 20 4,1 49 3,9
9 Apiaceae 30 6,2 47 3,7
10 | Scrophulariaceae 10 2,1 47 3,7

Among 80 species 2 endemics (Silene holopetala Bunge and Silene anisoloba Schrenk) were recorded,
which is 2.5 % of the total species composition. One species (Agrostemma chalcedonica) is classified as a
rare and endangered species of Karaganda region [19].

Ecological analysis

The comparative analysis of the presented species showed that the majority of species belong to the group of
mesophytes — 22 taxa (27.5%), xeromesophytes — 19 taxa (23.8%), mesoxerophytes — 16 taxa (20%), xero-
phytes — 9 taxa (11.3%), hygrophytes — 7 taxa (8.7%) (Fig. 2).
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Figure 1. Ranking of representatives of the family Caryophyllaceae, growing on the territory of Central Kazakhstan,
depending on moisture conditions

Ecobiomorphological analysis
By life form, perennial herbaceous plants predominate with 60 species (75%), annual herbs are on the
2" position with 16 species (20%), and biennial herbs with 4 species (5%) are on the 3" position (Fig. 2).

u perennial plants
® annual plants

® biennial plants

Figure 2. Life form of representatives of family Caryophyllaceae of central Kazakhstan flora

Ranking of representatives of the family by economic importance was carried out; and it was found that
most species of Caryophyllaceae have weed value, a smaller number of species are poisonous and soap, me-
dicinal, ornamental, technical, fodder and honey-bearing species are found (Fig. 3).
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Figure 3. Practical-useful groups of species of family Caryophyllaceae of Central Kazakhstan flora
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Thus, species of the genus Arenaria, Cerastium, Dianthus, Gypsophila, Lychnis chalcedonica, Sapona-
ria officinalis, Stellaria, Vaccaria hispanica have ornamental value. The following species are used in folk
and traditional medicine: Cerastium arvense L, Dianthus versicolor Fisch. ex Link, Gypsophila paniculata L.,
Lychnis chalcedonica L., Saponaria officinalis L., Stellaria graminea L., Vaccaria hispanica (Mill.) Rausch-
ert.

Conclusion

Thus, on the basis of field studies, collection of information on scientific publications and analysis of
the herbarium fund, it was found that 80 species of 18 genera of representatives of the family Caryophyl-
laceae grow on the territory of Central Kazakhstan. Ranking by ecological groups and life forms was carried
out. Depending on moistening conditions mesophytic species prevail, perennial herbaceous plants dominate
by life form. Species with weed, poisonous, medicinal, ornamental, technical, soap, fodder, honey-bearing
value were identified.
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Opranabik Kazakcranubsin Caryophyllaceae TykbIMaacbhbIHBIH OKiJIAepi:
TYPJIIK KYpaMbl, TAPAJTYbI sKIHe NaiiajJiaHy MYMKIiHIIKTepi

Maxkanana Kaparangel skoHe ¥uwsitay oOmeictapsl mierinne Opranslk  Kasakctan — ¢uopachlHBIH
Caryophyllaceae TyKpIMAAChIHBIH TYpIiK KYpaMbl, aHBIKTaJfaH TaKCOHAAPJBIH Tapanybl, 3K0OHOMOpdoo-
THSUTBIK epeKIIeNTiKTepi xoHe GuTokopray Moprebeci Tannanran. Caryophyllaceae tykpimuacoina 18 TyKpiM-
nmacteiH 80 Typi KipeTiHi aHBIKTanmsl, Oy1 Kaszakcranmarsl OCBbl TYKBIMIACTapIbIH TYpJiepi (IIOpachIHBIH
44,4%-p1H sxoHe OpTanslk Kazakcran ¢iopackHbIH >kamImbel TypiepiniH 3,2%-bIH Kypaiasl. Typrepain caHsl
OoiipIHIIA KeTekn TykpiMaactap — Silene L. (28 Typ) skone Dianthus L. (11 Typ). DHAeMHUKaIBIK TYpiep —
2 takcoH. Kaparanasl 0OJIBICEIHBIH CUPEK KE3IECETiH KOHE KOUBUIBIN Oapa KaTKaH eCiMIIKTepiHe eHri31IreH
1 Typ purokopray moptebecine ue. CumarraaraH TAKCOHAAp apachblHAa OPTAHbIH bUFANJAaHY XKaFAailiapbiHa
KaTBICTHI OipiHII opbpiHAa — Me3odurTep (12 Typ), exinmii opsiHaa — kcepomezodurrep (19 Typ), yuriamm
opbiaa — Me3okcepodurrep (16 Typ) 6aceim. Caryophyllaceae TykpiMaacs! TypiiepiHiH inmiHae MbIHA 9KO-
HOMMKAJIBIK KYH/IBI TOIITap aTall eTii: apaMIIenTep, ASPLTiK, YIbl, maphroMepIik-KOCMETHKAIBIK MaKcat-
Tap¥ra KapaM/ibl, COHIIK, TEXHUKABIK, MaJl a3bIKTHIK JKOHE OasI/ibL.

Kinm cesoep: Caryophyllaceae tykpimumacel, ¢utopa, Opransik Kasakcra, Typ Kypambl, SKOJIOTHSIIBIK TOII-
Tap, TIpIILUIIK GopManapsel, maiaagel Kacuerrepi, GUToKopray Mapredeci.

P.T. Mycuna, M.M. CunantseBa, M.1O. Ummypatona, E.A. 'aBpuibkoBa,
C.V. TneykenoBa, A.T. HypkeHoBa

IIpencraButenu cemeiicrBa Caryophyllaceae Ilenrpanbroro Kazaxcrana:
BH/IOBOIi COCTAB, pacpocTPaHeHHe U BO3MOKHOCTH MCIIOJIb30BaAHMS

B crarbe npoananusupoBaH BHIOBOMU coctas cemeiictBa Caryophyllaceae ¢uopsr Ilentpanproro Kazaxcrana
B npeznenax Kaparanmuackol u YiblTaycKoi o0nacTei, pacrpocTpaHeHHe BBIIBICHHBIX TaKCOHOB, YKOOMO-
MopdoJornueckue 0CoOEHHOCTH U (PUTOOXpaHHBIN craryc. OmpeneneHo, 4To B coctaB cemeiicta Caryo-
phyllaceae Bxomur 80 BuoB u3 18 pomaos, uro cocrasiser 44,4 % ot (GJIOpsl BUIOB JaHHOTO ceMmeiicTBa Ka-
3axcTaHa u 7,2 % ot obmero gmncna BunoB ¢aopsr Llentpamsaoro Kazaxcrana. Bexymumn pogamu mo gwuc-
nennoct BunoB sieisirorest Silene L. (28) u Dianthus L. (11 BumoB). DHAeMHUYHBIMH BHIAMH SIBISIOTCS 2
TakcoHa. PuTOOXpaHHBIN cTaTyc MMeeT 1 BUII, KOTOPBIN BKIIIOUEH B peAkHe U ucuesaronue pacrenus Kapa-
raHAnHCKON o6macty. 1o OTHOIIEHHIO K YCIIOBHSAM YBIQXKHEHUS CPEIH ONHMCAHHBIX TAKCOHOB MPE0OIagaloT
Mme3o¢huTsl (12 BUIOB), Ha BTOpOM MecTe — KcepoMe3oduTsl (19), Ha TpeTbeil MO3UIIH — ME30KCePO(UTHI
(16 BumoB). AHanM3 XXM3HEHHBIX (HOPM MOKa3al IpeodiaiaHie TPaBTHUCTHIX MHOTONIeTHHX (60) 1 oHONeT-
Hux (16 Bumos) dopm. Cpenn Bunos cemeiictBa Caryophyllaceae ormeuens! crieayromme Xo3siCTBEHHO-
LIEHHbIE TPYIIIBI: COPHBIE, JIEKAPCTBEHHBIE, SIIOBUTHIC, PUTOTHBIE IS Map(hIOMEPHO-KOCMETHYECKUX IeTIeH,
JIEKOpaTUBHBIE, TEXHUUECKHE, KOPMOBBIE U MEIOHOCHBIE.

Knioueswie cnosa: cemeiicto Caryophyllaceae, ¢mopa, enrpansusiii Ka3axcraH, BUmIOBOH COCTaB, SKOJIO-
THYECKHE TPYIIIbL, XU3HEHHBIE YOPMBI, OJE3HBIE CBOMCTBA, YUTOOXPAHHBIN CTATYC.
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Soil salinity and salt tolerance of plants

Global scarcity of water resources, ecological pollution and enlarged salinization of soil and water became a
noticeable problem at the beginning of the 21st century. Soil pollution caused by industrial and agricultural
activities is an environmental problem that poses serious threats to human health and ecosystems. This review
provides, firstly soil salinity characteristics and salinity indicators. Secondly, we focused on saline areas in
the world and causes of soil salinization. Thirdly, mapping and monitoring of soil salinity areas and im-
provement measures for saline soil tolerance. Fourthly, effect of salinity stress on plant and plant salinity re-
sponse was discussed. This review is intended to provide a comprehensive overview on salinization of soil
and presenting fundamental information for future research studies.

Keywords: plants, abiotic factors, stress, soil salinity, salt tolerance, salinization, pollution, ion regulation.

Soil salinity characteristics and salinity indicator

Soil is a vital resource for feeding the growing global population. Excess soil salinity poses a significant
threat to agricultural production and environmental health [1]. Soil salinity refers to the amount of dissolved
minerals and salts in water. NaCl is considered the predominant salt which is the main cause of soil salini-
ty [2], because, during irrigation with water that mainly has calcium (Ca?*), magnesium (Mg?*), and sodium
(Na*), so when the water evaporates, Ca?* and Mg?* directly precipitate into carbonates, leaving Na* as a
dominant anion in the soil that inhibits nutrition activities and creates extreme ratios of Na*/Ca?" or Na*/K*
in soil [3, 4].

Some of the traditional method employed to check salinity levels includes [5] electrical conductivi-
ty (EC), total dissolved solids (TDS), and sodium adsorption ratio (SAR) [6, 7]. However, these measure-
ments are based on visual observation which only provides qualitative information about crops. Electric con-
ductivity (EC) is among the most important laboratory methods that are used for the classification of soil sa-
linity [8]. Based on US Salinity Staff Laboratory reports, the distinguished characteristic of saline soils has
EC >4 dS/mat 25C, ESP < 15, and pH of the soil reaction < 8.5 [9, 10] (Table 1). Conventional methods of
in situ soil sample collection and analysis for soil salinity are labor-intensive, time-consuming, and costly
[11, 12]. Remote sensing data and techniques that detect soil salinity more efficiently and economically with
the use of rapid tools and techniques allow the mapping of soil salinity. The electric conductivity analysis of
saturated soil paste or in agueous extracts with different soil/water ratios, and spectrometric analysis are em-
ployed for characterization of soil salinity [13].

Table 1
EC values for soil salinity classes
Soil salinity class Conductivity of the Saturation ex- Effect on crop plant
traction (dS/m)
Non saline 2-4 Salinity effects negligible
Slightly saline 4-8 Yields of sensitive crops may be restricted
Moderate saline 8-12 Only tolerant crops yield satisfactorily
Strong saline 19-16 Only a few very tolera}nt crops yield
satisfactorily

Very Strong saline >16
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Saline areas in the world

Global scarcity of water resources, ecological pollution and enlarged salinization of soil and water be-
came a noticeable problem at the beginning of the 21 century. But numerous environmental stresses, like
high temperatures, excessive winds, flood, drought, and soil salinity have predominately disturbed the yield
and cultivation of important agricultural crops [14]. Amongst these, salinity is not only the major environ-
mental factor that limits plant growth and productivity but also become a worldwide enigma [15].

It is estimated that there are about 5.0 billion hectares of total agricultural land area in the world, this
accounted for 37 percent of the total land on earth, and nearly 1.5 billion hectares of this total agricultural
area (11% of total land) is now arable land used for stable farming of the crops. Munns and Tester (2008)
reported that 800 million hectares of land are affected by the salinity problem [16]. Whereas Wang et
al. (2011) reported that this figure will reach up to 950 million hectares in 2011 [17]. Based on the latest re-
port about one billion hectares of land, accounting for 10% of the world's arable land and can exceed up to
50% of the world's arable land in the year 2015. These reports clearly indicate that the saline areas are in-
creasing rapidly. This problem is widely distributed in over 100 countries in the world [18] and is worsening
in countries like America, China, Hungary, and Australia, and it will become more severe in North Africa,
East Africa, the Middle East, East Asia, and South Asia. There are about 320 million hectares of saline af-
fected land in the Asian continent, accounting for about 1/3 of the world. China has more population with
less land, moreover, saline land distribution is very wide [19]. There are 100 million hectares of arable land
in China, amongst them 6.66 million hectares were polluted with different degrees of salinization [20].

Causes of soil salinization

The land salinization reason can be divided into two 1) Primary (natural) and 2) Secondary (anthropo-
genic) [21]. It has many reasons to increase naturally:

1. Various rock such as intermediate igneous rocks; basic igneous rocks and undifferentiated volcanic
rocks have affected soil salinity. Because when rock salt is freed from the substrate, the upper soil gets pre-
cipitated by capillary action and cause soil salinization [22].

2. Climatic changes like annual rainfall, evaporation, temperature, humidity and pH also influenced soil
salinity.

3. Soil pore and other physical structures also effect the migration and accumulation of the salinity in
the land soil.

4. Entry of seawater during cyclones in coastal areas.

5. Vegetation coverage.

6. Seasonal and gradient influence of major projects on the occurrence of soil salinization.

7. A significant proportion of the recently cultivated agricultural land has become saline because of the
use of poor-quality water for irrigation and improper drainage in a canal-irrigated wetland agro-
ecosystems [23, 24]. These serious consequences represent the decreasing of productive agricultural land for
farming [25].

Mapping and monitoring of soil salinity areas

The necessity of mapping soil salinity

Population pressure is increasing in the world and about 20% of the world’s total cultivated area and
nearly 50% of the irrigated croplands are heavily affected by soil salinity [26]. In the near future, more dry
lands will be put into agriculture for crop production. Therefore, it is important to monitor and map saline
areas, at an early stage to enact an effective soil reclamation program that helps to lessen or prevent the fu-
ture increase in soil salinity [27, 28].

The technology used for soil salinity mapping

Scientists monitored or map the soil salinity by taking Remote Sensing Data through salt features (white
salt crusts) that are visible at the soil surface, and the presence of halophytic plants. These methods are
known as soil reflectance indicators and vegetation reflectance indicators [9]. Remote sensing technology
helps to get information about objects or areas from a long distance by aircraft or satellites
(http://oceanservice.noaa.gov/facts/remotesensing.html). It has been used in different research fields such as
archeological research [29], ecosystem services [30], medical sciences [31], environmental research [32],
abiotic stress studies [33]. Advantages of using remote sensing technology include providing the multispec-
tral images, saving time, wide-coverage, (satellite remote sensing provides the only source when data is re-

Cepus «buonorusa. MeauuuHa. Meorpadusa». 2024, 29, 1(113) 49


http://oceanservice.noaa.gov/facts/remotesensing.html

D. Tussipkan, M.B. Ramazanova, Sh.A. Manabayeva

quired over large areas or regions), faster than ground methods, and facilitating long-term monitoring [9].
However, in soil salinity studies, only considering soil reflectance may not be enough to measure variation in
soil salinity, because, the spatial variability of soil salinity over the landscape is highly sensitive and is con-
trolled by a variety of factors. These factors include:

1. Soil factors (surface roughness, moisture, parent material, permeability, water table depth, groundwa-
ter quality, and topography);

2. Management factors (irrigation and drainage);

3. Climatic factors include (rainfall and humidity) [8, 34]. Therefore, it is beneficial to use vegetation
reflectance as an indirect indicator for mapping soil salinity, because it can provide a spatial overview of sa-
linity distribution and avoid limitations associated with the direct use of soil reflectance [35].

The use of vegetation reflectance as an indirect indicator

Vegetation reflectance has been used in numerous fields, including ozone [36, 37], soil contamination
[38—41], pathogens, senescence, dehydration, natural gas and metal contamination.

Indicator plant species have been generally used together with physical and chemical indicators to de-
termine soil salinity [7], but not all can be good remote sensing indicators of soil salinity [9]. Plant communi-
ties were better indicators soil salinity than individual species, the dominant halophytic communities in sa-
line areas. For examples, Salicornia europaea community and Aster tripolium community were present at
salinity over 20 mS/cm, Triglochin maritima community over 12 mS/cm, Puccinellia distans-Salicornia eu-
ropaea-Spergularia marina community over 8 mS/cm and Glaux maritima-Potentilla anserina-Agrostis sto-
lonifera community over 2 mS/cm [42].

Additionally, the performance of some salt tolerance crops such as alfalfa, barley, and cotton can pro-
vide the severity of soil salinity. Alfalfa is an ideal natural resource and model plant for remediation of con-
taminated soils, offering a variety of elite characteristics, including a highly productive biomass, drought tol-
erance, a fast-growing and prosperous root system, and availability in large amounts over several months of
the year [43]. Cotton is basically cultivated on irrigated land, so it is considered an ideal indirect indicator for
soil salinity and has been used as salinity indicators in a variety of studies [9, 44]. For example, Zhang et al
(2011) reported that the vegetation cover of Yellow River Delta (YRD) of China, includes some grass spe-
cies: suaeda (Suaeda glauca), Suaeda salsa, aeluropus (Aeluro- pus sinensis), cogon grass (Imperata cylin-
drica), reed (Phragmites), and a shrub species: saltcedar (Tamarix chinensis), crops planted in the YRD are
salt-tolerant varieties, including cotton (G. hirsutum) and corn (Zea mays). The dominant species in the YRD
could represent typical halophytic plants and salt-tolerant crops because they are also common in other saline
areas [35].

Improvement measures for saline soil tolerance

To improve saline soils, it was attempted three main measures:

1. Chemical improvement measures. Liu et al. (2015) did experiment to study the effects of newly-
developed ameliorant, gypsum and cow in the coastal saline-alkali soil of north Jiangsu Province [45]. The
authors measured the plant (Salicornia europea L.) growth and ion concentration in stems and roots. The
results of this study presented that the three ameliorants, including cow dung, gypsum, new ameliorant and
their combinations developed soil chemical and physical contents and moreover confirmed to improve the
total plant height and stem diameter in the following order of manure usage: cow dung > gypsum > new
ameliorant.

2. Biological and ecological measures. Microorganisms with the following characteristics like salt
tolerant with improved genetic variability, synthesizing compatible solutes, producing plant growth promot-
ing hormones, bio-control potential, can successfully interacts with the crop plants to improve the saline soil
quality [14]. In the microbiological investigations of saline soils, great attention has been paid to the halo-
philic, osmotolerant, and alkalo tolerant microorganisms [46]. For example, Salt-tolerant plant growth-
promoting rhizobacteria (ST-PGPR) significantly influence the growth and yield of wheat crops in saline
soil, it is beneficial bacteria that live in the plant root zone [47]. Plants treated with rhizobacteria have better
root and shoot growth, nutrient uptake, hydration, chlorophyll content, tolerance to diseases, higher K* ion
concentration and, in turn, a higher K*/Na* ratio that favors salt tolerance [48].

3. Introduction of salt tolerance plants. Increased salt tolerance of perennial species used for fodder
or fuel production is an important and natural method for controlling the spread of secondary salinity. How-
ever, different crop species have different threshold tolerance ECe and yield reduction rate [24] (Table 2). If
salt levels are 0 to 2 dS/m, yield of the most crops are not significantly reduced; a level of 2 to 4 dS/m affects
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some crops; whereas most of the crops are significantly affected when salt levels ranges from 4 to 5 dS/m
[49]. ECes around 7.7, 12, and 17 dS m—1 are classified into low, moderate and high salinity level, respec-
tively. Cotton is one of the advantageous salt tolerant crop with a threshold salinity level of 7.7 dS/m—1
(equal to 0.5% or 77 mmol/L NaCl), but, the germination of cottonseed and emergence of seedling is gener-
ally delayed and reduced by high salinity levels [50]. At present, China has the largest saline soil area in the
world used for cotton farming. According to the incomplete statistics, the plant cotton saline area is about 1.7
billion hm?[17].

Table 2
Many important crops are susceptible to soil salinity
Threshold salinity Decrease in yield
Crop Slope % per
ds m-1 ds m-1
Bean (Phaseolus vulgaris L.) 1.0 19.0
Eggplant (Solanum melongena L.) 1.1 6.9
Onion (Allium cepa L.) 12 16.0
Pepper (Capsicum annuum L.) 15 14.0
Corn (Zea mays L.) 1.7 12.0
Sugarcane (Saccharum officinarum L.) 1.7 5.9
Potato (Solanum tuberosum L.) 1.7 12.0
Cabbage (Brassica oleracea var. capitata L.) 1.8 9.7
Tomato (Lycopersicon esculentum Mill.) 2.5 9.9
Rice, paddy (Oryza sativa L.) 3.0 12.0
Peanut (Arachis hypogaea L.) 3.2 29.0
Soybean (Glycine max L.) 5.0 20.0
Wheat (Triticum aestivum L.) 6.0 7.1
Sugar beet (Beta vulgaris L.) 7.0 5.9
Cotton (Gossypium hirsutum L.) 7.7 5.2
Barley (Hordeum vulgare L.) 8.0 5.0

Effect of salinity stress on plant and plant salinity response

Effect of salinity stress on plant

Under salinity stress conditions, soluble salts are accumulated in the root zone of plants [49], than caus-
es osmotic and ionic stress [51]. We can see the two-phase model relating the osmotic and ionic effects of
salt stress below (Fig. 1).

salt
added

¢

growth -t L
rate | Phase 1 Phase 2
(osmofic stress) (soit-specificeffect)

time (days to weeks)

v

Ed

Figure 1. Scheme of the two-phase growth response to salinity [53]
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In the first, osmotic effect starts rapidly after the salt concentrations especially Na and Cl level increases
more than a threshold level and there is decrease in K, Ca, NO3z and Pi concentrations in the root zone. Os-
motic stress resulted in decrease water availability for the plant cells which leads to a decrease water uptake
with cellular dehydration. Subsequently the rate of shoot growth falls significantly, moreover with the de-
crease rate of growing leaves expansion, slower rate of leaves emergence and slow lateral buds’ development
with fewer branches or lateral shoots formation. This non-specific effect is common to all dehydrative stress-
es including salinity, drought, and low temperatures and with some types of mechanical plant wounding [22].
The ion-specific effect is a secondary phase of the plant response to salinity, whereas higher levels of salt get
accumulated in the older leave parts and resulted in cell death. Hence, with the decrease in new leave pro-
duction due to more leave necrosis, the photosynthetic rate of plants decreased having lower levels of carbo-
hydrates, which is required for new leave production [52, 53].

Plant salinity response mechanism

Plants differ in their ability to cope with these adverse factors. Depending on growth performance of
these organisms in saline habitats, plants can be divided into two groups: salt-sensitive “glycophytes” and
salt-tolerant “halophytes” [54]. Halophytes can complete their whole life cycle at salt concentrations higher
than 200 mM NacCl [22], even can survive salinity in 300-400 mM extra salt concentration [52]. Some halo-
phytic Amaranthaceae (Salicornioideae, Chenopodioideae and Suaedoideae) yield is significantly negatively
affected at low salt concentrations, because their growth rate is stimulated at a salinity range of 150-300 mM
NaCl [55]. Glycophytes, including most crop plants not only reduce their yield in high salt concentration, but
also are killed by 100-200 mM NaCl [52].

Generally, three major factors determine the tolerance of plants to extreme environmental conditions
(abiotic stresses) at molecular level:

1. Genomic level: Plants have differences at genome structure level, it is suggested that salt tolerant
plants may have unique stress-responsive genes, which sensitive plants do not have.

2. Transcriptomic level: Tolerant plants have altered gene expression regulation features of stress-
responsive genes than salt sensitive plants. Tolerant plants may enhance constitutive expression of several
salinity-responsive transcripts. Enhanced constitutive expression of several salinity-responsive transcripts
(SOS1, SOD, P5CS, GS, INPS, cytochrome P450, heat shock protein).

3. Proteomic level: Plants has differences in protein structure and activity level, thus proteins involved
in the stress responses revealed an altered activity in tolerant plant than in susceptible ones because of the
(differences in protein structure and activity level) [56].

Plants developed a combination of biochemical and molecular mechanisms to cope with salt stress situ-
ation. The specific biochemical strategy undertaken by plant is: (1) ion regulation and compartmentalization,
(2) induced biosynthesis of compatible solutes, (3) induction of antioxidant enzymes, which are illustrated in
figure further down (Fig. 2) [57].

lon regulation and compartmentalization

Na+ enters roots passively, through voltage-independent nonselective cation channels and possibly
through other Na+ transporters such as some members of the high-affinity K+ transporter (HKT) family [16]
and may also block the K — specific transporters of root cells under salinity [24]. For plant development
lonic uptake and compartmentalization are key factors, most importantly during salt stress because of dis-
turbance of ion homeostasis. Glycophyte or halophyte cannot tolerate higher salt in the cytoplasm, thus they
restrict the excess salts in the vacuole or compartmentalize the ions in other plant tissues to carry out normal
metabolic functions. Glycophytes also inhibit the sodium uptake or partition sodium that served as storage
compartments and then die. Plants maintained low levels of cytosolic sodium levels by regulation of potassi-
um and sodium transporters and H+ pumps that generate the driving force for transport of ions across the
membranes [51]. To cope salinity, drought, cold, acid stress, anoxia, and excess heavy metals stress in the
soil, survival of the plant cells solely depends on the maintenance or adjustment of the V-ATPase activity.
Na+ stress is well known to cause Ca++ depletion in the extracellular space and the outer surface of the
plasma membrane, whereas increased extracellular Ca++ also help to up regulates the cytosolic free calcium
levels.
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Figure 2. Plant response mechanism to salt stress (Illustration created on biorender.com platform)

Induced biosynthesis of compatible solutes

The accumulation of compatible solutes is often regarded as a basic strategy for the protection and sur-
vival of plants under abiotic stress conditions. These compatible solutes include mainly proline, glycine beta-
ine (GB), sugars, and polyols [58—61]. Multiple functions for these compounds have been suggested. The
conventional role of these compatible solutes is to maintain cell osmotic adjustment and reduce the water
potential in high salinity condition [62]; they are also suggested to act as low- molecular-weight chaperones,
stabilizing the photosystem Il complex, protecting the structure of enzyme, proteins and inducing damages to
cellular component, maintaining membrane integrity and scavenging ROS [58].

Induction of antioxidant enzymes

Salt, drought, heat and oxidative stress are related to an enhanced production of reactive oxygen species
(ROS) such as 02, H202, and OH [63]. These ROS can cause damage to the cellular membranes, function
of photosynthetic apparatus, activities of various enzymes, and peroxidation of lipids. Salt-tolerant plants,
besides being able to regulate the ion and water movements, should also have better antioxidation strategies
to scavenge these toxic compounds [64]. These antioxidants (ROS scavengers) include enzymes such as
catalase, superoxide dismutase (SOD), ascorbate peroxidase (APX) and glutathione reductase; non-enzyme
molecules such as ascorbate, glutathione, carotenoids, and anthocyanins; compounds, such as osmolytes,
proteins (e.g. peroxiredoxin) and amphiphilic molecules (e.g. tocopherol) [63, 65]. The antioxidants have
been found to be key determinants of salt tolerance in different crops. For example, in order to determine
whether cell membrane permeability, activities of antioxidant enzymes such as SOD, CAT and POX and
K+ vs. Na+ selectivity criteria for salt tolerance in canola (Brassica napus L.) four lines, Dunkled, CON-III,
Rainbow and Cyclone. RMP was found to be associated with the activities of antioxidant enzymes, SOD,
CAT and POX and the lines differ significantly for shoot K+/Na+ ratios and shoot K+ vs. Na+ selectivity,
but these traits prove not good indicators for salt tolerance in the canola. Overall relative cell membrane
permeability and activities of antioxidant enzymes (SOD, CAT and POX) proved to be very effective in dis-
criminating the canola cultivars for salt tolerance [66, 67] reported that the activities of antioxidant enzymes
and lipid peroxidation were associated with the dry mass production and consequently with the salt tolerance
of the three maize cultivars [67]. Where in another study superoxide dismutase (SOD) activity increased sig-
nificantly in both genotypes, and increases in amounts of transcript were observed for OsSOD3Cu/Zn and
OsSODA1-Mn in the tolerant genotype and for OsSOD4-Cu/Zn, OsSOD3-Cu/Zn, OsSODCc1-Cu/Zn, Os-
SOD-Fe, and OsSODA1-Mn in the sensitive genotype [68].
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N. Tycinkan, M.b. Pamazanoga, I1I.A. ManabaeBa

TonbIpaKkThIH TY3AbLIBIFBI 2KJ9HE OCIMAIKTEPIiH TY3Fa TO3IMILIIri

Cy pecypcTapbiHbIH KahaHABIK TalIIbUIBIFBI, KOPLUIaFaH OPTAHBIH JIACTAHYbl JKOHE TOMNBIPAK MEH CYyIbIH
TY3aHYBIHBIH >KoFapbutaybl XX FachIpAbIH MaHBI3ABI MOCEJeciHiH Oipi. OHEpPKOCINTIK KoHE aybUImapy-
aIIbUIBIK JKYMBICTAPbIHAH TYBIHIAaFaH TOIBIPAKTHIH JIACTAHYBl aJlaM JCHCAYJIBIFBI MEH DKOXYiHere YJkeH
Kayill TOHAIPETIH SKOJOTHSIIBIK Macese. Makanana GipiHIIiZIeH, TONBIPAKTHIH TY3JaHy CUIaTTaMaIaphbl )KoHe
TY3[1aHy KOPCETKIIITepi YChIHbUIFaH. EXIHINIeH, oIeMHIH TY3/bl aliMaKTapblHa )KSOHE TONBIPAKTHIH TY3AaHy
cebenTepiHe Ha3ap ayAapbUIFaH. YINIHIIJIEH, TONBIPAKTHIH TY3JaHy alMaKTapblH KapTara TYCipy »oHe
0akplTay MEH TOIBIPAKTBIH TY3/IaHyFa TO3IMIAUIINIH apTThIPYy IIapajapbl KapacThIpbUIFaH. TepTiHIIiJeH,
TY3[aHyAaH TybIHIaFaH KYW3eTiCTiH eCIMIIKTepre acepi skoHe OCIMIIKTePAiH TY3/aHyFa PEaKIUsIChl TaaKbl-
JaHFaH. MaKanaHbIH MaKcaThl — TOIIBIPAKTHIH TY3/aHybIHA KaH-)KaKThI LIOJTY JKacay jKoHe GoJaniak 3epTre-
yIIep YUIIH HEeTi3r1 aknapaTThl YCHIHY.

Kinm ce3dep: ecimuikrep, a0MOTHKAIBIK (GaKkTOpiap, KyH3esic, TONBIPAaKTHIH COPTaHIaHYbI, TY3Fa TOIIMILIIK,
JacTaHy, Ty3/1aHy, HOHIapAbIH PeTenyi.

J. Tycinkan, M.b. Pamazanoga, 111.A. ManabaeBa

3aC0JIEHHOCTH MOYBBI U COJICYCTOMYMBOCTD PACTCHUI

I'nobanbHas HEXBAaTKa BOAHBIX PECYPCOB, S3KOJOTHUECKOE 3arPA3HEHUE U BO3POCHIEE 3aCOJIEHHE TIOUBBI U BO-
JIbl CTaM 3aMeTHOMH mpobiemoit Hayana XX| Beka. 3arps3HeHHE MOYB, BHI3BAHHOE MPOMBIIUICHHOM U Celb-
CKOXO3SIICTBEHHOMH AESTENbHOCTBIO, IPEACTABIAET COOOH 3KOJIOTHYECKYI0 POOIeMy, PEACTaBIAIOILYIO Cce-
PBE3HYIO YTpO3y 37I0pOBEIO YeJIOBeKa U SKOCHCTeMaM. B 0030pe mpencraBieHsl, Ipexk/ie BCEro, XapaKTepu-
CTHKH 3aCOJIEHHS TI0YB ¥ MTOKA3aTeNN 3aCOIeHHs. Bo-BTOPBIX, MBI COCPEJOTOUMIIN BHIMAaHUE Ha 3aCOJIEHHBIX
TEPPUTOPHIX MUpa U MIPUIUHAX 3aCOJICHUS ITOYB. B-TpeThHX, paccCMOTpeNN KapTUPOBAaHKUE, MOHUTOPHHT 30H
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3aCOJICHUS TIOYB M MEphI N0 MOBBILICHUIO YCTOHYMBOCTH IOYB K 3aCOJICHMIO. B-ueTBepThIX, 00CYKHaIoCh
BIIMSIHUE CTPECCa, BBI3BAHHOTO 3aCOJICHUEM, HA PACTEHUS M PEaKILHI0 pacTeHHi Ha 3acosneHue. Llenbro aToro
0030pa SABIAETCS MPENOCTaBICHHE BCECTOPOHHETO 0030pa 3acoeHUs 10YB M (yHIaMeHTanbHOH HH(OpMa-
MU 1151 OYAyIIIX UCCIIeIOBaHMI.

Knroueevie cnosa: pacteHusi, abHOoTHYECKUE (AKTOPBI, CTPECC, 3aCOJCHUE MOYBBI, COJCYCTOWYHUBOCTD, 3a-
rpsA3HEHHE, 3aCOJICHUE, PETYIISIMS HOHOB.
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Seasonal dynamics of photosynthetic pigments (chlorophylls a, b and carotenoids) in
woody plants of the Altai Botanical Garden

This article reflects the results of studies of photosynthetic pigments (chlorophylls a, b and carotenoids) in 14
species of deciduous plants (trees and shrubs) and one coniferous Juniperus sabina L. in the Altai Botanical
Garden during two growing seasons. The following species have a high accumulation of pigments: Acer ta-
taricum L., Juglans cinerea L., Tilia cordata L., Corylus avellana L., Cotoneaster lucidus Schlecht., Lonic-
era tatarica L. For the coniferous species Juniperus sabina L. low levels of chlorophylls a, b and carotenoids
are characteristic. Berberis thunbergii DC is also distinguished by a low accumulation of photosynthetic pig-
ments. Minor differences between the species were noted in the content of carotenoids, twelve species were
included in the group with low and medium content of this pigment. There is no definite pattern in the accu-
mulation of carotenoids, and the data on the types and number of yellow pigments do not differ significantly.
As a result of the conducted studies, a correlation was revealed between the content of carotenoids and the
content of chlorophyll a in most species. The data obtained indicate the presence of species specificity in the
content of chlorophylls a, b and carotenoids. Also, the photosynthetic apparatus of woody plants is sensitive
to light and water conditions.

Keywords: content, species, trees, shrub, chlorophyll a, chlorophyll b, carotenoids.

Introduction

The criteria for the functional state of woody plants are the state of the photosynthetic apparatus of the
plant organism, which is very sensitive to external influences: the content of pigments, changes in the ana-
tomical structure of the leaf apparatus. Assimilation activity of plants is the primary metabolic process, the
effectiveness of which is determined by growth and reproductive processes. Undoubtedly, photosynthetic
structures and processes are indicators of the general state of the plant organism [1]. A number of works are
devoted to the study of the structural and functional features of the photosynthetic apparatus of woody
plants [2—4]. During introductory movements, changes in physiological functions, plasticity, and the content
of chlorophylls and carotenoids, the main photoreceptors of a photosynthetic cell, occur. In this regard, an in-
depth study of the biological and physiological characteristics of woody plants in the conditions of the moun-
tain-forest zone of the East Kazakhstan region is relevant.

It is known that chlorophylls and carotenoids play an important role in the processes of photosynthesis.
They are responsible for the absorption and conversion of energy in photochemical reactions and the protec-
tion of the photosynthetic apparatus from oxidation. In addition, pigments have a variety of biological activi-
ties and can affect human health [5]. The similarity of the chemical structure of chlorophyll and heme of the
non-protein part of hemoglobin determined the use of chlorophyll preparations in medicine as agents that
enhance hematopoiesis and increase immunity. Chlorophyll also has antimicrobial, wound healing, anti-
inflammatory, tonic effects, stimulates the heart, respiratory center and neuromuscular system, removes tox-
ins, normalizes blood pressure, and prevents the formation and deposition of calcium [6, 7].

Experimental

The object of the study was 15 species of woody plants growing in the dendroflora area of the Altai Bo-
tanical Garden. The content of chlorophylls a, b and carotenoids was determined in the coniferous species —
Juniperus sabina L., deciduous species (trees) — Acer ginnala Maxim., Acer tataricum L., Betula pendula
Roth., Crataegus sanguinea Pall., Fraxinus lanceolata Bjrckh., Padusracemosa (Lam.) Gilib. Tilia cordata
L., Juglans cinerea L., deciduous species (shrubs) — Cotoneaster lucidusSchlecht., Berberis thunbergii DC.,
Berberis vulgaris L., Euonymus maackii Rupr., Lonicera tatarica L., Corylus avellana L.

The content of chlorophylls a, b and carotenoids was determined using a Jenway spectrophotometer
mod. 6300 (320-1000 nm, slit 8 nm, single-beam, non-scanning). From each species, fragments of 3 leaves
were taken for fixation, in triplicate according to the Godnev method [8]. The pigments were extracted in a
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96 % solution of ethanol, porcelain mortar until the consistency of a homogeneous slurry. When determining
the concentration of chlorophyll, the pigment was carefully removed from an accurately taken sample, not
allowing the loss of a single drop of the extract. The volume of the extract was 10 ml. Further, the values
were obtained at optical density D470, D644, D663, which were used for calculations the content of chloro-
phyll a, chlorophyll b and carotenoids according to the formulas.

Chlorophyll a 12.25*A663-2.79*A644

Chlorophyll b 21.50*A644-5.10*A663

Carotenoids (1000*A470-1.82*cA85.02*cB)/198.

To distribute the observed species for each physiological parameter, the data were divided into classes
with the lowest, average, and highest values. So, according to the content of chlorophyll a, — low content in
the range of 3.34-9.06 mg / |, average — 9.07-14.79 mg / I, high — 14.80-20.51 mg / |, according to chlo-
rophyll b — low content 0.10-0.51 mg / |, average — 2.52-4.93 mg / |, high — 4.94-7.33 mg / |, for carote-
noids — low — 4.08-5.95 mg/l, average — 5.96-7.83 mg/I, high — 7.84-9.70 mg/I [9].

Results and discussions

The plants participating in the experiment grow in the arboretum of the Altai Botanical Garden with fa-
vorable conditions for the water regime of the soil. The results of studies during two growing seasons
showed that photosynthetic pigments of plants are sensitive to changes in temperature and soil moisture. In
the studied species, the average value for chlorophyll a in deciduous trees is 11.62 mg/l, deciduous shrubs —
10.81 mg/l; chlorophyll b — 1.57 mg/l; carotenoids in deciduous trees — 6.12 mg/l, deciduous shrubs —
6.68 mg/l. Weather conditions for the growing season 2022 contributed to the increased accumulation of the
above pigments by 2-6 mg/l. In the second decade of July 2021 the lowest content of chlorophyll a was not-
ed in the tree species Fraxinus lanceolata Bjrckh. — 8.13 mg/l and shrub Berberis vulgaris L. — 4.98 mg/I
(Fig. 1, 2).
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Figure 1. Seasonal dynamics of chlorophyll a content in deciduous species (trees) (mg/l wet matter)
for the growing season 2021

Cepus «buonorusa. MegmuuHa. Meorpacusy. 2024, 29, 1(113) 59



T.A. Vdovina, O.A. Lagus et al.

mg/L
20
18
16
14
12 H July
10
8 M August
6
4
2
0
Berberis Berberis Corylus Cotoneaster  Euonymus Lonicera Juniperus
thunbergii DC.  vulgaris L. avellana L. lucida maackii Rupr. tatarica L. sabina L.
Schlecht.

Figure 2. Seasonal dynamics of chlorophyll a content in deciduous species (shrubs) and coniferous species — Juniperus
sabina L. (mg/l wet matter) for the growing season 2021

The highest value for this pigment was noted in two tree species: Acer tataricum L. — 15.26 mg/l, Tilia
cordata L. — 16.14 mg/l and three shrub species — Cotoneaster lucidus Schlecht. — 17.14 mg/l, Euonymus
maackii Rupr. — 18.51 mg / | and Corylus avellana L. — 19.46 mg/l. In Padusracemosa (Lam.) Gilib., Lo-
nicera tatarica L., Crataegus sanguinea Pall. the maximum values for chlorophyll a vary within the follow-
ing limits (6.80-13.55 mg/l). They are noted at the beginning of the season (first two analyses).

In July 2021 most of the species had a high content of chlorophyll a. Then there was a decrease in the
level of this indicator and at the end of the growing season (in the second decade of August), the content of
chlorophyll a in the leaves of plants is the lowest. This is clearly expressed in species: Padus racemosa
(Lam.), Acer ginnala Maxim., Juniperus sabina L., Euonymus maackii Rupr., Crataegus sanguine Pall. At
the same time, an increase in this pigment is observed in the following species — Fraxinus lanceolata
Bjrckh., Juglans cinerea L., Acer tataricum L., Corylus avellana L., Berberis vulgaris L., Cotoneaster lu-
cidus Schlecht. In the second decade of August (August 17), the maximum accumulation of chlorophyll a
was noted only in tree species: Tilia cordata L. — 21.66 mg/l, Juglans cinerea L. — 19.47 mg/l. During this
period, they do not observe coloring of the leaves.

Low level (average values) for the content of chlorophyll a in tree species for the growing season 2021
noted in the coniferous species Juniperus sabina L. — 7.95 mg/I, in two deciduous species (trees) — Acer
ginnala Maxim. — 8.22 mg/l, Crataegus sanguinea Pall. — 7.19 mg / | and two deciduous (shrub) — Ber-
beris thunbergii DC. — 5.38 mg/l, Berberis vulgaris L. — 8.45 mg/l. With a low content of chlorophyll a —
5 species (33.3 %), medium — 4 species (26.6 %), high — 6 species (40.0 %) [9].

In 2022 almost all species have the same accumulation of chlorophyll a during the growing season, with
the exception of two dates (8.08. and 22.08.), when the data were out of the general range of figures. So,
Acer ginnala Maxim. during the growing season, the values for chlorophyll a are constant and only at the
end of August 22.08. there is a sharp decrease in it by half to 5.71 mg/l compared with the average value of
11.63 mg/l (Fig. 3).

Betula pendula Roth. the low content of chlorophyll a — 6.62 mg/l was noted in early August (08.08.),
and the high content — 18.45 mg/I falls on the end of August. In Padus racemosa (Lam.) Gilib. the content
of chlorophyll a decreases in August to 5.51 mg/l compared to an average value of 9.30 mg/l. Also at the end
of the season (22.08.) it decreases in Corylus avellana L. to 12.48 mg/l, the average is 18.24 mg/l and Euon-
ymus maackii Rupr. up to 9.99 mg/l, average 13.65 mg/l (Fig. 4).

In the species Acer tataricum L., on the contrary, there is a slight increase in this pigment to 18.97 mg/I
in the first ten days of August (08.08.) in comparison with the average value of 15.04 mg/l. In Berberis vul-
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garis L., this indicator increased sharply at the end of August (August 22) to 18.45 mg/l compared to the av-
erage of 10.27 mg/I.
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Figure 3. Seasonal dynamics of chlorophyll a content in deciduous species (trees) (mg/l wet matter) for the growing
season 2022: 1 — May, 2 — June, 3 — July, 4 — August
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Figure 4. Seasonal dynamics of chlorophyll a content in deciduous species (shrubs) and coniferous species (mg/l wet
matter) for the growing season of 2022: 1 — May, 2 — June, 3 — July, 4 — August

If in 2021 by the end of the growing season, there is an increase in chlorophyll a in ten species: Acer
ginnala Maxim., Betula pendula Roth., Crataegus sanguinea Pall., Fraxinus lanceolata Bjrckh., Juglans
cinerea L., Tilia cordata L., Cotoneaster lucidus Schlecht., Corylus avellana L., Euonymus maackii Rupr.,
Lonicera tatarica L., then in 2022 — in four species: Acer tataricum L., Betula pendula Roth., Tilia cor-
dataL., Corylus avellana L. Low content of chlorophyll a during the growing season of 2022 noted in Cra-
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taegus sanguinea Pall. — 7.58 mg/l, Berberis thunbergii DC — 4.84 mg/Il, Juniperus sabina L. — 4.40 mg/I.
Acer ginnala Maxim. there was a rapid decrease in the amount of chlorophyll a at about the same time from
5.08.2021 as of 17.08.2021 (8.84 mg/l to 3.34 mg/l by 2.6 times) and from 8.08.2022 as of 22.08.2022
(13.21 mg/l to 5.71 mg/l 2.3 times).

For chlorophyll b, low rates were noted on average, 1.57 mg / . Its synthesis is much less than that of
chlorophyll a. Its lowest content is in Juniperus sabina L. (0.62 mg/l in 2021 and 0.40 mg/l in 2022), the
highest in Corylus avellana L. (3.71 mg/l in 2021 and 3.96 mg/l in 2022), average values. 10 species have a
low content of this pigment, of which 5 are tree species, 4 are shrubs and one is coniferous (66.7 %), the
average value was noted in four species (26.6 %), with a high accumulation of one species Corylus avellana
L. (6.7 %). Its lowest content in Juniperus sabina L. is 0.40 mg/l, the highest in Juglans cinerea L. is
3.56 mg/l, Tilia cordata L. is 2.86 mg/l, Corylus avellana L. is 3.96 mg/l, average values.

Carotenoids are an integral component of the antioxidant system of plant protection, causing a response
to stress factors. According to the content of this pigment, the average value for species over two years is
6.34 mg/l. Cotoneaster lucidus Schlecht has the highest value (9.66 mg/l in 2021 and 7.56 mg/l in 2022),
Corylus avellana L. (9.71 mg/l in 2021 and 7.33 mg/l in 2022), Berberis thunbergii DC (9.24 mg/l in 2021),
Tilia cordata L. (7.71 mg/l in 2022), Lonicera tatarica L. (7.65 mg/l in 2022) and minimal Fraxinus lanceo-
lata Bjrckh. (4.13 mg/l in 2021), Crataegus sanguinea Pall. (4.39 mg/1 in 2022) (Fig. 5-8).
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Figure 5. Seasonal dynamics of the content of carotenoids in deciduous species (trees) (mg/l wet matter) for the growing
season 2021: 1 — July, 2 — August
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Figure 6. Seasonal dynamics of the content of carotenoids in deciduous species (shrubs) and coniferous species — Ju-
niperus sabina L. (mg/l wet matter) for the growing season of 2021: 1 — July, 2 — August
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Figure 7. Seasonal dynamics of the content of carotenoids in deciduous species (shrubs) and coniferous species — Juni-
perus sabina L. (mg/l wet matter) for the growing season of 2022: 1 — May, 2 — June, 3 — July, 4 — August

A definite pattern in the accumulation of carotenoids was not revealed, and the data on the types and
amounts of yellow pigments do not differ significantly. The high accumulation of this pigment by the end of
the growing period of 2021 deciduous species (trees) were characterized: Acer tataricum L. — 8.21 mg/I,
Betula pendula Roth. — 6.08 mg/l, Juglans cinerea L. — 7.63 mg/l. Of the deciduous species (shrubs), Ber-
beris thunbergii DC contains the most carotenoids. — 9.18 mg/l, Berberis vulgaris L. — 5.94 mg/I.

Almost at the same mark for two seasons, the content of carotenoids in Lonicera tatarica L. and Fraxi-
nus lanceolata Bjrckh. (6.25-6.87 mg/l and 4.99-6.27 mg/l, respectively). The lowest indicator for the con-
tent of carotenoids was noted in the coniferous species Juniperus sabina L. — 4.65 mg/l in 2021, and 3.57
mg/l in 2022. As a result of the research, it was found that four species have a low content of carotenoids
(26.6 %), eight species have an average content (53.3 %) and three species have a high content (20.1 %).
During the growing seasons, the data on the accumulation of carotenoids among the studied species differ
slightly.
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Figure 8. Seasonal dynamics of the content of carotenoids in deciduous species (shrubs) and coniferous species — Ju-
niperus sabina L. (mg/l wet matter) for the growing season of 2022: 1 — May, 2 — June, 3 — July, 4 — August

As a result of the analyses performed, a correlation was found between the amount of chlorophyll a and
carotenoids. This was clearly confirmed by the highest and lowest values in 25 cases out of 120 determina-
tions in 2022. The same weather conditions at the end of June and July (27.06., 29.07.) 2022. influenced the
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equal ratio in the accumulation of chlorophyll a and carotenoids in six species: Juglans cinerea L., Tilia cor-
data L., Corylus avellana L., Cotoneaster lucidusSchlecht., Euonymus maackiiRupr., Lonicera tatarica L.

In tree species Crataegus sanguinea Pall. and Padus racemosa (Lam.) Gilib. there is a gradual decrease
in the content of pigments: chlorophyll a and carotenoids in the period from 19.07. to 17.08. during the
growing season 2021. So, in the first species for chlorophyll a — from 10.19 mg /1 to 8.02 mg / |, for carote-
noids — from 5.60 mg / 1 to 5.16 mg / I. In Crataegus sanguinea Pall. for chlorophyll a — from 9.96 mg / |
to 3.86 mg / |, for carotenoids — from 6.14 mg /1 to 3.78 mg / |. The same decrease in the above-mentioned
pigments was noted in the shrub species Euonymus maackiiRupr. for chlorophyll a — from 18.51 mg /| to
14.27 mg / 1, for carotenoids — from 7.81 mg/1to 6.51 mg/ I.

Two species of Cotoneaster lucidus Schlecht. and Tilia cordata L. there is a more active accumulation
of chlorophyll a and carotenoids. So, in the first species in 2021 accumulation of chlorophyll a is equal to
18.10 mg/l, in 2022 — 14.79 mg/l, carotenoids in 2021 — 8.34 mg/l, in 2022 — 7.56 mg / I. The second
species in 2021 accumulation of chlorophyll a — 18.25 mg / |, in 2022 — 16.01 mg/I, accumulation of carot-
enoids in 2021 — 8.09 mg/l in 2022 — 7.71 mg / I. which made it possible to refer them to the first class,
with a high accumulation.

In terms of chlorophyll a, a high content over two years was noted in Euonymus maackii Rupr. —
16.66 mg/l in 2021 and 13.65 mg/l in 2022, respectively, and in Juglans cinerea L 17.18 mg/l and
17.21 mg/l. In terms of carotenoids, Corylus avellana L. has a higher concentration of 8.32 mg/l in 2021 and
7.33 mg/l in 2022, respectively.

The results of studies during two growing seasons of Juniperus sabina L. needles showed low values of
photosynthetic pigments: 4.40 mg/l for chlorophyll a, 0.40 mg/I for chlorophyll b, and 3.57 mg/l for carote-
noids. If we take into account the weather conditions (drought and after rain), then after rain the content of
chlorophyll a and carotenoids in it increases slightly from 4.10 mg /| to 4.69 mg / | and from 3.06 mg/ | to 4,
08 mg/l, respectively.

Conclusions

The analyzes performed showed that the accumulation of chlorophylls a, b and carotenoids is specific
for each species of woody plants and depends on genetic characteristics, water and light regimes of the plant,
leaf age, and other conditions. In the studied species during the growing seasons, the average value for chlo-
rophyll a — in deciduous trees is 11.62 mg/l, deciduous shrubs — 10.81 mg/l, chlorophyll b — 1.57 mg/I,
carotenoids in deciduous trees — 6 12 mg/l, deciduous shrubs 6.68 mg/l. Weather conditions 2022 contribut-
ed to the increased accumulation of the above pigments by 2-6 mg/l. The lowest concentration of all photo-
synthetic pigments is observed in three species: Juniperus sabina L., Crataegus sanguinea Pall., Berberis
thunbergii DC., the highest is observed in four species: Acer tataricum L., Juglans cinerea L., Tilia cordata
L., Corylus avellana. Photosynthetic pigments, being a single complex, are in a certain ratio characteristic of
each species. Based on the results of the analyzes, a direct relationship was revealed between the content of
chlorophyll a and carotenoids.
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AurTail 00TAHUKAJIBIK 0aFBIHBIH araml eciMaiKTepinaeri
(p)OTOCHHTETHKAJIBIK MUTMEHTTEPAIH
(a, b xJ0poduaepi KoHEe KAPOTHHOUATAP) MAYCHIMABIK JMHAMHKACHI

Makanana Antaii GOTaHHKANBIK OaFbIHIAFBI €Ki BETCTAIMSJIBIK Ke3eHae 14 »KambIpakKThl ©CIMIIKTEpaiH
(ararmrrap Men Gytanap) sxoHe Juniperus sabina L. Gip KbUIKaH jKanbIpakThl ©CIMAITIHIH (OTOCHHTETHKAIIBIK,
nurMeHTTepinin (a, b xmopoduii xone kapoTuHOMATAD) 3epTTEY HOTHKENEpi Gepinren. Keneci Typiep mur-
MEHTTEp/IiH KOFaphl KHHaKTaTybiHa ue: Acer tataricum L., Juglans cinerea L., Tilia cordata L., Corylus
avellana L., Cotoneaster lucidus Schlecht., Lonicera tatarica L. Juniperus Sabina L. KbUIKaH KarbIpaKThl
Typiepine a, b xnopoduii koHe KapOTHHOMATAPABIH Kypambl ToMeH. CoHaii-aK, (POTOCHHTETUKAIBIK TTUT-
MEHTTEpiH TeMeH xuHakTanysl Berberis thunbergii DC-men epekeneneni. Typiep apachlHIarbl MaMais
afbIPMAIIBUIBIKTap KapOTHHOUATAPIBIH KYpaMbIMeH OenrineHreH, 12 Typi oChl MUTMEHTTIH TOMEH JXOHE Op-
Taia ToObIHa Kipeai. KapoTuHoMATapIbIH KIUHAKTATYBIHBIH OCNTii O1p 3aHIBUTBIKTAPhI aHBIKTAJIFAaH KOK, ajl
capbl MUTMEHTTEP/IIH TYPJIEPI MEH CaHBI Typajbl MAIIMETTEp alTapibIKTail epekiiencHoeli. Kyprizinren
3epTTeyJIepIiH HOTIKECIHAE KONTETeH TYPJepAeri KapOTHHOMATAP MEH @ XJIOpO(GMIIi KypaMbl apachbIHIAFbl
KOPpEJIUS aHBIKTANBL. AJIBIHFAH JepeKTep OOMbIHINA a, b XiopoduiaepiHiy koHE KapOTHHOHITAP.IBIH
KYPaMBIH/aFbl TYPJIEP/IiH epeKIIeNiriHiH O00IybIH KopCeTTi. 3epTTeseTin aram Typiepi a, b ximopodunnepinin
JKOHE KapOTHHOHMITAPABIH KYPaMBIHIAFEl TYPre TOH PeakUMsIMEH CHUIaTTalalbl. AFall eciMIiKTepiHiH (oTo-
CHHTETHKAJBIK alapaThl )KapbIK MIeH CYy PeXKUMiHe ce3iMTall.

Kinm co30ep: Typinep, aramrrap, Oyranap, Kypamsl, @ xjopoduii, b xaopodui, kapoTuHouaTap.

T.A. Boosuna, O.A. Jlaryc, A.H. [lanunosa, E.A. McakoBa

Ce3oHHasi THHAMHUKA (DOTOCMHTETHYECKUX MUTMEHTOB
(x10poduiiioB a, b 1 KApOTHHOUIOB) y APEeBECHBIX PACTEHUIA
B AJITaiicCKOM 00TAaHM4Y€CKOM Caay

B crarbe OTpakeHbI pe3yNbTaThl HCCIIEA0BaHUN (POTOCHHTETHYECKHX MUTMEHTOB (XIopoduiios a, b u ka-
pPOTHHOWIOB) y 14 BHIOB JHMCTBCHHBIX PACTCHHH (IepEBbsi M KyCTApPHUKH) M OJHOTO XBOMHOTrO Juniperus
Sabina L. B AnraiickoM GOTaHHYECKOM Cajly B TEUCHHE JBYX BErETAIIMOHHBIX MEPHOJOB. BHICOKHM HAKOII-
JeHreM NHMrMeHToB oGnazaror Buasl: Acer tataricum L., Juglans cinerea L., Tilia cordata L., Corylus
avellana L., Cotoneaster lucidus Schlecht., Lonicera tatarica L. [lns xBoitHoro Buga Juniperus sabina L. xa-
PaKTEepHBI HU3KHE I0KA3aTEeNH 110 COACPKAHUIO XJIOPODHILIOB a, b 1 KapoTHHOHIOB. TakkKe HU3KUM HAKOII-
neHreM (OTOCHHTETHYECKUX MUTMEHTOB oTiuuaercst Berberis thunbergii DC. He3naunTenbHbie pasimndus
MEX][y BHIAMH OTMEUEHBI M0 COJECPKaHUIO KapOTHHOMIOB, JBEHA/IATh BUJIOB BKIIIOUCHEI B IPYIITY C HU3-
KUM U CPEIHHM COJep)KaHHeM 3Toro murmeHta. OmnpenereHHOW 3aKOHOMEPHOCTH 110 HAKOIUIEHHIO KapOTH-
HOHUJIOB HE BBIABIEHO, U JaHHbIE IO BUJIAM U KOJIMYECTBY JKEITHIX MUTMEHTOB pasHATCA He3HauMTeNnbHO. B
pe3ynbTaTe MPOBEICHHBIX HCCIEJOBAaHUN BBIABIECHA KOPPEISALUS MEXIY COAEpKaHMEM KapOTHHOHIOB U
xnopoduiia a y 6oipuinHCTBA BUIOB. [loydeHHbIe TaHHBIE CBUACTENBCTBYIOT O HAMYMU BUIOCTICH(UY-
HOCTH B COJIep:KaHUU XJIOpOGHIIOB @, b 1 kKapoTHHOUIOB. Mccienyemple IpeBEeCHbIE BUABI XapaKTEePH3YIOT-
cst BUgocnenuduueckoil peakiuei B cofepkaHiu XJI0podHIoB a, b 1 kapoTuHOH0B. POTOCHHTETHYESCKUIA
anmapar IpeBeCHBIX PAaCTeHUI TyBCTBUTEIEH K CBETOBOMY M BOTHOMY PEXUMY.

Krouesvie cnosa: BuJ, nepesbs, KyCTapHUK, HU3KOE U BBICOKOE COJEpKaHUE, XJI0poGHILT &, b, KapoTHHOUIHI,
(DUTOCHHTETHIECKHUH armapar.
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Monitoring of phytophages in spring wheat agrocenoses in view of applying different
agrotechnological methods in the conditions of the North-East of Kazakhstan

The article discusses issues related to the impact of agrotechnical practices (sowing time and preceding crop)
on the number and species diversity of pests in spring wheat varieties of foreign and Kazakhstan breeding in
the conditions of the North-East of Kazakhstan. In order to increase plant resistance to pests and identify the
impact of various preceding crops the research in 2022 was conducted in agricultural organizations located in
the regions of North-Eastern Kazakhstan. The spring and summer of the vegetation period of 2022 were char-
acterized by high temperatures and a lack of moisture in the soil, impact of which is seen in the form of turgor
decrease in plant organisms and their resistance to various damages. In the course of early sowing of Triso
wheat, the plants were more affected at the initial stage of development by the lack of moisture in the soil and
high temperatures, which identified in the form growth retardation and increased plant susceptibility to pest
damage. The sowing of other varieties was carried out at the optimal time recommended by the scientific in-
stitutions of the region — in the period of May 15-24. This allowed the culture to develop normally and
avoid the most vulnerable phases during the maximum level of summer precipitation, which is typical for
North-Eastern Kazakhstan in the third decade of June. The practical significance of the work is in the possi-
bility of effective implementation of protective measures and optimization of the agricultural technology used
in accordance with the soil and climatic conditions of crop cultivation and species diversity of phytophages.

Keywords: phytophages, abundance, species composition, spring wheat, foreign and Kazakhstan breeding va-
rieties, sowing time, climatic conditions, preceding crop.

Introduction

Wheat (Triticum) is the main food grain crop in the Republic of Kazakhstan. According to the Bureau
of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan, the
total gross harvest of agricultural crops in 2021 was 16 375.9 thousand tonnes, with wheat accounting for
11 814.1 thousand tonnes, or about 73% [1].

Pests and plant diseases destroy more than 25% of the potential yield of food crops each year. Thus,
during pest mass reproduction years, spring wheat yield drops to 23.2%; during epiphytoty years, disease
output falls to 40.0-60.0% [2].

Human activity has created unfavourable conditions for entomofauna on agricultural lands, resulting in
a decrease in the number of insects and an increase in the number of phytophagous species adapted to the
specific conditions developing in spring wheat agrocenoses.

Since phytophages do not need to expend much energy while seeking food, agricultural intensification
has accelerated the adaptive diversity of pests and their rapid reproduction. In addition, grain crops (such as
spring wheat) are more nutritious than wild cereals. As a result, the natural balance between harmful and
beneficial insects is disturbed, and herbivorous species multiply rapidly. Thus, the transition in steppe envi-
ronments to resource-saving strategies such as crop residue preservation and crop saturation, mostly with
spring wheat, provides circumstances for the development and dominance of pest populations with a long
biological cycle [3].

As a result, improving the phytosanitary condition of agricultural crops is important for achieving high
production and profitability of spring wheat crops. The patterns of creation of the phytosanitary situation in
agrobiocenoses, on the basis of which measures for protection are planned and organized, must be regularly
updated in order to prevent losses of the spring wheat harvest due to pests [4].

Correctly chosen crop cultivation techniques, such as crop rotation, varieties, sowing and harvesting
schedules, etc., also play an important role in improving plants' pest resistance [5-7]. One perspective meth-
od for combating pests is to choose wheat varieties that are resistant to their impacts, because varieties react
differently to insect damage: some significantly decrease yield, while others do not. For instance, sucking
insects like aphids and bugs clearly exhibit this. Sun pests are less damaging to rapidly ripening varieties [8].
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Furthermore, local producers sow not only wheat varieties of Kazakhstan breeding but also promising highly
productive varieties of foreign breeding, which are not adapted to the region's unfavourable soil and climatic
conditions, as well as to local phytophages, necessitating further research.

Crop rotation and sowing dates are two agricultural practices that can be used to efficiently control
pests' life conditions, minimising crop losses and quality reductions from phytophages. Additionally, the ef-
fects of various agricultural practices will appear differently in various agro-climatic areas [9]. As a result,
agricultural technology techniques must be chosen with the soil and climatic features of a specific area, or
even an individual farm, as well as taking into account the commonly prevalent forms of wheat phytophages.

The purpose of the scientific research is to conduct phytosanitary monitoring of agrocenoses of spring
wheat varieties of foreign and Kazakhstan breeding, taking into account the influence of agrotechnical prac-
tices on the species composition and pest number in agricultural crops in the North-East of Kazakhstan (us-
ing the example of the Pavlodar region) as one of the main regions of the republic for grain production.

Experimental

The Pavlodar region is characterized by a considerable diversity of natural conditions. It is located
mainly within two natural areas: steppe and desert steppe [10].

For phytosanitary monitoring, we selected the main wheat cropping areas in different parts of the region
(Zhelezin District, Uspen District, and Ertis District), which differ in climatic conditions, vegetation, and
geological structure, which determine the corresponding diversity of soil cover.

The studies were carried out during the growing season of 2022 in typical agricultural organizations for
various preceding crops.

Zhelezin District is located in the northern part of the Pavlodar region. The area is characterized by low
rainfall and low relative humidity in spring and the first half of summer, maximum rainfall in midsummer,
high summer and winter temperatures, late spring and early fall frosts, and high wind activity during the
year. The minimum temperature is in January-February, where the average temperature in January is minus
18-19°C. The maximum temperature is in June-July, where the average temperature in July is plus 19-20°C.
The average annual rainfall is 275.5 mm, sometimes more than 300 mm.

Vegetation is represented by forb-feather associations; there are some aspen and birch forest outliers.
Soil covering is represented by southern black soil, more often they are solonetzic and solodised, forming
complexes and combinations with solonetz and meadow-chernozem solonetzic soils, occurring in depres-
sions. The presence of complexes with solonetzic soils creates heterogeneity and spotting of the fields, which
leads to the uneven appearance of seedlings and thinning of crops.

In this district, the following fields were examined: 17, field area 215 ha, the preceding crop is complete
fallow (2021) and 35, field area 298 ha, the preceding crop is spring wheat (2021).

Sowing on the field 17 was carried out on May 18; seed placement depth 5-6 cm, seeding rate
110 kg/ha, agricultural technology is generally accepted for this region, row spacing — 15 cm; the variety is
“Likamero”. The seeds were treated with the fungicide Citizen before planting (240 g of active component
tebuconazole per 1 I).

“Likamero” variety breeder is Secobra Recherches (France); its parentage is (Hanno x Devon) x
(STRU689 x Quattro). The variety is lutescens. This variety is characterized by rapid development in the
early phases, good resistance to lodging, very high resistance to spikelet fusariosis, root rot, powdery mil-
dew, and brown rust is affected poorly, high protein content in the grain. This is a compensatory type, which
forms its harvest by having a high ear and 1000 grains weight, the vegetation period is 72-97 days, it is
moderately drought-resistant. Baking qualities are good, can be sown in early terms, not afraid of early
spring frosts.

Sowing on the field No. 35 was carried out on May 23; seed placement depth 5-6 c¢cm, seeding rate
120 kg/ha, direct sowing on a stubble background, row spacing — 15 cm; the variety is “Uralosibirskaya”,
the seeds were not treated before sowing.

The breeder of the “Uralosibirskaya” variety is Federal State Budgetary Scientific Institution “Siberian
Research Institute of Agriculture” and LLC “Agrocomplex “Kurgan Semena™” (Russia). Variety is lutescens.
The vegetation period is 78-93 days, drought tolerance is good. It is moderately susceptible to leaf rust,
powdery mildew, and root rot. In the field conditions, it is strongly affected by dust bunt and septoriosis.

“Uralosibirskaya” variety has increased resistance to adverse environmental factors, thanks to the thick
straw, has a high resistance to lodging, a high percentage of preservation of the stem.
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Uspen District is located in the north-eastern part of the Pavlodar region. The climate of the area is
marked by a sharply arid spring and the first half of the summer. The average January temperature —
19.6°C, July +19.6-21.4°C, the amount of rainfall averaged 260—-310 mm per year, most of which falls in the
second half of summer, so growth and development of culture are largely determined by the amount of mois-
ture stored before sowing.

Soils of the district are dark-chestnut soils of light granulometric composition in the complex with solo-
netz and meadow-chestnut soils. It has fescue-feather, vermouth, and vermouth-feather vegetation.

In this district, the following fields were examined: 56, field area 425 ha, the preceding crop is spring
wheat (2021) and 68, field area 520 ha, the preceding crop is complete fallow (2021).

Sowing on the field No. 56 was carried out on April 30; seeding rate 110 kg/ha, agricultural technology
is generally accepted for this region, row spacing — 15 cm; the variety is “Triso”.

The breeder of the “Triso” variety is Deutsche Saatveredelung AG (Germany); its parentage is Kadett x
Weihenstephan Stamm. Variety is lutescens. This variety is characterized by good lodging resistance, the
vegetative period is 85-90 days, baking quality is good, moderately susceptible to brown rust, powdery mil-
dew, strongly susceptible to smut. Variety intensive type, double-root, that is, when sown in the fall, devel-
ops as a winter form, when sown in spring as spring, which provides the variety with high adaptive proper-
ties. It can be sown as early as possible to achieve high tillering, the variety is not afraid of frost.

Sowing on the field No. 68 was carried out on May 20; seeding rate 110 kg/ha, agricultural technology
is generally accepted for this region, row spacing — 15 cm; the variety is “Omskaya 35”.

Before sowing, the seeds were treated with the fungicide Dividend Extreme (active ingredient: difeno-
conazole (92 g/l) + mefenoxam (23 g/l)) and the insecticide Caliber (active ingredient: clothianidin (600
a/h).

The breeder of the “Omskaya 35 variety is Federal State Budgetary Scientific Institution “Omsk
Agrarian Scientific Center” (Russia). The variety is lutescens. Its vegetation period is 87-90 days; resistant
to lodging, moderately drought tolerant. Moderately susceptible to brown rust, susceptible to dusty mildew,
strongly susceptible to hard knotweed, stem rust, powdery mildew, root rot.

The “Omskaya 35” variety has a high potential yield and forms high-quality heavy grains. Thanks to the
high productivity in combination with resistance to diseases and lodging, this variety can successfully com-
pete with varieties of similar ripeness groups.

Ertis District is located in the north-western part of the Pavlodar region. Features of the climate are a
short spring and autumn, with extremely unstable temperature, with sharp fluctuations from warm to cold,
and often from hot to freezing, hot and dry summer, the amount of rainfall averages 250-310 mm. The aver-
age temperature of January is 18°C, July is +20°C.

Soils are chernozemic and chestnut, loamy, sandy loam, and sandy in granulometric composition, solo-
netzic complexes are also widespread. It has fescue-feather-vermouth vegetation.

In this district, the following fields were examined: 37, field area 368 ha, the preceding crop is spring
wheat (2021) and 53, field area 317 ha, the preceding crop is flax (2021).

Sowing on the field No. 37 was carried out on May 6; seeding rate 110 kg/ha, agricultural technology is
generally accepted for this region, row spacing — 15 cm; the variety is “Triso”. Sowing on the field No. 53
was carried out on May 20; seeding rate 110 kg/ha, agricultural technology is generally accepted for this re-
gion, row spacing — 15 cm,; the variety is “Kazakhstanskaya 15”. Before sowing, the seeds were treated
with Inshur Perform fungicide (active ingredient: triticonazole (80 g/I) + pyraclostrobin (40 g/l) + Seed Start
growth stimulator.

Seed Start growth stimulator increases germination energy and field germination of seeds, increases the
viability of seedlings, provides them with initial nutrition, stimulates the growth and development of the root
system, and increases plant resistance to drought, frost, and diseases.

The breeders of the “Kazakhstanskaya 15” variety are LLP “Kazakh Research Institute of Agriculture
and Crop Production” and LLP “Pavlodar Research Institute of Agriculture” (Kazakhstan). Variety is
lutescens. The vegetation period is 85-90 days. It is resistant to lodging, preharvest germination of grain.
The variety is resistant to drought and brown rust.

The study period included phenological observations of crop development stages, the recording of me-
teorological data, determining the biometric parameters of the crop, and the number and species composition
of insects in wheat crops. Pests were counted using quantitative methods [11-12].

Pests living on plants were enumerated at discount areas. A light frame 50 cm in length and 50 cm in
width was placed on the soil surface to count the number of species that were on plants and fell on the soil
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(within the area bounded by the frame). This method was used for counting sun pests, cereal leaf beetle, ce-
real chafers, corn ground beetles, pea leaf weevils, meadow moth caterpillars, and many others.

We used an aerial insect net to count pests according to the mowing method. This method helps to
count pests in the upper layer of the grass stand. A standard net (hoop diameter 30 cm, receiving bag depth
60 cm, and handle length 1 m) was used. The net was swung 10 times over the upper part of the grass stand
without interruption. Then its contents were transferred from the net and the number of insects was counted.
Ten series of sweeps were made so that their total number reached 100.

Infestation of plants by the grain flea beetle was evaluated in each field in ten places by checking ten
plants and evaluating the degree of leaf surface devouring by the fleas on a five-point scale: 0-5% was
scored as 1 point; 6-25% as 2 points; up to 50% as 3 points; up to 75% as 4 points; 76-100% as 5
points [11].

Insect Keys were used to assess the species composition of insects.

Statistical data processing was carried out using Microsoft Excel 2007. Pearson correlation coefficients,
errors, and criteria for the significance of the correlation coefficient were calculated to assess the relationship
between climatic factors during the growing season and the number of plant-feeding species in wheat crops.
Differences were considered statistically significant at the p < 0.05 level.

Results and Discussion

In the ongoing research in 2022, wheat thrips (Haplothrips tritici), grain flea beetles (Phyllotreta vit-
tula), stem flea beetles (Chaetonema aridula), bugs (Trigonotylus ruficornis), and wheat aphids (Schizaphis
graminum) were among the dominant pests for crops of spring wheat varieties of foreign and Kazakhstan
breeding. However, their distribution over the research locations and for different preceding crops is uneven.
Other pests were identified in small numbers, and there was no significant damage to plants.

In the Zhelezin District, field No. 17 is characterized by the beginning of wheat tillering in the first ten
days of June and slight damages (less than 7%, 1 point) on the leaves by the grain flea beetle (Phyllotreta
vittula). The colonization of crops by the main grain phytophages was not seen due to the early development
stage of wheat.

In the second ten days of June, the stem elongation stage was observed: there were some damages (10-
12%, 2 points) by the grain flea beetle (Phyllotreta vittula). Active colonization of plants by wheat thrips
(Haplothrips tritici) was revealed (ranging from 3 to 7 insects per 1 stem).

On July 15, 2022, crops were treated with a tank mixture of pesticides against weed monocotyledons
and dicotyledons, pests and diseases. Clorid 200 insecticide was used for treatment against pests (active in-
gredient: imidacloprid — 200 g/l). The protective period of this insecticide is 18-25 days. Thus, at the time
of the field study (July 21, 2022), only small numbers of wheat thrips (Haplothrips tritici) and grain flea bee-
tles (Phyllotreta vittula) were observed.

In the second decade of July, a period of grain ripening was identified. Imagoes of wheat thrips (Haplo-
thrips tritici) (5-6 per 1 plant) with their signs of ears and leaves damage were identified. During this time,
the number of grain pests increased significantly, accounting for 93% of all insect groups. It is possible that
the effectiveness of the Clorid 200 insecticide was lower as part of a multi-component tank mixture. In addi-
tion, the duration of protection was 18-25 days. Wheat thrips (Haplothrips tritici) and stem flea beetles
(Chaetonema aridula) larvae and imagoes reached their maximum number (33.2% and 56.8%, respectively).

The crop entered the full maturity stage in the second ten days of August. The plant height averaged
77 cm, the ear length was 7-8 cm, the grain was heavy and large. At the end of the wheat vegetation there
was a 50.3% decrease in the number grain pests associated with the migration of many species to nearby sta-
tions in search of food.

Field No. 35 entered the complete shoots stage in the beginning of June; no insect infestation of the
crops was noted.

The second decade of June was characterized by the tillering stage of crops, while there was slight
damage by grain flea beetle on the leaves (6%, 1 point), and the presence of wheat thrips on the plants was
noted (4-5 species per 1 stem). The number of polyphagous and associated pests was insignificant.

The number of thrips on one plant increased to 5-6 species by the grain-ripening stage. Areas of damage
from thrips were recognized on the leaves and ears of plants. During this period, there was an increase in the
number of grain pests up to 92.7%, with wheat thrips (Haplothrips tritici) dominating among them.

At the beginning of full maturity, the height of plants varied from 62 to 91 cm, the ear length was
5-8 cm, the grain was small and incomplete. The majority of phytophages were found on individual plants
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during the dough stage, but their quantity dropped to 42.3% when crop development was complete. The main
share of pests accounted for: wheat aphid (Schizaphis graminum) (29.1%), grain flea beetle (Phyllotreta vit-
tula) (17.4%), small brown planthopper (Laodelphax striatella) (17.4%), leaf bug (Trigonotylus ruficornis)
(18.6%).

Figure 1 illustrates the results of collecting phytophages of spring wheat by stages of crop vegetation
and several preceding crops in the Zhelezin District.

In the Uspen District (field No. 56) in the first ten days of June, the tillering-beginning of stem elonga-
tion phase was observed, which resulted in the yellowing of leaves due to high temperatures and lack of
moisture in the soil, as well as damage by the grain flea beetle (Phyllotreta vittula) (5-10%, 2 points). In the
course of field inspection, pests were found in small numbers, which is associated with the treatment of seeds
before sowing with the contact insecticide Caliber (active ingredient: clothianidin (600 g/I), which has a long
period of protective action.

The plants entered the heading phase in the third decade of June; the ear was heavily damaged by the
imago of wheat thrips (Haplothrips tritici) (10-15 species per 1 ear), which indicates the necessity for extra
insecticidal treatment of plants. The crops were stunted (up to 30 cm), and the leaves were characterized by
signs of grain flea beetle (Phyllotreta vittula) damage (10%, 2 points). At the same time, damages by Haplo-
thrips tritici (15-20%) were seen on the leaves and ears. Grain pests outnumber other insect groups by nearly
twice (51.8%), with wheat thrips (Haplothrips tritici) accounting for 96.5% of this total.
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Figure 1. Results of spring wheat phytophages collection using an entomological net (Zhelezin District, field No. 17):
preceding crop — complete fallow (a); field No. 35: preceding crop — spring wheat (b).
The ordinate axis is the number of insects, and the abscissa axis is the development stage

Damage to the ear and foliage by wheat thrips (Haplothrips tritici) (15-20%) and grain flea beetle
(Phyllotreta vittula) (10%, 2 points) was also observed during the milky ripeness stage. Thrips are found on
the plant (3-4 species per 1 ear). Grain pests outhnumber other insect groups by more than four times (51.8%),
with grain flea beetles (Phyllotreta vittula) accounting for 73.8% of this total.

At full maturity, the height of plants varied from 30 to 37 cm, spike size averaged 4-5 cm, the grain was
small and incomplete. Wheat thrips larvae (Haplothrips tritici) (8 species per 1 ear) and wheat aphids (Schi-
zaphis graminum) (7-8 species per 1 ear) infested crops at the dough stage. Wheat aphids (Schizaphis grami-
num) (39.2%), leaf bugs (Trigonotylus ruficornis) (25.6%), leafhoppers (Psammotettix striatus L.) (14.4%),
grain flea beetle (Phyllotreta vittula) (18.4%) were also observed in the crops; the other species were found
in single specimens.

In the early stages of crop vegetation, a low number of phytophages were detected in field No. 68, but
at the beginning of the tillering phase, damage to leaves by flea beetles was seen up to 10% (2 points), while
wheat thrips and grain flea beetles were found in small quantities.

In the beginning of the stem elongation phase, a small number of wheat thrips (Haplothrips tritici) ima-
goes (about 2-3 pieces per 1 stem) were found.

The heading phase is characterized by the prevalence of grain pests in contrast to other groups of in-
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sects (96.7%), with the grain flea beetle (Phyllotreta vittula) accounting for 36.2% and wheat thrips (Haplo-
thrips tritici) accounting for 56.5%.

Several plants were in the dough stage during the grain's full maturity period. The plant height was
52-60 cm, the ear length was 6.5-7 cm, the grain was medium-sized, and the field was heavily clogged with
sunflowers. There was a decrease in the number of grain phytophages to 61.7% of the total humber of stud-
ied insects and an increase in the number of entomophages to 26.9%, including Coccinellidae and Miridae,
each accounting for 47%. Leaf bug (Trigonotylus ruficornis) amounted to 10.3%, wheat thrips (Haplothrips
tritici) to 39.5% and wheat aphid (Schizaphis graminum) to 5.9%; they fed on plants and green parts of
wheat.

Figure 2 reveals information on the results of collecting phytophages of spring wheat by stages of crop
vegetation and several preceding crops in the Uspen District.
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Figure 2. Results of spring wheat phytophages collection using an entomological net (Uspen District, field No. 56):
preceding crop — spring wheat (a); field No. 68: preceding crop — complete fallow (b).
The ordinate axis is the number of insects, and the abscissa axis is the development stage

Tillering was observed in the Ertis District (field No. 37) during May's third decade, when the leaves
were severely damaged by the grain flea beetle (Phyllotreta vittula) (up to 50%, 3 points). On May 20, the
crops were sprayed with Fobos insecticide (active ingredient: alpha-cypermethrin, 200 g/l), which has a pro-
tective activity period of 1-3 weeks; no visible pests were noticed at the time of observation.

The third decade of June was defined by the heading phase. Imagoes of wheat thrips (Haplothrips triti-
ci) were observed in the axils of the leaves (2—4 species per 1 stem).

The grain-filling phase was determined in the second ten days of July, with plant damage caused by
wheat thrips (Haplothrips tritici) and grain flea beetles (Phyllotreta vittula). High temperatures and low air
humidity cause plant leaves to turn yellow. The grain flea beetle (Phyllotreta vittula), which made up a large
portion of the 92.7% rise in grain pests, was observed.

Full maturity of the grain was noted in the second ten days of August. Plants™ height varied from 10 to
30 cm, ear size averaged 6 cm, the grain was small, and plants were completely dry. The number of grain
pests decreased significantly to 23%, but the grain flea beetle (Phyllotreta vittula) remained dominant among
them (54%).

At the beginning of the germination phase (field No. 53), grain flea beetle (Phyllotreta vittula)
(7 species per 1 m?) was observed, and due to the early stage of crop development, pest infestation of crops
had not occurred.

At the end of tillering and the beginning of stem elongation, leaves with up to 5% (1 point) flea beetle
damage were noted. Wheat thrips (Haplothrips tritici) were discovered in amounts ranging from 2 to 7 spe-
cies per 1 stem. Chemical treatment with an insecticide was performed on June 25, 2022, resulting in a low
number of grain pests.

The number of grain pests was highest for all time during the milky ripeness stage (83.5%); there was
also an increase in the number of meadow moths up to 11.6%.
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At the full-ripe stage, plant height varied from 60 to 76 cm, ear length was 6.0—7.5 cm, the grain was
medium-sized; there are thrips larvae in the ear 5-10 species per 1 ear (on plants at the middle dough stage
or lagging in development). The number of grain pests declined significantly to 9.6%, with leaf bugs (Trigo-
notylus ruficornis) and leafhoppers (Psammotettix striatus) dominating among them. There was also an in-
crease in entomophages up to 21%, of which 97% were coccinellids (Coccinellidae). Since the preceding
crop was oilseed flax, which led to the accumulation of its specialized pests on the field, a considerable
number of flax flea beetles (Aphthona euphorbiae) (51% of the total number of insects) were also detected.

Figure 3 illustrates the results of collecting phytophages of spring wheat by stages of crop vegetation
and several preceding crops in the Ertis District.
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Figure 3. Results of spring wheat phytophages collection using an entomological net (Ertis District, field No. 37):
preceding crop — spring wheat (a); field No. 53: preceding crop — oilseed flax (b).
The ordinate axis is the number of insects, and the abscissa axis is the development stage

Analysis of phytomonitoring demonstrated dominance of wheat thrips (Haplothrips tritici) in all studied
fields with spring wheat. The vegetation period of 2022 represented high air temperatures in spring and
summer: in May maximum air temperature reached 35-38°C without rainfall; the number of days with rela-
tive humidity below 30% was 7-9 days; all this indicates that May characterized as an arid month. In June,
the peak of air temperature reached 34—-36°C, rainfall was registered only in the second half of June. There-
by, lack of moisture resulted in decrease of plant turgor and resistance to damage, which contributed to ac-
tive reproduction and development of thrips in wheat crops.

Determining the correlation between air temperature during the growing season and number of phy-
tophages demonstrated that the values of correlation coefficients are quite high. This indicates a very strong
direct relationship between these indicators; for Zhelezin District the correlation coefficient is r = 0.92 +
0.25, for Uspen District r = 0.84 + 0.30, and for Ertis District r = 0.87 £ 0.35, respectively, indicating that
temperature rise contributes to an increase in the number of pests, as seen in the example of wheat thrips.
Determining the correlation coefficient between the amount of rainfall and number of phytophages demon-
strated that there is a strong inverse connection between these indicators, so on Zhelezin District r=-—
0.75 +£ 0.45, on Uspen District r = —0.84 £ 0.30, on Ertis District moderate correlation r = —0.75 £ 0.30, that
is, lack of moisture results in an increase in the number of phytophages and vice versa. These correlation re-
lationships are statistically significant (p<0.05), since the criteria for the significance of correlation coeffi-
cients exceed the values of the Student’s t-test.

However, lvantsova E.A., in the period of the Lower Volga region conditions’ investigations, argues
that dry hot weather in summer contributes to an increase in the number of wheat thrips in the current year,
but accelerated development of wheat shortens the duration of larval feeding and dooms them to death in
winter, so their number drops the following year [13]. Saratov Agrarian University's researchers discovered
that increasing rainfall to 10-15 mm reduced the quantity of wheat thrips by two times [14].

Wheat thrips (Haplothrips tritici) in wheat crops demonstrate phenological adaptation, which means
that their life cycles are closely associated with crop development stages. The first plant feeders’ imagoes
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can be seen during the stem elongation phase in field No. 17 (Zhelezin District: up to 2—7 species per
1 stem), while the most thrips were found during the heading phase in field No. 56 (Uspen District: up to
10-15 species per 1 ear), since the crop in this phase is most suitable for species reproduction. Adult insects
accumulate at the leaf base, feeding on plant sap, and these results in the appearance of whitish spots in the
feeding places.

Larvae begin to hatch with the progress of flowering and grain-forming phases. Young larvae begin
feeding in the flowering part of the spikelet under the flower scales. The choice of feeding site is not random;
there is a flow of organic compounds that produce caryopses in the blossoming area. The larvae's feeding
intensity increases in the course of grain filling and milky ripeness phase progression. During this time, li-
pids and proteins in the aleurone layer are emulsified and accessible to the larvae. In the period of dough ma-
turity, when the process of converting organic substances into reserve substances begins, some of the larvae
stop feeding and leave the ear. In the case of larvae feeding, damaged flowers die off, so the spike develops
through grains, resulting in lower yield (weight of damaged grains declines from 1 to 14%) and lower quality
of seeds (laboratory germination rate falls from 98 to 72%). It was established that their harmfulness is 1.71
mg of yield per year from the feeding of one species [15].

Damage to wheat plants by the grain flea beetle (Phyllotreta vittula) was also observed in early devel-
opment (particularly in field No. 37, Ertis District), which was related to early wheat sowing (May 6). In the
conditions of North-East Kazakhstan, early wheat sprouts appear at the same time as a large humber of bee-
tles emerge from their winter hibernation and begin to infest the crop. The beetles initially damaged leaf tips
and then the entire leaf plate, causing the leaves to dry and fall, limiting their assimilation surface and crop
productivity. Crops were formed partly thinned and not aligned in height, resulting in a lack of grain output.
Furthermore, damaged plants become susceptible to disease and less resistant to grain fly damage. The de-
gree of damage to plants depends on the location of crops; the closer they are to the pest’s habitat, the more
severe the damage. Insects frequently overwinter under plant residues that remain on the fields after harvest-
ing (without plowing), and this causes an accumulation of insects in the fields. The most dangerous grain flea
beetle (Phyllotreta vittula) develops in years with early spring droughts, which were common during the
2022 growing season.

Timoshenkova T.A., in the steppe conditions of the Orenburg region, established that the weather con-
ditions identify the predominance and harmfulness of the grain flea beetles at the sprouting and tillering
phases. Low-temperature background contributed to a decrease in the prevalence of the flea almost twice
compared with the years with hotter weather during this period [16].

The quantity of large stem flea beetles (Chaetonema aridula) was low by regions as a whole; only in
field No. 17 in Zhelezin District their number at the grain filling stage was 56.8%, which was explained by
proximity to the fields of forest patches and glades, places of flea overwintering. Stage of spring wheat
growth during which stem flea beetles cause major damage: tillering, stem elongation, and heading stages.
Since larvae-damaged stems do not form ears, the plants cease growing, thereby reducing production. Dam-
age during ear emergence causes white spike and lodging of stems. Plant damage is uncommon in the later
stages of wheat development and does not significantly lower yield. Plant damage is uncommon in the later
stages of wheat development and does not significantly reduce yield [17]. The severity of damage caused by
stem flea rises in dry years with warm early springs because imagoes leave their wintering places earlier and
fly to wheat seedlings.

Grain bug (Trigonotylus ruficornis) was found in great numbers in spring wheat fields because of its
plasticity. It was harmful during the whole crop's vegetation period; typical damage includes discoloration of
the bug's puncture sites as it sucks out the plant cell sap, resulting in a reduction of assimilating tissue and
deformation of grain. Bugs are more dangerous in dry years when wheat crops are impacted by a lack of
moisture and high air temperatures. Weather conditions of May and summer months of 2022 in the region as
a whole were characterized by high temperatures and a lack of precipitation during the wheat vegetation pe-
riod. This increased the number of grain bugs, which was highest during the period of grain ripening.

Wheat crops are greatly endangered by wheat aphids, which can quickly colonise leaves and ears with
multiple colonies, feed on cell sap, and drastically reduce grain yield. Wheat aphids (Schizaphis graminum)
were found in wheat crops during the observation period. It is a non-migratory species that develops solely
on the leaves of cereal crops without changing feeding plants. Aphids are more dangerous in dry years (with
low air humidity) because plants' turgor and resistance to damage are weakened due to a lack of moisture. In
the Uspen District, the number of aphids increased from the heading phase to the full ripeness of the grain in
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July-August as a result of the weather conditions of 2022's growing season. During this period the aphids fed
on underdeveloped plants.

Leafhoppers (Psammotettix striatus L.) are trophically closely related to cereal vegetation. Their num-
bers increase in the first half of summer, during the period of wheat tillering and stem elongation; the quanti-
ty of leafhoppers also rises in the course of grain formation and ripening. Both adults and larvae cause dam-
age by feeding on the cell sap of leaves and stems; whitish spots form at bite locations, giving the affected
organs a marble colour.

Examination of the biometric indicators of wheat and crop condition revealed that the plants in the stage
of full maturity of the “Triso” wheat variety in both Uspen (No. 56) and Ertis Districts (No. 37) were under-
sized, with small spikes and puny grain. On the other hand, other varieties had better indicators in terms of
plant biometry and grain weight.

We believe this is more related to crop timing because the “Triso” variety was sown earlier, when there
was enough moisture in the soil following snowmelt, which is the key limiting factor in our region (April 30
to May 6). However, May was characterized by higher air temperatures and lack of rainfall, which led to
slower growth of the crop, poor bushiness, and formation of a weak secondary root system, which subse-
guently affected the productivity of wheat.

“Triso” variety is also characterized by slow growth after the sprouts emergence, reduced assimilation
abilities of the root system, thinning of seedlings because of moisture lack in the upper soil layer, the possi-
bility of severe damage by Oscinella fly, wireworms, and flea beetles. All these factors could also contribute
to a drop in crop productivity in unfavourable conditions of the vegetation season.

There are recommendations on the timing of sowing spring wheat at various locations in the Pavlodar
region that boost potential productivity and prevent phytophage damage.

The remaining wheat varieties were sown from 15 to 24 May in the optimal conditions, recommended
by scientific institutions. Thereby, the most vulnerable stages got under the summer maximum of rainfall,
typical for the third ten days of June in the North-East of Kazakhstan, which allowed the crop to develop op-
timally.

“Likamero” variety is distinguished by the rapid plant development in the early phases of growth, plen-
ty of kernels, and mass of thousands of seeds, well tolerates early spring frosts, but is susceptible to fungal
diseases. In the conditions of the region with a lack of moisture in the soil, the main point in growing this
variety is the timely implementation of fieldwork targeted at the accumulation and rational use of soil mois-
ture.

In the conditions of Zhelezin District, plants of the “Uralosibirskaya” variety (field No. 35) formed a
good stem and optimal parameters of grain quality, which appear to be related to the variety's strong adapta-
bility to the region's adverse weather conditions. Wheat thrips and wheat flies (Fhorbia fumigate, Chlorops
pumilionis) were found in larger numbers in this variety's crops. The fact that the wheat was planted directly
on the wheat stubble background from the previous year enables us to explain it. Due to the wintering of
these species in the root and plant residues of plants, in the vegetation year, there was an increase in their
population according to the preceding crops, in comparison with the complete fallow preceding crop in field
No. 17 (Zhelezin District).

At the same time, the opposite picture was observed in the Uspen District: in field No. 68 in crops of
“Omskaya 35” wheat with the complete fallow preceding crop more intense invasion of phytophages was
determined, although there were few crop residues and straw on the field, besides, the last main tillage was
done at greater depth, which worsens conditions of wintering for thrips than in the field No. 56, where in-
sects can overwinter in straw and stubble additionally. This might be a result of the fact that plants grown in
complete fallow have a large aboveground mass, and they are more attractive to insects because of the fa-
vourable conditions generated by this preceding crop.

“Kazakhstanskaya 15” variety was brought out by local breeders and well adapted to the adverse soil
and climatic circumstances of the region, which allows for an optimal sowing period to obtain a good harvest
of high-quality grain. In general, according to the preceding oilseed flax, a considerable overabundance of
grain phytophages was not registered by stages of crop growth (field No. 53, Ertis District).

Conclusions

The analysis of the vegetation season's meteorological conditions, sowing time, and preceding crop re-
vealed that all this had a great impact on species composition and the number of spring wheat pests in crops
of foreign and Kazakh breeding. Early sowing of the “Trizo” variety resulted in high temperatures and a lack
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of moisture in the soil during the initial stages of development, which slowed the plants' growth and made
them more susceptible to pest attacks. Furthermore, during early sowing, grain flea beetles (Phyllotreta vit-
tula) were characterized by a massive emergence from wintering grounds and attacks on sensitive plants.
The following factors should be considered when choosing the sowing time: the correlation between the
wheat development phase and the period when phytophage activity and abundance are at their peak; the age
of the damaged plant, which determines the type of damage, and the formation of tissues that hinder pest
penetration.

The climatic circumstances of 2022's growing season primarily affected the domination of specific
types of pests, for which the dry conditions of the vegetation period were favourable for reproduction and
feeding. For example, the main pest in wheat crops of different varieties, starting from stem elongation until
milky maturity, was wheat thrips (Haplothrips tritici). It is defined by trophic and phenological attachment to
the crop (the phytophage's primary feeding source).

Since there is no information on the phytosanitary situation in wheat agrocenoses of the North-East of
Kazakhstan, the data obtained contribute significantly to the study of insect complexes inhabiting the crops
and provide comparative data for similar investigations in other areas.

Data on the main phytophages of the crop in the region and their harmfulness during vulnerable phases
of wheat vegetation will help to organize protective measures purposefully and apply more effective agro-
technological techniques in cultivation technology, considering the number of a particular species. It will
help to reduce the number of phytophages during the most dangerous periods of crop development.
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P.M. Vanuena

Ka3zakcTaHHBIH COJNTYCTIK-IIBIFBICHIHAAFBI TYPJIi ATPOTEXHOJIOTUSIIBIK dAicTepai
ecenke aJJyMeH Ka3lbIK OMIaiIbIH arpoleH03AapbIHAAFbI puTOo(daArTapaAbIH
MOHHMTOPHHTII

OCIMIIKTEepIiH 3USHKECTEPIiH OcepiHe TO3IMIUIINH apTThIpy MaKcaThiHAa Makanaga KasakcTaHHBIH
COJITYCTIK-IIBIFBICH KaFJalbIH/Ia IETeNIK JKOHE Ka3aKCTaHIBIK CEeIEeKIMSIHBIH jKa3/IblK Oumail cypeInTapbsiH
eryJeri 3UsSHKECTep/iH CaHbl MEH TYPJIK alyaH[IBIFbIHA arpOTEXHHUKAIBIK dicTepliH (ce0y Mep3imi xKoHe
OYpBIHFBI €TiCTi TaHJay) acepi Typasisl Macenesiep KapacThIpbUIFaH. 3eprreyiep 2022 KbUIBI opTYpii
OYpBIHFBI erinreH erictep OoiibiHIIa KazakcTaHHBIH CONTYCTIK-IIBIFBIC ayJaHIapPbIHBIH TUOTIK aybUl MIapy-
alIbUIBIFBl  YHBIMAApbIHAA SKYprizunmi. 2022 >KbUIABIH BereTalMsUIBIK Ke3eHI aya TeMIepaTypachIHbIH
JKOFapbIIaybIMEH JKOHE KOKTEM MEH jKa3/la TONBIPAKTa bUIFANABIH OOIMaybIMEH epekmieldeHai ae, Oy
OCIMIIKTEpIET] THIFBI3ABIKTHIH TOMEH/ICYIHE KOHE OJap.bIH 3aKbIMAaHYFa TO3IMAUIIriHE BIKMAN eTTi. Tpuso
Oupmait eciMzikTepi epre ceOy Ke3iHIe TaMybIH OacTankbel Ke3eHIHIe KOFaphl TeMIlepaTypa MeH TOIBIPaKTa
BUTFJIBIH JKETICIeYNIiTiriHe Tarm OoJbI, OyJ OoJapIblH ©CyiH KEeIIKTipi oHe 3USHKECTepHiH 3aKpIMIa-
nybIHa OeifiM Oomnubl. Kanran cypeinrap aiiMakThIH FEUIBIME MEKeMesepi YChIHFaH OHTauIsl Mep3imae (15-24
MaMBIp) eriiji, OChUIalIa JaKBUIIBIH €H ocal Ke3deHIepi KazakcTaHHBIH CONTYCTIK-IIBIFBICHIHIA MayChIM-
HBIH VIIIHII OHKYHZIrIHE TOH JKa3Fbl JKaybIH-IIAINIBIHFA YINBIPAAbI, Oy MaKBULABIH KaJbINTHl JaMybIHA
MYMKiHAIK Oepzi. JKyMBICTBIH NpaKTHKAJIbIK MAaHBI3ABUIBIFE MBIHAAA: (DUTOMOHUTOPUHT HOTHIKENEpi
JKEPTUTIKTI TOMBIPaK-KIMMATTHIK JKaFJaiaapabl xoHe (GUTOArTapablH TYPIIK alyaHABUIBIFBIH €CKEpEe OTHI-
pBIN, KOpFay HIapajapblH THIMAIPEK JKYPTi3yre KoHE aybUl HIAPYaIlbUIBIFEl JAKBUIAAPBIH ©CIPYIiH KOJITaH-
0aJIbl arpOTEXHOJIOTUSCHIH OHTAMIaHABIPyFa KOMEKTECE].

Kinm ces30ep: dutodartap, canbl, TYpJIiK Kypambl, ®Ka3IblK OUmai, MIETENIIK )KOHE Ka3aKCTAHIBIK CECKITHS
CYpBINTapbl, ce0y Mep3iMi, KIMMATTHIK XKaFJalnapsl, OYpHIHFHI €ric.

P.M. Yanunesa

MonutopuHr ¢purodaros B arpoueHo3ax sipoBoi NIIEHULbI C Y4eTOM
Pa3HBIX arpPOTEXHOJIOTHYECKNX NPpUeMOoB B ycjoBusix Cesepo-Bocroka Ka3axcrana

C 1enbio MOBBIICHNUS YCTOMYMBOCTH PACTCHUH K BO3JEHCTBHIO BPEIUTENIEH B CTaThe PACCMOTPEHBI BOMIPOCH
BIIMSIHUSI arpOTEXHUYECKUX MTPUEMOB (CPOK TIOCEeBa W BBEIOOp MPEANIECTBEHHNKA) HAa YHCICHHOCTh M BHIIOBOE
pa3HoOOpa3ue BpeauTeseil B IoceBaX COPTOB SPOBOH MIIEHHUIBI HHOCTPAHHOH M Ka3aXCTaHCKOH CeJICKINH B
ycnoBusix Cesepo-Bocroka Kazaxcrana. Mcenenosanus nposoamwiuch B 2022 rogy B TUIMYHBIX CEJIBCKOXO-
3sUCTBEHHBIX opranu3anusix pailonoB CeBepo-Bocroka Kazaxcrana mo pasHbIM npejiiecTBeHHUKaM. Bere-
TalMoHHbIN nepuos 2022 roga oTaMYaics BHICOKUMU TEMIIEPaTypaMH BO3JlyXa U HEJOCTaTKOM BJIard B MOY-
B€ B BECCHHHUI M JIETHUI MEPUOBI, YTO CIIOCOOCTBOBAJIO CHIDKEHHIO Typropa y pacTeHHH U UX COTPOTHBIS-
€MOCTH K MOBpeXIeHUM. PacTenust mmeHuIs! copra « Tpu3o» mpu paHHEM CPOKe MOCEBa HCIBITHIBAIH JICH-
CTBHE BBICOKHX TEMIIEpaTyp U HEOCTATOK BJIATH B ITOYBE HAa HAYAILHOM 3Talle Pa3BUTHUS, YTO MPUBEIO K 3a-
JIEpKKEe MX POCTa M chenano 0ojee BOCIPHUMYUBHIMU K TOBPEXKICHUSM BpeautessiMi. OcTalbHBIE cOpTa
BBICEBAJIMCh B ONTUMAJILHO PEKOMEHJOBAaHHbIE HAYYHBIMU YUPEXACHUAMHU perruoHa cpoku (15-24 mas), tem
caMbIM HamOoJjiee ys3BUMbIC (pa3bl KyJbTYphbl MOMATIH IMOJ JICTHHH MaKCHMyM OCaJKOB, XapaKTepHBIH IUis
TpeThel nekanpl HioHA B ycnoBusix Ceepo-Boctoka KazaxcraHna, 4To MO3BOJIMIIO KyJIbTYpe HOPMaJIbHO pas-
BUBaTbhCs. [IpakTHUecKasi 3HAYMMOCTh pabOThl COCTOUT B TOM, YTO PE3yJbTaThl GUTOMOHHUTOPHHIA TOMOTYT
3¢ peKTHBHEE MMPOBOIUTH 3AIMUTHBIC MEPOTIPHUATHS U ONTUMH3HPYIOT IPUMEHSIEMYIO arpOTEXHHUKY BBIPAIIH-
BaHHS KYJIBTYPHI C YIETOM MECTHBIX MOYBEHHO-KIMMATHIECKUX YCIOBHHA M BHIOBOTO Pa3HOOOpasmst GUTO-
(haros.

Kniouesvie cnosa: (1)I/ITO(1)aFI/I, YUCJIICHHOCTH, BHIOBOM COCTaB, ApoBasd MIIEHUIIA, COpTa I/IHOCTpﬁHHOﬁ M Kazax-
CTaHCKOU CCJICKIMH, CPOK MMOCEBA, KIMMATUYCCKUE YCIIOBUSA, IIPEANICCTBEHHUK.
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33KOHOMepHOCTI/I B pacnpeacjicHu XUMHYCCKUX 3JIEMECHTOB B JIMCTHAX 6epe3l>1

Buonornueckas akTHBHOCTb JICKAPCTBEHHOTO PACTHTENBHOTO CBHIPhS U (QUTONpEnapaToB 00yCIOBIICHA KOM-
IUIEKCOM OMOJIOTMYECKH aKTHBHBIX BELIECTB M XMMHUYECKHX JJIEMEHTOB. lccienoBaHUe BIMSHHS YCIOBHUH
NPU3PACTaHUs. HA COCTaB, COJECPIKAHUE XHUMHUYECKUX JJIEMEHTOB B JEKAPCTBEHHBIX PACTEHHUSX, JIEKAPCTBEH-
HOM PacTHTEIILHOM CBIPhE SIBISIETCS aKkTyaJdbHBIM. OCOOBII HHTEpEC BBI3BIBACT MCCIIEOBAHNE 3aKOHOMEPHO-
CTell B pacIpe/ielieHNH XUMHYECKUX JJIEMEHTOB B JIGKAPCTBEHHBIX PACTEHHSX, JIEKAPCTBEHHOM DPACTHTEIIb-
HOM CBIPbE ¥ BO3MO>KHOCTH MCIIOJIb30BaHUs BBISBICHHBIX 3aKOHOMEPHOCTEH VISl YCTAHOBJICHUS O IMHHO-
CTH M YUCTOTHI ChIPbs. OOBEKT HAIIEero MCCIEAOBAHMUA — JHCThs Oepe3bl, COOpaHHbIC B YKOJIOTHIECKH YH-
CTOH 30HE U B 30HaX C Pa3IMYHON CTEHEHBIO aHTPONOTreHHOH Harpy3ku. CocTaB M coJepKaHUE HIIEMEHTOB
aHammupoBam MerogoM MCII-MC (macc-cnektpomerp ELAN DRC-e ICP-MS, onTHkKo-3MHCCHOHHBIH
criekrpomerp Agilent 715 ICP—OES). Crarucruueckas 06paboTKa pe3yibTaToB XMMUYECKOTO aHalHu3a Mpo-
BenieHa B nporpamme Microsoft ® Excel 2010. Conocrasienne KoHIeHTpauuii 60 31eMeHTOB MPOBOAMIH C
NpUMEHEHHEM MEeTO/a HAaMMEHBIIHNX KBaJapaToB. CpaBHUTENIBHBIN aHAIU3 JIOTapi(MOB KOHI[EHTPALUH B JIH-
CTBsIX Oepe3bl, COOpPaHHBIX U3 MECT NMPOM3PACTAHMS, PA3IMYAIOIINXCS 110 CTEIIEH! aHTPOIIOTeHHON HArpy3KH,
MOKa3aJ CHIBHYIO KOPPEIIIHOHHYIO CBsi3b Mexay HuMH (1=0,99; R2=0,9). Inarpamma, oTpaxaromias rnepu-
OJIMYECKYI0 3aBUCHMOCTB JIOTapi(Ma KOHIIEHTpAILMil XMMHYECKHX 3JIEMEHTOB, NPEJICTaBiIseT CoOOi aie-
MEHTHBIH MPOQUIIb JTUCTHEB OEPe3bl U MOXKET ObITh UCIIONIL30BaHA JUISl YCTAHOBICHHS MX HOJUTMHHOCTH U YH-
CTOTHI.

Kniouesvle crosa: XUMUYECKHE 3JIEMEHTHI, TUCThs Oepe3bl, MCII-MC, aneMeHTHBIH MpOoQHIb, MOTMHHOCTS,
YUCTOTA.

Beeoenue

JIuctes 6epesnr (Betulae folia) — odunmuansHoe chipbe, aBasieTcs hapmakoneiHbM [1]; mpuMenseTcs
CaMOCTOSITEIBHO WIIH B COCTaBe COOPOB, KAK MOYETOHHOE U MPOTHBOBOCIIAIMTEILHOE CPEACTBO [2].

Buonornyeckas akTHBHOCTb JIEKAPCTBEHHBIX (OPM, MOTYyYa€MbIX W3 JIEKAPCTBEHHOT'O PacTUTEIHLHOTO
CBIPBSI, 00YCIIOBJIEHA HAINYHEM OHOJIOTHYSCKU aKTHUBHBIX BEIECTB U XUMHUYECKUX 35ieMeHTOB [3, 4]. Panee
MIPOBEJICHHBIE MCCIIEIOBAHUS COCTaBa M CONEPIKAaHUS JIEMEHTOB B JIMCThSIX Oepe3bl, COOpaHHBIX B IKOJIOTH-
YECKH YHCTOW 30HE M B 30HAX C PAa3JUYHON CTEIIEHBIO aHTPOIIOT€HHOM HAarpy3KH, MOKa3ald, 4To B oOpas3inax
JIUCTHEB, MOJIBEPTHYTHIX COUYETAHHOMY BO3ICHCTBHIO 3arps3HSIONINX (PaKTOPOB B TEUEHHUE MPOOIDKUTEIb-
HOTO BpEMEHH, HaOIIIOIAI0TCS HAMOOIBIINE OTKIOHEHHS OT HOPMBI (€CIIH 3a HOpMY NPHHSTH COCTaB U CO-
Jep’KaHUE IIEMEHTOB B JINCTHSIX, COOPAHHBIX B 9KOJIOTHYECKH YUCTOH 30HE) [5].

B nocnexnee Bpems ynensercst 00Jplioe BHUMaHHE BBISIBICHHIO 3aKOHOMEPHOCTEH B pacIipocTpaHe-
HUM XUMUYECKUX JIEMEHTOB B JIGKAPCTBEHHBIX pacTeHusx [6, 7].

[Ipu cpaBHUTEIBHOM HCCIEIOBAHWUHU paclpelesicHHs 3JIEMEHTOB B MOP(OIOTHYECKUX YacTsIX pacTte-
HUH, X CBIPbS U SKCTPAKUUOHHBIX (UTONpEnapaToB, NOIYYaeMbIX U3 HUX, BBISBICHO, YTO IUArpaMMbl, OT-
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paXkarwIue MePUOTMICCKHE 3aBHCUMOCTH KOHIICHTPAIM XMMHYECKUX SJIEMEHTOB (BBIPaXXCHHBIC B JIOTa-
pudMUIecKOi mIKane) B HUX MOTYT HCIOJB30BaThCS B KA4ECTBE DJEMEHTHBIX Npodmiieil («OTImedaTKoB
TIAJIBIEBY). DJIEMEHTHBIC POGUITN JEKAPCTBEHHBIX PACTEHUH, CHIPhS M (DUTOIIPEITAPAaTOB MOKHO HCIIOB30-
BaTh JUUIS onpeaesienns ux nogmuaaocty [8, 9]. Bosuukaet Bompoc: «B0o3MOXKHO JIM UCTIOIB30BATh JIEMEHT-
HbIC TIPOMUIH CHIPhS ISl ONPEACICHUS] €0 YUCTOTHI?». B CBS3H € M3I0KEHHBIM BBINIE IENBI0 HACTOSIIICH
paboThl OBLIO BBISABICHHE 3aKOHOMEPHOCTEH pacrpelesieHHs] XUMHIECKUX JIEMEHTOB B JINCThSIX Oepe3bl B
3aBUCHMOCTH OT YCJIOBHI NMPOM3PACTAHMS, & TAKKE ONMPEACICHHE BO3MOXHOCTH MX HWCIOJIb30BaHUS IS
YCTaHOBJICHUS UX MOJYIMHHOCTH U YHUCTOTHI.

Mamepuanvt u memoosvt

OOBEKTHI UCCIICIOBAHUS — JIUCTHS Oepe3bl, COOpaHHBIC ¢ IEPEBHEB, TPOU3PACTAIONINX B OKPECTHOCTSIX
KpymHOTO Topoaa (T. HoBocubupck), U3 pasHbIX MECT MPOU3PACTAHUS: SKOJIOTUYCCKU YUCTOW 30HBI U 30H,
Pa3IMYAIONIMXCS TI0 CTETNIEHH aHTPONOTCHHOW HArpy3KW (BBIXJIOMHBIC Ta3bl aBTOTPAHCIIOPTA, CBETOBOE 3a-
TpA3HEHHE, COBMEIICHNE YKa3aHHBIX (DaKTOPOB, BBIOPOCH MPOMBIIIIIEHHOTO TIpeAnpusaTus) (tabm. 1).

Tab6anuma 1

Xapakrepucrnka 00pa3uoB JucTbeB 0epe3bl, B3ATHIX AJIsl HCCJIeJOBAHUS

Ne
i MecTto cbopa, 1aTa 3aroTOBKH
1 HoBocubupckas 061acTh, okpecTHOCTH 11. [Tamuuo (3xonoruuecku yncras 30Ha); 22.06.12 1.
HoBocubupckas obaacts, . ['Bapaeiickuid, xuiast 30Ha MOCENKa, IepeBbs BO3JIE Mpoekeil yactu u Gonapeit
2 YJIMYHOTO OCBEIICHHS, 00pa3Ibl IUCTHEB COOpaHBI BO3JIe (JOHAPEH OCBEIICHNMS (BBIXJIOITHBIE I'a3bl aBTOTPAHC-

mopTa+cBeToBoe 3arpsizHeHue); 29.11.12 r.

Hosocubupckas obmacts, 1. ['Bapeiickuit, )Kumasi 30Ha TOCEIKa, 1epPeBbs BO3JIE POe3Kel yacTu U poHapei
3 YJIMYHOTO OCBEIICHHS, 00pa3ubl coOOpaHbl Bo3ie (hOHApPEH yINUYHOTO OCBEIIEHHS (BBIXJIOHBIC Tra3bl aBTOTPAHC-
ropra+cBeToBoe 3arpsizHenue); 31.05.12 r.

HoBocubupckas obmacts, 1. ['Bapaeiickuid, )xuiast 30Ha TIOCEINKa, IEPEBhs BO3JIE poe3kel yacT u poHapen
4 YJIMYHOTO OCBEMICHHS, 00pa3ibl COOpaHbI ¢ MPOTHBOIOIOXHOW CTOPOHBI OT (POHAPEH yIMIHOTO OCBEIICHHUS
(BBIXJIOITHBIC Ta3bl aBTOTpaHcmopTa); 31.05.12 .

OxpectHOCTH T'. HOBOCHOMpCKA, TPOMBINITICHHAS [UIOIIAAKA IPEANPHATHS (3arpsI3HEHUE IPOMBIIIICHHBIMH
BbIOpocamu); 03.06.12 .

Jluctes Ha MOMEHT cOopa 00pa3LoB I UCCIEAOBAaHUN (B KOHIIE Mas M Hadaje MIOHs) BHOJHE chop-
MupoBaBiuecs, 0e3 nehekToB. JIMCThs, COOpaHHBIC C JEPEBbEB, POU3PACTAIONINX BOIU3U QOHApEN yIud-
HOTO OCBEIICHHUS, MO3IHEH 0CeHbI0 — 29 HOS0ps, TaKke ObLIM 0e3 TeEKTOB 1 HE MOTEPSUIA CBOCH 3eJICHOM
okpacku. CBexecoOpaHHbIE 00pa3Lbl JIUCTHEB CYLIMINCh €CTECTBEHHOM CYIIKOW A0 BO3IYLIHO CyXOro CO-
crosiHuA. ChIpbe 3a10)KEHO Ha XpaHEHHE B OyMa>KHbIE MEIIIKH.

CoctaB W cojiepkaHHe DIEMEHTOB B HCCIEAYyeMbIX O0pasliaXx aHaJM3HupOBalM METOJOM Macc-
CHEKTPOMETPHH ¢ MHIYKTHBHO cBs3aHHOH mazmoit (MCII-MC) na macc-cnextpomerpe ELAN DRC-e ICP-
MS u ontuko-smuccuonaom crekrpomerpe Agilent 715 ICP-OES. Ananu3 npooamnn B OO0 «XAILl
“Ilnaszma”» (1. Tomck). Metox UCIT-MC a1 KOTU4eCTBEHHOTO aHaTu3a XUMHUECKHUX DJIEMEHTOB B PacTh-
TENBHBIX 00BEKTaX XapaKTEPHU3YeTCs BBICOKOW UyBCTBUTENHLHOCTHIO M BO3MOXHOCTBIO OTIPENEICHHs OIHO-
BpeMeHHO Ooinee 60 37eMEeHTOB (C HU3KMMU HpeeiIaMy OOHAPYKEeHUS ¥ IIMPOKUM JHalla30HOM KOHIEHTpa-
Ui 10 8—9 MOpSIKOB) PH aHAIM3E OHOM MPOOHI.

I'pagyupoBouHbie TpauKy MOCTPOSHBI IO TOCYAaPCTBEHHBIM CTaHAAPTHBIM 00pa3iiaM, 4To o0ecreuu-
BaeT TOYHOCTb M MPaBHJIBHOCTb JAHHOTO aHayn3a. Vcrmonb3yeMble aHaTUTHYECKUe METOANKH pa3padoTaHbl
B OO0 «XAI] “TInazma”» u arrectoBanbl corjacHo ['OCT P 8.563-96 «I'CH. MeToauKu BBITIOTHEHUS U3-
MEpPEHUI» U aKKpeIUTOBaHbl MeTposiorndeckont ciyxooi OI'YIT «YHUUM»y. TlorpemHocTi ycTaHOBJICH-
HBIX KOHICHTPALHH 3J1IeMeHTOB co0TBeTCTBYIOT MeToarke HCAM Ne 512-MC (pen. 2017 r.) «Onpeznenenne
3JIEMEHTHOTO COCTaBa 00Pa3LOB PACTUTEIBHOTO MPOUCXOKACHUS (TPaBhl, JIUCThS)) aTOMHO-IMHCCHOHHBIM U
Macc-CIIeKTPAIbHBIM METO/IaM{ aHaJIN3ay, aTTECTOBAHHON MeTposiorndecko ciayx00it ®I'bY «Bcepoccnii-
CKHMI Hay4HO-MCCIIEOBATENbCKUNA MHCTUTYT MUHEpAIBHOIO Colpbd M. H.M. ®enopoBCKoro» B COOTBET-
crBun ¢ I'OCT P 8.563—-2009 r. [IpoGononroroBka o0pasLoB Isl aHAIM3a BKIIOYaNa 00pabOTKy HABECKH
M3MEJBYCHHOTO PACTUTENBHOT0 00pa3iia a30THOW KHCJIOTOH ¢ JalbHEUIIMM Pa3IoKEHHEM B MUKPOBOJIHO-
BhIX cucremax Speedwave TM MWS-3+ u BERGHOF.
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CratucTuueckyro 00padOTKy MOMYYCHHBIX PEe3yJbTaTOB XMMHUYECKOTO aHajan3a OCYIISCTBISLIA B TPO-
rpamme Microsoft ® Excel 2010 ¢ BerumciieHHEM HMOTPENTHOCTEN KOCBEHHBIX M3MEPEHHI HA OCHOBE OIIOp-
HBIX 3HaYeHWH KOHIICHTPAITUH 3JIEMEHTOB U uX morpemHocTeii. ComocraBiaeHue KoHIEHTparui 60 smeMen-
TOB ITPOBOJIMJIM C UCIIOJIB30BAHUEM METO/1a HAMMEHBIIINX KBaAPaTOB.

Peszynomamot u ux obcyscoenue

Pesynbrathl ananuza nokaszanu Hanumyre 60 XUMHYECKUX 3JIEMEHTOB BO BCEX OOBEKTAaX MCCIICIOBAHUS.
Onementsl H, He, C, N, O, F, Cl, Ne, Ar, Kr, Xe meromom MC-UCII ue onpenenstorcs. [1o cocraBy aie-
MEHTOB OOBEKTHI Pa3IMuMil HE UMCIOT, pa3lIN4ne HaOIIIoJaeTCs B UX cojepxaHuu. Bo Bcex oObekTax oOHa-
PY’KEHBI KU3HEHHO Ba)KHBIE DJIIEMEHTHI (Ta0I. 2).

Taonuma 2

Coaep:kaHue 31eMEHTOB B JHCTHSAX 0epe3bl B 3aBUCHMOCTH OT MecTa npouspactanusi (B Mkr/r) (P>0,95, n=5)

EMEHT OOBEKTHI UCCIENOBAHUS EMEHT OOBEKTHI UCCAECAOBAHUS

1 2 3 4 5 1 2 3 4 5
Li* 0,09 0,3452 | 0,1093 | 0,096 | 0,1089 Cd** 0,468 |0,0675| 0,0625 | 0,0668 | 0,071
Be 0,0036 | 0,0069 | 0,0218 | 0,00718 | 0,0109 Sn 0,43 0,11 0,87 1,07 0,64
B 18,59 54,85 30,89 25,97 23,87 Sh 0,058 0,18 0,082 0,065 0,37
Na* 50,95 74,89 61,05 65,79 57,02 1* 0,0669 | 0,21 | 0,0545 | 0,040 | 0,0401
Mg* 3740,9 | 4102,8 | 3162,3 | 3387,9 | 2747,7 Cs 0,022 | 0,023 | 0,038 0,038 0,032
Al* 171,03 | 197,97 | 215,97 | 239,79 | 218,04 Ba 128,79 | 37,09 | 23,59 | 19,391 | 48,369
p* 2915,1 | 2071,9 | 2536,8 | 2706,8 | 2389,9 La 0,066 0,12 0,096 0,13 0,11
K* 14612,7|6621,94 | 14281,8 | 14132,7 | 15231,8 Ce 0,12 0,23 0,18 0,21 0,19
Ca* 7520,79 | 24896,8 | 17519,8| 16136,6 | 11086,8 Pr 0,015 | 0,026 0,02 0,026 0,022
Ti 8,81 12,93 13,83 15,93 14,98 Nd 0,058 | 0,102 | 0,082 0,094 | 0,087
V* 0,36 0,68 0,47 0,49 0,49 Sm 0,014 | 0,023 | 0,015 0,023 0,019
Cr* 3,81 3,639 3,76 3,9 3,98 Eu 0,0038 | 0,0034 | 0,0029 | 0,0039 | 0,0036
Mn* 1323 294 159 234 260 Gd 0,016 | 0,022 | 0,019 0,022 0,019
Fe* 171,87 | 223,9 229,9 | 242,89 | 240,65 Th 0,0023 | 0,0032 | 0,00304 | 0,0032 | 0,0028
Co* 0,32 0,62 0,36 0,38 0,41 Dy 0,0094 | 0,016 | 0,013 0,017 0,013
Ni 3,97 1,86 3,96 5,59 3,84 Ho 0,0019 |0,0042 | 0,0034 | 0,0037 | 0,0026
Cu* 7,21 4,05 9,37 9,77 9,2 Er 0,0046 |0,0078 | 0,0091 | 0,0064 | 0,0078
Zn* 185 124 154 122 135 Tm 0,00079 | 0,0015 | 0,0018 | 0,0013 | 0,0014
Ga 0,091 0,065 0,06 0,077 0,068 Yb 0,0048 | 0,0072 | 0,0067 | 0,0068 | 0,0058
Ge 0,0066 | 0,005 0,006 0,009 | 0,0069 Lu 0,00098 | 0,0012 | 0,0014 | 0,0015 | 0,0013
As** 0,15 1,06 0,22 0,24 0,24 Hf 0,0051 |0,0071| 0,0078 | 0,0057 | 0,007
Se* 0,44 0,74 0,5 0,27 0,49 Ta 0,0028 | 0,0027 | 0,0023 | 0,0034 | 0,0025
Br* 2,17 6,42 1,83 2,08 2,04 W 0,0092 | 0,034 | 0,035 0,014 0,02
Rb 7,99 2,87 7,99 8,23 7,79 Au 0,059 0,07 0,049 0,042 0,067
Sr 25,6 52,2 40,4 38,3 39,2 Hg** 0,0033 | 0,0201 | 0,00701 | 0,00819 | 0,02589
Y 0,064 0,089 0,081 0,089 0,079 TI 0,00298 | 0,0029 | 0,0017 | 0,0027 | 0,0026
Zr 0,27 0,42 0,48 0,53 0,47 Pb** 0,301 | 0,956 | 0,378 0,459 0,729
Nb 0,028 0,038 0,036 0,042 0,041 Bi 0,0052 | 0,0063 | 0,0032 | 0,0044 | 0,0058
Mo* 0,12 0,52 0,96 1,04 0,29 Th 0,02 0,029 | 0,029 0,026 0,027
Ag 0,012 0,01 0,0093 | 0,0082 | 0,0083 U 0,0083 | 0,024 | 0,015 0,017 0,019
HpuMeanue. *_ HCUBHEHHO-8AJMCHbIE DJIEMEHMbl, **__ MOKCUYHblE DJIEMEHMbL.

[Ipu cpaBHUTETHLHOM aHANN3€ OOBEKTOB MCCIEAOBAHMS OBLIO BBISIBIICHO, YTO CYMMAapHOE COJIEpPIKaHUE
00HAPY)KEHHBIX XMMHUYECKUX 3JIEMEHTOB B OOBEKTaX HMCCICIOBAHUS YBEIMUMBaeTcs B psiny (B Mkr/): Ne 1
(30902,9)>Ne 5 (32527,38)>Ne 4 (37405,66)> Ne 3 (38462,73)>Ne 2 (38792,47). HanmeHsbImii mokasareib
CYMMapHOI'O COJICpyKaHHUs 3JIEMEHTOB YCTaHOBJICH it 00bekTa Ne 1, cOOpaHHOrO B AKOJIOTMYECKH YHUCTOU
30HE, HanOoNbIIUi — st 00bekTa Ne 2, cOOpaHHOTO B 30HE, Il HAOIIOAETCS COYETAaHHOE BO3JCCTBHE
AHTPOTIOTeHHBIX (PAKTOPOB (ra3sl aBTOTPAHCIOPTAa+CBETOBOE 3arpsA3HEHUE, MO3IHUI cO0p 00pasion). Bius-
HUE TIPOMBIIIIIEHHBIX BBIOPOCOB Ha AJIEMEHTHBIN cocTaB o0BbekTa Ne 5 okazasock cinabee, ueM BO3JeiicTBHE
BBIXJIOITHBIX T'a30B aBTOTpaHcropra (00bekT Ne 4) m coueTaHHOE BO3JICHCTBHE BBIXJIOIHBIX Ta30B aBTO-
TPaHCIIOPTa M CBETOBOTO 3arpsizHeHus (00bekT Ne 3).
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Hapmo ormeTnts, 9TO BO BCex 00BEKTaxX UCCIECIOBAaHUS, HE3ABUCUMO OT OTCYTCTBHUS MM HAJTH4Us (ak-
TOPOB aHTPOIIOTEHHOW HArPy3KH B MecTax UX cOopa, cojepaHue TOKCu4HbIX 3nementoB (As, Cd, Pb, HQ)
HE IIPEBbIIIAET HOPM, YCTAaHOBJICHHBIX /IS YaeB U OMOJIOTMYECKH aKTUBHBIX 100AaBOK Ha PACTUTENBHOM OC-
Hose [10].

[ BBISIBJICHUS 3aKOHOMEPHOCTEH B paclpelesieHUH 3J€MEHTOB B HCCIEAyeMbIX 00bEKTax ObUIN IO-
CTPOEHBI PAIBl 10 YOBIBaHWIO WX KOHIEHTpamuid (Ttadi. 3). CpaBHHUTENbHBIN aHAIHN3 MOJXYYCHHBIX DSIOB
SIIEMEHTOB TIOKa3aj, YTO HAuOOJbIIAs CXOXKECTh B IMOCIEIOBATEIBHOCTH 3JIEMEHTOB OTMEYACTCS MEXAY
oobektamu Ne 3—Ne 5. J[nst oobexktoB No 1 u No 2 BBIsSIBJIEHA HAaMMEHbBILASI CXOXKECTh B PAAax 3JIEMEHTOB
MEXIy COO0H 1 ¢ APYTUMH HCCIIETyeMBIMU 00bEKTaMHU.

Tabnuma 3

ITocenoBaTeIbHOCTD 371€MEHTOB B PSAIAX, MOCTPOEHHBIX 10 YOBIBAHHIO HX KOHLIIEHTPALUI B JIMCThAX Oepe3bl B
3aBHCHMOCTH OT MeCTa NMPOU3PACTAHUSA

OOBeKTHI Psifipl 571eMEHTOB 110 YOBIBAHUIO KOHLIEHTpaUUi
K>Ca>Mg>P>Mn>Zn>Fe>Al>Ba>Na>Sr>B>Ti>Rb>Cu>Ni>Cr>Br>Cd>Se>Sn>V>Co>Pb>Zr>As>Mo
Ca>K>Mg>P>Mn>Fe>Al>Zn>Na>B>Sr>Ba>Ti>Br>Cu>Cr>Rb>Ni>As>Pb>Se>V>Co>Mo>Zr>Li>Ce>I1
Ca>K>Mg>P>Fe>AI>Mn>Zn>Na>Sr>B>Ba>Ti>Cu>Rb>Ni>Cr>Br>Mo>Sn>Se>Zr>V>Pb>As>Ce>Li
Ca>K>Mg>P>Fe>Al>Mn>Zn>Na>Sr>B>Ba>Ti>Cu>Rb>Ni>Cr>Sn>Mo0>Zr>V>Pb>Co>Se>As>Ce>La
K>Ca>Mg>P>Mn>Fe>Al>Zn>Na>Ba>Sr>B>Ti>Cu>Rb>Cr>Ni>Br>Pb>Sn>Se>Zr>V>Co>Sb>Mo>As

OB |W|IN (-

[Tockonbky conepaHue IEMEHTOB B 00BbEKTaX UCCIEIOBAHUS BapbUPYET B 3HAYUTEIBHBIX MpeJesax
(mampumep, Ca — 24896,8 mkr/r; Lu — 0,00098 MKI/T), TO 7151 BO3SMOXXHOCTH TaTbHEHUIIETO CPAaBHUTEIBHO-
IO CTaTUCTUYECKOTO aHajIM3a WCIOJIBb30BAIN JNECSITUYHYIO JOTapU(PMUUECKYI0 LKAy IJISi BBIPAKCHUS HX
KOHUEHTPALHUM.

JIi1si KOPPEISIIMOHHOTO aHain3a Mbl comocTaBisuii Jorapudmsel (Ig) KOHIEHTpaluUi HIEMEHTOB B HC-
cleayeMbiXx 00beKTax momnapHo. [Ipu conocrapieHnu |g KOHIEHTpAILHUii 371EMEHTOB B CPABHHBACMBIX Mapax
00BEKTOB HAOMIOAAETCsl BBICOKMI KoaduuueHT koppemsiuuu (r=0,99), 9To CBUAETENBCTBYET O IOJIOKH-
TENBHOW KOPPEJISIIUN CPABHUBAEMBIX BEJIMYHMH BO BCeX mapax (Tadum. 4).

Taobnuma 4

ConocrapjieHHe KOHIICHTPAIU 3JIEMEHTOB B Iapax HccaedyeMbIX 00beKTOB

CpasHuBaeMbIe 00pasipbl r* R2**
No1-No?2 0,99 0,97
Nel-Ne3 0,99 0,98
Nol-Nod 0,99 0,98
Noel-Neb 0,99 0,98
Ne2-Ne3 0,99 0,98
No2 - Nod 0,99 0,98
Noe2-Neb 0,99 0,98
Noe3-Ned 0,99 0,99
Noe3-Neb 0,99 0,99
No 4- Ne 5 0,99 0,99
Tpumeuanue. * — 6 coomeememeuu ¢ no2apugmuyeckou wikanou (log 10); ** — paccuumarno memooom Haumenvuux
K8a0pamos.

B nanpHeiimem, npyu cOnocTaBiIeHNH KOHLEHTPALUI 3JIEMEHTOB B CPAaBHUBAEMBIX Mapax MCCIEoyeMbIX
0OBEKTOB METOZIOM HAaMMEHbIIMX KBaapaToB (R?) ObUM MOATBEPXKIEHBI TE 3aKOHOMEPHOCTH, KOTOPBIE
HaOJIOIaIMCh paHee MPH CPABHUTEILHOM aHAIIM3€ PSJIOB DIIEMEHTOB, IIOCTPOCHHBIX 10 YOBIBAHHIO UX KOH-
nerTpanuii. HanMeHsnmit ko3 GUIeHT KOppessinuy Haba0AaeTCs TIPH COMOCTaBIeHnn | KoHIeHTpanmit
B iape 00bekToB Ne 1 1 Ne 2 (R%=0,97), nauGonbmmii (R?=0,99) — nabiogaeTcst B CPaBHUBAEMBIX Mapax
00BeKTOB — No3—Ned, Ne3—No5 1 No4—Ne5. O6bextor Ne 1 (9komormuecku uncras 30Ha) u Ne 2 (coueTaHHoe
BO3JICHCTBHE BBIXJIOIHBIX I'a30B aBTOTPAHCIIOPTA, CBETOBOE 3arpsi3HEHHUE, MO3IHUI cOOp) UMEIOT CO BCEMHU
OCTaJILHBIMU 00beKTaMu K03 puiueHT koppessiuun R?=0,98 (Tabn. 3).

Hano otmeruTs, 4TO MEXIy BCEMH MapaMH HCCIEAyeMbIX OObEKTOB HAOJIOAAeTCs CHIIbHAsL KOppens-
nuonHas cBsi3b (R?>0,9).
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[ BBISIBIEHUS 3aKOHOMEPHOCTEH MPH aHaimu3e 0O0NbLIIOro 00beMa AaHHBIX HE TOCJIEAHIOI POJb BBI-
MOJHACT UX BU3yanu3anus. [Ipu Bu3yanu3anuu 3aBUCUMOCTH |J KOHIIEHTpANUii XUMHYSCKUX JJICMEHTOB B
HCCIIeTyeMbIX 00BEKTaX OT UX MOPSAIKOBOTO HOMEpA MOTyIEHBI JUarpaMMbl (JIMHeHbIe — A, B 11 KpyTroBBIe
(menectkoBbie) — b, '), mpuBeieHHBIE HIKE HA PUCYHKE.
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A, 5 — ob6pazer; Ne 1 (3xosmorndecku uncTas 30Ha); B, I — nuarpaMMbl Bcex UccleyeMbIX 00pa3iioB

Pucynok. [lepuomrdeckas 3aBUCHMOCTD JIOTapU(pMa KOHIIEHTPAITHH XAMHUECKUX JIEMEHTOB B JINCTHAX Gepesbl
B 3aBUCUMOCTH OT MecTa cOopa

JlarpamMmy, OTpaskarolIyro 3aBUCUMOCTE | KOHIIEHTPAITHi S]IEMEHTOB OT MOPSAAKOBOTO UX HOMEPA JIJIs
o0bekTa Ne 1, yCIIOBHO MOXKHO TIPUHSITh 33 STaJIOH, TIOCKOJIBKY JTAHHBIH OOBEKT COOpaH B KOJIOTHUECKH YH-
ctoii 30ue (cM. puc., A, F). IIpu moCTpOeHUH AUarpaMM, OTPAKAFONINX MEPHOIMUCCKYIO 3aBUCMOCTD B pac-
MPEICIICHUN DJIEMEHTOB B HUX, JUISI BCEX OOBEKTOB UCCIICAOBAHUS U TOCICIYIONEM TPapUuIecKOM U BHU3Y-
AIbHOM CPABHHUTEIBHOM aHAIN3€ MOYKHO KOHCTATHPOBATh, YTO OHH MPAKTHYECKH COBMAAAIOT (CM. pucC., B,
I). Nauublii Gakt moATBEPXKIAI0T KOADOHUIIMEHTHI KOPPEISIINH, TOJyISHHbIC IPU CPABHUTEIILHOM aHaIN3e
|g KOHLEHTpalHMiT XUMHYIECKHX 3JIEMEHTOB TIONAPHO B 00bekTax ucenenosanus (r=0,99; R?=0,9).

Juarpamma, oTpakaroiias MEPHOJAMYCCKYI0 3aBHCHUMOCTH Jiorapu)Ma KOHIEHTPAIUH XUMHYECKUX
3JIEMEHTOB, TPEJCTABIACT COOOI AIEMEHTHBIN MPO(UIb JIUCTHEB OEPE3bl U MOXKET OBITH MCIOIB30BaAHA JIJIS
YCTAHOBJICHHUS X MOJJTMHHOCTH.

OpHaKo HaJO0 OTMETUTh, YTO Juarpamma oobekTa Ne 2 mpu oOmiel cX0KeCTH U COBIAICHUIO TI0 00JIb-
IIMHCTBY 3JIEMEHTORB C UarpaMMaMH JIPYTUX 00bEKTOB UMEET Pl QIYKTYaIMid IO OT/EbHBIM dJIEMEHTaM
(As, Se, Br, Rb, Sn, Sb, I). lauuslii GpakT roBOPUT O BOZMOXKHOCTH HUCIIOIb30BAHUS JHAIPAMM, OTPAXKAFOIINX
3aBUCHMOCTD Jiorapu(Ma KOHIICHTpAIMi XUMHUECKUX SJIEMEHTOB B HCCIICAYEMBIX 00BEKTaX OT UX MOPSIKO-
BOTO HOMEPA JJIsl ONPE/ICTICHUS] YUCTOThI ChIPbSL.

Baxnouenue

[Ipu cpaBHUTEIHLHOM HCCIIEOBAaHUU O0PA3IOB JUCTHEB Oepe3bl, COOPAHHBIX W3 MECT IPOU3PACTAHUs,
Pa3IUYAIONTUXCSI TI0 CTETICHH aHTPOIIOTCHHOUW HArpy3KH (PKOJOTHYECKH YHCTas 30HA; BBEIXJIOMHBIC Ta3bl aB-
TOTPAHCIIOPTA; BBIXJIOMHKIE Ta3bl aBTOTPAHCIIOPTA+CBETOBOE 3arPsA3HEHNE; BBIXJIOMHBIE Ta3bl aBTOTPAHCIIOP-
Ta+CBETOBOE 3arps3HEHUEHIO3MHUN COOp; MPOMBILIUICHHBIE BbIOPOCHI) 00HApykeHO 60 XHUMHUYECKHX 3Jie-
MeHTOB. [1o cocTaBy 2/1IeMEHTOB OOBEKTHI MCCIICIOBAHUS HE PA3IMUYAIOTCs, Pa3inyie HaOII0IaeTCs B UX CO-
nepxaHuu. HanMeHbImid moka3arenh CyMMapHOTO COAEpIKaHUS JIEMEHTOB YCTAHOBJICH sl oOpasla Jiu-
CThEB, COOPAaHHBIX B AKOJIOTMYECKH YHCTOW 30HE, HAMOONBIIHA — I 00pa3IoB, COOPaHHEIX B 30HE, TIe
HaO0JII0/IaCTCS COYCTAHHOE BO3ZCHCTBHE AHTPOIIOTeHHBIX (HAaKTOpOB (ra3bl aBTOTPAHCIOPTa+tCBETOBOE 3a-
rpsA3HEHHE, MO3AHUHN cOOP).

CpaBHUTENBHBIN aHANMH3 JIOTapU(PMOB KOHIICHTPAIMHA B JIMCThSIX O€pe3bl, COOPaHHBIX U3 MECT HPOU3-
pacTaHus, pa3IHYArONINXCsS O CTETICHH aHTPOIIOTCHHON HArpy3KH, MOKa3all CHIBHYIO KOPPEISIIIHOHHYIO
cBa3b Mexay Humu (r=0,99; R?=0,9).
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Juarpamma, oTpakaromias MEPHOJAMYECKYI0 3aBHCHMOCTH JOrapuMa KOHIEHTPAIUH XUMHUYECKUX
3JIEMEHTOB, TIPEICTABIISICT COOOM AIIEMEHTHBIN MPOGHITH JTUCTHEB O€PE3bl M MOXKET OBITh MCIIOIL30BaHA JIJIs
YCTaHOBJICHHUS VX TTOJJTMHHOCTH W YACTOTHI.
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M.I'. Jlexxnuna, M.B. benoycos, M.A. Xanuna, E.A. [logonuna, H.M. Iloremxuna, A.I1. Ponun

KalibIH KanbIpaKTapbIHAAFbl XUMMSJIBIK 3JIeMEHTTEePAIH Tapajy 3aHAbLIBIKTAPbI

Jlopintik eciMIiK MIMKi3aThl MEH (UTONPENapaTTapablH OHOJOTHSIIBIK OCICEHIITIr OHONOTHSITBIK OeNCeH I
3aTTap MEH XUMUSUIBIK JIEMEHTTep KellleHiHe OaiaHbIcThl. Jopinik eciMaikTep/eri, ASpiliK eCiMAIK IIHKi-
3aTHIHJAFbl XUMHUSUIBIK JIEMEHTTEP/IiH KYPaMBIHBIH OCY JKaFJaiaapblHa ocepiH 3epTTey 03eKTi OOJIbIT TadbI-
nansl. Jlopinik eciMaikTepae, TOpiTiK oCiMIIK MIMKi3aThIHAA XUMHSJIBIK 3JIEMEHTTEPAIH TapadyblHAaFbl 3aH-
JBUIBIKTap/Ibl 3€PTTEY JKOHE IIHKI3aTThIH TYHYCKAJIBIFBI MEH Ta3aJbIFbIH aHBIKTAY YIIiH aHBIKTaJIFaH 3aH/Ibl-
JBIKTap/bl KOJJaHy MYMKIHAIN epeKile KbI3BIFYLIBUIBIK TYIbIpaabl. DKOJOTHSIIBIK Ta3a ayMaKTa )KOHE aH-
TPOMOTEH/IK XYKTEMeCi dpTYpili aiMaKkTaplaH >KHHAIFaH KalHbIH >KalbIpaKTaphl 3epTTENAl. DIEeMEHTTepHiH
kypambl MeH Menmepi UCIT-MC oniciven Tanpanasl (ELAN DRC-e ICP-MS macc-cniekrpomerpi, Agilent
715 ICP-OES onTHKaIBIK-9MHUCCHSUIBIK CHEKTPOMETpPi). XHUMHSUIBIK Tallay HOTIDKENEPIH CTaTHCTHKAIBIK
eHney Microsoft ® Excel 2010 Garmapiamachiga opeiHaanasl. 60 37eMEHTTIH KOHICHTPAIHSCHIH CAJIBICThI-
Py ©H Killi KBaJparTap SAiCiH KOJIIaHa OTBIPBIN JKYPri3iiai. AHTPOIIOTeHAIK KYKTEeMe Adpexeci OoibIHIIa
epeKIIeIeHeTIH OCy OpbIHAAphIHAH JKUHAIFAH KabIH JKalblpaKTapblHIAFbl KOHICHTpPALMSIIAPIBIH JIOTa-
pubMaepiH CaJbICTBIPMANBl TaNAAy OJIAPIBIH apachlHIAFbl KYIUTI KOPPESUUSIBIK OaillaHbICThI KOPCETTi
(r = 0,99; R? = 0,9). XuMMSAIBIK 3]IEMEHTTEP KOHLEHTPALUACHIHBIH JIOrapu(MiHiH Mep3iMai TOyelIiIirin
KOPCETETIH JuarpaMma KaifblH JKalbIpaKTapbIHbIH JIEMEHT MpoduI 00BN TaObUIaIb! KOHE OJMap/bIH TYI-
HYCKAJIBIFB MCH Ta3aJIbIFBIH @HBIKTAY YIIIiH Mai1aaHbUTYbl MYMKiH.

Kinm ce30ep: XUMHUAIBIK dJIEMEHTTEp, KaitbiH kambipakrapbl, MCIT-MC, sneMeHTTiK mpoduib, TYTHYCKA,
Ta3abIK,.
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M.G. Lezhnina, M.V. Belousov, M.A. Khanina, E.A. Podolina, N.M. Potemkina, A.P. Rodin
Patterns in the distribution of chemical elements in birch leaves

The biological activity of medicinal plant raw materials and herbal remedies is due to a complex of
biologically active substances and chemical elements. The study of the influence of growth conditions on the
composition and content of chemical elements in medicinal plants and medicinal plant raw materials is
relevant. Of particular interest is the study of patterns in the distribution of chemical elements in medicinal
plants, medicinal plant raw materials and the possibility of using the identified patterns to establish the
authenticity and purity of raw materials. Birch leaves collected in an ecologically clean area and in areas with
varying degrees of anthropogenic load were studied. The composition and content of elements were analyzed
by ICP-MS (ELAN DRC-e ICP-MS mass spectrometer, Agilent 715 ICP-OES optical emission
spectrometer). Statistical processing of the results of chemical analysis was carried out in Microsoft ® Excel
2010. The concentrations of 60 elements were compared using the least squares method. A comparative
analysis of the logarithms of concentrations in birch leaves collected from growing areas that differ in the
degree of anthropogenic load showed a strong correlation between them (r = 0.99; R2 = 0.9).

A diagram showing the periodic dependence of the logarithm of the concentrations of chemical elements
represents the elemental profile of birch leaves and can be used to determine their authenticity and purity.

Keywords: chemical elements, birch leaves, ICP-MS, elemental profile, authenticity, purity.
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Development and validation of method of quantitative determination of flavonoids
from the above-ground part of Glycyrrhiza glabra L.

The aim of this study was to determine the optimal extraction factors of flavonoids from the above-ground
part of licorice (Glycyrrhiza glabra L.) and to develop a method for their quantitative determination by differ-
ential spectrophotometry. The object of the study was collected in the VVolgograd region during flowering and
dried samples of the herb of the medicinal plant. Ethyl alcohol 70% was chosen as the optimal extractant of
flavonoids from the studied raw materials. It was found that the extraction of the maximum amount of flavo-
noid fraction is observed at three times extraction of plant raw material for 30 minutes each in the ratio with
extractant 1:30. Quantitative determination of flavonoid compounds was performed by measuring the optical
density of coloured complexes formed in extracts from the above-ground part of G. glabra L. with 2.5% alu-
minum chloride solution. Detection of the optical density of the tested solutions was conducted at a wave-
length of 408 nm, corresponding to the maximum of the standard sample solution of rutin (Sigma, USA) after
the addition of 2.5% aluminum chloride solution. Determined by differential spectrophotometry method the
content of the sum of flavonoids in recalculation on rutin in extracts from the studied samples of plant raw
materials of G. glabra L., obtained under the selected conditions, is 4.344+0.06%. The relative error of deter-
mination did not exceed 5%. A validation analysis was also conducted, the results of which showed the speci-
ficity, linearity and precision of the developed methodology. The studied validation parameters were within
the acceptance criteria.

Keywords: Glycyrrhiza glabra L., licorice, plant raw material, above-ground part, rutin, differential spectro-
photometry.

Introduction

The above-ground part of licorice (Glycyrrhiza glabra L.) of the Fabaceae family is a potential object
of pharmacognostic study for obtaining highly effective therapeutic and preventive drugs [1, 2]. It is known
that the green parts of the medicinal plant contain di- and polysaccharides, triterpene saponins, tannins, vita-
mins, amino acids, flavonoids (pinocembrin, rutin, quercetin, vitexin, etc.) [3-5]. However, for the success-
ful introduction of herb of G. glabra into practical medicine and optimization of the use of this morphologi-
cal group of plant raw materials in the therapy of various diseases, it is necessary to develop complex ap-
proaches to its standardization.

Due to the fact that the formation of the main pharmacological properties (antimicrobial, anti-
inflammatory [6, 7], etc.) of this plant raw material is directly related to the presence of flavonoids in the
herb of G. glabra, it is rational to study the dynamics of accumulation of compounds of this group, as well as
the development of approaches and techniques for their quantitative determination [8, 9]. At the same time,
an important stage is the selection of optimal extraction conditions of the basic group of biologically active
substances, allowing to achieve maximum yield from plant objects.

Therefore, the aim of this study was to determine the influence of some factors (type of extractant, time
and extraction multiplicity) on the process of flavonoids extraction from the above-ground part of licorice
and their practical application in the development of quantitative determination methods in the plant raw ma-
terial.

Experimental

Samples of the above-ground part (air-dried raw material) of G. glabra, collected in the VVolgograd re-
gion from wild populations of the medicinal plant in late June — early July 2023 during the period of flower-
ing of the medicinal plant, were used in this study.

The yield of flavonoid fraction from plant raw materials is influenced by the type of extractant, time
and multiplicity of extraction. Traditionally, extraction of flavonoid fraction in the development of quantita-
tive determination methodology in plant raw materials is conducted with ethyl alcohol. In this study, ethyl
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alcohol of different concentrations (30%, 50%, 70%, and 95%) was used as an extractant. The optimal con-
centration was selected at which the highest yield of flavonoids was observed.

1.0 g of licorice herb ground to 1 mm was placed in a flat-bottomed flask, 30 ml of ethyl alcohol of ap-
propriate concentration was added. The flask with the contents was weighed, connected to a condenser and
the raw material was extracted for 30 minutes. Then the flask was cooled, weighed and the mass was brought
to the original weight with ethyl alcohol. The obtained extract was filtered (solution A) and used for quanti-
tative determination of flavonoid amount by differential spectrophotometry. 2.5 ml of solution A was placed
in a 25 ml volumetric flask, 2.5 ml of 2.5% aluminum chloride and 0.1 ml of diluted acetic acid were added.
In another flask 2.5 mL of solution A and 01, mL of dilute acetic acid were placed. Both flasks were brought
to the mark with alcohol of appropriate concentration (solution B) and measured the optical density of the
studied solutions spectrophotometer Shimadzu UV-1800 in quartz cuvettes with a layer thickness of 10 mm
at the analytical wavelength corresponding to the wavelength of the standard sample solution of rutin used in
the work (40842 nm).

In parallel, the optical density of rutin standard sample solution (Sigma, USA) was measured according
to the same principle. For the preparation of solution A about 0.05 g (exact weight) of rutin was placed in a
measuring flask with a capacity of 100 ml and brought with ethyl alcohol 95% to the mark.

The optical density of the test extract with aluminum chloride was measured relative to the control (ex-
tract without addition of aluminum chloride solution).

Calculation of the quantitative content of flavonoids (X, %) in recalculation on rutin in absolutely dry
raw material was performed according to the formula:

A-V,-25-100

X ,
m-Vy- (100 — W)

= 71%
AlCM

where A — optical density of the tested solution;

A% _ specific absorption index of rutin solution;

V1 — volume of extractant;

V,— volume of aliquot for preparation of solution B;

m — weight of raw material, g;

W — moisture content of plant raw material, %.

Then the optimal extraction time and extraction multiplicity were selected.

Statistical processing of experimental data was performed using Microsoft Office Excel computer pro-
gram. Each test was done three times (P = 95%; n = 3).

Validation of the method for quantitative determination of flavonoids in the above-ground part of G.
glabra was performed according to the following indicators: specificity, linearity, precision (repeatability).

Specificity of the method was determined by the position of maxima of light absorption of flavonoids
complexation reaction products of alcoholic extracts from licorice and standard sample of rutin with alumi-
num chloride on differential spectra.

Determination of the linearity of the method included the study of the dependence of the values of opti-
cal density of the stained complexes of flavonoids of the studied extracts from the above-ground part of the
medicinal plant with aluminum chloride on their concentration. For this purpose, five dilutions of alcoholic
extract were prepared. In five volumetric flasks (25 ml) were placed 1.0 ml; 1.5 ml; 2.0 ml; 2.5 and 3.0 ml of
the extract, 10 ml of 95% ethyl alcohol, 2.5 ml of 2.5% alcoholic solution of aluminum chloride were added.
The optical density of the obtained solutions was measured and the dependence diagram was plotted.

The precision (repeatability) of the method was determined by taking six exact weights of herb of G.
glabra, preparing six alcoholic extracts according to the developed method and determining the content of
the sum of flavonoids in the tested samples of raw materials.

Results and Discussion

The dominance of rutin in the above-ground part of G. glabra was previously established by
HPLC [10]. Due to the fact, this flavonoid has a significant role in the formation of the spectral characteris-
tics of the tested extracts from the herb of this medicinal plant. When studying their differential spectra, it
was found that the stable absorption maximum is observed at a wavelength of 407+2 nm and is similar to the
maximum of the solution of the standard sample of rutin used in the work (40842 nm) (Fig. 1).
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Figure 1. Differential spectra of alcohol extracts from the herb of Glycyrrhiza glabra (1)

and rutin standard sample solution (2)

This region of the spectrum is quite different from the absorption spectra of other groups of phenolic
compounds, which are present in extracts from plant raw materials, and improves the selectivity of the de-
termination. This fact is taken as a basis for the developed method. Quantitative determination of the sum of
flavonoids in the above-ground part of G. glabra was conducted in recalculation on rutin. The wavelength at
which the maximum of the standard sample was observed was chosen as the analytical wavelength.

Data on the influence of extractant concentration on the yield of this group of biologically active sub-

stances from herb of G. glabra are presented in Table 1.

Table 1

The effect of ethyl alcohol concentration on the yield of flavonoids from the herb of Glycyrrhiza glabra L.

Ethyl alcohol concentration Flavonoids content, %
30% 2,68+0,08
50% 3,01+0,04
70% 3,30+0,09
95% 3,18+0,04

It was found that the maximum value of the amount of flavonoids in recalculation on rutin in the ex-
tracts is observed when extracting plant material G. glabra with ethyl alcohol 70%. Therefore, further studies

were performed using ethyl alcohol of this concentration.

Tables 2 and 3 show the results of the effect of the multiplicity and time of extraction with ethyl alcohol

70% on the yield of flavonoid fraction from the tested samples of plant raw materials.

Effect of extraction time with 70% ethyl alcohol on the yield of flavonoids from the herb

of Glycyrrhiza glabra L.

Extraction time Flavonoids content, %
30 min 3,27+0,04
60 min 3,65+0,09
90 min 3,98+0,11
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Table 3
Effect of extraction multiplicity on the yield of flavonoids from the herb of Glycyrrhiza glabra L.
Extraction multiplicity Flavonoids content, %
1 4,0440,09
1/2 4,2440,07
1/3 4,33+0,09

The obtained results indicate that the optimal factors of extraction are three times extraction of the exact
weight (1.0) of the plant raw material (herb of G. glabra) crushed to 1 mm for 30 minutes with ethyl alcohol
70%. The content of the sum of flavonoids in recalculation on rutin in extracts from the above-ground part of
the medicinal plant obtained under these conditions, determined by differential spectrophotometry, was
4.34+0.06% (with a confidence level of 95%). The metrological characteristic of the experiment is presented
in Table 4.

Table 4

Metrological characterization of the quantitative determination of the content of the sum of flavonoids in
recalculation on rutin in the herb of Glycyrrhiza glabra L.

f Xcp S P, % t(P, ) AX E, %
5 4,34 0,05 95 2,57 0,06 3,38

Linear regression parameters were calculated in Microsoft Office Excel programme. The dependence of
the optical density value of the tested extracts on the content of the sum of flavonoids in recalculation on ru-
tin (%) is described by the equation y=0,505x+2,193 (Fig. 2). R? is 0.996, which confirms the linear depend-
ence in the studied range of concentrations.

Optical density

0 | P 3 4 L) 6

Flavonoids content, %

Figure 2. Dependence of optical density of extracts from the above-ground part of Glycyrrhiza glabra on the content of
the sum of flavonoids in recalculation on rutin

Determination of precision (reproducibility) indicates the repeatability of this method. The relative error
(E, %) was 3.38%.

Conclusions

Thus, in the course of the study, the optimal parameters affecting the extraction of flavonoids from herb
of G. glabra L. were determined. The obtained data were used in the development of methods for quantita-
tive determination of compounds of this group of biologically active substances in the examined plant raw
materials. It was found that the maximum yield of the sum of flavonoids in recalculation on rutin is observed
at three times extraction on 30 minutes of samples of licorice herb 70% ethyl alcohol and on the average was
4,34+0,06%.

Validation evaluation of the developed method was also carried out in terms of specificity, linearity,
precision (repeatability), the results of which are within the criteria of acceptability.
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O.B. Hegunko, A.B. Saunkas

Glycyrrhiza glabra L. xepycTi mymenepinaeri ¢pjiaBoHonaTaApABI
CaH/JBIK aAHBIKTAY JIICTEPiH d3ipJiey KIHe BAINAANNAIAY

3eprreyain Makcatsl — must TambipbiabiH (Glycyrrhiza glabra L.) sxepycri Gemnirinen ¢iaBoHOUATAP/BI ATy-
IIBIH OHTAMIIBI KOX(PHUIUSHTTEPIH aHBIKTAY XKoHE onapabl auddepeHmanasl criekTpogoToMeTprs dIiciMeH
CaHJIBIK aHBIKTAy O/iCTEMECiH 93ipiey. 3epTTey HbICaHbI peTiHAe Boirorpan oOJibICHHIA TYIAEHY Ke3iHzAe
JKUHAJIFaH JKOHE JOPUTIK OCIMIIK MONTEepiHiH KeNTipiireH YATiIepl anblHFaH. 3epTTeNeTiH muKi3aTTaH ¢ia-
BOHOUW/ITAPJIBIH OHTAMIBI SKCTpareHTti perinae 70% stun crnmpti Tangamasl. OraBoHOMATH (HpaKIMSIHBIH
MaKCHUMaJIZbl MOJIIIEPiH aly eCiMAIK MuKi3aTelH SkcTpareHT 1:30 kareiHachiHAa 30 MUHYTTaH YII peT amy
Ke3iHme GalKataThIHBI aHBIKTa bl DIaBOHOMATHI KOCBUIBICTAP/bI CaHABIK aHbikTay G. glabra L. sxepycri
OeJliriHeH aNblHFaH CHIFBIHBUIAP/A TY3UINeH OOSUTFaH KeLIeHJep/iH ONTHKAIBIK THIFBI3IBIFEIH ommey 2,5 %
ATIOMUHHHN XJOPUAIHIH ePITIHIICI apKBUTBI XKYPri3iiai. 3epTTeNeTiH epiTiHAIepAiH ONTHKAIBIK THIFBI3IBIFbIH
aHpIKTay 2,5% amfOMHHUH XJIOPHIIHIH epiTiHAiCiH KOCKaHHaH KeWiH CTaHgapTTHl pyTuH yirici (Sigma,
AKII) epiTiHmiciHiH MaKCUMyMbIHA colikec keneTiH 408 HM TOJKBIH Y3BIHIBFBIHAA KYprizingi. Juddepen-
[UAJIBl CIEKTPO(POTOMETPHS diCiIMEH aHBIKTAIFaH, TaHJallFaH Karaaiinapaa aneiarad G. glabra L. ecimaik
IIMKI3aThIHBIH 3€PTTENETIH YITIepiHeH ajbIHFaH CHIFBIHABLIIAPAAFs! (DIaBOHOUATAPIBIH PYTHHIIK MeJIIepi
4,344+0,06% xypaiiapl. AHBIKTayAbIH CAJTBICTHIPMAIBl KaTemiri 5%-aan acnansl. CoHmai-aK, BaauIaIHMsIIBIK
Tangay KYpPri3iiai, OHbIH HOTIDKENEpi 93IpJIeHTeH OMiCTEMEHIH €PEKIICNIriH, ChI3bIKTBIFBIH JKOHE MANIITIH
kepceTTi. TekcepyaiH 3epTTeIreH mapameTpiaepi sxapaMIbUIbIK KpUTepHiAIepi merinae 60Isl.

Kinm ce30ep: Glycyrrhiza glabra L., Must TaMbIpbI, ©CiMAIK IIHKI3aThI, XepycTi MyIuenepi, pytuH, audde-
PEHIHAIIB! CIIEKTPOGOTOMETPHSI.

O.B. Hegunko, A.B. Sauikas

Pa3pa6oTka M BaJuaanus MeTo1a KOJHYeCTBEHHOT0 onpeaeieHus (pJIaBOHOUIOB B
Haja3eMHbIX opranax Glycyrrhiza glabra L.

Llenp uccenoBaHus — OMpeeIeHHe ONTUMATIbHBIX KOI(Q(UIIMEHTOB U3BJIeUeHNs (IIABOHOUIOB M3 HA/I3EM-
Hoil wactu conoxku (Glycyrrhiza glabra L.) u pa3spaboTka METOAMKH MX KOJHYECTBEHHOTO ONMpEICTICHHUS Me-
TogoM aubdepeHunansHoi crektpodoromerpur. OOBEKTOM HCCICIOBAHMS CIY)XWIIH coOpaHHble B Bomro-
rpaJicKoii 00acTH BO BpeMsl LIBETEHHUS U BBICYLICHHBIC 00pasIibl TPaBhl JEKAPCTBEHHOTO pacTeHus. B kaue-
CTBE ONTHMAIIBHOTO JKCTpareHTa ()JIaBOHOUIOB M3 HCCJIENYeMOTO ChIpbs ObLT BBIOpaH COMPT STHIOBBIA 70
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%. YCTaHOBIIEHO, YTO M3BJIE€UEHHE MAKCHMAIILHOTO KOJIMYECTBA (DIaBOHOMIHON (pakuuy HAOMIOAaeTCs: IpH
TPEXKPATHOM SKCTParupoOBaHUH PACTUTENBHOTO ChIpbs 10 30 MUH B cooTHOWEHUH ¢ 3KcTparenToM 1:30. Ko-
JMYECTBEHHOE OompejenaeHne (pIaBOHOUAHBIX COSANHEHHH MPOBOMMIHN IyTeM U3MEPEHMSI ONTHUECKOH IIOT-
HOCTH OKpAIlICHHBIX KOMIUICKCOB, 00pa3yroLInXcs B 9KCTpaKTax M3 HaazemHoii yactu G. glabra L., ¢ 2,5 %
pacTBOpOM aTIOMHHUS XJIopuaa. OnpeneneHne onTHIecKoN IIIOTHOCTH HCCIEAYEMBIX PACTBOPOB IIPOBOAMIIN
npH JuimHe BoHB 408 HM, COOTBETCTBYIOIIEH MaKCUMyMY pacTBOpa CTaHIapTHOTro obpasna pyTuHa (Sigma,
CIIA) nocne nobasnenus 2,5 % pactBopa xiopuia amoMunust. OnpeneaeHHOe MeToIoM T hepeHIaTb-
HOH CreKTpoOTOMETPHH coAep)KaHue CyMMbI (D1aBOHOUIOB B IIepecyeTe Ha PyTHH B SKCTPAKTaX M3 MCCIIe-
IyeMBIX 00pa3IoB pacTUTeNbHOro chipbsi G. glabra L., moiy4eHHBIX B BBIOPAHHBIX YCIOBHSX, COCTABIISIET
4,34+0,06 %. OTHOCHUTENbHAs OMUOKa ONpeAeneHus He mpeBblmana 5 %. Takke ObUT MPOBEAEH BaIMIALH-
OHHBIN aHAJHN3, pe3yIbTaThl KOTOPOTO MOKa3alu CHEHU(DUIHOCTD, TMHEHHOCTh U MPELU3HOHHOCTD pa3pabo-
TaHHOH MeToauKH. lccienoBaHHBIE MapaMeTphl BAIHIAMN HAXOMWINCh B IIpeAeiax KPHTEpHEB IpHeMIle-
MOCTH.

Knroueswie cnosa: Glycyrrhiza glabra L., conoakoBblil KOpeHb, paCTHTEIFHOE CHIPbE, HAJ3EMHBIC OPIaHBI,
pytuH, tuddepeHnuatbHas CieKTpohOTOMETPHS.
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HoBble MOJIMMEPHBIC KOMIVICKCHI THAPAa3uaa H30HUKOTHHOBOM KHCJIOTbI
HpOTI/IBOTyﬁepKyJ'IeSHOFO H HMMYHOCTUMYJIMPYROIIIETO I[eﬁCTBHﬂ

TyGepkyie3 OTHOCHTCS K OJHOMY M3 COIMANbHO 3HAUUMBIX 3a0oyieBaHmii. B Hay4HOU nmuTeparype 060CHO-
BaHa IeJeco00pa3HOCTh HCIIOIB30BAHMS ITOJMMEPHBIX MATPHUIl Ul MMMOOMIM3AIMU IPOTYOEpKyIe3HBIX
HperapaToB, YTO CIIOCOOCTBYET 3aBepIueHuIo (aronurosa. [IpoBeneHO CpaBHUTENBFHOE HCCIEAOBAHHE IIPO-
THUBOTYOEPKYJIe3HOI aKTUBHOCTH aHAJIOTOB KOHJEHCATa TUAPa3ua N30HUKOTHHOBOM KHMCIOTHI IIPHU JICUCHUHN
JKCIIEPUMEHTAIBHOTO TyOepKyJie3a y MbImel. YcTaHOBiIeHa 3P (EeKTHBHOCTh HCIIOIBb30BAHUS XJIOPTHIPOK-
CHXHMTO3aHOBOTO KOMIUIEKCA C |-M30HUKOTHHII-2-D-TII0K03HWIrHAPO30H ¢ BKIOUYeHHBIM C02+ B CpaBHEHUH
C XHUTO3aH-KOOANbT-1-M30HUKOTHHUII-2-D-TIIOKO3MITHIPO30HOM MPU JIEUEHHH IKCIICPUMEHTAIBHOTO TyOep-
Kyne3a. BBIiBIEHa MMMYHOCTHMYJIHPYOIIAs aKTHBHOCTbh IHOJMMEPHOTO METAJUIOKOMIUICKCA, CpaBHHMas C
KOMIUIEKCOM XHMTO3aH-KOOaIbT-1-N30HUKOTHHMII-2-D-Timoko3uaruapo3oH. [lonydeHHbIe B 9KCHEPUMEHTE pe-
3yJIBTaThl MOTYT HCIIOJIB30BAaTHCS IIPU pa3padoTKe COBPEMEHHBIX METOIOB JICUCHHUS TyOepKyJiesa.

Kriouesvie cnoga: TyOepKkyIies, MONTUMEPHEI METaIIOKOMIUIEKC, XUTO3aH, H30HHA3HU], IPOTUBOTYOEPKYIIe3-
Hasi aKTUBHOCTb.

Beeoenue

TyOepKyne3 OTHOCUTCS K OHOMY M3 COIMANBHO 3HAYMMBIX 3a00JIeBaHUM, IIMPOKO PACcTIPOCTPAHEHHBIX
B MUpE y 4elloBeKa M KUBOTHBIX. CornacHo JaHHBIM BcemupHoil opranuzanuu 3apaBooxpanenus Ha 2017
TOJI, ©KETOTHO B MUpPE TyOepKyle3oM 3a00eBaroT 10 10 MIITHOHOB YeNOBEK, U OKOJIO 1,5 MUIIJTMOHOB Ye-
JIOBEK YMHPAIOT OT AaHHOro 3aboneBaHus [1]. TyOepkyne3 BhI3bIBACTCS Pa3MUYHBIMU BHIAMH MUKOOAKTE-
puit 3 Tpymmer Mycobacterium tuberculosis complex (M. tuberculosis u apyruMu GIHM3KOPOACTBEHHBIMU
Bugamun). TyOepkyn€3 oOBMHO mMOpaxkaeT JErKUe, peke 3aTparuBasi Jpyrde OpraHbl M CHCTEMBI.
Mycobacterium tuberculosis mepegaércst Bo3myIIHO-KaMEIbHBIM yTEM TIPH Pa3roBOpe, Kalllle W YHXaHHH
6onpHOTO. Yaie Bcero mocie HHOUIMPOBAHHS MUKOOAKTEpUSIME 3a00JIeBaHUE MPOTEKAET B OECCUMITOM-
HOM, CKpBITOH (popMe, HO MPUMEPHO OJWH W3 JIECATH CIy4aeB CKPHITOW MH(EKINU MEPEeXoanT B aKTHBHYIO
dopmy [2, 3].

B Hay4HOI1 muTepaType 000CHOBBIBAETCA LIENECO00Pa3HOCTh MCTIOIL30BAHMS IOJTUMEPHBIX MAaTPHUIL JIJISI
MMMOOHIIM3AIMY TPOTYOepKyJIE3HBIX MPenapaToB, 4TO COCOOCTBYET 3aBepiueHmto (aronurosa. [IposeneH-
HBIA aHAJIM3 HAayYHBIX MyOJIMKaLWi AaeT OCHOBAHUE YTBEPXkAaTh, UTO OAKTEpUabHBIE U BUPYCHBIE aHTHUIE-
HBI, KOHBIOTHPOBAHHbBIE C 3apsKEHHBIMH TOJIMMEPHBIME MaTpHLAMH, (GOPMUPYIOT B OPTaHU3ME BBICOKYIO
CHenn(UIECKYI0 MPOTEKTOPHYI0 UMMYHHYIO 3allIUTy NMPOTHB COOTBETCTBYIOIIMX MATOTCHHBIX aHTHUTEN [4].
Bce 3T0 OTKpBIBaCT BO3MOXKHOCTH HMCIOJIB30BAHUS KJIETOUHBIX MEXaHM3MOB €CTECTBEHHOH 3alUTHI Opra-
HU3Ma AJIs NoJaBiieHus TyOepKyie3Hol mHdpekuuu. Coobmaercs, 4to ais 60pbObl ¢ TyOepKyne3HOW HH-
dexiuel nenecoodpa3Ho MCIONB30BaTh MOJMMEPHbIE MOJU(PHUIIMPOBAHHBIC aHTHOAKTEPHATBHBIE CPE/ICTBA,
o0Jajaronrie BO3MOXKHOCTBIO aJIpeCHON BHYTPUKIIETOYHOW JIOCTABKH JIEKAPCTBA, BOCCTAHABJIMBATH €CTeE-
CTBEHHBIC 3aIIMTHHIE MEXAaHU3MBl OPraHW3Ma, B YACTHOCTH, aKTUBHPOBaTh (PYHKIMOHMPOBAHHE MaKpo-
(haros, TPOSBIAIOMNUX JTH30COMOTPOITHOCTh, KOPPUTHPYIOIINX MPOIECChl dHAonuTo3a [5, 6]. B kadectse
MOJIMMEPHBIX MaTPUI] TPUMEHSUICS MMOJBEPTHYTHIH XUMHUECKOW MOJIU(BHUKAIINN JEKCTPAH CO CpellHEl More-
KyJsipHO# Maccoit 30—40 Teicsy [7, 8].

Lenbto uccienoBaHus SIBUWIOCH NPOBEACHUE CPABHUTEIHHOTO MCCIIEIOBAHUSI IPOTHBOTYOEPKYIIE3HOM
AKTHBHOCTHU aHAJIOTOB KOHJIEHCATA THAPA3U/ia N30HUKOTUHOBOM KHCIIOTHI MTPH JICYCHUH IKCIIEPHMEHTAIHHO-
ro TyOepKyJses3a y MBILICH.

Mamepuanvt u Mmemoost

B mpencraBnennoit pabore ans uMMoOMIM3anuu 1-u30HUKOTHHMI-2-D-rimokosmnruapozon (MHIT)
(xornmeHcara ruapasuga n3oHuKoTHHOBOW KucnoThl (TMMHK) ¢ rmoko3oit) [9] ncnons3oBana moaumepHast
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MaTpulla — BOJIOPACTBOPUMBIH KATHOHOAKTUBHEIM aHAJIOT XWUTO3aHa N-XJIOPTHAPOKCHIIPOIMIXUTO3aH
(XI'XT3) ¢ BBICOKOW CTENEHBIO TUCCOIUAINH HOHOTeHHBIX Tpytl [10], co cpeanelt MONEKYISIpHON Maccoit
10-12 teIcsu [7, 11, 12], koMiuiekcupoBanHas ¢ nonamu kooansTa (I'XT3-Co). MeTaioKOMILIEKCH MOIH-
(UIMPOBaHHBIX MOJMHOHOB CHHTE3MpOBaJH MO m3BecTHOM meromuke [13-15]. ComepikaHue METallIOB B
MTOJIMMEPMETAINIOKOMITIEKCaX ~ ONpPeNeNsId  KoMIUIeKcoHoMmeTpuuecku  [16].  KpwucrammoruapaTs
CoCl>*6H,0 Mapku 9.11.a. HCTIOIB30BAJIH TIOCTIE TBOMHOMN IEPEeKPUCTATITH3AITNH.

Cas3piBaHue JekapcTBeHHOro BemecTBa ¢ XI'XT3-Co mpoBoanian B BOIHOM pacTBOpE MPH MepeMelu-
BaHuU B TeueHue 90 MuH ¢ npoayBkoii azotoM (25 oC); coornomenue mosmmep: MHI'T, kak 1:1, o0beMHbIH
MOIyIb—26. IleneBoit MIPOYKT — TCHAPOKCUIIPOIIMIXUTO3aH-KO0aIbT-1-H30HUKOTHHII-2-D-
rmroko3mwTHApo30H (I'XT3-Co-MHIT) ocaxxmanu stanonom. Hempopearuposanusrit UHI'T u o6pa3oBagiia-
sicsi TUHK Beimensiiu v onpenesnsii KOJIUYECTBEHHOM SKCTPAKIMEH ¢ KOHTPOJEM HCYEPIIBIBAIOIIEIO €ro
m3mydeHust Y O-cexkTpockonuen 1mo mojioce morjomenns 262 HM B 3kctpakTe. [lo mmmHaM 31eKTpOHHBIX
CIEKTPOB IEHTPAIBHBII HOH NMEET OKTadIpruecKkoe okpyxeHue. ['eomeTpus cBs3piBanns Co2+ B KOMILIEK-
ce KBaapaTHo-tutaHapHas [5, 12, 17]. Cogepxxanne UHIT a B momyuyeHHOM MpPOAYKTE OMPEAENsIN 3JIEMEHT-
HBIM aHaJIM30M Ha a3oT u Y d-cnektpockonuedd. Ero coaepkanue B 1ieneBom npoaykre 9,7 %. Tybepkyio-
craTHyeckas akTUBHOCTH iN Vitro (H37Rv) s mosydeHHOro MOJMMEPHOTr0 KOMIDIEKCa B Iepecuere Ha
I'MHK coctasisna 0,08 MKr/mi.

Peszynomamaor u ux obcysxcoenue

Hccnenosanun nMMyHOMOAYy IMpyromue cBoiicTBa nonuuoHa ¢ Co2+ B cpaBHeHnn '’ XT3-Co ¢ I'MHK,
XT3-Co-T'MHK [10]. Ucrionp3oBanu mermielt iuann CBA TpexmecsaHoro Bospacrta, mMaccoit 18-20 r. Mm-
MYHU3aIHs IPOBOIUIIACH OAHOKPATHO BHYTPUOPIOMIMHHO 3puTpouuTaMu 6apana (9b). Ha mareie cyTku mno-
Clle aHTHTCHHOTO CTUMYJa B CEJIE3CHKE OIpPEAesUIM KOJMYECTBO aHTHTENnooOpasyroomux kieTok (AOK)
MPSIMBIM METOJIOM JIOKAJIbHOTO reMoiu3a B arapo3e no Epue [10, 18]. IlomnMepHble KOMILTEKCH BBOIMIH
OJIHOKPATHO BHYTPUOPIOMUHHO BMecTe ¢ Ob B mo03e 25,0 Mr/kr. Pe3ynbraThl SKCIIEpUMEHTa TPUBEICHBI B
tabmuie 1.

Tadobnuma 1

Bausinue MOJUMEPHBIX KOMILJICKCOB XT3 Ha I/IMMyHH])lﬁ OTBET HA JPUTPOLUHUTHI Gapana

HUccnenyemslie Hucrno siapocoaepxaiinx Yucino AOK KUC Yuciio MblIen
COEIMHEHUS KJIIeTOK cene3enku (109)

KonTponb 13548 1300+178 - 10
XT3 130£12 3942+180* 2,96 10
XT3-Co 140+8 7000+600* 5,38 10
XT3-Co-T'MHK 1268 3608+£190* 2,93 10
I'XT3-Co- UHIT 128+9 3801+189 2,92 10

Hpumeuanue. KUC — omnowenue yucia AOK ons npenapama k yucny AOK 0na konmpons, * — cmamucmuuecku

00CMo8epHOe 3HAUEHUE NO CPABHEHUIO C KOHMPOJIEM.

[IpoTuBoTyOepKyiie3Hoe AelicTBre mosimMepHoro komiuiekca MHIT'a onpenensiocs myreM H3ydeHHs
cpemHeil mpoaokuTenbHOCTH Xu3HH (SPG) skuBoTHBIX. SPG olleHMBanm ¢ MOMEHTa 3apayKEHUS MBIIIEH
guann CBA wmaccoit 18-20 r g0 ux rubenu. JKupoTHbIX (55 mMIT.) 3apakajid BHYTPUBEHHO BHPYJIEHTHOMN
kynbTypoit H37Rv 0,1 mr Ha meims [10]. Jledenne naunnanu uepe3 12 el mocie 3apakeHus, perucTpu-
pys M3MEHEHMsI BHYTPEHHHMX opraHoB. K Hadamy JiedeHHs MHJIEKC MaTOJOTMYECKUX M3MEHEHUH JIETOYHOU
TKaHU y BCEX HUBOTHBIX cocTaBisil 2,4. [laTonornueckue u3MeHeHHs TyOEPKYJIE3HOro XapakTepa BO BHYT-
PEHHHX OpraHax yCTaHaBIMBAJIN ITyTeM OKPAaCKH Ma3KOB-OTIEYaTKoB Mo Meroxy Llmms-Hukonbscona Ha mu-
KoOakTepun TyOepkyine3a. Pasznuums Mexay CpaBHUBAEMBIMH CPEHUMU CUYHMTANW JIOCTOBEPHBIMH TIPH
p<0,05 (xpurepuii Cteiomenta). 15 mpimei nepBoii rpymmsl Jeunnu pactBopom 'MHK B nosze 25 mr/kr.
[pemapatsr ' XT3-Co-MHIT >kxMBOTHBIM BTOPOIA TpyMIbI BBOJWIA BHYTPUBEHHO Yepe3 KaxAble 2 CYTOK B
paBubx o 'MHK no3ax mist mepBo#t rpynmbl. JKHBOTHBIX KOHTPOJIBHOM TPYIIIBI HAOMIOIAIH TTapaJIeNbHO.
B pesynbrate cpeaHss NpoJOJKUTEIBHOCTh KM3HM KOHTPOJIBHOM TPYIIBI cOCTaBMia 22 1HA, B NEpPBOU
rpymnmne — 4epe3 32 aHA nayo 7 )KMBOTHBIX, @ BO BTOPO rpymnne — vepe3 43 nHs morudiao 5 memmei. I¢d-
(EeKTUBHOCTh TIPOBEICHHOW Tepamuy ONPEACIsUI TaKKe MO JaHHBIM OIICHKH BHYTpEHHHX opraHoB [19]
(Tabmn. 2).

94 BecTHuk KaparaHgmMHCKOro yHusepcureTa



HoBble nonMMepHbIie KOMMNEeKChbl rmapasnaa WM30OHUKOTMHOBOW KUCIIOTHI. ..

Tabnuma 2

¢ PeKTHUBHOCTH Tepanuy NATOJIOTMYeCKHX U3MEHEHHI IPOTHBOTYOEPKYJIEe3HOI0 XapaKkTepa

Opran [TopaxxeHHOCTH B Oajuiax
KOHTpOJIbHas rpynmna | 1-s rpymma | 2-s rpynmna 3-s rpynmna
Jlerxue 12 8,1 7,6 8,1
Ileuens 34 115 12,0 11,2
CeneseHka 29 10,4 115 11,2
Cymma 78 30,0 31,5 31,4

JlaHHBIE NPOBENEHHOTO WCCIICAOBAHMS IOKA3BIBAIOT IMOBBIIECHHYIO 3(Q(EKTHBHOCT, HOBOTO aHAJora
I'MHK npu neyeHMn 3KCIEpUMEHTAJIbHOrO TyOepKysieza Ha Mblmax. HoOBBIH MOJMMEpHBIH METauIOKOM-
mwieke [ XT3-Co-UHIT obnanaet BeIpaskeHHOH MMMYHOCTHMYJIUPYIONIEH aKTHBHOCTEIO.

Baxnouenue

[IpoBeneHo cpaBHUTEIBFHOE MCCIIEAOBAHNE TIPOTHBOTYOEPKYII€3HON aKTHBHOCTH aHAJIOTOB KOHJCHCATA
rupasyaa W30HUKOTUHOBON KHUCJIOTHI MPHU JICYCHUH 3KCIICPUMEHTAIBHOrO TYOEpKyJie3a y Mblimei. Ycra-
HOBJIeHA 3(p(PEKTHBHOCTH UCIIOIB30BAHUS XJIOPTHAPOKCHUXUTO3aHOBOTO KOMILIEKCa C 1-M30HUKOTHHMI-2-D-
[IIOKO3MIITHAPO30H ¢ BKMOYeHHbIM Co0%' B CpaBHEHMH € XHUTO3aH-KOOAIbT-1-M30HMKOTHHMI-2-D-
CTIOKO3WITHAPO30HOM MPU JICYCHUH SKCIICPUMEHTAIBHOTO TyOepKye3a. BrIsiBIeHa UMMYHOCTUMYTHPYIO-
mas aKTHBHOCTh MOJMMEPHOTO0 METAIJIOKOMITIEKCa, CpaBHUMas C KOMIUIEKCOM XHTO3aH-KoOanmbT-1-
W30HUKOTHHUI-2-D-rimoko3miruapo3oH. [loaydeHHbIe B 9KCIIEPUMEHTE Pe3yIIbTaThl MOTYT MCIIOIb30BATHCS
Ipu pa3pabOTKe COBPEMEHHBIX METO/IOB JICUCHUS TyOepKyesa.

Hacm()}m;a}z pa6oma BblNOJIHEHA 34 c4em cpedcme asmopoe.

CHOucok IuTepaTypsl

1 BacuiseBa 1. A. 3a001eBaeMOCTb, CMEPTHOCTE M PaCIPOCTPAHEHHOCTh KaK IOKa3aTesl OpeMeHN TyOepKyne3a B perioHax
BO3, cTpaHax mupa u B Poccuiickoii @eneparmu. — Y. 1. 3a0oneBaeMoCTh U pacpoOCTPaHEHHOCTh TyOepKyie3a / M. A. Bacunbepa,
E.M. Benmnosckuii, C.E. bopucos, C.A. CrepnukoB // TyOepkyne3 u Oomesnu nerkumx. — 2017. — Ne 95(6). — C. 9-21.
https://doi.org/10.21292/2075-1230-2017-95-6-9-21.

2 Kumar V. Robbins Basic Pathology / V. Kumar, A.K. Abbas, N. Fausto. — 8th ed. — Saunders Elsevier, 2007. — 960 p.

3 Gibson P.G. Evidence-based respiratory medicine / P.G. Gibson, M. Abramson, R. Wood-Baker, J. Volmink, M. Hensley,
U. Costabel. — Oxford: Blackwell, 2005. — 608 p.

4 Tlerpos P.B. UmmyHomorus / P.B. IlerpoB. — M.: Meaummna, 1982. — 368 c.

5 CnuskuH A.M. XuT03aH B Ka4eCTBE MOJTUMEPHOH MaTPHIIBI U MMMOOMITH3AIINH JIEKAPCTBEHHBIX BEHIECTB C IPOTUBOTYOEp-
Kyne3Hoi akTuBHOCTHIO / AWM. CnuBkuH, B.JI. Jlanenko, A.A. Boaros / Bompocsl 6nonornueckoi, MeTUIIMHCKON U (hapMalieBTuIe-
ckoit xumun. — 2009. — Ne 5. — C. 36-39.

6 KysnernoB B.A. Xuro3aH u JIe30KCHKpaxMal B Ka4eCTBE IMOIMMEPHBIX MAaTPHI] 11 MIMMOOMIH3alNi OHOIOTHYECKH aKTHB-
HbIX KoMIToHEHTOB / B.A. Ky3nenos // Becta. MUTXT. — 2009. — Ne 3. — C. 42-47.

7 ApxunoB C.A. ArTubakrepuanbHas 3(QGEKTHBHOCTh MPOJOHTUPOBAHHON JIEKAPCTBEHHOW (OPMBI M30HHA3HIA B IKCIIEPH-
mente / C.A. Apxumos, B.A. Hlkypynuit, }0.H. Kypynos // [Ipo6mems! Ty6epkyne3a. — 1997. — Ne 2. — C. 54-56.

8 Ulxypymnuii B.A. I3MeHeHus rpaHylieMbl IIpH JICYCHUH TYOEpKyies3a MPOJIOHTMPOBAaHHOM (HopMOii M30HMA3KIa B DKCIIEPHU-
mente / B.A. Ulkypymuii, T.I'. UepHosa, }0.H. Kypynos // [Ipobnemsr Tyoepkymne3a. — 1993. — Ne 1. — C. 38-41.

9 Apszamacnie A.Il. Cioco6 nomydeHus |-W30HUKOTHHHI-2-D-rimoko3mirnapa3ona, o0Iafaioero mpoTHBOTYOepKyIe3HOH
aktuBHOCTBIO / A.Il. Ap3zamacues // [Tlarenr RU 2279438, 10.07.2005.

10 Cnukun A.JM. TlonumepHble KOMIUIEKCHI THIpa3uaa H30HMKOTHHOBOI KHCIOTHI IMPOTHBOTYOSpPKYJIE3HOTrO JIeHCTBHS
/ AW. Cnuskun, B.JL Jlanenko, A.W. Berayk, C.H. Cycnuua, J.A. Criuskun, C.B. Kopuuenko, A.C. Benenosa // Bron. skcrep.
onomn. u mex. — 2013. — Ne 6. — C. 728-730.

11 Komapo B.A. Cmoco6 mnomydeHus BomopacTBOpHUMBEIX (opMm xuro3aHa /b.A. Komapos, A.W. Anbynos /Ilarenr RU
2215749, 10.11.2003 r..

12 O6o30Ba JI.A. YCTOWYHBOCTH B BOJHBIX PacTBOpPax M OMOJOrMYECKas aKTHBHOCTh KOMITIEKCOB M30HHKOTHHOMITHAPA3HHA
ero auerminpoussognoro ¢ Cu (I1), Ni (1) u Co (I1) / JI.A. O6030Ba, H.M. KpeimoBa // Xum.-papmares. xypH. — 1998. — T. 22.
Nel. — C. 27-32.

13 Pammpgosa C.III. Croco® moiydeHHs] MOJMMEPHBIX KOMIUIeKCOB mnepexoanbix MeramwioB / C.I. Pammpgosa, B.A. Jlu,
A.A. Kum // PXX. —1980. — Ne 22. — C. 447.

14 Phyu Phyu, Win et al. Formulation and characterization of pH sensitive drug carrier based on phosphorylated chitosan (PCS)
/' Win, Phyu Phyu et al. // Carbohydrate Polymers. — 2003. — Vol. 53, No 3. — P. 305-310.

Cepus «buonorusa. MeauuuHa. Meorpadusa». 2024, 29, 1(113) 95



A.N. CnunekuH, A.C. BeneHoBa u ap.

15 Xwurun u xutosas. [Ipupona, nonydenne u npumenenue / nox pen. K.I'. Ckpsibuna, I'.A. Buxopesoii, B.I1. BapnamoBa. —
M.: Hayxka, 2010. — 292 c.

16 IIsapuen6ax I'. Kommiekconomerpuueckoe Turposanue / I'. [lIBaprentax, I'. ®namka. — M.: Xumus, 1970. — 287 c.

17 Hanson J.C. Structure of a copper-isoniazid complex / J.C. Hanson, N. Camerman, A. Camerman // J Med Chem. — 1981.
— V.24, No 11. — P. 1369-71.

18 Jerne N.K. Plaque formation in agar by single antibody-producing cells / N.K. Jerne, A.A. Nordin // Science. — 1963. —
Vol. 140, No 4. — P. 405-407.

19 Yepuymienko E.d. Makpockonu4ieckas: OlleHKa OPaKeHUsI BHYTPEHHUX OPraHOB MOPCKUX CBHHOK, 3apaKeHHBIX TyOepKy-
né3om / E.®. Yepuymuienko, A.A. Yymak, T.C. ['unz6ypr // IIpodremsr TyOepkyneza. — 1984, — Ne 5. — C. 53-55.

A M. Cnuskun, A.C. benenosa, C.B. Kopauenko, H.A. [IpsixoBa, FO.B. Jlo6puna

Ty0OepkyJie3rekapcol ;koHe IMMYHOKYIIeHTyIi dcepi 6ap
H30HUKOTHH KbIIIKbLIbI THAPA3UIIHIH KaAHA MOJUMEPJIIK KelleHaepi

Tybepkye3 oIeyMeTTiK MaHBI3IBI aypynapaslH OipiHe xkartansl. FeuteiMu onebuerrepae GparomuTo3nbiH ask-
TaJybIHA BIKIAJ] €TETiH TyOepKyJe3reKapchl mpenapartapasl MMMOOMIN3aNKsIIAY YIIiH HOJIAMEPIIi MaTpHIa-
JapAbl KOJJaHY/AbIH OPBIHBUIBIFBI Heri3fenreH. ThIIKaHAapIarbl SKCIEPUMEHTTIK TyOepKye3ii emMmaey Ke-
3iHJI€ M30HUKOTHH KBIIIKBUIBI THAPA3HIiHIH KOHAEHCAThl aHAJIOTTAPbIHBIH TyOepKyJIe3reKapchl OeICeHTIri-
HE CaJbICTHIPMAJIBI 3ePTTey KYPTri3iii. DKCIEpUMEHTTIK TyOepKyes3i eMaey Ke3iHae XUT03aH-KoOanbT-1-
N30HUKOTHHMI-2-D-rimoko3nnruapo3onmer  canbicthipranga Co2 + KOCBUTFaH — 1-M30HUKOTHHHI-2-D-
TIIOKO3WITH/PO30HBI 0ap XJIOPTHIPOKCHXHUTO3aH KEIICHIH MaijaaHyIbIH THIMIUTIT aHBIKTAIIbl. XUTO3aH-
K00aJIbT-1-N30HUKOTHHMII-2-D-TIII0KO3MITHAPO30H KelIeHIMEH CallbICTBIPBUIATHIH MOIUMEPIIK MeTal Ke-
HICHIHIH UMMYHOKYIIEHTKIII OEJICEHATIr aHbIKTANIbl. DKCIEPUMEHTTE aJbIHFAH HOTIKEIep TyOepKyinesi
eMJICYIiH Ka3ipri 3aMaHFbl 9AiCTePiH 93ipIiey Ke3iHae MaianaHbuTybl MyMKIiH.

Kinm ce30ep: TyGepKynes, MOTMMEPITIK METaJUT KeLIeH], XUTO3aH, H30HUA3H/.

A.l. Slivkin, A.S. Belenova, S.V. Kornienko, N.A. Dyakova, Yu.V. Dobrina

New polymer complexes of isonicotinic acid hydrazide with anti-tuberculosis and
immunostimulating effects

Tuberculosis refers to one of the socially significant diseases. The scientific literature justifies the feasibility
of using polymer matrices to immobilize protuberculous drugs, which contributes to the completion of
phagocytosis. Comparative study of antituberculosis activity of analogues of isonicotinic acid hydrazide
condensate in treatment of experimental tuberculosis in mice was carried out. The effectiveness of using
chlorohydroxychitosan complex with 1-isonicotinyl-2-D-glucosyl hydrosone with included Co2 + has been
established in comparison with chitosan-cobalt-1-isonicotinyl-2-D-glucosyl hydrosone in treating
experimental tuberculosis. Immunostimulatory activity of polymer metal complex comparable to chitosan-
cobalt-1-isonicotinyl-2-D-glucosyl hydrosone complex was revealed. The results obtained in the experiment
can be used in the development of modern, treatment methods for tuberculosis.

Keywords: tuberculosis, polymer metal complex, chitosan, isoniazid.
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CpaBHuTebHBIH aHa U3 cocTaBoB MacJaa Nigella sativa (uepubiii TMun) u3 Cupun
u [lakucTaHa MeToI0M XpOMATO-MAacCC-ClIEKTPOMETPHH

B crarbe mpencraBiieH aHAM3 XUMHYECKUX cocTaBoB ddupHoro mMacna u3 Nigella sativa L. u3 ITakucrana u
Cupun. C HCHONB30BaHHEM MeTona Xpomaro-Macc-criekrpomeTpun (GC/MS) ObutH BBISIBICHBI U OAPOOHO
MpOaHATN3UPOBAaHBI KOMIIOHEHTHI Macila U3 00euX cTpaH. Pe3ynsraTsl MOKa3anu He3HAYUTEIbHBIC PA3IHINs B
coziepKaHUU XUMHUYECKHX KOMIIOHEHTOB MeXIy mMacioM TMuHA n3 [lakucrana u Cupun. B a¢pupHOM Macie
u3 [TakucTaHa BBIBICHO MOBBIIICHHOE COIEP)KAHHUE MAaIbMUTHHOBOM KHCIOTHI, (Z)-9-0KTaIeleHOBOM KHCII0-
TBI H METHJIOBOTO 3¢upa (Z,2)-9,12-0kTanekajueHOBOM KUCIOThI (JIMHOJICBast KUCIIOTa, METHIIOBBI 3¢up), B
TO BpeMs Kak dpupHOoe Macio u3 CUpUH CONEPKHUT OOJIbIIe TeNnTaJeKaHOBOH M OJICMHOBON KUCIOT. DTH pe-
3yJIBTaThl CBU/ICTENBCTBYIOT O TOM, YTO MECTOIIOJIOKCHHE BIMSET Ha XUMUYECKHH COCTaB Macia TMHHA, YTO
MMeeT BaKHOE 3Ha4YeHHE I ero MEIMIIMHCKOTO M KYJIMHAPHOTO HCIIONB30BaHMs. V3BecTHO Hanmmyme psija
JIPYruX KOMIIOHEHTOB, BKIouas o-TyiieH, o-Ilunen, B-IlunenH, o-ITumen, m-Menran-6,8-1ueH, TuMoHEH, Y-
TepruHeH, yuc-4-MeTOKCUTYHaH, TOHH(OIEH, METHITETPAIEKaHOAT U MHOTHE ApYyTHe, KOTOPbIe MOTYT OKa-
3BIBATh pa3HOOOpa3Hble OHONOrHUecKhe YPQEKTh. DTH pe3ylbTaThl MPEIOCTABISAIOT BaKHBIC NaHHBIC IUIA
Hay4IHOTO COOOIIECTBa M MPOMBIIUICHHBIX NPEANPUATHH, 3aHIMAIONIUXCS TIPOM3BOCTBOM U IPHMEHEHHEM
Maclia YepHOro TMHHA. 3HaHUE PA3INUUid B COCTaBE Macia B 3aBUCHMOCTH OT €T0 IIPOUCXOXKICHUS CIIOCco0-
CTBYET ONTHUMHU3ALUH IPOU3BOJICTBA U PACIIMPEHHIO BO3MOXKHOCTEH JUIS €r0 MEAUIIMHCKOTO U KYJIHHapHOTO
UCIIONB30BaHUs. Pe3ynbraTel HACTOSIIETO MCCICAOBAaHMS MTPEIOCTABISIOT [IEHHYIO OCHOBY ISl OyIyIIUX HC-
CJIeJOBaHUH B 00JIaCTH OMOXUMHUY U MEJUIIHCKOTO TPUMEHEHHS Macijla YepHOTO TMHHA.

Knioueswie cnosa: Nigella sativa L., TTakucran, Cupust, Macio TMHHA, OHOJIOrHYeCKasi aKTHBHOCTh, CPaBHU-
TEJIbHBIN aHAJN3, XPOMATO-MAaCC-CIIEKTPOMETPHSL.

Beeoenue

Nigella sativa L. (depHblit TMHH) — OJHOJIETHEE pacTeHre poaoM u3 Cpeau3eMHOMOpbs. OTHOCHTCS K
cemeticTBy Ranunculdceae (cemeiictBo JItoTHKOBBIX). IIIMPOKO UCIONB3yeTCS B KAUECTBE JIEUEOHOTO pacre-
HUS BOo BceM Mupe. OOBIYHO €€ MCHONB3YIOT IS JICUEHHUs ajuiepruueckux 3adosieBanuii. CeMeHa mpuMe-
HSIOTCS B Ka4ECTBE apoMaTH3aTopa U KoHcepBaHTa. B ncnamckux crpanax macio N. sativa npu3HaHo OgHUM
U3 Jy4IINX JieKapcTBeHHBIX cpeacts [1]. M3BectHo, uTo coctaB macna cemsiH N. sativa 3aBucut ot mecta
npouspocranus [2, 3].

Cemena uepHoro tMuHa, wii N. sativa, o6manaloT OpPOHXOIUTHYECKUMHU, TUIIOTCH3UBHBIMH, aHTHOAK-
TEpUAIILHBIMHU, MPOTHBOIPUOKOBBIMH, OOJICYTOJSIOLMMY, MPOTHBOBOCIAINTENBHBIME U UMMYHOCTUMYJIU-
pytomumu cBoiictBamu [4—6], racTpOnpOTEeKTOPHBIM, TE€NAaTONPOTEKTOPHBIM, HEPPOIIPOTEKTUBHBIM M HEii-
POIPOTEKTOPHBIM jieiicTBUeM [7, 8].

Cemena N. sativa ucnons3ytorcs B ['epmannn, @panium 1 A3uu B Ka4eCTBE NPSHOCTH B KyJIUHAPUH,
ocobenHo B Utanuu u FOxHO#t DpaHiim, Takke Kak BETPOTOHHOE ¥ MOYEroHHOE cpeacTso [9].

N. sativa kynpruBHupyercs B paiioHax Adwona, bypaypa u Ucnaptst B Typrn. CemeHa npoaroTesi Ha
pPBIHKaxX M HCIIOJIB3YIOTCSl B Ka4eCTBE MPUIPaBhl U JIEKAPCTBEHHON TpaBbl. CeMeHa MMEIOT COCTaB, COCTOSI-
i u3 21 % Oenka, 35-5 xxupa, 5-5 Bnaru u 7 % 30161, ocTaibHOE — YrieBobl. B adhupHom macne cemsiH
N. sativa ObuTn 0OHApY)KEHBI COEIMHEHMs, 00JamaroIIne MPOTHBOMUKPOOHON akTHBHOCTRIO [10]. Kpome
Toro, 3dupHoe Macio obnagaeT BBICOKOH 3((EKTHBHOCTBIO MPOTHB TPAMIIOJIOKHUTEIBHBIX OakTepuil u
Fusarium moniliforme [11], rpamorpuniatensHbix OakTepuii, BAPYCOB, muctocoM [12, 13], comeput uemnbii
psin OnoakTUBHBIX BemiecTs (Tadm. 1) [14].
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Ienp TaHHOTO MCCIEI0BaHMs — HaWTH OTIHYMS 10 cocTaBy Macnia ceMssH N. sativa u3 IMakucrana ot
macia cemst N. sativa u3 Cupun, v B cllydae X HaXOKICHHS, BO3BMOYKHO JIM 0XapaKTepPHU30BaTh 3TH pasiiv-
aus [2].

Tab6numa 1

Xumuuecknii cocraB macia cemsin Nigella sativa, moJiydeHnsle ¢ HCIOIb30BaHMEM METOA
XpOMATO-MACC-CHEKTPOMETPHHI

Mecro npouspac-

tauust Nigella KoMmrioneHTsI Jlutepatypa
sativa L.
Upan mpanc-aneron (38,3 %), n-Lumen (14,8 %), mamoneH (4,3 %),kapsoH (4,0 %) [15]
Wrumst TEMOXUHOH (35,5 %), y-Teprmuen (27,46 %), Tumon (7,43 %), 2,4-(10)- [16]
Tyitaauen (4,74 %), muHokapsoH (2,96 %)
Typuus B-Curocrepus (69,4 %), kamnecrepus (11,9 %), crurmacrepon (18,6 %) [10]
Wrs 9-Diiko3uH (63,04 %), muHoseBas kuciaoTa (13,48 %), HaabMUTHHOBAS KHC- [17]
gorta (9,68 %), n-Lumon (2,54 %), TumoxusoH (1,86 %)
xonecteput (0,9 %), kamnecrepu (13,1 %), crurmacrepon (17,8 %), 6- [2]
Mapokxko curoctepuH (49,4 %), n5-aBenacrepus (12,4 %), n7-crurmacrepoi (0,6 %),
d7-aBenacteput (2,1 %)
MuprcTHHOBas kKuciota (0,23 %), maneMutrHOBast kucnora (13,1 %), nans- [3]

mutosenHoBast kuciota (0,28 %), creapunoBast kuciota (2,47 %), onenHoBas
kucnora (21,8 %), yuc-sakuenosas kuciora (1,18 %), muHOIEBaAs KHCIOTA
(57,0 %), munonenoas kuciota (0,46 %), apaxunosas kuciota (0,18 %),
aiiko3eHoBas kucnora (0,39 %), siiko3aanenoBas kuciota (2,91 %), Hackl-
1eHHbIe KUCIoThI (16,0 %), HenachineHHbie KucioThl (84,0 %)

a-Tyiien (5,6 %), a-Iluuen (1,4 %), cadbunen (0,8 %), f-Ilunex (1,7 %), a- [11]
tdemnanapen (0,1 %), a-Tepmunen (0,2 %), p-Ilumen (31,4 %), numonen (1,0
%), 1,8-Luneon (0,1 %), y-Teprmuen (0,2 %), Tepmunen-4-oi (1,0 %), Tumo-
xuHOH (37,6 %), 6oprnnaneTtar (0,2 %), Tumon (0,2 %), kapsakpo (1,4 %),
a-JlourunmaeH (0,5 %), morrudonex (2,0 %), TamoruapoxutoH (3,4 %), 10-
Omu-y-asaecmoin (0,3 %), f-Oynecmon (0,5 %), a-Oynecmon (0,4 %)

banrmanem

Nunua

Mamepuanvl u memoosbi ucciedo8anus

Memoouxa memuruposanus macia

[Monyuenne MeTUIIOBBIX 3(GUPOB U3 hpakuuii BeimonHsuM B cootBercTBrU ¢ [OCTom [18].

[IpoOy dpakmum maccoit okono 20-30 Mr moMemniany B cTakaH, oOaBisd 2 MII TeKcaHa U 1 M pac-
TBOpa METHIIATa HATPHSI B METaHOJIE (ITOJTy4aId PACTBOPEHUEM METAJUTMYECKOTO HATPHUS B METHIIOBOM CITUD-
Te), AByX(a3Hyro cMech nepeMeriuBaid 30 MUH, M3 BEpXHEro (reKCaHOBOIO) CJIOS OTOMpanu Mmpoly Ha
I'C/MC-ananus3 [19].

Onpedenenue KOMNOHEHMHO20 COCMABA

OmnpeseneHue KOMIIOHEHTHOTO COCTaBa Macesl MPOBOIWIM Ha ra3oBoM xpomatorpagde Clarus-SQ 8 c
MacC-CIIEKTPOMETPUYCCKAM  JCTEKTOpOM.  Xpomarorpaduueckue yCIOBHs: KOJIOHKA  KalmWJUIIpHAs
RestekRxi®-1 ms 0,25 mm x 30 m x 0,25 MxM; 00beM npoOsl: 1,0 MxiT; Ta3z-HOcuTenb He; ckopocTs rasa-
HOocuTens: 1 Mi/MuH; nenenue moroka 1:25; t komonku: 45 °C (2 muH), moxkeM 1,5°C/mun no 200 °C, nanee
15 °C/mun o 280 °C, uzorepmuueckuii pexum npu 280°C B teuenune 10 muH; t ncnapurenss — 280 °C,
Macc-criektpomeTpudeckuil nerekrop: t — 240 °C, EI+=70 eB; Bpems ckanupoanus ¢ 4 1o 120 mun; pe-
UM cKaHupoBaHUS HOHOB 39-500 m/z. [IponieHTHOE CopepIkaHne KOMIIOHEHTOB BBIYHCIISUTH aBTOMAaTHYeC-
KU, HCXOJISI M3 TUTOIIAIeH MMKOB OOIIel XpoMaTorpaMMbl HOHOB. KOMIIOHEHTHI MACHTH(DHUITIPOBAIHN IO MaCC-
CIIEKTpaM U BPEMEHU yIepKUBaHUS, C UCToIb30BaHneM Onbmuoreku NIST. Bpewmst ynep:kuBaHus KOMITOHEH-
TOB MIEPECUUTHIBATIN OTHOCUTEJIBHO MPECIbHBIX YITIEBOJOPOIOB.

Pesynomamot u obcysicoenue

ITo nuTepaTypHbIM JaHHBIM, OCHOBHBIMH KoMmmoHeHTamu Macia Nigella sativa sisnsirores (Z,2)-9,12-
OKTaJieKaMeHoBasi kuciota, (E)-9-okranenenoBas kuciora, 11-okTajgeneHoBas KUCIOTA, MaTbMUTHHOBAS
KHCJIOTa, CTEApUHOBAsI KUCJIOTA, MPAHC-aHETON, N-IIMMEH, JUMOHEH, KapBOH, TAMOXHHOH, Y-TePIHHEH, TH-
MOJI, B-CHTOCTEpHH, 9-3HKO31H, CTUTMACTEPOJI, JINHOJIeBast KUCI0Ta U Kamnectepun [10, 15-17].
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Kak BuHO U3 TaONUIBI 2 1 XpOMATOTPAaMM Ha PUCYHKaX | ¥ 2, CPAaBHUTENILHBIN aHATM3 COCTABOB KOM-
mo3unuii Nigella sativa, mpomspacraronux B Ilakucrane n Cupuu, mokaszai 6ojiee BHICOKOE COIEpKaHHE B
ceIpbe M3 IlakucTaHa B IPOIEHTaX MaaIbMHUTHHOBOM kuciaoTel (11,2 mpotus 8,1 %), (Z)-9-okTamernenoBoit
kuciotel (37,0 nmpotus 0,04 %), 3,7,11,15-rerpamernn-(E,E,E)-2,6,10,14-rexcanekareTpacH-1-ona amerar,
(2,1 mporu 0,8 %). A macno Nigella sativa u3 Cupun nokasano 6oJjbliee COACpKaHNUE TenTaaeKaHOBO
kuciotsl (36,6 mpotus 56,7 %) u oaenHOBO# KucoTh (2,0 mpotus 24,8 %) (Tab. 2).
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Tabnuma 2

Xumuyeckuii cocras 3¢pupHoro maciaa u3 Nigella sativa cemeiicrea Ranunculaceae u3 Iakucrana u Cupun

RI pacu. RI nur. KomnoHeHTsI Copepxanue, %

Taxu- Cupus

cman
916 929+2 a-TyiieHn 0,16 0,12
922 929+7 o-TTunen 0,03 0,03
963 979+2 B-ITureH 0,03 0,02
1013 102242 o-1lumen 0,50 0,30
1017 102743 Mm-Menra-6,8-nnen 0,02
1020 1031+4 JInmoHeH 0,02
1047 1060+3 y-TeprnuHeH 0,03
1110 1120£N/A yuc-4-MeTokcuTyiaH 0,05 0,04
1390 1405+5 Jlonrudonex 0,10 0,03
1728 172542 MerunrerpaaekaHoaT 0,15 0,11
1812 1816 iu 7,11-T'excamexagueH 0,03
1828 1820+4 MeTunoBbIi 3QHp NeHTaICKAHOBOW KUCIOTHI 0,03 0,02
1902 1913+N/A (2)-Merunrekcanex-11-eHoaT 0,22
1967 1968+7 n-I'excaziekaHOBasi KMCJIOTA (MAJBMUTHHOBAS KHUCJIOTA) 0,09
1902 1899+11 MertunoBslii 3dup (Z)-9-rexcaenieHoBOH KUCIOThI 0,13
1930 19262 MeTuanajaibLMUTAT 11,21 8,14
1992 2016EN/A MeTunoBblii 3Gup yuc-10-rentaaeieHoBONH KUCIOTHI 0,04 0,02
2020 2028+2 MetuioBblii 3¢up rentagekaHoBOH KUCIOTHI 0,04
2095 2092+4 MeTuiioBblii 3¢up (Z,2)-9,12-oxkragekaaneHoBoi 36,58 56,72

KHCJIOTHI (JIMHOJIEBAsI KHCJIOTA, METHJIOBBI 3¢up)
2020 202842 MertuioBbii 3¢up 15-MeTninrekcaekaHOBOW KUCIOTHI 0,05
2114 2105+N/A MeTunoBbiii 3¢ up (Z)-9-0KkTaIelleHOBOH KHUCIOTHI 1,06
2106 2110+1 MetunoBblii 3¢up (E)-9-okTaneneHoBoil KHCIOTbI 37,02 0,04
(oJ1IeMHOBasI KHCJIOTAa, METHJI0BBII 3¢up)
2107 2115+N/A MeTuoBblii 3¢pup 11-0okTaelleHOBOI KHCJIOTHI 1,96 24,76
2125 2128+4 MeTtuacreapar 3,52 3,93
2181 2184+0 9-OkTagenMHOBas KUCIIOTA 0,02
2270 2255+N/A Metun-8,11,14,17-siiko3areTpacHoar 0,02
2290 2308 iu Mertuin-(2)-5,11,14,17-siiko3areTpagHoaT 0,02
2301 2302+N/A 3,7,11,15-Terpamerun-(E,E,E)-2,6,10,14- 0,02
rekcajaekarerpacH-1-oma amera
2329 2306+N/A MetuaoBblii 3¢up yuc-11,14-3iiko3axneHoBoii Kuc- 2,06 0,83
JIOTBI
2334 2322+N/A MeTtusioBbiii 3 up yuc-11-31K03eHOBON KUCIOTHI 0,73 0,25
2356 232945 METHJIOBBIH 3pUp IKO3aHOBOH KHCIIOTHI 0,41 0,28
2353 2350+N/A Merunosstii a¢up 2-[[2-[(2-sTrmmkionponit) MeTHI| 0,02
LUKJIOTIPOTIHI| METHJI|-IIUKJIOMPONAHOKTAHOBOH KHCIIO-
TEI
2324 2371£N/A Orunossiii 3¢up [R-(Z)]-12-rugpokcu-9-okraaeneHoBOM 0,05
KHMCIIOTEI
2110 2098+3 Merunosstii 3¢up (Z,2,2)-9,12,15-OxranekarpueHoBast 0,06
KHCJIOTa
2471 2483 iu [enTrnoBsIi 23Qup mparc-9-oKTaIeIICHOBOW KUCIOTHI 0,05
2301 Heuoenm. 1 0,04 0,01
2324 Heuoenm. 2 0,05 0,02
2320 Heuoenm3 0,02
2364 Heuoenm4 0,02
2464 Heuoenmb 0,08
2317 2346+N/A (Z,2,2)-8,11,14-Diiko3arpueHoBas KHCIOTA 0,04
2340 2360+3 yuc-11-Dliko3eHOBas KUCIOTa 0,03
2497 2510£N/A MeTunoBslit 23¢up yuc-13,16-mokacaarieHOBONH KUCIOTHI 0,04
2502 2508+N/A MertusoBblid 3¢up (Z)-13-10K03€HOBOI KUCIOTHI 0,05
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2528 2528+3 MeTHI0BBIH 2(HUP TOKO3aHOBOM KHCIOTHI 0,16 0,65
2616 2628+4 MeTunoBbIi 3Qup TPUKO3aHOBOM KUCIOTHI 0,02 0,03
2712 2728+4 MeTunoBbIi 3Qup TEeTPaK03aHOBOW KHCIOTHI 0,09 0,25
2687 2710£N/A MetunoBblii 3¢up (Z)-15-TeTpaKo3eHOBOM KUCIOTHI 0,06

2800 2832413 CkBasieH 0,02

2909 293548 MeTunoBbIi 3up TeKkcaKko3aHOBOH KHCIOTHI 0,02

3069 3040+N/A Crurmacran-3,5-1mueH 0,02

3154 3150+N/A B-Toxodepor 0,03
*HpuMeanue. HOJ'Iy)KI/IprIM H.IpI/I(bTOM BBIJICJICHBI MA)KOPHBIC KOMIIOHCHTHI.

Saxnouenue

IIpencraBieH aHajaM3 XUMUYECKOTO cocTaa sdupHoro mMacima u3 N. sativa u3 ITakucrana u Cupun. C
HCIOJIb30BaHUEM METOJ]a XPOMAaTO-MacC-CIIEKTPOMETPUH ObUIH BBISBICHBI U MOAPOOHO MPOAHANN3UPOBAHbI
KOMIIOHEHTHI Macjia U3 00eHXx CTpaH.

CpaBHuTENBHBIN aHaaM3 cocTaBoB kommosuimii N. sativa, mpomspacraronux B Ilakucrane u Cupun,
moKazaj OoJiee BBRICOKOE co/iep KaHne B Chipbe u3 [lakucraHa B MpoleHTax NalbMUTHHOBOM kuciotsl (11,2
npotuB 8,1 %), (Z)-9-okramenenoroii kuciorel (37,0 mporus 0,04 %), 3,7,11,15-rerpamernn-(E,E,E)-
2,6,10,14-rekcanexarerpacH-1-oma arerar, (2,1 nporus 0,8 %), a macio Nigella sativa L. u3 Cupuu mokasa-
710 OoJIbIlICEe COAEPKAHME TeNTaleKaHOBOM KUCIOTH (36,6 mpotuB 56,7 %) u onenHoBoi# KucaoTs (2,0 npo-
TuB 24,8 %).

W3BecTHO Hanuuue psiza APYTHX KOMIOHEHTOB, BKIo4as o-TyieH, o-Ilunen, f-IluneH, o-Lumen, u-
MenTan-6,8-nueH, muMoHeH, y-TepruHeH, yuc-4-MEeTOKCUTYHaH, JTOHTU(OJICH, METHITETPaIeKaHOAT U MHO-
THe IPyTHue, KOTOpble MOTYT OKa3hIBaTh pa3HOOOpa3HbIe OHOIOTHIEeCKHE YPPEKTHI.

Pe3ynbTaThl JaHHOTO HCCIIEAOBAHUS MPEAOCTABISIOT LEHHYIO OCHOBY IUISl OyQYIIMX HCCIEJOBaHUHA B
obnacTi OMOXUMHH ¥ MEAULMHCKOTO IPUMEHEHHUS Macia YepHOrO TMHHA.

Hccneoosanue gvinonneno npu gunancogoii noooepicke Komumema nayku Munucmepcmea nayku u
svicute2o oopazosanus Pecnybnuxu Kazaxcman (2panm Ne AP19679527).
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E.M. Cyneiimen, P.H. Cyneiimen, b.M. Aiikenies

Cupus meH Ilokicranubin Nigella sativa (3upe maiibl) MalibIHBIH XpoOMaTOMAacc-
CIEeKTPOMETPHsI diciMeH KYPaMbIH CaJbICTHIPMAJIbI TAJAAY

Makanana ITokicran men Cupusiabie Nigella sativa L. adup MaiibIHBIH XUMHSIIBIK KYPaMbIHBIH TaJIaysl Oe-
pinren. Xpomaro macc-criekrpomerpust (GC/MS) amiciH KonaHa OTBIPHIN, €Ki eNIiH Mal KOMIIOHEHTTepi
AHBIKTAJIBIT, erKel-Terkei Tanaanael. Hotmkecinne [Tokictan MeH CHpHsIIaH KeIreH 3Upe Maiibl apachiH-
JIAFBI XAMUSUTBIK KOMIIOHCHTTEP/IIH KYpaMbIHIAFbl [IaMaJIbl ailbIpMaIIbLIBIKTapAbl KepceTTi. [lokicTaHHaH
aJIBIHFAaH (pHP MaWbIHAA MATEMUTHH KbIIIKBUIBIHBIH, (Z)-9-0KTaaeleH KhIIIKBUIBIHBIH KOHE METIIT 3UPiHIH
(Z,2)-9,12-0kTanexamier KBIIKbUIBIHBIH (JMHOJ KBIIIKBUIB, METHI 3(Upi) KOFapblIaybl aHBIKTAJIIBI, all
CupusigaH anslHFaH 3QUp MaiblHIa TeNTaleKaH KBIIIKBUIIBI MEH OJIEWH KBIIKBUTH Korl. ToxipuOene aHbBIK-
TalFaHaai, 3upe MalbIHBIH XUMHUSIIBIK KYpaMbIHA ©CKEH JKepi Jie BbIKITaN Kacaiabl, Oy OHBIH eMJIIK XKOHE ac-
na3ablK KOJAaHBLTYBIHA MaHBI3/IbI ocep eTETiH Kepcereni. 3eprreyae Oipkartap O0acka KOMIIOHEHTTEpIiH Oap
ekeHi Oenriyi OONAbL, SFHH O-TyleH, O-MMHEH, [-TIMHEeH, o-IMMEH, M-MEHTaH-0,8-7ImeH, JIHMMOHEeH, Y-
TEPIUHEH, yuc-4-METOKCUTYHaH, JTOHTH(DOJICH, METHITETPAICKAHOATThI KOCA ECENTEereH e KoHe OacKaiap-
JIBIH JIa KOITEreH 9pTYpJIi OHONOTHSIIBIK dcepiiepi 00yl MYMKiH. Byj1 HOTHXesep Kapa 3upe MalblH OHIi-
PYMEH KOHE KOJIaHYMEH aifHAIBICATBIH FHUTBIMH KaybIMIACTBIK MICH OHEPKICIMNTIK KACIMOPBIHAAD YIIiH Ma-
HBI3JBI JCPEKTEP/Ii YChIHAABI. MalIbIH MIBIFY TEeTiHe 0alTaHBICThI KYPaMbIHAFbl ailbIpMAIbLUIBIKTAPAbI 01Ty
OHJIIPICTI OHTAWTaHABIPYFa JKOHE OHBI METUIMHAIIBIK JKOHE acla3[IblK MaKcaTTa NaiJananyra MyYMKIHAIK Oe-
peni.

Kinm ce3z0ep. Nigella sativa, Tloxicran, Cupusi, 3upe Maiibl, OHOJOTHSLIBIK OEICEH/IITIK, CATBICTRIPMAITBI Tall-
nay, xpomarorpadusi-macc-crekrpomerpusicsl (GC/MS).

Ye.M. Suleimen, R.N. Suleimen, B.M. Aikeshev

Comparative analysis of the compositions of Nigella sativa (black cumin) oil from Syria
and Pakistan using gas chromatography-mass spectrometry

This article presents an analysis of the chemical composition of essential oil from Nigella sativa L. from
Pakistan and Syria. Using gas chromatography-mass spectrometry (GC/MS), oil components from both
countries were identified and analyzed in detail. The results showed unsignificant differences in the content
of chemical components between cumin oil from Pakistan and Syria. The essential oil from Pakistan showed
increased content of palmitic acid, (Z)-9-octadecenoic acid and (Z,Z)-9,12-octadecadienoic acid methyl ester
(linoleic acid, methyl ester), while the essential oil from Syria contains more heptadecanoic acid and oleic
acid. These results suggest that location influences the chemical composition of cumin oil, which has
important implications for its medicinal and culinary uses. The study also revealed the presence of a number
of other components, including a-thujene, a-pinene, B-pinene, o-cymene, m-menthane-6,8-diene, limonene,
y-terpinene, cis-4-methoxytujane, longifolene, methyltetradecanoate, and many others, which can have a
variety of biological effects. These results provide important data for the scientific community and industries
involved in the production and use of cumin oil. Knowing the differences in oil composition depending on its
origin helps to optimize production and expand the possibilities for its medicinal and culinary use. The results
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of this study provide a valuable basis for future research into the biochemistry and medicinal uses of cumin
oil.

Keywords: Nigella sativa, Pakistan, Syria, cumin oil, biological activity, comparative analysis, gas
chromatography-mass spectrometry (GC/MS).
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Biausinue BeCeHHHX nHaBoOJAKOB HAa COCTOAHHEC ITIOYB AKMOJIMHCKOM 00J1acTH

AKTyaJbHOCTh TEMbI HCCIICIIOBaHUS OOYCIOBICHA TEM, YTO MpoljeMa MaBOJKOB B AKMOJHMHCKOW 00JacTH
SIBIISICTCSL Cephe3HOM. [loCcnecTBHS MaBOKOB HAHOCAT ymiepd HE TOJBKO CONUATBLHO-3KOHOMHYECKOTO Xa-
pakrepa, HO U 3Koynoruyeckoro. Ce30HHOE MOBBINICHHE YPOBHS BOJBI B peKax M JalibHEHIlee 3aTorieHue
MPUIETaloNIell MECTHOCTH BIHSAIOT HA arpOXUMHYECKOE COCTOSIHUE TTOYBBI, H3MEHAIOTCS €€ CTPYKTYpa, peilb-
e¢ MecTHOCTH U OnoneHo3. [Ipobnema 3akiroyaeTcsl B TOM, YTO Ha CETOAHALIHUN IeHb HE YACSIETCS BHUMA-
HUSL M3YYEHHI0O MMEHHO SKOJIOTHUYECKHX ITOCIECICTBHI IABOAKOB, a TOJIBKO IAeTCs OLEHKAa COLUAIBHO-
SKOHOMHYECKOMY YIIEpOy, XOTs ymepO 3KOJIOTHYECKH B JOJTOCPOYHOH MEPCIEKTHBE HENb3sl HEJOOLCHH-
BaTh Toxe. OHON U3 3a/1a4 JaHHOT'O MCCIIEIOBAaHHS CTABUTCSI U3YUYCHHUE BIHMSHUS TIEPUOTUUYESCKUX MABOJIKOB
Ha COCTOSIHME TMOYBBI, KOTOPBIE IMOABEPIIIUCH 3aTOIUICHUIO B MoiMax pek. IIpoBoaMTCS OleHKa TakuxX MOYB
JUTSL TIPUHATHSL YIPABICHYCCKUX PEIICHUH O JaTbHEUIIEM UCIOJBb30BAHUH ATUX TeppUTOopuil. OOBEKTOM HC-
CJIC/IOBaHUS JaHHOM CTAThU BBICTYIAIOT 3eMJIH B moiiMe p. JKabaii, koTopas sIBISCTCS MPaBBIM MPUTOKOM pe-
ki Ummm B AkMonuHCKOH obnactu. [IpenmeroM mccienoBaHus SBISCTCS W3MEHEHHUE MOYBHI O] BO3JCH-
CTBHEM IaBOJKOB. Llenh HAyIHOW CTaThM — OLEHUTHh XapaKTep BIUSHHSA MaBOAKOB Ha COCTOSHHE ITOYBHI U
BEIPa0OTaTh PEKOMEHIAINN AIbHEHIIIEMY HCIOIb30BAaHHIO TI0YB, ITOIBEPTIINXCS 3aTOIUIEHHIO. BT mpoBe-
JICH aHaJIM3 MOYB OCEHBIO, JIETOM M BECHOH B TEUCHHE HECKOJBKHX JIET, M MPHUBEACHBI pe3yIbTaThl aHAIN3a
XHUMHYECKOTO B MOP(HOJOrHYSCKOTO COCTOSIHUS MOYB B quHAMHKe. [Ioka3aHO, Kak U3MEHSJIOCH COCTOSHHE
moyB B noiime p. XKabaii B pe3ysipTaTe MaBOAKOB.

Kniouegvie cnosa: maBoaku, peka YKabaii, mousa, nerpaganus mno4s, METaUIbl B I0YBE, COCTOSIHUE TOYB, T10-
CJIEJICTBUS ITABOIKOB, SKOJIOTHSI.

Beeoenue

HaBonnenus paccMaTpuBaroTCa Kak MHOTOACTIEKTHAs Iy100agbHast mpoliemMa B Hay9YHBIX HCCIIeI0BaHH-
six aBTopa A.B. ABaksiHa [1], KOTOpBIii SBJISETCS KPYIHEHIIIMM CIICIHAIMCTOM B 00JIACTH KOMILIEKCHOTO HC-
MOJIb30BaHUSI BOAHBIX PECYPCOB, BOJOXPAaHWINIL U HaBOJHEHUH. V3yueHne ero mcciieioBaHUi O HaBOAHE-
HUSIX B MUPE MOKa3bIBAET, UTO YCTPaHEHHE yliepOa MmocaeICTBUN B OOJIBIIMHCTBE CIy4aeB BO3paCTaeT, U 110
CHUX TOp OTCYTCTBYIOT ITOJIHOIIEHHBIE Y KOMIUIEKCHBIE CUCTEMbI MOHUTOPHHTA U aHAJIN3a JAHHBIX OECTBHI.

B macmrabe 3emHOro mapa KOMIUIEKCHYIO paboTy 1Mo cOopy JaHHBIX O HaBOJHEHUsX ¢ 1996 rona Be-
netr Jlaprmytckas odcepBaropus pu ['anroBepckoM koutemke B CLIA [2]. COop naHHBIX oCymIecTBIISIETCS
Ha MOCTOSIHHOW M cUCTeMaThdeckor ocHoBe. OJIHAKO KOJUIEKTUB OOCEPBATOPUH 3aHUMAETCS JIUIIb TePBUY-
HBIM aHAJIM30M JIaHHBIX.

H.J. Kucenesa, B.B. llItannosa u E.W. bacuna [3] B cBOeit paboTe MoI4epKHUBAIOT, YTO HEIOCTATOY-
HOE BHUMAaHHE YAEJSeTCs MOCIEeACTBUSAM MMaBOJKOB Ha 3emitio. Cienyer coOupaTh HHPOPMALHIO 00 3TOM U
paccMmarpuBaTh MaBOAKHM KaK TI100albHOe MHOTOACTIEKTHOE siBieHue. McemenoBanus mpoBoaniauch B TymmyH-
ckoM paiione MpkyTckoit oOnactu. VX ncciegoBanne moka3aio, YTO MaBOJKH OKa3bIBAIOT KaK HEraTUBHOE,
TaK ¥ ONaronpusTHOE BO3/ACHCTBHE HAa MOYBY. Pa3HbIe ydacTKU TEPPUTOPHUH MTOKA3AJIM pa3HbIE pPe3yIbTaThI.
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H.B. TroTroMa, mpoBezsi CBOM HCCIIEIOBaHNA Ha NIPEAMET BIMSHHSA BECEHHUX IMaBOJAKOB peku Bonru Ha
MUTPAIUIO TSHKEIBIX METAIIOB B TToYBe Bonro-AXTyOMHCKON MONMBI, OTMEYAET, YTO B PE3YJIbTaTe MOJIOBO-
b KOHIICHTPAIINS TSHKEIBIX METAIJIOB B [TOYBE CHU3WIOCH [4].

[Henanuce 3amepsl yriepojia ¥ a3oTa B IOYBE, KOTOPBIE MTOJIBEPTalOTCS 3aTOIICHHIO B ToMiMax pek. Uem
Jarie moyBa MoJBeprajiach 3aTOIJICHHIO, TEM BhIle 3aQMKCHPOBAH YPOBEHD YIiiepoa U a3oTta B mouse [5].

M.. Yremkanues u P.b. AxmeToB [6] cuuraror, 4ro Hanbosee CylneCTBEHHON YepTOi reHe3nca moii-
MEHHBIX TI0YB ATHIpayCKOi 001acTH sIBISIETCS MPOTEKaHWE MOYBOOOPa30BaHUs MO BIUSHUEM MEPHOINYC-
CKOTO 3aTOIUICHUS MaBOJKOBBIMU BOJAMHU C aKKyMYJIAIMEH BBHIMYYEHHOCTH MaTepHajoB Ha MOBEPXHOCTH
[IOYBBI.

M.H. VcromuHa B CBO€l CTaThe « DKOJOTMUECKHE TIOCIEACTBUS HABOAHEHH [7] MaeT KOMILIEKCHBIH 1
BCECTOPOHHMN aHaJdM3 TMOCJIEACTBUM HABOJHEHWH. VYKa3blBaeT Ha TO, 4YTO, KpPOME COIHaJIbHO-
9KOHOMHYECKHUX MOCJE/ICTBIUI HAaBOJAHEHWH, BBISBISIOTCS TAaKXKe 3KOJOTHYECKHE, KOTOPhIE MOTYT OBITh Kak
MTOJIOKATENBHOTO, TaK M OTPUIATEIFHOTO XapaKTepa BIMSHUS Ha DKOCHCTEMY W KOMIIOHEHTOB JaHAmadTa.
Oco0eHHO TH U3MEHEHUs TaHAmAa(Ta IPOSIBISIOTCS B TIOHMax pek.

A.C. Kopisixos, B.. O3no6uxun u M.A. 3BepeBa [8] B cBoeM HCCIICIOBAHHU OTMEYAIOT, YTO DPO3HSI
[0YB OT HABOAHEHHUH W TIABOJKOB OIPENEseTCsS YPOBHEM CMBITOCTH TOYB; OBUIH COCTaBIIEHBI KapThl APO-
3MIMHBIX MPOIECCOB Ha JaHamadT u mouBy B OacceitHax pek. CuenaHbl pacdeThl yIIepOOB OT MOTEPh ILIO0-
ponus u Tpanchopmanuu yroauii. [loMoraer 3allUTUTh MOYBEHHBIH MTOKPOB OT BOJHOW 3PO3UH €CTECTBCH-
HBII MOMMEHHBIN pacTUTENbHBIA NOKPOB. Takue NOYBbl MOAJAIOTCA B MEHBIIEH CTENEHU 3POIUPOBAHHOCTH.
[TouBBI, KOTOpPBIE COCTOST U3 JIETKO Pa3MbIBAEMBIX I'PYHTOB WM HaxXOIATCS Ha YKJIOHAX, HAMHOIO Jerdye
MIOABEPrarOTCsl BOJHOM 3pO3UHU.

IToaTOMy pa3Hble MOYBHI MO CTENEHU MOABEPKEHHOCTH 3PO3UU UMEIOT Pa3HbIA PUCK MOTEPATH 3arachl
rymyca B noyse. Tak B IOoYBax, MOJBEP>KEHHBIX CHIIBHBIM 3PO3USIM, IOTEPU I'yMyca MOTYT COCTaBJIATh OT 10
10 75 %, a B HEKOTOPBIX CIIy4asiX U MOJHOCTBIO MOXKET ObITh CMBIT Bojoi. M.H. Mctomuna [9] B cBoem wic-
CJIEIOBaHMU yKa3bIBaeT Ha TO, UTO MOTEPU TYMyca, B 3aBUCHMOCTH OT Pa3HOI'0 T'eHe3nca MoYB, MOTYT JIOCTH-
ratb oT 54 mo 270 T/ra. A 3TO HamPSIMYIO BIMSET Ha TUIOJAOPOANE U PACTUTENHHBIA MUP. 3aMETHO CHIYKAETCS
YPOBEHb MAaKpO3JIEMEHTOB B IOYBE, TAKUX KaK a30T, (pochop, Kauid.

Cpenu yueHBIX MpoOieMa BIUSHHS TaBOJKOB M HABOJHEHUH HA YPOBEHB ITUIOJOPOHS TIOYB BHI3BIBACT
ocoObrit uaTepec. E.IT. Bopornosa [10] nmpu u3yueHHH peYHBIX HAHOCOB M MABOJKOB B MoiMax pek MpTeiil,
Huenp, Oku, EHncel BbISIBUIIA B3aUMOCBSI3b MEXIY IJIOIOPOAUEM MOYB U PEYHBIMU NaBOAKaMU. B pe3yib-
Tate OBUTN MOJYYCHBI JAHHBIE O TOM, YTO €CIIH MPOIOIKUTEIHHOCTD TIOJIOBOIMM HE TIpeBhImaeT 2025 qHei,
a MOIIHOCTh HAHOCOB HaXOAWUTCS B HEBBICOKUX mpeenax okoyo 0,1-0,7 cM, To 3T0 OKa3bIBaeT OJIarompHsT-
HEI 3 (eKT Ha OMOTEHHBIE XapaKTEPUCTHKH ITOYBHI.

ITo npyrum wuccnenoBanusm aBropa JL.U. Kopabinesa [11], npu u3yuyeHHH BECEHHHX MAaBOJKOB PEKU
Oxwu, KoTOopbie AnsaTes 1o 60 qHel, pedHble HAaHOCHI XapaKTePU3YIOTCs MUPOKKUM ciioeM (10 12 cM B mpupyc-
JOBOM 30HE). /laHHBIE HAHOCHI YaCTO COCTOAT M3 IMECYAHBIX YaCTHUI], KOTOPBIE HE 00J1a/1al0T MUTATEIHHBIMH
BEILIECTBAMH, U, CJIEIOBATEIbHO, HA TUIOJOPOAHBIE CIOU MOYBBI HAHOCUTCS TOJCTBIM CJIOU IECKa, U 3HAUM-
TeJbHAasl YacTh TUIOIOPOAMA TepsieTcsa. A B pe3ysibTaTe MUHEpAIU3aluy MI0YB, KOTOpasi BO3HUKAET B MPOIIEC-
ce JUIMTEJILHOTO 3aTOIUICHUS, IPOUCXOIUT U3MEHEHUE TUIIA IIOYBBI, U OHA CTAHOBUTCSI MEHEE MPUTOJIHA WU
Ja)ke TIOJTHOCTBHIO HETPUTOJIHA B CEJLCKOXO3SHUCTBEHHBIX IIeNsAX. Te 3eMiii, KOTOphle MOABEpPIIIMCH Oolee
JUTATEIbHOMY 3aTorieHuto (Oosiee 30 mHEH), CTAaHOBATCS TVIMHUCTBIMH, 3aCOJICHHBIMHU, B HUX HAYMHACTCS
MPOMCXOJIUTH Tpoliecc 3a00JIaYMBaHMsI U YIUNIOTHEHHE TpyHTa. Bee 3TH mporecchl HETaTHBHO CKA3bIBAIOTCS
Ha ypOBHE II0J0POAUSL.

Mamepuanvt u memoosi

B mccnenoBaHumM HMCTIONB30BAIMCh METOMBI aHAIM3a HAYYHBIX ITyOJHKAIM 1O TeMe HMCCIETOBaHMS:
cbop, aHanuz, 0000IIEHNE U IPYNITUPOBKA JAaHHBIX O MABOAKOBBIX CUTYalMsIX B AKMOJIMHCKOW 00jacTu, a
TaKXe METO/bI CPABHUTEILHOTO aHAIN3a IaHHBIX U THIPOJIOTHYECKOT0 HAOIIOICHHS.

Marepuansl ucciaeaoBaHus: JoKiIaapl MUHACTEPCTBA 3KOJIOTHH, MEOJOTUH U IPUPOAHBIX pecypcoB PK
0 COCTOSIHUM OKPY’Karollei cpelpl U 00 MCHOJIb30BAHUH HPUPOIHBIX PECYPCOB; THAPOJIOIHYECKHUE TPOTHO-
361, oTueThl 1 uHPopmanus ot PI'TI «KasruapomeT; miaHbsl MEpONPUATHIA U OTYETHl O MPOXOXKACHUH I1a-
BOJKOBBIX I1IEpUONIOB OT JlemapTraMeHTa 0 Ype3BbIYaiiHbIM CUTYaLUsIM U Y IIPaBJICHUsI IPUPOIHBIX PECYPCOB
AKMOIMHCKOH 00J1acTH, Apyrue JOKyMEHTHI.
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B nepuoa ¢ 2018 o 2021 ronapl mpoBOAUICS MOHUTOPUHI BIUSHUS TAaBOJKOB Ha COCTOSIHUE MOYBHI B
noiime pekn JKabait. C 3Toif 11enpio OBUTH MPOBEIEHBI CIEAYIONINE BUABI aHAIN30B, 2 IMEHHO MTPOaHAIIN3H-
pOBaHEI:

— Mop¢oIOTHIECKHe CBOWCTBA TTOYBHL

— XWMHUYECKHe U (U3NIEeCKIe CBOICTBA MTOYBHI;

— cofepKaHHe METAJUIOB B TIOUBE;

— KHUCJIOTHO-TIEIOYHOHN OaaHC MOYBHI U COAEpKaHIE TyMyca.

[Tpu n3ydeHnn MOPQOIOTHUECKUX CBOMCTB IMOYBHI ObLI MPUMEHEH OCHOBHOM METOJ]] — MakpoMopdo-
JOTHYECKH (M3y4IeHHe MOYBBI HEBOOPYKEHHBIM Ti1a30M). KpomMe 3Toro, Bcmonp30Banach Komka 3eMia 110 1
M, YTOOBI U3Y4IHTH MPO(HITH 3eMJIH, BBISBUTH OCHOBHEIE (30HAIBHBIE) TTApaMETPHI MOP(POTIOTHIECKOTO CTPO-
CHUS TEHETHYECKOTO MPOMUIIs MOYB paiioHa MPAKTUKH.

Jns onpeneneHus XMMHUYECKOTO COCTaBa TOYB MpoBOAMJICS 0TOOp mpoO mouBsl coriacHo ['OCTa
17.4.4.02-2017 «Ot160p mpo6 MOUBHI IS XUMHUECKOT0O aHann3a» [12]. Toueunslie mpoOBI TOYBEI OTOMPAIH
LImaTesieM OJHOPa30Bo ¢ TMyOouHbl 5-30 cM Ha MPOOHBIX IUIOIAAKAX M3 OJHOTO TOPU30HTA METOJOM KOH-
BEepTa M COCTABIISUIM OOBEIMHCHHYIO MPOOY MyTeM MX cMelnBaHus (Macca He MeHee | kr). OmnpenencHue
TSDKEIBIX METAJUIOB OBLIO BBIMIOJHEHO aTOMHO-a0COpOIMOHHBIM METOIOM Ha creKTpodoTomerpe (Gpupmbl
Hitachi AAS 180-50 ¢ miamennoii atomu3anueid. Kakmayro mpoOy onpeaensyii Ha HaTUdhe KaaMmus, KO-
0anbTa, HUKENSI, MapraHia, IIMHKa, JKeJie3a 1 XpoMa.

Pezynvmamut u 0b6cyscoenue

BecHoii, korna HauMHaeTCs TasHUE CHETra, CHEr TaeT OBbICTpee, YeM JieA Ha peKe, M Tajas BoAa Mo 3a-
Mmep3ieil 3emie cTekaeT B peky Ecuib. 3a 2—-3 Henenu OBICTPOro TasHUS CHEra peka JOCTUTaeT pacxoja
1000 M3 Bozb! B cekyHy 1 6osee B paiione Actanbl u 10 1700 M® B cekyHy HIkKe 110 TedeHHIO B AT6acape
Ha peke JYKabaii, rie ypoBeHb BOJBI MOKET TOBHIIIATECS HA 6 M, HAHOCS 3HAUYNTENBHBINH yiepd nHppacTpyk-
Type u umymecTBy. Korma B permoHe HacTymaeT BHE3alHOE IMOTEIUICHHE, TOJIOBOJAbE MOXKET YCHIIMBATHCS
JOBOJILHO OBICTPO, UTO 3aTPYAHSET MPOTHO3UPOBAHKE CPOKOB U MaciuTada siBieHus. ExxeHenensHbIe THAPO-
JIOTMYECKHE MTPOTHO3BI, HAPSIY ¢ JaHHBIMU U3MEPEHHH, MOTYT MPENYIPEIUTh O MPEICTOIIEM HaBOAHEHHH,
OJTHAKO MPOTHO3MPOBATh MACIITA0 MOJIOBOIbs ClI0KHO[13].

Jatbl Hayana, MMKa U OKOHYAHHS BECEHHETO IMOJIOBOJbS MO pekaM AKMOIMHCKOW oOmactu 3a 2012—
2016 rr. B3sTHI U3 AaHHBIX Kasrugpomera (Tabm. 1).

Tadbnuma 1
XpoHoJiorus BeCEHHUX NMaBOAKOB Ha peke Kabaii 3a 2012—-2016 rr.

Peka-yHKT Jatet 2012 r. 2013 . 2014 . 2015. 2016 r.

P Jabaii — c. BarKalio Havaio 28.03 03.04 31.03 10.04 02.04
CanibikTaycKuii paiion ’ ITuk 05.04 11.04 10.04 13.04 07.04
OKOHUYaHHE 24.04 18.04 10.05 30.04 02.05

. Havaio 29.03 29.03 31.03 11.04 31.03
CPA;I;;S;PL;;(; Abacap, Atba- Tux 07.04 12.04 10.04 17.04 08.04
OKOHUYaHHE 24.04 03.05 01.05 01.05 04.05

Bonee cBexue nannple Kasruapomera no BeceHHUM naBokam 1o p. JKabaii mpeacTaBieHbl HIXKeE:

- Ha 17.04.2017 1. 3aUKCHUPOBAHO MaKCHMaJIbHOE 3HAYEHHE MOJTHATHS YPOBHA 6,1 M (kpumuueckas
ommemxa 3,45 m, noomonnerno 450 domos), 06bEM BIIaro3anacoB Ha HAYaJIO0 aKTUBHOTO CHETOTASTHHSI CO-
cTaBisuT 827 MIIH M°;

- Ha 14.04.2018 r. 3auKCHpPOBAaHO MaKCHUMaJbHOE 3HAYCHHE MOJTHATHUS YPOBHA 3,6 M (kpumuueckas
ommemxa 3,45 m, noomonnenuil 0omMo8 He donyujero), 00bEM BIaro3arnacoB Ha Ha49aj0 aKTUBHOT'O CHETOTa-
SHUS COCTaBIAT 784 MiTH M,

- Ha 07.04.2019 r. 3adukcupoBaHO MaKCHMalbHOE 3HAYCHHWE MOMHSATHSA YPOBHS 3,7 M (Kpumuueckast
ommemxa 3,45 m), o0bEeM BJIaro3amacoB Ha HA4YaJl0 AKTHBHOTO CHETOTAsSHUS COCTaBsul 427 MITH
M [Ommbka! HeusBecTHBIN aprymMeHT KiIo4a.].

CpaBamBas ceenenus 2017 u 2018 romos, BumuM, 9T0 00BEMBI BJIAr03aracoB MPAKTHIECKH OJUHAKO-
BbI, HO ()aKTHYECKHE 0OBEMBbI NMPOXOXKIACHUS W MaKCUMAaJIbHbIC YPOBHHU BOJIbI B peke XKabai CyliecTBEHHO
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pasHATCS, YUUTHIBAs U TOT (AKTOP, YTO YPOBeHb BoABI B 2017 romy JOCTUT MUKOBOTO 3HAYCHHMS 3a 15 MHEH,
B 2018 rogy — 3a 3 gmHsL.

ITo cBenenmsm 3a 2018 1 2019 rogsr, 00pem Brarozamacos B 2019 rogy mpaxkTudecku B 2 pa3a MEHBIIIE,
gyeMm B 2018 roay, mo ¢akTy MakcuMasbHbIe ypOBHHU BoAbI B peke B 2019 roay Beiie Ha 0,1 M, ypoBEHb BOJBI
B 2019 roxy moctur mukoBOro 3HadeHus 3a 5 mHel, B 2018 rogy — 3a 3 mHA, clieoBaTeNbHO, UCXOS U3
3TOTr0, 0OBEMBI TIPOXOXKAEHHSI BOJIBI TIO PYCITy PEKH JOJDKHBI ObITh Oonbiie yem B 2018 romy, 9To mpoTHBO-
peunt cBeaenusM Kasrunpomera o ClipOrHO3MPOBAHHBIX 00BEMAax BIAro3anacos.

B 2020 u 2021 rogax, Gnarogaps TIIATEILHOW MOArOTOBKE K BECCHHUM IaBOJKaM, HE ObLIO 3a(hUKCH-
POBaHO NOATOIUICHHUE JKUJIBIX JIOMOB B LIEJIOM I10 00JIACTH.

ATrbacapckuii paiion [15] AKMOJIMHCKOM 0071aCTH BXOIUT B YHCIIO TEPPUTOPHIA ¢ OTHOCHTEIHLHO MAJIOi
Oouomaccoli pacrenuii. CoxpaHeHHE PACTHTENBHBIX OCTATKOB M MYJIbYHM Ha MMOBEPXHOCTH MOYBHI 3AIIUIIAET
[IOYBY OT 3PO3HUH, COXPAHSIET MOYBCHHYIO BJIATy M PETYIMPYET TEMIEpaTypy MOUYBBL. DPO3HOHHO-OMACHBIE
IOJIST — 3TO TIOJIA, HE3aIIMIICHHBIE PaCTUTEIbHOCTHIO, OOJBIINE MO pa3MepaM C IJIagKOH, BEIPOBHEHHOMH
MOBEPXHOCTHIO M CKJIIOHOBBIE 3eMiid. OXpaHa TIOYB OT 3PO3HHU JOJDKHA UMETh TOJITOCPOUYHBI XapakTtep. s
KOHTPOJIsI BETPOBOW M BOJHOM 3p03uH MOUB 3PPEKTHUBHO MOJIOCHOE Pa3MELICHUE Pa3InYHbIX CETbCKOX035H-
CTBEHHBIX KYJBTYp IOMEPEK CKIIOHA, BKJIIOYasi oyBo3amuTHEIE. To ecTh AtOacapckuii paiioH MOABEpKEeH
BETPOBOU M BOJHOM 3PO3UEN B OLIPEACICHHOMN CTEICHH.

[TouBbl ATOacapckoro pailoHa B OCHOBHOM TeMHO-KaiiTaHOBbie [16]. B pernone ocHoBHO# Bua nes-
TEJILHOCTH HACEJIEHUSI — CEJIbCKOE XO03HCTBO. OCOOEHHOCTBIO PETHOHA SIBJISETCS TO, YTO OOJIBIIAsA YacTh
3eMeJNb HaXOAWUTCS B BUJE MAIHHU O] MOCEBBl 36PHOBBIX U MACIEHUYHBIX KyJIbTYp. T€ 3eMiIH, KOTOpbIE HE
pacmaxaHbl, OTBEJICHBI TTOJ1 TACTOMIIA AJISl BBITIaca CKOTa MECTHBIX (pepM 1 HaceIeHHS.

B menom namnas tepputopust Bosie T. Atbacapa u peku YKabail OTHOCHTCS K 3aCYILTUBOW CTEITHOM
30He. B cmiy knmumaTnueckux ocoOCHHOCTEH M aHTPOIOI'CHHBIX (PAKTOPOB M HATpY3KW Ha MAcTOMINA HMe-
IOTCSl OYard Jerpajainuy nouBbl. Kiimmar siBisieTcs pe3ko KOHTUHEHTAIBHBIM C KOPOTKUM JIETOM M CypOBOM
3UMOW W CHJIBHBIMH BETpPaMH, OTCYTCTBYIOT JieCHble HacakaeHus. CpemHee KommuecTBO ocaakoB 220-280
MM B I'OJI.

Mopdonorndeckuii npopuis NaHHBIX TOYB CIOXKEH U3 CPEAHECYTIIMHHCTOTO TPaHyJIOMETPUIECKOTO
COCTaBa; OKpacka B BEPXHHUX TOPHU30HTaX OJHOPOJAHAs, a B ropu3onte B2 mmeer Ooiee HEOTHOPOAHYIO
OKpacKy — cepoBaTo-0ypyr0; KOMKOBAaTO-3€PHUCTYIO CTPYKTYPY B BEPXHHX I'OPHU30HTAX, B HIJKHUX T'OpH-
30HTax Mpeol1agaeT OpexoBaTO-NPU3MATHIECKAs! CTPYKTYPA.

Tabnuma 2

Xumuyeckue ¥ GpU3MYECKUE CBOHCTBA TEMHO-KAIITAHOBBIX NI0YB B paiioHe pexku Kadai

CopepxaHne 0OMEHHOTO Kajlb-
I110THOCTB MOYBHI,
I'opusonr, paspes I'ymyc, % Hem® pH U ¥ MarHust Mr. 9kB 100 T
MTOYBHI
A 0-20 c™m 3,6 1,22 6,9 22,1
B120-40 cm 3,55 1,41 7,2 22,45
B2 40-55 cm 2,95 1,52 7,41 26,8
Bk 55-75 cMm 2,7 1,59 7,8 27,3
C 0omnee 75 cm 0,7 1,64 8,2 24,9

Kak cienyer u3 Tabuumpl 2, B 3aBUCHMOCTH OT [NTyOHHBI 3€MJTH, IJIOTHOCTh YBEITMUUBACTCS, B BEPXHUX
CJIOSIX TTOYBBI KUCIIOTHOCTh MOYTH HeWTpanbHas (6,9), B HIKHUX CIOSX CTaHOBHUTCA mienodHoi (1o 8,2). B
coctaBe OOMEHHBIX OCHOBaHHMH mpeoOnanaroT Kanpuuil u Maruuil. Coxepxxanue Ca+Mg B mouBe Ha ropH-
30HTe A 0H coctaBisieT 22,1 mr. 3xB 100 T mouBsl. B cpenHux ciI0sX BO3pacTaeT M JOCTHUTaeT MOKa3aTelns
27,3 mr.okB. 100 r o4BHI.

Bruto npoBenieHo nccienoBanre MoYBkl B olime peku JKadaii Ha mpenMeT OLEHKH HaJU4Yus U YPOBHSA
TSDKEJIBIX METAJLIOB 0 U MOCJIe TaBOAKOB (TadiI. 3).

Tabnuma 3
Copep:xaHue TSKeJIbIX METALIOB B Ho4uBe B mepuox 2018—2021 rr. B cpeqnem

Meran,
MI/KT

[Ipespienue 11K o yyactkam
1 \ 2

ITK, mr/kr [epuon VYuacrok 1 VYuacrok 2
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Becna 72,7 80,05 2,7 10,05

Zn 70 Jleto 27,9 34,93 - -
Ocenn 58,5 67,78 - -

[Iponomkenue TaduuIy 3
Becna 0,41 0,37 - -

Cd 3 Jleto 0,32 0,49 - -
OceHb 0,35 0,38 - -
Becna 32,17 51,2 - -

Ni 58 Jleto 29,77 37,35 - -
OceHb 49,38 49,1 - -
Becna 7,87 7,13 - -

Co 25 Jleto 7,65 11,44 - -
OceHb 12,54 17,85 - -
Becna 21,85 40,12 - -

Cr 120 Jleto 14,52 16,11 - -
Ocenn 30,1 26,81 - -
Becna 21421 2054,0 1642,1 1554

Fe 500 Jleto 795,3 798,65 295,3 298,65
Ocenn 2612,1 2205,2 2112,1 1705,2
Becna 191,3 217,8 - -

Mn 800 Jleto 142,2 151,6 - -
OceHn 225,16 342,09 - -

[TpoBeneHHbIN aHAIN3 MPOO MOKAa3all, YTO COJep)KaHUEe METAJUIOB B TIOYBE ITOCTIEC MABOJIKOB CHUKAETCS.
HaunGonpiee npeBsimerne JOMyCTUMOW HOPMBI METaJLIOB OBIJIO OTMEYEHO 1o xelnely. BecHoit Fe cocras-
JISUT Ha ABYX ydacTkax B monme peku JKabait 2142,1 mr/kr u 2054 MI/KT Ha IEpBOM B BTOPOM y4acTKax CO-
0TBeTCTBEHHO. [locie maBoIkOB coziepKaHue jKene3a B IOYBE 3HAYUTENFHO CHIKAIOCH M IOCTUTANI0 YPOBHS
795,3 mr/kr u 798 Mr/kr Ha IepBoM u BTOpoM ydacTke. OCeHbI0 ypOBEHb Kelle3a CHOBA BO3pacTal U Ipe-
BBIIIIaJl YPOBEHb BeCEHHUX Mokazateneit (2612,1 mr/kr, 2205,2 mr/kr). B Teuenne jgeta mpouCXOaUT MOBTOP-
HOE 3arpsi3HeHue mous (Tadm. 4).

Tabnuma 4

HN3meHeHMe coepKAHUSI METAJLJIOB B NMOYBeE MOCJIe NABOAKOB (I/KI U MPOLEHTHI)

MSI?:H’ Yuacrok 1, r/kr Vuyacrtok 2, r/Kr Vuaacrok 1, % Vuaactok 2, %
Zn -44.8 -45,12 -62 -56
Cd -0,09 0,12 -22 32
Ni -2,40 -13,85 -7 -27
Co -0,22 4,31 -3 60
Cr -7,33 -24,01 -34 -60
Fe -1 346,80 -1 255,35 -63 -61
Mn -49,10 -66,20 -26 -30

[TpoBenst cpaBHUTENBHBIN aHATN3 W3MEHEHUH COJEPKaHUSI METAJUIOB B TOYBE, OBUIO BBIACHEHO, YTO
coJiepyKaHue IMHKA MOCIe MaBOjKa CHHXAIOCh HAa 62 W 56 % 1o KaXJAoMy ydacTKy, KaJMHs Ha MEPBOM
y4acTke cokpatuics Ha 22 %, a Ha BTOPOM ydacTKe MoBbICHiICS Ha 32 %, Hukenb cHusuics Ha 7 u 27 %,
KOOaJIbT Ha BTOPOM ydacTke MmoBbicuiics Ha 60 %, a Ha mepBoM He3HauuTebHO cokpatuics (-3 %). Ilo
OCTAJIFHBIM MeTalJIaM Takke HaOJII0JaeTcsl COKpalleHue B COAePKaHUM MOUB 000MX yyacTKoB. Tak, HanpH-
Mep, xpoM (-34 %, -60 %), xeneszo (-63 %, -61 %), mapranen (-26 %, -30 %). Takum oOpa3zom, MO BceM Me-
TayaM, KpoMe KobaibTa W KaJIMusl, HabIoaeTcs COKpalleHue 1Mociie BECCHHUX MaBoJKOB. [IpeBbimenne
HOPM OBLIIO OTMEUEHO I10 ITUHKY | KeJie3y Ha 000X yJacTKax.

Baxnouenue

B PE3YIBTATE NMPOBECACHHOI'O0 UCCICAOBAHUA MOXHO CACIATh BBIBOJ O TOM, YTO OJHO3HAYHO MMAaBOAKH
OKa3bIBAIOT BJIMAHHUE Ha KAYECTBO IMOYBBI 1 YPOBCHBL COACPKAHNA METAJIJIOB B HEH. OJIHaKO MHOTO€ 3aBHUCUT
oT penbe(ba 3€MIJIN, o0beMa BOABI BO BpEMA MMaBOAKOB, MPOAOJLKUTCIIBHOCTU U YaCTOThI MMAaBOJAKOB, paCTHU-

Cepus «buonorusa. MeguunHa. MNeorpadums». 2024, 29, 1(113) 109



M.P. AnmxaHoBa, C.b. >)KanapoBa

TEJIHHOCTH U IJIOTHOCTH IpyHTa. Bee 3T (pakTOphl HEOOXOAMMO YUUTHIBATh MPU POTHO3UPOBAHUY TTOCIIC/I-
CTBHI MABOJIKOB Ha COCTOSIHUE MTOYB, KOTOPhIC MOJIBEPrarOTCs 3aTOIUICHUI0. B MccienoBanuu ObII0 OTMEYe-
HO, 9TO YeM IPOIOJLKUTENbHEe MmaBoAaku (6oiee 30 mHel), TeM HeraTHBHEE MX IOCIICICTBUS HA COCTOSHHUE
MOYBHI U UX MPUTOTHOCTH B JaibHelmeM. [1o3ToMy He Bcernia maBoJKM HETaTUBHO CKa3bIBAKOTCS Ha COCTO-
SITHAU TIOYB, KOTOPBIC MOJBEPIIIMCH 3aTOIUICHUIO. Ecim penbed paBHUHHBIN, TO HE TMPOMCXOIHUT CHIILHOTO
pa3MbIBa TYMYCHOTO CIIOSI B BEpXHHX CJIOSIX MOYB. B pe3ynbraTe MaBOJKOB CHHXKACTCS YPOBEHD TSKEIBIX
METaJIOB B mo4YBe. [1aBOAKOBBIE BOJIBI PACTBOPSIOT MHKPOAJIEMEHTHI B TIOYBE M CIIOCOOCTBYIOT UX MHIpa-
nuu. Kpome 3Toro, Ha MI3MEHEHHE Ka4eCTBa 3eMJIM BIIUSCT YPOBCHB 3arpsA3HEHUS OKPYIKAIOIICH TEPPUTOPHH.
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M.P. AiirxanoBa, C.b. XKanaposa

AKMO0J1a 00/1bICBIHBIH TONBIPAK KAFAAHBIHA KOKTEMTi Cy TACKbIHBIHBIH dcepi

3epTTey TaKbIPBIOBIHBIH ©3C€KTUIIri AKMOJA OONBICHIHIAFBI Cy TACKBIHBI MOCENECIHIH KypJeli eKeHIIriHe
GaitnanbicThl. Cy TACKBIHBIHBIH CAIAPhl TEK QJIEYMETTIK-9KOHOMUKAIIBIK CHIIATKA FAHA eMeC, COHbIMEH Oipre
IKOJIOTHSUIBIK CHUIIATKA J1a 3UsH TUTi3e/i. ©3eHaep/ieri cy JeHreliHiH MayChIMIBIK KOTepinyi )koHe iprejec
aiiMaKThl 0J1aH api ¢y Gacybl TOMBIPAKTHIH arpOXUMUSIIBIK JKaFIaiblHa dcep €Te/li, OHbIH KYPBUIBIMBI, JKepTi-
JIKTI JKepiH Oenepi skoHe OHoleHo031 e3repeai. Macene MbplHaga, OYTiHTI TaHIa Cy TACKBIHBIHBIH 9KOJIOTHSI-
JIBIK 3apJanTapblH 3epTTeyre KoHT 0emiHOei i, TeK aJeyMeTTIK-OKOHOMHUKANBIK 3ananibl Garanay FaHa xKyp-
ri3inynme, JereHMeH y3aK Mep3iMji MepclieKTHBaga KOpIIaraH OpTara KeNTIpUIreH 3ajajibl Ja Oaramamay
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BnusiHne BeceHHUX NaBOAKOB Ha COCTOSAAHME MOYB...

MYMKiH emec. Byn 3eprreynin MminaerTepiHiH Oipi — e3eH anKaObIHBIH TOIBIPAFbIH Cy OackaH »Kargaiija
Mep3iMAl Cy TacKbIHBIHBIH dcepiH 3epTrey. Ochl aymMakTappl OfaH 9pi MaiianaHy Typajibl 0acKapyIIbUIBIK
nremriMaep KaObuigay YINiH TONBIpakKa Oaranay >KYprisiiai. MakanaHbIH HBICAHBI AKMOJA OOJIBICHIHAAFHI
Ecin e3eHiHiH OH cayackl 60k TaObUIaThIH YKabali e3¢HIHIH aTKaOBIHIAFbI JKep. 3epPTTeY TaKbIPHIObI — Cy
TaCKBIHBIHBIH 9CEePIHEH TOIBIPAKTHIH ©3repyiH 3epTTey. MakalaHbIH MakcaThl Cy TacKBIHBIHBIH TOIBIPAK
JKaFalibIHa 9cep €Ty CHITATHIH Oarayay jkoHe cy 0acKaH TOIBIPAKTHI OJjaH dpi MalnanaHy OOMBIHIIA YCHIHBIC-
Tap a3ipusiey. bipHeme b1 OOHBI KY3/€, ka3a jkoHe KOKTeM/IE TONBIPAK Talaaybl KYPri3iiai jkoHe THHaAMH-
Ka/la TONBIPAKTHIH XUMUSIIBIK XKOHE MOPGOIOTHAIBIK JKaFAaibIH Tangay HoTmxkenepi 6epinreH. Cy TaCKbIHBI
HoTmxeciHze XKabail e3eHi ankaOBIHAAFHI TOMBIPAKTHIH JKail-Kyiii Kanail e3repreHi KopceTiirex.

Kinm ce30ep: cy TackpiHbl, JKabail ©3eHi, TONbIPaK, TOMBIPAKTHIH TO3YhI, TONBIPAKTAFbl METAJAAp, TOMbBIPaK
JKaFIaiibl, Cy TACKBIHBIHBIH CaJIapbl, SKOJIOTHS.

M.R. Aitzhanova, S.B. Zhaparova
The influence of spring floods on the soil condition of Akmola region

The relevance of the research topic is due to the fact that the problem of floods in Akmola region is serious.
The effects of floods are damaging not only socio-economic but also environmental. Seasonal increases in
river levels and further flooding of the surrounding area affect the agrochemical condition of the soil, chang-
ing its structure, terrain and biocenosis. The problem is that, to date, no attention has been paid to the study of
the environmental impact of floods, but only to the assessment of socio-economic damage, although long-
term environmental damage cannot be underestimated either. One of the objectives of this study is to study
the impact of recurrent floods on soil conditions that have been flooded in flood plains. Such soils are as-
sessed for management decisions on the future use of these areas. The object of the study of this article are
the lands in the floodplain of the Zhabai River, which is the right tributary of the Ishim River in Akmola re-
gion. The subject of the study is changes in soil due to floods. The aim of the scientific article is to assess the
nature of the impact of floods on the state of the soil, and to develop recommendations for the further use of
soils that have been flooded. Soil analyses were carried out in autumn, summer and spring over several years,
and the chemical and morphological status of soils was analyzed in dynamics. It is shown how the condition
of soils in the floodplain of the Zhabai River changed as a result of floods.

Keywords: floods, Zhabai river, soil, soil degradation, metals in the soil, soil condition, flood effects, ecology.
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Ouenka cpegoperyaupyomux GyHKIUA reocucTeM Ha JIOKAJIbLHOM YPOBHE

B pamkax Meroauku naHAmadTHOTO IUIAHHPOBAHUs BIEPBBIE MPOBEICHA OIEHKA CPENOPEryIHPYIOLIUX
¢yukuuit reocucrem Oacceitna p. boa. Mawmaii (foro-BoctouHoe mobepexse 03. baiikan, xp. Xamap-/labaH,
Bypsarus). OCHOBO# 111 MCCIEA0BAaHUS MOCTYXWIa JaHAMAadTHO-THIIONIOTHYecKas KapTa Ha ypOBHE TPy
¢anuit B Macmtade 1: 50 000. B kadecTBe KOIMYECTBEHHBIX MOKa3aTelell KINMATOPEryIHpYIoLel (pyHKIIH
TEOCHUCTEM HCIIOJIL30BaHbI JJAaHHBIE O 3amacax OPraHWYEcKOro yriiepoja B APEeBECHON (UTOMacce M BEPXHHX
TYMYCOBBIX TOPH30HTaX M04YB Ha IiryOmHe 0-5 oM. [y omeHKH cTOKO(GOpMHpPYOLIei U 3pO3HOHHOPETYIIH-
pytomelt (GyHKIHI MCHONB30BANNCE JaHHBIE O 3arlacax JIpeBecHOl uToMacchl M paccuutaHHsle o [IMP
MOKa3aTeN HaKoIUIeHUsI ctoka M LS-dakrop. C mpuMeHeHHEM METOIOB reOHMH(pOPMAIMOHHOTO aHAIIN3a
JaHHBIX U JAaHAMA()THO-HHTEPIPHTAINOHHOTO KapTorpahupoBaHus NPOU3BEIeHA OLIEHKA PACCMATPUBAEMbIX
¢yHknuit o kakmoro tuma reocucreM. CocTaBieHa MaTpUIla 3HAYMMOCTH T'€OCHCTEM I oOecredeHus
cpenoperyaupyomuMu GpyHKuusMu. B pesynbrare BoIsBICHO, YTO Haubonbinee pacnpocrpanenue (30,6 %)
Ha TEppHUTOPHH BoJocOopHOro OacceitHa p. bom. Mawmaii momy4miia ropHasi TEMHOXBOITHas Taiira u cyOasb-
NUHOTHUITHBIE TOPHO-IYTOBbIe reocucTeMbl (26,2 %). JloMMHHBIC T'EOCHCTEMBbI 3aHUMAIOT OKoJo 12 %.
HawuGounpmmii BKIax B cpeoperyIupoBaHie BHOCSIT KOPEHHbBIE TEMHOXBOWHBIE (TUXTOBBIE, I0BO-ITMXTOBEIC
U IIXTOBO-KEIPOBEIE) Jieca, MOTyYHUBIINE pacIpOCTpaHeHNE KaK B TOPHOW 4acTh OacceifHa, Tak U B IIPEATro-
PBSIX, OJHAKO B MOCIEIHEH WX JOJ 3HAYUTEILHO COKpAIlleHa BCIISICTBHUE aHTPOIOTCHHON AESTENbHOCTH.
PazpaboTanHble KpUTEPHUH OLEHKH CPEIOPETYIHPYIONHNX (YHKIHH €OCHCTEM MOTYT OBITh NPHUMEHEHBI U
JUISL IPYTUX TEPPUTOPHIA.

Kntoueevie cnosa: T€OCHCTEMHBIH MOIXO0J, JAHAA(GTHOE TUIAHMPOBAHUE, KIMMATOPETYJIUPOBAHKE, CTOKO-
(opMHpOBaHHE, PEryIUPOBAHUE SPO3UH, 3HAYUMOCTh T€OCUCTEM, TCOMH(OPMAIHOHHBINA aHaIu3, UPPOBas
MoJIeTh penbeda.

Beeoenue

s pemeHus 3aja4 TEpPUTOPHAIBHOTO, M B TOM YHUCIIE JIAHAMA(QTHOTO TUIAHUPOBAHUS, a TAKXKe Opra-
HU3AMH PALMOHAIBLHOTO MMPUPOJONOIb30BAHU HA TEPPUTOPHH, OCHOBHBIC BHJIbI XO3SHCTBEHHOH NesTelb-
HOCTH JIOJDKHBI PerjaMeHTHPOBAThCS MCXOAS M3 aHann3a (QyHKIMH MPUPOAHBIX CHUCTEM. [ eocHcTeMBl BbI-
MOJIHSAIOT MHOYKECTBO OJKOJIOTHYECKHX (QYHKIMH (cpenodopMupyomux U cpeaoperyaupyromunx) [1-4],
obecrieunBaOINX (PYHKIMOHUPOBAHUE KaK OTAEIbHBIX OMOreOeHO30B, TaK U JaHAmadTHOH chepsl B Le-
JIOM, a TaKX€ MIPalOT BAXKHYIO POJIb B O0ECICUEHHH YeJIOBEKa COLUAIbHO-3KOHOMHUYECKHMMHU (DYHKIHMIMHU
(IpOAYKIIMOHHBIMH, KyNbTypHBIMU U T.A.) [1, 5, 6]. [ToaTomMy /U1 opraHu3aiiui yCTOWYHBOIO Pa3BUTHUS TEP-
PHUTOPUH, COXpaHEHHS MPUPOAHO-PECYPCHOr0 MOTEHIMANIA JaHAMA(PTOB M MPEIOTBPALICHUS PA3BUTHUS HE-
ONaronpusTHBIX MPOLECCOB M ONACHBIX KaTacTpO(pHUUECKHX SBICHUI HEOOXOAWMBI 3HAHHUS O CTPYKTYpE,
0c00eHHOCTAX (PYHKIIMOHUPOBAHUS U Pa3BUTHA TeocHcTeM [7].

[IpumeHeHne reocucTeMHOr0 moaxonaa [8], moapa3yMeBaroIIero, YTO BCE KOMIIOHEHTHI, KOTOPEIE CO-
CTaBJISIIOT reorpaduyeckoe MpOCTPaHCTBO, BIUSIOT HA JUHAMUKY (YHKUMH, CUMTAeTCs Hanbosee meperek-
TUBHBIM JJIsl OLCHKH, KaK SKOJIOTHUYECKUX, TAK M COLMAIbHO-’KOHOMHYECKHX (DYHKUIHUH B MpaKTHKE JIAH.I-
madTHOrO MTaHupoBanus [3, 9-13]. A npencrasieHne 00 nepapXUUecKOil OpraHU3aIuy Te€OCUCTEM TT03BO-
JISIET COOTHECTH YPOBHU 3€MJICTIONB30BAHUS C COOTBETCTBYIOIIMMH ypOBHAMH aAuddepennmannu nanamad-
TOB, YTO MOKET OBITH MCHOJB30BAHO IPH MPHUHATHH PEIICHUH B 00JACTH 3€MIICNIONIB30BAaHUS M HPUPOJIO-
MOJIE30BaHus B 1estoM [9].

Lenbto naHHOW pa0OTHI SBISIETCSI OIIEHKA MOTEHIIMAA TEOCHCTEM BBIMONHSITH CPEAOPETYINPYIOIINE
(GyHKUIMY (KITMMaTOPEryJIMpOBaHUEe, CTOKOGOPMHUPOBAaHHUE, PEryIMPOBaHHUE 3PO3HH) Ha JIOKaJIbHOM YpPOBHE.

B kxagectBe 00bekTa mccienoBaHUA BHIOpaH OaccelH pexu bom. Mawmaii (puc. 1), pacmonoxeHHBIH B
IIEHTPATPHON YaCTH CEBEPO-3aIaHOTr0 MaKpockiioHa XxpeoTa Xamap-/laban. [Imomans 6acceitHa cocTaBiser
37,5 km?, umHa peku 12 kM. Penbed B ropHoii wacTn GacceiiHa XapaKTepU3yeTcsl CUILHOM PacuIeHEHHO-
cThI0 ¢ nepenagaMu BeIcOT oT 600 1o 1700 M u kpyThiMu ckioHamu 10 30—45°. [IpearopHast yacts OacceiiHa
npejicTaBieHa ciadbonakionHoi paBanHoit (0—4°) u Teppacamu 03. baiikai ¢ Beicoramu 0koi10 460—-600 M.
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YcnoBHble 0003HaueHus: 1 — 3uMoBbs; 2 — x/1; 3 — aBTOTpacca; 4 — Tponbl; 5 — peku; 6 — rpaHuLbl Bogocoop-
Horo Oacceitna p. bos. Mamaii; 7 — BogooxpaHHasi 30Ha 03. baiikai; 8 — BojooxpaHHbIe 30HBI peK; 9 — prIO0OXpaH-
Has 30Ha 03. baiikan; 10 — 3eMenbHbIE y4acTKH, BBIJCICHHBIE [10]] MAIOITAXKHYIO 3aCTPOHKY; 11 — 3eMenbHbIe y4acT-

KU 15 ¢/x mpou3sBojctia. [loanoxka — nanusie OpenStreetMap B sune WMS-cost

Pucynok 1. Teppuropus uccnenoBaHust

B cootBercTBUM c paiionnpoBanuem lIpubaiikanes [14], uccrieayemast TeppuTOpys NOMAIAAET B PAOH C
MaKCUMaJIbHOM reoMOop(oIOrnuecKkoil OnacHOCThIO. B TONBIIOBOM M IMOATONBLIOBOM TOSICE Pa3BUTHI TPaBH-
TAallMOHHBIE, HUBAJIbHO-KPUOT'€HHBIE U 3PO3UOHHBIE Tpoliecchl. [ BepxoBuii nonuHsbl p. bon. Mawmaii u ee
MIPUTOKOB XapaKTEPHO Pa3BUTHE WHTCHCHUBHON CHETOJAaBUHHOW aKTHBHOCTH, CKaJbHBIX ONOJ3HEH, CejeH,
00BaJIoB, conudokuui. Hirke o TeueHHIo MOBBIASTCSl TAaBOAKOBAsK aKTUBHOCTh, HA KPYTHIX CKJIOHAX WH-
TEHCHBHO IPOSIBIISIOTCS] 3PO3UOHHBIC TIPOIIECCHl (0COOEHHO BO BpeMs JIMBHEH) U BHYTPUTPYHTOBBIN CMBIB. B
MIPEATOPHON YaCTU COBPEMEHHBIE DK30TCHHBIE MPOIECCHI MPAKTUYECKU HE BBIpaKeHbI [15, 16], yacTudHO
HaOmoaeTcs 3a00IaunBaHue.

KnumMat Tepputoprn yMEpeHHO KOHTHHEHTAJBHBIN, (hOpMHUpYeETCs B yCIOBUSX OapbepHOro 3¢ dexTa,
00YCIIOBJIIGHHOTO 33/ICP)KKOM BO3AYIIHBIX MAacC Ha CEBEPHBIX M CEBEpO-3ala HBIX CKIOHAaX XpedTa Xamap-
Haban, 1 xapakTepu3yeTcsl HOBBILIEHHON BIa)KHOCTBIO. CpeaHEroioBbIe TEMIIEPATYPhl BO3AyXa BapbUPYIOT
ot —0,3 no —1°C. Cymma aktuBHbIX Temneparyp (Boime 10°C) Ha npearopHoii paBauHe coctaiser 1200—
1400°C, B ropHoii yactu OacceitHa ymenbinaercs g0 600-1000°C. Be3aMopo3Hblii IepHoa JUIMTCS, B CPeli-
HeM, 118—133 nHei B mpeAropHOii YacTH, C yBeTUYEHHEM aOCOIOTHOM BEICOTHI MECTHOCTH COKPAIIAeTCs JI0
80 nmueit [17]. CHexHBIH MOKPOB B TOpHOW YacTH OacceliHa yCTaHaBIMBAETCS paHO (aBrycTe—CEeHTsOpe) U
MOXXET JOCTHTaTh 10 2 M y BEpXHEW I'paHUIBI jJeca, a B MPEArOPHOH — BO BTOPOI IMOJOBHHE OKTAODA
(momrHOCTRIO 10 1 M). CpeHerogoBoe KOJTUYECTBO OCAIKOB 37€Ch MakcuManbHoe s [Ipubaiikanes u mo-
cruraet1500-1800 MM y BepxHe# rpanumpl jgeca [17, 18].

JlarmmadTHaAs CTPYKTypa TEPPUTOPUH HCCIIEOBAHUS OTIIMYACTCS pazHooOpa3nueM, 4To 00yCIOBIICHO,
KaK BBICOTHO-TIOSICHBIMH 3aKOHOMEPHOCTSIMH, TaK W BIMSIHUEM JIOKAIBHBIX ()aKTOPOB: TOPHBIM CHJIBHO pac-
YJICHEHHBIM peIbe()OM, aKTUBHBIMH SK30T€HHBIMH MPOLECCAMH M MECTHBIMH KIMMAaTHYECKUMH OCOOEHHO-
CTSIMU (TIOBBIIICHHBIM YBIIQ)KHEHHEM).

Haubonbiiee pacnpocTpaHeHre Ha TEPPUTOPHH TTOTYyYHIIa TEMHOXBOMHAs Taira. B ropHoii yactu Gac-
ceifHa OHa TpeCTaBIeHa MUXTOBBIMU U MUXTOBO-KEIPOBBHIMH MEJIKOTPAaBHO-YEPHUYHBIMU JIeCaMH Ha Oypo-
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3eMax W nmoAdypax, a TakkKe eJOBO-NMXTOBBIMU M IHMXTOBO-EJIOBBIMH Pa3HOTPABHO-IAIIOPOTHUKOBBIMH Jie-
caMM Ha MO3aHKax JIEPHOBO-IIOIOYPOB U CEPOTyMYyCOBBIX I04B. Ha mpearopHoil paBHHHE pacpOCTPaHEHBI
KEIPOBBIC M MMHXTOBO-KEIPOBBIE MEJIKOTPABHO-UEPHUYHBIE JIeca IPEUMYILECTBEHHO Ha noadypax. [loaromns-
LOBbIE KYCTAPHUKOBBIE U TEMHOXBOHHO-PEAKOIECHBIE T€OCUCTEMBI B COYETAHUH C CYOaIbITMACKUMH JTyTaMu
npencrasienbl Ha Beicote 1000—-1500 M. B BepxHeli u cpeaHei yacTu gonuHsl p. boia. Mamaii u B 1oauMHax
€€ MPUTOKOB I'€OCUCTEMBI IPEACTaBICHb! IPEUMYIIECTBEHHO NMHUXTOBO-EJIOBBIMH PENKOJIECHSIMUA C UBOW Ha
CEepOTyMYCOBBIX METaMOP(QHU30BaHHBIX MOYBAaX B COYCTAHUU C BHICOKOTPABHBIMHU JyraMHU Ha TEMHOTYMYCO-
BBIX II0YBaX, KOTOpblE Ha MPEArOpHON paBHUHE CMEHAIOTCA TOIMOJIEBHUKAMU KYyCTapHUKOBO-
BBICOKOTPAaBHBIMU Ha aJUIIOBHUANIBHBIX JAEPHOBBIX U CEPOTyMYCOBBIX METaMOP()HU30BAHHBIX IJIEEBATHIX IOY-
Bax [11, 19]. YHuKaIbHBIC KIUMATHYECKUE YCIOBHS TEPPUTOPHUH CIIOCOOCTBOBAIH COXPAHEHHIO OOJIBIIOTO
pa3HooOpa3us PEMMKTOBBIX BHIOB HEMOPAIbHON ()JIOpHI, MEPEKHUBIINX CEPHUIO TUICHCTOLEHOBBIX OJie/leHe-
HUH, KOTOpbIE OTMEYAIOTCS IPAKTUYECKH BO BCEX TUIIAX I€OCUCTEM, PACIIPOCTPaHEHHBIX B Oacceiine p. bou.
Mawaii [19, 20].

Hccnenyemas TeppuTopus MONHOCTBIO paclionaraercs B Ipeaeiax LHEeHTPaTbHOW 3KOJOTHYECKOH 30HBI
Batikanbckoit mpupoanoit reppuropuu (L1933 BIIT), ycraHOBIEHHO B COOTBETCTBHH €O CT. 2 DenepaibHOro
3akoHa OT 1 mast 1999 r. Ne 94-D3 «O06 oxpane o3epa baiikam», I KOTOPOH YTBEPKACH NEpeUeHb BUIOB
JIeATEIbHOCTH, 3aIPEIIEHHBIX B LIEHTPAIBHON 3KOJOTrM4EeCKON 30He baillkaiabCkoi MPUPOSHOW TEppUTOpUU
(TTocranoBnenue [IpaBurenscrBa PO ot 31.12.2020 r., Ne 2399) 1151 3amMThl YHUKAJIBHOW 3KOCHCTEMBI 03€-
pa baiikai oT HEraTUBHOrO BO3JEUCTBHS U PETYIHPOBAHUS aHTPOIMOTEHHOHN nedarenbHocTH. [lomumo 3Toro,
4 % ot oOmeit monu BonocOopHoro Oaccelina p. bon. Mamaii BXoguT B BOZOOXpaHHYIO 30HY 03. baiikai, u3
Hux 2,4 % TaKKe mepeceKkaroTcs ¢ prI00OXpaHHoit 30HO# 03. Baiikan (puc. 1), KOTOpsle YCTaHOBJIEHBI B CO-
otBeTcTBUU €O CT. 3 @3 «O06 oxpane o3epa baiikam» pacnopsukenuem [IpasurensctBa PO ot 5 mapra 2015
r. No 368—p «O0 ycTaHOBIEHHH TpaHUI] BOJIOOXPAHHOW 30HBI U PHIOOOXPaHHON 30HEI 03. baiikam». Bomo-
OXpaHHbIe 30HBI peK (puc. 1), rae xo3daicTBeHHas AESITEeIbHOCTh TaKXKe KECTKO perjJaMeHTHpYeTcCs, U3-3a
MAaJIOi MPOTSHKEHHOCTH BOJOTOKOB 3aHMUMAIOT Bcero 1,3 % oT obuieid muromanu tepputopun. JlanmmadTel
TOpHOU HacTw OacceifHa 3aHUMAIOT 3eMin JiecHoro (porma PO. PacmonoxxeHne nccienyeMoil TEppUTOpPUH B
30Hax C OCOOBIMH YCIOBHSIMUA WCIIOJNB30BAaHHS TEPPUTOPHUHM Pa3HBIX KaTETOPHH OOYCIIOBIMBAET BBICOKHE
TpeOOBaHUS K COXPaHEHHIO U MOJACPKaHUIO cpeohOPMHUPYIOLINX U BOJJOOXPAHHBIX (DYHKIIUH T€OCUCTEM.

OpHUM U3 IPUOPUTETHBIX BUIOB JIESTEIBHOCTH, O3BOJIIOLIMM 00ECIEUUTh SKOJIOTHUECKYH0 Oe3omac-
HocTh, U1 1193 BIIT cuntaercs TypusM u pekpeanus. Mccienyemas TeppuTOpHs JaBHO MCIIONIB3YETCS IS
caMo/IesITeNILHOTO TypHu3Ma (IeIIero, HayqyHO-TI03HABATEIBHOT0) U OCOOCHHO MOMYJISIpHA Y JTF00UTENeH rop-
HOJIBDKHOTO criopTa ((pupaiinunra). B HacTosimee BpeMs B cpeHeM TedeHud p. bon. Mamaii B noimse no-
CTPOEHBI HECKOJIBKO 3UMOBHIT U rocTeBoil oM. [[iist ombeMa B ropy ecth meiexojHas tpoma (puc. 1). Op-
TaHW30BaHHBIC TPACCHI JUIS CITyCKa OTCYTCTBYIOT. PaHee ObUIM mpoBeaeHbI paboThl IO 0OOCHOBAHUIO CO3/1a-
HUSl TYPUCTCKO-PEKpEAIOHHOr0 KoMIUiekca «Mamait» At pa3BUTHS CIIOPTUBHOTO M 3KCTPEMAIIBHOTO TY-
pusma [16, 21]. O4yeBUIHO, YTO MPH IUIAHUPOBAHUU PA3BHUTHS JAHHON IEATEIBHOCTH HEOOXOIMMO YYeCTh
cpeaodopMHpPYIOIIME U Cpefoperyaupyoomme GyHKIud JaHamadToB, YUUTHIBas PaCIpPOCTPAHEHHE OIlac-
HBIX DK30T€HHBIX MPOIIECCOB M BEICOKYIO 3HAYMMOCTh BOAOOXPaHHOH (QyHKIIMHK JIaHAIIa(TOB.

Memoowvl u mamepuanst

B kadecTBe OCHOBHOIO MCTOYHHMKA JIAaHHBIX OblJla MCIIOJIb30BaHa COCTABJIICHHAs paHee JaHAmagTHO-
TUTIOJIOTHYECKasl KapTa Ha ypoBHe Tpynn ¢anuii B Macitade 1:50000 mist repputopun 6acceitHoB pek bo.
u Maj. Mamaii Ha ocHOBe (haKTOpaIbHO-IMHAMUYECKUX PsIoB [19] (puc. 2) u uHdopmaluu o 3amacax Jape-
BECHOMW HaJ[3¢MHOI ()UTOMACCHI T€OCHCTEM, PACCUNTAHHBIX B XOJI€ MOJICBBIX AaHHBIX [11, 22]. [lns xapaxre-
PUCTHKH KIMMAaTOPETYJIHPYIONIel (YHKIIMK T€OCHCTEM MPOU3BEICHBI pAaCUEThl IO JCTIOHUPOBAHHIO YTIIepo-
Ja B IPEBECHHE C TIOMOIIBI0 KOHBEPCHOHHBIX Kod(duimentor (0,5 mist apeBecHoi dpuromaccsr) [23]. 3Ha-
YEeHUS CTOKa YIJIEpoia ONPEAeIIsUINCh Al KaKIO0ro THIIA TEOCHCTEM Ha YPOBHE Tpyni (auuii 1 HHTepHoiIn-
pOBaJIMCh BHYTPH BBIIEIOB HAa OCHOBE KapThl 3amacoB ¢uToMacchl (puc. 3 a), B OCHOBY JIEI METO[ JIaH/-
madTHO-UHTEpIpUTaMOHHOTO KaprorpadupoBanus [11]. Taxxe, mo ganHbM ['00anbHOM 6a3el TOYBEH-
HbIX HaHHbIX «S0il Grids and WoSISy [24] ¢ marom cetku 0,00226 rpaz. (okono 250 M), ObLIO OMpeaeacHO
coJiep>kaHue OOILEero OpraHnyeckoro yriaepona (ar/kr) B nouse Ha riryoune 0—5 cMm (puc. 3 6). C nomouipto
WHCTPYMEHTOB 30HAIBHON CTATUCTUKH PAacTpa MPOU3BOIMIICS PacyE€T CpPeTHUX 3HAUEHUH 3armacoB yriepona
B IIOYBE JJIs1 KQKJOT0 THIIA F€OCHCTEMBI Ha YPOBHE TPy (auni.
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Pucynok 2. ®parmMeHT JaHamadTHO-TUIIONOTHYECKOM KapThl [19] Ha TEpPUTOPHUIO HCCIICIOBAHNS.
Homepamu (1-14) o6o3HadeHsI rpymisl darfuii (JiereHaa npeacTaBicHa B Ta0u. 4)

3anacwl yrnepoga

N

i 3anacw yrnepoaa PAS

= 8 apeeecuHe (T/ra) 8 n:*:l;;o (ar/kr)
— 800-900
W 50-100 ' 900-1000

;%i% % 1000-1100
" 300-400 = 1100-1200
= = 1200-1300
= >1300

0

6 — 3anacbl yrnepoga B BEpXHeM ropusoHTe
a — 3anachbl yrnepoaa B ApEBECUHE nousbl (0-5 cwm)

Pucynoxk 3. IlokazaTenu JenOHUPOBaHUS yriaepoaa

Jnis BeIIETIeHHsT TOYHBIX TpaHul] OacceliiHa pexu boi. Mamait u nocienytomiero ananusa peibeda ObuTr
WCTIONB30BaHbl JaHHbIE pagapHoi Tomorpaduueckoil cbeMkd SRTM (nmpoctpaHcTBeHHOE paspeuienne — 1
yrioBasi cekyHua, npuoimsutenbio 30 M) [25]. C nomormpto uHCTpyMeHTOB SAGAGIS 1ndposas Mojens
penbeda (LIMP) cnpoerrpoBana B mpoekiinio «Y HUBepcaibHas nonepednas Mepkaropa» (3o0Ha 48N), 3atem
NpOU3BE/ICHA e¢ MepBUYHAs 00pabOTKa: BBIMOIHEHO CIIIAXKUBAHKUE TAHHBIX C MOMOIIBI0 HHCTPYMEHTa «Sim-
pleFiltery» B qByKpaTHO# MOBTOPHOCTH (TUIT GHUIBTPA «CIIKUBAHKEY, PopMa MaTPUIbI chepudeckas, paiu-
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yc — | MUKCenp); Ui YCTpaHEHHUs JIOKATBHBIX BIIAJAWH BBITIOJHEHA THAPOIOTHYECKass KOPPEKIHs ¢ TIOMO-
nipro Monynst «Fill Sinks (Planchon/Darboux, 2001)» [26] (puc. 4 a).

C WCrons30BaHUEM HWHCTPYMEHTOB THIPOJIOTHYECKOro aHanu3a mo [[MP BbineneHbl rpaHUIlbl BOJIO-
coopHoro OacceitHa peku bon. Mamail, creHepHpOBaHBI OCHOBHBIC JIMHUU CTOKa WM TPOM3BEACH Pacuér
Hakoruienusi ctoka «Flowaccumulation» (FA, Ge3pasmepras BenuuuHa) [27] Wi onpeneneHus: odgacTen
BogocoOopa (puc. 4 6). HakoruieHne cToka pacCUMTHIBAECTCS KaK B3BEIIEHHAs CyMMa BCEX S9YEEK, CTOK M3 KO-
TOpBIX TIOMANAeT B SUCHKH, PACIONOKEHHBIC HIDKE MO CKIOHY. HanMeHbIne 3HaYeHHsT COOTBETCTBYIOT
y4acTKaM, ¢ KOTOPBIX CTOK coOupaeTcs (BOIOpa3Aeibl U CKIOHbI), HAHOOJbIINE — YYaCTKaM C MaKCHMalb-
HO BO3MOXKHO¥ IIIOIIA/IbI0 HAKOTUIEHUS CTOKA (BOJAOCOOPHBIE MOHMKECHHUS W JIOJTHHBI PEK).

C MoMoIIbI0 HHCTPYMEHTOB MOP(POMETPHUUECKOT0 aHalTu3a pou3BeneH pacuer LS-dakropa (mpousse-
JICHVE JJIMHBI CKJIOHA Ha KPYTH3HY), XapaKTePHU3YIOIIEro MOTeHIHAN penbeda K pa3BUTHIO OMACHBIX JK30-
TeHHBIX TporieccoB (puc. 4 B). Taxke MPOU3BOIUIIOCH OCPEAHEHHE KOMMUYECTBEHHBIX XAPAKTEPUCTHK IS
BBIJICJIOB JIAaHIIA()THON KapThl C MOMOIIBIO 30HAJIBHOW CTATUCTHKH. [IOMUMO 3TOTO, MPOM3BENEH MOICYET
IoIaAel KaKJI0ro TUIa FeOCHCTEM U €To A0JIU OT 00LIei miomany Bogocoopa.

Becors, M ] f

Hasonnesme crosa : — '.‘ LS-dawrop
B < S00 \ <=3000 -
500-700 ” 3000-5000 \ 04
700-900 £ 5000-15000 { p B 48
900-1200 B 15000-100000 J . s212
B 12001500 I > 100000

Newasn Croxa

a —LIMP 6 — nakoruienue ctoka (FA) 6 — LS-¢axrop
Pucynox 4. PezynbraTel 06padotku LIMP s Teppuropun Bogocboproro 6acceiina p. bon. Mawmait

JIsi KaueCTBEHHOH OIIEHKH CPEIOperyIUpyroIIuX (yHKIUH BCe KOJIMYSCTBEHHBIC MMOKA3aTeNIM ObLIH
PaHKUPOBAHBI IO CTENEHH 3HAYMMOCTH B paMKaxX METOAMKH JaHAmadTHoro miuanupoBanus [3, 28]. s
OILICHKH KJIMMAaTOPETyJIUPYIOIei (YyHKIIMU ObLIH PAHXKHPOBAHBI TOKA3aTEIIN MO JCTTIOHUPOBAHHUIO OpraHuye-
CKOTO YTIIepo/ia B [PEBECHHE M B BEPXHEM T'yMYCOBOM T'OPU30HTE MOUBHI (Ta0II. 1).

Tabauma 1
Pan:kupoBanne KOJWYeCTBEHHBIX NMOKAa3aTeNell 10 KPHTEPHIO 3HAYHMOCTH Ie€0CHCTEM

Moxasaten YpOBEHb 3HAUUMOCTH
Huskuit (H) cpemnanii (C) BbIcoKui (B)
3amace! ApeBecHOM (hUTOMACCHI, T/Ta 0-100 100-200 >200
3amacsl yriiepojaa B IPeBECHHE 0-50 50-100 >100
3amace! yriiepojaa B o4Be <1000 1000-1300 >1300
HaxoruieHue croka >100000 <15000 15000-100000

JI7is KOCBEHHO# OIEHKH CTOKO(GOPMUPYIOIEH (YHKI[HMH B KAYECTBE OCHOBHBIX MapaMeTPOB HCIOIb30-
BaJIMCh JaHHBIC O pacueTe HaKOIIeHUs cToka (00actu ¢ mokaszareiem <100 000 mpuHATHI Kak 00JIACTH BO-
n0cOopa, KOTOPbIE HMEIOT BRICOKYIO 3HAYMMOCTD JIJIsi CTOKO(OPMHUPOBAHUS) U IaHHBIE O 3armacax J{peBecHON
¢uTtomaccsl (Tabi. 2), Tak KaK U3BECTHO, YTO UMEHHO JIeCa BBITIOIHSIOT BAYKHBIC THAPOJIOTHUSCKIE QYHKIINU
M BHOCSIT 3HAUNTEIBHBIN BKIIAA B ((OPMHUPOBAHKE U pacipeecHne cToka [28, 29].
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Tabnuma 2

Kpurtepun 1uis1 0lieHKH 3HAYHMOCTH Ie0CHCTeM UIsl cTOKoGopMupylomeii GpyHKknnu

YPOBEHb 3HAUUMOCTH IF'€0CUCTEM
IIo nokasateinto TI0 TI0Ka3aTeNto (PUTOMACCHI APEBOCTOS
crokoHakoruieHus (FA) BBICOKUM cpenHui HU3KUH
Beicokwuii (15000-100000) B C C
Cpennuii (<15000) B C H
Huskuii (>100000) C H H

JI1s OTIeHKH SPO3UOHHOPETYIHPYIONIel (QYHKIIMK TeOCHCTEM TI0 mokazarento LS-dpakTopa Obin omnpe-
JICJICHBI JITAHAIIA(THI C BBICOKUM, CPSJTHUM U HU3KUM TOTEHITUAIIOM ISl PA3BUTHUS SPO3UOHHBIX MPOIECCOB U
[0 ITOKA3aTeNI0 3alacoB JIPEBECHON (PUTOMACCHI, OIICHEHA MX 3HAYMMOCTH JJI PErYJIHUPOBAHUS 3PO3UU
(Tabm. 3).

Tabnuma 3

Kpurepuu a5l olieHKHM 3HAYMMOCTH Ie0CUCTeM ISl 3PO3MOHHOCTAOMIIM3HpYIoLIeil PYyHKUMT

YpoBeHb 3HAUNMOCTH T€OCUCTEM MO TIOKa3aTEINI0
[Motennuan k pazButhio 3po3uu (LS-paxrop) (uTOMacchl APeBOCTOSI
BBICOKHH cpeaHui HU3KUHN
Beicokwuii (>8)* B C H
Cpennuii (4-8) B C H
Huskuit (0-4) C H H

*[Ipumeuanue. Ecim LS-akTop BBICOKHIT 115 FeOCHUCTEM, KOTOPBIE SIBISIIOTCS 00acTsIMU HakoIuieHus ctoka (>100000), To Torna
3HAYUMOCTH (DYHKIIUH MO PETYINPOBAHHIO SPO3HOHHBIX ITPOLIECCOB BBHICOKAS.

Peszynomamot u ux obcyscoenue

B pesynprare ananmza BeisaBieHo, uTo 30,6 % BomocObopHOTO Oaccetina p. bon. Mawmaii 3anuMaroT rop-
HOTAe)KHBIE TEMHOXBOWHBIE TEOCHCTEMBI, MpPEACTABICHHBIE NMPEHMYIIECTBEHHO MHXTOBBIMH M IHXTOBO-
KenpoBbiMH Jiecamu (Tabn. 4). Taxxke 3HaumTenbHas gonst (26,2 %) mpUXOIUTCA Ha CyOABIIMHOTUITHBIC
TOPHO-JIYTOBBIE T€OCHCTEMBI, 3aHUMAIOIINE CKIOHBI U BOIOPA3Zeibl B BEPXOBBIX JOIMHEL p. bon. Mawmaii n
ee mpuTokoB. Ha gonnHHBIE TeocrcTeMbl TPUXOAUTCS Bcero okoio 12 %. Ceeimre 20 % 3aHUMAIOT TOATOP-
HBIE TEMHOXBOMHBIH Jieca, ogHaKo u3 HuX 13,2 % mpencTaBieHbl JIIUTETEHO TIPOU3BOTHEIMI COCTOSHUSMHU.

AHanm3 KIMMaTperyaupyomei QyHKIun 1o noKa3aTesM JeHOHUPOBAHUS OPraHUIECKOTo yriepoa B
JpeBeCHHE TI0Ka3al, 4TO Hauboliee BBHICOKYIO 3HAYUMOCTH WMEIOT TOPHOTae)KHbIE MUXTOBbIE W IHXTOBO-
KeJIpOBbIE Jieca U MOATOPHBIE KEAPOBO-EJIOBbIE, KEPOBBIE U MTUXTOBO-KEAPOBHIE JIeca, a TAK)KE TOIIOJIEBHUKU
B MIPEATOPHO# YacTu 1onuHbl p. bon. Mamaii (ta6u. 4). OnHako mokasaTeld 3aacoB yriiepo/ia B Io4YBe BO3-
pacTaioT B COOTBETCTBHH C YMEHBIIEHHUEM TMIICOMETPUYECKUX OTMETOK BBICOT U MaKCHUMaJIbHBI B T€OCUCTE-
Max IpeAropHoi paBHUHBI (puc. 3 06, Tadi. 4).

IIpu ananuse pe3yabTaTOB pacyeTa HaKOIUIEHHs CTOKa OBLIM BbIJIEJIEHBI 00JIACTH BOIOCOOpa U 001acTH
aKKyMyJisinuu cToka. HanmeHbmmnii Bkiiag B BOOOCOOP BHOCAT BOJOPA3Jeibl U NPUBOIOPA3/IEIbHbBIE YaCTH
CKJIOHOB C KEAPOBOCTIAHHUKOBBIMH PEAKOJIEChIMH U cyOanbnuiickumu yramu. OCHOBHBIE 00JIaCTH BOJIO-
cOopa MpUXOATCS HA CKIOHOBBIE TEOCUCTEMBI, MOKPHIThIC TEMHOXBOMHOI Taiiroi (Tadiu. 4). 3a cueT BbICO-
KHX IOKa3aTeliel 3amacoB (PUTOMAcChl UX MOXKHO paccMaTpuBaTh Kak HanOosiee 3HaYMMble it CTOKO(op-
Mupyomei GyHKIuU. 30HbI aKKYMYJISIIIMMA CTOKA JIOTHYHO KOHIICHTPUPYIOTCS B JIONMHAX PEK H BOJOCOOP-
HBIX TOHMXeHnAX. OTHAKO B MPeAropHON JacTh OacceifHa Mmoka3aTeslb HAKOIUIEHHS CTOKA JOCTHTaeT MaK-
CHUMaJIbHBIX 3HAYCHUH HE TOJBKO B JIOJUHE PEKH, HO U HA PAaBHUHHBIX yYacTKax, 3aHSATHIX MPOU3BOAHBIMU
TEMHOXBOIHO-MEJIKOIUCTBEHHBIMHU JiecaMu. o pe3ynbraTtam pacuera HakomieHus: croka no LIMP xopormio
OTIPEJIEIISIOTCS] 00JIACTH, TJe aBTOMOOWIIbHAS U JKEJe3Hasi JOPOTH, MPOXOJISIIKE [0 MPEArOPHOW paBHUHE,
cIry’kaT 6apbepoM JUIS CTOKA U CIIOCOOCTBYIOT 3aCTaWBaHUIO BIIATd. B MOJEBBIX yCIOBUSIX YCTAaHOBJIEHO, YTO
3TO BBIpa)KaeTcs B OTJICEHWW NOYB M 3abomaunBanuu. bomota, chopmupoBaHHble B ycThe p. bon. Mamait
(rpynma damuit Ne 14, cm. puc. 2, Tabn. 4, 5) 1 nonajarnye B BOJOOXPAHHYIO H PIO0OXPaHHYIO 30HBI 03.
Baiikan, BBICTYNAIOT HE TOJIBKO aKKYMYJIITOPAMHU CTOKA, HO U BBITIOJHSIOT CTOKOPETYJINPYIOIINE QYHKIHH.

Pacuer LS-¢pakTopa mokaszain, 4To MOYTH BCA FOpHAs 4acTh BOJOCOOpHOrO OacceiiHa MMeeT BBICOKHM
MIOTEHLHAN K Pa3BUTHIO OMACHBIX IK30TE€HHBIX IPOILIECCOB, B MEPBYIO OYEpPEAb 3PO3UOHHBIX. OCHOBHBIMU
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cTaOMIM3aTOPaMH MMOYBOTPYHTA SIBJISIOTCS €IIOBO-TTUXTOBBIC, MUXTOBBIC, MMUXTOBO-KEAPOBBIC Jieca (TPYIIIBI
(dhammii Ne 7-9, Tabm. 4), oTiMUaromuecs T0BOJBHO BRICOKMMH TIOKa3aTEIIMH 3aI1acoB APEBECHON (puTOMaC-
cbl. OCOKOBO-KYCTapHUYKOBBIE 00JIOTa U 3a00JI0UYEHHBIE TTMXTOBBIE TPABIHUCTO-3EJICHOMOIITHBIE PEIKOIIECHS
B MOATOJIBIIOBOM IOSICE, HECMOTPsI Ha HU3KHE 3amachl IpeBecHON (pUTOMACCHI, TaK:Ke BBHIMOTHIIOT 3PO3HOH-
HO-cTabuM3upyromue QyHKIA. PUCK pa3BUTHS 3PO3HOHHBIX MPOIECCOB B T€OCHCTEMAX MPEATOPHON paB-
HUHBI OY€HBb HU30K, [I03TOMY, C 3TOH TOYKH 3PEHHUS, 3HAUUMOCTb IS PETYTUPOBAHMS SPO3HH HEBHICOKAS.

Ha ocHoBe mpoaHanu3upoBaHHBIX KOTMYECTBEHHBIX MOKa3aTesel Obliia COCTaBlIeHa OLICHOYHAsI MaTpH-
11a 3HAYMMOCTH CPEAOPETYTUPYIOMUX (BYHKIMI reocucTeM Oacceitna p. bon. Mawmaii (tabi. 5). 'eocuctemsl
TOJIBIIOBOTO U MOATOJIBIIOBOTO MOsicoB (rpynmsl (ammit Ne 1-5, tabm. 4, 5) oTnudgaioTcs HU3KUMH TTOKa3aTe-
JISIMU KITUMATOPETYIUpYomiel GYHKITNN, HO BHOCST 3HAYUTENBHBINA BKIA] B (hopMupoBaHue cTOKa. VIMEHHO
9TH JaHAWAPTH TOIB3YIOTCS MOMYJISIPHOCTHIO Y TYpUCTOB-TOPHOJIBIKHUKOB, 3716Ch KOHIIGHTPUPYIOTCS OC-
HOBHBIE HEOPTaHM30BAHHBIE MapIIPYTHI ISl CIIyCKOB. OHAKO JaHHBIE TEOCHCTEMBI O0Iadar0T HU3KHUM I10-
TEHIIHAJIOM K PETYJIHPOBAHUIO OMACHBIX SK30T€HHBIX MPOIIECCOB, UYTO MOATBEPKIAECTCA TaKXKe pacipocTpa-
HeHneM TaM JaBuH [15]. JonoiaHuTensHas aHTPONOTEHHAs Harpy3ka MPHBOAUT K (parMeHTaluH ecTe-
CTBEHHO Pa3pekKeHHOT'0 PACTHTEILHOTO MOKPOBA HAa JAHHBIX YYacTKaX M MOXKET YCYT'yOJsTh pa3BUTHE OIac-
HBIX 3K30TE€HHBIX TPOIIECCOB.

HauOonpiryto IEHHOCTh € TOYKH 3pEHHS PETYIMPYIONIMX W CTOKOPOPMHUPYIOMNX (QYyHKIHMHA UMEIOT
TOPHOTaeKHbIe TEMHOXBOWHBIE Jieca, KOTOPBIE, B CIIy4ae MPOCKTUPOBAHUS TYPUCTCKO-PEKPEAIMOHHOTO TOP-
HOJIBDKHOTO KoMmruiekca [21], MoryT oka3aThCsi B 30HE pHCKa. J[aHHBIE TEOCHCTEMBI UMEIOT 3HAYUTEIHFHOE
pacnpocTpaHeHHe B Ipeienax BOJOCOOPHOro OacceifHa  BHOCAT OCHOBHOHM BKIJAJ B ()OPMUPOBAHHUE CTOKA,
CICP)KUBAIOT aKTUBU3AIMIO 3PO3UOHHBIX TPOLIECCOB U, COOTBETCTBEHHO, PETYIUPYIOT KaueCTBO BO/I, MIOCTY-
MAKONINX cO CTOKOM B Baifkai, mo3ToMy UMEIOT BOJOOXpaHHOE 3HaYeHHE. AHAIIN3 MPABOBOT'O 30HUPOBAHUS
TEpPUTOPHUH TI0KA3ajl, YTO B HACTOSAIIEE BPeMs JaHHBIE JAaHMMAapTH monagaroT Toiasko B 1193 BIIT u mc-
KJIFOUEHBI U3 BOJIOOXPAaHHOM 30HBI 03. baiikan B cooTBeTCcTBUU C pacniopsbkenneM IlpasutensctBa PO ot 26
mapTta 2018 roma Ne 507—p, panee BogooxpaHHas 30Ha 03. baiikan coBmanana ¢ rpanuinamu 1193 BIIT.

I'eocuTeMsl, momagarone B BOJOOXPAHHYIO H PHIOOOXPAHHYIO 30HY 03epa balikall, 3a HMCKIIOYCHHEM
OCOKOBO-C()arHOBOT0 0O0JI0Ta M BBICOKOTPaBHBIX TOIOJIEBHUKOB B AoiuHE p. bon. Mawmaii, npencraBieHsl
MIPOU3BOHBIMU JIeCaMH, C(HOPMUPOBABIIUMHUCS B XOJI¢ XO3SIHCTBCHHOHN ICATEIBHOCTH YesIOBeKa (Iperumy-
IIECTBEHHO PYOOK), BCIECTBUE YETO MX CPEAOPETYIUPYIONINN TOTEHIHAN CHIDKEH.

Tabnuma 4

KonuyecTBeHHbIE IOKA3aJM cpegoperyaupyomux gyHkuuii reocucrem dacceitna p. boa. Mamaii

Jlomst oT | 3amacsr Conepxa-
moman | apesec- | o¢ %P8 Hakome- Bxiazx B
Ne I'pynma ¢annii*(B cOOTBETCTBHH C OMyOIIMKOBAHHOI paHee M HHYECKOTO LS-
- xaproii [19]) BOJIOCOOp- | HOM du- yriepoa B HHE CTOKA | CTOKO(QOPMHUPO- daxrop
a HOTO 0ac- | TOMaccel, (FA) BaHUe
. TOvBe,
ceitna, % T/ra
JIr/KT
bepe3oBo-kenpOBOCTIIaHMKOBBIE PEAKONIECHS C O61acTE BO

1 BBIXOJJAMHU TOPHBIX TIOPOJI Ha BOJIOpA3Iesiax i 7,4 50-100 | <1000 <15000 ocGona >8,1
KPYTBIX CKIOHAX 8 P
Pa3HOTpaBHO-TIAIIOPOTHUKOBBIE TyTa ¢ PEIKUMH Ky- O6mnacth Bo-

2 P P yra ¢ per y 73 050 | <1000 | <15000 >8,1
CTapHUKaMH Ha BOAOpa3Jienax U KPyThIX CKJIOHAX Jocbopa
BbIcOKOTpaBHO-IIAIOPOTHUKOBBIE JIyra B COUETAHUY C

P P Y 15000- | OGnacts Bo-
3 KYCTapHUKOBBIMH 3apOCIISIMU Ha CKJIIOHAX U 8 0-50 <1000 >8,1

PEYHEIX Teppacax 100000 RocGopa

BBICOKOTpaBHBIE JIyra B COYETAHHHU C BEPXOBBIMHU U
MEPEXOAHBIMH OCOKOBBIMH U OCOKOBO-

4 pexot 35 0-50 | <1000 |>100000

KyCTapHHYKOBBIMH OOJIOTaMH Ha BOJOCOOPHBIX IT0-

HWKCHHUAX U B PCUHBIX JOJHMHAX

O6macTh ak-
Kymyaaaquu | >8,1
CTOKa

5 [TMXTOBBIE KYCTAPHUKOBBIE PEKOIEChs Ha KPYTHIX 5.7 50-100 | <1000 15000- | OGnactb Bo- 8.1
CKJIOHAX 100000 Jocbopa
3abo104eHHbIE MMXTOBBIE TPABSIHUCTO- Ob6macts ak-

6 3€JICHOMOIITHBIE PEIKOJIEChS Ha BOJOCOOPHBIX IOHU- 2,4 0-50 |1000-1100( >100000 | xymynsmuu | 4,1-8
JKEHHUSIX U B BEPXOBBSIX PEUHBIX JIOJIHH CTOKa
[TuXTOBBIE C €JIBI0 U KeIPOM pa3HOTPaBHO-0aJaHOBbIE 15000- | OGnactb Bo-

7 9,6 100-200 |1200-1300 >8,1
Jieca ¢ BBIXOJaMHU TOPHBIX MOPOJI Ha KPYTHIX CKIOHAX 100000 Jocbopa
ENOBO-ITMXTOBBIE M IMXTOBO-EJIOBBIE PA3HOTPABHBIE U ) i

8 Pa3HOTPaBHO-TIAIOPOTHHUKOBEIE JIeca Ha KPYTHIX 8,9 >500 |1200-1300 15000 Obmacts, Bo >8,1

CKJIOHaX 100000 110060]33
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9 [TuXTOBBIE M MXTOBO-KEIPOBbIE MEIKOTPABHO- 121 >500 |1200-1300 15000- | OGnacth Bo- 4.1-8
YePHHUYHBIC JIeCa Ha BHIMOJOKCHHBIX TOBEPXHOCTAX 100000 Jocbopa
[InxTOBO-€10BBIE JI€Ca U PEAKOIIECHS C UBOM B cOoue- Obacts ax-

10 6,2 100-200| >1300 |>100000 | kymymsouu | 4,1-8
TaHUHU C BEICOKOTPABHBIMM JIYTaMH B PEYHBIX TOJIMHAX croxa
KenpoBo-enoBsie KyCTapHUYKOBBIC MEJIKOTPABHO- Obnacrs ax-

11 Ny 4,7 300-500| >1300 |>100000 | xkymysmsmun 0-4
OCOKOBBIC C(harHOBBIE Jieca Ha MPEATOPHON paBHHUHE croxa

O6sacTh ak-
Ila,b |CykueccuoHHbIC CTaIHu: eI0BO-OEpe30BbIC Jieca 11 100-200| >1300 | >100000 | kymymamum | 0-4
CTOKa
TomnoneBble ¢ MPUMECHIO €K 1 Gepesbl Obnacts, ax-

12 3,4 > 500 >1300 | >100000 | xkymyssauu 0-4
KyCTapHUKOBO-BBICOKOTPABHBIC JIeca B TONHHAX croxka
Kenposblie 1 MuXTOBO-KEPOBHIE ¢ MUXTOBBIM CTJIAHU- Obnactb ak-

13 KOM MEJKOTPaBHO-YEPHUYHbIC JIeca Ha MPEATOPHOM 5,7 > 500 >1300 | >100000 | kymymsuum | 0-4
paBHUHE CTOKa

Oo6nacthb ak-
13a,b |Cykueccuonnsie craauu: 6epe30BO-KeIPOBLIE Jieca 3,6 100-200| >1300 |>100000 | xkymymsuuu | 0-4
CTOKa
13 ¢,d, |CykieccHoHHBIE CTaqUU: TEMHOXBOWHO-0EpE30BBIE U Obaacts ax-
> 6,6 100-200| >1300 | >100000 | kymymsuuum | 0-4
e f Gepe3oBble Jeca
CTOKa
O0nactsb ak-
139 CyKIeCCHOHHBIE CTaJMU: 3apacTaromast Ipoceka 1,9 0-50 >1300 | >100000 | kymymamum | 0-4
CTOKa
OcokoBO-C(parHOBBIE U KYCTAPHUIKOBO-OCOKOBO- Obnactb ak-
14 caraoBble 60J70Ta B COUETAHHHU C 3a00T0UYCHHBIMU 1,9 0-50 <1000 | >100000 | kymymsuuum | 0-4
OCOKOBBIH JIyTaMHU Ha CTapoOpeybsiX B Teppacax pek CTOKa
Tabnuma 5
3HayumMocTh reocucrem d6acceitna p. bos. Mamaii 1151 obecnieueHusi cpeaoperyaupylomux GpyHkumii
(H — nu3kas, C — cpeauss, B — Bbicokast)
KnumaTtoperynupoBanue

Ne rpynme! da-

o JIEIOHUPOBaHUE Croxko- Croko- PerynupoBanue spo-

LU B COOTBET- | JIENOHUPOBAHUE

yriaepoza B (dhopmupoBaHue HaKOIUICHHE 3UU
ctBuM ¢ [19] | yrmepona B mouBe
¢duTomacce

1 H H C H H

2 H H C H H

3 H H C H H

4 H H H B B

5 H H C H H

6 H H H B B

7 C C C H C

8 C B B H B

9 C B B H B

10 B C C B C

11 B B C B C

11a,b B C H C H

12 B B C B C

13 B B C B C

13a, b B C H C H

13c¢,d, e, f B C H C H

13g H H H H H

14 H H H B C

3axnouenue

B HacTosmee BpemMs HET €IMHOIO MOJAXOAA K OLIEHKE HKOJOTMYECKHX M COLMAIbHO-3KOHOMHUYECKUX
¢ynkumit nanamadros. OAHAKO B MPAKTHKE JaHAMAPTOBEIEHHUS U JTaHAAQTHOTO TUIAHUPOBAaHUS CPOpMU-
poBaJICS METOJUYECKHAN amnmapaT, KOTOPhI MOXKET OBITh PUMEHUM JJIsl PElIeHns 3ToW 3amadn. B pamkax
JaHHOW pabOThl HA OCHOBE JaHAIA(PTHO-TUIIOIOTMYECKON KapThl IPOU3BEACHA OLEHKA psilia CPEelOPeTryJIH-
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pyromux pysknui reocucteM. [IpennoxkeHpl KOINMYSCTBEHHBIC XapaKTEPUCTUKH, KOTOPHIE MOTYT OBITH HC-
TIOJIB30BaHBI JUIS OIIEHKH UCCIENyeMbIX (DYHKITHH U APYTUX TEPPUTOPHI.

B pesynprarte uccnenoBaHus YCTAaHOBJIEHO, YTO BBICOKYIO 3HAYMMOCTD JUISI OOECIIEYEeHHUsT Cpelopery-
JIUPYIOIIMX W BOJOOXPaHHBIX (YHKIMKA B OacceiiHe p. boi. Mamail IMEIOT MUXTOBBIC, €I0BO-MIUXTOBEIC U
MMUXTOBO-KEJIPOBEIE JIeca Ha CKJIIOHAX B TOpHOU dacTw TeppuTopuu. C MO3UIHN CTOKA YTIIepoaa U PeryiIupo-
BaHHWS KJIMMaTa BBICOKYIO 3HAUMMOCTh MMEIOT BCE KOPEHHBIE TEMHOXBOWHEIE Jileca, KaK B TOPHOW, TaKk U B
npearopHoi yact OacceliHa. BaxkHoe cTokodopMupyolee 3HaueHHE UMEIOT TOJIbLIOBBIE, TTIOATOIBLIOBBIE U
CyOaJIBIIMHOTUITHBIC TEOCUCTEMBI, ITPH STOM OHU SIBJISIOTCS HanOoJiee YSI3BUMBIMH K aHTPOIIOTEHHOMY BO3-
neiicteuro. [lomydeHHbie pe3yiabTaThl MOTYT OBITh MPUMEHEHBI NMPH IUIAHUPOBAHUHU PEKpPEAlOHHON mes-
TEIHHOCTH, a TAKKE MPH Pa3pabOTKe BOJAOOXPAHHBIX, JIECO- H IPO3NOHHO-3AIUTHBIX MEPOTIPUATHIH.

Hccnedosanue 8vbinonHero 3a cuem cpedcms 2ocyoapcmeennozo 3a0anus (Ne eocpecucmpayuu memol:
AAAA-A21-121012190056-4).
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IO.B. Banteena

KeprinikTi 1eHreie reoxyiesepain opranbl perreymi QyHKIUAJIAPBIH OaFajiay

JlarmmadThIK xocnapiay oicTeMeci asChIHAa alFaml peT YJIkeH Mawmaii e3eHi OacceliHiniH (balikan keniHiH
OHTYCTIK-IIBIFBIC JKaranaysl, Xamap-/ladan xxoTacel, bypsaTus) reoxylienepiHid KOpIIaraH OpTaHbl peTTEYIi
¢yHKumsulapeiHa Oaranay Jkyprisinai. 3eprreyre Heri3 peringe 1:50000 macmtaOTarbl (amysibIK TONTAp
JeHreifinaeri JaHAma@ThIK-THIIOIOTMSUIBIK KapTa aublHIbL ['eoxyHenepaid KIMMAaTThl peTTeyii (QyHKIH-
SICBIHBIH CaHJIBIK KopceTKimTepi petinae 0-5 cM TepeHmiKTeri aram (UTOMacCachIHIAFbI KOHE TOIBIPAKTHIH
JKOFapFbl KapalripikTi TOPU30HTHIHAAFEl OPTaHUKAIBIK KOMIpTETri KOpPBI Typaibl MOJTIMETTep HaiiialaHbLIIbL.
AFBIHIBI TY3YII )KOHE 3PO3USHBI PETTEHTIH QYHKIMsIIapAbl Oarajay YIIiH araml (PUTOMAacCachbHBIH KOpPIaphl
TypaJibl AEpPEKTep XKoHE kep OenepiHiH CaHABIK MOIyJi OOMBIHIIA €CeNTEeNreH aFbIHAbl KHHAKTAYIbIH KOep-
cetkimrepi koHe LS-¢pakTop KoimamputraH. JlepekTepAi TeoakmapaTThIK Tajlnay >KoHE JaHIA(THIK-
MHTEPIIPETAMSIIBIK KapTorpadusiiay oIiCTepiH KOJIaHa OTHIPHII, TeoXyHenepain opOip Typi YIIiH Kapac-
THIPBUIATHIH (QYHKUIUSUIApAB! Oaramay skyprisiireH. OpTaHbl perreyili (YHKIHAIAPMEH KaMTaMachl3 €Ty
YILIIH TeoXxyienepaiH MaHbI3IbUIBIK MaTpHLackl KypacTeippurad. Hatmxkecinne Yiken Mamail e3eHiHIH Cy
XuHAYy OacceifHiHIH ayMaFblHJa CH KOIl TapaJfaHbl TayJbl Kapa KbUIKAaH jkamblpakThl Taiira (30,6%) xoHe
KoHE CyOaJbITMHOTHUNTI Tay-IIAIFBIHABI Teoxyhenep (26,2%) Oonapl. Ankan reoxyitenepi mamamen 12%
Kypaiinel. Kopiiiaran optansl petreyre 0acceiiHHIH Tayibl Oefirinae ae, Tay OOKTepiHe Jie TapalFaH Kepri-
JIKTI Kapa KbUTKaH JKarbIPakThl (CaMBIPCHIH, MIBIPIIATBI-CAMBIPCHIHIIBI )KOHE MIBIPIIAIIBI-0aTKaparaiiiel) op-
MaHJap YJIKEH YyJec Kocaabl, OipaK COHFBICHIHIA OJIAPIBIH YIJIECI aHTPOIIOTEHIIK dpeKeTKe OalllaHBICTHI aii-
TapibIKTald asaiapl. ['eoxylenepaiH KopllaraH OpTaHbl peTTey (QYHKUMSUIAphIH OaraiaynblH O3ipJeHIeH
KpHUTepuiinepi 6acka ayMakTap YIIiH JI¢ KOJIJaHBLTYbl MYMKiH.

Kinm co30ep: reoxyiienik Tacin, nanmmadTsl j)KocHapiay, KIMMaTThl PETTEY, aFbIHIbI CyJIap/bl KajblTac-
TBIPY, 9PO3MSHBI PETTEY, FEOKYHEIEPIiH MaHBI3AbLIbIFbI, T€0AKIAPATThIK TAJay, JKep OedepiHiH CaHIBIK
MOJEJII.

Yu.V. Vanteeva
Assessment of environment-regulating functions of geosystems at the local level

Within the framework of landscape planning methodology, for the first time, an assessment of the environ-
ment-regulating functions of the geosystems of the river basin Bol. Mamai (south-eastern coast of lake
Baikal, Khamar-Daban range, Buryatia) was carried out. A landscape-typological map at the level of facies
groups on a scale of 1: 50,000 was the basis for the study. Data on organic carbon storage in tree phytomass
and upper humus horizons of soils at a depth of 0-5 cm were used as quantitative indicators of the climate-
regulating function of geosystems. To assess the runoff-forming and erosion-regulating functions, data on tree
phytomass and flow accumulation indicators, and the LS factor calculated from the DEM were used. The
functions were assessed for each type of geosystem using methods of G1S-analysis and landscape-interpretive
mapping. A matrix of the importance of geosystems for providing environment-regulating functions has been
compiled. As a result, it was revealed that the mountain dark coniferous taiga (30.6%) and subalpinotype
mountain-meadow geosystems (26.2%) have greatest distribution in the drainage basin of Bol. Mamai river.
Valley geosystems occupy about 12%. The greatest contribution to environmental regulation is made by in-
digenous dark coniferous (fir, spruce-fir and fir-cedar) forests, which are widespread both in the mountainous
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part of the basin and in the foothills, but in the latter their share has been significantly reduced due to anthro-
pogenic activities. The developed criteria for assessing the environment-regulating functions of geosystems
can be applied to other territories.

Keywords: geosystem approach, landscape planning, climate regulation, runoff formation, erosion regulation,
significance of geosystems, geographic information analysis, digital elevation model.
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Structural and morphological organization of dry valley of the Cretaceous south
of the Central Chernozem Region

The peculiarities of origin, morphological and genetic varieties and structural and dynamic interrelations of
dry valley landscapes of the Cretaceous south of the Central Chernozem Region are considered. Modern ideas
about genesis, morphology, development and landscape structure of sukhodols are presented. Paradynamic
interrelations of structural elements of basin landscape systems are emphasized. The necessity of taking into
account landscape specificity of dry lands when solving the problems of nature management and optimization
of landscape-ecological situation in the Cretaceous south of the Central Chernozem Region is emphasized. As
an example, we analyzed the component, territorial and altitudinal organization of natural complexes of a
large sukhodols of the Kuvshin dry valley located in the Podgorensky district of the VVoronezh Region. The
main factors of landscape differentiation are established, among which are peculiarities of morpholithogenic
base, character of biostrom development, modern economic use. The problems of identification of local land-
scape boundaries and approaches to their solution have been noted. Based on the results of the research,
7 families and 45 species of landtypes, as well as altitudinal landscape layers and sub-layers were identified
within the valley. Recommendations on changing the conservation status of the territory are given.

Keywords: dry valley, landscape genesis, landscape structure, paragenetic landscape systems, landscape poly-
structurality.

Introduction

A landscape peculiarity of the southern part of the Central Chernozem Region, composed of chalky-
mergel rocks, is the widespread distribution of “sukhodols” — large dry erosion valleys with flat bottoms,
deposits of temporary watercourses and gentle slopes. The largest dry valleys reach 20-25 km length,
1.5-2.0 km width, 40-50 m depth. They cut and drain interfluves, form a local base of erosion, karst, land-
slides and suffosion processes; they have a significant impact on hydroclimatic, soil and vegetation and in
general landscape conditions of neighboring territories. All this is reflected in peculiarities of formation and
structural and dynamic organization of sukhodol landscapes and geosystems interconnected with them by
flows of substance and energy. The landscape-forming and ecologically-stabilizing role of sukhodols is still
poorly studied. The lack of necessary information makes it difficult to solve problems related to rational use
and optimization of landscapes in the region. Taking this into account, this article attempts to analyze the
genetic features and structural and dynamic organization of sukhodol landscapes in the Cretaceous south of
the Central Chernozem Region.

Definition of the term “sukhodol”. The term “sukhodol” is widespread mainly in the southern part of
the Russian Plain. The earliest interpretation of it is contained in V.l. Dal's Explanatory Dictionary, in which
the word “sukhodol” means a hollow, a valley without water [1; 625]. A similar definition of “sukhodol” is
given in the dictionary of the Russian language by S.I. Ozhegov: “sukhodol” is a valley, an area on water-
sheds, where the soil is not moistened [2; 678]. Following the above definitions, the term “sukhodol” refers
not only the dry valley, but also areas of watersheds, upper parts of hillsides and uplands that are drier than
the surrounding area [3]. Usually, the term “sukhodol” is associated with large dry erosion valleys with a
wide flat bottom and gentle slopes, filled with water in spring or during floods [4; 102]. The existing differ-
ence in the interpretation of the term is explained by toponymy — different meanings of the name in differ-
ent regions. Thus, in the forest-steppe and steppe zones of the Russian Plain, including the Cretaceous south
of the Central Chernozem Region, “sukhodol” is large dry valley; in the forest zones of the Russian Plain —
elevated, treeless areas of watersheds occupied by meadows [5].
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Experimental

The “sukhodol” spread in the Cretaceous south of the Central Chernozem Region is represented by two
main variants: valley-sukhodols and balka-sukhodols [6].

The Valley-sukhodols were formed as a result of degradation of the river network and represent dry riv-
er valleys without permanent channel flow. The consequence of the fluvial mode of development of valley-
sukhodols is reflected in their geological and geomorphological structure. In particular, alluvial and accumu-
lative river sediments and dry river beds are often preserved on the bottoms of dry valleys. In some places
fragments of fluvial terrace are above floodplain and dry lake basin. All this testifies to the fact that in the
past there was a river regime here and fluvial processes of two types were actively manifested: erosive and
accumulative.

On the territory of the Cretaceous south of the Central Chernozem Region, the formation of valley-
sukhodol is mainly associated with the degradation of small rivers and watercourses. This is usually mani-
fested in the reduction of river channels length or their disappearance, as well as transformation of floodplain
landscapes. The most intensive drying of river in the basins of the following rivers: Bogucharka, Tolucheev-
ka, Kriusha, Mamonovka, Chernaya Kalitva, etc. [7, 8]. During the period from 1950 to 1991, 138 small riv-
ers in Voronezh Region alone lost their status and turned into temporary watercourses, and the total number
of dry watercourses reached 1343 [9]. At the same time, the lost length of the river network from 1964 to
2008 amounted to 510 km [8].

The disappearance of watercourses has affected landscapes. It was especially manifested in the change
of landscape structure of floodplain geosystems, the area of which for 40 years (from 1960 to 2000) within
the Voronezh Region decreased as a result of floodplain drying by about 1 thousand km?, which led to the
degradation of meadows, old-growth streams, floodplain forests and other geosystems [10]. Eventually, the
floodplain landscape was replaced by a post-floodplain landscape characteristic of valley-sukhodol [8].

Morphometric data on the degradation of watercourses in the Cretaceous south of the Central Cherno-
zem Region indicate that this process is currently dominant in the development of the river network. The rate
of change in the length of small river channels is recorded in a large range — from several meters to 500 m
per year [11]. The most intensively decreases the length of river channels of the following rivers: Rossosh,
Kantemirovka, Levaya Bogucharka, Malaya Mezhenka, Gavrilo, Manina, Mamonovka, Kriusha. Apparently,
based on the direction of climatic changes, the tendencies of reducing the length of small river channels and
disappearance of watercourses will continue, which will contribute to the formation of valley-sukhodol.

The balka-sukhodols, unlike valley-sukhodols, did not undergo fluvial development. Erosion diluvial
process played a leading role in their formation [4]. The balka-sukhodols are devoid of floodplain alluvial
deposits. Their flat bottoms are usually overlain by diluvia sediments over lying bedrock chalky-mergellic
rocks. Increase in the length of balka-sukhodol is closely connected with the factors activating erosion pro-
cesses. Regressive erosion plays a special role, predetermining the growth of balka-sukhodol towards their
surface temporary watercourses.

Morphological features of sukhodols are reflected in their geomorphologic structure. In the Cretaceous
south of the Black Chernozem Region, the most widespread sukhodols are rectilinear and tree-lake shaped
with variable asymmetry of slopes, gentle and wide bottoms and a significant catchment area. Their morpho-
logical features are predetermined by geological and geomorphological factors. An example is the Bogu-
charsky Yar, located on the right bank of the Don River and extending from the southeastern vicinity of No-
vaya Kalitva village to the village of Tverdokhlebovka. The sukhodol is 25 km long, 1 to 1.5 km wide in the
middle part (near the village of Bely Kolodets), 0.6 km wide at the top, 40 m deep, bottom slope 0.0032,
catchment area 196 km?. The tributaries of the main valley in the upper reaches give the valley a tree-shaped
form in plan.

The rectilinear sukhodols are characterized by the absence of large tributaries and rectilinear strike,
which, apparently, is associated with the location of tectonic fractures. The rectilinear sukhodols are wide-
spread on the territory of the Kalach Upland. Most of them are confined to the Pirogovsky and Kalach tec-
tonic uplifts, as well as to the newest local uplifts and structural lines of the Pavlovsko-Mamonsky
trough [12]. For example, a group of sukhodols formed within the boundaries of the Gnilushansky local up-
lift has a clear orientation in accordance with the southwestern slope of the Kalach uplift. This is especially
evident from the Prirechny sukhodols, which extends from the village of Russkaya Zhuravka to the village of
Prirechnoye. Its morphological peculiarity is its rectilinear shape, which is preserved for 19 km, absence of
tributaries and pronounced asymmetry of slopes.
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Structural and morphological organization...

Genesis of sukhodols. Cognition, rational use, optimization and management of development of sukho-
dols geosystems requires clear ideas about their origin and direction of development. At present, the origin
and development trends of sukhodols landscapes of the Cretaceous south of the Black Chernozems Regions
are insufficiently studied. This is evidenced by the lack of special studies devoted to this problem.

Analysis of available materials allows us to conclude that two groups of factors are involved in the for-
mation of sukhodols: natural and anthropogenic. Natural prerequisites for formation and development of su-
khodols depend on tectonics, climate, lithogenic base, surface runoff and denudation processes; anthropogen-
ic prerequisites are predetermined by a high degree of land plowing and deforestation of watersheds, creation
of ponds in the valleys of small rivers that retain runoff.

Tectonics and erosion play a special role in the origin of dry lands. This is indicated by the close con-
nection of the distribution of sukhodols with local tectonic structures. Often, sukhodols are confined to the
slopes of second-order tectonic uplifts (Kursk, Ostrogozhskoye, Kalachskoye, Pirogovskoye, Kantemi-
rovskoye) and uplifts of the third order (Yemanchanskoye, Pukhovskoye, Sergeevskoye, llovskoye, Zhurav-
kinskoye, Yuzhno-Kalachskoye, Timskoye), as well as to tectonic sags (Aidarsky, Potudansky, Pavlovsko-
Mamonsky). Such dependence is obviously connected with increased fracturing and fragmentation in these
places of themelo-mergel lithogenic base of dry dock basins, which promotes denudation of its rocks and
formation of valley network.

Structural and dynamic organization of sukhodols landscapes. When considering landscape structure,
sukhodols are referred to slope geosystems. This approach is used in landscape mapping and is reflected in
landscape maps of the Central Chernozem Region (1961, 2000). Based on system analysis, sukhodols to-
gether with watershed landscapes form basin paradynamic landscape systems, the structural elements of
which are land type associations (mestnosts in Russian classification), land types (urochishches) and sites
(facies) covering both sukhodols and their watersheds. Sukhodols basin geosystems consist of two morpho-
logically and genetically different landscape subsystems: valley and conjugate. They are close to the basin
river subsystems — valley-river and watershed subsystems identified by F.N. Milkov [13].

Sukhodol landscape subsystem includes morphologically heterogeneous, genetically interconnected
landscapes. General conditions of formation and genetic unity of structural elements of subsystems prede-
termine their paragenetic interrelationships supported by substance flows, the main of which is directed wa-
ter flow — the leading factor in the formation of sukhodols landscapes. In the conditions of the Cretaceous
south of the Central Chernozem Region, the main elements of sukhodols landscape subsystems are specific
land type associations and landtypes. In valley-sukhodols they include post-floodplain, fluvial terrace above
floodplain and slope landscapes; in balka-sukhodols — bottom and slope landscapes.

The conjugated landscape subsystem unites landscapes of the basin, which are interconnected by flows
of matter and energy, but lack genetic unity. Within the Cretaceous south of the Central Chernozem Region,
it may include geosystems of watershed, slope, hilly and terraced landscapes. Despite the differences in gen-
esis, age, structure and dynamics of landscapes, the conjugate landscape subsystem is closely connected dy-
namically with the sukhodol subsystem. An example is the dependence of the development of erosion land-
scapes of sukhodols on the volume of runoff coming to them from watersheds. In turn, sukhodols act as a
base of erosion and influence the formation of erosion landscapes of adjacent territories of their watersheds.

Results and Discussion

The structure of natural components of sukhodols. Often both valley-sukhodols and balka-sukhodols
are present in large sukhodols. Valley-sukhodols ones are formed along the main flow channel, balka-
sukhodols ones — along the main tributaries. An example of such sukhodols is the “Kuvshin”, located in
Podgorensky District, Voronezh Region (Fig.). The sukhodol stretches from the villages of Vitebsk and
Saprino to the village of Kuvshin. The area has a unique combination of diverse landscapes, including calce-
phitic-petrophytic, cereal and mixed-grass steppes with rare and relict elements of biota, oak forests and
meadows. The uniqueness of the territory is emphasized by the created here reserve of regional significance
— a natural monument of biological profile — the “Kuvshin” [14].

The geologic base of the sukhodol is formed by chalky-mergel deposits of the Turonian, Konyak and
Santonian stages. The chalky deposits of the Turonian Stage are exposed in the middle parts of the slopes of
south-western and western exposure (the left slope of the sukhodol), as well as in the sukhodol cutting
through it. On the slopes of the northeastern and eastern exposures, the bedrock is everywhere overlain by
Quaternary deluvial clayey-loamy sediments.
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The “Kuvshin” is a classic sukhodols, its length along the longest thalweg is 11.3 km. The elevation dif-
ference between the source in the northwestern tip of the Buivolskiy Yar and the mouth is 115 m, with a
maximum depth of 50 m in the lower reaches. The width varies from 320 m in the middle reaches to 1300 m
at the mouth. In plan the sukhodols has a tree-shaped form, which is formed by a number of spurs — Buiv-
olskiy Yar, Diakonov Yar (from the confluence of which the “Kuvshin” sukhodol begins), Kharobov Yar,
Blizhnie and Dalnie Grushki, Manychensky and others. The largest is the right spurs of the “Kuvshin” su-
khodol — the balka Kolodezhny Yar, which is more than 5.64 km long. The sukhodol extends meridionally
from north to south, in the main valley it is characterized by predominantly left-lateral asymmetry of slopes
(the left slope of the sukhodols is steeper and higher), which is broken in the middle part, where the relief
form acquires a symmetrical trough-shaped profile. In the lower reaches, the valley has a right-lateral asym-
metry, predetermined by the presence of an above-floodplain terrace along the left slope.

Large spurs also have a clearly pronounced asymmetric profile. The left spurs (Diakonov Yar, Kha-
robov Yar, and Blizhnie Grushki) are characterized by left-lateral asymmetry, while the right spurs (Ko-
lodezhny, Dremov, and Zhelobok) are characterized by right-lateral asymmetry. At the same time, a curious
regularity is noted: the slopes of northern exposures are mostly steeper than the slopes of southern exposures,
which in this case contradicts the scientifically established opinion about the steeper slopes of southern expo-
sures [15]. This situation can be explained, firstly, by the general slope of the macro-slope of the Central
Russian Upland in the southeastern direction and, secondly, by the fall in the same direction of the thickness
of chalky-mergel rocks, which contribute to the displacement of water flows and the formation of a typical
slope asymmetry.

The left slope of the sukhodol is more diverse morphologically and landscape-wise. Its structure in-
cludes classical convexly-concave and complex terraced areas. The convex-concave slopes prevail, ranging
in length from 150 m in the narrow part to 1 km in the widening part. Their steepness varies from 5-7° to
30°.

In the lower reaches of the sukhodols, the left slope is complicated by an erosion terrace 140—-160 m
wide, the surface of which lies 25-30 m above the bottom level. The terrace is a remnant of the bottom of an
ancient Neogene valley re-deepened in post-glacial time. Below the ledge of the structural terrace is an ac-
cumulative terrace composed of alluvium and overlain by deluvial deposits. It is 3—5 m higher than the level
of the bottom and may indicate the presence here in the past of a permanent watercourse with a floodplain
regime.

The left slope is largely eroded, especially in the middle part and its lower reaches. There are 27 gullies
in this section with a total length of 11.5 km. The density of erosional dissection of the slope is 2.35 km/km?.
The gullies formed here are of two types: lateral, cutting through the slope, and bottom gullies, formed along
the bottom. High gully dissection of this territory is mainly connected with anthropogenic impact. Recent
studies have shown that gullies growth has stopped.

The right slope of the gully is more uniform. Its height is 20-25 m lower than the left one; its width is
stable and varies from 200 to 400 m, with a steepness of 10-15°. Everywhere the slope has a convex-
concave profile, is devoid of outcrops of the chalky-mergel rocks on the surface, and is less eroded. The den-
sity of gully dissection is 0.8 km/km?.

A distinctive feature of the “right bank™ of the valley is the developed network of spurs. While the left
slope is dominated by short (up to 1 km) gullies of postglacial age, the right slope is cut through by several
large spurs, the formation of which occurred simultaneously with the main valley in the Neogene. These
spurs have a tree-like shape, developed asymmetric profile, and morphometry similar to the main valley. The
largest spur, the Kolodezhny Yar, is 5.64 km long, more than 1 km wide in the middle part and 50 m deep.
The bottom of the sukhodol is wide (up to 400 at the mouth), slightly concave, slightly inclined (up to 1°),
complicated by deluvial plumes, cones of withdrawal and a fragmentary channel of a temporary water
course.

The soils of the sukhodol is highly mosaic and consists of Haplic Chernozems, Calcic Chernozems,
Haplic Greyzems, Residually Calcareous Chernozems, Alluvial-deluvial soils and Haplic Solonetz. Haplic
Chernozems are dominating. These soils are characteristic of near-valley slopes with steepness of 3-5°,
slopes of the main valley and, surfaces of the structural terrace. Herbaceous-cereal steppes are preserved on
unplowed areas of Haplic Chernozems.

Calcic Chernozems are fragmentary on the adjacent slopes of the main valley. Their widespread distri-
bution may indicate a higher woodiness of the sukhodol in the preagricultural period. At present, these terri-
tories are occupied by herbaceous-cereal steppes, where tree and shrub vegetation are intensively restored.
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Haplic Greyzems are formed under the preserved forest massifs (Kolodezhny, Dremov, Olgino, Le-
gashev forest, etc.) in combination with Calcic Chernozems.

Significant areas of the valley slopes are occupied by medium- and highly washed out Residually Cal-
careous Chernozems in combination with outcrops of chalky-mergel rocks. They are characterized by a lim-
ited set of soil horizons, low thickness, and weak structure. The most valuable from the point of view of pro-
tection plant communities — calcephitic-petrophytic steppes with rare and relict elements of flora — are
confined to Residually Calcareous Chernozems.

Alluvial-deluvial soils were formed everywhere along the bottom of the valley. They have layered-
grained composition, predominantly heavy loamy and clayey mechanical composition and significant varia-
bility of humus horizon thickness.

Limited areas in the upper reaches of gullies Diakonov Yar and Yamka are occupied by Haplic Solo-
netz, which formation here is predetermined by close occurrence of saline Kiev clays of Paleogene age.

The vegetation of the “Kuvshin” sukhodols, despite significant anthropogenic changes, has managed to
retain its classic forest-steppe appearance. It is obvious that in the past the forest cover of the territory was
much higher, as evidenced by extensive areas of Calcic Chernozems, as well as intensive restoration of tree
and shrub vegetation on all relief elements. Steppe communities occupy the leading role in the structure of
vegetation cover.

The floristic composition of steppe communities is characterized by high diversity. There is a number
of rare plant species included in the Red Books of the Russian Federation and Voronezh region. In the flora
of herbaceous-cereal steppes are noted Paeonia tenuifolia L., one of the largest populations in the region and
the only known place of growth of the form with pink corolla coloration, Pulsatilla pratensis (L.) Mill., Ado-
nis vernalis L., Goniolimon tataricum (L.) Boiss., Crambe tataria Sebeok, Iris aphylla L., Goniolimon tatar-
icum (L.) Boiss., Crambe tataria Sebeok, Artemisia sericea Web. ex Stechm., Astragalus pallescens Bieb.,
and Astragalus macropus Bunge. The structure of communities is considerably represented by Stipa. There
are up to 5 species of them on girder slopes and adjacent territories. Among them Stipa zalesskii Wilensky,
Stipa pulcherrima K. Koch., Stipa tirsa Steven., Stipa pennata L. are included in the Red Book of the Rus-
sian Federation. Quite abundant are Anemone sylvestris L. a plant excluded from the last Red Data Book of
the Voronezh region (2018), but at the same time they have not lost their value. In combination with herba-
ceous-cereal steppes, shrub communities dominated by Chamaecytisus ruthenicus (Fisch. ex Woloszcz.)
Klask. are widespread.

On outcrops of chalky-mergel rocks and highly washed Residually Calcareous Chernozems, shrub
communities dominated by Hyssopus cretaceus Dubjan. — a plant of the Red Book of the Russian Federa-
tion — are widespread. Many rare plant species are also recorded in the communities, including Scrophular-
ia cretacea Fish. ex Spreng., Matthiola fragrans Bunge, Genista tanaitica P. Smirn., Artemisia salsoloides
Willd., Artemisia hololeuca Bieb. exBess., Linum hirsutum L.

Steppes with relict elements of flora grow on the slopes of western and southwestern exposure. They
represent sparse groupings, species composition of which includes Carex humilis Leyss., Alyssum lenense
Adams, Schivereckia podolica (Bess.) Andrz. ex DC., Polygala cretacea Kotov, Pimpinella tragium Vill.,
Onosma simplicissima L., Thymus calcareus Klokov & Des.-Shost., Thymus calcareus Klokov & Des.-
Shost, Teucrium polium L., Clausia aprica (Stephan) Korn.-Trotzky and a number of other species.

Dry meadows are widely developed along the bottom of the main valley and its spurs. The dominant
species are Elytrigia repens (L.), Nevski and Euphorbia virgata Waldst. & Kit. Traditional for meadow
community’s species are widespread. Among them are common: Ranunculus acris L., Bromopsis inermis
(Leyss.) Holub, Salvia pratensis L., Poa pratensis L., Agrostis stolonifera L., Tanacetum vulgare L., Trifoli-
um pratense L., Melilotus officinalis (L.) Pall., Medicago lupulina L., Veronica spicata L., Securigera varia
(L.) Lassen, Taraxacum officinale F.H. Wigg. and others. At present, the bottom is actively overgrown with
tree and shrub vegetation.

Forests are confined mainly to the northwestern spurs of the valley and are represented by oak forests.
Slope forests are relatively low-growing, maximum height of trees is 12-13 m, with an average trunk diame-
ter of 22-26 cm. They have a single-tier, less often a double-tier structure. In two-tier communities, the first
tier is dominated by Quercus robur L. with a small participation of Fraxinus excelsior L., the second tier up
to 7 m high is formed by Acer campestre L., Pyrus pyraster Burgsd., Euonymus europaeus L., Crataegus
rhipidophylla Gand., and Prunus stepposa Kotov. Along with Quercus robur L., Populus tremula L. grows
in the first tier along the bottoms of gullies. The herbal tiar of forests is dominated by Carex pilosa Scop.,
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and less common are Asarum europaeum L., Aegopodium podagraria L., Viola hirta L., and Glechoma hed-
eracea L.

Water shed forests are represented by two types — sedge oak forests on fresh habitats and herbaceous
oak forests on dry habitats. The maximum age of trees in them is 50—-60 years. In contrast to slope forests,
watershed forests are characterized by a more complex structure. In such communities there are up to 3-4
tiers. The first tier up to 18 m high is dominated by Quercus robur L., Acer platanoides L. and Fraxinus ex-
celsior L.; the second tier (12—14 m) is dominated by Acer platanoides L. and Tilia cordata Mill. The third
tier (7-9 m) is formed by Acer campestre L., Malus sylvestris Mill., and Pyrus pyraster Burgsd. The fourth
tier up to 4 m high is dominated by shrubs: Corylus avellana L., Euonymus europaeus L., Crataegus rhipid-
ophylla Gand. Steppe species such as Rosa majalis Herrm., Prunus stepposa Kotov, Cerasus fruticosa Pall.
are often found in the undergrowth.

A transitional type of plant communities is formed by sparse park-type forests formed on the slopes of
the valley. Here, detached fruit trees and shrubs grow against the background of herbaceous-cereal steppes,
giving the landscape a savannah appearance.

Along with natural communities in the valley there are cultural vegetation represented by agrophytoce-
noses. Except for the vegetable gardens of Kuvshin village, the range of species in them in recent years is
very limited and is represented by wheat, sunflower and sugar beet. The plowed fields occupy mainly the
slopes with steepness up to 6°, as well as part of the bottom in the lower reaches of the valley.

The Landscape structure. Despite the large number of works on the problems of landscape differentia-
tion, there are still a number of unresolved issues. One of them is internal landscape differentiation of large
sukhodols with high mosaic of soil and vegetation cover.

Firstly, in classical landscape classifications, large and medium-sized sukhodols are not reflected as
units of landscape differentiation. In some cases, they can be parts of land type association and landscape, in
other cases they consist of several land type association and belong to different landscapes, in rare and most
“successful” cases the boundaries of a gully coincide with the boundaries of a land type association.

Secondly, the complexity of the internal hierarchical organization of landforms in sukhodols creates dif-
ficulties in assigning local geosystems to any taxonomic rank.

Thirdly, the boundaries of soils even more uncertainty to landscape boundaries. Under conditions of
high preservation of vegetation cover they are practically invisible and become obvious only during detailed
soil survey.

Fourthly, the boundaries of plant communities add to the already complex picture of landscape bounda-
ries. In one case, they can pass the boundaries of lithological differences, relief, soils, exposures and other
conditions without visible changes, while in another case, they create many obvious contours within one el-
ements of relief. Sometimes vegetation boundaries are formed in uncharacteristic places and for reasons that
are not clear at first glance.

Such problems of defining landscape boundaries have been widely discussed in scientific literature in
recent years [16—19]. K.N. Dyakonov and A.Yu. Reteyum for the definition of landscape boundaries propose
to carry out “a clear contrast between the concepts of system and areal, which require completely different
operations of delineation” [20]. A number of researchers rightly note that the formation of landscape bounda-
ries is influenced by the features of the polystructural and polyscale organization of geographical space
[21-25]. In particular, V.N. Solntsev, in this regard, suggests distinguishing independent geostationary, geo-
circulation and biocirculation systems in the landscape sphere [26].

A.V. Khoroshev explains the existing uncertainty of landscape boundaries by the mismatch of “charac-
teristic times of landscape components and their different inertia” [27]. The author sees the solution to the
problem in the creation of “cartographic models of the most probable combinations of properties of land-
scape components based on information about inter-level and inter-component relationships™ [24].

Without going into further discussions about the complexity and multifaceted nature of landscape
boundaries and approaches to their delineation by different authors, let us note the important points in our
opinion:

- Each component can form its own boundary field and important boundaries for the final landscape dif-
ferentiation;

- Within the boundaries of any local geosystem, special conditions different from neighboring geosys-
tems are formed;

- When delineating the boundaries of any taxonomic rank, it is necessary to remember that special con-
ditions different from neighboring landscapes are formed within its boundaries;
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- It is necessary to consider that some of the non-obvious natural boundaries may become apparent
when the functioning or use of a particular landscape changes.

It should also be taken into account that the created landscape map should be understandable to special-
ists from related fields, and the highlighted contours would be easily explained by the existing natural condi-
tions. In this case, the possibility of applying such a map in practice increases significantly.

A striking example is landscape maps of land type associations proposed by F.N. Milkov [28]. They be-
came the basis for the organization of agricultural land use in forest-steppe and steppe zones. Modern agro-
ecological groups of lands are refined and detailed, analogues of terrain types.

On this basis, we should not completely ignore the classical approach of landscape delineation on
themorpholithogenic basis, the controversial aspects of which have been objectively criticized in recent
years [29]. But it is very relevant to supplement it with actually existing geobotanic, soil, anthropogenic and
other boundaries. For the Central Chernozem Region such a methodology has been tested and applied since
the 60s of the twentieth century. New trends in landscape delineation based on mathematical and statistical
methods cannot yet fully replace classical approaches, but in recent years, especially in the light of the de-
velopment of geoinformation modeling and neural networks have made a significant step forward.

The internal landscape structure of the sukhodols should be identified according to the classical meth-
odology with the allocation of land types and sites. For this purpose, we can use the approaches to the sys-
tematic of elementary landscapes of the Central Russian forest-steppe developed by K.A. Drozdov [30].

When distinguishing land types and especially their species, it should be remembered that land types
should remain rather large formations, have an area of several hectares, and if their further internal division
is necessary, it should take place at the sites level.

Prevailing in the structure of landscapes of the “Kuvshin” sukhodols, the most diverse and valuable in
ecological terms are land type slopes of valley (Fig.), represented by families of steppe, forest-steppe-
savannah, forest and field complexes. Their internal structure differs markedly both in lithological and geo-
morphological features (from steep eroded chalk slopes to sloping loamy slightly eroded slopes) and in in-
digenous vegetation formations (herbaceous-cereal steppes, herbaceous steppes, oak forests, etc.). The soil
cover is formed by banded combinations of Haplic, Calcic, Residually Calcareous Chernozems and Haplic
Greyzems.

The landtypes of the valley bottom include families of meadow, forest, forest-steppe-savannah and field
landscapes. They are more homogeneous lithologically and morphologically. They are complicated only by
the short (20-30m) weakly isolated deluvial plumes and alluvial fans. The mosaicity of vegetation cover is
largely related to economic activity. On mowed areas herbaceous meadows are preserved, while unmowed
areas are overgrown with shrubs and fruit trees.

The land types of spurs of main valley represent a group of complex land types including small spurs up
to 2 km long, up to 350 m wide and up to 25 m deep. Families are represented by steppe, forest-steppe-
savannah, fore stand forest-steppe complexes. Lithologically and geomorphologically they are also diverse.
In chalky-mergel sediments, short circular spurs are formed, and in loamy sediments, linear-extended spurs
are formed. Bottom gullies are often formed along the bottoms of such spurs. The land types of spurs of main
valley are characterized by a high mosaic of soil and vegetation cover, and in some cases it is difficult to de-
termine the root formation, because several types of steppe and forest communities alternate. In such cases it
is expedient to distinguish ase parate family of forest-steppe spurs.

The land types of hollows differ from g land types of spurs by their smaller dimensions (up to 1 km in
length, up to 100 m wide, up to 10 m deep) and simpler internal structure. They have a linear shape, often
without lateral branches, symmetrical slopes and a bottom not wide up to 30 m. Families of tracts are repre-
sented by steppe, forest and forest-steppe landscapes.

The land types of gullies include bottom and slope erosion forms that are more than 300 m long and
more than 3 m deep. Gullies have a complex structure of vegetation cover, where there is an alternation of
bare patches with steppe and overgrown woody and shrub vegetation on the slopes and bottom. In this re-
gard, families of land types of gullies should be differentiated into steppe, where tree-shrub-vegetation is
fragmentary and does not play a leading role, and forest-steppe, within which more than one third of the area
is covered with shrub and tree communities. Since gullies are a kind of free fields for the development of
biostromes and the final formation that will be formed in them is not obvious, the selection of families and
especially land type’s species should be carried out taking into account the current vegetation situation.

Cepus «buonorusa. MeauuuHa. Meorpaduax». 2024, 29, 1(113) 131



A.S. Gorbunov, V.B. Mikhno, O.P. Bykovskaya

] ¢ § 15 N
Y TAMB U/U O EF A
™ RESTO N ) X5 15
S 2
S15 5
T 5 AN ]
;15j n 1- 1o | o RO Ao
e [ B A s
b8 5
15 A S :8: :88:
2315 >0 1 13
3. 1 15 ) .’.g,/ ! ,, 3
S 13
Dremiav,forest § 8 K E‘;x 18
T Z 6 N
s Y 7 23 Dremov, Tar &by, 21 2 e 3
O \W‘@@&i 1 Kursk Region 5 R Z E] 4
KEPURLIC 105 R oSt O 2 Saratov Region % & T Dykon v YT, s
15
1 22
g8 3 9743 !
123553
% oo 7
Slie 8108 s 238 23
sl 33 5 i
9 . Legashev, forest
oy A
2 B STt
“: BT 6 X R /6
55 2 O :
99 SNINS (77555 3 1
, 7 I3 2
153 Hlolodezhny} forest oo 205000000
5// 7 L
X 9
5 2
& S 55 Horohoy Jor K13
2[R0 X5
12 15% 6 B 18 X
X XX 15 T 7 Fe
]
2.5 1
% 1 3
7 “HE : 9 \
5 s 27 ;
12 3|43 27| 3 Ry
s 6 BBy o
7 : 8 \\@x;g&?
Soeterete 16 22 9O 3
e % 18
20 ¥ Hologas //
i) 2 35 i /12 BEEEY
o 4 7 R T
777 o 7
1597 TR % ;
10 X5 10 | 3
i5 9 13
1 RS 10
103 ;
& 15 s 13 L
5 R0 57
453 A g
N 4 WL
AT 7
1 i)
»9
[saposarrsases] g 18 25
[eoriadriolsiedn s 7
s | R SR oo Z 7 7
22 vikuvshin /2
1
18
5
500 0 500 1000 1500 M
e t——————r—
1

Figure. Landscape map of the “Kuvshin” sukhodols

Legend: | — The land types slightly sloping (up to 3°) plakors: 1 — with agrophytocenoses on combina-
tions of Haplic and Calcic Chernozems medium-humus, heavy loamys; 2 — with sedge oak forests and herba-
ceous oak forests on Haplic Greyzem slow-humus, heavy loamy. Il — The land types of slightly sloping
(3-6°) watersheds: 3 — with agrophytocenoses and ash forest belts on Haplic Chernozems low-humus, medi-
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um thick, heavy loamy. 111 — The land types of slopes: 4 — loamy slopes of medium steepness (12—15°) with
sedge oak forests and shrubby-herbaceous steppes on combinations of Haplic Greyzems medium washed
out, heavy loamy and Calcic Chernozems low humus, medium washed out, heavy loamy; 5 — loamy beam
slopes of medium steepness (8—15°) with sedge oak forests on combinations of Haplic Greyzems medium
washed out, heavy loamy and Residually Calcareous Chernozems low-humus medium washed out, medium
loamy; 6 — loamy beam slopes of medium steepness (10—12°) with agrophytocenoses on Haplic Chernozems
low-humus, medium washed out, heavy loam; 7 — steep (17-20°) loamy-chalky beam slopes with shrubby-
herbaceous-cereal steppes on Residually Calcareous Chernozems of different degrees of washed out, light
loamy; 8 — loamy-chalky beam slopes of medium steepness (8—14°) with herbaceous-cereal steppes on com-
binations of Haplic Chernozems low-humus, medium washed out, medium loamy and Residually Calcareous
Chernozems medium washed out, light loamy; 9 — eroded chalk steep (15-25°) slopes with shrubby-
herbaceous-cereal steppes on combinations of outcrops of chalk rocks and Residually Calcareous Cherno-
zems of medium and strongly washed out, medium loam. 1V — The land types of spurs of main valley: 10 —
in loamy-chalk sediments with sedge oak forests and shrubby-herbaceous steppes on combinations of Calcic
Chernozems and Residually Calcareous Chernozems medium washed out, loamy; 11 — in loamy-chalky sed-
iments with sedge oak forests, herbaceous steppes and agrophytocenoses on combinations of Calcic Cherno-
zems and Residually Calcareous Chernozems medium washed, loamy; 12 — in loamy sediments with sedge
oaks forests on combinations of Haplic Greyzems weakly humus, heavy loamy and Calcic Chernozems
weakly humus, heavy loamy, weakly washed out; 13 — in chalky-mergel sediments with shrubby-herbaceous
steppes, and herbaceous steppes on combinations of outcrops of chalky-mergel rocks and Residually Calcar-
eous Chernozems of different degrees of washing out, medium and light loamy; 14 — in chalky-mergel sedi-
ments with pear oak forests and herbaceous steppes on combinations of outcrops of chalky-mergel rocks,
Haplic Chernozems and leached Residually Calcareous Chernozems, medium washed out, medium-loamy. V
— The land types of hollows: 15 — in loamy sediments with sedge oak forests on Haplic Greyzems medium
washed out, heavy loamy; 16 — in loamy sediments with shrubby-herbaceous steppes on Residually Calcare-
ous Chernozems medium washed out, medium loamy; 17 — in chalky-mergel sediments with herbaceous
steppes on combinations of chalky-mergel outcrops and Residually Calcareous Chernozems medium washed
out, medium loamy. VI — The land types of gullies: 18 — in loamy-chalky sediments with sparse herbaceous
and tree-shrub communities on rock outcrops; 19 — in chalky sediments with sparse shrubby-herbaceous
communities on rock outcrops. VII — The land types of the valley bottom: 20 — loamy flat bottoms with ag-
rophytocenoses on alluvial-deluvial heavy-loamy soils; 21 — loamy weakly concave bottoms with herbaceous
meadows on alluvial-deluvial carbonate heavy-loamy soils; 22 — loamy weakly concave bottoms with herba-
ceous meadows, fruit trees and shrubs communities on alluvial-deluvial carbonate heavy loamy soils; 23 —
clay-loam weakly inclined (2—4°) weakly concave bottoms with aspen-0ak forests communities on alluvial-
deluvial carbonate heavy-loamy soils; 24 — clay-loam weakly concave bottoms with sedge oak forests and
herbaceous meadows on alluvial-deluvial carbonate heavy loamy soils. VIII — The land type of fluvial ter-
race above floodplain: 25 — loamy terrace with rural settlement on alluvial-deluvial carbonate heavy loamy
soils. IX — The land type of erosion hill: 26 — with herbaceous oak forests on Haplic Greyzems low-humus,
heavy loamy; X — The land type of dells: 27 — plowed drainage hollows with agrophytocenoses on Haplic
Chernozems low-humus, medium thick, clayey.

The land types of slightly sloping (3—6°) water sheds occupy loamy sloping surfaces with a steepness of
3—6°. Their soil cover is dominated by weakly washed out Haplic Chernozems, with fragmentary occurrence
of washed out Calcic Chernozems. The vegetation cover is dominated by agrophytocenoses interspersed with
the forest strips. In the northeast of the territory the watersheds are occupied by oak forests on Haplic
Greyzems.

The land type of dell complicates the watersheds and above-lying plateaus, giving them an undulating
appearance. They are plowed everywhere, but at the same time they preserve specific landscape conditions
due to runoff concentration, soil overwatering, and activation of erosion processes in the slope.

Altitudinal organization of landscapes. Since the Kuvshin sukhodols is characterized by a rather large
erosion incision for flat areas (up to 50 m), local landscapes of site level tend to change in height, forming
morphologically and dynamically similar altitudinal-landscape systems [31, 32]. In this case, the approach
with the separation of slope microzones [33] is not always possible to apply especially on well soddedor
highly eroded slopes, where denudation, transit and accumulation zones have very blurred outlines, but at the
same time the altitudinal differences in vegetation are still traceable. Without denying the existence of mi-
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crozones, we propose to transform them into somewhat enlarged slope layer: upper sloping, middle steep,
lower gentle, and, if necessary, to reveal layer internal structure at the expense of smaller units (sub-layer) in
relation to microzones.

Thus, for example, the sub-layer of the left slope of the valley in the middle reaches from top to bottom
will be: the slightly sloping watersheds with agrophytocenoses on Haplic Chernozems low-humus, weakly
washed out (above 150 m); the slightly sloping water sheds with forest belts on Haplic Chernozems low-
humus, weakly washed out (147—-150 m); steep upper parts of slopes with Stipa pennata — Varii herbetum
— Prunus stepposa communities on Residually Calcareous Chernozems of low-humus, medium washed
out (140—147 m); steep upper parts of slopes with sparse Hyssopus cretaceous — Varii herbetum communi-
ties on chalky outcrops (133—140 m); steep middle parts of slopes with sparse Chamaecytisus ruthenicus —
Varii herbetum — Stipa pennata communities on Residually Calcareous Chernozems of low-humus, strongly
washed out (115-133 m); lower parts of slopes of medium steepness with Paeonia tenuifolia — Varii her-
betum communities on Residually Calcareous Chernozems low-humus, medium washed out (102—-115 m);
gentle deluvial plumes of bottom with Euphorbia vergata — Elytrigia repens — Pyrus pyraster communities
on alluvial-deluvial soils (below 102 m). It is noteworthy that the set of sub-layers can differ significantly for
different slopes and parts of the valley.

Conclusion

Thus, a number of conclusions can be drawn as a result of this study:

- Given the high level of research of landscapes of the Voronezh Region, there are practically no works
in scientific literature devoted to the organization of landscapes of sukhodols; therefore, the landscape status
of sukhodols has not been determined yet and the problems of their internal landscape differentiation have
not been solved;

- The sukhodols in the Cretaceous south of the Center Chernozem Region are genetically heterogene-
ous. Most of them are the result of degradation of watercourses (mainly small rivers) and intensive manifes-
tation of linear erosion.

- The origin of sukhodols is reflected in their morphology and structural-dynamic organization of land-
scapes. Two main morphological-genetic types of sukhodols have developed in the region under considera-
tion: valley- and balka-sukhodols. Together with the landscapes of their basins, sukhodols form basin para-
dynamic landscape systems, consisting of valley subsystems and conjugate subsystems, the main link of
which is directed surface water runoff;

- Consideration of genesis, structural and dynamic organization and development of sukhodols land-
scapes is necessary for solving problems related to rational nature management and optimization of land-
scape-ecological situation in the Cretaceous south of the Central Chernozem region.

- Formation of local landscape boundaries within the gully can occur both under the influence of litho-
logical and geomorphological factors and as a result of changes in the state of the biostrom within one mor-
pholithogenic unit;

- Landscape organization of sukhodols can be considered from several positions; this paper presents ap-
proaches to component, territorial and altitudinal organization of landscapes;

- The existing protection status of the territory of the “Kuvshin” sukhodols clearly does not correspond
to its internal content. The category of a natural monument of regional significance is too small for such an
object. Even today there are all territorial and natural prerequisites for expanding the boundaries of the pro-
tected area and increasing its status to a nature park. In the future, it is possible to organize a forest-steppe
reserve, which is so necessary for the region and the entire Central Chernozem Region, including, along with
the valley, the protected areas of the Don Belogorye, the well-preserved Don flood plain and part of the left-
bank fluvial terrace above flood plain terraces. The first priority task is to eliminate the obvious contradiction
in the form of a combination of protected areas and hunting.
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A.C. T'opoynos, B.b. Mux#no, O.I1. beikoBckas

Opragasik Kapa TonbIpakTsl ailMarbIHbIH OHTYCTITiHAEri 00PJibI
KYPFaK aHFapJIapAblH KYPbUIBIMBIK K9He MOP(OJI0THAJBIK OPHAJIACYbI

Oprtaisik Kapa TombIpakTsl alfMaKTHIH OHTYCTIriHAErT OOpIIBI KYPFaK alKaNTHIK JaHmadgTapAslH MBIy TeTi,
MOPQOJIOTHSIIBIK JKOHE T'CHETHKAJbIK CYPBINTAPBI, KYPBUIBIMIBIK-IMHAMUKAIBIK OaillaHbICTAPhl KapacThl-
poutFaH. Kyprak ankanrapiblH TeHe3HCl, MOP(OIOTHACH], JaMybl JKoHE JaHAAQTHIK KYPBUIBIMBI TypaJbl 3a-
MaHayH TYCiHikTep OepinreH. bacceitHaik manamadThIK xKyHenepaiH KYpbUIBIMABIK 3JIeMEHTTEpiHIH Hapaiu-
HaMUKaIbIK OainaHbICTaphl aiiTburan. TaOuraTThl maliganany macenenepid menryzae xoHe Opransik Kapa
TOIBIPAKTHl aHMAKTBIH OHTYCTITIH/ET1 OOpIIB! JTaHA(THIK-3KOJIOTHSUIBIK XKaFJaliabl OHTaIaHIBIpyIa KYp-
FaK XepJepliH JaHmmadTHK epeKIIeTiKTepiH ecKkepy KaXKeTTiiri aram etinreH. Meican perinne Boporex
o6usIchIHBIH [ToaropeHckuii aynansHna opHanackad KyBIIMHCKOM Kyprak aluKaOBIHBIH ipi KYpFaK aHFapia-
PBIHIAFBI TAOUFHU KEHISHIEPIiH Kypamaac, ayMaKThIK JKoHe JKOFaphl OpHAIacysl Tanganrad. Jlanomadt aud-
(hepeHIMAMACHIHBIH HETi3ri (hakTopiiapbl aHBIKTAJBI, OJAPIBIH iMIiHIEe MOP(OINTOreHAIK HETI3MiH epeK-
HIETIKTepi, OMOCTPOMAHBIH JaMy CHIIATHI, Ka3ipri SKOHOMUKAIBIK Maiinanany. XKeprigikri ganamadr meka-
pajlapblH aHBIKTAay MOCEJesIepi KOHE OJIapAbl LIENTy TocLIaepli aTam oTimi. 3epTTey HOTHKenepi OOHbIHIIA
ankan inreae 7 TYKBIMIAc JKoHe 45 jkep TUNTEepi, COHAai-aK Ouik maHamadt xabarTapsl MeH imki KabaTTap
AHBIKTANABL. AYMaKThIH TAOHFATTHI KOPFay MOpTeOeciH e3repTy OOHBIHINA YCHIHBICTAp Oepiai.

Kinm ce30ep: xyprak aHrapiap, JanqmadT resesuci, JaHmmadT KypbUIBIMBL, TapareHeTHKaNbIK JaHmadr
Kylenepi, TaHAmAaGTapIBIH MTOJHKYPBUIBIMBIL.

A.C. T'opOynos, B.b. Mux#no, O.I1. beikoBckas

CrpykrypHast 1 MOP(}0JIOrHYecKasi OPraHU3aAnuA CyXuX J0JUH MeJIOBOT0
wra llearpajabHo-UepHo3eMHOr0 peruoHa

PaccMoOTpeHBI 0COOEHHOCTH MPOHCXOXKICHUS, MOP(HOIOTHIECKHE U TeHETHIECKHE Pa3sHOBUAHOCTH, CTPYK-
TYPHO-IUHAMHUYECKHE B3aUMOCBSI3U CYyXHX JONMHHBIX JaHAMAPTOB MeToBoro fora LlenTpamsaoro YepHose-
Mbsl. 3a(MKCHPOBAaHBI COBPEMEHHBIE NPEACTABICHNSI O TeHe3Hce, MOP(OJIOruy, pa3BUTHH M JaHIA(THOH
CTPYKTYpE CYXOIO0JIOB. BBIABICHB! apaJiHAMIUECKUE B3aNMOCBS3H CTPYKTYPHBIX 3JIEMEHTOB GacCeifHOBBIX
napAmadTHEIX cucTeM. [loguepkuBaercss HEOOXOAMMOCTh ydeTa JaHAMA(THOU CIEU(UKH 3aCyIUIUBBIX
3eMeJib NIPH pelIeHrH MpoOJieM NMPHUPOIONONB30BaHNs U ONTHMH3AMHY JaHAA(GTHO-IKOJIOTHYECKOil cuTya-
M Ha MenoBoM fore Llentpansroro UepHo3eMbs. B kagecTBe mprMepa mpoaHaan3npoBaHa KOMIOHEHTHas,
TeppUTOpPHANbHASL U BBICOTHAS! OPTaHU3AIMS IPHPOIHBIX KOMIUIEKCOB KPYHMHOTO cyxonona KyBmmHcKoi 3a-
CYNUIMBOHM JONWHBI, pacnonokeHHo# B [lonropenckom paiione BopoHexckol o0macT. YCTaHOBJIEHBI OC-
HOBHBIE (DaKTOPHI TaHAMAPTHOH MU PepeHITHalnm, CPeqH KOTOPBIX 0COOCHHOCTH MOP(OIUTOreHHOH OCHO-
BBI, XapaKkTep pa3BUTHA OHOCTPOMBI, COBPEMEHHOE XO3SHCTBEHHOE HCIOIb30BaHME. OTMEUYEHB! MPOOIEMEI
BBISIBJICHUS! JIOKAJTBHBIX JIAHAMIAQTHBIX TPAHUI] M MOAXOMABI K UX penieHuto. [1o pesyiabpraram HcciIenoBaHus B
npenenax JOJUHBI BBIICICHO 7 CeMEeWCTB M 45 BHIOB Ha3eMHBIX THIIOB, a TaKXKe BBICOTHBIEC JaHIIA(THEIE
CJION Y TTOJICTION. J[aHBI peKOMEHJAIMH [0 M3MEHEHHUIO TPUPOIOOXPAHHOTO CTAaTyca TEPPUTOPHH.

Knioueswvle cnosa: cyxue JONUHBI, TeHE3UC JaHAMA(TOB, CTPYKTYpa JNaHAmAa(TOB, NapareHeTHYeCKUe JIaH -
madTHeIC CHCTEMBI, TOMCTPYKTYPHOCTD JIaHAIIA(TOB.
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®denepaabHbie 0000 OXpaHsieMble MPUPOIHbIE TEPPUTOPUH AJITANCKOr0 Kpas:
COBpPEMEHHOE COCTOSIHUE U NMepPCNeKTHBBLI Pa3BUTHS

OpnHa U3 BaXKHEHIINX ITI00ANBHBIX MPOOJIeM COBPEMEHHOCTH — COXpaHEeHHe MPUPOIHON cpenbl. [apaHTHei
3¢ dexTHBHOTO COXpaHEHHs] MPUPOAHO-TEPPUTOPHATBHBIX KOMIUICKCOB PETHOHA SIBISICTCS! CO3JAHHE CETH
0c060 oxpanseMbix npupoanbix Teppuropuit (OOIIT), koTopas obiagaeT penpe3eHTaTUBHOCTHIO MO OTHO-
IICHHIO K JIaHAmAadTHOMY M OHOJIOrHYeckoMy pa3sHooOpasuro. Tarke U3BECTHO, YTO OoJiee CTPOTHI PeRUM
OXpaHBbI, KOTOPBIH XapakTepeH AJISI 3all0OBEHUKOB M HAI[MOHAIBHBIX MApKOB, CIIOCOOCTBYET YCIEIIHOH pea-
JM3aIMe 3371a9 OXpaHbl MpUpPOJBL. B cratbe paccmorpeno coBpemenHoe coctostane OOIIT ¢enepamsHOro
3HaueHus: Aunraiickoro kpas — l'ocynapcTBeHHOro mpupoAHoro 3amoBenHuka «Turupexckuit» u Hamwmo-
HaJbHOTO mapka «Camanpy, a Takxke IepCHeKTHBHI cOo3aHus mpoekTupyemoro HarponansHoro mapka «I op-
Has KonbiBanby. [lokasaHo, 4to neiicTByromue u npoekrupyeMas ¢enepanpasie OOIIT B kpae pacmonara-
I0TCSl TOJBKO JIMIIb B €r0 TOPHOM YacTH, a MPUPOJHBIE KOMIUIEKCHI PaBHUHHOI YacTH Kpasi, KOTOpBIE TaKkxke
o0JaaroT GOJIBIION IPHPOTOOXPAHHON IIEHHOCTBIO, OXPAHSIOTCS JIMIIb PEXXUMaMU 3aKa3HUKOB M ITaMsSTHH-
KOB IIPUPOJIBI pETHOHAIBHOTO 3HaueHus. [Inomans denepansaex OOIIT 3a nocnenHee BpeMst B Kpae yBelH-
gera ¢ 0,25 mo 1,5 % oT miommaam peruoHa, 4yTo SBISIETCS OJHUM M3 CaMbIX HU3KMX ITOKa3aTeNeil o peruo-
Ham Cubupckoro denepanproro okpyra. Cozmanne HammonameHOro mapka «['opHas KonbiBab» Hrpaet
OONBIIYI0 POTb B COXPAHEHUM IPHUPOJHOTO Pa3HOOOpa3HsAM HCTOPHKO-KyIbTypHOTO Hacienus CeBepo-
3amagHOTO AnTas, MO3BOJIsET 00BEIMHUTD pa3po3HeHHbIe pernoHaitpHeie OOIIT B equHOE 1Ienoe Ha OpraHu-
3allMOHHOM ypoBHe. B ciyuae co3nanus nannoit OOIIT u npupaHus oXpaHHOW 30HE 3amoBeiHUKa (erie-
paJbHOTO cTaTyca 10Js (eaepalbHBIX OXpaHIeMbIX TEPPUTOPHI Bo3pacTeT 10 2,5 % oT Iiomamy Kpasi.

Kurouesvie cnosa: oxpana npuponsl, OOIIT, Anraiickuii kpaii, 3anoBenHuk «Turupexckuii», HarmonaabHbIH
napk «Canaup», Hannonanensiii napk «l'opnas KosbiBanby», Antaid.

Beeoenue

Oco60 oxpansiemble npupoanbie Teppuropun (OOIIT) sBusitoTcst ogHUM U3 3P PEKTUBHBIX HHCTPYMEH-
TOB COXPAaHEHUs Pa3HO00pa3us MPUPOTHON CPeibl, OCOOECHHO ceiuac, B YCIOBUSIX YCHIICHHOTO aHTPOIIOTeH-
HOTO BO3JICWCTBHS Ha MPHUPOJIHBIC KOMIUICKCH [1-4]. 3a mociieHne HECKOIBbKO JECATHUICTUI HICOIOTHS 3a-
MOBETHOTO JieNia peTepriesa 3aMeTHOe N3MEHEeHHE. B HacTosIIee BpeMs OXpaHsIeMble TEPPUTOPUHN CO3/AI0T-
Csl HE TOJILKO JUIsi COXPAHEHUS STAJOHHBIX JaHAa(GTOB M 00eCHeUYeHus Cpeibl OOMTAHUS JJIS PEAKUX U
HAXOJAUIMXCS TI0J] YrPO30i MCYC3HOBCHHUS BUIOB, HO W JUIS BBIMOJHECHUS psijia IPYTruX (GYHKIUHA: pelICHUs
COITMATTBHBIX ¥ SKOHOMHYECKUX 3a]1a4 MyTeM Pa3BUTHS TypU3Ma; CMSTYCHUs MOCIEICTBUN U3MEHEHHUS KITU-
MaTa W ajJanTtaluy K HeMy. BakHO OTMETHUTh, YTO 3TH HOBBIC TPEOOBAHMUS JIOJKHBI SBJISATHCS JOMOJHECHUEM,
a He 3aMeHoM OoJsiee paHHUX MoTuBalmii [5]. Pacmmpenue ¢ynxiuii OOIIT, 6e3ycioBHO, eaeT 3a1ady ux
opranusanuu 0osee akTyaJabHOM, CTOCOOCTBYS YBETHUCHHIO MX IUIOMAACH mo Bcemy Mupy. OTaenbHbIe aB-
TOPBHI U OPraHW3allMd YKa3bIBAIOT Pa3Hble 3HaYeHUs MuHUManbHOW tuomand OOIIT ot miomamu crpa-
HBI/perruoHa [6], 0IHAKO OOJILIIIMHCTBOM HCCIIEIOBAaTENICH MPU3HACTCS, YTO YIS IOCTHIKEHUSI MUHUMAITLHON
PENpe3eHTATHBHOCTH B3ATHIC MO/ OXpaHy JaHAmMAa(Thl JODKHBI 3aHUMaTh He Menee 10 % [7, 8]. ITo naH-
HbIM Poccrata 3a 2022 rox [9], B P® nacuutsiBaetes 11,9 teic. OOIIT ¢eaepansHOro, perioHaILHOTO U
MECTHOI0 3HauyeHHus o0ier rmomanpo 244,3 M ra, yto npessimaet 10 % mnomanu crpansl. Tem He
MEHee, OJHHM W3 TapaHTOB COXPAaHCHHs JaHIMAPTHOTO W OUOIOTHYECKOTO pasHooOpasus SBISETCS
CTPOTUU PEXUM OXPaHBI TEPPUTOPHUH, 3aNPEHIAIONUN WIIH CTPOTO PETIAMEHTUPYIOIIHHA X03IHCTBEHHYIO
nesaTenbHoCTh. B Poccun Hambonee cTporuM pexxumMoM 0co00H OXpaHbl XapaKTEPU3YIOTCS TaKHe KaTe-
ropun OOIIT, kak rocyaapcTBeHHbIC NPUPOIHBIC 3alIOBEIHUKMA M HallMOHAJbHBbIC Mmapku. Kpome Toro,
JIAaHHBIE KaTerOpUH OTHOCATCS K 00beKTaM (eJepallbHOT0 YPOBHS, YTO JAeT UM OOJIbIIE PECYPCOB IS
obecrnieuenus pexxnuma oxpansl. [loaromy npu ananuze cetu OOIIT pernona OonblIoe 3HAYCHUE UMEIOT
WMEHHO 00BEKTHI (he/lepaibHOTO 3HAUCHUSI.
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enpio pabOTHI ABISETCS OLIEHKA TEKYIIETO COCTOSIHUS M BO3MOXKHOTO pazputus genepanbabix OOIIT
AdnTaiickoro kpasi.

Mamepuanst u Memoowl Uccie008anUs

Anraiickuii kpait — cyObekT P®, Bxonsammuii B Cubupckuii penepanbHblil OKpYT U rpaHuyaiuii ¢ Pec-
myOimkoii Antaii, Kemeposckoit 1 HoBocubOupcekoit o0iactamu, a Taxoke ¢ Pecriyonmkoit Kasaxcran. Pacrio-
narasice Ha FOro-Bocroke 3amamgnoit CuOupH, perHOH 3aHMMAET TEPEXOIHOE IOJOKEHHE OT 3amajHo-
Cubupckoii paBHHHBI K Antae-CassHCKOW TOpPHOW CTpaHe, BBUAY 4Yero o0xagaeT OONBIINM JIaHAIA(THBIM,
OMOJIOTUYECKUM U IPYTHMH BHIAMH IPUPOJHOTO Pa3HOOOpas3usl.

Cuctrema OOIIT Amnraiickoro kpas Ha 01.08.2023 r. [10] mpencraBnena B Tabmume 1. B He€ Bxomar 4
OXpaHsAeMbIe TEPPUTOPUH MECTHOTO, 122 — pernoHaTbHOTO U 2 — (hemepalbHOTO 3HAYCHHUS.

B cxeme pa3BuTHs U pa3MelIeHUs] 0CO00 OXpaHSIEMbIX MPUPOIHBIX TEPPUTOPUI ANTalCKOro Kpasi Ha
nepuox o 2025 r. [11] ¢urypupyer ogna mnanupyemas OOIIT denepanbHoro 3nauennss — Hannonams-
Hbii napk «['opnas KosibiBaHbY.

B xone manHOTO MCCenoBaHus MPOaHATU3UPOBAHO TEKYIIEe COCTOSIHUE 3alI0BEAHUKA « T UTHPEKCKHID)
n HannonaneHoro napka «Canaup», pacCMOTpEHbI IEPCIEKTUBLI co3aanus HarmonansHoro napka «I"opHas
KonreiBaue» (puc. 1), a Takke BBIIEICHBI MPUPOTHBIC KOMITIEKCHl PABHUHHON YacTH Kpas, KOTOpPbIe HyX/a-
I0TCSI B CTPOTOM OXpaHe, JKeNaTellbHO, Ha (eiepanbHoM ypoBHE (Tadm. 1).

Taonuma 1
Cucrema OOIIT Anraiickoro kpas no cocrosinuio na 01.08.2023 r. [10]

Obmias nro- Jloms ot 1m10-
Kareropus OOIIT Craryc KonnuecTBo 1aab, o
maau kpas, %
TBIC. Ta
T'ocynapcTBeHHBIN Hp\I:IpO,E[HBII/I 3aI10- Desepanbubiii 1 82.8 0,49
BeTHUK « THTHPEKCKUI»
HanmonaneHeIi mapk «Canaup» ®denepanbHbII 1 161,2 0,96
T'ocynmapcTBeHHBIE IPUPOAHEIE 3aKa3- Kpacsoii 36 6817 4,06
HHUKHA
[IpupoHBIe MApKH Kpaesoit 2 42,3 0,25
[TaMATHUKH TPUPOIBI Kpaesoit 84 60,9 0,36
[TaMATHUKH TPUPOIBI MecTHBII 4 0,4 0,002
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Pucynox 1. Cymectyronue u manupyemas penepansasie OOIIT Anraiickoro xpas
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denepanbHble 0060 OXpaHsieMble NPUPOAHbIE. ..

Pezynomamul u ux obcysicoenue

Hogelimmii aTan pa3Butus 3anoBeHol cetn Poccun Havancs na pyoexe 1980-90-x romos [12], onHa-
KO B AnTaiickoM Kpae mepBbliii ['ocyapcTBeHHBIN TPUPOIHBIN 3aIMOBEAHUK OBLT OpTaHW30BaH Juib B 1999
rogy. Llenbto ero cozganusi mocimyxuia He0OOXOAUMOCTh COXpaHEHHS JaHAMAPTHOTO W OMOJIOTHYECKOTO
pa3zHO00pa3us TOPHO-TACKHBIX MPUPOMHBIX KoMIUIeKkcoB CeBepo-3amagHoro Aunras. M3Ha9ambsHO TEppHUTO-
pust cocTosia 3 Tpex 000COOIeHHBIX yJacTKOB 001meit mromaasio 40693 ra — Xanxapunckoro, bemoperr-
KOro, TUTUPEKCKOT0, pacnojararoluxcs B I0ro-3anaaHoil yacTu Kpas, B mpeaenax 3MeMHoropckoro, TpeTsb-
sikoBckoro, KpacHormekoBckoro paitonoB. IloctanoBnennem AnMuHucTpanuu Anraiickoro kpas 3a Ne 117
ot 12 mapra 2003 1. [13] co3nana oxpaHHas 30Ha TUIOMIAARI0 26257 Ta, KOTOPO OBIITH COEIMHEHBI YYacTKH
3anoBegHuKa. Ilpuponnsie ycnosus, Ouora, manamadTsl U APYrHe OXapaKTEPU30BaHbl B MHOTOYHCIICHHBIX
paborax [14-18].

OcHOBHO#1 TpoOIEMO#i 3amOBETHUKA TOJT0E BpeMs ObLTa pa3o0MeHHOCTh W MaJlas TUIOMaabh TEPPHUTO-
pun. Otr 06cTosATENhCTBA He M03BOIIH JaHHOH OOIIT 3¢ dekTHBHO COXpaHITh HanOoIIee PeaKUe I Kpas
npuponHbele Komruiekcsl CeBepo-3anaaHoro Antas [19]. M3HauanbHO co3fgaHMe 3alOBEJHHUKA IIJIAHMPOBA-
JIOCh C BKIIIOYEHUEM TeppuTopuii uctokoB pek Mus, Cenrenek, Kopron u Kymup, pacnonararonmxcs B Ya-
PBILICKOM palioHe, MPUIIETAIOIUX K TOCYyIapCTBEHHOM rpaHune ¢ KazaxctaHoM U agMUHUCTPAaTUBHOM rpa-
Hute ¢ Pecybnukoit Antaii. Ho Ha HaganpHOM 3Tarne Tak U He yIaloch COTIacoBaTh BKIFOUEHHE ITHX IICH-
HEWINUX C MPUPOAOOXPAHHOM TOUKM 3PEHHUS YYAaCTKOB B I'PaHMIIBI 3an0BeAHMKA. Jloiaroe BpeMs BOIPOC
pacmmpenns rpaaun oocyxnaics [19, 20], u tompko B 2022 1. 3amoBeIHUK OBLT pacIIMpPEeH BABOE — JIO
80802,2 ra [21], B Hero Bomum yacTu Tepputopun Yapeiickoro u KypbHHCKOTO paifoHOB, IMO3BOJIMBIIHE
O00BEMHUTH TPU MCXOAHBIX ydyacTKa. Ecim 10 pacuMpeHus: OCHOBHOH MacCHB TEPPUTOPHUHM 3allOBETHHKA
3aHUMaJ 3aMafHyio 4acTh TUTHPEKCKOro xpedTa, TO B HACTOSIIEE BPEMs POCCHHCKAsl YacTh TUTHPEKCKOTO
xpebTa momHocThIo 3aHsATa AJaHHoi OOIIT. B pacmupeHnHbie TpaHUIBl BOIUTH HCTOKH p. VHS U ee neBobe-
pexbe 0 moc. TUTHpeK, KOTOpbIe paHee YaCTUYHO ObUTH 3aHSATHI | 0Cy1apCTBEHHBIM 3aKa3HUKOM KPaeBOI'O
3HaueHus1 «YapbIlICKUi», a Tak)Ke HU3KOTOpbsl I0r0-BOCTOYHOHN dacTH KypbHHCKOTo paiioHa ObIBIIME 4a-
CTBIO OXpaHHOI 30HbI. OnHaKo BepxoBbs pek Cenrenek, Kopron u KyMup BKIIIOUNTE B IpaHULBI TaK U HE
ynanochk. Cxema pacluIMpeHHs] TpaHUIl 3aMoBeJHIKA W CyllecTBylomuX peruoHanbHeix OOIIT, mpunerato-
LIUX K HEMY, TpeJICTaBJIeHa Ha PUCYHKeE 2.
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Turupekckuil 3anoBeHUK — 3TO MepBas U IoJroe BpeMs eanHcTBeHHas Genepanbhas OOIIT Ha Tep-
putopun Anraiickoro kpas. Jlume B 2020 1. Ha mwromamn 161220,8 ra O0b11 co3gan HannoHanmbHBIN Mapk
«Camanp». Ero teppurtopus pacronaraercsi Ha rpanuiie ¢ KemepoBckoit o0macteio B 3apuHCKOM, ToTyIb-
ckoM, EnpnoBckom, ConToHCKOM padoHax. B rpaHuipl mapka NMONHOCTBIO BOLUIM KpaeBble 3aKa3HUKHU
«EnpnoBckmity, «Capsi-Hywmsimckuiny n yactuaHo «Torynbekuity. LlemsaMu co3manus mapka Ciry>KUT coxpa-
HEHHME YHHMKaJIbHBIX M TUIHYHBIX JIAHAMA(TOB 3amagHOro MakpockinoHa Canaupckoro Kpsoka, OoJblmast
4acTh TEPPUTOPUN KOTOPOrO 3aHATA YEPHEBOM Talroil. XapakTepucTHKa MIPUPOJHBIX ycioBuil Hanmonans-
Horo napka «Canaupy» npuBeiena B padore [22].

OcobenHocTrio HanmonanbHOro napka siBiasieTcs €ro KJIacTepHOCTh, KOTOPAast OCIOKHSET 3aJauu OXpa-
HBI H, B 11e10M, ynpasienus teppuropueid. OOIIT ¢parmenTHpoBaHa Ha MIECTh U30JIMPOBAHHBIX YYaCTKOB
(puc. 1). Jaunslii ¢akt oOycIoBIeH TeM, YTO Ha IUIAHWPOBABILEHCS M3HAYAIBHO LIEIOCTHOW TEPPUTOPUHU
ObUIN MIPEACTABIEHBI HHTEPECHI PA3IMYHBIX IPUPOIOIOIb30BaTENCH, BKIIOYAs JIECO3arOTOBUTENbHBIE MTPE-
MIPHUSITHSA, TI0JIB30BATENeH HENp, OXoTnoib3oBaTeneii u qpyrux. K momenty opranmzamuu OOIIT denepans-
HOTO 3HAa4YECHUSI HEKOTOPHBIE paccMaTpUBacMble YUaCTKH ObLIH MEPEAaHbl B TOITOCPOUYHYIO apeHIy H MOJIb30-
BaHHE, a XapaKTep UX 3KCIUTyaTalluy OblJI HECOBMECTHM C 3aKOHOAATEIbHBIMU TPEOOBaHUSIMH K HallHOHAIIb-
HOMy mapKy. Ha sTame cornmacoBaHus rpaHull JaHHbIE YYaCTKU ObUIM MCKIIIOUCHBI U3 OXPaHsAEMOI TeppuTo-
pHH, ¥ eArHas IUIOIAAb OKa3ajach ¢parMeHTHpoBaHa. [lmomans OTAENbHBIX KIacTEpOB MapKa CHILHO Ba-
peupyeT. Ecnu cameriii 6onbinoii yuactok «Torym» 3anumaer 113053,4 ra (70,1 % ot obmieli miomaan), To
caMblil ManeHbKuil yaacTok «UymbIim» — tonbko 463,3 ra (0,3 %). Koneuno, MuHMMHU3aus U3IepxKeK Kia-
CTEPHON MOJENH W MaJloi IUIOIAAW OTHENIBHBIX YYaCTKOB HAIIMOHAJIBHOIO IapKa BUIUTCS B CO3JAHUU B
JanpHenIeM oxpaHHoH (OyQepHOi) 30HBI BOKPYT €r0 BHEIIHUX TPaHUI. DTO MO3BOJHUT YMEHBIIUTH HETa-
THUBHOE aHTPOIIOTEHHOE BO3JEHCTBHE M3BHE M KyNHUPOBAaTh «KpaeBble» 3(D(EKThl Al 0XpaHAeMbIX NPUPOL-
HBIX KOMILTEKCOB [23].

B cooTBeTcTBHH ¢ ACHCTBYIONIMM 3aKOHOAATEILCTBOM, BaXXHOH OCOOCHHOCTHIO HAIIMOHAIBHBIX TTAPKOB
SIBIIIETCS] COBMEILIEHUE 3a]]ad CTPOTON OXpaHbl MPUPOJABI U Pa3BUTHS TypU3Ma, KOTOpBIE peanu3yroTcs ¢ Mo-
MOIIbI0 (YHKIMOHANBHOTO 30HUPOBAaHUS. B HBIHEIIHUX I'paHULAX TeppuTopus napka «Canaup» uMeeT pan
OrpaHWuEHHN sl pa3BUTHS Typu3Ma. Bo-mepBrIX, OHa He 00JagaeT SPKO BBIPRKEHHOMN OIHO3HAYHOW MpH-
BJIEKATEJIbHOCTBIO ISl TYPUCTOB. BO-BTOpBIX, CTOUT OTMETUTH OTHOCHUTEIBbHYIO HEPa3BUTOCTH JOPOKHOU
CEeTH, MPAKTHUIECKH ITOJIHOE OTCYTCTBHE TypHCTHUYeCKOW MHGpacTpyKTyphl [24]. Ho Hanbonee akTyambHOU
npobaemoit HanmonansHoro napka «Canaup» siBJsieTCsl OTCYTCTBHE YTBEPKACHHOI'O PeKUMa 0CO00H oxpa-
HBI U (PYHKIIMOHATLHOTO 30HHUPOBAHUS, YTO HE MO3BOJSET MApKy B MOJHOM Mepe BBITIOJIHATH CBOM 3a]auu.
[IprumHBl aHHOTO (QaKTa KPOKOTCA B PEECTPOBON OMIMOKE: MPH YTOYHEHUH I'PAaHML] HALMOHAIBHOTO MapKa
OHHU ObUIM HanoxkeHsl Ha ceno Capel-Uymbim KemepoBckoii o0macTy, 4yTo HE AaeT yTBEPAUTH 0a30BbIe Ipa-
BOBBIE€ JOKYMEHTHI JIJIs1 HAIMOHAJIBHOTO TapKa.

Oo6mas mwiomans deaepanbubix OOIIT B kpae Ha HACTOAIIMM MOMEHT coctaBisieT 1,45 %, a BMecTe ¢
OXpaHHOH 30HOM 3amoBeguuka — 1,59 % ot mmomanu kpas. OnHaKO OXpaHHasi 30Ha 3allOBEIHUKA UMEET
peruoHanbHbIi craryc. Jlo co3ganus HanuoHansHOro napka B 2020 r. u pacmupenus 3anoBegHuka B 2022 1.
wiomaaps ¢peaepanbabix OOIIT cocrarmsa Beero 0,25 % ot miomaau kpas [19].

st cpaBHeHus B Tabmuie 2 npuBeneHsl qoiau geaepanbabix OOIIT x obmeit mromany peruonos Cu-
oupckoro ¢enepansHoro okpyra 3a 2022 ronx [9]. Kak cienyer u3 Tabnuusl, cpeau peruoHoB Cubupu An-
TalCKHUU Kpal 3aHUMAaeT OJ[HO W3 MOCJIeIHUX MeCT 1o jojie deaepanbubix OOIIT B 00Ieit miomaau peruo-
Ha.

Kak panee oTMedanock, B CXeMe Pa3BUTHS U Pa3MEIIEHUs] 0CO00 OXpaHIEMbIX IPUPOJHBIX TEPPUTOPHIA
Adraiickoro kpas Ha nepuon a0 2025 r. ects oana manupyemas OOIIT ¢penepansHoro 3Hauenus — Haru-
oHanpHbIH mapk «I'opHast KonsiBauby». Bonpoc co3nanus nanHoit OOIIT craBusics ¢ konmna 1970-x rr. [25].
B nacrosmee Bpemsi 000CHOBaHBI IPaHHULIBI TEPPUTOPUH Napka Iwomansto 160409,7 ra. Ilapk npeamnonara-
€TCcs OpraHU30BaTh Ha TEPPUTOPHH YETHIpEX 000COOJIEHHBIX KiacTepoB (puc. 3) B 3menHoropckom, Kpac-
HOIEKOBCKoM, Yapeiickom, CoJloHEIEHCKOM paiioHax AnTaiickoro kpas. B cimyuae co3manus Hammonamns-
Horo mapka «['opHast KonbiBaHb» M mpHIaHHA OXPaHHOW 30HE 3allOBEJHMKA (pelepalbHOrO craryca JI0Js
denepanbabix OOIIT ot momanu kpas Bo3pacret a0 2,5 % (tabn. 2).
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Tabnuma 2

Hous dpenepanbubix OOIIT k miiomanu pernoHos Cudéupckoro genepaabHoro okpyra s 2022 r.

Cubupckuii heaepanbHbIi OKPYT Hﬂom:fl];p:;HOHa’ Hnoggglﬁ,?l ef;gé?;HHX Honsa OOIIT, %
PecnyOnmuka Antait 9290,3 11415 12,3
Pecrry6imika TriBa 16860,4 657,1 3,9
Pecrry6nmka Xakacus 6156,9 521,7 8,5
Anralickuil kpait 16799,6 244,1 15
KpacHosipckuii kpait 236679,7 11588,1 4,9
Hpkytckas o01acTb 77484,6 1994,8 2,6
Kemepogrckas obmacts — Kysbace 9572,5 827,3 8,6
HoBocubupckas 061acTh 17775,6 372,9 2,1
OMckast 001aCTh 14140,0 0,004 <0,1
Tomckas o6acTb 31439,1 362,5 1,2

I'opnas KonpiBanp — ucTOpHYeCKOe Ha3BaHHE TEPPUTOPUH Ha Iore AJITalCKOro Kpasi, B IIUPOKOM II0-
HUMaHUH cOOTBeTCTByMoIEeH CeBepo-3amagHoil Antaiickoil Qu3mko-reorpadudeckoil MPOBUHIMN AnTae-
Casackolt ropHoit crpansl. [locemok KomsiBanb, ocHoBaHHBIN B Hadane XVIII Beka, ObuT aqMUHHCTpATHB-
HBIM LIEHTPOM TOPHOPYAHOTO MPOU3BOACTBA Ha AJTae, B HACTOSIIEE K€ BpeMs JaHHas TEPPUTOPUs CKopee
CBs3aHA C TypU3MOM H pPeKpeanmoHHO# cdepoil. B rpanmmax mpoektupyemoro HarmumoHanpHOTO mapka
«["opras KospiBanb» 1 B HEIOCPEICTBEHHON OJIM30CTH COCPEAOTOUCHBI U3BECTHBIE TYPUCTHUECKHE OOBEKTHI
Aunraiickoro kpast — ropa Cuntoxa, o3epa KonsiBanckoe u benoe, pexa Kymup, KonbsiBanckuit 60pok, MHO-
TOYNCIIEHHBIE NEIEephl J0NMUHBI VIHHA, KOTOPBIE ITOABEPKEHBl HEraTUBHOMY BO3JCHCTBUIO CTUXUHHON peKpe-
alMy ¥ HYXAAI0TCS B PETYIMPOBAHUM TYPU3Ma sl IPEJOTBPAILICHUS UX JeTPagaLiuy.

Tepputopust MIaHUPYEMOTo Mapka o0JiagacT HauOOJBIIUM B PErHOHE OWOJOTMYECKHM M JIaHJ-
madTHEIM pa3HOOOpa3ueM: OT MPEArOpPHBIX CTENel Ha 3amaje OO0 aJbIIMHCKUX BBICOKOTOPHUI Ha BOCTOKE.
31ech TakKe PacIoIOKEHbI MOCIEAHNE B Kpae MaJOHapyLIeHHBIE JiecHble Tepputopur. Co3naHue mapka
MO3BOJIUT 00ECIIEUNTh COXPaHEHUE LICHHBIX MPUPOAHBIX KoMIulekcoB KonpiBanckoro, bamenakckoro, Kop-
TOHCKOTO XpeOTOB.

Ha pernonanbHoM ypoBHE OTAENBHBIM yyacTkaM Teppuropun npuiaat cratyc OOIIT paznuuHbIX Kate-
ropuil. B rpaHuubsl NpoeKTHPYEMOro Hapka MOJHOCTBIO MM 4acTU4HO BXOAAT 12 takux OOIIT, Brirouas
OXpaHHYI0 30HY Turupexckoro zamoBeaHuka. Kpome Toro, B mapk mnpezsaraercsi BKIIOYHTb YacTHU ABYX
mwianupyeMbix OOIIT pernoHansHOTO 3HAYCHHS, CO3JaHUE KOTOPBIX MPEAYCMOTPEHO nercTBylomeit Cxe-
Mol pazButusa u pazmeuienuss OOIIT Anraiickoro kpast Ha nepuon o 2025 roga — HOBOrO 3aKa3HHUKA
«BepxoBbst pexn JIOKTEBKM» M y4acTKOB PAaCLIMPEHUs] TEPPUTOPUH CYIIECTBYIOLIErO 3aKa3HuKa «barenak-
ckuity (puc. 3). Coznanue ¢denepanbHOl OXpaHSEMON TEPPUTOPUH — ITO CIIOCOO 0OBEMHEHUS Pa3pO3HEH-
HBIX YYaCTKOB B €IMHOE L[€JIOC Ha OPraHN3al[HOHHOM YPOBHE.

Puck morepu npupogooxpaHHOH, HaAyYHOH, MCTOPUKO-KYJIBTYPHOH M PEKPEAlMOHHON LIEHHOCTH pac-
CMaTpPUBAEMOI TEPPUTOPHUH B Ciiydae, eciu oHa He moyyuuT ctaryc OOIIT ¢enepaibHOro 3Ha4YCHUS, OUEHb
BEJIMK BBUIY OBICTPOTO Pa3BUTHS B PETHOHE Pa3pyIIUTENbHON rOpHOI00BIBAIOIIEH AEITEILHOCTH U SKCILTY-
aTaluy NPUPOJHBIX PECYPCOB HA OCHOBE JIOJTOCPOYHBIX aPEHAHBIX OTHOLIEHHUH B cepe JIECHOTO U OXOTHH-
YbET0 XO034HCTBA, KOTOPHIE B COBPEMEHHBIX YCIOBHUIX MPUBOIAT K OBICTPOMY MCTOIIEHHIO, 8 YaCTO U K IOJI-
HOMY YHUYTO)KEHHIO NTEPBUYHBIX YHUKAIBHBIX IPHUPOTHBIX COOOIIECTB U 30HATBHBIX SKOCUCTEM.

OTnenbHO CTOMT BBIIEIUTH B KakOH-TO Mepe oburyro i Bcex nepeuncieHHsix OOIIT npoGnemy n
0CcOOEHHO aKTyaJIbHYIO JUIsSl POEKTUPYEMOTo napka. BeipaxkaeTcst oHa B TOM, YTO, 3a4aCTyI0 MECTHOE Hace-
JIEHHUE, BIACTH U TOJIb30BATENN HE NMEIOT IOHMMAaHHs BaXKHOCTH 0CO00 OXpaHsIeMbIX MPUPOIHBIX TEPPHUTO-
PH U BBICTYNAIOT NPOTUB MX CO3JaHus. MHTepechl pa3inuvHbIX NPUPOJOIIOIL30BaTeNeH, BKIIIOYas Jieco3a-
TOTOBUTENBHBIE MPEANPUATHS, OJIB30BATENIEH HEP, OXOTHONB30BaTeeH U JPYruX, Ha 3Tare COrIacoBaHUs
CTaBSITCS BO TJIaBY yIJia, BOIPEKH HAYYHO 0OOCHOBAaHHOMN IIEHHOCTH TEPPUTOPHH.

CymectByromue u mianupyemas ¢enepanbiasie OOINIT pacrnonararoTcss B rOpHOH 4YacTH AJITaiCKOTo
Kpas, Ha ero nepudepun (puc. 1), Ipu 3TOM NPUPOAHBIE KOMIUIEKCH PAaBHUHHOM YacTH Kpas OXPaHSIOTCS
JUIIb 3aKa3HUKAMU W MaMSITHUKaMH MPHUPOJBI PETHOHAIBHOTO 3HadeHna. ONHAaKoO W B PaBHUHHOW YacTu
Kpasi eCTh [IEeHHbIE MTPUPOJIHBIE KOMITJIEKCHI, KOTOPBIE TAKXKe HYKAAIOTCS B CTPOTOM PEXHUME OXPaHbI — 3TO
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JICHTOYHBIC 60pI>I n KYJ'IYHI[I/IHCKOC 03¢p0O0 C IMpWICTAOINIMMHU K HEMY J'IyFOBO-6OJ'IOTHI>IMI/I COJIOHIIOBO-
COJIOHYaKOBbIMH KOMIIJICKCAMH.
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Pucynok 3. Ilpoextupyemsbiid HaumonaneHeiii napk «I'opHas KosbiBaHb»

JlenTouHbIE OOPBHI — COCHOBBIE Jieca, IPOU3PACTAIOIINE Ha TIECKaX B JIOJIMHAX JPEBHEro cToka. B An-
TallCKOM Kpae OHU repecekaroT [IproOckoe TaTo W 4aCcTHYHO 3aX0oisaT B KylyHIWHCKYIO HH3MEHHOCTD.
OTH yHHUKaIbHBIC Jieca, He UMEIOIIHNE aHAIOTOB B MUpe, OTHECEHHI cT. 115 JlecHoro konekca PO [26] k oT-
JIeTHPHOM KaTeTOpUHU IIEHHBIX JiecoB. 1o meiicTByroIeMy JIeCHOMY 3aKOHOAATENBLCTBY B TAKUX JIECaxX 3ampe-
IIEHO TPOBEICHUE CIUIONIHBIX PYOOK. Tem He MeHee JIGHTOYHBbIE OOpBHI MPAKTHYECKH IEIMKOM, BKIIFOUYas
PaCIOJIOKEHHBIE B HUX 0CO00 OXpaHsAeMbIe IPUPOJIHBIC TEPPUTOPHH PETHOHAILHOTO 3HAYCHUS, TIepeIaHbl B
apeHIy B IIEJISIX 3arOTOBKH JIPEBECHUHBI M CIY>KaT CHIPHEBON 0a301 ISl IECOTPOMBINIIICHHBIX KOMIaHui. B
HUX BEIyTCS BBIOOPOYHBIC pyOKH, KOTOPBIE HAIIpaBIIEHBl HE HA TOJEPKAHUE CPENO3aAlIMTHBIX (PYHKIIUN
3THUX JIECOB, 4 HA KOMMEPYECKYIO 3arOTOBKY TOBApPHOU APEBECHUHBI.

HenocpencteenHo B seHTOUHBIX Oopax pacronoxeno 15 OOIIT pernonansHoro 3navenus: 10 rocy-
JApCTBEHHBIX MPUPOAHBIX KOMIUIEKCHBIX 3aKa3HMKOB M 5 MaMSITHUKOB Hpuponbl. M ecnu B mamMsiTHUKAX
NPUPOJBl YCTAHOBIIEH aJI€KBATHBIM PEXXUM OXPaHbI, TO B 3aKa3HUKAX OH HE B MOJHOM Mepe OTBEYaeT IJIaB-
HO¥ 1IeJTU UX CO3JIaHUSI — COXPAHECHHIO €CTECTBEHHBIX JIECHBIX DKOCHCTEM, OMOJIOTHYECKOr0 pa3HOO0pasus,
MeCT OOUTaHMsI PEAKUX M MCUYE3AIOIIMX BUIOB pacTeHUN 1 )HUBOTHBIX [19]. TeM He MeHee 3a MocyeaHee Je-
CSATUIIETUE CHUTYAIUsS C PEKUMOM 0CO0O0W OXpaHbl 3aKa3HUKOB B JICHTOUHBIX 0Opax 3HAYHUTENHHO YIyUIIU-
nack. Ecniu panee Ha Bceil TeppUTOpHN 3aKa3HUKOB JIOMYCKANHUCh BBIOOPOYHBIE PYOKH JIECHBIX HACAKIACHHUN
B IIEJISTX 3aTOTOBKH JAPEBECHHBI, TO Ha cerommsmmani AeHb BAaHHBIX OOIIT BeImeneHs 30HBI 0CO00# oXpa-
HBI, B KOTOPBIX YCTAaHOBJICH 3alPeT Ha BCE BHUJIBI pyOOK JIECHBIX HACAXICHUH 332 UCKIFOUCHUEM CaHUTaPHBIX
pyOOK — BHIpYOKH MOTHOIINX ¥ MOBPEKIEHHBIX JIEPEeBbEB. 30HBI 0CO00M OXpaHbl 3aKa3HUKOB U MTAMSATHUKA
TIPUPOJBI, B KOTOPHIX 3allpelieHa JIECO3arOTOBUTENBHAS JCSITEILHOCTD, PU3BAHBI BBITONHITH POJH SIIEP
9KOJIOTMYECKOr0 KapKaca JUlsl COXpaHeHHs JTaHIIa(THOro U OMOJIOrHYeCKOro pasHoodpasus. Takum oOpa-
30M, Ha JIaHHBI MOMEHT IOKPBITas JIECOM ILIOMAJb 0CO00 OXpaHSAEMBIX MPUPOIHBIX TEPPUTOPHI CO CTPO-
TUM PEKHUMOM OXpPaHbl — 3alPETOM JIECO3arOTOBUTEIHPHONU JEATEIBHOCTH (MTAMSITHUKA TPUPOIBI U 30HBI
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0c000i1 OXpaHbI 3aKa3HUKOB) B JICHTOUHBIX O0pax cocTtaBisieT 6,9 % oT o0Iiel MOKPHITOH J1ecoM IO
JIEHTOYHBIX 00poB (54357 ra u3 784400 ra).

Kynynauackoe 03epo — KpyIHeiIee o3epo ANTaiicKoro Kpas, BTopoe 1o BennuarnHe B 3amagHoi Cu-
Oupu (rutomansio okono 70 TeiC. ra), UMeeT TI00aIbHOE 3HAYCHUE ISl COXPaHEHHsT OMOJIOTUYECKOro pa3Ho-
oOpasus. O3epo BHeceHO B llepcrieKTHBHBIN («TE€HEBO») cMCOK PamMcapckux BOIHO-OOJOTHBIX yromWit
MEKIyHAPOIHOTO 3HaueHus [27]. BOkpyr o3epa COXpaHWIHCh 3HAYMTENIBHBIC MO IUIOMATH YHUKAIbHBIC
YUYaCTKH LIENMHHBIX U BOCCTAHOBHUBILMXCS cTemneil. JlaHHasi TeppuTOpUsl MPEACTaBIsIeT cO00il YHUKAIbHYIO
9KOCHUCTEMY C OOJBIIUM pazHOOOpa3reM MECTOOOMTaHMH: WIIMCTBIE OCTPOBA, MEIKOBOABS, COJOHYAKH,
MIPECHBIE U COJEHBIE BOAOEMBI, TPOCTHUKOBBIEC 3apPOCIH, PA3TUYHbIE THIIBI CTETEH, JTyra, O6epe30BbIe KOJKH.
MHuoroobpaszue OHOTOIIOB OOYCIIOBJIMBAET IMOBBIIIEHHOE BHJIOBOE pa3HOOOpaswe NTHIl. 37eCh OTMEYEHO
cBeimie 200 BugoB nTHIl, B ToM ynciie 22 Buaa u3 Kpacuoit kauru Poccun u 34 Buaa, 3aneceHHbix B Kpac-
Hyt0 KHATY Anraiickoro kpas [19, 27, 28]. Kpome Toro, Kynynamackoe o3epo obmamaer 60mbIINM pexpea-
[IMOHHBIM TIOTEHIMAJIOM, OCOOCHHO B IUIAHE HCITOJIF30BaHUS OaTbHEOJOTHUECKUX PecypcoB (Tps3H, parma),
HO peKpealnoHHO-TYPUCTHYECKAs ACATSIbHOCTh 3/1eCh HUKAK He opranu3oBana [29].

YactuuHo Oepera o3epa u MpHJIETalolIne K HEMy CTEIHbIE yYacTKU OXPaHsSIOT /1Ba 3aKka3Huka — «bia-
roBemeHcKui» u «CyeTcKuily», KOTOpbIe, OJHAKO, PEalbHO HEAOCTATOYHO (P (EKTUBHO BHIIOIHSIOT IPUPO-
JnooxpaHHble (yHKIUH. Hanpumep, oXpaHHBIM peXMMOM 3aka3HHKa «biaroBemieHCKHil» HUKAaK HE peria-
MEHTHUPOBAH TAaKOW BAXHEHIIMW UI1 CTENHBIX TEPPUTOPUM BHJ NEATEIBHOCTH, KAK paclallka 3€Melb; He
oTpesieNieHa JOMyCTHMAas MacTOWIHAS Harpy3ka. TakKe CTOMT OTMETHTh OECKOHTPOJIBHYIO JOOBITY IHCT
apTeMuu, 00bEMBI KOTOPOH XOTh U KBOTHPYIOTCS €XKETOJHO, HO PEaTbHOTO KOHTPOJIS HUKTO HE OCYIIECTB-
nsiet. [lepemernienne 3aroToBuTeNe IUCT apTEMUU U MX TPAHCIIOPTHBIX CPENCTB 10 Beeil OeperoBoii TMHUN
o3epa (B TOM YMCIIe B MeCTaxX THE3/IOBaHMsI MTHUIl, BKIFOYEHHBIX B KpacHbIe KHUTH, U MECTaX OCEHHUX CKOII-
JICHUH BOJOIUIABAIOIIMX NTHII) OKAa3bIBAET MMaryOHOE BO3JEHCTBIE HA MOMYJISIIIAA MTHII, CIIOCOOCTBYET YCH-
JieHUIo OpakoHbepcTBa [29]. O1H U npyrue (pakTopbl HETaTUBHO BIIMSIOT HA COXPAHHOCTh SKOCHCTEM 03epa U
OKpeCTHOCTEH, Mo3ToMy Borpoc opranuzauuu eannoit OOIIT 3xech akTyaneH yxe MHoro jet [27, 28].

Panee Ha 3TO# TeppuTOpUH TUTAHUPOBAJCS 3anoBeTHUK «KynyHaunaCckuin» («braroBemencknii»), orHa-
KO celiuac Ha 06a3e 3aKa3HUKOB perHoHaibHOro 3HadeHus: «Cyerckuity u «braroBemeHckuiiy miaHUpyeTCs
co3nanue npupoaHoro napka «Kymyuanuackuit» [11]. YuuteiBas BCIO IIEHHOCTh 03€pa U €r0 OKPECTHOCTEH,
JMaHHAsE TeppUTOpHA 3acayxkuBaeT cratyca QenepansHoir OOIIT, a mns coBMemEHUS CTPOTOro pexkuMma
OXpaHbl U PETyIMPOBAaHUS PEKPEAlMOHHON JESATEeIHHOCTH ONTUMAIBHO TMOIXOAMWT Takas KaTeropus, Kak
HallMOHAJIbHBIN MapK.

Baxnouenue

B Anraiickom kpae denepansasie OOIIT npencrasnensr I'ocynapcTBeHHBIM NPUPOIHBIM 3aII0BEIHU-
koM «Turupexckuii», mwioriaas kotoporo B 2022 r. O0buta yBenundena g0 80802,2 ra; HaiuoHanbHBIM map-
koM «Camanpy, co3ganabiM B 2020 1., mromaneio 161220,8 ra. JJanusie OOIIT mo3BomsitoT peann30BEIBATh
3aJlay¥ OXpaHbl TUITMYHBIX H YHUKAIBHBIX 3KocucTeM CeBepo-3anagHoro AiTas u 3alaJHOTO MaKpOCKIIOHA
Cananpckoro KpsoKa.

Coznanne npoextupyemoro HamponansHoro napka «l'opHas KoibiBaHb)» MO3BONHMT COXpPaHHUTh TPH-
POIOOXpaHHYI0, HAYYHYIO, UCTOPUKO-KYJIBTYPHYIO M PEKpPEallMOHHYIO IEHHOCTH ITaHHOW TEepPPUTOPHH, a
TaK)KEe PeaTM30BaTh ONTUMAITBHBIN PUHITUI TEPPUTOPUATHHON OXPaHbI IPUPOJIEI — KOT/Ia BMECTO MHOTHX
Pa3pO3HEHHBIX OXPAHSEMBIX TEPPUTOPUI CO3AETCS OJIHA IIeNTbHAS.

Oo6mas miomanb Gpenepansubix OOIIT 3a nocnenHee BpeMs B kpae Boipocia ¢ 0,25 no 1,5 %, uto siB-
JSieTCs OHUM M3 CaMBIX HU3KUX TOKazaTelneil o peruonam Cubupckoro ®denepanbHoro okpyra. B ciaydae
opranuzanuu HarmmonansHoro mapka «I"opHast KosibiBaHb» M MPUAAHUS OXPaHHOW 30HE 3allOBeHUKA (eie-
paNbHOTO cTaTyca 1015 heaepanbHbIX OXpaHIeMbIX TEPPUTOPHIl Bo3pacTeTno 2,5 % OT IIIoau Kpasl.

®enepanbhpie OOIIT 0XBaTHIBAIOT JIMIIL TOPHYIO YacTh Kpas, IPUPOIHBIE KOMITJIEKCH! pABHUHHOMN Ya-
CTH Kpas OXPaHAIOTCA JIMIIb PEeKMMaMU 3aKa3HUKOB U MAMATHUKOB IPUPOJBI PETHOHANBHOTO 3HaueHus. B
JICHTOYHBIX O0pax JIoJsi 0c000 OXpaHIEMbIX MPUPOIHBIX TEPPUTOPHIA CO CTPOTUM PEKHMOM OXPaHbl — 3a-
MIPETOM JIECO3arOTOBUTEIBHOM NEATENbHOCTH (MaMATHUKH HPUPOABI M 30HBI 0COOOH OXpaHbl 3aKa3HHKOB)
coctaBisieT 6,9 % oT o01ell MOKPHITOM J1ecoM IO OOpOB, UTO SBJISIETCS MPENEIbHBIM MUHUMYMOM JUJISI
COXpaHEHHUS WX JAaHAMAPTHOrO W OMOJIOrMYECKOro pa3HooOpasus. KyiayHauHCKOe 03€p0o BMECTE ¢ Mpuiie-
TafoIMMH TEPPUTOPUSMH B HACTOsIIEe BpeMs 1Mo (aKTy IMOYTH HE OXpaHseTcs W HyXKJaercs B craryce (de-
nepanbaoit OOIIT.
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Paboma evinonnena 6 pamkax 20cyoapcmeenno2o 3a0anus MTHCmumyma 600HbIX U 9KOI02UHECKUX
npoonem CO PAH (Ne FUFZ-2021-0007).
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Auraii eskecinin ¢penepanasl EKTA: ka3ipri :karnaiibl skoHe 1aMy KeJielneri

Kasipri 3aMaHHBIH MaHBI3IBI )kahaHIBIK Macenenepiniy 0ipi — TaOWFH OpTaHBI caKTay. AWMaKTHIH TaOUFH-
ayMaKTHIK KCIICHJCPIH THIMII CaKTayIbIH KEMisi JaHAA(THIK %KOHE OUOJOTHUSIIBIK OPTYPIUTIKKE KATHICTHI
kepHekTutiri 6ap EKTA epekiie KopFanaThlH TaOWFH ayMakrap skemiciH Kypy. CoHnaii-ak, KOPBIKTap MEH
VITTHIK cassOaKTapra ToH KaTaH KOpFay TOpTiOi TaOUFATThI KOpPFay MIHICTTEPIH COTTI JKy3eTre achlpyFa bIKIaT
eTeTiHi Oenrimi. Makanana Anrail aiiMarbIiHIaFs! eaepaiablk MaHbI3Bl 0ap epeKile KOPFaIaThIH TaOUFH ay-
MakTapaslH — «THrHpex» MEeMIIEKETTiK TaOuFu KOPBIFbI MeH «Canaupy» YITTHIK HapKiHiH Ka3ipri xKaFaaiibl,
coHpali-aK xobananraH «[ opHas KojpBaH» YITTBIK MapKiH Kypy MepCIeKTHBATIAPbl KapacThIpbUIFaH. Ali-
MAaKTbIH KOJJIAHBICTAFbI JkoHe xo0ananraH (enepannsl EKTA Tek oHBIH Tayisl OelliriHae OpHAIACKaHIbIFbI,
COHBIMEH KaTap TaOWFaTThl KOPFayAblH YJIKEH KYH/ABUIBIFBIHA Ue OOJFaH aiiMaKTBIH jKa3bIK OeJITiHIH TaOuFH
KeIIeHAepi TeK aiMaKTHIK MaHbBI3BI 0ap KOPBIKTap MEH TaOWFaT eCKepTKINITepiHiH TOpTiOiMEH KOpFaslaThIH-
neIrsl kepeetinred. Conrbl yakpiTTa enepanasl EKTA aymarsiHblH aiimakrarsl aymarsl 0,25%-nan 1,5%-Fa
neiiin yiraiteunel, 6y Cibip denepanabl OKpyriHiH aiiMaKTapbl OOMBIHIIA €H TOMEHIT KopCceTKImTepIiH Oi-
pi. «opHas KomnbiBaHb» YITTHIK NApKiH KYPY COATYCTIK—OaThIC ANTalbIH TaOUFH SPTYPIUIITIH KOHE TapH-
XH-MOJICHH MYPAChIH CaKTay/a YJIKEH peJ aTKapajbl, maImbIpaHkbl alMakThiK EKTA-HBI YHBIMIBIK AeHTeine
OippIHFail TyTacThIKKa OipikTipyre MymkiHgik Oepexi. Erep ocsl EKTA kypriica jxoHEe KOPBIKTHIH KOpFalia-
THIH aiiMarbiHa (emepanabl MopTedeci Oepince, Genepanabl KOprajJaTelH TAOUFH ayMaKTapablH yieci aiMak
ayMaFrbIHBIH 2,5%-Ha JeiiH apTaibl.

Kinm ce30ep: tabwurarthl Kopray, EKTA, Antaii enxeci, «Turupex» KopbiFbl, «Canaup» YITTBIK Mapki,
«["opnas KoseiBaHB» YITTHIK Mapki, Anraii.

M.V. Zyablintseva, D.V. Chernykh, A.V. Gribkov

Federal specially protected natural areas of the Altai Territory:
current state and development prospects

One of the most important global problems of our time is the preservation of the natural environment; the op-
timal solution to this problem is the creation of specially protected natural areas. A guarantee of effective
conservation of the region’s natural-territorial complexes is the creation of a network of protected areas that is
representative of landscape and biological diversity. It is also known that a more stringent protection regime,
which is typical for nature reserves and national parks, contributes to the successful implementation of envi-
ronmental protection objectives. This article examines the current state of specially protected natural areas of
federal significance in the Altai Territory — the “Tigireksky” State Nature Reserve and the “Salair” National
Park, as well as the prospects for the creation of the projected “Gornaya Kolyvan” National Park. It is shown
that the existing and projected federal protected areas in the region are located only in its mountainous part,
and the natural complexes of the flat part of the region, which also have great environmental value, are pro-
tected only by the regimes of nature reserves and natural monuments of regional significance. The area of
federal protected areas in the region has recently increased from 0.25% to 1.5% of the region’s area, which is
still one of the lowest indicators for the regions of the Siberian Federal District. The creation of the “Gornaya
Kolyvan” National Park plays a big role in preserving the diversity of Northwestern Altai and makes it possi-
ble to unite disparate regional protected areas into a single whole at the organizational level. If this protected
area is created and the protected zone of the reserve is given federal status, the share of federal protected areas
will increase to 2.5% of the area of the region.

Keywords: nature protection, specially protected natural areas, Altai Territory, “Tigireksky” Nature Reserve,
“Salair” National Park, “Gornaya Kolyvan” National Park, Altai.
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Factors of intra-field phytomass variability in steppe agricultural landscapes
of Kazakhstan

The yield of grain crops and its predictability largely depends on the intra-field heterogeneity of landscape
conditions. We used the example of steppe agricultural landscapes in the Akmola region to solve the follow-
ing objectives: 1) to evaluate the informative value of NDVI for assessing yield depending on hydrothermal
conditions; 2) to determine the effect of intra-field patchiness on NDVI values and yield; 3) to determine the
dependence of intra-field variation of phytomass on the tract and facies structure and hydrothermal condi-
tions. We used data on wheat and barley yields and intra-field NDVI variability in 80 field plots in
2009-2013, data on the tract and facies structure, and hydrothermal parameters. We studied the relationships
between spatial and temporal variability of phytomass, landscape and hydrothermal factors by means of cor-
relation and variance analysis. It was established that NDVI was only partially informative for direct assess-
ment of grain yield. The index values for July dates better reflect the yield than in June and August. The hy-
pothesis that NDVI patchiness in the field area depends on the cultivated crop was not confirmed. The yield
in fields with complex facies structure is usually lower than in homogeneous fields. In dry years, the intra-
field variation of phytomass is less pronounced than in wet years. The proximity to the hill is a significant
factor that increases the spatial variability of phytomass due to the additional introduction of moisture and
sediment along the rills. High facies patchiness either reduces yield or increases its temporal variability and
reduces predictability.

Keywords: landscape, facies structure, patchiness, yield, NDVI, variability, hydrothermal conditions, neigh-
borhood.

Introduction

The internal heterogeneity of field plots has a significant impact on crop predictability. This heterogene-
ity is expressed in different trophic and moisture characteristics of the soil, due to the mosaic micro-
landforms or even the presence of several meso-landforms, that is, facies or tract (Facies in Russian-
speaking countries is understood as an elementary landscape unit that has uniform micro-landform, soil, phy-
tocenosis. Tract is a combination of facies with common genesis (e.g., erosion) within the meso-landform
(e.g., gully, hill, flat interfluve etc.) structure. These results in difficulties in assessing the relationship be-
tween crop yields and in-field mosaics. The interests of agricultural science and landscape science intersect
in this issue. During the past two decades, landscape science has given priority attention to the relationship
between spatial and temporal scales of dynamic changes in structure and functioning [1, 2]. Spatial variabil-
ity of the vegetation cover of agricultural landscapes is usually explained by changes in the process of plant
development and agricultural technologies [3]. Numerous studies found evidence that phytoproductivity de-
pends on the hydrothermal parameters of the territory [4, 5]. For steppe types of agrolandscapes, the varia-
tion of humidification conditions is of key importance [6].

New opportunities for studying the spatial aspect of the phytoproduction process and its dynamics are
provided by the increased availability of remote sensing and the calculation of vegetation indices with differ-
ent variations in the combination of spectral channels of satellite images, which allow us to assess the quality
and quantity of aboveground phytomass. The normalized difference vegetation index (NDVI) is most com-
monly used as an indicator of the amount of photosynthetically active biomass, its seasonal and long-term
dynamics of vegetation productivity [7]. It was found that NDVI reflects well the parameters of vegetation
productivity in general and agricultural crops in particular [8]. The efforts of most researchers using vegeta-
tion indices in the last decade have focused either on determining the informative value of indices in relation
to the measured phytomass [9, 10], or on identifying trends in phytoproductivity due to climate changes [11,
12], but mostly without taking into account intra-landscape differences in the sensitivity of phytocenoses.
Studies of the long-term dynamics of NDVI are usually based on the analysis of its averaged or integrated
values over sufficiently long intervals using low-resolution data (below 5 km) [13, 14]. The spatial non-
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stationarity of the relationship between NDVI and climate factors has been established [15, 16]. Studies of
the influence of local edaphic and geomorphological factors on the spatial variability of the phytoproduction
process are less numerous [7, 17]. It was proved that the causes of uneven crop yields in the agrolandscapes
were variations in the content of macro- and microelements and pre-sowing soil moisture [18].

The aim of the study is to identify factors of spatial and temporal intra-field variability of phytomass on
the example of agricultural landscapes in the steppe zone of northern Kazakhstan. NDVI data were used to
assess the amount of phytomass and its dynamics. The following tasks were solved: 1) to evaluate the in-
formative value of NDVI for assessing yield depending on hydrothermal conditions; 2) to determine the ef-
fect of intra-field patchiness on NDVI values and yield; 3) to determine the dependence of intra-field varia-
tion of phytomass on the tract and facies structure and hydrothermal conditions.

Experimental

The research area is located in Bulandy district of Akmola region in the vicinity of Kapitonovka village.
The territory belongs to the landscape of the lacustrine and alluvial plain, composed of Neogene sandy-clay
deposits overlain by middle and Upper Quaternary ancient proluvial loess-like loams with a thickness of 20-
30 m, with southern carbonate heavy loamy chernozems, formerly under the steppe dominated by Stipa
zalesskii and forbs [19]. The landscape structure is dominated by slightly inclined watershed surfaces. Sub-
dominant tracts were shaped by erosion or suffosion, some of them are plowed. They have a significant im-
pact on the sensitivity of yield to hydrothermal conditions [20]. From the east, the agricultural landscape
borders a forested hill composed of sandstones and effusive igneous rocks of the Lower Ordovician age. The
study area has a continental climate. The average annual temperature is about 2.4° C; July temperatures
range from 17.5° C to 22.3° C. To a greater extent, the average annual precipitation varies from 275 mm in
dry years to 550 mm in wet years. The main amount of precipitation falls in the summer months; the maxi-
mum often falls in July — from 40 mm to 137 mm per month [21].

Data on the yield of wheat and barley in 2009-2013 were provided by agricultural unit Zhuravlevka-1
for 80 fieldplots with a total area of about 48.5 thousand ha, with an average area of 402 ha. 11 scenes of sat-
ellite images were obtained from the US Geological Survey (USGS) Earth Explorer: Landsat 5 TM
(09.06.2009, 28.06.2010, 30.07.2010, 15.06.2011, 17.07.2011), Landsat 7 ETM+ (30.07.2010, 11.07.2012,
12.08.2012, 20.06.2013, 30.07.2013) and Landsat 8 (15.08.2013). A digital terrain model SRTM with a reso-
lution of 30 m was obtained from the same site. In the SAGA GIS 7.3.0 (Residual Analysis function), the
slope gradients were smoothed by averaging over 7 pixels and calculating the average and median values for
each field. We used data on average monthly temperatures and precipitation for 2009-2013 [21].

In STATISTICA 7.0 software, descriptive statistics of NDVI were calculated for each field, for each of
the 11 dates: mean, standard deviation, minimum, maximum, quartiles (25% and 75%), median, percentiles
(10% and 90%). Data on the proportions of subdominant erosion and suffosion-shaped tracts were used as
explanatory variables [20]. To test the hypothesis about the relationship between wheat and barley yields and
NDVI, nonparametric Spearman correlations (Ksp) were calculated, the choice of which is justified by the
deviation of the raw data from the normal distribution. To estimate the intra-field variation of NDVI, we
used the standard deviation and frequency of the modal interval (when dividing the range of values into in-
tervals with a step of 0.1). For comparability of data for different years and seasons, the data were ranked by
the values of the standard deviation as a percentage of the maximum value (the smaller the spatial variability
of values, the higher the rank). By means of cluster analysis (k-means method), the fields were grouped into
3 classes based on the set of standard deviation values and NDVI modal interval frequencies. Fields were
classified into facies mosaic classes based on visual analysis of the images from the Google Earth Pro portal.
We used the criterion of the proportion of territories with facies patchiness: 0-10%, 10-50%, 50-90% and
more than 90% of the area. The fields were also classified according to whether they belong to a watershed,
near-valley, or near-hill terrain.

SAGA GIS 7.3.0 software was used to calculate the Moran index (Global Moran’s I for Grids function)
for each field and date, indicating the presence of spatial autocorrelation in NDVI values. The Moran index
takes values of 1 at clustered distribution of values, 0 at a completely chaotic distribution, and -1 in case of
the “chessboard-like” neighborhood of clusters with opposite values. The significance of statistical differ-
ences between classes of fields has been estimated by the Fisher and Newman-Keuls statistics. Box-Whisker
plot was used to visualize the results.
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Results

The four mosaic classes of fields identified from satellite images clearly differ in terms of terrain condi-
tions: the most monotonous fields occur on watershed surfaces, and the most mosaic fields — in areas with
rills. The greater the average slope gradient and the greater the proportion of hill slope hollows, and rills
within the field area, the higher the facies patchiness. Mosaic classes reflect the grain yield to some extent:
the most mosaic fields (Class 1) have a wheat yield of no more than 8 centers per ha, while other classes —
up to 18 centers/ha. Consequently, in fields with a complex facies structure, the yield is usually lower than in
more monotonous fields.

We tested the hypothesis of a direct relationship between grain yield and the average NDVI for the field
plot. The hypothesis was confirmed (Ksp=0.42) only for two dates: 11.07.2010 and 30.07.2012. This corre-
sponds to the dates closest to the period of maximum role of photosynthetic organs in the formation of grain
mass [22]. For the rest of the time periods, the correlations were insignificant.

To test the hypotheses about the dependence of NDVI mosaics in the field area on the cultivated crop,
we compared the values of the standard deviation and the frequency of the modal interval for two neighbor-
ing fields with the same landscape position and internal structure, but sown with different crops (wheat and
barley). The hypothesis was not confirmed. The number of dates when the wheat field was more uniform
than the barley field does not differ from the opposite case.

It is known that intra-field variability of phytomass is often determined by the presence of micro- and
meso-landforms [7]. For the June dates of 2009, 2011, and 2013, we revealed a weak positive dependence
(Ksp 0.24...0.29) of the NDVI standard deviation on the total share of concave landforms within the field
area. In July and August, the intra-field NDVI variability increases as the share of hill slope hollows increas-
es (Ksp=0.29). On the other hand, the Moran index (Fig. 1) in many cases deviates significantly from 0 and
values of 0.7-0.8 prevail in each term, which indicates the clustered NDV1 values. In June, the presence of a
certain proportion of suffosion valleys in the field always corresponds to a high value of the Moran index:
the correlation is significant and positive (Ksp 0.32...0.48). Even among fields with zero or minimal fraction
of erosion and suffusion tracts, the Moran index can reach values of 0.7-0.9.

Motan index value Moran index value

0-03 10-048
m03-052 048 - 0.67
=0.52-0.7 =067 -0.77
-m07-09 -0.77-09

Fields with pronounced
anthropogenic stripe
structure and artifacts

wz A

Fields with pronounced

anhropogenic stnpe
structure and artifacts

A

a b
Figure 1. Moran index for field plots calculated from the NDVI values for 09.06.2009 (a) and 07.08.2010 (b)

Intra-field variation of NDVI as an indicator of the green phytomass differs by the terrains identified by
the combination of tracts and positional factor. For the majority of terms, the intra-field variation of NDVI is
stably higher in the near-hill terrain (Fig. 2) than in the near-valley and watershed areas. In the near-valley
terrain, the intra-field variation is usually higher than in the watershed terrain, but the differences are not al-
ways significant.
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Figure 2. Variation of the values of the ranks of the NDVI standard deviation in field plots in the terrain classes (near-
hill, near-valley, watershed) of 15.06.2011 (a) and 30.07.2013 (b). F — Fisher statistics, p — significance level

Based on the frequency of the NDVI modal interval, it was found that in hot and dry years (2010 and
2012), there were almost no differences between terrains, and in wet and cold year (2011, 2013), the differ-
ences were better manifested. This is due to the low yield in dry years in almost all fields: 95% of wheat
fields yielded no more than 10 c/ha in 2010 and 14 c/ha in 2012. In wet years, within the near-hill terrain, the
modal interval NDVI frequency is lower, that is, the green phytomass varies in a larger range of values than
in the near-valley and watershed terrains.

Fields with consistently large range of NDVI values are located on steeper slopes, and also have a larg-
er percentage of subdominant tracts of valleys, hill slope hollows, and rills. They occur mostly within near-
hill terrain or valley slopes (Fig. 3).

Classes allocated by
standard deviation ranks
-2

3

Figure 3. Map of the classes of fields selected by the ranks of the standard deviation of NDVI values for 2009-2013
within the fields by the method of cluster analysis (k-means). Fields with a consistently high spatial variation of NDVI
(class 3) are concentrated in the upland near-hill terrain in the eastern sector of the territory

Now we turn to the analysis of the relationship between the parameters of intra-field variation of green
phytomass (indicated by NDVI) and the indicator of stability of grain yield. The fields were divided into 4
classes: 1 — fields with yield consistently above the average (stable «leaders»), 2 — fields with high varia-
bility from year to year, 3 — fields with a stable average yield, never reaching the maximum or minimum
values, 4 — fields with yield consistently below average, in some years minimal, on the farm (stable “los-
ers”) (Fig. 4). Most fields with stable low yields occur in near-valley terrain.
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Yield stability classes

Fully diverse fileds

Figure 4. Field yield stability class s: 1 — stable “leaders”, 2 — with high variability from year to year, 3 — with sta-
ble average yield, 4 — stable “losers”

Analysis of the relationship between yield stability classes and standard deviation rank classes of NDVI
values showed the following. Fields with stable high yield (“leaders”) never belong to the classes with larg-
est NDVI spatial variation. Average values of intra-field variation of phytomass (standard deviation) are lo-
cated mainly among fields with consistently average yields.

Analysis of the conjugacy of facies mosaic classes and grain yield stability classes showed that fields
with maximum patchiness cannot be stable leaders in yield (Fig. 5). The number of stable “loser” fields in-
creases as patchiness increases. The most monotonous fields and fields with variation in less than 50% of the
area mainly belong to the group with a stable average grain yield.

Figure 5. Distribution of frequency of fields between the classes of facies patchiness (1 — maximum, 4 — minimum)
and yield stability classes (1 — stable “leaders”, 2 — high variability from year to year, 3 — stable average yield,
4 — stable “losers”)
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Discussions

NDVI cannot be considered an informative indicator for assessing and predicting grain yields, at least
not under any hydrothermal conditions. NDVI, by definition, shows the entire green mass (leaves, stems,
etc.), and the measured yield indicates the grain mass. However, this is true only when analyzing the yield of
grain crops; for example, when evaluating forage areas, NDVI can provide a direct estimate of yield [23].
During the entire growing season, photosynthesis plays a crucial role in the accumulation of ear biomass di-
rectly during the filling period, which takes place in mid-July [22]. Our study showed that, all other things
being equal, facies patchiness manifests itself in the spatial variability of green phytomass, regardless of the
crop type.

Significant clustering of NDVI values (according to the Moran index) with a weak dependence on the
share of concave landforms means that the spatial variability of phytomass depends on local scale factors:
facies patchiness (which is not captured by the available topographic data) or features of agricultural ma-
chinery activity.

The increase in the NDVI variation in wet years in near-hill terrain, compared with near-valley and wa-
tershed ones, is explained by the fact that during rain precipitation and snowmelt, additional moisture and
sediments enter the plowed erosion-shaped landforms, which slightly increases the phytomass. Eroded slopes
of convex positions, on the contrary, have smaller values.

The intra-field variation of NDVI values, i.e., the amount of green phytomass of cultivated crops, de-
pends on the facies patchiness. Facies patchiness, in turn, is determined by the location (geographical loca-
tion) of the field and its average slope: the steeper the slope and the more numerous erosion-shaped land-
forms, the higher the facies diversity. In the studied agricultural landscape, a neighborhood factor contributes
as well: the matter input from the adjacent hill increases the variation of phytomass in the fields. Thus, facies
patchiness creates conditions that either reduce the yield or make the yield unstable from year to year, and
therefore less predictable.

Conclusions

1. The vegetation index NDVI1 is only partially informative for direct assessment of grain yield. The in-
dex values for July dates better reflect the yield than in June and August.

2. The hypothesis about the dependence of NDVI variation in the field area on the cultivated crop un-
der the same landscape conditions was not confirmed.

3. Theyield in fields with complex facies structure is usually lower than in homogeneous fields.

4. In dry years, intra-field variation of phytomass due to facies heterogeneity is less pronounced than in
wet years.

5. The proximity to the hill is a significant factor that increases the spatial variability of phytomass due
to the input of moisture and sediments along the erosion-shaped landforms.

6. High facial patchiness either reduces yields or increases their temporal variability and predictability.
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Ka3zakcraHHbIH 1a1a arpojianama@rapbIiHAAFbI GUTOMACCAHBIH
ericTik Ik e3reprimrik ¢gakTop/aapsl

JloHni AaKbUIAApIbIH MIBIFBIMABUIBIFL )KOHE OHBIH 0OJDKaMIbUIBIFEI kKeOiHece NaHamadThIK JKaFaaiaapIbH
eTiCTIK IMMHACTI dpKENKiIiriHe 6aiaanbICThl. AKMOJIa OOJBICHIHBIH AaIadbIK eTiHIITIK JaHmapTapblH MbI-
cajIFa ajia OTBIPBIN, Kelleci MiHAeTTep Wenryai: 1) THAPOTepMUSIIBIK KaFaaiinapra 6aiIaHbICTbl OHIMAUTIKTI
Garanay yuriH NDVI aknapaTTeik Ma3MyHBIH Oaranay; 2) erictik imrimik TeHOinmikrin NDVI monnepi meH
IIBIFBIMABUTBIFBIHA OCEPiH aHBIKTAY; 3) GUTOMaccalaFhl €TiCTIK MIUTIK BapHAUSHBIH JKep MEH 0eT KYpbUIbI-
MBIHA JKOHE THAPOTEPMISUIBIK JKaFfaimapra Toyennunrin Oenriney. 2009-2013 >xpurmapmarel 80 ericTik
ydackenepiHieri Ounail MeH apIaHblH IIBFBIMIBLUIBIFEL )koHe NDVI-HBIH ericTiK Tk e3repriliTiri Typabl
JepeKTep, eNIiMeKeH KoHe (annanbapl KYpbUIbIM Typalibl MOJTIMETTEp, THAPOTEPMHSIIBIK apaMeTpliep Ty-
pajibpl MaiMeTTep naiaanaHpiasl. OUTOMACCAaHBIH KEHICTIKTIK KOHE YaKbITTBIK ©3TeprillTiri, JTaHamadThIK
KOHE THAPOTEPMHSIBIK (hakTopiiap apachlHAarbl GainaHbIC KOPPENSUMSUIBIK JKOHE JUCIEPCUSUIBIK Taiaay
azicTepiH KonaaHy apkbuibl 3epTTenai. NDVI acThIK HIBIFBIMIBUIBIFBIH TiKeneil Oaraay yIIiH MIeKTeyli FaHa
akmapaT OepetiHi anbikranasl. linge KyHzaepi YIIiH HHISKC MOHAEPI MayChIM JKOHE TaMbI3 ailflapblHa Kapa-
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FaH/a jKaKchl Kipicti kepcereni. Erictik ankantarst NDVI TeHOIIIIK KopceTKIMITepiHiH OCIPUIreH aKbUIFa
TOYENIUIIr Typajbl TUIoTe3a pactanmansl. Kypreni ¢anusiablk KypeUIBIMBL Oap TaHamTapIarbl IIBIFBIMIIbI-
JBIK 9/IeTTe OIpTEeKTi ericTikrepre KaparaHaa TeMeH. KyprakIibUIbIK KbUIAapsl GHTOMaccagarsl ericTik imri-
JIK BapHaIys BUIFAILABI JKBUIIAPFa KaparaHzaa aselpak Oaiikananel. TeOe MaccuBiHe jKaKbIH OpHAJIACYHI 3pO-
3us YHIHAUTEpiHEeH BUFal MeH HIeTiHIUIepAiH KOchIMIIa Oepilyl eceOiHeH (HUTOMAacCaHBIH KEHICTIKTIK ©3-
TepMEJIUIITIH apTTHIPaThIH MaHBI3ABI (akTop OonbIn TaObUIanbl. JKorapsl (anusuisl TEHOUINIK ©HIMIITIKTI
TOMEHJICTEII HEMEeCE OHBIH YaKbITIIA ©3TePTillITITiHIH apTyblHA KOHE 0OJKaMIIBUTLIKTBIH TOMEHJICYiHE BIK-
Hai eTei.

Kinm cesoep: nanamadt, dauus KYpeUIBIMBL, TeHOUIAIK, eHiMAUTIK, NDVI, e3reprimrik, THAPOTEPMUSIBIK
JKaFgainap, KepIIiIecTik.

@ K. Kupssno-I'ped, A.B. Xopomies, K.A. Anarkas

DakTOpPbI BHYTPHUII0JIEBON U3MEHYMBOCTH (PMTOMACCHI B CTEIMHBIX
arpoaanamadgrax Kazaxcrana

Y pokaliHOCTh 3€PHOBBIX KYJIBTYp U €€ IPOTHO3UPYEMOCTh B 3HAUUTENBHOM CTEIIEHH 3aBUCAT OT BHYTPHIIO-
JIeBOW HEOJHOPOAHOCTH JaHAMA(PTHBIX ycioBui. Ha mpumepe crenHsIx arpoiaHamagpToB AKMOJMHCKOM
oOmacTu pemanuck 3aga4dn: 1) oneHnTs nHpopMaTuBHOCTE NDVI 11t OLleHKH ypOskKaifHOCTH B 3aBUCHMOCTH
OT TUAPOTEPMHUYECCKUX YCIOBUH; 2) YCTaHOBUTH BIMSHHE BHYTPHIIOJIEBOH MO3an4HOCTH Ha 3HaueHus NDVI
U ypO’KaHOCTB; 3) ONpeeuTh 3aBUCHMOCTh BHYTPHIIOIEBOTO BaAPbUPOBAHHS (PUTOMACCHI OT YPOUHIIHON 1
(harmanbHOU CTPYKTYPHI M THAPOTEPMHUIECCKUX YCIOBHi. Vcmonp30Bamicy JaHHbIE 00 YpOKaifHOCTH MIICHU-
16l ¥ TYMEHS U BHyTpunosieBoi BapuadensHocT NDVI Ha 80 moneBbix yuactkax B 2009—2013 1T., cBeieHuUst
00 ypouMIIHON ¥ (anuaIbHON CTPYKTYpe, THAPOTepMUYEcKre rnapameTpsl. OTHOLIEHHsT MEXIy IPOCTpaH-
CTBEHHOU M BPEMEHHOI M3MEHYMBOCTHIO (DMTOMACCHI, JaHIA(QTHRIMA M THAPOTEPMUUECKUMHU (aKTOPaAMH
HCCIICIOBAUCH METOJIAMU KOPPEIAIUOHHOTO M TUCIIEPCHOHHOTO aHanu3a. YcraHoBieHo, uro NDVI mums
OTPaHNYEHHO MH(MOPMATUBEH JUIS IPSIMOH OIIEHKH ypOXKaHHOCTH 3epHA. 3HAUEHUS HHAEKCa 3a HIOJIBCKHE Ja-
THI Jy4Ille HIOHBCKHUX M aBI'YCTOBCKHX OTPa)kaloT yporkaHHOCTh. ['MIoTe3a 0 3aBUCHMOCTH MOKa3aTelnel Mo-
3angaoctd NDVI Ha moneBoM yyacTke OT BO3JENBIBAEMON KYJIBTYpHl HE MOATBEPAMIACE. Y POKaHHOCTH Ha
HOJISAX CO CIOXKHBIM (parManbHBIM CTPOSHHEM OOBIYHO HIDKE, YeM Ha OJHOPOAHBIX MONAX. B cyxme romsr
BHYTPHIIOJIEBOE BapbUpOBaHUE (PUTOMACCHI NMPOSBISIETCS B MEHBIIEH CTEIEeHH, YeM BO BIaxHble rogbl. Co-
CEJICTBO C COIIOYHBIM MACCHBOM SIBIISICTCSI CYIECTBEHHBIM (DaKTOPOM, ITOBBIIIAIOIINM IIPOCTPAHCTBEHHYIO
BaprabenbHOCTh (PUTOMACCHI 33 CUET JIOMOJIHUTENIBFHOTO NMMPUBHOCA BJIaTM M HAHOCOB IO SPO3MOHHOW. Brico-
Kas (anuanibHas MO3aMYHOCTb JMOO0 CHIKAET YPOXKAWHOCTD, JINOO CIOCOOCTBYET POCTY €€ BPEMEHHOM H3-
MEHYHBOCTH U YMEHBIIEHHIO IPOTHO3UPYEMOCTH.

Kniouesvie crosa: nanamadr, anuanpHas CTpyKTypa, MO3aUdHOCTh, ypoxkaitHocTh, NDVI, m3mMeHUnBOCTD,
THAPOTEPMUYECKHE YCIOBHS, COCEACTBO.
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Hay4yHo-nmony sipablii Typu3M B Simasio-HeHenkom aBTOHOMHOM OKpyre

B crathe mpoBeseH aHaIM3 CYIIECTBYIOIIMX MOAXOIOB K OMPENCICHHUIO TMOHATHH «HAYYHBIH TypH3M» U
«HAY4YHO-TIOMYJIIPHBIN Typu3M». JlaHO aBTOpCKOE OIpeAeseHHue HAyYHO-TIOMYIISPHOTO Typu3Ma. BEIABICHBI
OCHOBHBIE TYpPHCTCKHE PECypchl Hay4HO-TIONMYJIAPHOTO TypusMa B SImano-HeHemkoM aBTOHOMHOM OKpyTe.
Y cTaHOBICHO, YTO, HECMOTPS Ha HAIMYUE PECYPCOB, HAYYHO-TIOMYJISIPHBIC TYpPhl B PETHOHE HE pa3paboTaHBI.
Hanunuue pecypcoB mo3BoJisieT TOBOPUTH O INMEPCIEKTUBHOCTH PA3BUTHUSI HAYyYHO-TOMYJISIPHOTO TypuU3Ma B
SImano-Henenkom aBTOHOMHOM OKpyTe.

Kniouesvie cnosa: HaydHbIM Typu3M, HAay4HO-NIONMYJISPHBIA Typu3M, IMONMYJSpU3alMs HAy4YHOIO TypU3Ma,
Smano-Henerkuii aBToHOMHBIN OKpyT, SWOT-ananus, Typusm, LeneBast ay IUTOPHSI.

Beeoenue

Hayunsléi 1 Hay4HO-TIOMYJISIPHBIA TYPU3M — MEPCIEKTUBHBIC HAIPABICHUS PAa3BUTHUSL TYPUCTCKOM HMH-
nycrpun. B Poccuiickoit @enepanuy B MOCIEIHUE OBl HA TOCYJapCTBEHHOM YPOBHE JOBOJIBHO LIMPOKO
Havalad TOBOPUTh O HEOOXOJMMOCTH Pa3BUTHS 3TOTO BHIA Typu3Mma. [Ipu 3TOM conepkaHue HAyYHOTO W
HAYYHO-TIONYJISIPHOTO TYpHU3Ma B CTPATETMYECKUX AOKYMEHTAaX M B HAayYHBIX MyOJIMKALMSIX TPAKTyeTcs Ha-
JIEKO HE OJIHO3HAYHO.

C 1enpio0 KOHKpPETU3alUY ONpeiesieH!s] HayqHO-TIONYJISPHOTO TypU3Ma, ero mefeil 1 3a7a4, CoBepIleH-
CTBOBAaHHS MEXaHM3MOB pa3BuTHs B 2023 roqy MHUHHCTEpCTBO HayKH U BBICIIETO 0Opa3oBaHus Poccuiickoit
Oepepaunn yrBepawio «KoHuenuuo pa3BUTHS HAYYHO-OMYJsipHOro Typusma ao 2035 roga», Kotopas
MIpeICTaBIsIeT CO00M OCHOBY JUISl MJIAHHUPOBAHMS M ONpPEAETICHUS OCHOBHBIX MEXaHH3MOB POCTa HAy4YHO-
MOMyJISIPHOTO Typu3Ma B cyObekrax Poccuiickoit ®epepaumn. MHunpatvBa 1o pa3BUTHIO HAy4YHO-
MOMYJISIPHOTO TYpH3Ma TaKXKe cTaja OJHUM W3 HallpaBJIeHUH «/lecsTnineTust HAykKu M TEXHOJOTUN», 0OBsB-
nennoro Ipesunaentom Poccun [1, 2].

B nacrosimee Bpems B Poccuiickoit denepannu HayqHO-TIOMYJISIPHBIA TYpU3M B HaUOOJNbIIEH CTENeHH
mpencTaBieH B Mockse (8 HaydHO-TIOMYJISpHBIX TypoB), HoBocubupckoii (6 Typos), Huxeroponckoii (4
Typa) U Tomckoit (3 Typa) obmactsx. B MeHbIIell crerneHn OH mpeacTaBieH B AMypckoi, MpkyTckoi,
Kanyxckoit obnactsix, KpacHomapckom kpae (mo nBa typa), Cankr-IlerepOypre, KamuHuurpaackou,
Openbyprekoit obnactsax, Kpacaosipckom u Ilpumopckom kpasix (o ogHomy Typy), B SMaino-Heneuxom
aBTOHOMHOM OKpYIre — OJWH Hay4YHO-ITO3HABATENIbHBIA TYpPHCTCKUI MapHIpyT. B ocTanbpHBIX permoHax
HAYYHO-TIOMYJISIPHBIE TYPUCTCKHE MaplIpyThl He oopMiIeHBl. Bcero Ha BHYTpeHHEM TYPHCTCKOM PBIHKE
pa3paborano 34 Hay4HO-IIOMYJISPHBIX Typa U | HayuyHO-NO3HABATENIbHBINA MapipyT [3].

B fmano-Henenkom aBTOHOMHOM OKpYyre Hay4HO-IIOMYJISIPHBIA TYpH3M paccMaTpUBAIOT M KakK BO3-
MOKHOCTh Pa3BUTHUSI TYPHCTHUECKOW cepbl, M KaKk OJMH M3 MEXaHM3MOB IOIYJSPU3AllUA PErHOHATLHOMI
Hayku. B 2022 rogy ['y6epunatopom SAmano-Henerkoro aBToHomMHOTO OKpyTa [I.A. APTIOXOBBIM YTBEPXKACH
«IInan meponpustuil SImMano-Hemenkoro aBTOHOMHOr0 OKpyra, MPOBOJNUMBIX B paMKax JAECATUIIETUS HAyKU
u Texnonoruit B Poccmiickoit @enepanuu B 2022-2031 romax», KOTOPBIA MpeXycMaTPUBACT PEATH3AITUIO
IBYX HAyYHO-TIOMYJISIPHBIX MapHIPYTOB — «SIMambCKuil Kpromapk» (PacKpbIBaeT PoOib MHOTOJIETHEH Mep3-
JIOTBI B JKMU3HENEATEILHOCTH YENIOBeKa) U «SIMabCcKasi apxeojgorndeckas 3KCIeAULUs, MOCBIALICHHOTO ap-
XEO0JIOTHH PETUOHA.

HecMmotps Ha TO, 9TO HayYHO-TIOMYJISPHBIE MAPUIPYTHl YKa3aHbl B CTPATETHYECKOM JOKYMEHTE, Cero-
ITHS OHU HE peann3yioTcsi. Bo MHOTOM 3TO CBSI3aHO C TE€M, YTO B aBTOHOMHOM OKpYyTe HET MCCIEIOBaHHH,
PacKpBIBAIOLINX MEPCIEKTUBBl HAYYHO-MOMYJIIPHOTO TypH3Ma, KaK HOBOTO HAIpaBIEHHs B CTPYKType Ty-
PUCTCKOM MHAYCTpUM peruoHa. /o KoHLa He ompeneneHsl noreHuuan SAmano-HeHenkoro aBTOHOMHOIO
OKpyTa B Pa3BUTHH JAHHOTO HAMPABJICHUS U €TO PECYPCHI.
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B cBsi3H ¢ 3THM LIeNbIO CTaTbU SBJISIETCS BBISBICHUE CYILECTBYIOIIETO NOTEHIMANIA A1 (POPMHUPOBAHUS
HAay4YHO-TIONYJIIPHOTO TYPUCTCKOTO MpoaykTa B SImMano-HeHenkoM aBTOHOMHOM OKpYTeE, a TaKXkKe OIpeiene-
HUE BHYTPEHHUX M BHEIIHHUX (DaKTOPOB, BIUSIOIIMX HA MEPCHEKTHBBI Pa3BUTHUS AAHHOI'O BHUA TypuU3Ma B
peruoHe.

OCHOBHBIE TTOJIOKEHUS UCCIIEIOBaHMS CHOPMYITUPOBAHBI B paMKaxX paboT mo mpoekty «CoBpeMeHHbIe
KJIMMaTH4eCKUe M3MEHEHHS U UX BIMSHUE Ha JaHAadTHYIO CTPYKTypy SImano-HeHenkoro aBTOHOMHOIo
OKpyTay», peanu3yeMoMy MpH NOAEpKKe MpaBUTEIbCTBA SIMano-HeHenkoro aBTOHOMHOTO OKpyTa, a Takke
B paMKaX TOCyIapcTBEHHOro 3afaHusi MHCTHTYTa BOIHBIX W dKonorunueckux npodmem CO PAH (Ne FUFZ-
2021-0007).

Mamepuanst u Memoowl Uccie008anUs

[IpeameroM mcclienoBaHMs SBISECTCS HAYYHO-TIOMYJISIPHBIA Typu3M B SImano-HenenxoM aBTOHOMHOM
okpyre. B KkayecTBe HCXOIHOIO MaTepuaja HCIIOIb30BAJIUCh CTATHCTUYECKUE AaHHBbIE, HOPMATHBHO-
paBoBast 0a3a ¥ Hay4YHbIE TyOIMKALUK, XapaKTePU3YIOLINE HayYHbIH U Hay4YHO-IIOMYJISIPHBIN TYpU3M, CTpa-
Tern4eckue JOKYMEHTHI, 00eCleurBalolIie TOCYAapCTBEHHYIO TOAEPKKY TYPUCTCKOM AEATeNbHOCTH, pe-
3yJIbTaThl COOCTBEHHBIX UCCIICIOBAHUH aBTOPOB.

Ha nepBom 3Tane s ynopsao4eHusl TEPMUHOJIOTHH U XapaKTEPUCTUKU CTPYKTYPhl HAYYHOTO M HAyd-
HO-TIONMYJISIPHOTO TYPU3Ma MCIOJIb30BaJIaCh TEXHOJIOTHSI CUCTEMATHYEeCKOro 0030pa MHOCTPAHHBIX M POCCHIA-
CKMX Hay4HBIX pa0oT. B Xone umccnenoBaHus MpoBeACHBI CPaBHUTEIBHBIN aHAN3, 0000IIeHNEe, TPUMEHEH
CTPYKTYPHO-(QYHKIIMOHAIBHBIN MOAXO ¥ HNPUHLOUIBI (POPMATIBHOM JIOTMKH, TO3BOJHUBILUE OIUCATH CTPYK-
TYpY Hay4HO-TIOMYJIIPHOTO TypHU3Ma.

AHanu3 myOIMKanUid OCYIIECTBISUICS HA OCHOBE KPUTEPUEB OTOOPA, YTO MO3BOJIUIIO CHCTEMAaTH3HPO-
BaTh Ombnmuorpaduyeckyro 06a3y. B Hee BKIFOUEHBI T€ IMyOJIUKAIlMU, B KOTOPBIX Hanboliee Ka4eCTBEHHO pac-
KPBITHI TIOAXOABI K ONPENCICHUIO NOHATHH «HAYYHBIH TYPU3M» U «HAYyYHO-TIOMYJISIPHBIN TYypU3M», OXapak-
TEPU30BaHbI PECYPCHI JJI OPTaHU3ALMU ITUX HANpaBICHUH B TypuU3Me, MPAKTHUECKUN OIBIT UX OpraHu3a-
LU,

Ha BTOpOM 3Tame mpoBeneH COUMOIOIHYECKUN ONPOC CPEH YIaCTHUKOB HAYyYHO-TIOMYJIIPHBIX MIPOCK-
ToB 1 ipuMeHeH SWOT-aHanu3, KOTOpBIN TTO3BOJIMII OLIEHUTH TEKYIIEE COCTOSIHUE M TIEPCIICKTUBBI Pa3BUTHUS
HAaY4YHO-TIOMYJIIPHOTO Typu3Ma B SIMano-HeHenkoM aBTOHOMHOM OKpyre, MMyTEM pPacCMOTPEHHS Kak CIO-
COOCTBYIOIIMX, TaK U JUMUTHPYIOLINX (aKTOPOB, BHYTPEHHUX M BHEIIHUX BO3MOXKHOCTEH PEerHoHa.

Pesynomamot u obcyscoenue

B MupoBOH TypUCTCKOH IpPakTUKE M KOPPECIOHIUPYIOLIEH HAY4YHOW JINTEpaType aKTHUBHO BEIETCS
JUCKYCCHS O COAEP)KaHMM HAyYHOI'O Typu3Ma, ero Buiax M ¢opmax opranusanuu. He meHee mmpoko pac-
MIPOCTPAHEHHBII TEPMUH «HAYYHO-TIOMYJISIPHBIA TYypU3M» YHOTpeOJIsieTcs KaK B KaueCTBE CHHOHMMA Hay4-
HOMY TYpU3MY, TaK U KaK CaMOCTOSTEIbHBIA TepMUH. B 11e110M, B 3apy0eKHBIX M OTEUECTBEHHBIX MTyOIHKa-
[USX, TTOCBSAIICHHBIX BOMPOCAM KOHIENTYaJIM3allil HAYYHOT'O Typu3Ma, BBIACISIOTCS JBa MOJXO0Ja K €ro
TpakTOBKe. B mepBoM citydae HayuHBIH TYpHU3M pacCMaTPUBACTCS KaK COCTaBHAS YacCTh YK€ CYIIECTBYIOLINX
BUJOB TypU3Ma, TaKUX KaK »JKOJOIMYECKHH, I103HABATENbHBINA, IPHUKIIOUYEHUYECKUH, 0Opa3zoBaTellb-
HBIH/aKaIeMUYECKUH, BOJOHTEPCKMA, MpombIiiiieHnsii [4-11]. Hampumep, B padorax P.West (2008), M.A.
Jlrobapckas, A.H. Jlrob6apckuit (2013), 1. Mapsiukuna (2016), Wei Guo u apyrue (2022) aBTOpbI ornpe-
JEISIIOT «HAYYHBIH Typu3M» Kak (opMy Typu3Mma, HE CBSI3aHHYIO C HAYKOMH, a HalpaBJIEHHYIO HAa caMoo0pa-
30BaHHME, MMOJyYeHNE HOBBIX 3HAHUH U pacIIMpeHHnEe KPyro3opa.

Bo BTOpOM ciiydyae HaydHBIA TYpHU3M paccMaTpHBaeTCs KaK CaMOCTOSITENBHBIN BUJ Typu3Ma, Halpas-
JICHHBIH Ha pealn3alyio HayYHO-MCCIIE0BATEILCKOW AESTEIbHOCTH C MOIYYEHHEM HAYYHBIX PE3yJIbTaToOB
[8, 12, 13]. OrnuunTespHasi 0OCOOCHHOCTh HAYYHOTO TYpU3Ma OT MHBIX (OPM 3aKIFOYaeTCsl B MOTHBAIMU
TYypUCTOB 3aHuUMaThcs Haykoi. Tak, L. Molokacova u S. Molokac mozapasaenstor TypucToB Ha: JII0OuTeIeH
(TypHuCTBI, KOTOpBIE, KaK MPaBUIIO, CTPEMSITCS K YIIIyOJIEHHOMY HM3YUEHHIO ONpeesIeHHON HAyYHOH AMCIU-
IUIMHBI) ¥ TPO(ECCHOHATIOB-UCCIIE0BaTeNeH, KOTOphle MPOBOAAT Hay4Hble u3bickanus [14]. CormacHo
M.R.G Revilla u O.M. Moure, nieneBas ayJUTOpHs HAy4HOTO TypU3Ma OIpaHUYEHA JIMIIb CTYICHTAMH, Ipe-
MoJaBaTesIMi M MCCIIeOBaTeNsIMK (acupaTaMu) U3 pasHbIX o0jacTell HayK, OCHOBHOW LIENBIO KOTOPBIX
SBIISIETCS pacUIMpeHHe W JONOJHEHHWE MX 3HAHMH. YUWTHIBasS MOTHBAIMIO 1I€JICBOH ayAMTOPHH, aBTOPHI
OTIPEICNTMIIN HAyYHBIH TYpH3M KakK MOCEIeHHE TYPUCTCKOTO 00BEKTa C IeNIbI0 MPOBEICHUS HAOMIOACHUN U
cOopa JaHHBIX, KOTOPbIE MOT'YT OBITh UCIIOIBb30BaHbI B Hay4HbIX 1eisix [15]. CornacHo FO.E. XonoannmHoit
(2011), Hay4HBI TYypU3M — 3TO OCYIIECTBIECHHE HCCIEI0BATENbCKON (Hay4YHOW) NESTETHLHOCTH Ha KOH-
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KpETHOH TEPPUTOPHUH, HE SIBIAIOLIEICS MECTOM TOCTOSHHOTO MPOXHUBaHMS TypUCTa B mepuof oT 24 4 g0 6
Mec. MoAps 0e3 U3BJIEUCHUS] MaTePHAITFHONW BHITOBI, OTIHYUTENHHBIM MTPH3HAKOM KOTOPOTO SIBISIETCS aK-
THBHOE y4acTHe TypuCTa B IIPOrpaMMe Typa, a He POCTO MOTydeHHe HHTEPECHON HHPOPMAIH U co3epIia-
Hue 00bpekToB. B coBmecTHo# ctathe XK.A. EpmakoBoii u 10.E. Xonoaununoii (2014) Beiaeneno 6 mpusHa-
KOB HAYYHOTO TypHu3Ma: 1) HEMacCOBBIH, SKCKITIO3MBHBIN BU TypHu3Ma; 2) TPYJOEMKHH MO CO3JaHUIO TY-
PHUCTCKOTO TPOIYKTa; 3) KamUTATOEMKUN BHI Typu3Ma; 4) COUYETAIONMINI MPHU3HAKH PA3INYHBIX BUIOB TY-
pu3Ma; 5) o0ycIOBICHHBIH BTOPUYHBIMU MOTPEOHOCTSMH YeJOBeKa; 6) MCIONB3YIOINA HETPaIUIMOHHBIC
HUCTOYHUKN (PMHAHCUPOBAHHMS.

M.A. JIro6apckas, A.H. JIrobapckmii (2013), J)K.A. Epmaxosa, F0.E. Xomogunuaa (2014) moapazmens-
IOT Hay4HBIM TYpHU3M Ha TpU BHUJA: 1) O3HAKOMUTENBHBIA (0030PHBII) — TypHUCTaM IEMOHCTPHPYIOTCS 00b-
eKThl HayYHBIX HCCICAOBAHUN M MpeNoCTaBiIseTcs KBannuuupoBaHHas HHQOpMALHUs 10 HUM; 2) SKCIeIH-
[IMOHHBIN (BCIIOMOTATENbHBIN) — yYacTHe TYpUCTa B COCTaBe KCIETUIIMOHHOW TPYIITHI B Ka4eCTBE BCIIO-
MOTAaTENBHOTO MepCcoHala; 3) CaMOCTOSATENBHBI — TYpPUCT HMPOBOIUT CBOE MCCIEAOBAaHUE B COTPYIHUYE-
CTBE C HAyYHBIM MEPCOHATIOM. B OONBIIMHCTBE CITydasx TYPUCTOM SIBISIIOTCS CTYACHT M ACTIUPAHT.

Crout orMeruth, uto B Poccuu B 2019 rony moHATHE HAy4HOTO Typu3Ma MOSABISETCS HE TOJIBKO B
Hay4HOH JIUTEpaType, HO U B HOPMATUBHO-TIPAaBOBOi cpenie. B yTBepxkaeHHoi CTpareruu pa3BUTUs Typu3ma
B Poccuiickoii ®enepanmu Ha nepuos A0 2035 roaa Mo HaydyHbIM TYPU3MOM IIOHUMAETCS MyTEIIECTBHE 03
W3BJICUCHHSI MaTepUALHON BBITOJIBI B LIEJsAIX cOOpa HaydYHOH WHQOPMAIUK, TPOBEACHUI HAYUYHBIX HUCCIEO0-
BaHWH, MOCEIIEeHNs HAYIHBIX MeponpusaTuii [16].

E.A. KpreutoBa (2018) oTmedaer, 4TO HAyYHBIH TYPHU3M MOXKET OBITH HMCIOJIL30BaH KaK OTAEIHHOE
HampaBleHUE B ONyJsipu3anuy Hayku. [lo cmoBam aBTOpa, peanusanusi AJAHHOTO BUAA Typu3Ma OyAeT cro-
coOcTBOBath: 1) ymyumieHnto mmumka Poccuiickoit denepanum 3a pyOekoM KaK OTKPBITOTO HAy4YHO-
TEXHUYECKOTO W NHHOBAIIMOHHOTO I[EHTPA; 2) MOBBIIICHUIO MPUBICKATEIHLHOCTH HCCIIEIOBAHMA, Pa3padoToOK
u yueOnl B Poccun; 3) yBennueHnto GMHAHCHPOBAaHUS HAYKW M 0Opa30BaHMS 3a CUET BHYTPEHHETO U 3apy-
0EKHOTO MHBECTHPOBAHHUS; 4) POJIBMYKEHUIO POCCUIICKOM HAYKH U 00pa3oBaHusl, OMYJSIPU3AIMK HAYTHOTO
sHauus [17].

HHTepecHoe MHEHHE BBICKa3all IIOMOIIHMK MEPBOro 3aMecTuTels npencenatens CHOUpCKoro oraene-
Hus Poccuiickoil akaeMuyd HayK M 3aMECTHTENb PYKOBOAMTENS padoueii TpymIbl M0 HAyYHOMY TYPU3MY
Cepreii Tu. Ilo cyTu, oH He pa3fensul HayYHbIM U HAyYHO-TIOMYJIIPHBIA TYpU3M, a ONPEAENINI 3TO MOHSATUE
KaK MCKYCCTBEHHO CKOHCTPYHPOBaHHOE, KOTOPOE HAXOJWUTCS MEXIy Haykod m Typusmom. OH ykazan Ha
HEOOXOJIMMOCTh YUHUTBIBATH JIFOJICH, KOTOpBIE MPO(ECCHOHAIBHO 3aHUMAIOTCSl KOMMYHHKAIWEH, Co3JaHneM
HAyYHBIX MEPOTIPUATHI 1 KOHTeHTa. [1o ero MHEHUIO, HAyIHO-TIOMYJISPHBIA TYPU3M HaXOIUTCS HE HA CTHIKE
IByX cep, a B IIEHTPe TPEYrojbHUKA «HAyKa—TypU3M—TIONYISIpHbIE Meauay. OnpenerneHue, KOTOpoe Jal
Cepreii Ty, BkIto4aeT Bce Tpu cdepsl: «HaydHo-monyssipHbIi Typu3M — 3TO KOTJa €CTh U MMPOAYKT, U MPHU-
ObUIb, W TIO3HAHHE, U HaydHas KOMMYHUKaus». OT MOMyNnspru3aTOPCKON AEATENIbHOCTH HAyYHBIH TYpU3M
OTJIMYaeT Haju4ue npuobum» [18].

A.1O. BapanoBa 1o pesynbraTaMm aHalln3a IMyOJWKAIlUi MPEICTaBHIIa aBTOPCKYIO TPAKTOBKY HAY4HO-
MOMYJISIPHOTO TypH3Ma. ABTOpP paccMaTpHBaeT HAyYHO-TIOMYJISIPHBIA TypH3M Kak coOMpaTelibHOe TIOHSTHE,
BKJTFOUAIOITEee B ce0sl JIENIOBOM, DKOIOTUYECKUM, KYJIbTYPHO-TIO3HABATEILHBINH, TPOMBINUICHHBIH, 00pa3oBa-
TEJIBHBIN, CEJbCKUI BH/IBI Typu3Ma [2]. ['1aBHas 1esib HaydHO-IOMY/SIPHOTO TypH3Ma — pPEIIeHHE PUOPHU-
TETHBIX COIMAJIHLHO-3KOHOMHUYECKHX, SKOJOTHUYECKUX M MPOU3BOACTBEHHBIX 3a/lad, COXpaHEHHE HCTOpHUYe-
CKOTO, KyJbTYPHOTO U MPHUPOJHOTO HACIEIUs JAHHON TepPUTOPUH, PAa3BUTHE TEXHUKHU U TEXHOJIOTHH, CO-
3/1aHUEe MHHOBAIIMOHHBIX TOBAPOB U YCIIYT.

B ny6mukaruu W.1O. [Tonomapesoit u B.JO. CaBuHoi HaydHO-TIOMYJISIPHBIN TypH3M pacCMaTPUBACTCS
KaK croco0 MOmyJIspu3aiyi HayKH B JIOCTYITHOM U MHTEPECHOM (opMmare, COBMENIAIONIUI MyTEIIECTBHE C
HCCIICIOBAHUSMU OKPYXKAIOIIET0 MHUPa, 3HAKOMCTBOM C YHHKAJIBHBIMH HAYYHBIMH O0OBEKTaMH, ITEPEIOBBIMU
YUCHBIMH U MX HAyYHBIMH IIKoJgaMu [19].

B oanoii u3 Hamux padot [20] npemioskeHa Moeb Mo3HaHus JaHamadTa, KOTopas UMEeT NepCIeKTH-
BBl B KAUECTBE OJHOIN M3 MOJEJEN HAyYHO-TIONMYJIIPHOIO M OAHOBPEMEHHO SKOJIOTHMYECKOTO Typu3Mma. JlaH-
Hasl MOJEJIb MOXKET PEaTn30BBIBATHCS KaK HEIOCPEACTBEHHO B XOJI€ MOJEBBIX HAYYHBIX MCCIICIOBAHUMN, TaK
W Ha CIeNUalibHO pa3paboTaHHOM MapIIpyTe MPH YYACTHH CIEIUAINCTa, 00JIaAaloniero 0oIbIIuM 00bEMOM
3HaHW 0 Janamadre. B Mojeny n3HavambHO 3aI00KEH TaKOH allrOpUTM paboThl ¢ TYpHUCTOM, KOTJ]a Ha BXO-
JIe KITAaCCUYECKHUI «IUISHKHBIN) TYPUCT Ha BBIXOJIE IPHOOpETaeT HOBBIE MOTHUBAIIMH — JKEIaHUE IPUOOITUTh-
Csl K TIPUPOJIE, BOZMOKHOCTh 3CTETHUECKOTO yIOBIETBOPEHHS, CTPEMIICHHE K CaMOPa3BUTHIO U Jp. Monenb
peanu3yeTcsl B TpPH 9dTana: NPUOOpETEHHE 3HAHUK O JaHAmadpTe—OHMMaHUE JaHAIa(Ta—TIOCTHKEHUE
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nanamadTa. OHa onupaeTcsl Ha MOJIOKEHUS JTaHAAPTHON MapaJurMbl U MOKET PEan30BBIBATHCS B 3aBH-
CHUMOCTH OT CHeUU(HKH YCIOBHM B OIHOM MJIM HECKOJIBKUMX HANpaBJICHUSAX: MO3HAHHE JaHamagdTa depes
pasnu4Hble COCTOSIHUSA (mepexoln JaHAmadTa U3 OJHOTO COCTOSHHS B APYroe B TE€UEHUE I0Aa), MO3HAHHE
naramadTa Kak majauMmIcecta (pacCMOTPEHHE KaXIOoro MOCIEAYIOMIEro 3M130/1a, MPUBOAALICTO K U3MEHe-
HHUIO JTaHAmadTa, Kak OTACTHLHOTO «CIIOs), IO3HAHNE JIaHamadTa depe3 HHANKATOPHl KaKuX-TH00 GeHoMe-
HOB (HampuMep, H3MEHECHHE KIIMMAaTa), IIO3HAHKE JaHamadTa 4epe3 ero 00pa3Ho-CHMBOJIHICCKHAE TPAKTOBKH
(cakpanbHBIE OOBEKTHI, PECYpPCHBIC YYACTKH U JIIP.).

HNmnynscoM BHMMaHMS K HaydHO-TIOMYJSIpHOMY TypusMy B Poccum cramno mopydenue Ilpesumenta
Poccwiickoit ®enepanuu B.B. ITytuna [21]. C 3T0ro BpeMeHH MOSIBISIETCS PSI HAYYHBIX MMyOIHUKAIMi, MO~
CBSIICHHBIX CTPYKType HAyYHO-TIOMYJSIPHOTO TypH3Ma M IMEPCICKTUBAM €r0 PErHOHAIBHOIO Pa3sBHTHSA [2,
19, 22, 23]. Takxe B 2022 rogy MuHKCTEpCTBOM HayKH U BbICIIEro oOpasoBanusi Poccuiickoit deneparyn
Obuta yTBepkAcHa «KoHLenms pa3BUTHs HAYyYHO-TIOMYJIIPHOro Typu3May (nanee — KoHuennus), kotopast
IpeluiaraeTcs Kak OCHOBA JAJIl IUIAHUPOBAHUS U ONPENENICHUs] MEXaHU3MOB Pa3BUTHUS HAYyIHO-TIOMYJIIPHOTO
Typu3ma. OHa BKIIOYAeT B ceOsl MOATOTOBKY KaJpOB I 00ecrieueHHs: HayYHO-TIOMYJIIPHOTO TypU3Ma, OTH-
CBIBACT ILIEJIEBYIO ayAUTOPHIO, POJIb BY30B, HAYUYHO-UCCIIEIOBATEIILCKUX IEHTPOB U PETHOHOB B JOPMHUPOBa-
HUM MaplLIpyTOB, a Takxke (uHaHcoBoe oOecreueHne. ABTopbl KoHIENIMM mpeamnosiararwT, YTO HaydyHO-
MOMYJISIPHBINA TYPH3M MO3BOJIUT IIMPOKOH ayIUTOPUU OKYHYThCSI B aTMoc(epy HayuHBIX MCCIIEIOBAHUMA, TO-
MOKET OOPECTH SICHOE MpPEACTaBICHUE O PadOTe YYEHOTO W MOMYJSAPU3UPYET NaHHYI0 00NacTh B IIEIIOM.
Hayuno-nomynsipHeli Typu3Mm npencTasieH B KoHmenum kak BpeMeHHbIE BbIe3/Ibl (IIyTEIIECTBUS ) IPaxkIaH
Poccwuiickoit denepann, HHOCTPAHHBIX TPAXKAAH U JIAI] O€3 TPaKIaHCTBA C TIOCTOSTHHOTO MECTa JKUTEIhCTBA
B TO3HABaTENbHBIX, MPO(HECCHOHATIHLHO-JENOBBIX U MHBIX LENAX, OCYIIECTBISIONIUECS MO yTBEPKACHHBIM
MapuipyTam ¢ MOCEIIEHHEM 00bEKTOB MH(PACTPYKTYPBl OPTaHU3aLUN, CONPSDKEHHBIX C HayYHOMH, HHHOBA-
[IMOHHOH, 00pa30BaTeIHHOMN, MPOCBETUTENBCKON NEATENBHOCTRIO, C COOII0/IeHueM TpeOoBaHU Oe301macHo-
CTH M PEeXKHMa OXpaHbl YKa3aHHBIX OOBEKTOB, CIIOCOOCTBYIOIINE MOMYJISIPU3AINH JOCTHKCHUH POCCHICKON
HAaYKHU U TEXHOJIOTUH.

Takum 00pa3oM, M3 aHauM3a MPENCTABICHHBIX OINpPEINENICHUH ClenyeT, YTO HAy4YHbIH M Hay4HO-
HONYJIIPHBIA TYPHU3M IIPECIIEAYIOT pasHble Leau. HaydHblil Typu3M — 3TO HUILEBBINA BUJ TypU3Ma, OH IIPEA-
CTaBJIAe€T cOOOH IMyTellecTBUE IIIaBHON LIETIbI0 KOTOPOTO SBJISETCS MOJIYYeHHE Hay4YHOTO pe3yibTara IMyTeM
MIPOBEICHNS M3BICKAHWN Ha KOHKpeTHOW Tepputopuu. [loTpedurensmu (1ieneBoil ayauTopreii) 3Toro Buaa
TypHU3Ma SBJSIFOTCA yu€HblE M «To0uTenn» (HeyuéHble). MoTHUBaLUMs NEPBBIX 3aKIIOYAETCS B JOCTHKEHUH
CBOUX HAYYHBIX IIEJeH MpH MOCEeIeHNH 00bEKTa UCCIIEIOBAaHMs, a BTOPBIX — BHECCHUE BKIIA/Ia B HAYYHOE
uccnenoBanre. Oco6eHHOCTh (OPMHUPOBAHUS JAHHOTO BUAA TYpU3Ma 3aKJII0YaeTCsl B TOM, YTO YUEHBIH BbI-
CTyHaeT B POJIM OpraHu3aTopa M oOecleYnBaeT HANIOJIHEHUE MPOrPaMMBbl Typa, JIIOOUTENb (HEyUYEHbIH) BbI-
CTyHaeT B KaueCTBE UCTOYHHKA JIOMOJHUTEIILHOTO (PMHAHCHPOBAHMUSL.

[Mon Hay4HO-TIOMYJISIPHBIM TYPH3MOM, KaK TpPaBHIIO, IOHUMAETCSl TAKOW BWJ TypuU3Ma, OCHOBHOH Iie-
JIbI0 KOTOPOTO SIBJISIETCS] PUBJIEYEHNE OOIIECTBEHHOrO BHUMAHMS K HayKe, ee MOIyJIsIpu3aus 4epes3 Typu-
ctuyeckue (popmbl. TypHU3M 371€Ch MCHOJb3YETCsS B KAUECTBE CPEICTBA KOMMYHHKAIMU MEXAY YUEHBIMHU H
HIMPOKON 1IeeBON ayauTopued (OT McciemoBaTesel, aclMpaHTOB, CTYJIEHTOB, IMIKOJBHUKOB JIO PSAIOBBIX
rpaxnan). PecypcHoit 6a3oif 1y (GopMUpOBaHUS TYPUCTCKOIO HPOJYKTa HAYYHO-TOMYJSPHOTO TypH3Ma
SBISIIOTCS: 1) OOBEKThI HAYy4YHOM, aKaIeMHUYECKOH U IPOMBILUIEHHON HHGPACTPYKTYpHI; 2) 00pa3oBaTesibHbIE
Y Hay4YHBIE MEPOIPHUATHA; 3) IKCHENUIIMOHHbIE UCCIIeIOBaHNs; 4) MPUPOAHBIE, NCTOPUKO-KYIbTYpHBIE, UH-
(dpacTpyKTypHBIE 00BEKTHI, HMEIONINE HAyYHOE 3HAYCHHE.

B MupoBoii TYypUCTCKOI NPaKTHKE BO3SHUKHOBEHHE «HAYYHOI'O TYpH3Ma» CBSI3aHO C IIPOBEIEHHEM JKC-
MEIUIUA U TIOJIEBBIX MCCIIEIOBAaHNH, KOTOPble (PHHAHCHPOBAIM caMu y4YE€HbIC WM (UHAHCOBO oOecriedeH-
Hble moau. Tak, M.A. Morse oTMe4aeT B3aMMOCBSI3b HAYYHOI'O Typu3Ma C «I'paHA-TypOM», KOTOPBII IOIy-
JSIpeH cpelu OpUTaHCKHUX apucTokpatoB 10 XX Beka [24].

[IepBoe ToNKOBaHME MOHATHS «HAYYHOTO TypuU3May» MosABUIOCh B 1989 rony B crateax J. G. Laarman u
R. R. Perdue «Hayunsrii Typusm B Kocra-Puke» (Science tourism in Costa Rica) u «Tponudeckast Hayka u
typusm: npumep OTS B Kocra-Puke» (Tropical science and tourism. The case of OTS in Costa Rica). ABTo-
PBI OIYOJIMKOBAJIM CBOM HAOJIIOJCHUS BO BPEeMs NIPOBEICHUS NPAKTUKH CTyAeHTOB B KocTta-Puke u ncnons-
30BaJIM MOHSTHE «HAYYHOTO TYpU3May Ul ONMUCAHHs TaHHOH akajeMudeckoi aestenbHocTH [25, 26]. Pe-
3yJILTAThI MOKA3bIBAIOT, YTO HAYYHBIH TypU3M, PACCMATPUBAEMBIN KaK TOJAKOMIIOHEHT IPUPOTHOTO TYpU3Ma,
3aCITy’)KHBAET CEPhE3HOI0 BHUMAHHSI B HEKOTOPBIX HEOOJBIINX CTpaHax, Takux kak Kocra-Puxa.

B 2000-x rogax moi0KUTEIbHBIN OMBIT BHEAPEHUS] HAYYHOTO Typu3Ma nonyani LlenTp nccienoBanmii
skocucteM [lartaronnu (Centro de Investigacion en Ecosistemas de la Patagonia, CIEP). Pa3sutue storo
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HaTpaBJIeHUs BeAETCA B LENSX Pa3BUTHS YCTOMYMBOTO TYpU3Ma B OTAAJICHHBIX TOPHBIX paiioHax [lataronnu
(Ucmanns). C 2007 roga LleHTpoM peamu3yroTcsl IpoTrpaMMBbl 0 TIEPENICH KUTOB, apXEOJIOTHUECKUX IKCIIe-
JULKH, IPOTPaMMBbl 10 OOYYEHHUIO M 9KOJOTMUECKOMY BOJIOHTEPCTBY, a TaKKe yueOHbIE KypChl IO Teorpa-
¢un 1 3KoTYpHu3My. Ha mpoTskeHNH HeCKONBKUX JIET B AaHHYI0 paboTy Obutu BoBieueHsl Oonee 100 mect-
HBIX TYPUCTCKHX OIIEPaToOpoB, a Takxke okoso 200 yueHsIx u oxBatmio 6onee800 mccnemoBaTenel, CTy/IeH-
TOB, BOJIOHTEPOB U IIFOOUTENEH IpHKITrodeHuit [9].

B Kurae nocnennee Bpemst OOJBIIMHCTBO YYEHBIX COCPEIOTOUYMIN BHUMaHHE Ha CYLIECTBYIOINX MPHU-
POIHBIX pecypcax, TaKuX Kak BOJHO-OOJIOTHBIC YroAbs W MapKu, U pa3paboTand MapHIpyThl HAYYHOTO TY-
pU3Ma Ha UX OCHOBE. Tarke MOJIb3yIOTCS MOIYJIAPHOCTIO YHUBEPCUTETCKUE TOPOJIKH, NEMOHCTPUPYIOIINE
yOJIMKK HOBEHIINE TEXHOIOTWU B O0NACTH KOHTPOJA 3a 3arpsA3HEHHEM OKPYJKAroIEH Cpeabl Ha OCHOBE
cOOCTBEHHON MHHOBAaITMOHHOH M1aT(HOPMBI 3KOJIOTHUECKUX TEXHOIOTHi [27].

B Poccun «Hay4HBII Typr3M», KaKk CaMOCTOSITETbHOE HampasiieHue, mosBuics B 1980 roqy no nHUIH-
aTuBe akajemuka, npesumenta I'eorpadudeckoro odmectsa CCCP A.®. Tpemmnukosa. B aToT meprox Bpe-
menu npu [Ipesunuyme ['eorpaduueckoro odmecTtsa Obu1a co3nana Komuccus HaydHOTO TypH3Ma B LIENSAX
MPOBEACHUSI IKCICAUINOHHON U HCCIIe0BATENLCKONH PabOThl MO BBISBICHHIO MEPCIEKTUBHBIX PaiOHOB U
00BEKTOB TypU3Ma, U3yUECHHUIO 3TUX PAHOHOB, ONMCAHUIO BBISBJICHHBIX OOBEKTOB U MAMSITHUKOB, pa3paboTKe
HOBBIX HUTOK TYPUCTCKHX MapLIPyTOB U 3KCKYPCHH, COCTABJICHUIO OTYETOB, TYPUCTUYECKUX KapT MyTeBO-
autenei [28, 29].

B SImano-Henenkom aBTOHOMHOM OKpYI€ CETOIHS HE CYLIECTBYET HU OAHOTO Peajn3yeMOro Hay4yHO-
nomyJsipHoro typa. OnHaKo MMEETCs IOBOJIBHO IIUPOKHM CIEKTP MEPONPHUATHH, I'I€ MPUCYTCTBYIOT dJie-
MEHTBI HAy4YHO-NIOMYJISIPHOTO Typu3Mma. OTHUM M3 TaKUX MPUMEPOB SBISIOTCS MPOEKTHI IO OUYUCTKE TeppH-
TOPWUU PETHOHA OT 3arpsi3HEHH, OCTaBIEHHBIX B 3MIOXY aKTUBHOTO OCBOCHHS ceBepa 3amamHoii Cubupu B
coBeTckoe BpeMs. Pabora oprannzoBaHa TakuMm oOpa3oM, YTO CAMOM OYMCTKE MPEIIIECTBYET MPOBOIUMAs
Hay4HbIM 1IeHTpOM H3y4eHUs] APKTHKH OIICHKAa COCTOSIHHSI OKpY’Karolleld cpelsl M pa3paboTKa MPHPOIO-
OXpaHHBIX MEPOTPUITUH, pealn3ays KOTOPBIX MO3BOJSET MPOBECTH MOTHOLECHHYIO PEKYJIbTHBAILUIO TEp-
putopuii. IMEHHO Ha 3TOM 3Talle y4YeHble IPUBIEKAIOT K CBOMM JIKOJOIMYECKUM HCCIIENOBaHUAM NOOPO-
BosblieB MODO «3enenas ApKTHKa», KOTOPbIE TIOMOTAlOT MMPOBECTH TOJIEBbIE M3bICKAHUS: KOTAIOT HIyp(dEI
W y4aTcsi OIUCHIBATh MOYBEHHBIE pa3pesbl, MPOBOJISAT HHBEHTAPH3ALUIO OPOLICHHBIX OTXOJIOB, MIOJ] PyKOBO/I-
CTBOM I'¢000TaHUKA BBIIONHAIOT F€000TAHNYECKUE ONUCAHMUS, U3YyYal0T THAPOIOTHUECKIE XapaKTEPUCTHKH
BOJIHBIX 00BEKTOB U T.A. 11 7OOPOBOJIBIIEB M3 pa3HBIX PErMOHOB Poccum u 3apyOeKHBIX CTpaH YUTAIOTCS
HAYYHO-TIONYJISIPHBIE JIEKIMU. B mpoBegeHun paboT Takke Y4acTBYIOT MPEICTABUTEIH CPEJICTB MAacCOBOH
nHGOPMAaLIMH, KOTOPbIE OCBELIAIOT IIPOBOJUMBIEC HCCIIEOBaHMS, CHUMAIOT UIbMBI 0 paboTe yueHsix Hayu-
HOTO LEHTpa u3yueHus Apktuku u 1oo6posonbueB MODO «3enenas Apkrukay [30]. 3a mocnequue msTh €T
OBLIO MPOBEICHO 7 TaKUX MeponpusThii (Ha ocTpoBe Buibkuiikoro — 3, Ha monyoctpoBe SIman — 4 skcre-
TTATIAN).

Cpenu 208 y4acTHHKOB JaHHBIX IPOEKTOB ObUI MPOBEAEH COLMOJOTMYECKHH OMPOC O LENH y4acTHs B
skcnenuuax. Heo6xoaumMo 0OTMETHUTh, YTO OOJIBIIMHCTBO PECIIOHAECHTOB CBA3BIBAIOT CBOE yYacTUE B IPOEK-
Tax JU00 C JKeIaHWueM YIYUIIUTh COCTOSIHUE OKpYXKaroliei cpeasl B ApkTrke (22 %) U mpHoOIIUTHCS K CO-
obmecTBy 3K070r10B (14 %) b0 co cTpemieHHeM y3HaTh HOBOE O MPHUPOJE ApPKTUKHU, HOJTYYUTh HOBBIC
3HaHUA W HaBBIKH (18 %), moMoub yueHbM 1 sKos0oram (19 %). dns 15 % pecrnoHneHTOB y4acTie B JaHHBIX
MEPOIPHUITUIX — 3TO TYPHU3M, a I He3HAUUTeNbHOM yacTh (3 %) — 3T0 cOOp Hay4yHOrO W TBOPUYECKOIO
Martepuana (CM. puc.).

CoOpaHHBI COLIMOJIOTMYECKUI MaTephaj TIO3BOJSIET CHAENaTh INPEeNNojOKEeHHEe, 4YTO Hay4yHO-
MOMYJISIPHBIE TYPBI SKOJIOTHUECKON U NaH IA(THON HAIIPAaBIEHHOCTH JOJDKHBI BKIIFOUATh TPU BAXKHBIX dJie-
MEHTa: TEOPETUYECKYIO U MPAKTUYECKYIO HAYYHYIO YacTh, HHTEPECHBIE HAYYHO-TIOMYJISIPHBIC JIEKIIUU 1 005-
3aTEeJIFHO CBSI3aHHYIO C MPAKTUYECKUMH JCHCTBHUSMU, HANPABICHHBIMU Ha YIIYYLICHUE COCTOSHHS OKpYXKa-
o1Iel cpenbl paboTy.
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C'TaTh MACTREY OONBINIOTO COOMII2CTRA

IKOTTOTOR, %o
VAHATE HOBOS O TIPHPOAE APKTIEIL I IOV IS
HOBREE HABKKIL "o o
CMICTIHTL APRITKY OT SarpgiHerid. %s 23
TTontodE Yy eHEIM 1 SKomorant, %e 10
[ToGrBaTs Hy eamHe ¢ nprpogoit, % 9

Typiram, e 15

[ ‘\"".II b MATSPHAIT JUTS HAVHHOI 1 TROPH 2 CRON
patorn. %e

Pucynok. Pe3ynpTaThl onpoca 0 HEmsX y9acThs B 9KOJIOTHIECKIX MPOEKTax

OtcyTcTBHE pa3pabOTaHHBIX M peali3yeMbIX HAYYHO-TIOMYJISIPHBIX TYpOB BO MHOTOM CBSI3aHO C TEM,
YTO OlLIeHKa pecypcHoro norenunana AHAO B 3Toli yacTu He ocylIecTBIsIIach. B Xoae Hamero uccienopa-
HUS UTs1 yI0OCTBA BBISIBICHUS PECYPCOB, KOTOPBIE MOTYT OBITh BOBJICUECHBI B Mpoliecc GopMUpOBaHUs Hayd-
HO-TIOIYJISIPHOTO TypHU3Ma B aBTOHOMHOM OKpYT€, MBI pa3/IeIUIU UX Ha OCHOBE HECKOJIBKUX KPUTEPHUER:

1 [lo memamuueckum HAnpagieHusM HAYUYHBIX UCCIEO08AHUL. TEOIKOIOTHYECKHE, THAPOIOTUIECKHUE,
OuosIOrnUecKue, TeOKPUOIOTHIECKHUE, HHKEHEPHO-TEXHUYECKHE, apXEOJIOTrMYECKUE H ITHOJIOTHUECKHUE U JIp.

2 Ilo cybvexmam, umerowum oOveKmol HAY4HOU UHPPACMPYKMYPbL.

- TOCYapCTBEHHOE aBTOHOMHOE yupexjeHue fAmano-Henenkoro aBToHOMHOro OKpyra «HayuHblii
LEHTP U3Y4YeHUs] APKTUKN» (HaydHasl OpraHu3alysi UIMeeT J1a0bopaTopru, U3y4arolie YHUKAIbHbIE O0BEKTHI
okpyxkaromeit cpenpl ApkTikH 1 CyOapKTHKH, Kprocdepy; GyHKIHOHUPYET KapOOHOBBIH MOJUTOH);

- ApKTHYecKHil Hay4HO-HCCIeI0BaTeNbCKU cTannoHap VHCTUTYTa 3KOJIOTMM pacTeHUN M KMBOTHBIX
VYpansckoro otnenenusi Poccuiickoit akagemun Hayk B T. JIaOBITHAHTH, COTPYTHUKH KOTOPOT'O OCYIIECTB-
JISFOT KPYTIIOTOAUYHBI MOHUTOPHHT OHOTHI ceBepa 3anaanoit Cudupw;

- HEKOMMepueckoe MapTHEPCTBO «Poccuiickuii EHTp OCBOEHUS APKTHUKI» — OpraHU3alis UMeeT pas-
BETBJIICHHYIO CETh HAyUHBIX CTALlMOHAPOB B Pa3HBIX CaMbIX yAaleHHBIX yronkax JHAO;

- 0c000 OXpaHseMble IPUPOAHBIE TEPPUTOPHH, pacnionoxkeHHble B AHAO, B rpaHuniax KOTOPBIX IPOBO-
JSTCSl HAyYHBIE MCCIIEIOBAHMUS, PEATN3YIOTCS PAa3INYHbIE IPOTPAMMBI IT0 OXpaHe U )KUBOTHBIX U PAaCTEHUI;

- MpoMBIIIeHHbIe 00beKTh (TroMeHckas cBepxriyOokas ckBaxkuHa CI'—6. OmHa U3 caMbIX TTyOOKHX
ckBaxkuH B Poccun, npoOypénHas Ha rimyouny 7502 m. Haxonutes B 80 kM ot HoBoro Ypenros, B paiione
KopotuaeBo; HedrenanupHoi TepMuHai «Bopota ApKTHKH», pacioioKeHHbIH B akBaTopuu OOCKOi ry0Obl B
paiione cena Mpic KameHHbIH, ipeiHA3HAYEH ISl KPYTIIOTOJAWYHOW OTrpY3KH B TaHKephl HedTr HoBomop-
TOBCKOTO HE()TEra30KOHAEHCATHOTO MECTOPOKACHUS; Hay4YHO-IPOM3BOACTBEHHOE oObeanHeHne CoOckuit
PBIOOBOIHBIN 3aBOJ B II'T. XapIl, IJ€ BEIPALIMBAIOT )KU3HECTIOCOOHYIO MOJIO/Ib LICHHBIX BUOB CUI'OBBIX PbIO
JUIS. TajbHEHIIEro BhIMycka B BOJ0eMbl OOb-VIPTHIIICKOTO PhIOOX03sIICTBEHHOTO OacceiiHa ¢ IIeJIbI0 KOM-
neHcauuu ymepba, HaHeCEHHOTO BOJHBIM OHMOJIOTHUECKHM pecypcaM CyOBeKTaMHu MpeANpHHUMATEIbCKON
JESITeNIbHOCTH U JP.);

- MOHUTOPHHTOBBIE IJIOMIA/IKH, PACIIOIOKEHHBIE HAa TEPPUTOPUN aBTOHOMHOTO OKpYyTa.

3 [lo unuyuamopam HayunvlX U HAYYHO-NPOCEEMUMENLCKUX MEPONPUAMULL

- Hay4YHbIE MEPONPHUATHS, TPOBOANMEIE B SIMano-HeHenkoM aBTOHOMHOM OKpyTe, B ToM uHcie Jlenap-
tameHToM BHemHuMX cBsizeld SIHAO u I'AY SIHAO «Hayunswni nientp wsydenus ApkTukm». Hampumep,
Hay4yHO-TIpakTHuyeckas kKoHbepenuus «O0mopus», Smanbckuii Hedrera3oBbiii Gopym, Bceepoccuiickas (c
MEXIyHapOIHBIM y4acTHeM) KoHpepeHIus: «Mep3oTHBIE IOYBHI B aHTPOIIOLIEHE» U T.JI.;

- MEPONPUATHS, IPENYCMOTPEHHBIE IIIaHOM fIMano-HeHenkoro aBTOHOMHOTO OKpyTa ¥ IpOBOJUMBIE B
paMKax JecsATHUIETHS HayKH U TexHojoruil B Poccuiickoit @eneparuu B 2022-2031 romax.

4 Ilo npunaonedxcHocmu K Ky1bmypHO-00CY2068bIM YUPEICOCHUAM, HA OA3€ KOMOPBIX OP2aAHU3YVIOMCS
npoceemMumenbcKue Meponpusmusl, HanpagieHuvle Ha O3HAKOMAEHUE ¢ NPUPOOHBIMU, IMHOKYIbMYPHLIMU U
UCMOPUKO-KYTbMYPHBIMU OCOOEHHOCHAMU PECUOHA.

- my3en, my3eiiHpie KoMmIiekcsl (I'BY SAHAO «Smano-Heneuxuii okpykKHOM My3eiHO-BBICTaBOYHBIN
kommiekc uM. M.C. Illemanosckoroy (1. Canexapn), ['BY SIHAO «OxkpyxHnoii lom pemécen» (r. Canexapn),
MBVYK «l'opoackoii kpaeBemgueckuii Mysei» (r. JlaOpirHanrn), MYK «Myseil apxeonoruu M UCTOPUH T.
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Happvay» (r. Hameim), ¢unman MYK «Myseit apxeonoruu u ucropuu . Hagpima — Jlom npuponsn» (T.
Hagsim), MBYK «fImanbckumii paiioHHbIN My3ei» (SMansckuii paiton), MBYK «lIpuypanbckuii pailoHHBIN
KpaeBemueckuit Mmy3ein» (c. Akcapka, [Ipuypanbckwii paiton), MBY «lllypsitkapckuii pailoHHBIA My3€iHHBIT
kommeke» (lypermkapckuii p-n), OBroprckuii kpaeBendeckuid Mmyseid E.W. TeunkoBoit (ILlypeimkapckuit
p-H), MBY «Ta3oBckuii paifoHHBIN KpaeBemgueckuii mysei» (Tasosckmii p-u), MYK «KpacHocenbkymnckuit
paiioHHBI KpaeBequeckuii My3eit» (KpacHocenbkyrickuii p-H), MBYK «llypoBckuii paiiOHHBI HCTOPUKO-
kpaesequeckuii myseit» (Ilyposckuii p-u), MBYK «Ypenroiickuii kpaeBequeckuii myseit» (r. Hobiii Ypen-
roi), MBYK «Xansimelickuii uctopuko-kpaeBeaueckuii myseit» (Ilyposckuit p-H), MBYK «3konoro-
KpaeBemueckuit Myseii r. Mypasienkoy» (r. Mypasienko), MBYK «Mys3eitnsrii pecypcusiit nieatp» (r. Ho-
s0pbck), MBY «'yOxuHCKUiT My3eit ocBoeHust CeBepay (1. ['yOkuHCKMIT) U 1p.);

- 9THOTrpaduuecKre KOMIUIEKCH W Mapku (IpUpOIHO-3THOrpaduuecKuil mapk-mysei «Kubyn»; lom-
my3eit «Komu-uzb6a»; mepompustust Ha 6aze MYK «KpacHocenbKymncknii palOHHBIH KpaeBeAUYecKuid My-
3ei»; MAVYK «lIpuponno-stHorpaduueckuii KoMiuieke «l OpHOKHSI3EBCK»; STHOKYJIBTYPHOE CTOMOMIIE
«Cepaue SArensHoit 3eminy) [31].

C 1enplo BBIABIEHUS BHEIIHUX yTPO3 A HAYYHO-TIOMYJISIPHOTO TypHU3Ma U ONpEeNeHUs BHYTPEHHUX
BO3MOKHOCTEH [uIsi ero pasBuths moctpoeHa marpuiia SWOT-ananuza (tabma. 1). [penacrasineHnbie B Hel
JTaHHBIE CBUJIETENIbCTBYIOT O TOM, UTO, C OJJHON CTOPOHBI, Y PETHOHA €CTh MPEANOCHUIKH U BO3MOKHOCTH JIS
Pa3BUTHS HAYYHO-TIOMYJISIpHOTO Typu3Mma. OfHAKO, ¢ Apyroid — BBISABICH psii (HakTOpOB, B 3HAUUTEIHLHON
CTEIIEHH BIMSIONINX Ha CTAHOBJICHUE JaHHOTO BUA TypHU3Ma.

HecomHeHHO, K CHIIBHBIM CTOPOHAM HCCIIEyeMOr0 PErMOHa OTHOCUTCS TO, YTO IPaBUTEILCTBO SIMao-
Henernkoro aBTOHOMHOTO OKpyTra MOJEP/KUBAET PETHOHAIBHYIO HAYyYHYIO AEATeIbHOCTh. B aBTOHOMHOM
OKpyTe peanu3yroTcs IUIaHbl IPUOPUTETHBIX HAYyYHBIX MCCIECIOBAHUN, pa0OTaeT pernOHANbHBIA HCCIIEA0Ba-
tenbekuil ieHTp. Ha 6aze 'AY SIHAO «Hayunblii eHTp n3ydeHue ApPKTHKW» Pa3BUBACTCS PsJ HAIpaBJe-
HUH 110 U3yYEHHIO YHUKAJIbHBIX apKTHYCCKUX U CyOapKTHuecKkux Janamadros [32, 33], npupogHbIX U MPH-
POIHO-XO3SIMCTBEHHBIX CUCTEM, KpUOC(ephbl, 00bEKTOB apxeosioruu [34], aTHOKyIbTYpbl. OOycTpanBaeTcs
nepBbIid B ApkTHKe KapOOHOBBIH NoauroH «CeMb JIMCTBEHHHI», CO3aHbl COOTBETCTBYIOLINE JIAOOPATOPHH,
Ha 0a3e KOTOPBIX MPOBOJAAT UCCIICIOBAHUS HE TOJIBKO MECTHBIE YUCHBIE, HO U UCCIIEIOBATENN U3 Pa3HBIX pe-
ruoHoB Poccuu, mpoBOJSATCS MPAKTUKK 7S CTYACHTOB, MaruCTPaHTOB M aclIUpaHTOB By30B Poccuu u crpan
ommxHero 3apyoexns. B IHAO oxa3eiBaetcs (hvHAHCOBas M OpraHU3AIlMOHHAS MOAEPKKA HE TOJNBKO pe-
TMOHAJIbHOMY HayYHOMY LICHTDPY, HO M HaXOASALIMMCS B aBTOHOMHOM OKpyre (eiepalbHbIM HCCIe10BaTEIb-
CKUM IIeHTpaMm (Hampumep, ApPKTUYECKHI HaydHO-MCCIENOBAaTEIbCKUI craruoHap WHCTHUTyTa 3KOJIOTHH
pacTeHH M KUBOTHBIX Y pallbCKOTO oTaeneHus Poccuiickoit akagemun Hayk B T. JlaObiTHaHTH). Co3maercs
MeXIyHaposaHas apkTHueckas craHuusi «CHEXHHKa» — KPYTJIOTOAMYHBIM U MOJHOCTBIO 3HEPreTUYECKU
ABTOHOMHBIH KOMIUIEKC, KOTOPBIH OyIeT PyHKIIMOHHPOBATh Ha 0a3e BO30OHOBIISIEMBIX HICTOYHUKOB SHEPTUU
W BOJOPOJIHOW 3HepreTukH. llepeunciieHHble OOBEKTHI B MOJHONH Mepe MPHUIOAHBI JJIS Pa3BUTUS HAYYHO-
MOMYJISIPHOTO TYPH3Ma.

Jpyroii cunbHOW CTOPOHOW PErMoOHa SIBJISIETCS] HAJMUME YHUKAIBHBIX HNPUPOIHBIX, 3THOKYJIBTYPHBIX,
HCTOPUKO-KYJIBTYPHBIX U MPOMBIIUIEHHBIX O0BEKTOB, UMEIONINX HAYyYHYIO LIEHHOCTh. B HacTosiee BpeMs
Bce OOoJIbILe HCCiIeAoBaTeNel U My TEIeCTBEHHUKOB CTPEMHTCS TIOCETUTh JaHHBIE OObEKTHI.

IToMUMO CHIIBHBIX CTOPOH ISl Pa3BUTHS HAYYHO-TIOMYJISIPHOTO TypU3Ma B PETHOHE €CTh U Psijl OTpaHu-
YeHMI, KOTOpbIE€ CHIDKAIOT BO3MOYKHOCTH €r0 MpOJBHXKEHHs. Bo-TIepBbIX, CIIOKHAs TPAaHCIOPTHAsI cxema
JIOCTaBKH TYPHUCTOB K MECTy pealM3ally MPorpaMMbl TYpPOB, KOTOpas HAapsMYIO BIUSET Ha 1IeHOOOpa3oBa-
HHUE TYPUCTCKOTO NPOIYKTa. BO-BTOPBIX, OTCYTCTBHE CIIELHAIM3UPOBAHHOIO PErHOHAIBLHOTO TYPUCTCKOTO
orepaTopa ¥ B IEJIOM 3aMHTEPECOBAHHOCTH Y TYpONIEpPaTOPOB B MPOJABIKEHUH HAYYHO-TIOMYJISAPHOTO TY-
pusMa. B-TpeThux, OTCYTCTBHE CIIEIIHAIIMCTOB, KOTOpPBIE OYIyT MPENOCTABIATh KAaUECTBEHHBIE YCIIYTH MPH
peanu3anyy HayYHO-TIOMYJSPHOTO TypHu3Ma. B-ueTBepThiX, ciabopa3BUTbIE TYypUCTCKas HHPPACTPYKTypa U
cdepa mpeaoCcTaBIeHUs YCIYT. B-IATHIX, OTCYTCTBHE PErMOHANBHON CTPATErny Pa3BUTUSL TypU3Ma U WHAY-
CTPYHU TOCTETIPUUMCTBA. YKa3aHHbIE MUHYCHI OTPHIATEIHHO BIMSIIOT HE TOJIBKO Ha HAYYHO-TIOMYJISPHBIN
TypU3M, HO M Ha JPYrHe HAIpPaBIEHUS TYpPUCTHUECKOHN NEATENBHOCTH, HA YTO aBTOPBI CTAThbU YKa3bIBAIA U
panee [35-37]. JlukBumanus ykasaHHBIX Ipo0seM MO3BOIUT Ooliee 3PPEKTUBHO pa3BUTh TypHU3M B SIMaio-
Henenkom aBTOHOMHOM OKpyTe (CM. TabII.).
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Tabnuma

Matpuua SWOT-aHa/in3a BHEIIHUX U BHYTPeHHHX ()aKTOPOB, BJHSIONIUX HA MePCHEeKTUBY PAa3BUTHUS
HAaY4YHO-MOMYJIsAPHOro TypuzMa B SImaso-Henenkom aBTOHOMHOM OKpyTe

HYTpeHHUE (HaKTOPEI

Buemnue daktopsl

S (CuabHbIe CTOPOHBI):

— HaJIMYUE PErHOHAIBHBIX UCCIIEO0-
BaTEJIbCKUX [IEHTPOB U IIaHa MPHO-
PHUTETHBIX HAY4HBIX UCCIICIOBAHNH;
— HaJIMYUE MIPUPOIHBIX, STHOKYJIb-
TYPHBIX, HCTOPHKO-KYJIBTYPHBIX H
MPOMBIIUICHHBIX 00BEKTOB, UMEIO-
IIUX HAYYHYIO LICHHOCTE;

— 3aMHTEPECOBAHHOCTH OPTaHOB
MECTHOMU BIIACTH B Pa3BUTHH JAAHHOTO
HaIpaBJICHUS TYPU3Ma;

— OIBIT y4acTHs B IPOBEJICHUU Hay4-
HO-TIOMYJISIPHBIX AKCKYPCHUI U JIEKIINH

W (Cnadbie cTOpPOHBI):

— OTCYTCTBHE PETHOHANBHOMN CTpaTeruu
pPa3BUTHA TypU3Ma U UHAYCTPUHU TOCTe-
MIPUUMCTBA;

— CJIO)KHAS JIOTHCTHYECKAs cXeMa JOCTaB-
KH TPYIIIBI TYPUCTOB K MECTY peasTu3aliu
MIPOTPaMMBI HayYHO-TIOMYJISIPHOTO MapIl-
pyTa;

— cmabopasBuTas TypUCTCKas HHPpa-
CTPYKTYpa U chepa mpeaoCTaBICHH
YCIyT;

— OTCYTCTBHE CIIELUATU3UPOBAHHBIX TY-
PHUCTCKUX OTIEPaTOPOB, OPUEHTUPOBAHHBIX
Ha GOPMUPOBAHKE HAYYHO-TIOMYJIIPHOTO
TYPUCTCKOTO TPOAYKTA;

— CJIOHOCTH B TIOJyYEHUH pa3pelieHnid Ha
MOCEIICHUS] 00BEKTOB TYPHUCTCKOTO MMOKa-
3a, Haxogsmuxcs Ha repputopun OOIIT u
B 30HE OIPAaHUIHOT'O KOHTPOJISI

O (Bo3MO2KHOCTH):

— BOBJICUCHHE MOJIOJICIKH B HAyU-
HYI0, HAYYHO-TEXHHYECKYIO U WH-
HOBAI[MOHHYO JIESATEIbHOCTD;

— IOMYJIApU3aLUs PETHOHAIBLHOMN
HayKU CpeJu MUPOKOH oO1ie-
CTBEHHOCTH;

— HaJJa)KUBAHUEC MCIKPCTUOHAJIBbHBIX
U MEXAYHAPOTHBIX (IpyKEeCTBEH-
HBIX) CBsI3eH

SO (CuabHble cToponsbl + Bo3moxk-
HOCTH):

— CO3JJaHHE IICHTPATH30BaHHOTO
YIPaBJICHUS TI0 Pa3BUTHIO HAYIHO-
MOMYJIAPHBIM TYPHU3MOM B PETHOHE;
— pa3BUTHUEC NNOTCHIHAJIa TYPHUCTCKUX
00BEKTOB ¢ 00JIeC BHICOKHM Kaye-
CTBOM, YTOOBI KOHKYpUPOBATh C ApYy-
TUMHU pEruoHaMu

WO (Cnao0blie croponsl + Bo3moxHo-
CTH):

— IOPOTOBHM3HA HAYYHO-MIOIYJISIPHOTO TY-
PHCTCKOTO MPOAYKTA;

— OTCYTCTBHE JKEJIaHHsl Y pETHOHAIBHBIX
CyOBEKTOB HayqHOH UHDPACTPYKTYPHI
Y4acTBOBAaTh B IPOrpaMMe HAy4YHO-
HOMYJISIPHOTO Typa

T (Yrpo3si):

— HecTaOMWIbHAs COLUATIbHO-
9KOHOMHUYECKAs M MOJTUTHICCKAsT
obcTaHOBKa MUPE;

— HU3KHH ypOBEHbB JI0X0/Ia Y Hace-
JICHUS U3 APYTUX pernoHoB Poccun
U CTpaH OIMKHETO 3apyO0eKbs;

— (hopManbHOE OTHOIICHHUE K pa3-
BUTHIO HAYYHO-TIOMYJISIPHOTO TY-
pH3Ma B perHoHe;

— BIMSIHUE NIPUPOJTHO-
KJIMMaTH4eCKUX (akTOPOB MpH
NPOBEICHUH HAayYHO-TIOMYJISPHBIX

TypOB

ST (CusibHbIE CTOPOHBI + YTPO3bl):
— BO3MOXXHOCTB ()OPMHUPOBAHUE THO-
KOT'0 HAy4HO-TIOMYJISIPHOTO TYPHUCT-
CKOTO IIPOIYKTa;

— (hopMupOBaHUE CTpPATErUH NPOJIBHU-
KEHHs1 pETHOHAILHOTO HAYYHO-
HOMYJISIPHOTO TYPHCTCKOTO MPOIYKTA.

WT (Canabble cTOpoHbI + YTpo3bl):

— obecrieyeHne 6€30MaACHOCTH TYPUCTCKHUX
IpymL;

— OTCYTCTBHE METOJIOB IOJTOTOBKH CIIe-
[HAJIUCTOB, KOTOPBIE OYyT MPEaOCTaB-
JSITh KQUECTBEHHBIE YCIIYTH IIPU peain3a-
M HAYYHO-MOMYJSIPHOTO TypHU3Ma

Baxnrouenue

HaquO-HOHYHHpHBIﬁ TYpU3M ABJIACTCA BUJIOM HAYYHOI'0 TypuiMa, OCHOBHas LEJIbL KOTOPOIro — IIpH-

BIIeYeHHE OOIIECTBEHHOTO BHHMAaHUS K HayKe, €€ MomyJspu3anus depe3 Typucrtckue Gopmel. Typusm mc-
MOJIB3YETCsl B IAHHOM ClIydae B KaUeCTBE CPEICTBA KOMMYHHUKAIIUU MEXy YUEHBIMU U 1IEJIE€BOU ayJUTOPHU-
el (OT mcciemoBaTeNel, aCIUPAHTOB, CTYJAECHTOB, IMKOJIHFHUKOB J0 PSIOBBIX TpaxkaaH). PecypcHoit 6a30i
HayYHO-TIOMYJIAPHOTO TypHU3Ma SIBIIOTCS OOBEKThI HAYYHON M MPOMBIIUICHHOW WHPPACTPYKTYPHI, 00pa3o-
BaTeNbHBIC U HAYYHBIE MEPONPUATHS, DKCIICIUIINH, PUPOIHBIC, UCTOPHKO-KYIbTypHBIe, HHPPACTPYKTYP-
HBIE 00BEKTHI, IMEIOIIHNE HAyIHOE 3HAYCHUE.

SAmano-Henernknii aBTOHOMHBIN OKpPYyT 001a/1aeT HEOOXOIUMBIMH MTPHUPOTHO-KITUMATHICCKAMA M UCTO-
PUKO-KYJIbTYPHBIMH XapaKTEPUCTUKAMHU, KOTOPbIE Ha MPOTSXKEHUHM MHOTHX JAECATUICTUN MPUBJICKAIOT IIy-
TELLIECTBEHHUKOB, HccaeaoBareneil u yuéHoix. CnoKUBIIAsACS HA TEPPUTOPUHU OKpYyra HaydHas U MPUPOJIO-
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oxpaHHasg MHQPaCTPYKTypa (pa3BUTasl CeTh HAYYHBIX CTAIlMOHAPOB, CTAHLIWH, J]AOOPAaTOPHA, MOHUTOPHHIO-
BBIX IUIOIIA0K, HATHYHE 0CO00 OXpaHSEMBIX MPUPOJHBIX TEPPUTOPUIN H Ap.), @ TAKXKE HAYIHBIE JOCTIKE-
HUS ¥ OTKPBITHS B PETHOHE B 00J1acTH reorpaduu, Te0JIOTHH M HHXKEHEPHO-TEOJOTHYECKUX H3BICKaHUH, Te0-
9KOJIOTHH, SKOJIOTUH KUBOTHBIX U PACTEHHUH, 3THOrpaduH, apXeoJOTHH, MOTYT CTaTh OCHOBOU I (OpMH-
POBaHMS HAYYHO-TIOMTYJISIPHOTO TypH3Ma.

KomMruiekcHoe HCTonbp30BaHne TYPUCTCKO-PEKPEAMOHHOTO MMOTeHIHala JaHaa(ToB, HAYIHOTO IIO-
TEHIMala U Hay4yHOU WHPpacTpyKTypsl Smano-HeHenkoro aBTOHOMHOTO OKpyra CocoOHO cpopMUpPOBATh
BOCTPEOOBAaHHBIN TYPUCTCKUI MTPOAYKT.

Paboma svinonnena npu noooepacke Ipasumenvcmea Amano-Heneyko2o asmonomno2o okpyea 6 pam-
kax npoexma «CopeMeHHble KIUMAMUYECKUe USMEHEeHUs U UX GIUsHUe HA JAHOWADMHYIO CIPYKMYpY
Amano-Heneykoeo aemoHOMHO20 OKpYea» U 6 pamKax 20Cy0apCmeeHHo2o 3a0anus Uncmumyma 600HbIX u
skonozuueckux npobrem CO PAH (Ne FUFZ-2021-0007).
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SImasio-HeHennk aBTOHOMHUSIJIBIK ()prl"iHIleFi FBIJIBIMU—-TAHBIMABIK TYPHU3M

Makanana «FbUIBIMH TYPH3M» JKOHE «FbUIBIMU-TAHBIMIBIKY TYPU3M YFBIMAAPBIH aHBIKTAayla KOJIaHBICTAFbI
TocIgepre Tanaay JKacajaraH. T BUIBIMH-TAHBIMIBIK TYPH3MHIH aBTODJIBIK aHBIKTaMachl OepinreH. SImamo-
Henenk aBTOHOMUSUTBIK OKPYTiHAET] FEUTBIMH-TaHBIMIBIK TYPU3MHIH HETI3T1 TYPHUCTIK pecypcTaphbl aHBIKTa-
nel. Pecyperapasiy 6onmyslHa KapamacTaH, alMakTa FhUIBIMH-TAHBIMBIK TYPJApPABIH JaMbIMAaFaHIbIFbI aii-
KbIHAaabL. SIMano-HeHelk aBTOHOMUSUTBIK OKPYTIiHIEe PEeCypCTapAblH OOTYbI FHUIBIMUA-TAHBIMABIK, TYPHU3MII
JIAMBITY/IBIH OOJalIaFsl Typaibl aiTyFa MYMKIHIIK Gepei.

Kinm ce30ep: FbUIBIMH TypPU3M, FHUIBIMH-TAHBIMABIK TYPHU3M, FRUIBIMU TYPU3MJI HacuxarTay, SImano-Henenk
aBTOHOMUSLIIBIK OKpyri, SWOT-tannay, Typu3m, MakcarTThl ay JUTOPHS.

R.I. Loktev, R.A. Kolesnikov, D.V. Chernykh
Scientific and popular tourism in the Yamal-Nenets Autonomous District

The article analyzes the existing approaches to the definition of the concepts of scientific tourism and popular
science tourism. The author's definition of popular science tourism is given. The main tourist resources of
popular science tourism in the Yamal-Nenets Autonomous District have been identified. It has been estab-
lished that despite the availability of resources, popular science tours in the region have not been developed.
The availability of resources allows us to talk about the prospects for the development of popular science
tourism in the Yamal-Nenets Autonomous District.
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Keywords: scientific tourism, Scientific and popular tourism, popularization of scientific tourism, Yamal-
Nenets Autonomous District, SWOT-analysis, tourism, target group.
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Iepuoausauus ¢popmupoBanusi ropoaa HoBoky3Henka Ha OCHOBe
JAHAIA(PTHOrO MOAX0a

B cratee paccMOTpeHBI IPHUPOJHBIE YCIOBUS TEPPUTOPUH, B IpeAenax KOTOpoi (opMmupoBaics Oymymmit
ropoa Hosoky3nernk. OTMeueHO, YTO IPUPOIHAS OCHOBA IIPEAOIPEAECINIa XapaKTep CTPOUTENILCTBA, OTpa-
xaromumil cnenuduky nasamadra. CTPOUTEIBCTBO ropojia HAYalIoCh C 3aJI0XKEHHS Ha BHICOKOM IIpaBoM Oe-
pery KysHerkoro octpora u maipHEHIIEro €ro pacmMpeHus Ha MPaBoOOEpekbe, MPEICTaBICHHOE MIMPOKOI
MONMEHHON 30HOHW. ABTOPBI MPEACTaBUIN PE3yIbTaThl PETPOCIHEKTHBHOTO aHAJIM3a IOCIEI0BaTEIbHOCTH
CTPOUTENILCTBA TOPOJA, KOTOPBIH MO3BOJIMI BBIAECINTH 3TAIllbl M MEPHOAB! (POPMHUPOBAHUS APXUTEKTYPHO-
IUIAHUPOBOYHOH CTPYKTYphl HOBOKy3Henmka ¢ ydeToMm NaHmma@THOH OCHOBHI. IlepBBIM ompeneneH Io-
TOPOJICKOH 3Tall ¢ IepHOAaMH apXeoNorHdeckKuM U ocBoeHuss Cuoupyu. OCHOBHBIMH OCOOEHHOCTSIMH STOTO
JTamna SBISIOTCS OCBOCHHE JPEBHUMH TOPOAMIIAMU 000COOJIEHHBIX JaHIA(GTOB BIOJIL PEYHBIX apTepHil U
CTPOUTENILCTBO OCTPOKHO-KPETIOCTHBIX (POPTIIOCTOB M MPUTPAKTOBBIX cell. CIlIenyIomuM OpeiesieH TOpoa-
CKOHM 3Tam ¢ mepuoiamMu (OPMHPOBAHUS HCTOPUYECKOTO sJ[pa, OCBOCHHS OJIDKHEro 3apedbsi, OCBOCHUS
JAITbHETO 3apeybsl, 0OCBOCHUS MEKAypedbsi, OCBOCHHS TEPPUTOPHH OT AJpa arloMepanuy BIOIb ypOaHU3UPO-
BaHHOTO Kapkaca. OCHOBHBIMH OCOOCHHOCTSIMU JIAHHOTO 3Tala yCTAaHOBIEHBI 3anoxeHue Oymymero Kaszaun-
ero ¢opmranra, ohopMICHAE €r0 U OCBOCHHE MPaBOOEPEKHON 30HBI OYAYIIETO TOpoAa, CTPOUTEIHCTBO
Bepxneii u Hmwxrelt kononun, «Caaropona» u «Couroponaa», GpopMHpOBaHHE TOPOACKOI arimomMepanud U
OKPY’KaloLlIero €ro JIECOMapKOBOTO 3€NeHoro mnosica. IlokazaHa peTpocrieKTHBa TOPOJICKHX MCTOPHYECKHX
IUTAHOB BBIZICJICHHBIX ATAIIOB M IIEPHOJIOB CTPOUTEIBCTBA C MPEJICTABICHHBIMU CETUTEOHBIMH U ITPUPOTHBIMHI
napamadramy. Jlana coBpeMeHHasi XapaKTepHUCTHKA IEeCTH aJJMUHHCTPAaTHBHBIX oOpa3zoBanuii HoBoky3Hen-
KOT'O TOPOJICKOTO OKpYyTa € YUeTOM JaHANIAGTHON cel(rKH X TePPUTOPHUIL.

Kurouesvie cnosa: HoBoKy3HEKUI TOPOJCKONW OKPYT, HCTOpUYecKUe Tutanbl HoBOKy3Helka, 3Tansl U Nepuo-
JI6I OCBOEHHS TOPO/IA, TOPOACKHE TaHAIIA(TEI, JIECOTTApKOBBIi 3€IE€HBIH TOsIC.

Beeoenue

ITpupoanas cpena sBisSeTcs BaKHEHIEH COCTABHOM 4acThiO FOpPOAa, MIO3TOMY BOIPOCHI U3YUECHUS I'O-
POICKUX JaHIIAPTOB, B TOM YHCIE B KOHTEKCTE UCTOPUH TpaHCHOpMAIMK MPUPOIHBIX JaHIaPTHBIX 00-
CTaHOBOK, Bcerna OyayT akTyanbHbIMU. V3yueHunem nanmmadToB ropona HoBoky3Helka 3anumanuch M.A.
XKykos, C.. Tussxos, I'.A. lllemeros u apyrue. BakHble KpacBeI4eCKHUE HCCIENOBAaHUA OCBOCHUS TEPPH-
Topr HOBOKY3HELIKOTO TOPOJCKOr0 OKpyra npoBeAeHsl yueHsIMU-ucropukamu ILI1. JIuzory6 u }O.B. Ilu-
punbiM. B nienom B Kys6acce npobiema nepuoauzanyuu GopMUPOBaHUS TOPOJIOB 00JIACTH C TEMH HMJIM MHBI-
MU acTieKTaMu popadoTraHa ciado.

JlangmadTHEIM MOAXOA B TPaJOCTPOUTENBCTBE BBIPAXKAETCS, NPEXKIE BCEro, B TOM, YTO HPUPOIHAS
cpelia U ee KOMITJIEKCHI SIBIAIOTCA BaXKHEUIIIMMH COCTABIISIONIUMH apXUTEKTYPHO-TUIAHUPOBOYHOM CTPYKTY-
PBI TOpOZIa, KOTOPYIO HEOOXOIMMO OXpaHAThH (€CTM COXPaHWINCHh MPUPOJHbIE KOMILIEKCHI) UM BOCCO37a-
BaTh PYKOTBOpPHBIE JaHAA(THO-TPaAOCTpouTenbHble CTpYKTYpHI [1]. T'opox HoBoky3Henk, sBisisiCh HHIY-
CTpHAIBHBIM MOHOTOPOJIOM (CIIeHaNn3ang YepHast W IIBETHAs METAJUTyprusi), B TOM WM WHOW CTEIEeHU
COXpaHAET TPHUPOJHOE OKPYKEHHE, KOTOpPOE XapakTepuzyerca HaOOpoM MPHUPOIHBIX, MPHUPOIHO-
AHTPOIIOTCHHBIX, CEMTUTEOHBIX M IPOMBILIJICHHBIX JaHILA(PTOB.

OcHoBHasl 1IeJb UCCIEA0BAaHNS — MPOCIEANTh UCTOPHIO (popMUpoBaHus ropoaa HoBoky3Helka B KOH-
TEKCTE MOCJIeI0BATEeIbHON TpaHC(hOPMAIMK IPUPOIHBIX JIAHAMADTOB.

Mamepuanst u Memoobl UCCIE008AHUA

B xauecTBe MCXOMHBIX JaHHBIX JUJIS UCCIIEAOBaHUS OBLIM 33JeCTBOBAHBI apXUBHEIE MaTepuaiibl HoBo-
KY3HEIIKOTO KpaeBeueckoro Mysesl U My3esi-3anoBefHnka «Ky3Herkasi KpernocTby, kaprorpadudeckue uc-
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TOYHUKH, apXHBHBIC YepTEKH U Tu1aHbl XIX B., CITyTHUKOBBIC CHUMKH, TIOJIEBBIC MCCIIEIOBAaHUS aBTOPOB. B
OCHOBE HICCIIEIOBAHUS JIE)KAT METOBI PETPOCTIEKTUBHOTO aHAIIN3a U KapTOTpapuIecKuii METO/.

Peszynomamor u 06cyscoenust

®opmupoBanue roposa HoBoky3Helka NpoUCXOauIo B Mpefenax J0JuHbl p. ToMb, COCTaBHBIMU Ya-
CTSIMU KOTOPOM SIBJIIIOTCS IIMPOKasi HoHMa, KOMILJIEKC HaAlIOWMEHHBIX Teppac, NOJHOXKHUE U CKIOH KOPEH-
Horo 6opra. [lonuHa okalimiieHa HeBbICOKMMU Ipsiamu CokonuHbIX 1 CTapleBbIX Top, MacCUBOM ropsl Ma-
sikoBOHM U Jip. [lomoskeHue Ha rpaHuIle JECOCTENMHON M FOPHO-TA€KHOM 30H, a TaK)Ke MOBBILIEHHBIA THIPO-
MOpGHU3M TEPPUTOPUH, crIOcOOCTBOBAIH (HOPMHUPOBAHUIO Pa3HOOOPA3HOTO PacTUTENBLHOrO MOKpoBa. M3Ha-
YaJbHO NOHMMEHHBIE JIaHAMA(THl ObUIM 3aHSTHI 3aJMBHBIMHU JIyraMH, KyCTapHUKOBBIMH 3apOCIIAMHU C KPYII-
HBIMHU 3200JI04E€HHBIMHM y4acTKamu (corpa). HangmoiiMeHHBIE Teppachl, CKJIOHBI U BOAOPA3eibl BKIIOYAIH
(parMeHTHI JIyTOBBIX, CTEMHBIX U TAEKHBIX (hOpMaLUil.

PerpocniekTuBHBII aHAIN3 UCTOPUYECKUX IUIAHOB ropona HoBoKy3HeIka MO3BOJMI ONPEAETIHTh OC-
HOBHBIE HICTOPHYECKHUE ITANBI ((OPMUPOBAHUS U PA3BUTHS IIAHUPOBOYHON CTPYKTYpPHI Topoxa [2]:

1. OcBoeHue mpUpoJHOTO Kapkaca («(puKcamus 30J0ThIX TOYEK penbeda» APEBHUMHU CTOSHKaMH, ce-
JIAIIAMU, TOPOIAUIIIAMH, MOTUIILHUKAMH ) — JO-TOPOJICKOM 3TaIl.

2. ®opMupoBaHHE HCTOPUKO-KYIBTYPHOI'O H YPOAHU3UPOBAHHOTO INIAHUPOBOYHOTO KapKaca (co3aaHue
AQHTPOIOTeHHOTO JIaHAmAa(Ta Ha OCHOBE PETYJISIPHOI TITaHUPOBKH ) — TOPOACKOH dTall.

1. lo-eopoockou sman pasgumus TeppuUTOpUH (OCBOCHHE PUPOJHOTO KapKaca) BKIIOYaeT B ceOs clie-
IYIOILINE TIEPUOABIL:

1.1. Apxeonorudeckuii mepuo;y (IpeBHUA, KyIbTYPHBIH CIIOW OCBOSHHS TEPPUTOPUH C (UKCAITHEH «30-
JIOTBIX TOYCK» JaHamadTa).

1.2. llepuox ocBoernss Cubupu (Io-peryisipHas IUIAHHPOBOYHASI CHCTEMa B BHIE JIMHEHHBIX IOCEINe-
HUI).

Apxeosiornyeckuil nepros BeIAEIAETCS ¢ APEBHUX BpeMeH ocBoeHus a0 Hadana XVII B. ['pagoctpou-
TENbHAsl POJIb apXEOJOTHUECKOro MepHo/ia: OCBOCHUE IPEBHUMH CEIHIIAMH M TOPOAMIIAMH HanOosee BbI-
TENAIOIUXCS JTaHMIa(TOB BIOIh PEYHBIX OPOBOK penbeda ¢ prukcanneil yCTheB MallbIX PeK.

Haubonee BocTpeOOBaHHBIM 3JIEMEHTOM JaHmIadTa BBICTYIIAET MpaBblii KOpeHHOU Oeper peku Tomb.
31eck 00HAPYKEHBI MHOTOYHCIICHHBIE IpeBHUE mocenieHus: ['opoauiie Masik, Y cTb-AOUHCKUN MOTHIILHUKA
IpyrHe.

Ilepron ocBoenust Cubupu oxpateiBaetT Havajgo XVIl-korern XIX BB., BKitouaeT ocBoeHne Tomckoro
OacceifHa: crpoutenbcTBo B KoHIe XV I-Hauane XVI| BB. rocyiapcTBEHHBIX OCTPOXKHO-KPETIOCTHBIX (POPT-
moctoB (Bepxoromckuii, Ky3nenkuii octporu), u odpa3zoBaHue MO UX 3alIUTON MPUTPAKTOBBIX cen (Kuwii-
ckoe). I'pamocTponTtenbHas poib AaHHOTO MEPHOJIA 3aKJIF0YAeTCsl B OCBOCHUH IIPUPOAHOTO KapKaca ¢ opra-
HH3AalMEN NEPBUYHON NOPSAIKOBON CTPYKTYpbHl BIOJb PEYHOM CUCTEMBI. XapaKTepHash CXEMa OCBOEHUS
«mHIW | POPMHUPOBAHKE JTMHEHHBIX IIOPSAKOBY BIOJb PEK.

2. I'opoockoii aman pazeumusi TeppuUTOpuH (GOPMHUPOBAHHE HCTOPHKO-KYJIBTYPHOTO M ypOaHU3UPO-
BaHHOT'O KapKaca) COCTOUT U3 5 epHOIOB.

2.1. 1890-1910 rr. — Bpems: hopmMupoBaHusi UcTopHUuecKkoro siapa r. Kysnerka B mpaBodepexnbe. [1po-
HCXOJUT OCBOCHHE YYacTKOB Mexaypeubs pexk Tomb—Kaprac—Kazaubs ['ps3p (Mexay OonbIioi pexoidr —
Towmbro 1 Masoi pexoit — Kaptac, npu nanmmadTHOM OrpaHUYeHHN C ceBepo-3amaia KpenoctHoii ropoit),
perymsipHas IJIaHUPOBKA IIEHTPA, TMOSBIIIETCS EPBBIA MIAHUPOBOYHBIM MOIYJb. 3aCTPOMKON OXBAaTHIBACTCS
HE TOJIBKO MPaBblii KOPEHHOH Oeper, HO ¥ 30Ha HaIMOWMEHHBIX Teppac M BHICOKOH MONMBI (TTOSIBUIIMCH IIEp-
BbIE AJIEMEHTHI 3acTpoiiku Oynymero Kasaubero ¢opiurtanra u mpuctand Ha MBaHneBckod mportoke). B
HACTOAIIEee BPEMsI 3Ta TEPPUTOPHS BXOIUT B cocTaB Ky3Hemkoro paiioHa ¥ COBMEIIAET 3JIEMEHTHI IPUPOJI-
HBIX, CEJTMTEOHBIX M MPOMBIIUICHHBIX JIaHAmahToB (puc. 1).
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Meproausaums opMUpoBaHus ropoaa...

Pucynox 1. [Tnar Ky3nenkoro okpyra Tomckoit ryoeprun, 1897 r. [3] 1 cOOTBETCTBYIOMIAs TaHHOH TEPPUTOPUH CO-
BpEMEHHasI CITyTHUKOBAs KapTa [4]

JlanamadTel 3aIMBHBIX JIYTOB C BBICOKOTPAaBbEM B JieBoOepexbe p. ToMb (pHC. 2) HUCIOIB30BAIUCH B
Ka4yecTBE €CTECTBEHHBIX CEHOKOCHBIX yroauii [2]. Torom maHHOro mepuona cTajio 3ajJoKeHHe rpanodop-
MUPYIOIIUX 3eMeHToB ropona Kysnenka: Kysnenkas kpenocts, Kazaunii gopmranr. XapakrepHas cxema
OCBOCHHUSI TEPPUTOPHH TOPOJa B 3TOT MEPHOJ — «CEKTOP» — KapKaCHOE OCBOCHHE TEPPHUTOPHH MEPBOTO
CEKTOpa — MEXIy OOJIBIION U MaJIOl peKaMH.
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Pucynox 2. [TnaH apeHIHBIX CEHOKOCHBIX Y4acTKOB, Haxoasmuxcs 03 1. Ky3nenka Tomckoii rybepaun, 1890 r. [3]

2.2. 1910-1919 rr. — mepuox OCBOEHHS TEPPUTOPHM 3a MajbIMH Hperpajamu: ONKHEE 3apeybe.
Bimxhee 3apeube BKIOYAI0 opopmuBinuiics Kazauuit Gopiiranr, 3aHMMAaONIUI MORMY U TPaBblii KOPEH-
HoH Oeper p. Tomb. OcymecTBIANIACH peryisipHas IUIAHWPOBKA LIEHTPA, OCBAMBAJICS BTOPOH IUTAaHHPOBOY-
HBIA MOJYJb. DTOT MIEPHUOJ OCBOCHUS PABOOEPEKHON TEPPUTOPUH 38 MaJIBIMH MPErpagaMy BKIIOYalI OCBO-
€HHE TOPOACKON TeppuTOpUH 3a Mayoi pexoil Kaprac, ocBoeHHE TOpPOJICKONW TEPPUTOPHUH B BOCTOYHOM
HAaIpaBJIeHUH [0 JUHUK Maslol pedku ['ocynapeBoii (Tepputopusi ceauTeOHBIX KBapTaJlOB, IPOMBIIIJICHHbIE
TEPPUTOPHUH); OCBOCHUE TeppUTOpUN Mexaypeubs p.Kaprac u p. Kazaubs (3a pexoii Kazauseit — Teppuro-
pHsi ICTOPHYECKOTO paiioHa, Kazaubero dopimranra). CxemMa 0CBOCHUS — «IIOTYKOIIBIION.
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2.3. 1920-1949 rr. — mepuon OCBOCHUS TEPPUTOPHU AAIbHEro 3apeubsi — 3a Oomnbinoil p. Tombio
(Tepputopus naeBobdepexxnbs — Bepxasas n Hwkasas xononun, «Cax—ropoay», «Couropoa»). Ilepuon xapak-
TEPU3YETCsl PETyNSPHON TIAHUPOBKOM IIEHTPA, a4 TAKXKE MOSBICHUEM TPETHEro MIAHUPOBOYHOTO MOIYJIS.
HenocpeacTBeHHO B 3TO BpeMsi MPOUCXOIUIIO OCBOCHUE TEPPUTOPHH 32 OOJbIION pexold ToMblo — Teppu-
TOPHH HUCTOPHUIECKOTO JIEBOOOEepekHOTo paifoHa («Conropo») U ero majbHEHIIee OCTETICHHOE Pa3BUTHE
BJIOJIb PAUaNIbHBIX HarpaBieHui: «Colropom — CHCTeMa paJHalbHBIX HANPABICHUH OT rpagodGopMupy-
omux (QYHKIMOHAIBHBIX LIEHTPOB MEXAY Maylod pekoil Aboil um pekoit Konmomoil. Cxema ocBOEHHs—
«KOMbYOM»—OCBOCHHUE «3apeubs» 3a OOJBIION pekoil (puc. 3).
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Pucynox 3. Kapra Kysnemnkoro okpyra Cubupckoro kpas, 1926-1927 rr. [3]

B ocHOBY m1aHHPOBKH Topo/ia ObLT TOJIOKEH MPOESKT MPHUIIIAIIEHHOTO HEMEIKOTO apXUTEKTOpa JpHCTa
Mas. [lox 3acTpoiiKy OTBOJHIICS Y4acTOK, OTpaHUYCHHBIN C ceBepa U 3amaja pekoit AOoif, ¢ rora — CKIIO-
Hamu ropsl y Canropoaa, u ¢ Boctoka — bosbuimm MoxoBeiM 60s10ToM (HbiHe LlenTpansblii u KyiiObimes-
CKUi paiioHsl). beuIM MpoBeneHbl MENTUOpAaTHUBHBIE W TPATOTEXHUUECKHE MEPONPHUATHS JUIS MOJTOTOBKH
Bonbimoro MoxoBoro 0oJ10Ta 1moj CTpoUTeIbCTBO. Vet neperuianupoBka ropoja no I'eHepanbHOMY IUIaHy
1936 r., cnpoektupoBanHoMy MHcTHTyTOM «lOopcTpoiinpoek» B I. Mockse (apxutekTopsl A.C. Cmonuu-
kuii, J.M. Bykanosa, U.C. I'ypeBuu), KkoTopas peaycMarprBaia yBelndeHne HaceleHus. [IpoektoM ObLIo
3aIUTAaHUPOBAHO YCTPONCTBO IIEHTPAILHOMU TUIONIAIN FOpoia U MPoOKUBKa MaructTpaiu K p. Tomb. B Oyaymem
TJIAHUPOBAJIACh MOCTPOika MocTa depe3 p. Tomb (puc. 3). Ilepenmanuposka o ['enepansHoMy 1iany 1948
r., paspadoranubiM MucTuTyTOM «I'HItporop» B r. Mockse (apxutekrops! b.E. CBernuunsiii, I'.M. Cnemnsix),
MpeaycMaTprBaeT OCBOCHUE TEPPUTOPHHA MOXOBOTO MOMMEHHOTO 00JI0Ta, KOTOpOe ObLIO OCYIIECTBICHO BO
BpeMs cleqyromiero yerseproro nepuoza [5]. CioxkHast reoMmeTpruecKasi KOHGUrypauus 3acCTpoiku odecrie-
YuJjia CBA3b BCeX (YHKIMOHAIBHBIX y3JI0B C COXPAaHEHHUEM CHCTEMBI 03€JICHEHHBIX PEKPEalnii.

2.4. C 1950 r. mo 1990 r. — meproJi OCBOCHHUSI TEPPUTOPHUU MEKIYpeUbs 3aBoJcKoro, HoBoMIBHHCKO-
ro, OpmKOHUKHI3EBCKOrO paiioHoB (AbamieBo, Adaryp). [Iporncxoamio o0beaMHEHHE TPUTOPOIOB BIOJbL
Oonbioi pexu ToMu B eIMHYIO TOPOJICKYIO JIMHUIO TIOPEUbst (TaK HAa3bIBAEMOE €IMHOE TIOPEUbe) C AKLIEHTOM
Ha COXPAaHHOCTh MPHPOJHBIX JIAHAMA(DTOB MEXIY SIpaMy ToceleHHd. Ha naHHOM STame HpOHCXOIUT
YIUIOTHEHHE U TIepeTUIaHUpOBKa IIEHTPa, MOSIBICHHE MHUKpOpaoHHOTO Moxnyis. IlepemnmanmpoBka meHTpa
BKJTFOUaa 3ackinky bonbmoro Moxosoro 6onora B 1950—60-x rr. [lpoBoaummck paboThl 110 IepEeMEIISHUIO
IPYHTa 110 MYJBIIONPOBOY C JIEBOTO Ha MpaBblid Oeper p. ToMb AJsl 3achINKK 3a00J0YCHHBIX TEPPUTOPUI
(Tepputopusi coBpeMeHHBIX 1-if Topoackoit 6ompHHIBI U ['opoackoro mapka uMm. FO.A. INarapuna B Llen-
TpasibHOM paiione). O6beM paboT cOCTaBMII 7 MJIH M IIEpEMENIEHHOTO IpyHTa. [IepHOJI TAKIKE XapaKTepU3y-
€TCsl OCBOCHHEM TeppUTOpUH HOBOMIBMHCKOr0 MeXAypeubss U TEPpUTOPUM 3aBOACKOro, OpIKOHUKHI3EB-
CKOTO paiioHOB. OJHIUMH W3 TMPUOPUTETHHIX HAIPABIECHUI TPaZOCTPOUTENHCTBA B ATOT MEPUOJ SABISIOTCS:
(dyHIaMEHTAILHOE Pa3BUTHE IOpoja BAOJb 00JbIoi p. TOMb M TPaKTOBOM noporu Ha bapHays; najabpHEH-
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1iee pa3BUTHE UCTOPUYECKOTO MPaBOOEPEKHOTO paiioHa ropojaa BAOJb JIMHEHHOTO HaNpaBIICHUs KeJe3HO-
TOPO>KHOU JTHIH. CXeMa OCBOCHHS BHOBB <«JTHHUS»—CIUHBIN «THHEHHBINA TTOPSIOK» BIAOIH OOJBITION PEKH.

B nocneBoeHHBIH mepro/] 3HAYNTEIFHOE BHIMaHNE 3aHUMAET PEUIeHIE MPOOIeMbI CHITY3Ta 3aCTPOUKH
ropoaa. JKuioit oM cTaj HCHONB30BaThCA B KAUECTBE aKTMBHOTO TPaJOCTPOUTENLHOTO 37eMeHTa. [Ipu 3a-
CTpOiiKe yaenseTcss BHUMaHHE PacTOJI0XKEHHIO JOMOB B KBapTajax ¢ y4eTOM OPHUEHTANNH M0 CTOPOHAM CBe-
Ta U COXPaHHOCTHIO €CTECTBEHHBIX MPHUPOTHBIX 3JIEMEHTOB. [Ipu 3acTpoiike mMeHTpanpHOTO paiioHa Topoxaa
OBLIH MTPOBECHBI pA0OTHI IO CIIPSIMIICHUIO pycia p. Aba.

B 1959 r. A.H. YUepnanuesobim, b.A. SI6uanaukom u b.O. FOpTUHBIM OBLT BBITIONHEH MIPOESKT MJIAHUPOB-
ku Hmxae-OCTpOoBCKOIl IITOMAAKN W COCENICTBYIONIEH ¢ Hel JiecomapKoBOi 30HBL. BepxHss Teppaca, mpu-
MBIKAIOIIasl K JIeCOnapKy, Oblia 3acTpoeHa 2—3-3TaxHbIMH JoMaMu. OHOBpeMeHHO apxXuTekTopsl b.A. XKe-
pebsteeB u [.H. TymanHuK cripoekTrpoBanu MIbUHCKUH *UToW paiioH, B KOTOPOM KBapTalibl HETIPABUIIb-
HOH (pOPMEI, CBSI3aHHBIE 3€IEHBIMHA TEPPUTOPHAMH, PACIIONAraliCch KOMIAKTHO M 00ECTIEYMBAIIA XOPOIIYIO
CBSI3b C OKPY’KaIOIIEeH MPUPOIHON cpemoit [6].

2.5. 1991 r.—nHacrosiee BpeMs — paaualIbHO-TYy4eBOC OCBOSHUE TEPPUTOPHUH OT spa TOPOJCKON ar-
nomMepanun. Ileproa xapakTepusyercsi MpUCcOeINHEHUEM TeppuToprii HOBOKY3HEIIKOTO MYHHLIMIAIBLHOTO
paiioHa u craHoBieHus ropona HoBokysuenka kak sigpa HOxxuo-Ky30acckoit armomepamnmu. [lenieHTpanuzo-
BaHHas TIAHUPOBOYHAS CTPYKTypa — (QOpMHUpPOBaHHE aBTOHOMHBIX TIOALICHTPOB B KaxxI0M paiioHe. Cxema
OCBOEHUSI—WIyYesas cucmema»n—paauaabHoe OCBOCHUE TEPPUTOPUH BJOJIb KapKaca arjloMepalyu.

HoBoe ctponTtenbcTBO HaMedaeTCsl YaCTUIHO Ha CBOOOAHBIX, YACTHYHO HA PEKOHCTPYHUPYEMBIX TEPPH-
TOpUAX. 30Ha HHAUBUAYAIBHOH (ycaneOHOH W KOTTEIHKHON 3aCTPOHKH) C MUHIMAaIbHBIM yIIepOOM OXBaThI-
BaeT MPHUPOJHOE OKPY)KEHHE U BKIIOYACT B ce0sl CYNIECTBYIONIYIO COXPaHSEMYI0 H HOBYIO yCaJeOHYIO 3a-
CTpOIiKy. 30Ha pa3MemaeTcs MPEeNMYyIIeCTBEHHO B F0)KHOM HAIpaBIIEHUH OT IIEHTpa ropoja. Pacmmpsercs
TEPPUTOPHS TOPOJIa M YCTaHABIMBAETCA cTaTyc HOBOKY3HEKOTO TOPOACKOTO OKpyTa, 00CYXKIaeTcsl co3a-
HUE JIECOMapKOBOTo 3eyieHoro nosica (puc. 4). [locranoBnenuem 3akoHoaTeIbHOTO coOpaHusi KemepoBckoii
obactu — Ky3zbacca ot 23 centsops 2020 r. npunsato Pemenue «O co3maHuu JECONapKOBOTO 3€JICHOTO
nosica HOBOKyY3HEIIKOr0 TOpPOICKOT0 OKpyTa U 0 ero miomiam» [7].

KAPTA-CXEMA
CPANII ACCONAPKOBOTO
HACHOTO NORCA
Honoxy meuxoro
TOPOICKOTO OKPYTR
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Pucynok 4. Kapra-cxema rpaHull jjeconapkoBoro 3ejaeHoro nosica Hopokysnemkoro ropoackoro okpyra, 2020 r. [8]

IMoxBoas uror nepuoausanuu GopMupoBaHus ropona HoBoky3Henka, B COOTBETCTBHH C H3YYCHHBIMH
CXEeMaMHU OCBOCHUSI, MO’KHO 0003HAYUTH KAXKIBIN MEPUO/] YCIOBHBIMA HAUMEHOBAHUSAMHU: «TOUKAY, <ITUHUI,
«CEKTOP», «IOJYKOJIBLIO», «KOJIBLIOY», «IMHEIMHAS CUCTEMA» U «JIy4eBasi CHCTEMAY.

B nHacTosiiee BpeMs TUIOJIOTUYECKUN aHAIU3 3aCTPOMKHU ropojia MO3BOJIUI AaTh XapaKTEPUCTHUKY IlIe-
CTH paiioHaM IO TUIIaM, XapaKTepy 3aCTPOUKH U PEKPEAIIMOHHBIM 30HaM.

Ky3nernkuii paiion ropoaa coxpaHmit GparMeHThl XapaKTEPHON 3aCTPONUKH TPATUITMOHHON TEPEBIHHON
APXUTEKTYPHI, CKOHIICHTPUPOBAHHON HA TOATOPHOW TEPPUTOPUN (HWKHSS YaCTh CKJIOHA M TOTHOXKHE KO-
penHoro 6oprta). CoBpeMeHHas cenuTeOHasi TEPPUTOPHSI MIPEICTABICHA YKIIBIMU 3aCTPOHKAMHU M TTPOMBIIII-
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JICHHBIMH TeppHUTOpUsIMH HOBOKY3HELIKOTO allOMUHHEBOrO 3aBoja, 3aBoia «KysHeukue (eppocruaBe» U
Kyzmenkoit TOL. Pexpearmionnsie mpupoaHbie JTaHMMA(TH TOCTATOYHO OTPAHWYEHBI W MPEICTaBICHBI
IBYyMsI OOJBIIMMHU CKBEPAMH M TOPOJICKON TUIHKHOW 30HOM mpaBoro Oepera p. Tomb. [l 3KOJIOTHYIECKOTO
MIPOCBEIICHHUS XKUTeIeH Topoia 1 o0ydaronmxcs pazpadorana u aerctryer okoio 20 et Ky3Hemnkas 3koo-
TUYecKas TpoIia Mo mpaBoMy OopTy Broib Oepera p. Tomb. Ha skomormueckoid Tpore B Ka4ecTBE IKCKYPCH-
OHHBIX OOBEKTOB BBIOpPAaHBI ()pParMEHTHl THIIMYHOTO CTEMHO-IIyToBoro naHamadTa Ky3Henkold KOTIOBHHBL,
STaJIOHHBIN pa3pe3 YePHO3eMOB M YHUKaJIbHAs (OpMaLUsl YEPHOTO TOMOJS (OCOKOPS).

OpKOHMKHMI3EBCKUM paiioH MMEET JIOKANbHbIE, Pa3pO3HEHHbIE KOMIUIEKCHl THUIIOBOM 3aCTpOIKU CO-
BETCKOTO Teprojia. XapakTepru3yeTcss OONBIINM TMPHUCYTCTBUEM HPUPOIHBIX M MPHPOTHO-aHTPOIOTEHHBIX
nmaHAmadTOB, TAITMYHBIX TS F0’KHOW YacT Ky3HEIKoi KOTIIOBUHBIL.

LlenTpanbHblil paiiloH HanboJee MOJHO MPEJICTABICH MJIOTHONH KOMILIEKCHOM 3aCTPOHKONW COBETCKOTO
Meproa, B OCHOBHOM BEAyIICWCS MO AMATOHATHHBIM MAarUCTPATbHBIM MPOCIIEKTAM TOPO/a U TMOMEPEIHBIM
ymuuaMm. B mpenenax paiioHa mpezictaBieHsl 2 OOJNbIIHME MapKoBbIe 30HEI, Oonee 10-Tn ckBepoB u OyibBa-
poB. CylecTBEHHYIO TEPPUTOPHIO 3aHMMAIOT MPOMBIIUICHHBIE TeppuTopun ObIBIIero Kysnenkoro mertani-
nmyprudeckoro komOunara (HpiHe «kEBPA3-3CMK»).

KyiiOpImeBckuii palioH UMEET COXpaHUBIIHNECS JIOKAITBHBIE YYaCTKH C KOMIDIEKCHOM 3aCTPOHKOM Co-
BETCKOI0 IEpUO/IA, IIPOMBIIIIEHHBIE TEPPUTOPUHN IIAXTHI UM. I'. JIUMHUTpOBAa U BEJOMCTBEHHAs! TEPPUTOPUS
Y3JI0BOM JKeJe3HOA0pOoXKHOM cTaHinu HoBoky3Herk 3anaaHo-CuOupCcKoil Kene3HOH TOPOTH.

3aBOJICKO paiioH MO apXUTEKTYPHBIM U CTPYKTYPHBIM dIIEMEHTaM UMeeT MHoro obrmiero ¢ Kyioprmies-
CKAM paillOoHOM, TaK KaK OCHOBHAas TEPPUTOPHS MpPEICTaBIIEHA CENUTEOHBIMH JaHAmadTaMu, B KOTOPHIE
BKpAIUICHbI HEOOJIBIIKE 0 IUIOMAAH MPUPOIHBIC JAHAIAPTHI ¢ HEOOJIBITUM Ha0OPOM CKBEPOB M OyJibBa-
POB. 3HAYUTENHHYIO YaCTh paiioHa 3aHUMAOT NMpoMbInuIeHHbIe JaHamadTel (<KEBPA3-3CMKy).

HoBounbuHCckuid palioH SIBISIETCSI CAMbIM MOJIOABIM, 3€JIEHBIM U TEPPUTOPUATIBHO OTAAJICHHBIM paiio-
HOM TOpoja. 31ech NPUCYTCTBYIOT CIajbHBIC PaOHBI M XKIIHIIHAS WHPPACTPYKTYpa, BIUIETEHHBIC B MpPHU-
POIHBIH TaH madT MECTHOCTH. XapaKTepU3yeTCsl OTCYTCTBHEM MPOMBINUICHHBIX JTaHAIA(PTOB.

Kaxxaprit 3 amMUHUCTPaTHBHBIX paiioHOB HOBOKY3HEIKa MeeT CBO HAOOp rpalloCTPOUTENBHBIX dJe-
MEHTOB, KOTOpbIE NIEpPEMEKaIOTCs C MapKaMM, CKBEpaMH, IPUPOTHBIMU 30HaMHU B TPaHHIIAX ropoja U Omos-
CBIBAIOIIIUM €T0 JIECOMAPKOBBIM 3€JIEHBIM IOSICOM.

Saxnouenue

CospemenHsIi ropox HoBOKy3HENK, pacOI0KEHHBIN B JOJIMHE KPYITHON peku ToMb B MeCTe CIHAHUS
e€ ¢ pexamu Konmoma u Aba, B CBOEM MEepBOHAYAILHOM OOYCTPOWCTBE YETKO cieqoBaj crenupuke JaH-
madra, Korjga Ha BEICOKOM IpaBoM Oepery Obul 3anoxeH Kysnenkuit octpor. Jlajgee npu paciimpeHus ropo-
Jla U ero CTECHEHHOCTH Ha MpaBoOepex be OCHOBHAS 30HA CTPOMTENBCTBA ObUIAa CMEIIEHa Ha JIEeBOOEpEKkbeE,
MPEICTaBICHHOE ITUPOKOM MOMMEHHOM 30HOH. DTO MOTPeOOBAIO KPYITHBIX MEJIUOPATHBHBIX PpabOT U TUAPO-
T'eOJIOTMYECKUX HM3BICKAaHUN JUIS JalbHEHIero o0ycTpoiicTBa Oyayliero neHrpa ropoja. TakuMm oOpaszom,
UcTOpUYecKas 3acTpoiika r. HoBoky3Helka npejacTaBieHa, ¢ OTHOH CTOPOHBI, TPAAULMOHHON apXUTEKTYPOi
XVIll-ragana XX BB., CKOHIICHTPUPOBaHHOH Ha MpaBoM Oepery p. Tomb, ¢ Apyroil — KOMILIEKCHOM TIOT-
HOM 3aCTPONKON COBETCKOTO M COBPEMEHHOTO TIEPUOOB, COCPEOTOYCHHON Ha JIEBOOEpEKbe. APXUTEKTYP-
HO€ yCTPOICTBO ropoja He OJJHOPOAHO, YTO OBIIIO 00YCIOBIEHO TONOrpadUIECKUMH YCIOBUAMH Pa3001IeH-
HOCTH TE€PPUTOPUH U HEOOXOAMMOCTHIO COXPAHHOCTH NMPHPOJHBIX KOMILJIEKCOB, XapaKTepoM M IOCIe10Ba-
TEJNBHOCTBIO CTPOUTEIbCTBA. [IpoBeIeHHBIN aHATN3 TIO3BOUIT BBIJICTUTD 5 IEpHUOA0B (POPMHUPOBAHHS TOPOIa
HoBoky3Helika ¢ yueTom nanamadTHONH CTPYKTYPBI TEPPUTOPHUH.

Hccneoosanue wacmuuno npoeoeHo 6 pamkax 20cy0apcmeeHHozo 3adauus HMucmumyma 600HbIX U
akonoeuueckux npoonem CO PAH (Ne FUFZ-2021-0007).
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A.JI. OBcannukoBa, O.C. Anapeesa, H.T. Eroposa, /{.B. YepHbix

Jlanamagreik TIcia Heridinae HoBoKy3HelK KaJaChbIHBIH KAJIBINTACYbIH Ke3eH/1ey

Makanana Gonamax HoBOKy3HENK Kajachl KaJbINTaCKaH ayMaKTHIH TAOWFW JKarJaiyiapbl KapacTHIPBUIFaH.
Taburu Heri3 maHAMAQTHIH epeKIIeNiriH KOPCEeTeTiH KYPhUIBICTBIH CHITATHIH aIbIH ajla aHBIKTaraHbl aTall
otinni. KamaneiH Kypsutbickl Ky3Helk OCKiHICIHIH KOFapbl OH JKaralayblHAa KaJaHyJaH JKOHE OHBIH KCH
JKaMbLTMAaIIbl aifMakK OOoJIBIN TaOBLIATHIH OH JKaFalaybIHBIH OJ[aH opi KeHelTiTyiHeH Oactanran. COHBIMEH Ka-
Tap Kajla KYPBUIBICBIHBIH Oipi3OUTiriHe PEeTPOCHEKTHBTI Taimay KepceTiireH, on HoBokysHemk coyier-
JKOcHaplay KYpbUTBIMBIH KaJIbIITACTHIPYIBIH KE3EHAepi MEH Mep3iMAepiH JaHAmATHIK HETi3i eCKepe OThI-
prIn, Oedin kepceTyre MyMKiHAIK Oepai. bipiami CibipaiH apXeonorHsIbIK KOHE UTepy Ke3eHIEepiHeH Kaara
JIEHiHT1 Ke3eH aHBIKTaJNAbl. Byl Ke3eHHIH HeTi3ri epeKIIeniKTepi KoHe KajJalapAblH ©3eHHIH Kype >KoJbl 00-
HBIHIAFBl JapajaHFaH JaHImadrapasl urepyi skoHe OeKiHic-KOpFaHbIC KaManaap MeH jkoJ1 OoibIHa aybL1iap-
Ib1 cairy Oouteln Tabbutansl. Keneci ke3eH Tapuxu Ke3eHJIi KalbIITACTHIPY, SIFHH aJIbIC JKOHE XKAKbIH ©3CHHIH
aprbl OeTiHAETI JKep/i JKoHEe ©3¢H apajbIKTapblH Urepy, ypOaHW3alMsUIaHFaH KapKac OOWBIHIAFBI arjomepa-
WS ©3CTIHEH ayMaKThl Urepy Ke3CHIIEPIMEH aHBIKTAN bl Byl Ke3eHHIH HETi3ri epekuienikrepi oonamak Ka-
3aK ayJaHBIHBIH HETi3iHIH KaJaHYbl, OHBI JK00anay yoHe OoJallak KaJaHbIH OH jKaranay aiiMarbIHBIH Urepi-
Jyi, JKOFapFbl XKOHE TOMCHTT KOHBICTAHYIIBUIAPBIH KYPbUIBICHI, «Can—ropona» xoHe «COoLropony, Kauajblk,
arJoMepanusHbl JKOHE OHBI KOpPIIall TYPFaH OopMaH-casOaK »acblUl OenieyiH KaJIbIITacTHIPpy OONbIN Talblia-
Ipl. BenrineHreH ke3eHep MeH KYPbUIbIC Ke3eHIePiHiH KalalblK TAPHXHU JKOCTIAPIAPBIHBIH PETPOCTIEKTHBACH
KOPCETIIreH KOHBICTaHy >kKoHe TaOuFH JaHAmadTapmeH OepinreH. OnapAblH ayMaKTapbIHBIH JaHAMA(THIK
epeKIIeIKTepiH eckepe OThIPhIN, HOBOKY3HEIK KaJlaJIbIK OKPYTIiHIH aIThl 9KIMIILIIK KYPbUIBIMBIHA 3aMaHayH
cHUIaTTaMa )acajFaH.

Kinm ce30ep: HoBoKy3HEIK KanaiblK OKpyri, HOBOKY3HEIKiIHIH TapUXH >KOCHApJIaphl, KaJaHbl UTepy KE3CeH-
Jiepi MEH Mep3iMIepi, KanablK Jtananadrap, opMaH-casOak xKachul Oenzeyi.

A.L. Ovsyannikova, O.S. Andreeva, N.T. Egorova, D.V. Chernykh
Periodization of Novokuznetsk city formation on the basis of landscape approach

This article considers the natural conditions of the territory within which the future city of Novokuznetsk was
formed. It is noted that the natural basis predetermined the character of construction reflecting the specificity
of the landscape. The construction of the city began with the foundation on the high right bank of the Kuz-
netsk ostrog and its further expansion on the right bank, represented by a wide floodplain zone. The article
shows a retrospective analysis of the sequence of the city construction, which allowed to identify stages and
periods of formation of the architectural and planning structure of Novokuznetsk taking into account the land-
scape basis. The pre-city stage with the periods of archeological and Siberian exploration is defined first. The
main features of this stage are the development by ancient settlements of isolated landscapes along the river
arteries and the construction of fortified outposts and roadside villages. The urban stage with the periods of
formation of the historical core, development of the near river basin, development of the far river basin, de-
velopment of the inter-river basin, development of the territory from the agglomeration core along the urban-
ized frame is defined as the next one. The main features of this stage are the foundation of the future Cossack
forstadt, its design and development of the right bank zone of the future city, the construction of the Upper
and Lower Colony, “Garden City” and “Social City”, the formation of urban agglomeration and the surround-
ing forest and park green belt. The retrospective of the urban historical plans of the highlighted stages and pe-
riods of construction with represented residential and natural landscapes is shown. The modern characteristic
of six administrative formations of Novokuznetsk Urban District is given, taking into account the landscape
specifics of their territories.
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MeToabl Najie0peKOHCTPYKIUIT KIUMATOB M PACTUTEIbHOCTH I'0JIOI[€HA
(na mpumepe KpacHosIpcKOM KOTJIOBHHBI)

B crarbe mpuBeneHb TeOXUMHIECKHE UCCIIE0BAaHNS OTIOXKEHHH B fonuHe p. bepe3oska (KpacHospckast ne-
COCTeIIb), HEPEPHIBHOE HAKOIUIEHHE KOTOPBIX IPOMCXOJIIIO ¢ KOHIIA ITO3HEro IUIeiicToIleHa U BECh T'0JIo-
el (HaumHast ¢ 20833 + 519 kain. ner Hazax). OnpeneneHs! XapakTep U YCIOBHS ()OPMUPOBAHUS OTIOKEHUH
neBoOepexHo Teppackl p. EHucelt KpacHospckoit JiecocTeny Ha OCHOBE aHAIN3a OOIIEH XapaKTepUCTUKU U
0cOoOCHHOCTEH MaKpOMOP(OJIIOTHIECKOT0 CTPOCHUs. [IpHBeNeHBl AaHHBIE JETAIBHOTO Ie000TaHHYECKOTO
omucaHus MPOOHOH IUIOIAKHU JIECOCTEIHBIX JIAaHAMIA(TOB TeppuTOprH KpacHOSPCKOI KOTIIOBHHEI, HanMe-
Hee MOJBEP>KEHHOI aHTPOIIOTEHHOMY BO3ACHUCTBHIO, 1 CIIOPOBO-MBUIBIEBBIX criekTpoB (CIIC) moBepxHOCT-
HBIX P00 [UIS OI[EHKH OTPa’KEHHUsI COCTaBa PACTHUTEIBHOCTH B CIEKTpax. [yl yCTaHOBICHHUS JOCTOBEPHOCTH
MOTyYEeHHBIX JaHHBIX HCIONB30BaH Kod(dunueHT J|3Buca, KOTOPHIH JaeT BO3MOXKHOCTh PacCuUTaTh OTHO-
IIEHHE MPOLEHTHOTO COJAEPKaHUs MBUIBLBI BU/A B CHEKTPE K MPOIEHTY yJ4acTus 3TOro BHUAA B cocTase (u-
TOLICHO3a. BBIIO yCTaHOBIICHO, YTO MEXKITY COCTABOM PACTHTEIBHOTO ITOKPOBA JIECOCTENHBIX JaHAIA(TOB 1
COCTaBOM CIOPOBO-IIBUIBLIEBBIX CIIEKTPOB CYLIECTBYET MpsMas KOPPENALys, YTO JaeT BO3MOXKHOCTb HMHTEp-
NPETUPOBATh JaHHBIC CHOPOBO-IIBUIBIIEBOTO aHATIM3A Ul PEKOHCTPYKIIMH ITaeOKINMAaTOB U Hajeoanamad-
TOB rojoneHa. [IpencraBieHsl pe3ynbTaThl MajJako(payHHCTHYECKOTO aHainn3a pa3pesa Mmoimel p. Tamas, 3a-
JIO)KEHHOTO B CEBepO-3amaanoil yactu KpacHospckoil koraoBuns! (56°29 c.ur., 93945 s.1., aGcommoTHas BbI-
cora — 213 M) Ha moiimMe npaBoro Gepera OAHOMMEHHOH PEKH, B | KM Ha ceBepo-BOCTOK OT 1. Tamnas.

Kniouesvie crosa: maneoreorpadus, TOJOLEH, CIIOPOBO-TBUIBIIEBON aHANM3, MAJICONEI0JOTHYSCKAN aHAIN3,
MaJeoNoYBOBEICHHIE, MATaKO(PayHHCTHYECKUI aHAIN3, TeOXUMUs, KpacHospckast KOTIOBHHA.

Beeoenue

B ycnoBusix COBpEMEHHBIX KIMMAaTHUYECKUX H3MEHEHHH M CBS3aHHBIX C 3THUX HEONpPEAETICHHOCTEH
0oJbII0E 3HAYEHHUE OTBOJUTCS BOIIPOCAM ITPOTHO3UPOBAHMS IPUPOAHO-KIMMATHUECKUX YCIOBUI Oyaymiero.
st pemieHst JAHHOTO BOIPOCa HEOOXOUMO TMOHMMaHHE X0J1a TMPOIECCOB MPOIIJIOTo, CBA3aHHBIX C JHA-
MHUKOW KJIMMATOB M JaHIahTOB MOCIEAHEN MEKIIETHHKOBOM 310XH — roJjiorena [1].

Ha teppuropun KpacHosipckoii KOTJIOBHHBI B TE€UEHHUE MHOTHUX JIET JUISI PEKOHCTPYKUMH KIMMAaTOB H
PacTUTENHFHOCTH HIMPOKO HUCHOJIB3YIOTCS MajeoreorpaduuecKkue METOAbl — CIIOPOBO-TBLIBIIEBOM, MallaKo-
(hayHUCTUYECKUH M TIeIOJIOTHYECKHH. AHAIN3 X BO3MOXKHOCTEH MpeICTaBJIeH B HAcCTOsIIeH padoTe.

B ycioBusix HeonpeaeaeHHOCTH OJHOM M3 BaXKHEHIINX MPoOJIeM SBISETCs COCTOSHUE MPUPOIHON cpe-
Ibl, KOTOPOE YacTO XapaKTepU3yeTcs MCCIeJoBaTeNsIMU Kak HeycToiunBoe. OOIIEen3BEeCTHO, YTO IITaBHBIMU
HocUTeNsIME MH(popMaIy 00 YCIIOBHAX OKPYKAIOIIEH Cpe/bl SBISIOTCS OCafovHbIe TOPHBIE TOPoabl. Mx
TOJILIM COJEpKAT BaXKHbIE XapaKTEPHUCTHUKH MPOLIECCOB JINTOreHEe3a, IEHCTBYIONINX Ha 3eMHOM TOBEPXHOCTH
1 3aBUCHMBIX OT KJIIMMAaTHYECKUX, OMOJIOTHYECKUX U reonornyeckux (axkropos. [1ouBbl 1 KOpbI BEIBETpUBA-
HUS XapaKTepPHU3YIOTCsI CBOMM THIIOM NMaMSITH U XpaHeHus nHpopmanuu. [louBeHHAs mamsiTh JEHCTBYET B
000 Touke 3eMHOM MOBEPXHOCTH, YTO SBISETCS TPOILIECCOM OOIIET0 B3aUMOJCHCTBUS (PAKTOPOB MOYBO-
o0pazoBaHus. ITH (QAaKTOPBI MPEACTABICHBI KIIMMATOM, MAaTEPUHCKOH MOPOIOH, peiabedOM U KUBBIMH Opra-
HU3MaMH, B3aMMOJICHCTBYIOIIUMH BO BpeMeHH. OCHOBHBIM HOCHTEJIEM MaMsITU sBIsieTcs: TBepaas (asa mo-
KpOBa, CTPYKTypa KOTOPOI COCTOMT U3 MUHEPAIBHBIX, OPTaHMUECKUX U OPraHOMHUHEPAIbHBIX BEIecTB [2].

OpaHUM U3 METOJOB INPH Majeoreorpa)uuecKuX PeKOHCTPYKLMUSAX TOJIOLEHA SBISIETCA MajakopayHH-
CTHYECKH, METOJl IPUMEHSAETCS He TaK 4acTO, HECMOTPS Ha TO, YTO Majlako(hayHa UMEET LIMPOKOE pacipo-
CTpaHeHHe W, MPEHMYIIEeCTBEHHO, XOpolIylo coxpaHHocTh [3]. Ha teppuropun KpacHosipckoi KOTIIOBHHBI
CHUCTEMaTHYECKOE M3yUeHHE PAaKOBHH TOJIOIEHOBBIX MOJUTFOCKOB Hadasnoch ¢ 2010 roma. IlaneonTonmornye-
CKMil MaTepuas oOHapy>KeH NMPEUMYLIECTBEHHO B TOJIIIAX MOWMEHHBIX OTI0KEHUH MajbIX PeK — MPUTOKOB
p- Enuceil.
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Memoowl uccneoosanus

st peKOHCTPYKINH IPeBHUX JTaHAIIA(TOB MTPOU3BOANTCS UCCIIEIOBAHNE MTOTpeOEHHBIX TIOYB U UX pe-
JUKTOBBIX TIPU3HAKOB. Tako# mMoaxoa Bce Ooliee MIMPOKO MPUMEHSIETCS B TTAJIEOTIOYBOBEICHIH FITH HCTOPH-
4ecKoM nouBoBezieHuH [ 1, 4—6]. Mickomnaembie OYBBI PACIONATAIOTCS TPAKTHYCCKH BE3/IE, TIC ICHCTBOBAIIH
AKKyMYJISITHBHO-ICHY/IallMOHHBIE TPOIIECCHl HAKOTUIEHUS U TIEPEMEIICHHAS 0CaI0YHBIX MTOPOJ.

Jns mccnenoBaHMs TIOYB BaXKHO NMPUMEHEHHE OONIMX METOIOB MOYBOBENEHHS, C MMOMOIIBIO KOTOPBIX
MPOUCXOJUT OIpeaesicHne MOP(OIOrHIecKuX U (PU3UKO-XUMUIECKHX CBOICTB MOYB, OTPayKAIOIIUX OOIINe
3aKOHOMEPHOCTH Pa3BHUTHUS, YTO MO3BOJSET BOCCTAHOBUTH (PaKTOPHI MOYBOOOPa30BaHUs, ACHCTBYIOMINE B
neproA (GOopMHUPOBAHUS TOTO WIIM WHOTO TOPH3OHTA FUTH MPOQIIIS B IIETOM.

Maxkpomopdoornaeckoe OnMcaHne pa3pe3oB MPOBOAMUIOCH MO CTaHAAPTHOW CXEME IOJIEBOTO M3yde-
HUS TTOYB U OTIIOKECHUH, 00pa3iibl 0TOOpPaHbI B COOTBETCTBUH C METOANYECKUMH PEKOMEHIAIMUAMH [7].

DNeMEeHTHBIH cocTaB 00pa3noB (TeoxuMmusi) ObT ompeaeneH B ['ocynapcTBEHHON BBICIIEH IIKOJE FIM.
IMamsr Pumckoro Moanna Iasna |l (Tomsma).

PaguoyrineponHoe matTupoBaHue o0pasios B paspese bepesoska—1 (IV) 6s110 mpousseneHo B Jlabopa-
TOPUH M30TOIMHBIX MccieaoBanuii (I'eomornueckuii HEHTp KOJUIEKTUBHOTO MOJIb30BaHus, Kadenpa reoiorun
¥ T€0dKOJIOTHH reorpadudeckoro ¢akynprera, Poccuiickuii TOCYyTapCTBEHHBIN TIearOrHIeCcKuii YHUBEPCH-
teT uM. [epuena, Cankr-IlerepOypr). KanubpoBka paanoyriepoJHOro Bo3pacTta BBIIOIHEHA B MIPOrpaMMe
OxCal 4.4 [8]. datbl npeacTaBicHbl B KAIMOPOBAHHBIX IojiaxX /10 HacTosiuiero Bpemenu (BP; 0 yr BP = 1950
AD), ucnionezoBanuch 3Ha4eHus 95,4 % BepostHocTH. BepxHasa narta, oTpaxaromias Haubosee mo3aHuil (co-
BpPEMEHHBII) epHOJ] T0YBOOOPa30BaHMsI, KAINOPOBaHa TOJILKO B npeaenax 68,3 % BeposSTHOCTH.

[Tpu m3BICUECHMH PAaKOBUH MOJUTIOCKOB M3 OTJIOKEHHH HCIOJIb30BAIKUCH OOLICHPUHSATHIC METOIUKH,
ormcanHble B paborax V. Lozek [9], A.A. Crexmnosa [10], C.M. Ilomosoii [11], S.W. Alexandrowicz [12] u
S.W. Alexandrowicz, W.P. Alexandrowicz [13]. OueHka THHAMUKA CETUMEHTAINN HCCIEAYEMBIX OTIIOMXKe-
HUH Hapsagy ¢ MajJakOLUEHOJIOTUYECKUMH CBEIACHUSMH MO3BOJISIFOT BBIICIUTh KOMIOHEHTHI TaHATOLIEHO3a U
MPOU3BECTHU JIOCTOBEPHBIC Majeoreorpaduueckue pekoncrpykuuu [3, 11, 14, 15].

[lepBoHawambHO pa3pe3 CieayeT THIATENFHO HCCIEN0BATh C MOMOIIBIO Iyl Ha HAIMYHE Manakogay-
Hel. OT60p 06pa3oB 00beMOM 8 JM® OCYLIECTBIISIETCS CHU3Y-BBEPX YEPE3 5 CM M3 3aUMIIEHHBIX CTEHOK
mypdoB. C 1enbio U3BJICYCHUST PAKOBUH MOJUIIOCKOB 0Opasell mopo/ibl 3aMavnBaeTCsl B HErMyOOKOi yaiie u
KHCTOYKON C MATKHM BOPCOM COOHMPAIOTCS BCIUIBIBIIHE HAa TIOBEPXHOCTH IK3EMILIAPHL. Pazmokmmii oOpaszerr
MTPOMBIBAETCA B METALIHYECKUAX CUTaX ¢ auaMeTpoMm saeek 0,1-0,25 MM 1 Tpou3BoAUTCS cOOp BCEX LIENBIX
paKoBHH M UX HIeHTUGUIHPYeMbIX ¢parmenToB [12, 13]. [IpombITEIe U BBICYIIEHHBIE PAKOBUHBI MIOMENIa-
I0TCS B IUTACTHKOBBIE KOHTEHHEPHI U IOKYMEHTUPYIOTCS. B mpoliecce pocta MOJITIOCKA €r0 paKOBHHA TIPH-
o0OpeTaeT COBEPIIIEHHO OTpeIeJIeHHbIe, CBOHCTBEHHBIE JAHHOMY BHIY Mopdoioruueckue u MophomMerpude-
cKue ocoOeHHOCTH. [1Jisl yCTaHOBJICHHS BUJIOBOW MTPHHAIIEKHOCTH MOJUTIOCKOB 107l OMHOKYJISIPHBIM MUKPO-
CKOTIOM ONPEIEISIFOTCS CIICAYIOIINE JUATHOCTUYECKUE PU3HAKK: (popMa, IIBET, pa3Mephl paKoBUHBI; (hopma
Y pa3Mephl YCThS, CTPYKTYpa U CKYJIBITYpa Ae(PUHUTHBHBIX H SMOPHOHAIBHBIX 000POTOB.

W3 MHOTHX YHKIIMH, KOTOPBIE HECET PAKOBHHA HA3€MHBIX MOJUTFOCKOB — 3allliTa OT BParoB, OT MeXa-
HUYECKUX M XMMUYECKUX BO3JIEHCTBUH, OMOPHI AJISi MyCKYJIATYPhI, TEPMOPETYJISIMNA U KOHCEPBAILlUM BIaru
IyTeM CBEJICHHUS 10 MUHIUMYyMa IMOTePh Ha HCIIAPEHHE, OCOOCHHO BaXKHA MOCIENHSAA. ATAaNTallMd PAaKOBHUHBI
K BBITTOJTHEHUIO ATOH ()YHKIIMU BeChbMa pa3HooOpa3Hbl. OHU MOTYT OBITh HETIOCPECTBEHHBIMH, MPSIMO 00ec-
MEYNBAIOIIMMHI YMEHbBIIIEHHE MTOTEPh BIIArH, WM CIIOKHBIMH, O0JIETYalONMMH MOJITFOCKY BO3MOXHOCTH CO-
BEPILECHUS ONPEACICHHBIX JEUCTBUMN, BEAYIIMX B UTOTE K JOCTHUKEHHUIO TOU e 1enu 3amuThl. [lo aToi npu-
YHHE TP MaJako(payHUCTHYECKUX HMCCIENOBAaHUAX OCOOEHHO Ba)KHA OICHKA W3MEHYHBOCTH MOP(OIIOTHH
PaKOBHH MOJUTIOCKOB. J[JIs 1IeNbIX, CPOPMUPOBAHHBIX PAKOBUH 1101 OMHOKYISIPHBIM MHUKPOCKOIIOM C TOYHO-
cThio A0 0,1 MM TIpOU3BOIATCS ClIEAYIONNE 3aMepbl: BbIcOTa pakoBuHBI (BP), muprna pakosuns! (LLP), BeI-
corta ycths (BY), mupuna yctes (LLIY), BeicoTa nmocieanero obopota (BI10O), Beicota 3aButka (B3) u pac-
cuuthiBatoTcs ko3 dunuents! 11IP/BP, B3/BP, BIIO/BP, BY/BP, LIY/BY (puc. 1).

PesynbTarhl nccnenoBaHnii MHOTOYHMCIIEHHBIX MECTOHAX0KICHUH MOJUTFOCKOB TTO3BOJISIIOT YCTAaHOBUTH
UX BHJOBOH COCTaB, paCIpOCTPaHEHHE BO BPEMEHHU U CPOPMUPOBATH KOJIEKIIMU HaJ€OHTOIOTHYECKOro Ma-
Tepuana [16].
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Pucynok 1. Cxema OCHOBHBIX ITPOMEPOB PaKOBUH: A — CNIUPATIbHO-BUHTOBBIX; b — CIHMPalbHO-KOHUYECKUX U CITH-
PaNbHO-TIOCKOCTHBIX; B — ABYCTBOpUATHIX PakoBUH (BP — BbICOTa paKOBHUHBI; [//P — mupuHa pakoBUHbI, BY —
BBICOTA yCThsl; [[/Y — mmpuna ycTbst; B[IO — BpIcoTa HOciIegHEero 00opoTa; B3 — BBICOTA 3aBUTKA)

[Tpu mpoBeneHnn Manako(hayHUCTUIECKOTO aHaIn3a He0OX0AUMO MPAaBIIBLHO HHTEPIPETHPOBATH JaH-
HBIE O BHJIOBOM COCTaBE MOJUIIOCKOB M €0 M3MEHEHHUH B TOJILIE UCCIIEAYEMbIX OTJIOXKeHuH. [ BoccTaHOB-
JICHUS YCJIOBUH OOMTaHUS M THUIIOB JAaHAA()TOB IIMPOKO UCIOJIB3YIOT METOJ aKkTyanu3Ma. lIlpumenutensHo
K MaJIaKOJIOTHH aKTYaJUCTUYECKUH MOJXO0J COCTOMT B aHamu3e 00pa3a )KU3HU M YCIIOBHI OOMTaHUs COBpE-
MEHHBIX MOJUTIOCKOB Ul PEKOHCTPYKLUHI MPUPOAHOM cpelsl najeoManako(ayHbl re0I0rnIecKoro mporio-
ro. OnpeneneHHas 3Kogoruyeckasi Tpe00BaTeNbHOCT OTIEIBHBIX BUIOB MOJUTFOCKOB U MX TPYII ITO3BOJISIET
BBISIBUTE OCOOCHHOCTH PacTUTEIBHOCTH, CTEIICHH YBIQXKHEHHsSI OMOTOIOB, XMMHUYECKUH W TeMIepaTypHbIid
PeXHUM BOAHBIX dKocucTeM [9, 12, 13, 17-21]. Tak, HanpuMep, YCTaHABJIMBACTCS CYIIECTBEHHOS Pa3JInUKe
BUIOBOrO cocTaBa (DayH JIECHBIX W HE3IECEHHBIX JaHAMA(PTOB, TO €CTh UACHTU(UIHUPYIOTCS JOKAIbHBIC
pasnuums maneoreorpad)uuecKux YCJIOBHH, YTO MHBIMH MaJEOHTOJOTMYECKHMMH METOJaMH, B YacCTHOCTH
CIIOPOBO-TIBUIBIIEBBIM aHAIM30M, CACNIaTh HEBO3MOXKHO [9].

ITo mpudrHE OTCYTCTBUS MCCIEAOBaHUN COBpeMEeHHOW ManakodayHsl KpacHospckol JiecocTernu, 9Ko-
JIOTrHYecKasi IPUYPOUYECHHOCTh NACHTH(GHULIMPOBAHHBIX BUIOB OCHOBBIBAJIACh HA MaTepuanax 00 yCIOBHAX MX
OOUTaHUS Ha TEPPUTOPUHU APYTHX PerHoHOB CHOMPHU CO CXOXKMMHU KIMMATHUYECKHMMHU YCIOBUSMH. AHAIIN3
3THX JaHHBIX MOKAa3al, YTO BUBI MOJUTIOCKOB, BCTPEUEHHBIE B OTIIOKEHUSIX MONUMBI p. Tanas, COOTBETCTBY-
IOT 9KOJIOTHYECKHM TPYIIaM, KOTOPbIe MPEUIOKEHbI B SKOJOTHYECKUX Kiaccupukarmsx [9, 12, 22-24].
Cpenu HazeMHOHN ManakogayHbl ONpPEeIeHbI AT TPYII, KOTOPBIE XapaKTepHbI sl OMOTOMOB C Pa3InYHOMI
CTETIeHbIO 3aTCHEHUs U yBIaxxHeHHd. [IpecHOBOIHBIE BUIBI pa3zefieHbl Ha YEThIpE TPYMIIbI TI0 KPUTEPUSIM
MOCTOSIHCTBA BOJHOTO OOBEKTA U XapakTepa TedeHus. Ha ocHOBe MCIONB30BaHMS CTATUCTHYECKUX METOJIOB
ObUIN BBISIBJICHBI Maslako()ayHUCTUYECKHUE ACCOLMALUU M MX MOCIe0BaTeNIbHAsI CMEHA B TOJIIE OTIOKEHUH
[25].

PaguoyrneponHoe natupoBanue OTIIOXKEHHH paspesa «Tamas» npoBoansock B JlabopaTopun apxeoso-
rU4ecKkoil TexHosoruu MHcTHTyTa Hetopun MaTepuanbHOM KyneTypel PAH. 3Hauenus panunoyriepomgHoro
BO3pacTa OTKaJTHOPOBAHKI C HCIIONB30BaHNeEM mporpamMmel CalPal [26].

CriopoBO-TIBIIBIIEBON aHATIN3 TTO3BOJISAET BBISBIATH PETHOHAIBHYIO NTUHAMUKY KIMMATUYECKUX U JaHI-
madTHRIX n3MeHeHui [27]. CTerneHp HACBIIIEHHOCTH OCaJIKa MBUTBIION U CIIOPaMH, BUIOBOIM COCTaB MaJMHO-
CIEKTPOB SBISIETCSA HAJCKHBIMHU ITOKA3aTEISIMI PEAKIIMH PACTUTENBHBIX COOOIIECTB HA H3MEHEHHE COCTOS-
HUS TIPUPOIHON cpezbl, 00yCIOBIEHHOE OOIMMHU TEHIASHIIMSMH Pa3BUTHA KIMMaTta. B cBsi3u ¢ 3TuM criopo-
BO-TIBIJIBLIEBBIE CIEKTPHI AAI0T HAJISKHYI0 HHPOPMALIMIO O TIOKa3aTelAX KIMMAaTa U MO3BOJISIOT IPOTHO3HPO-
BaTh UX U3MeHeHue B OyaymeM. IlockonbKy m000# BUI pacTeHUH XOTh U OOUTAeT B ONpEAEICHHBIX 01aro-
MIPUSTHBIX JJIS1 HETO KIMMAaTUYeCKUX TPaHMIIaX, MBIIBIEBAs U CIOPOBas MPOAYKTUBHOCTh PACTEHH, €e Co-
XPaHHOCTb M CIIOCOOHOCTB K MEPEHOCY M MEPEOTIOKEHHIO 3aBUCIT B OOJBILIONW CTENEHU OT MECTHBIX yCJIO-
Buii [28]

[MoaToMy /ISt Ka)KJIOTO PErHOHa C Pa3TUYHBIM HA0OPOM JaHAMA(THBIX 30H HE0O0XOAUMO pa3pabdaThl-
BaTh OIICHOYHbIE KPUTEPHUU CBS3€H B CHCTEME «PACTUTEIHHOCTh HACTOSIIErO—CYOPEIeHTHbIE MaJTHHOIOTH-
Yyeckue NpoObI—(occHiIbHbBIE CIIOPOBO-TIBUIBLEBBIE CIICKTPHI».

Ha tepputopun KpacHosipckoil KOTIOBHHBI TaKMX HCCIIEAOBAHHN OBUI0O HEMHOTO, TIOOTOMY B ITOCTE]I-
HUE TOJbI OCHOBHOE BHHUMAaHHWE HCCIIE0BAaTEIe U HANpPaBIeHO Ha M3yYeHHE MOBEPXHOCTHBIX P00 C OHO-
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BPEMECHHBIM T'€000TaHMYECKUM M3YYCHHEM COCTaBa COBPEMEHHOW PaCTUTEIHLHOCTH B MECTaX MX 0TOopa u
BBISIBIICHHSI OCOOCHHOCTEH OTPaKEHHS COCTaBa COBPEMEHHOM PACTUTEIHHOCTH B CIIOPOBO-TIBUIBIIEBBIX CIICK-
Tpax CyOpeleHTHBIX MAIMHOIOTHIECKHX MPpo0. OTOOP MOBEPXHOCTHBIX MPOO OCYIIECTBIISIICS 1O CTaHAAPT-
HoM MeTomuke [29].

Jlns ydeTa OCHOBHBIX 3aKOHOMEpPHOCTeW (OpMHUpPOBAaHHUS CHOPOBO-MIBUIBIIEBBIX CHEKTPOB TPU WX HH-
TEPIpPETAIMA YacTO MPHUMEHSIOTCS MOMpPaBOYHbIC KOI(D(UIMEHTHI, KOTOPhIC MO3BOJISIOT MEPEUTH OT MPO-
LIEHTHOT'O COJICPKaHUsI KOMIIOHEHTOB CIIEKTPa K MPOIICHTHOMY COJICP’KaHUIO0 COOTBETCTBYIOIINX PACTCHUN B
pacTuTeabHOM MOKpoBe. i BRIpaskeHUs 3aBUCHMOCTH COCTaBa PacTUTENBHOCTH B moBepXxHOCTHBIX CIIC
Ob11 puMeHeH kodddumuent J[rpuca (K), pacCCUNTHIBAIONIUNCS KaK OTHOIICHHE TIPOIIEHTHOTO COACpKAHUS
MBUTHITBI BU/IA B CIIEKTPE K MPOIIEHTY yYacTHs 3TOTO BUIA B cocTase (puronenosa [30]:

K=V/R,

rae V — 1071 bUIbLBI TAKCOHA B CIIOPOBO-TIBUIBLIEBOM CIIEKTpe; R — 00beM ydacTHst TAKCOHA B pac-
TUTEILHOM ITOKPOBE.

K, paBHOe 1, moka3bIBaeT paBHBIN NMPOLEHTHBIN BKiIaa Buaa pacteHuil B CIIC u npoekTUBHOE MOKPHI-
THE€ CBOETO BHICOTHOTO YPOBHSL.

K>1 yka3piBaeT Ha OONBIINI CLIOPOBO-TIBLTBIIEBOH CIIE]], 4eM Ha MPUCYTCTBUE PACTEHHS B (PUTOIEHO3E,
YTO 03HAYaeT JUOO BBHICOKYIO CIIOPOBO-TIBUIBIEBYIO MPOAYKTHBHOCTD pPAaCcTEHHIA, TM00 yKa3bIBaeT Ha JIOTMOJI-
HUTEJIbHOE TPaH3UTHOE IOMaJaH|e CIIOP U MBUIBLIBI C COCETHUX TEPPUTOPUH.

K<1 yka3piBaeT Ha HU3KUH MPOIEHT CIIOP W MBUIBIIBI IO OTHOIIEHHUIO K OOMIIFHOW BCTPEYaEMOCTH pac-
TEHHUSA B (UTOLIEHO3€E, YTO O3HAYAET HU3KYIO0 COXPAHHOCTH CHOPOBO-TBIIBLIEBOTO MaTepHaia, MO0 HU3KYIO
CIIOPOBO-TIBUIBLIEBYIO TIPOAYKTUBHOCTh BUAa PACTEHUH.

BBuny toro, 4yto paccMarpruBaeMble BEIMYMHBI BApUATHBHBI B NPUPOIHON Cpele, He3HAUYNUTEIbHBIMU
OTKJIOHECHHMSAMH OT 3Ha4yeHus 1 (paBHOBEJMKHE 3aBUCUMOCTH) CIIEeAyeT NpeHeOperaTh, Tak KaK OHU HaXOIAT-
Csl B 30HE IOTPEUTHOCTH HcciaenoBaHuil. OAHAKO CleayeT YUUThIBaTh, YTO JAaHHBIE MO COMOCTAaBJICHUIO IO-
BEPXHOCTHBIX CIIOPOBO-TIBUIBIIEBBIX CIIEKTPOB C COCTABOM (PHTOLIEHO30B MOTYT OBITH d3PPEKTUBHO UCIIOJIb-
30BaHbl JIMIIb B TOM CIy4ae, €CJIM OHH IOJIyYCHbI AT KQKIO0r0 KPYHMHOTO (PH3HKO-Teorpad)uieckoro peruo-
Ha B pe3yJbTaTe 3yUeHHs OONBLIOTO YUCa CyOpPEleHTHBIX CIIEKTPOB MOBEPXHOCTHBIX MPOO.

Peszynomamer u 0bcyscoenue

Iledonocuyeckuii ananu3z

XapaKTEepPUCTHKH TTOYB U PHIXJIBIX OTIOXKEHUH Ha OCHOBE MOP(OJIOrHYECKOTr0, FTEOXUMUYECKOro, (hu3u-
KO-XMUMHYECKUX aHAJIN30B (B TOM YHCIIE I'PaHYJIOMETPUYECKOr0 COCTaBa, COJEpXKaHUe OOIIEro yriepoa,
KapOOHAaTOB M T.A.) O3BOJIAIOT ONPENENIUTh XapakTep M yCIoBHA (GOPMUpPOBaAHUS OTIOXKEHUH, KaK Ha CO-
BPEMEHHOM 3Tarle, Tak U B Oosiee paHHEe BpeMs, yCTAHOBUTH THUIIBI IPUPOJHBIX MPOLECCOB, OKA3bIBABLIMX
BIIMSIHUE Ha (OPMHUPOBaHME JIaHAA()TOB TEPPUTOPUH UCCIieoBaHus. [laHHbIE, TONyYeHHBIC B pE3yJIbTaTe
W3Yy4EHHUsI COBPEMEHHBIX M MaJeON0yYB, OTPAXAOT OOIIKe 3aKOHOMEPHOCTH PAa3BUTHA, YTO MO3BOJSET BOC-
CTaHOBHTH (haKTOPBI TOYBOOOPA30BaHMS, ACHCTBYIOIIME B IEPHO (POPMHUPOBAHHS TOT'O WIIM HHOTO TOPU30H-
Ta WK PO B LIEIOM.

MeTononorn4eckoil OCHOBOM HCCIEAOBAHUM ITOYBEHHOIO Tejla IPU aHAIU3€ NaMATH IIOYB SIBISIETCS
nepapxuueckoe MoppocyOCTaHTHBHOE HCCIIeOBaHKE TBEPAO(A3HOTO Kapkaca I0YB, OCHOBAaHHOE Ha Jie-
TAJILHOM HM3y4€HHH MOP(OJOTMUECKUX MPU3HAKOB M COCTaBa MOYBHI M €€ KOMIOHEHTOB. Mopdosorus mou-
BBl — MHTETPAJIbHBIN MMOKa3aTellb BCE NCTOPUH pa3BUTHS MOYBHI [31, 32].

Ha ocHoBe n3yueHust MOp(OIOrHIecKruX MPU3HAKOB MMOYB U PHIXIIBIX OTJIOKEHHUH BO3MOXXHO BBISIBUTH
COBpPEMEHHBIE NPOLIECCHl U MPUPOAHBIEC YCIOBHS MPOLUIBIX 3110X. B KayecTBe mpumepa moJ00HbIX UCCIe0-
BaHWH MOXHO TIPUBECTH PE3yJIbTAaThl U3yUEHUs OTIIOKEHHH JIeBoOepexxHoi Teppack! p. Eancerr KpacHosip-
CKOH JiecocTeny. 3/1ech ObUIa BBISBIEHA IOJIHAs CTpaTHrpaduyeckasi MociIeoBaTeIbHOCTh pa3pesa, ycTa-
HOBJICHO ()OPMHPOBAaHHE COBPEMEHHOM MOYBBI — UYepHO3eMa OOBIKHOBEHHOTO. BhIeneHs! Tpu cinabopas3su-
THIX MIOTPeOCHHBIX MMOYBEHHBIX Npoduis (puc. 2).
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A — BepxHsis 4acThb pa3pesa; b — HIKHSS 4acTh pa3pesa
Pucynok 2. Ctpoenue oTioxeHui ieBodepexHoi Teppacs! Exnces (KpacHosipckas iecocTens)

[IposiBeHne MPU3HAKOB COMM(IFOKIIMOHHBIX MTPOIECCOB ¥ HATMYME MEP3TIOTHBIX KINHBEB CBUICTENb-
CTBYET O IEpEYBIAXHEHUH TEPPUTOPHH M MEP3NOTHBIX Mpoleccax B (UHAjIe MO3AHero miekcronena. [Ipu-
CYTCTBHE MEIKOM CyOrOpM30HTAILHON CIOUCTOCTH M MEJKOW TallbKd B OTAENBHBIX FOPH30HTAX SBUIIOCH
MPU3HAKOM JeITeIbHOCTH BPEMEHHBIX MJIH CIIA0BIX MOCTOSHHBIX BOJIOTOKOB. [IposiBlIeHHEe CH30T0 OTTEHKA U
’KEJIe3UCTHIX HOBOOOPA30BaHHUH yKa3aJ0o Ha HAJIMYHUE NPOIIECCa OTJIeCHHs. bpuin yCTaHOBIIEHBI IPaHyJIOMET-
PHUYECKHUI COCTaB M Hamuuue KapOoHaTOB B poduie. PesynbraTel MOphOIOrHyeckux Ucciae10BaHui MoKa-
3aJIM, YTO YCJIOBHS 00pa30BaHMs MEPBOro KyJbTYPHOTO TOPU30HTA (TIOBEPXHOCTh TOpH30HTa 75—164 cM) H,
COOTBETCTBEHHO, YCJIOBHS XXM3HU JPEBHETO YeJIOBEKA ObUIM MPHUOIMKEHB K COBPEMEHHBIM JIECOCTEITHBIM
ycnoBUsAM. BTOpoii KynbTypHBIN TOpHU30HT (TOBEpXHOCTH ropu3oHTa 416—442 cM) GpopMupoBacs B yCIOBH-
SIX TIEPEYBIIAXXHEHUS U OTHOCUTEIBHO MOHMKEHHBIX TEMIEPATYpP, COAECPKUT OCTATOUHBIE MPOSIBICHUS Jes-
TEJILHOCTU BOJOTOKOB. [IpoBenenHoe moapobHoe MopdoIornieckoe onncanue OTI0KEHHH NMeeT IpaKTH-
4eCKOe 3HaUeHME IS OPTaHMU3aIMU apXEOJOrHIEeCKUX MCCIEOBAHU, a TakxkKe Ul CO3aHns 0a3bl JaHHBIX
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0 TEPPUTOPHSIX, UMEIOLINX NOTEHLIUA I Pa3BUTHSI HAYIHOTO TypH3Ma Ha Tepputopuu rora KpacHospcko-
ro kpas [33]. BaxxHbIM HamnpapjieHHEM B MaJCONOYBOBEICHUH SIBISIETCS M3y4YCHHE FC€OXHMHHU OTIOXKCHHH U
YCTaHOBJICHHE MHAMKATOPOB M3MEHEHHs OKpysKaromed cpensl. [1ono0HBIE reOXHMHYECKUE HCCIIeIOBAHUS
Obutn TpoBeneHbl B nonuHe p. bepe3soBka Ha TeppuTopun KpacHOSpCKOH JiecocTenu, rAe HenpephbIBHOE
HaKOIUICHUE OTIIOKCHHUH MMPOMCXOAMIIO C KOHITA TIO3IHETO TUICHCTOIIeHa M BeCh TojioneH (HaunHas ¢ 20833 +
519 xam. . u1.) [34].

Cornacno B.B. Jlo6poBonbsckomy [35], otHomenue St/Ba ykaspiBaeT Ha THAPOTEPMUYECKUE YCIIOBHS
0CaJIKOHAKOIUICHHS, YTO MOATBEPKAAETCS HCCIECAOBAaHUAMHU Ha TeppuTopun 3anagHoi Cubupw, rae mokasa-
HO, YTO BEJIMYMHA OTHOMIEHHUS St/Ba B OTJIOXKEHUSX TECHO CBs3aHA C YBIaKHEHHEM kiumata [36]. Maauka-
TOpaMHy MOTEIUICHHS/TIOXO0JI0IaHusl KiuMara MoryT BeicTynath Co, Cu, Cr, Zn: B XOJIOAHBIE TTEPUOIBI MPH
Han4uu ce3oHHoTanoro ciost Cu, Co, Cr, Zn BeIHOCATCS O0Jiee HHTEHCUBHO, TOHM)KEHUE 3HAYCHUH KO3(-
(UIMEHTOB MapKUpyeT HAIMYKE TI0XOJIONAaHMs, 1 HA000pOT, 4TO OTMEYaeTCsl U AJIsl TeppuTopru Boctounoit
Cubupu B.B. MBanogoii [37]. Ha ocHOBe ananm3a BemnauHBI naeoMapkepa St/Ba n maaukatopos Cu, Co,
Cr, Zn B nonuHe p. bepe3oBka ObLIO BBISBICHO, YTO B MO3HEM rojiolieHe oT uHTepBaia 291-151 cal. yr BP
JI0 COBPEMEHHOCTH KJIMMAaT ObUI CXOX, B Mo3nHeM rojouene (1241-803 kam. 1. H.) u Cpegnem ['onouene
(5477-4985 xai. 1. H.) OTMEUYAETCsI MOBBIIICHUE YBIAKHCHUS U TMOTEIUICHHE KJIMMAaTa 10 CPaBHEHHUIO C CO-
BpeMeHHbIM. B pannem rononene (9005-8605 xai. i1. H.) kimuMaT ObLT OoJiee apuIHBIM M XOJOAHBIM. 3HaUe-
HUS TajgeoMapKepa Ajsl MO3/JHEro IUICHCTOLICHa CBUAETENBCTBYET O CMEHE BIAXKHBIX M 0OoJiee TEIUTBIX
(1375812930 xau. 1. H.) Ha cyxue U OoJiee XOJIOAHbIE MepHObl B nipeaenax 21352-20314 kai. n. H. (puc.
3). Mcmonp30BaHre NaHHBIX MMaJeOMapKepoB OBLIO Iernecoo0pa3Ho, TOCKONBKY MOJTYYeHHbIE JaHHbIE ObLTH
MOATBECPKACHBI paHEC NPOBECACHHBIMHA NAJTUHOJIOTUYCCKUMHU, JIUTOJIOT'NYCCKUMU HCCIICIOBAHUAMUA A.®D. Swm-
ckux u ['}O. SIMcKkuX mpu KOMIUIEKCHOM HM3y4eHnu otTioxeHwi 35—40 teppacs! p. EHncelt Ha Teppuropun
Kpacnospckoii koTioBuHsI [38].

Ynemenrw, 107 % (mr/kr) Jaementss, 1074 % (mr/kr) Sr/Ba
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Pucynok 3. Pacnipenenenne MukposieMenToB U Sr/Ba B paspese bepesoskal (1V). Ycnosuabie o603Hauenus: 1 — jaep-
HUHA; 2 — CYTJIMHOK JIETKUH; 3 — CYTJIMHOK TSDKEIbI; 4 — TJIMHa; 5 — riinHa cepo-royiy0oro 1BeTa;
6 — paKOBHHBI MOJUTFOCKOB; 7 — IECYaHO-TAJICUHBIC OTIOKECHHUS
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Takum 00pa3oM, U3yUCHHE MOYB (B TOM YHCIIC TOIPEOCHHBIX) U PBIXJIBIX OTJIOXKECHUN HMEET OOJBIIOS
(dyHIaMeHTaTbHOE 3HAUCHHE U SBJISICTCS] BAYKHOM COCTABIISIONIEH HCCIICAOBAHUN MPU PEKOHCTPYKIIUH YCIIO-
BHI OKpY’KaIOIIEH CPebl.

Cnopogo-nuvlnblyesoli anaiu3s

B kauectBe npumepa Ha TeppuTopru KpacHOSpCKOW KOTIOBUHBI, TAC Pa3BHUTA JIGCOCTEITHAS PACTHTEIb-
HOCTbB, Il U3yYeHUs OBLT B3ST y4acTOK, PAacHoOjOKEHHBIN B jonuHe p. bazamxa — mpaBoro mpuroka p.
Enuceii. Bouto cienano reo00TaHNYECKOE ONMMCAHUE U M3YUYCHBI MMOBEPXHOCTHBIC MpoObl. [lnomanka b3-1.
Bepe3oBo-uepeMyx0BO-XBOIIOBO-KHIIPEHHBIN MOJIOIOH Jiec Ha cpenHel noiime p. bazauxa (puc. 4).

; HpeBecHbrii sapyc obpazoBan Oepeszoii mosucioit (B.
pendula), ¢popmyna mpesoctosi 106, cpenmsst BbicoTa sipyca
— 10 M, comkHyTOCTH KpoH — 0,7. XOpouio pa3BuT noxse-
COK U3 yepemyxu nTudbeii (P. avium), COMKHYTOCTb sipyca
—0,2.

TpaBsHOW MOKPOB pa3BUT (parMeHTapHO, JOMHHAH-
TaMH BBICTYMAIOT XBoIll 3uMyromuit (Equisetum hyemale) u
kunpeit y3xomuctaerid (C.angustifolium), maoro — 6enoko-
MBITHUKA TJIaaKOro, THModeeBku nyrosoi (P. pratense),
O6I)I‘-IHI)I TaKHe BHU/BI, Kak TaBOJIT'a BA30JIMCTHAsA
(F. ulmaria), xnesep rubpuausii (Trifolium hybridumL.),
Beitnuk Jlanrcmopda (C. langsdorffii), mrotuk ceBepHbIit
(R.subborealis), uepnoronoBka oObikHOBeHHast (Prunella

Pucynok 4. ITnowmanka B3-1, Bepesoso- vulgaris L.), nyaauk secuoii (A.sylvestris), xBorr moneBoi
YepeMyX0BO-XBOIIIOBO-KHIIpeiiHbIil Moomoii nec  (EQuisetum arvense L.), JIOTTyX BOMITOYHBIN
Ha cpeHel noiime p. bazanxa (A. tomentosum), kambrm secHoit (Scirpus sylvaticus L.),

noJbiHb 00bIKHOBeHHass (A. vulgaris), oBcsHuIa Tyropas
(F. pratensis). Exnangno BeTpedaroTes — JbHAHKA 0ObikHOBeHHas (Linaria vulgaris Mill.), duanka yausu-
tenpHas (Viola mirabilis L.), monepna cepnoBuanas (Medicago falcata L.), roporek 3a6opssiii (V. sepium),
noamapeHnuk nenkuii (Galium aparine L.), mamketka ropoakosatas (A. subcrenata). OOriee mpoeKTHBHOE
MOKPBITHE spyca cocTaBisieT 55 %. MoX0oBO-THIIaiHUKOBBII IOKPOB HE Pa3BUT.

B crnopoBO-NBUTBIIEBBIX CHEKTPaX JIECOCTETHONW 30HBI OTMEUEHO MHOTO MbUIBIBI TPABSIHUCTHIX — JI0
30-40 % B cpeaHeM, IbUIbIA APEBECHBIX HE3HAUUTEIBHO HA Pa3HBIX ydyacTKax MpeobiagaeT Haj TpaBsHH-
CTOM, KonndecTBO criop He npebiimaet 20 %. JlecooOpa3yronuMu MOpoaaMu 3/1€Ch SIBISIOTCS COCHA U Oepe-
3a, COJCPKAHUE MX TBUIBIBI B CIOPOBO-TIBUIBLIEBBIX CIEKTPax MoOXeT gocturath 60—70 %, xomuuecTBO
MBIIBIBI THXTHI U €11 He 6omee 10 % [39].

B o6mem cocrase CIIC (criopoBo-TBLIBIEBBIX CIIEKTPOB) B 0TOOPaHHBIX 00pa3iiax MbUIbIA IPEeBECHBIX
MOpPOJ U KYCTapHHMKOB cocTtaBisieT 59,5 %, mbuiblia TpaBIHUCTBIX — 32,4 %, cnop — 8,1 %. B rpymme
MBUTBIBI JIPEBECHBIX OKOJIO MOJIOBHHBI npuxoautcs Ha Betula sp. (50,2 %), muoro Pinus sylvestris (28,05
%), 3atem mayT Abie ssibirica (9,55 %), Picea obovate (5,45 %), Pinus sibirica (2,5 %), Alnus sp. (4,35 %).
BCIIC cpenu TpaBHa u OoJbliiee copepkanue mbLibibl cemeiictB Cyperaceae (31,2 %), Rosaceae (21,8 %),
Ranunculaceae (14-15 %), 3ametro yuactue Artemisia sp. (5,2 %) u Chenopodiaceae (4,9 %). Cpeau cro-
poBeix rocmoacTByer Polypodiaceae (50,7 %), Lycopodium sp. (5,4 %), Equisetum (2,6 %), Selaginella
(1,25 %).

B onucanHOM (UTOICHO3€E JIGCOCTEMHOW 30HBI U3 JPEBECHBIX MOPOJ OTMEYAETCs TONBKO Oepesa. B co-
craBe CIIC moBepXHOCTHBIX P00 OTMEUAETCS yJacTHE BCEX OCHOBHBIX ApeBecHBIX Topo: Betulasp., Picea
obovata, Abies sibirica, Pinus sibirica, Pinus sylvestris.

WNHbopMaTuBHBIE MaTepUAIbl MONYYEHBI TAKXKE MPU PEKOHCTPYKIHAX MAJCOCPENbl KU3HU JIPEBHETO
yesoBeka B nonuHe p. Enucelt Ha apxeonoruyeckoit crosiuke «llemepa EneneBay. IlocnoitHoe manuHomoru-
YeKoe M3Y4YeHUE OTIIOKEHUN ¢ UX PaJUOYTIIEPOIHBIM JIATUPOBAHUEM U MCIIOJIB30BAHUEM PACUETHBIX YpaB-
HEHMH perpeccru, MO3BOJIMIO PEKOHCTPYHPOBATh KIMMATUYECKUE YCIIOBHS XKHM3HU JPEBHETO UYEIOBEKa B
TOJIOLICHE.

Manaxogpaynucmuueckuti anaius

W3 Tonmu otnoxxeHuit B untepBaie riayoud 1,2-0,4 M u 0,07-0 M OblH 0TOOpaHBI COXPAHHMBIIUECS
ocTaTkd (hayHbl MOJUTFOCKOB, MaKCHMaJlbHasi KOHIIGHTPAIlUsl KOTOPBIX 3aukcupoBaHa Ha riryoune 1,1-1,0
M. OTIIOKEHHS pa3pe3a XapaKTepU3yrTCs MPUCYTCTBUEM 6587 3K3eMILISIPOB PaKOBHH, KOTOPbIE MIPUHAIIE-
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kKaT 8 IPECHOBOJHBIM M 16 HA3eMHBIM BHJIaM MOJUTIOCKOB. B cocTaBe MCKomaeMbIX COOOIIECTB mpeobiaa-
10T BuaBI cemeiicTB Valloniidae Morse, 1864 u Planorbidae Rafinesque, 1815 (puc. 5).

bbb b
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Pucynox 5. ManakogayHa otioxxeHuit paspesa «Tanas» (pUCYHOK BBIIIOJIHEH aBTOPAMH C HCIOJIb30BAHUEM TIPOrpaMM

MicrosoftOfficeExcel u C2): 1 — mouBeHHBIH ci0if; 2 — CyIech cepo-KOpUYHeBast; 3 — Topd CBETIIO-KOPUYHEBHIH; 4

— CYIJIMHOK OTOP(OBaHHBIA KOPUYHEBBI; 5 — INIMHA Cepo-TOIyOOro 1BETa, C BKIIOUYEHHSIMH 0XKEJIE3HEHHOH CyIecH;
6 — rangpka ¢ IPOCIOSAMU KPYITHO3EPHHUCTOTO TIeCKa; 7 — PaKOBHHBI MOJUIIOCKOB; 8 — paauoyriepoHas aata

Ha ocHOBaHMH NMPOBEICGHHOTO UCCIIEIOBAHUS YCTAHOBIICHO, YTO MPOIECC 0CAAKOHAKOIIICHUs Ipu (op-
MHUPOBaHWU TMONMEHHBIX OTJIOXEHWH B MHTEpBaie TiayouH 0,5-1,2 M Obur HenpepbBHBIM. Ocalku, H3y4YeH-
HBIC B pa3pese, He COMEPKaIM OTIOKCHHUI B BUJIC TOPU3OHTOB TJIHH, NIECKA U TaJICUHbIX OTIOXKeHUH. MMero-
[IMecs JaHHbIE O AUHAMHKE Pa3BUTHUS AOJNWHBI p. EHHCel 1 ee TeoMOp(hOIOrHYecKoro CTpOSHHS YKa3bIBalOT
Ha TO, YTO HAYalo (pOpPMUPOBaHUS OTOPPOBAHHBIX CYIJIMHKOB C BKIFOYCHHUEM PAKOBHUH MCKOMAEMBIX MOJI-
JIFOCKOB HA4aJo0Ch Ha TpaHuUIle paHHETOo U cpefaHero rojoieHa [Smckux, 1992].

Ha ocHoBaHHMM KJIaCTEpHOTO aHalM3a CyKIeccHs U3 paspe3a Tanast Obuia pasjiefieHa Ha MATh OCHOBHBIX
9TAIoOB, OXBATHIBAIONIMX BPEMEHHBIE MHTEPBAJIBI: (4) Havao cpeaHero roioreHa; (B) cepeanna cpearero ro-
norena; (C) KoHeI[ cpeiHero u Havyaso no3aHero rosoieHa; (D) cepeanna u koHer| no3aHero royoieHa (E).

B nauane cpeonezo conoyena (natepan A) popmupoBanue GpayHbl MOJLTFOCKOB OBLIO CBS3aHO C Pa3BH-
THEM MNPEHMYIIECTBEHHO MMPECHOBOIHBIX BHIIOB. BhICOKas YMCICHHOCTh mpenctaButeneii pogaa Gyraulus
YKa3bIBa€T Ha CYIIECTBOBAHUE B 3TO BPEMs MOCTOSHHOTO BojgoeMa. ' mapoduiIbHbIe MOJLTFOCKH XapaKTepH-
30BAJTMCh HAHOOJBITUM BHIOBBIM Pa3HOOOPA3UEM KaK CPEI BCEX DKOJOTMYECKHUX TPYIII 3TOr0 MHTEpBAala,
TaK W 3a BpeMs CYIIECTBOBaHHUS 31ech ManakodayHbl. Hambonee muoroumcienHsiMu Obiir Carychium
minimum, Succinea putris u Vertigoc f.kushiorensis botanicorum. BoaHo-00510THBIE BUIBI 3TOM K€ TPYIIIIBI
Vertigo cf. microsphaera, V. antivertigo, V. Genesioides and Pupilla alpicola ciopaguuecku nprucyTcTBoBa-
JU B COCTaBe COOOIIECTB Ha MPOTSDKEHWM CpellHero rojoneHa. Hambosiee XapakTepHBIM TpeICTaBUTEIEM
HesaneceHHbIX Janamadros 6bu1 Vallonia pulchella (okono 53 % ot komuuecTBa pakOBUH HA3eMHBIX BH-
10B). Me3odubabie Bubl, Takue kak Nesovitrea hammonis u Euconulus fulvus, s manounciersst (3 %
OT OOIIEro YKCiIa PaKOBHH), HO MOCTOSHHO MPUCYTCTBOBAIK. B cepeinHe 3TOro MHTEpBaia oOMUTaTEeNH TO-
CTOSTHHBIX BOJI0eMOB (Takue kak Pisidium casertanum u Gyraulus laevis) mocturin MakcUMabHON YHCIIEH-
Hoctu intherecord u 3arem cTamu ycTynath MeCTO BHaM SMU30auuUeckux BomoemoB Galbatrun catula,
Gyraulusros smaessleri u Aplexa hypnorum. Takxe 3aduUKCHpOBAHO €JIWHHYHOE IOSBJICHUE PaKOBUH
Fruticicola schrenckii, »xxuByImx B yCIOBHSX KyCTapHHKOBOTO Jieca. DTOT TEPHOJ XapaKTeEPU30BAJICs OBICT-
PBIM POCTOM TIPECHOBOJIHBIX BHJIOB, OCOOCHHO K CepeJHEe WHTEpBalia, HO K KOHIly YCTaHOBWIJIOCH paBHOE
COOTHOILICHHE TIPECHOBOJHBIX U Ha3eMHBIX (popM. B BepxHeil uacTn nHTEpBana ObUIO 3aUKCHPOBAHO CAMOE
OoJIbIIIee KOJTMYECTBO PAKOBUH HCKOITAEMBIX MOJUTIOCKOB.

B cpeonem conoyene (uHTEpBAN B) IPONOIDKAETCS YMEHBIIIEHHE YHCICHHOCTH MOJUTIOCKOB HE TOJIBKO
MOCTOSIHHBIX, HO ¥ BPEMEHHBIX BOJOTOKOB. JTO MPHUBEJIO K TOMY, YTO B KOHIIE TIEPHOAA YUCICHHOCTh Mpec-
HOBOJIHBIX BHJIOB COKpATHJIach B TpH pasa. J[ByctBopuartsie u Radix labiata cramm penkum KOMIOHEHTOM B
cocTaBe MaakoQayHbl ¥ ObUIH BCTPEYEHBI B HAaUalle M B KOHIIE 9TOr0 MHTEpBaia BUJIEC SIMHUYHBIX PAKOBHH.
Oxono 6000 n.H. 3aperucTpupoBaH MUK YUCICHHOCTH HA3€MHBIX MOJUTIOCKOB, 332 KOTOPBIM IIOCIEIOBAJIO
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YMEHBIICHHE WM UCYC3HOBEHHE HEKOTOPHIX BHIOB BIUIOTH JO MO3JHEro royioueHa. [Ipu HauMeHbIIeM BH-
JIOBOM pa3zHOOOpa3uy B COOOIMIECTBE MpeodIaaaayd BUABI OTKPHITHIX JTaHAMA(TOB, JOJIST KOTOPBIX COCTaBIs-
na 55 % or obmero uncina pakoBud (B ocHoHoM Vallonia pulchella). Mesodbunbnbie Buab Vertigo
substriata u Nesovitrea petronella ysenuunnu uncneHnocts 10 12 %. B 11e10M CHABHBIX M3MEHEHHWH B BHU-
ZIOBOM pa3zHooOpasnu He mpomsonuio. K cymecrsoBaBmmM BumaM mobdaBuiics Punctum pygmaeum, pakoBu-
HBI KOTOPOTO BCTPEUCHBI SMUHUYHO B 0JHOM 00pasie. Co BTOpOH MOJOBUHBI MHTEPBajia BHOBb MOSBHIICS
BOJHO-00s10THBII MosuTtock Pupilla alpicola, koTopsiii cTan MOCTOSIHHBIM KOMIIOHEHTOM Maiako(ayHBbI J10
CEepEIMHBI TI03/IHETO TOJIOICHA.

Koney cpeonezo u nauano nozonezo eonoyena (marepsan C). B KoHIIe cpeaHero royorneHa moJs mpec-
HOBOJHBIX BHIOB CHH3WIACH 10 12 %. OCHOBHOW KOMIIOHEHT 3TOH (payHBI MPEICTABISIIN MOJUTIOCKH, KH-
BYyILIME B MEJIKUX WM BPEMEHHBIX Bojpoemax. J{oisi ruapodUIIbHBIX MOJUTFOCKOB yBenuuuiack a0 23 % ot
obiero xomuuecTBa pakoBuH. Taxke mpomospkaer qomuauposaTh Vallonia pulchella, mo B cepemune nn-
TepBaja ee YHCIEHHOCTh PE3KO COKPATHIIACh. DTO COBIIAIO ¢ POCTOM UHcIia pakoBuH Fruticicola schrenckii,
o0HTAOIIEeTO B 3aJIeCCHHBIX OnoTonax. HeGobloe NprcyTCTBUE PaKOBUH 3TOTO BHIA B IEPUOJ] PA3BUTHS
cOo00IIeCTBa CBU/ICTEIBCTBYET O JIOKAILHOM Pa3BUTUH JpeBecHOro sipyca. Hanbonee 3ameTHas cMeHa BUIO-
BOTO COCTaBa MPOW30IUIA HA TPAHMIE CPEIHEr0 W TO3JHEr0 TOJIONEHA, KOTJa BHOBH MOSIBUJIHMCH BOJHO-
6omnotHBIe MOMLTIOCKH Vertigo antivertigo, V. cf. Kushiorensis botanicorum, V. cf. microsphaera u Bmaroiro-
oussie Cochlico palubrica u Nesovitrea hammonts. B koniie HHTepBajia OHU UCUYE3ITH TTOJHOCTHIO U 3aCeIH-
J¥ TEPPUTOPHIO CHOBA TOJBKO B KOHIIE rojiolleHa. B Hawange mosaHero rojoreHa ucuesnu Fruticicola
schrenckii, Vertigo pygmaea u Valloni apulchella BoccranoBuia uucineHHoCTs. Boee MHOTOYHCIICHHBIMH
CTaJId M TIPSICTAaBUTENIN BPEMEHHBIX BOJIOEMOB.

B cepedune nosonezo eonoyena (wutepBan D) mpomomKwics pocT YHCICHHOCTH MPECHOBOTHBIX U
Ha3eMHBIX BUJIOB. [Ipy 3TOM BHI0BOE Pa3HOOOpa3ue HA3EMHBIX MOJUTIOCKOB YMEHBIIMIOCH MPAKTUYCCKU B
JIBa pasa 10 CPaBHEHHUIO CO CpeaHuM rooneHoM. Mcuesnu mesodunbabie BUasl i Carychium minimum oxo-
70 1810 n.H. mpu Bce elie BHICOKOM YMCICHHOCTH BOJHO-0010THBIX Succinea putris u Pupilla alpicola. Wu-
JMKaTOphl HezaneceHHbIx sanmmadTos (Vallonia costata u V. tenuilabris) cHoBa mosiBunch u BMecTe ¢ TH-
muunsiM V. pulchella cramu qomMuaHpyIOMmKEM KOMIOHEHTOM (ayHbsl MOJLTIOCKOB (58 %). C 1800 m.H. MoI-
JIFOCKH OTCYTCTBYIOT.

B konye nozouezo eonoyena (uaTepBan E) mamakorieHo3 BKIIIOUan 7 TPYI, CPEANd KOTOPHIX TOMHHHU-
pyrolee MoJIoKEeHNE 3aHUMAJTH BIIAroio0uBbie BUAbl. OOIee KOJINISCTBO PAKOBUH MOJUTIOCKOB B BepXHEH
qacTH nmpoQuiIst SBJSIETCS MUHUMAJIbHBIM Cpeii OOHAPY)KEHHBIX B Jpyrux oOpasiax. Ha Teppuropuu co-
BPEMEHHOTO OMOTOMA MOJITFOCKH HE OOHAPYKEHBI.

Baxnouenue

Takum 00Opa3oMm, B cTaThe Ha MpHUMEpe TeppuTopur KpacHOSPCKON KOTIOBHHBI TPEACTaBICHBI BO3-
MOKHOCTH HCIOJB30BaHMsI IANe0oreorpagiueckKiux METOJIOB (CHOPOBO-TBUIBLIEBOIO, MajakohayHUCTHYe-
CKOTO M MEA0JIOTHYECKOT0) Ul PEKOHCTPYKLUH KIIMMaTOB U PACTUTEILHOCTH.

Ha ocHoBanun m3yuyenuss Mop¢oJIOTHH OTIIOKEHUH JieBoOepexkHON Teppackl p. Enmcert B KpacHosip-
CKOM JIECOCTEIM BBISIBIICHA IMOJIHAS CTpaTHrpaduyuecKasl MOCIe0BaTeIbHOCTh pa3pesa, YCTaHOBIeHO (op-
MHUPOBAHUE COBPEMEHHOW MOYBBI — YepHO3eMa OOBIKHOBEHHOTO. BhIIeneHbl Tpu ci1abopa3BUTBHIX MOrpe-
OeHHBIX TO4YBEHHBIX Npoduis. [IposBieHne NpU3HAKOB COMUGIIIOKINOHHBIX IPOLIECCOB, HAIMYNE MEP3JIOT-
HBIX KIIMHBEB CBUETEILCTBOBAIN O TMEPEyBIKHEHHH TEPPUTOPHH W MEP3INOTHBIX TIpolieccax B (uHame
no3xHero meicroneHa. [IpucyrcTBre MenKol CyOropM30HTAIBHOW CIOMCTOCTH, MEJKOW TalbKu CBUjIE-
TEJNBbCTBOBAJO O AEATEILHOCTH BPEMEHHBIX WJIM CIAa0BIX MOCTOSHHBIX BOJOTOKOB. IIposiBleHne cu3bix OT-
TEHKOB U JKEJIE3UCThIX HOBOOOPAa30BaHUN SBUIIOCH PE3YJIbTATOM MPOIECCa OTIICCHHSI.

PesynbTarhl MOpGONIOTHYECKHX HCCIICAOBAHUN TIOKA3aJIM, YTO YCJIOBHs 00Opa30BaHHS MEPBOTO KYIlb-
TYpHOTO TOPU30HTA U, COOTBETCTBEHHO, YCJIOBHSI KH3HH JAPEBHETO YeIOBEeKa, ObUTH MPHUOJIMKEHBI K COBpE-
MEHHBIM JIECOCTEIHBIM YCJIOBHUSM. BTOPO# KynbTypHBII TOPH30HT (POPMHUPOBAICS B YCIOBHAX MEpEyBIaXK-
HEHUS M OTHOCHUTENIBHO MOHIKEHHBIX TEMIIEPATyp, COIEPKUT OCTATOYHBIE TIPOSIBIICHUS AEITEIHHOCTH BOJO-
TOKOB.

CornacHO paauoyTriIepoJHOMY JaTHPOBAHHIO, MCCIEN0BaHHBIN pa3pe3 B AonMHE p. bepe3oBka Hauan
dhopmupoBatecs 20833 £ 519 xan. et Hazan. BpeMs ero pa3BuTHs 0XBaThIBaeT BECh TOJIONEH (OT paHHETO
JI0 TIO3[THETO) M YacTh IUIEHCTOIeHA. 3HaYSHHs BHIOPAHHBIX MAJIeOMapKepOB IS OTIOKEHUI B JOJIUHE P.
Bepes3oBka cBuaETENECTBOBAIN 00 U3MEHEHUH KIIMMATUYECKUX YCIIOBUN B MO3/IHEM IIEHCTOLIEHE C CYXUX U
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XOJIOJTHBIX Ha 0oJiee BIaXHBIC U TEIUIBIC; B TOJOIEHE — C apUIHBIX M XOJIOAHBIX (B paHHEM TOJIOIEHE) Ha
COBpEMEHHEIE.

B pesynbraTe m3ydeHUs MaJMHOJIOTMYECKOTO MaTepHana YCTaHOBJIEHO, YTO OOIMMI cOCTaB MOBEpPX-
HOCTHBIX MPOO CIOPOBO-MBUIBLEBBIX CIIEKTPOB HauOOJIEe aleKBaTHO OTPaXKaeT 30HAIbHBIN THIT PAaCTUTEIb-
HOTO TTIOKPOBA JIECOCTEIHOW 30HBL. TPYAHOCTH B ONpPEAEICHUN BHUJIOB IBUIBIBI TPABIHUCTHIX PACTEHHN HE
MO3BOJISIFOT TIPOU3BECTH JIETAIFHOE CPaBHEHHE COOTHOIICHHI BHIOBOTO cocTaBa moBepxHocTHBIX CIIC c
TaKCOHOMHYECKOW CTPYKTYpPOM TPAaBSHUCTON PaCTUTEILHOCTH PAaCCMAaTPUBAEMON 30HbI, YE€ro HEllb3sl CKa3aTh
O TBUIbLIE APEBECHON M KyCTapHUKOBOW pacTHTENbHOCTH. Cpeny CIIOPOBBIX PAaCTEHHH MPOCIICKUBACTCS
cBs3b gosm crop B CIIC m ydacTue B pacTUTEIHHOM IOKPOBE Y XBOLIEBBIX PACTCHUH M MAIlIOPOTHUKOB W3
cemeiictBa Polypodiaceae [40].

VYBenMUYCHUE TEIUIO- M BIAr000ECIIEYCHHOCTH B CPETHEM TOJIOICHE HAIIO OTPaKCHUE B CYKIIECCHOH-
HBIX M3MEHEHHIX MaJako(ayHbl. YMEHbIICHHE YUCICHHOCTH OOMTATeNel TOCTOSIHHBIX BOJOTOKOB, a 3aTEM
U TIPENICTaBUTENCH SMH30INYECKUX BOJOEMOB, BEPOSTHO, CBUIETEIBCTBYET O CYHIECTBOBAHUH CTApPHIHOTO
03epa, KOTOPOe B CPEIAHEM TOJIOIICHE HAYallo 3apacTaTh U BBICHIXaTh. DTUM OOBSCHSCTCS YBEIUYCHHE B CO-
craBe (payHbl HA3EeMHBIX BUJIOB U KOJMYECTBAa BOJHO-OOJIOTHBIX MOJUTIOCKOB. Kak pe3ynbTaT HacTyIUICHHS
TEIIOro W BIAXKHOTO KIMMara B KOHIIE CPEIHEro TOJIOIECHA, B ITOMMEHHOW YacTH peku Tamas Hadauoch
(hopMupoBaHHe APEBECHOTO spyca U 3acenenue teppuropuu Fruticicola schrenckii mpu kparkoBpeMeHHOM
ymenbiiennn Vallonia pulchella. C nauana mo3mHero rosjoreHa B yCJIOBHUSIX IOXOJOMAHUS M yMEHBIICHUS
YBIQKHEHUS TPEICTAaBUTENIN HE3aJICCEHHBIX MECT OOMTaHHs CHOBAa JOMHHHUPOBAIN B JIECOCTEIHBIX JIaH/I-
madTax moiMel peku Tasoi BIJIOTs 10 KOHIA Mo3aHero rojoneHa. [locnenuss dasa passurus payHsl MOII-
JIFOCKOB CBsI3aHa Mpeo0iIalaHueM BOIHBIX WM BJIArOJIFOOUBBIX BUIOB.
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I'.10O. Amckux, H.JO. Xapunosa, /I.E. Makapuyk, A.A. BaienkoBa

I'osioieHHIH KJINMATBI MEH OCIMAIKTEPIH NaJe0KAHFBIPTY daicTepi
(KpacHosipck Ka3aHIIYHKBIPHIHBIH MbICAJIBIH/IA)

Maxkanana bepe3oBka e3eHiHiH ankaObHgars! (KpacHosip opmaHIb! nanachl) MIETiHIUICPAIH T'€OXHMHUSIIBIK
3epTTeysepi GepiiareH, oapAblH Y3/IiKCi3 JKHHATYBI COHFBI IUIEHCTOIICHHIH jkoHe 0apisIK ronoleHHeH (20833
+ 519 kan. kb1 OypbIH) OacTanrad. MakpoMop(OIOTHsIBIK KYPBUIBIMHBIH JKaJIbl CUIIATTAMACH MEH epeK-
HIETIKTepiH Tangay Herizinae KpacHosapck opmaHabl anackiHBIH EHUCEH ©3¢HI coul KarFanay TeppacachblHbIH
HIeTiHAUIEPiHIH KaJbIITACYBIHBIH CHIIATHl MEH LIAPTTAphl aHBIKTANIBl. AHTPOIOTEHAIK dcepre eH a3 YIIbIpa-
raH KpacHOSIpCK Ka3aHIIYHKBIPBI ayMarbIHBIH OpMaH[bI-Jala JaHAuadTapbIHbIH ChIHAK AJaHBIHBIH JKOHE
CIIEKTpJIEpAETi OCIMAIK KYpaMbIHBIH IIAFBUIBICYBIH Oaranay YIIiH JKepYCTi ChIHaMaJlapbIHbEIH CIIOpPaJIBI-TO3aH
cnekrpinepiHid (CTC) erkei-Terkeitn reo00TaHUKAIBIK CHITATTaMACKIHBIH JEPEKTEPi KEATIPIITeH. AJBIHFAaH
MOTIMETTEepAIH ANAIriH aHBIKTAy YIIiH J[3BHC K03QQUIMEHT] KOIIaHBUIAB, OJI CHEKTPET] TYp TO3aHBIHBIH
HalBI3BIHBIH OCHI TYPAIH (UTOIEHO3 KYpaMbIHA KAaTHICY MaifbI3bIHA KaTBIHACKIH €CeNTeyre MYMKIHIIK Oeperti.
Opmansl-nana JaHamadTapelHbIH OCIMIIK JKaMBUIFBICBIHBIH KYpaMbl MEH CIOpANbI-TO3aH CIEKTPIePiHiH
KypaMBbl apachIHIa Tikeled Koppemsius Oap eKeHIiri aHbIKTaIAbl, Oy TOJOIeH MaleoKIMMaTTapbl MEH Ia-
JICONAaHAIITCHHACPIH KaJIIbIHA KENTIPy YIIiH CIIOPAIBI-TO3aHABIK Tajlay JePeKTEePiH TYCIHAIpYre MyMKIHIIK
6epeni. KpacHosipck Ka3aHIIYHKBIPBIHBIH CONTYCTiK-0aThic OeomiriHae (56029 c.e., 93045 u1.6., abcomorTi 61-
ikTiri — 213 wm), srau Tanas aHFapbIHAH CONTYCTIK-IIBIFBICKA Kapail 1 KM jeplie OChl aTTac ©3¢HHIH OH XKa-
FaJIlaybIHBIH XKalbUIMAChIH/A KanaHFaH Tanas e3eHi kaibIMackIHBIH OeJIITiHIH MajgakodayHaIbIK TaaiayablH
HOTIDKEJIeP1 KeNTipiireH.

Kinm ces3dep: naneoreorpadus, royomeH, cropajib-TO3aHAbIK TalJay, NaleoneJoJIOTUsIbIK Talaay, naneo-
TOIBIPaKTaHy, MaTako(ayHabIK Talaay, FeoXuMus, KpacHOspCK Ka3aHIIYHKBIPEL.

G.Yu. Yamskikh, N.Yu. Zharinova, D.E. Makarchuk, A.A. Valenkova

Methods for paleoreconstruction of climates and vegetation of the Holocene
(using the example of the Krasnoyarsk Basin)

We present geochemical studies of sediments in the valley of the Berezovka River (Krasnoyarsk forest-
steppe), and the continuous accumulation that occurred at the Late Pleistocene-Holocene (from 20833 + 519
calendar years ago). The nature and conditions of formation of deposits on the left bank terrace of the river
Yenisei of the Krasnoyarsk forest-steppe based on an analysis of the general characteristics and features of
the macromorphological structure have been determined. There are detailed geobotanical description data of a
sample plot of forest-steppe landscapes in the territory of the Krasnoyarsk depression, which is least suscepti-
ble to anthropogenic impact, and spore-pollen spectra (SPS) of surface samples to assess the reflection of the
composition of vegetation in the spectra. To establish the reliability of the data obtained, the Davis coefficient
was used, which makes it possible to calculate the ratio of the percentage of pollen of a species in the spec-
trum to the percentage of participation of this species in the composition of the phytocenosis. It was found
that there is a direct correlation between the composition of the vegetation cover of forest-steppe landscapes
and the composition of spore-pollen spectra, which makes it possible to interpret the data of spore-pollen
analysis for the reconstruction of paleoclimates and paleolandscapes of the Holocene. The results of malaco-
faunal analysis of the Talaya floodplain section are presented, founded in the northwestern part of the Kras-
noyarsk basin (56°29'N, 93%5"'E, absolute height — 213 m) on the floodplain of the right bank of the river,
1 km northeast of the village of Talaya.

Keywords: paleogeography, Holocene, spore-pollen analysis, paleopedological analysis, paleosoil science,
malacofaunistic analysis, geochemistry, Krasnoyarsk depression.

References

1 Drozd, E.N. (2005). Ispolzovaniie palinologicheskikh dannykh dlia paleogeograficheskikh rekonstruktsii [Use of palynologi-
cal data for paleogeographic reconstructions]. XI Vserossiiskaia palinologicheskaia konferentsiia «Palinologiia: teoriia i praktika —
X1 All-Russian Palinological Conference “Palinology: theory and practice”. Moscow: PIN RAN [in Russian].

2 Targulian, V.O. & Goryachkin, S.V. (Eds.). (2008). Pamiat pochv: Pochva kak pamiat biosferno-geosferno-antroposfernykh
vzaimodeistvii [Soil memory: Soil as a memory of biosphere-geosphere-anthroposphere interactions]. Moscow: LKI [in Russian].

3 Lozhek, V. (1969). Znachenie molliuskov dlia izucheniia kontinentalnogo golotsena [The importance of mollusks for the
study of the continental Holocene]. Golotsen — Holocene, 5876 [in Russian].

4 Dobrovolsky, G.V., Kust, G.S., Chernov, I.Yu., Dobrovolskaya, T.G., Lysak, L.V., Andreeva, O.V., Stepanov, A.L., Ko-
valeva, N.O., Makeev, A.O., Fedotov, G.N., Shalaev, V.S., Sokolov, M.S., Rozov, S.Yu., Smagin, A.V., Kovalev, 1.V., Medvedeva,

190 BecTHuk KaparaHgmMHCKOro yHusepcureTa



MeToabl NaneopekoHCTPYKLMIA KITMMATOB. ..

O.E., Bessonova, E.A., Popova, L.V., Rykhlikova, M.E., Rakhleeva, A.A., & Martynenko, I.A. (2012). Pochvy v biosfere i zhizni
cheloveka [Soils in the biosphere and human life]. Moscow: FGBOU VPO MGUL [in Russian].

5 Li, M, Fang, H., Zheng, T.X., Rosen, A., Wrigh, T.H., Wright, J., & Wang, Y. (2018). Archeology of the Lu City: Place
memory and urban foundation in Early China. Archaeological Research in Asia, 14, 151-160.

6 Vorobieva, G., Vashukevich, N., Berdnikova, N., Berdnikov, I., Zolotarev, D., Kuklina, S., & Lipnina, E. (2021). Soil For-
mation, Subaerial Sedimentation Processes and Ancient Cultures during MIS 2 and the Deglaciation Phase MIS 1 in the Baikal—
Yenisei Siberia (Russia). Geosciences, 11(8), 323.

7 lvanov, L.V., & Demkin, V.A. (1996). Problems of genesis and evolution of steppe soils: history and state of the art. Eurasian
Soil Science, 29(3), 286-296.

8 Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1); 337-360.
9 Lozek, V. (1964). Quartermollusken der Tschechoslowakei. Rozpr. Ustred. Ustavu Geol.

10 Steklov, A.A. (1966). Nazemnyie molliuski neogena Predkavkazia i ikh stratigraficheskoe znachenie [Terrestrial mollusks of
the Neogene Ciscaucasia and their stratigraphic significance]. Moscow: Nauka [in Russian].

11 Popova, S.M. (1981). Kainozoiskaia kontinentalnaia malakofauna yuga Sibiri i sopredelnykh territorii [Cenozoic continental
malacofauna of southern Siberia and adjacent territories]. Moscow: Nauka [in Russian].

12 Alexandrowicz, S.W., Kozlowski, J.K., & Sobczyk, K. (1987). Malacofauna of loessin the locality. Krakow-Spadzista Street
C2. The upper Paleolithicsite Krakov — Spadzista Street C2, 37-93. Nakledem Uniwersytetu Jagiellonskiego.

13 Alexandrowicz, S.W. & Alexandrowicz, W.P. (2011). Analizamalakologiczna. Metody Badaniinterpretacji. Krakow.

14 Smolikova, L. (1965). Stratigraficheskoe i paleoklimaticheskoe znachenie chetvertichnykh iskopaiemykh pochv Srednei
Evropy: Biulleten Komissii po izucheniiu Chetvertichnogo perioda [Stratigraphic and paleoclimatic significance of Quaternary fossil
soils of Central Europe: bulletin of Commission for the Study of the Quaternary Period]. Moscow AN SSSR; 30-41 [in Russian].

15 Lebedeva, N.V. (2011). Molliuski golotsena Yuzhno-Minusinskoi kotloviny [Mollusks of the Holocene of the South Minusinsk
depression]. Extended abstract of candidate’s thesis. Tomsk [in Russian].

16 Makarchuk, D.E. & Yamskikh, G.Yu. (2019). Presnovodnye molliuski golotsena Krasnoiarskoi kotloviny [Certificate of state
registration of the database No. 2019620431 “Freshwater mollusks of the Holocene of the Krasnoyarsk depression "] [in Russian].

17 Alexandrowicz, S.W. (1988). Malacofauna of Late Quaternary loess-like deposits in the Polish Carpathians. Acta Geologica
Polinica, 38 (1-4); 85-106.

18 Alexandrowicz, W.P. (1999). Evolution of the malacological assemblages in North Poland during the late Glacial and early
Holocene. Folia Quaternaria, 70; 39-69.

19 Mysék, J. & Horsak, M. (2011). Floodplain corridor and slope effects on land mollusk distribution patterns in a riverine val-
ley. Acta Oecologica, 37; 146-154.

20 Alexandrowicz, W.P. (2013). Molluscan communities in late Holocene fluvial deposits as an indicator of Human activity: a
study in Podhale Basin in South Poland. Ekolégia (Bratislava), 32(1); 111-125.

21 Horackova, J., Lozek, V., & Jurickova, L. (2014). List of malacologically treated Holocene sites with brief review of palae-
omalacological research in the Czech and Slovak Republics. Quaternary International, 357; 207-211.

22 Lozek, V. (2000). Paleoecology of Quaternary Mollusca. Shornik geologickychvéd. Antropozoikum, 24; 35-59.

23 Piechocki, A. (1979). Mieczaki (Mollusca), Slimaki (Gastropoda). Fauna slodkowana Polski, 7; 7-187.

24 Sanko, A.F. (2000). Malakofauna gliatsiopleystotsena i golotsena Belarusi: sostav, rasprostraneniie, istoriia razvitiia [Mala-
cofauna of the Glaciopleistocene and Holocene of Belarus: composition, distribution, history of development]. Extended abstract of
Doctor’s thesis. Minsk [in Russian].

25 Yamskikh, G.Y., Makarchuk, D.E., & Zharinova, N.Y. (2022). Habitat conditions of mollusks in the valleys of the Talaya
and Bartat Rivers (Krasnoyarsk forest-steppe, Russia) in the middle and late-Holocene. The Holocene, 32(8); 807-815.

26 Danzeglocke, U., Joris, O., & Weninger, B. (2008). CalPal-2007. Retrieved from http://www.calpal-online.de

27 Zholobov, A.S., Yamskikh, G.Yu., & Kokova, M.l. (2018). Otrazheniie rastitelnogo pokrova gorno-taiezhnykh lesov
(Zapovednik «Stolby») v subfossilnykh spektrakh [Reflection of the vegetation cover of mountain taiga forests (“Stolby” Nature
Reserve) in subfossil spectra]. Shornik materialov mezhdunarodnykh nauchno-prakticheskikh konferentsii — Book of abstract of
International scientific-practical conferences; 539-545 [in Russian].

28 Sladkov, A.N. (1967). Vvedeniie v sporovo-pyltsevoi analiz [Introduction to spore-pollen analysis]. Moscow: Nauka [in Rus-
sian].

29 Chernova, G.M. (2004). Sporovo-pyltsevoi analiz otlozhenii pleystotsena—golotsena [Spore-pollen analysis of Pleistocene-
Holocene deposits]. Saint-Petersburg: Sankt-Peterburgskii universitet [in Russian].

30 Overpeck, J.T. (1985). Quantitative interpretation of fossil pollen spectra, dissimilarity coefficients and the method of mod-
ern analogs. Quaternary Research, 23; 87-108.

31 Targulyan, V.O. & Bronnikova, M.A. (2019). Pamiat pochv: teoreticheskie osnovy kontseptsii, sovremennoe sostoianie i per-
spektivy razvitiia [Soil memory: theoretical foundations of the concept, current state and development prospects]. Soil science, 3;
259-275 [in Russian].

32 Yamskikh, A.A. (2004). Polevoi pochvennyi geneticheskii analiz (na primere pochv yuga Srednei Sibiri) [Field soil genetic
analysis (using the example of soils in the south of Central Siberia)]. Krasnoiarsk: Krasnoiarskii gosudarstvennyi universitet [in Rus-
sian].

33 Zharinova, N.Yu., Yamskikh, G.Yu., Makarchuk, D.E., & Weisbrot, I.A. (2022). Morfologicheskaia kharakteristika otlozhe-
nii levoberezhnoi terrasy r. Yenisei v predelakh Krasnoiarskoi lesostepi [Morphological characteristics of deposits on the left bank
terrace of the river Yenisei within the Krasnoyarsk forest-steppe]. Geograficheskaia sreda i zhivye sistemy — Geographical envi-
ronment and living systems, 3; 24-43 [in Russian].

Cepus «buonorusa. MeauuuHa. Meorpaduax». 2024, 29, 1(113) 191



I.10. Amckmx, H.1O. XKapuHosa v ap.

34 Zharinova, N.Yu., Yamskikh, G.Yu., Zbucki, L., & Makarchuk, D.E. (2023). Geochemistry of Holocene — Late Pleistocene
sediments in the Berezovka River valley (Near-Yenisey Siberia). Vestnik of Saint Petersburg University. Earth Sciences, 68 (2); 311—
330.

35 Dobrovolsky, V.V. (1983). Geografiia mikroelementov: Globalnoe rasseivanie [Geography of trace elements: Global dis-
persion]. Moscow: Mysl [in Russian].

36 Syso, A.l. (2004). Zakonomernosti raspredeleniia khimicheskikh elementov v pochvoobrazuiushchikh porodakh i pochvakh
Zapadnoi Sibiri [Patterns of distribution of chemical elements in soil-forming rocks and soils of Western Siberia]. Doctor’s thesis.
Novosibirsk [in Russian].

37 Ilvanova, V.V. (2019). Geokhimicheskie osobennosti spektrov redkozemelnykh elementov v otlozheniiakh Vostochnoi Sibiri
kak novyi indikOator izmeneniia klimata pozdnego pleistotsena v zone perigliatsialnogo litogeneza [Geochemical features of the
spectra of rare earth elements in sediments of Eastern Siberia as a new indicator of climate change of the late Pleistocene in the zone
of periglacial lithogenesis]. Extended abstract of Doctor’s thesis. Saint-Petersburg [in Russian].

38 Yamskikh, A.F. (1987). O politsiklovykh terrasakh v doline SrednegoYeniseia [About polycyclic terraces in the valley of the
Middle Yenisei]. Paleogeografiia Srednei Sibiri — Paleogeography of Middle Siberia. Krasnoiarsk, 6-26 [in Russian].

39 Yamskikh, G.Yu., & Makarchuk, D.E. (2018). Subfossilnye sporovo-pyltsevye spektry — osnova rekonstruktsii palinolog-
icheskikh dannykh (na primere territorii Krasnoiarskoi kotloviny i ee gornogo obramleniia) [Subfossil spore-pollen spectra are the
basis for the reconstruction of palynological data (using the example of the territory of the Krasnoyarsk depression and its mountain
frame)]. Evoliutsiia zhizni na Zemle: materialy V Mezhdunarodnogo simpoziuma — Life evolution on Earth: materials of V Interna-
tional Symposium. Tomsk, 229, 230 [in Russian].

40 Yamskikh, G.Yu., Brungardt, V.O., & Zholobov, A.S. (2021). Otrazheniie sostava rastitelnogo pokrova lesostepnykh land-
shaftov Krasnoiarskoi kotloviny v sporovo-pyltsevykh spektrakh poverkhnostnykh prob (dlia tselei rekonstruktsii klimatov i ras-
titelnosti neopleistotsen—golotsena) na osnove ispolzovaniia koeffitsiienta Devisa [Reflection of the composition of the vegetation
cover of forest-steppe landscapes of the Krasnoyarsk depression in the spore-pollen spectra of surface samples (for the purpose of
reconstructing Neopleistocene-Holocene climates and vegetation) based on the use of the Davis coefficient]. Geograficheskiie issle-
dovaniia Sibiri i Altae-Saianskogo transgranichnogo regiona: materialy Mezhdunarodnoi nauchno-prakticheskoi konferentsii — Ge-
ographical study of Siberia and Altai-Sayan transhorder region: materials of the International Scientific and Practical Conference.
Barnaul: Altaiskii gosudarstvennyi universitet, 553-559 [in Russian].

Information about authors

Yamskikh, Galina Yuryevna — Doctor of geographical sciences, Professor, Head of Geography
Department of Institute of Ecology and Geography, Siberian Federal University, Krasnoyarsk, Russia;
yamskikh@mail.ru;

Zharinova, Natalya Yuryevna — Candidate of biological sciences, Docent of Geography Department
of Institute of Ecology and Geography, Siberian Federal University, Krasnoyarsk, Russia; nata_1986@bk.ru;

Makarchuk, Daria Evgenjevna — Candidate of biological sciences, Docent of Geography
Department of Institute of Ecology and Geography, Siberian Federal University, Krasnoyarsk, Russia;
bolkunova91l@mail.ru;

Valenkova, Anna Alexandrovna — Post-graduate Student of Geography Department, Siberian
Federal University, Krasnoyarsk, Russia; valenkova@bk.ru.

192 BecTHuk KaparaHgmMHCKOro yHusepcureTa



https://doi.org/10.31489/2024BMG1/193-198

V]IK 604.4:631.8 IMonyyena: 16 oxtsa6pst 2023 | Omobpena auist mydaukarmu: 14 nexadpst 2023

O.B. }IHuep*

Vpanvckuii 2ocyoapcmeennviii nedazocuueckuii ynusepcumem, Examepunoype, Poccus
*Aemop onst koppecnondenyuu: ksenia_yantser@bk.ru

Becennee pa3BuTue yepeMyxu 00bIKHOBEHHON KaK HHAUKATOP
BpeMeHHBIX cocTosiHuil JanamadToB (CBepaioBckas 00J1aCTh)

B craTthe mpencraBieHbl Pe3yJbTaThl MCCIENOBAHUS BECEHHErO0 PAa3BHTHS YEPEMYXH OOBIKHOBEHHOIl MpH
nposeneHny EnuHoro ¢enonormyeckoro aus 15 mast Ha Tepputopun CBepuioBckoil obmactu 3a 2012-2023
IT. V3ydeHue ce30HHOTO COCTOSTHHS BHJIa IIPH MOMOIIM OIUCATEIBHOTO METO/A TO3BOJIMIIO OIIPE/CIIUTE Te0-
rpaduyecKue 3aKOHOMEPHOCTH HACTYIUICHHS (DEHONOrHYecKuX (a3 M CKOPOCTH MPOABIKCHHUS SBICHHS B
MPOCTPAHCTBE B MpeJeax MPUPOJHBIX 30H U MOI30H B 3aBUCUMOCTH OT (h)aKTOPOB OKpY’Karomiei cpersl. Bul-
SIBJICHO OoJiee paHHee Pa3BUTHE YepPEeMyXH Ha IOr0-BOCTOKE M IOro-3amaje o0JacTH, Janee (GpOHT SBICHHS
HPOJIBUIACTCS Ha CEBEP M CeBepo-3anaj. Pasmuyns Mex 1y CeBepHBIMH U F0KHBIMH pailoHaMU TEPPUTOPHH, B
CpeliHeM, COCTaBIsIIOT 67 GamwioB. B pe3ynbrare HabMrOCHHMIT ITOTy4YeHA XapaKTEPUCTHKA CE30HHOTO pa3BH-
THA 00BEKTa, WHIMIUPYIOLIEr0 COCTOSHUE IPHUPOIHBIX KOMIUIEKCOB B KPAaTKOH MareMaTH4ecKod (opme.
MaxkcuMansHOe ONepeKeHIEe Pa3BUTHS BBEISIBICHO B JIECOCTENHOM 30He Pycckoii paBHUHBI 1 3ananHoi Cubu-
PH B TpaHMIIaX UCCIEAYEMOTo pernoHa. B ropHsIX paifoHax 001acTH SIBICHUS HACTYIAIOT C 3aMETHBIM OTCTa-
BaHHEM B 6 OAIUIOB IO CPaBHEHUIO C paBHUHHBIMH. CKOPOCThH NMPOXOXKICHHS SIBICHUS B Pa3HBIX IOJ 30HAX
kouiebsercs ot 0,8 no 3 6amtos/100 kM. OMBIT TaKOTO pojia MHOTOJICTHUX MUCCICIOBAHHIA U APYTUX paifo-
HOB CTpaHbl MOXXET [IOMOYb BBISIBUTH TCHICHI[MU BIHMSHUS M3MCHCHUI KIMMaTa Ha aJalTaliOHHBIC MeXa-
HM3MBI OT/IETBHBIX BUIOB PacTeHHI-()eHOMHIUKATOPOB.

Kniouesvie crosa: ce30HHas AUHAMUKA, IPUPOJHAS 30HA, YepeMyXa 0ObIKHOBeHHas, CBEpAIOBCKas 00IacTsb,
Vpan.

Beeoenue

AHanu3 3aKOHOMEPHOCTEN CE30HHOTO Pa3BUTHS PACTCHUN MPEACTABIISAECT 3HAYUTEIBHBIM UHTEPEC, TaK
KaK JaHHbIE O (DEHOJIOrMYECKOM Pa3BUTHHU MOTEHIMAJIBHO MOTYT COIEpXaTh MH()OPMALMIO KaK 0 MEXaHM3-
Max BIIMSIHUS HA PACTEHUS BHEIIHUX MOJU(PHIMPYIOMUX (HaKTOPOB (B YACTHOCTH, MTOTOJIHBIX (haKTOPOB), TaK
U 0 PeryJsTOPHBIX Npolueccax B caMoM pacteHud [1]. Bemmeck nnTepeca k eHomornn pacTeHuid B mocies-
HUE JIECSTUIIETUS CBSI3aH C UCCIIEAOBAaHMUSAMH B 00JIACTH II00AIBHOTO MOTEIUIEHHS KIMMaTa. AHAIN3 CPOKOB
W WX HAMpaBJICHHOCTH B TIEPHOAMYECKUX COOBITHAX PACTUTEIBHOTO MHPa MOXKET BBICTYNAaTh HE TOJIBKO Kak
XOpOIIHNA OMOWHIUKATOP KIUMATHIECKUX M3MEHEHHM, HO M KaK KOJMYECTBEHHBIM TTOKA3aTeNh BO3JICHCTBUS
MOTEIJIEHNs] HA TIPUPOAHBIE KOMIUIEKCHI. [IeiICTBUTENBHO, IPH MOTEIJIEHUH U POCTE BECEHHUX TEMIIEPATyp
KPUTHYECKHE TeMIIepaTyphbl WK CYMMbI HAKOIIJICHHBIX TEMIIEPaTyp, HEOOXOJUMBbIE JIJIsi Hadyajia BereTalvy,
OyAyT HOCTUrHYTHI B Oosiee panHue cpoku [1, 2]. [TogoOHbIe W3MEHEHHUS OTPAKAIOTCS B CABUIE BECEHHHUX
(denodas Ha Bce Oosee paHHee BpeMs: CPOKH PACKPHIBAHMS MOYEK U 3alBETAHUS MMEIOT OTPULATEIbHBIN
TpeHn [3, 4]. BecHoii paznuuus Mexny naHamadTaMi MaKCUMAalbHBI, TTIOCKOJBKY TpaHC(OpMaIHs THAPO-
TEPMUYECKUX TIOKa3aTelNiell OYeHb aKTHBHA, HO MPOTEKAeT pa3HbIMHU Temramu. HalmoqaeMbie n3MeHEHHs B
JaTax HACTYIUICHHS BECEHHUX SIBICHUHN YacTO CBA3BIBAIOT C TEMIIEPATYpOH MpeAmecTByomux mecsues. 1o
MHEHHIO Psilia YUEHBIX, T0J00HOE SIBJICHHUE SIpUe BCErO MPOSIBUTCS B CE30HHOM Pa3BUTHH PACTEHUN Oopealib-
Ho# 30HbI CeBepHoro nosymapusi, B EBporie u CeBeproii Amepuke [5-8].

Memoovr u mamepuans

Cotpyanukamu Kadenpsl reorpaduu, METOIUKH reorpaduyeckoro odpazoBanus u TypuzMa YplllY
OpraHn3oBaH cOOp IaHHBIX Ha oAHY Jaty — 15 mast — B Enunblit penonornueckuii aens (nanee ED/L). [le-
pexa ydacTHUKaMH CTOsAJIa 33/1a4a BBIOpaTh 00BEKT — JePeBO MM KyCT YepEMYXHU U €XKeromHo 15 mast oTMme-
4aTh ero (peHoJOrMyecKoe COCTOSHUE, CPaBHMBAS MMEIOIIMICS OOBEKT ¢ OOLIeH MIKAIOH pa3BUTHs BUIA.
Kaxnoii ¢aze ce30HHOrO pa3BUTHA PACTEHUS MIPUCBOCHO IH(poBoe 0003HaYEeHUE, AT 00ECTIeYeHUs BBICO-
koi netanbHocTH HaOmoaenuit M.K. Kynpustosoii u H.B. bensiesoit ohopmiieHs! 1mikaabl HOpMajibHOH I10-
ciefoBaTeIbHOCTH (heHo(ha3 — mepedeHb MoCIeI0BATeNLHBIX ()EHONIOTMUECKUX COCTOSIHUI 00BEKTa B BHJIC
MPSIMOTO psijia CE30HHBIX HEOOPAaTUMBIX COCTOSHUM pa3BUTHS YepeMyxH ¢ GoTtorpadusmu. BecHa orinnyaer-
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Csl HAIMYHEM SIPKUX, 3aMETHBIX, TOYHO (DUKCUPOBAHHBIX SIBJICHUH M MUHUMAaJIbHBIMU CPOKaMHU MX MPOTEKa-
Hus. K Hambormee pacmpocTpaHeHHBIM SIBJICHUSM, XapaKTePU3YIOIINM HACTYIUICHHWE pasrapa BECHBI, OTHO-
CHUTCS 3aI[BETaHHNE YepPEeMyXH OOBIKHOBEHHOI, COCTABIIIONIEH «30JIOTYIO KOJUIEKIIHIO» MaHapealbHBIX (heHO-
WHINKAaTOPOB. JTO paclpoCTPaHEHHBIA BUA, COXPAHSIOMIMN CBOIO MHIWIMPYIOIIYIO POJib HA BCEM apeae
pacnpocTpaHeHHs. 3alBeTaHHUEe YePEMYXH YacTO COIPOBOKIAETCS TOCIETHUMH 3aMOPO3KaMHU B BO3AYXE H
puXoaoM teria [4, 9].

Br160op omucarensHOro IEpBUYHOTO MeToa eHOM3MepeHui, paspadbotanHoro B.A. batmanoseim [10],
ofpeesieH OTCYTCTBHEM HEOOXOAMMOCTH MHOTOKPATHBIX MOCEUICHNH 00BbeKTa B TEUCHUE CE30HA M MPOBE-
JIEHUs KaKuX-Tu00 1moacyeToB Ha MecTHOCTH. CorytacHo maHHOM mikaie, 0 6amioB — (a3a 3uMHETro MTOKOs
(Bce TTOYKH COXpaHSIOT 3UMHHIA BU U pa3Mmepsl); 1 6amn — ¢aza HaOyxanus modek (y BcexX MoUYeK Hapyxk-
HBIE KECTKHE KOPUYHEBBIC MOYEYHBIC YEHIYH PACXOIATCS, W Ha BETBAX MOSBISIOTCS YBEINYHBAIOMIAECS
MTOYKH, TIPUKPHITHIE 3€IEHOBATO-0ENBIMH TICHYATBIMA YeITysaMH); 2 Oamna — (a3a «IIpOKIEBBIBAHUS TIO-
4eK (TOSBIICHHE «JIOMHYBIINX)» IIBETOYHBIX MOYEK, N3 KOTOPBIX MOKAa3aIHCh conBeTrs); 3 Oamia — daza Oy-
TOHM3AUH (TIOSBIIEHHE TIOJTHOCTHIO 000COOMBIIMXCS KOMIIAKTHBIX MPSIMBIX COLBETHI-«CBEYEK») U T.A. [9].
B oanH MOMEHT BpeMeHH MOIydeHa KOJIMYeCTBeHHAs (DeHOJOrnmYecKas XapakTepUCTHKa OTICIbHBIX pacTe-
HuH. J71s BBIABICHHS] 3aKOHOMEPHOCTEW B CE30HHOM Pa3BUTHH BUJA BHIOPAHBI TOJBKO T€ ITyHKTHI, TJI€ TIPO-
€KT MOCTOSHHO peann3oBaH ¢ 2012 mo 2023 romel. [is reHepamn3auy MacCBa MHOTOJICTHUX JaHHBIX ObI-
JIM OTIpeieNieHbl CpeJHHE MHOTOoJeTHUE Oambl pa3BuTus (M) cO cTaHIAPTHBIMH OLIMOKaMH HaOJtoeHUI
(m) B 33 mynkTax CBepmioBckoi obmactu. BeraucieHHple cpenare apudmerndeckue (HeHOIOTHIeCKHe 10~
Ka3aTell pa3BUTUSA OOBEKTOB SIBIISTIOTCS CTATHCTUYECKH JTOCTOBEPHOH XapaKTEPHCTUKON CE30HHOTO Pa3BH-
TUA T'COKOMIUICKCOB, MHAWIUPYIOT COCTOAHUC BCECro MNMpHUPOAHOr0 KOMIUICKCA W ITO3BOJIAIOT CPAaBHUBATH
nmaHAmagTh, PACMIOIOXKEHHBIE B PA3TMYHBIX KIMMAaTHYECKUX YCIOBHSAX.

®deHoNorIUecKoe KapTorpapupoBaHUe OCYIIESCTBICHO MPH IMOMOIIM MOCTpOoeHus! moBepxHocTu B 110
ArcGISDesktop. B pe3ynbTare TeoKoJHMpOBaHUs ITyHKTOB HAOJIIONEHHS C MOMOIIBIO WHTEPIOJISIUH MTOTY-
YeHa TIOBEPXHOCTh PacHpeiesiCHUs] pe3yabTaToB HAOMIOACHUS METOJOM OOpaTHO B3BEIICHHBIX PACCTOSIHUN
[10]. HabnromeHusiMu He OXBadeHa KPalHSSA CEBEPO-BOCTOYHAS M CEBEPO-3aIlafHasi YacTH 00JIacTH, 4TO 00Y-
CIIOBIIEHO HX clabo# 3aceleHHOCTHIO. VHTepronsus MO3BOJIMIA HMCIOJIb30BaTh M3BECTHBIC 3HAYCHHS B
OINOPHBIX TOYKax MJIA MPOrHO3UPOBAHUA 3HAUYEHUH B IMYHKTax, raAc¢ HE OCYICCTBIIAINCHE U3MEPCHH. ITo mo-
JMy4EeHHON MOBEPXHOCTH MOCTPOEHBI M30()EHBI U OMPEIEIICHBI 30HBI C Pa3HBIM CPEJHHUM MHOTOJIETHHUM CO-
cTosiHUEM 00bekTa 15 mas. [lyis onTuMu3anuu cpaBHEHHS MOKazaTeseil BeCeHHeW JUHAMHUKY BHJA B JIAH/I-
madrax MpoU3BEICH pacdyeT CKOPOCTH MPOXOKACHHUS (PEHONIOTHIECKUX MPOIIECCOB C ceBepa Ha [T, U3Mepsi-
€MBIX KOIM4YecTBOM OaitoB/mpomnsimu 6aiioB Ha 100 KM mpu IBIKEHUH C FOTa HAa CEBEP U C 3arajia Ha BOCTOK
[11].

Peszynomamer u 0bcyscoenue

Ha kapre cpeHMx MHOTOJIETHHX Oa/UIOB pa3BUTHS BUIA (CM. PHUC.) BU3YAJIM3MPOBAH XOJ M30(eH —
JUHAN C OJMHAKOBBIM (PEHOJIIOTHYECKUM cocTosiHHEM. [1o XapakTepy M30JIMHHA MOXXHO CYyIUTh O Paclpo-
CTpaHEHUH IMpoLecca Pa3BUTHS YepeMyXH Ha TeppuTopun obnactu. [Iporiecc HauMHaeTCs Ha I0T0-BOCTOKE U
10ro-3armaje o0JIacTH ¥ TPOJBUTAeTCS Ha CEBEP M CeBepo-3amnajl. B To BpeMs Kak B JIECOCTEIHON MOJI30HE B
IOr0-3alaJHON U FOr0-BOCTOYHOHM TeppuTopusix Ha Pycckoil n3anagHo-CHOMpCKOW paBHHHAX B IpaHUIAX
o0yacTu uepeMyxa OOBIKHOBEHHAs! JOCTUIaeT CTAJANU Pa3BUTUS «HAYAJIO0 OTLBETAHUS» U «MacCOBOE LIBETe-
HUE», HA CeBepe B TIOA30HE CEBEPHON TallrH HAOJIIOIAeTCs JTUIIb TPOKIIEBBIBAHKE TIOYCK.

Pa3nuuuii B rOpHON M PaBHUHHOW 4acTHU CEBEPHOHM TalilM B PETMOHE HE BBIABIEHO. B cpenHel Taiire
TOPHOM TOJIOCHI U BOCTOYHBIX NMPEATOPUI NMPEACTABIEHO MaKCUMaJIbHOE KOJWYECTBO COCTOSIHMH — 6, OT
Havajia OyTOHM3AI[MH B €€ CEeBEPHOM YacTH JI0 MacCOBOTO I[BETEHHs Ha I0KHOHW rpanuue. [loutn cyomepu-
JTUOHAJBHOE IMOJIOKEHUE M30()eH MIUTIOCTPUPYET BIUSHHE T'OPHOTO peiibeda. ITO omnpeaesicHo OapbepHOU
POJBIO YPaIbCKUX TOP, YCIOBHS KOTOPBIX MPEISTCTBYIOT PAaHHEMY CXOJy CHera, OBICTPOMY MPOTPEBAHUIO U
MIPOCBIXaHUIO MOYBBI, B TOM YHCJIE B NMPEArOPhIX, AKTUBHBIM POCTOBBIM IIPOLIECCAM BHJA B NEPBOM JEKaje
Masl.
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PucyHok. MHOroJIeTHEe COCTOSIHHE Pa3BUTHsI YepeMyXH OOBIKHOBEHHO# 15 Mas

CKOpOCTb NPOABIKEHHS SIBICHHA 3Aech cocTaBisgeT 10 3 6amwtoB/100 kM. B 3amagno-Cubupckoii
cpenHell Taiire koHpuUrypanus n3oheH MeHsIeTcs Ha CyOUIMPOTHYIO U MPOJIBIKEHHE (PPOHTA SBICHUS MPO-
HUCXOAUT co ckopocThio 0,7 6aya/100 kM. BepositHo, onpenenstomumM (HakTopoM 3eCh, HapsAay C MIUPOT-
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HBIM paclpe/ie/ICHUEM COJHEYHON paauallii, 3aepKUBAIOLIMM pa3BUTUE BUIA, CIIY)KHUT OOJIbIIEe KOIHYe-
CTBO OCaJIKOB 3MMHETO MEPHO/Ia M MEHBIIIEEe KOINYECTBO COMTHEYHBIX JHEH B Havae BECHBI B CBS3H C Iepe-
CTPOMKON IUPKYJISAIIH aTMOC(hepBI.

IOskHast Taifra 3ananHpIX npenropuii Ypana u B 3anagHoit CHOMpH XapaKTepH3yeTCsl MACCOBBIM IIBETE-
HHEM U HAadaJIOM OTHBETaHHS uepeMyxu. [ opHas monoca CpenHero Ypana, BOCTOUHBIE IPEArOpbs OTINYA-
I0TCS CyOMEpUIMOHATIBHBIM TTOJIOKEHHUEM H30(eH M CKOPOCTHIO IPOXOKACHHS SBICHNS BBEPX 10 CKIIOHY /10
1,1-1,4 6anna/100 M (go 3 cytok Ha 100 M BeicoThI). st 3aypanbckoro neHenjaeHa OTMeueH MUHUMAaIbHBIN
pa3dpoc COCTOSIHMIT — OT MacCOBOTO IIBETCHHUS 10 Havyaja oTiBeTaHus. M30(heHbI B CeBEpHOI YacTH F0KHOI
TalTH 371eCh TPOXOIAT IMOYTH CyOMEpPHINOHAIBHO, 32 HCKIIIOYEHUEM YyJ9acTKa Mex 1y AnamnaeBckom u Upou-
TOM, T[Ie 3ama3AbIBaHUe B PAa3BUTHUU B 2—2,5 CYTOK, BEPOSATHO, MOXET OBITh OOYCIIOBICHO HATHIUEM JOJIHH
peK, OoJiee TO3THUM JISOXO0J0M Ha HUX M CXOJOM CHEra B JJOJIMHAX.

JlecocTemnHple paiiOHBI PaBHUH OOJIACTH TAKXKE XapaKTEPU3YIOTCS MHHUMAJIbHBIMHU Pa3IMdUsIMU B Ce-
30HHOM Pa3BUTHU BHJA, 3[€Ch CYOUIMPOTHBIN X0 M30(eH ONpeesieTCs KOIMUYECTBOM COTHEUHOH SHepruu
BECHOM, OBICTPBIM CTaMBaHHEM CHEra BCICICTBUE €ro HEOOJBIIOr0 00beMa U MPOChIXaHHeM MouBbl. CKo-
POCTB MPOJBUKCHUS SBJICHUS B 10)KHOU yacTtu obnactu ot 0,6 6ammos/ 100 kM Ha 3anane 10 0,4 6amios/100
KM Ha BocToke. [IpoaBinkeHune ¢ 1ora Ha ceBep MPOUCXOANUT Pa3HbIMU TEMIIaMH: B 3aIaJHBIX MPEAropbsix 1,2
6amtos/100 kM, B ropHoit nonoce a0 1,4 6amios/100 kM. B BocTounbix mpearopesx 1,1 6amna/100 kM, a B
3anmagnoit Cubupu 1o 0,8 6amna/100 kM. [lo HamwM TpeABapUTENbHBIM pacueTaM pasHulla B 1 Oami, B
CpeHeM, B TOPHBIX TEPPUTOPUAX COOTBETCTBYET CKOPOCTH MPOJBIDKCHUS SBICHNS B 3—4 CYTOK, Ha paBHH-
Hax — 1,5-2,5 cyroxk.

Bwi600b1

[IpocTpaHCTBEHHBIN aHATN3 TaHHBIX BCEW COBOKYIMHOCTH CpeIHEH MHOTOJETHEH OambHOU IUQPOBOM
XapaKTEPUCTUKU BECEHHErO pa3BUTHUs BuAa 3a nepuon 2012-2023 rr. moATBEp>KAAeT BIUSHUE IIHPOTHOM
30HAJILHOCTH, CEKTOPHOCTH, Xapakrepa penbeda. BeceHHss1 TMHAMUKa YepeMyXHu B JIECOCTENH M B FOKHOU
Taure XapaKTCpHU3yeCTCsa OOJIbIIEN MHTEHCUBHOCTBIO Ha PaBHUHHBIX TCPPUTOPUAX, @ TAKIKEC B BOCTOYHBIX U
3amaJHbIX OpEeAropbsix Ypana. B cpeaneil Taiire pa3Hula B HACTYIUIEHUM SIBIICHUA MEXAY TOPHBIMU U PaB-
HUHHBIMU TEPPUTOPHUSIMHU Ha OJTHOW HIMpOTe Konebsnercs ot 1 go 3 6amwoB (2-5 cytok). B ropHoii u pas-
HHUHHOM 4acTsX CEBEPHOU TalIu SBJICHUS MPOTEKAIOT PABHOMEPHO MEMJIEHHO. B 11€110M, B TOPHBIX TEPPUTO-
pUSIX SBJICHHS HACTYMNAIOT C 3aMETHBIM OTCTaBaHUEM, IOXOJSIIUM A0 Pa3HUIBI B 6 OaJIOB ¢ COCEOHUMHU
MPUPOIHBIMH KOMIUIEKCAMHU.

H3yyeHne NpOCTPaHCTBEHHBIX 3aKOHOMEPHOCTEH pa3BUTHS BUAOB-QEHOMHIUKATOPOB CIYXXKHT Iep-
CIEKTHBHBIM HAIIPAaBJICHUEM HCCIEIOBAHMI NUHAMUKH JaHamadToB. JanpHelmas pa3paboTka METOAMKU
MOJIETTMPOBaHNsI U POTHO3UPOBAHMS PA3BUTHS SBICHUN AJI1 TEPPUTOPUN B 30HAX C HAUMEHBIINUM KOJIUYE-
CTBOM Ha6HIO]IeHHﬁ WKW OTCYTCTBYIOIIMMU HACCJICHHBIMHU IMMYHKTaAMU OAaCT BO3MOXHOCTH OIIPEACIUTL Xa-
PaKTEp BPEMCHHBIX CABUTOB, IMO3BOJIMT IMOJIYYUTb MHCTPYMCHT OLICHKU CTCIICHU BOSI[GI‘/'ICTBI/IH KIIMMaTHu4e-
CKHX U3MEHEHUH Ha BECEHHEE Pa3BUTHE OTACIBHBIX TPUPOIHBIX KOMIIJIEKCOB.
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KaxiMri MolibLIIIBIH KOKTEMTI JaMybl JaHAIIA()TAPAbIH YAKBITIIA
KYiJiepiHiH kepceTkimi peringe (CBepayioB 00/1bICHI)

Maxkanazna 2012-2023 xsuigapra apHaiarad CBepaioB OOJMBICBIHBIH ayMarbiHaa 15 Mambipaa bipeiarait peHo-
JOTHSJIBIK KYH OTKI3UITeH Ke3iH[e KOAIMIi MOMBUIIBIH KOKTEMI1 TaMyBIH 3epTTEYIiH HOTIXKENepi KeNnTipin-
red. CHIaTTaMalbIK 9IICTi KOJIaHa OTBIPHIIN, TYPAiH MayChIMABIK JKarAalblH 3epTTey (EHONOTHIBIK (aza-
JTapAblH GacTalybIHBIH reorpadysuIblK 3aHABUIBIKTApBIH XKOHE KOpIIaFaH opTa (akTopiapblHa OaiiaHBICTBI
TaOUFH aliMaKTap MEH iIIKi aliMakrap illiHAeri KeHiCTIKTeri KYOBUIBICTBIH JIaMy JKbUIIAMIIBIFBIH aHBIKTayFa
MYMKIHIIK O6epi. OONBICTBIH OHTYCTIK-IIBIFBICHI MEH OHTYCTiK-0aThICBIHIA KOIIMIT MOMBLUIIBIH epTEPEK aa-
MYBl QHBIKTJJIbl, COJAH KeifiH OarbITBl CONTYCTIK IEH CONTYCTIK-0aThICKa Kapai >KbIDKHIBL. AYMaKTBIH
COJITYCTIK ’K9HE OHTYCTIK ayJaH/Aaphl apacklHIarbl albIPMANIBUIBIKTAp OpTallla ecemieH 6-7 Gasl Kypaisl.
bakputay HOTH)KECiHAE TaOUFN KeUIeHIep/AiH Kal-KyHiH KpICKaIlla MaTeMaTHKAIBIK TYP/e HHANKAINSUIAHTHIH
00BEKTIHIH MayCBHIMIBIK JaMy CHIIaTTaMachl anblHABL. Peceit xa3pirel MeH bateic CibipaiH opMaHIbI-Tana
aliMarbIHIA 3ePTTENETiH aliMaKThIH MIeKapatapblHaa JaMyIbIH MaKCUMAJIbI irepiseyi anpIKTanasl. O6ubic-
THIH TayJbl allMaKTapblHAa KYOBUIBICTAp Ka3bIKTAPMEH CaJbICTBIpFaHAa 6 OanablK apTTa KATyMEH Kelei.
KyObutsIcThIH opTYpi imki aiimakrapaa ety skeuinamiasirsl 0,8-1eH 3 6amr/100 km-re neitin. Ennpin G6acka
afiMaKTaphl YIIIH OCBIHIAH KOI JKBUIIBIK 3epPTTEeYNepIiH TOKipHOeci KIMMATTHIH ©3repyiHiH eCIMIIKTepaiH
JKeke (DeHOMHIUKATOP TYPJIEpiHiH OeHiMIeny MexaHH3MIEpiHEe ocep €Ty TeHACHUMUIApPBIH aHBIKTayFa Ke-
MEKTeCei.

Kinm ce30ep: MayCchIMIBIK THHAMUKA, TAOUFU aliMak, KoaiMri Moitbu1, CBepioB 00mbICkl, Opat.

O.V. Yantser

Spring development of common bird cherry as an indicator of temporal states of
landscapes (Sverdlovsk region)

The article presents the results of a study of the spring development of the common bird cherry during the
Single Phenological Day on May 15 in the Sverdlovsk region for 2012-2023. The study of the seasonal state
of the species using the descriptive method made it possible to determine the geographical patterns of the on-
set of phenological phases and the rate of movement of the phenomenon in space within natural zones and
subzones, depending on environmental factors. Earlier development of bird cherry in the south-east and
south-west of the region was revealed, and then the front of the phenomenon moves to the north and north-
west. The differences between the northern and southern regions of the territory, on average, are 6-7 points.
As a result of observations, a characteristic of the seasonal development of an object indicating the state of
natural complexes in a brief mathematical form was obtained. The maximum advance of development was
revealed in the forest-steppe zone of the Russian Plain and Western Siberia within the boundaries of the stud-
ied region. In the mountainous regions of the region, phenomena occur with a noticeable lag of 6 points com-
pared to the plains. The speed of the phenomenon in different subzones ranges from 0.8 to 3 points / 100 km.
The experience of this kind of long-term research for other regions of the country can help to identify trends
in the influence of climate change on the adaptation mechanisms of individual plant species- phenoindicators.

Keywords: seasonal dynamics, natural zone, common bird cherry, Sverdlovsk region, Ural.
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