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Study of nitric oxide levels in the serum of patients with bronchial
asthma

A. Sabirova'"“, A. Aitkazina?"“, A. Kussainova'"“, 0. Bulgakova'", R. Bersimbaev'"~,
A. Aripova*!

IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2City Multidisciplinary Hospital No. 2, Astana, Kazakhstan

Abstract. This preliminary research article is dedicated to the determination
of nitric oxide (NO) levels in the serum of patients with bronchial asthma (BA).
Nitric oxide plays an important role in the pathogenesis of bronchial asthma,
as it contributes to bronchoconstriction and stimulates the production of
inflammatory mediators, thereby exacerbating the disease. The study included
41 participants, comprising patients with BA of varying disease control categories
(controlled, partially controlled, and uncontrolled asthma) as well as individuals
without a diagnosis of BA (control group). The NO level was measured using
the “Nitric Oxide (total)” assay kit (ADI-917-020) from Enzo Life Sciences Inc.
(USA). The results demonstrated that serum NO levels in patients with BA were
significantly elevated, approximately 1.34 times compared to the control group
(p=0.001). Additionally, the concentration of nitric oxide was analyzed according
to sex and age. A statistically significant difference was found between women
older than 65 years and those younger (p=0.0347). When comparing serum, NO
concentrations between partially controlled and uncontrolled asthma groups
with the control group, NO levels were elevated by 1.31 times and 1.42 times,
respectively (p=0.0355 and p=0.0033). ROC analysis of nitric oxide levels for
the diagnosis of bronchial asthma revealed acceptable diagnostic accuracy
(AUC=0.6932; p=0.013). Thus, the determination of nitric oxide concentration
in the serum of patients with bronchial asthma may play an important role in
diagnosis and could serve as a potential biomarker of the disease.

Keywords: Inflammation, Bronchial asthma, Nitric oxide, Serum biomarker,
Serum nitric oxide levels

Introduction

Bronchial asthma (BA) is currently considered one of the most prevalent and clinically
significant chronic respiratory diseases. According to the World Health Organization, over 300
million people worldwide are affected by bronchial asthma, and its global prevalence continues
to rise steadily each year. These trends underscore the growing medical and social relevance of
this condition [1,2].
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BA is a disease characterized by chronic airway inflammation and is primarily driven by
immunological mechanisms. In its pathogenesis, inflammatory mediators - particularly
molecules such as nitric oxide (NO) - play a crucial role. Nitric oxide is a key biological molecule
that actively participates in airway inflammation, influencing numerous cellular processes
and contributing to various physiological and pathophysiological functions in the body. It is
endogenously synthesized by nitric oxide synthase (NOS) enzymes and plays an important role
in airway dilation, regulation of blood circulation, and intercellular signaling [3-4].

During the inflammatory process in bronchial asthma, the production of nitric oxide (NO)
is enhanced, leading to elevated levels in both the blood and airways. The use of biomarkers
allows for accurate assessment of disease progression, effective treatment planning, and timely
monitoring of the patient's condition - key priorities in clinical practice. Measuring nitric oxide
levels in blood serum provides deeper insight into the pathogenesis of bronchial asthma and
supports the development of personalized therapeutic strategies. Therefore, investigating the
molecular-genetic and immunological aspects of bronchial asthma remains highly relevant.

This study aimed to determine the concentration of nitric oxide (NO) in the blood serum of
patients diagnosed with bronchial asthma.

Materials and research methods

Collection of Research Materials

The study included 33 patients diagnosed with bronchial asthma (22 women and 11 men,
aged 36 to 90 years) and 8 healthy individuals who served as the control group (Table 1). All
participants had beenresiding in Kazakhstan for atleast the pastfive years. The patients received
treatment in the pulmonology department of City Hospital No. 2 in Astana. The diagnosis was
established in accordance with the Global Initiative for Asthma (GINA) guidelines. Additionally,
the "Nijmegen Questionnaire" and "Asthma Control Questionnaire" were administered.

The control group consisted of healthy volunteers with no history of neurological,
autoimmune, allergic, or chronic diseases; no diabetes; no signs of inflammation; and no recent
episodes of hyperthermia or heatstroke within the past 2-3 weeks.

Peripheral blood samples (9 mL) were collected in EDTA-K2 tubes with informed consent
from the participants and ethical approval. The samples were processed at the Molecular
Genetics Laboratory of the Institute of Cellular Biology and Biotechnology, L.N. Gumilyov
Eurasian National University.

The patients were categorized into three groups:

Controlled BA - no or rare symptoms;

Partially controlled BA - occasional symptoms;

Uncontrolled BA - persistent symptoms and poor treatment response.

Separation of blood components

Whole blood was stored at +4°C for 4 hours, after which the plasma was separated by
centrifugation at 3000g for 10 minutes. The leukocyte-free plasma was then stored at -80°C
until analysis.
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Table 1
Characteristics of the samples included in the study

Parameters Control group | Patients with diagnosed BA p-value
Number of participants 8 33 0,1374
Mean age 48 63 0,1600
Sex (female/male) 3/5 22/11 0,7927
Controlled BA - 7 0,2593
Partially controlled BA - 13
Uncontrolled BA - 13

Determination of nitric oxide (NO) concentration

Plasma samples were diluted with reaction buffer at ratios ranging from 1:2 to 1:20 and
filtered using a 10,000 MWCO ultrafiltration unit. The NO level was measured using the “Nitric
Oxide (total)” assay kit (ADI-917-020) from Enzo Life Sciences Inc. (USA).

Statistical analysis

Intergroup differences in NO concentration were analyzed using Student’s t-test and the
Mann-Whitney U testin GraphPad Prism 8.0 software. A p-value of less than 0.05 was considered
statistically significant.

Results

Determination of nitric oxide concentration in the blood serum of the bronchial asthma and
control groups

In this study, the concentration of nitric oxide (NO) in the blood serum of patients
diagnosed with bronchial asthma and healthy controls was determined using enzyme-linked
immunosorbent assay (ELISA). A total of 33 patients with bronchial asthma and 8 healthy
volunteers were included. Based on the clinical features of disease progression, the asthma
group was subdivided into controlled, partially controlled, and uncontrolled subgroups. This
classification was based on the frequency and severity of symptoms, pulmonary function
parameters, and responsiveness to treatment.

The analysis assessed statistical differences between the asthma and control groups and
identified changes in immune response levels. As shown in Figure 1, the NO concentration in
the blood serum, measured at a wavelength of 570 nm, was compared across the study groups.
The results revealed that the mean nitric oxide level in the control group was 50.95 pmol/L,
whereas in patients with bronchial asthma, it was 68.09 pmol/L, indicating a 1.34-fold increase
in the asthma group compared to healthy individuals.
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Figure 1. Nitric oxide concentration in the study groups (** p=0.001)

Analysis of nitric oxide concentration in the blood serum of bronchial asthma patients according
to sex and age

In this study, we analyzed the concentration of nitric oxide (NO) in the blood serum of
patients with bronchial asthma based on sex and age. Among male patients, the average NO
concentration was 67 umol/L, while among female patients it was 68 pumol/L. No statistically
significant difference was observed between the sexes.

Further analysis was conducted to evaluate age-related differences. Among patients under
the age of 65, the NO concentration was 75 pumol/L in women and 72 pmol/L in men. In contrast,
in the group over 65 years of age, the NO levels were 58 pmol/L in women and 61 pmol/L in
men. A statistically significant difference was found in NO levels between the younger and older
age groups among female patients (p = 0.0347) (Figure 2).

Concentration of nitric oxide

a female aged above 65 years —
a male aged above 65 years - — *
a female aged below 65 years — — |ns
a male aged below 65 years —
......... T
0 50 100 150

pmole/L
Figure 2. Age-related changes in nitric oxide (NO) concentration in the study groups (*p = 0.0347)

Analysis of nitric oxide concentration in blood serum according to asthma control level

According to the recommendations of the World Health Organization (WHO) and the Global
Initiative for Asthma (GINA), bronchial asthma is classified into three categories based on
symptom control and disease severity: controlled asthma, partially controlled asthma, and
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uncontrolled asthma [5]. In this study, a total of 33 patients diagnosed by a pulmonologist at City
Hospital No. 2 in Astana were included: 7 with controlled asthma, 13 with partially controlled
asthma, and 13 with uncontrolled asthma.

When comparing the serum, NO levels between the asthma subgroups and the healthy
control group, the average NO concentration in the controlled asthma group was 63.38 pmol/L,
which was 1.24 times higher than in the control group (50.95 pmol/L). However, this difference
was not statistically significant (p = 0.2593).

In contrast, patients with partially controlled asthma had a mean NO level of 66.53 pmol/L,
significantly higher than the control group (p = 0.0355), representing a 1.31-fold increase
(Figure 3a). These findings indicate that nitric oxide levels are associated with asthma control
status and support the role of NO as a marker of airway inflammation [6].

Furthermore, the mean NO concentration in patients with uncontrolled asthma was 72.19
umol/L, which is approximately 1.42 times higher than in the control group (50.95 umol/L).
This difference was statistically significant (p = 0.0033), clearly demonstrating that NO levels
increase in patients with poorly controlled asthma (Figure 3b).

(a) (b)

Figure 3. (a) Comparative results of nitric oxide (NO) concentration in blood plasma between patients
with partially controlled bronchial asthma (BA) and the control group (measured at a wavelength
of 570 nm). (b) Comparative results of nitric oxide (NO) concentration in blood plasma between
patients with uncontrolled bronchial asthma (BA) and the control group (measured at a wavelength
of 570 nm).

ROC curve analysis of nitric oxide levels

A Receiver Operating Characteristic (ROC) curve analysis was performed based on nitric oxide
(NO) concentration to assess how effectively NO levels differentiate patients with bronchial
asthma from healthy individuals, and to evaluate its potential use as a diagnostic biomarker.
The area under the ROC curve (AUC) was found to be 0.6932 (p = 0.013), indicating a moderate
diagnostic value of nitric oxide concentration for identifying the disease.

The analysis showed a sensitivity of 69.4% (0.69375) and a specificity of 53.9% (0.5386).
The 95% confidence interval (CI) for the AUC ranged from 0.5456 to 0.8408 (Figure 4).
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These findings suggest that while nitric oxide concentration alone can serve as a supportive
diagnostic tool for bronchial asthma, its moderate sensitivity and specificity indicate that it may
be most effective when used in combination with additional biomarkers to improve diagnostic
accuracy.

ROC curve for nitric oxide concentration
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Figure 4. ROC analysis of nitric oxide levels for the diagnosis of bronchial asthma
(AUC=0.6932,p =0.013)

Discussion

Sincetheearly2000s,theroleofnitricoxide (NO)inthepathophysiology ofairwayinflammatory
diseases has been the focus of active research [6-9]. Barnes [10] was the first to suggest that
NO produced by nNOS (neuronal nitric oxide synthase) contributes to bronchodilation through
the activation of NANC (non-adrenergic non-cholinergic) nerves. In contrast, eNOS (endothelial
nitric oxide synthase) induces vasodilation and plasma extravasation, whereas excessive iNOS
(inducible nitric oxide synthase) activity enhances mucus secretion, promotes eosinophil
recruitment, and sustains Th2-mediated inflammation [11-15].

It has been established that NO concentrations are elevated in the exhaled air of patients
with asthma [16], as well as in experimental models of chronic inflammation [13, 17]. This
increase is mainly attributed to iNOS expression [10]. Treatment with inhaled corticosteroids
(ICS) reduces FeNO (fractional exhaled nitric oxide) levels [18], whereas [32-agonists have
little to no significant effect [19]. Administration of NOS inhibitors (L-NAME, aminoguanidine)
likewise decreases FeNO [20]. Clinical studies further confirm that FeNO reflects inflammatory
activity and assists in identifying the most severe asthma phenotypes, although several reports
have failed to demonstrate a direct correlation with airway eosinophilia [21].

Despite some controversy, most authors recognize FeNO as a valuable biomarker for
monitoring airway inflammation and assessing treatment efficacy [22,23]. In experimental

12 N23(152)/ JLH. 'ymunee amoindarel Eypasus yammeoik yHusepcumeminiy XABAPIIBICHI. Buo102usnblK Folablmoap cepusicyl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



Study of nitric oxide levels in the serum of patients with bronchial asthma

settings, NO donors induced smooth muscle relaxation and reduced bronchospasm, whereas
NOS inhibition, by contrast, enhanced bronchoconstriction. The role of NO as a modulator of
distal airway tone remains an area of ongoing investigation [24, 25].

Considerable attention has also been directed to the involvement of NO in airway remodeling.
Evidence suggests that iNOS contributes to excessive deposition of collagen and elastin, whereas
NO derived from cNOS (constitutive nitric oxide synthase) may exert protective effects [13, 26].
Positive correlations have been reported between NO metabolites and markers of remodeling,
as well as with activation of arginase and matrix metalloproteinases [15, 27-29]. In addition,
iNOS-driven NO production can lead to the formation of peroxynitrite and isoprostanes (8-iso-
PGF2a), which further enhance bronchoconstriction and oxidative stress [30].

In parallel, extensive clinical data have accumulated supporting the diagnostic and prognostic
value of FeNO. Across all systematically analyzed studies, FeNO is regarded as a reliable
indicator of Th2-mediated inflammation with diagnostic, prognostic, and therapeutic relevance
[31-36]. For example, de Abreu et al. [33] demonstrated that FeNO levels >30 ppb are associated
with uncontrolled asthma and a decrease in response to ICS, making this parameter a convenient
tool for monitoring treatment efficacy. Maniscalco et al. [34] further elaborated on the mechanisms
of NO synthesis in asthma and emphasized the role of FeNO in disease phenotyping, particularly in
Th2-high forms, where targeted biologics directed against IL-4, IL-5, and IL-13 have proven effective.

A large-scale meta-analysis by Murugesan et al.,, comprising 43 studies and over 16,000
patients, confirmed the high diagnostic accuracy of FeNO (sensitivity 72%, specificity 75%,
AUC = 0.81) [35]. The greatest value was observed in children and in patients with eosinophilic
inflammation. Findings by Nguyen et al. [36] demonstrated that patients with elevated FeNO
levels had lower asthma control scores (ACT) and reduced FEV1. Also confirmed the clinical
applicability of FeNO, emphasizing its role in optimizing ICS prescription and supporting a
personalized approach to treatment [37].

In pediatric practice, FeNO is of particular importance, as nitric oxide levels are elevated in
children with asthma and correlate with sensitization to aeroallergens—an observation critical
for phenotyping and for the development of clinical guidelines [31, 33].

Despite the substantial body of evidence, certain limitations remain: FeNO levels may vary
depending on smoking status, allergic rhinitis, infections, and ICS therapy. Accordingly, most
experts recommend using FeNO as part of a multimodal assessment, alongside blood eosinophil
counts, serum IgE, ACT scores, and spirometry.

In summary, nitric oxide plays a dual role in the pathogenesis of asthma: it contributes to
bronchodilation and protects the extracellular matrix, yet excessive iNOS expression promotes
inflammation, remodeling, and oxidative stress. FeNO, as a surrogate marker of these processes,
has established itself as a valuable adjunct biomarker for the diagnosis, monitoring, and
personalization of asthma therapy.

Conclusion

In conclusion, the assessment of nitric oxide (NO) levels stands out as a reliable, accessible,
and informative biomarker that enables the objective evaluation of the clinical condition of
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patients with bronchial asthma, the precise determination of airway inflammatory activity, and
the assessment of disease control. The significant variation in NO levels depending on asthma
phenotypes and control status supports its broad applicability in clinical practice, particularly
for personalized therapy and disease monitoring.

Given that NO measurement is non-invasive, rapid, and easily repeatable, it can serve as a
valuable supplementary tool for the early diagnosis of asthma and for monitoring treatment
response. Moreover, the observed differences related to age and asthma control status further
emphasize the clinical importance of this biomarker.

Future studies that integrate nitric oxide levels with other biomarkers in a comprehensive
approach may provide deeper insights into asthma pathogenesis and contribute to the
development of more precise therapeutic strategies.
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Study of nitric oxide levels in the serum of patients with bronchial asthma

BpoHx femikneci 6ap HayKacTapAbIH KaH CapbICYbIHAH a30T OKCUAiHIH JeHreliH 3epTTey

A.B. Ca6bupogal, AT. AiitkasuHa?, A.A. Kycaunoga', 0.B. Bysirakosal, P1. Bepcim6aii’, A.A.Apunosa*!
JLH. T'ymunee amviHdarsl Eypazus yammolK yHugepcumemi, Acmaua, Kazakcman
2Ne2 Kanaaswik kencaaasl aypyxaua, Acmama, Kasakcmat

AnpgaTna. bys an/ibiH ana 3epTTey :KyMbIChl 6poHX AeMikneci (B/l) 6ap HayKacTap/blH CapbICybIHAAFbI
asor okcuzi (NO) meHreiiH aHbIKTayFa apHaJiFaH. A30T okcui b/l maToreHe3diHzie MaHBI3AbI POJI
aTKapa/bl, 6TKEeHI 0J1 OPOHXTAP/IbIH, TAPbLIYbIHA bIKHAJ €Til, KAObIHY MeJUaTOPJIapbIHbIH TY3i1yiH
BIHTAJIAaHABIPA/Ibl, OYJI 63 Ke3eTiH/ie aypyAbIH YAeyiHe aKeseli. 3epTTeyre 41 KaThICYIIbI eHJIi, 0JIapblH
KaTapblH/a aypy/bl 6aKbLIay AeHTeli opTypJii B/l HayKacTaps! (6aKblIaHATHIH, illliHapa 6aKbLIaHATHIH
’KoHe 6aKbLIaHOAUTBIH acTMa) »koHe B/l auarHosbl KodblIMaraH agaMmzaap (6akpliay ToGbI) 60JAbIL.
NO pgenreiti Enzo Life Sciences Inc. (AKI) mbirapran “Nitric Oxide (total)” (ADI-917-020) Tangay
>KUBIHTBIFbI apKblL/Ibl eJilieHi. 3epTTey HaTwxkeepi BJ] 6ap HaykacTap/a capbICyJarbl a30T OKCUJI
JeHreii 6aKpliay ToObIMEH caJbICThIpFaH/a wamMaMeH 1,34 ecere »ofaphbl ekeHiH kepceTTi (p=0,001).
CoHbIMEH KaTap, a30T OKCU/IiHiH KOHI|eHTPALUSIChI >KbIHbIChI MEH YKacblHA Kapal TalAaHAbl. 65 xKacTaH
aCKaH aHeJsifiep MeH ac adesJiep apachlH/la CTATUCTUKAJIBIK TYPFbIJJaH MaHbI3bl albIPMAIlbLIBIK,
a"bIKTaAabl (p=0,0347). lluiHapa 6aKblJIaHATBIH XK9He 6aKbl1aHOaWThIH B/| 6ap HayKacTapabl 6aKbLIay
TOOBIMeH casibicThipFaHga NO ageHredti tuicinme 1,31 »koHe 1,42 ece »kofapsl 6osabl (p=0,0355
*koHe p=0,0033). BpoHx JeMikIeciH AWarHocTuKajaay YIUiH a30T okcuAi AeHreriHid ROC Tangaybl
KaHaFaTTaHapJIbIK AUArHOCTUKAJBIK AaAiKTi kepceTti (AUC=0,6932; p=0,013). OcbLiaiiia, 6poHx
JleMiKIieci 6ap HayKacTap/iblH, CapbICybIH/IaFbl a30T OKCH/iHIH KOHLIEHTPALUAChIH aHbIKTAy JHUarHo3
KOI0Zla MaHbI3bI PeJl aTKapybl MYMKiH >KoHe aypy/blH bIKTHMaJl OGMOMapKepi peTiHJe KOoJJaHyFa
6oJ1ajbl.

TyiiH ce3gep: KabbiHy, 6pOHX JeMiKIeci, a30T OKCH/Ii, KaH capbICy GMOMapKepi, KaH CapbICybIHIaF bl
a30T OKCHUJiHiH AeHreHi

HccnegoBaHe YPOBHS OKCHAA a30Ta B CBIBOPOTKE KPOBH Y MALIMEHTOB C GPOHXHAJIbHOM
acTMou

A.B. Ca6upoga’, AT. AiitkazuHa? A.A. Kycannosa’, 0.B. Bysrakosa’,
P.U. Bepcum6aen?, A.A.Apunopa*!
1Eepazutickuli HQYUOHAIbHLIU yHUgepcumem umeHnu JLH. 'ymusesa, AcmaHa, Kazaxcmau
‘Iopodckas mHozonpogubHas 6oavHuya Ne2, Acmana, Kazaxcmau

AHHOTanuA. JTO NMpeJBapUTeNbHAs HUCCIeI0BAaTebCKas CTAThs MOCBSIEHA ONpe/ie/IEHUI0 YPOBHS
OKCH/Ia a30Ta B CBIBOPOTKE KPOBH y NALIMEHTOB ¢ GpoHxuanbHOU actMoi (BA). Okcuz a3oTa urpaet
BAXKHYIO0 POJib B MaTOTeHe3e OPOHXUAJBLHOU acTMbl, TaK Kak MPUBOAUT K COKpALeHHI0 GPOHXOB U
CTUMYJIMPYET BbIPAabOTKY BOCHAJUTENbHBIX MEAUATOPOB. B iccieoBanue 6611 BKIIOYEH 41 y9acTHUK,
CpeJii KOTOPBIX MalueHThl ¢ BA pa3/IMuHbIX KaTeropuu (KOHTPOoJIMpyeMasi, YAaCTUYHO KOHTPOJIMpyeMas
¥ HEKOHTpOJIMpyeMasl acTMa), a Takxe Jidna 6e3 jguarHosa BA (KoHTposibHas rpymnmna). YpoBeHb
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A. Sabirova, A. Aitkazina, A. Kussainova, O. Bulgakova, R. Bersimbaev, A. Aripova

OKCH/Ia a30Ta U3MePSIJIM C UCTI0Jb30BaHHEM Habopa AJs aHanu3a “Nitric Oxide (total)” (ADI-917-020)
koMmnaHuM Enzo Life Sciences Inc. (CILIA). Pe3ysbTaThl NOKa3ad, 4YTO y MALlMEHTOB C OPOHXUAJTbHOU
acTMoM YpOBeHb OKCH/Ia a30Ta B CIBOPOTKE KPOBU ObLI B 1,34 pa3a Bblllle, YeM B KOHTPOJILHOU I'pyIine
(p=0,001). lonosiHUTENBHO Gbl/Ia IPOBEJEHA OlleHKA KOHI[EHTPALUK OKCH/Ia a30Ta B 3aBUCUMOCTH OT
1oJia U Bo3pacTa. belna BeIABJIEHA CTaTUCTUYECKU 3HAYMMas pasHULA MeXAy KeHIUHAaMHU CTaplle
65 JIeT U KeHIMHaMM MJazaiiero Bo3pacra (p=0,0347). CpaBHeHHe KOHIIEHTpAIMK OKCHJA a30Ta y
NaLMeHTOB C YaCTUYHO KOHTPOJMPYEMON U HEKOHTPOJINPYeMo# BA ¢ KOHTpOJIbHOM IPyNIoM NOKa3asao
noBbllieHue ypoBHA B 1,31 pa3a u 1,42 pasa cootrBeTcTBeHHO (p=0,0355 u p=0,0033). ROC-ananus
YPOBHSI OKCHUJA a30Ta [JJisl JUAarHOCTMKHA GpPOHXUAJbHON acTMbl IPOJEMOHCTPUPOBAJ] YMEPEHHYIO
JAuarHoctuyeckyto TouyHocTb (AUC=0,6932; p=0,013). Takum ob6pa3oM, onpejesieHUEe YPOBHS OKCHUAA
a30Ta B CbIBOPOTKE KPOBU MOXKET UMEThb BaXKHO€e 3HAUeHHUeE [IJIs1 AUArHOCTUKU OPOHXHUAIbHOM acTMbI U
MCII0J1b30BAaThCs B KaUeCTBEe MOTEHLIMAJIbHOTO 6MOMapKepa 3ab0JieBaHUsl.

Kiio4yeBble cjioBa: BocnajeHUe, GpOHXHa/IbHAsl acTMa, OKCHUJ, a30Ta, CbIBOPOTOYHBIM GUOMapkep,
YPOBEHDb OKCH/Ia a30Ta B CHIBOPOTKE
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FeibiMu MaKasia

CTpenTo30TOLMH/AIK AUAGETTiH, aFbIMbIHA HOHAAYLIBI CAY/IEHIH, dCepiH
ereyKyMpblKTapAblH HUMMYHOJIOTUSJIBIK, YKOHE OMOXUMMUSJIBIK, YKaFAavbIH
TaJ/1Aay apKbl/ibl 3epPTTEY

0.3. Unbaep6aes*! ', K.B. Mytur? *, I.E. Y36ekoB'“, [LM. JKapmaxanosa*“, [.O. Unbgep6aeBa' ™,
HK.IL. CemGaeBa'

IJLH. I'ymunes amuiHdarul Eypasusi yimmulK yHugepcumemi, Acmata, Kasakcma
2H.M. CeueHos ambiHdarbl Bipinwi Mackey memaekemmik meduyuHa yHusepcumemi, Mackey, Pecell
3M. Ochanos ambiHdarel Bamvic Kazakcmah meduyuHa yHusepcumemi, Akmebe, Kazakcmat

Anparna. bys 3epTTeyze CTpenTO30TOLMHMEH UHAYLUpPJIEHI'eH 2 TUNITI KAaHT
JinabeTi MEH UOH/IAYLbl Y-CoyJ/IeJIeHYAiH ereyKyUpblKTap OpraHU3MiHe KeKe
YK9He KocapJibl acepJiepi 3epTTei. MeTaboIMKaIbIK, HUMMYHOJIOTHUSIJIBIK )KOHE
OHOXHMMUSIJIBIK, KOPCETKIIITEPAIH JUHAMHUKAChl 6aFasaH/bl. 3epTTey HITHXKe-
ciHzie ap6ip PpaKTOp - CTPENTO30TOLMH [ie, Y — CAyJIeJIeHy Jie — THUIepIJIMKe-
MM, UHCYJIMH CeKpPeLUAChIHbIH TOMeH/ieyi }KoHe aHTUOKCULAHTThIK, KOPFaHbIC
YKyHeciHiH aJicipeyiH TybIHAATAaTbIHbI aHBIKTaIAbl. Byl dakTopaapabiy 6ipie-
CKeH acepi Ke3iH/ e aTa/IFaH NaTOJIOTUSIJIBbIK 63TepicTep Kylleie TyCTi: KaHJaFbl
IJIDKO3a MeH JIMIIUATEP/iH aCKbIH TOTBIFY OHIMepi leHrehiHiH auTapJblKTan
YKOFapbLIaybl, UHCYJIMHHIH TOMeH/eyl Tipkeaai. UMMyHABIK Kyle TapanblHaH
Jla esieyJli OY3bLIbICTAP AHBIKTAJAbL: JIEUKOLIUTTEP CaHbIHBIH, T-TUMoUTTED
MeH T-xesmnepJsepziH, UMMYHOPEryJsATOPJIbIK UHAEKC KOPCeTKIilliHIH TOMEH-
Jieyi, daronyTo3/blH, 9J/cCipeyi KoHe aWHa/JbIMAAFbl UMMYH/IBIK KelleHJep
JleHreliHiH a3awobl O6ailKanzapl. EH allKblH e3repicTep CTPeNTO30TOLUH MEH
Y-cay/esieHy/liH KocapJibl 9Cepi xKaFarlblHAA TipKeJiil, 0JapAblH 3aKbIM/Iay 1L bl
9CepiHiH, CHHEPTUSJIBIK, CUMIATbIH KOPCETTIi. AJIbIHFAaH HOTHXKeJep OYyJ 3KCIie-
PUMEHTTIK MOJe/bJliH MeTaboJ/IMKaJbIK KoHe pafualusblK PpakTopaapMeH
6alIaHbICThl MMMYH TaMNIlblJIbIFbIHbIH, IATOreHE3iH 3epTTeY YlIiH, COHJAN-aK
MMMYHOMOAY/ISTOPJIBIK KoHe paJUoNpPOTEKTOPJbIK acepi 6bap mpemnapaTTap-
JIbIH, TUIMAiJIriH 6aFaJjiay YIiH »KOFapbl FblJILIMA MaHbI3bIJIBIFbIH KOPCETE/I|.
Ty#iH ce3aep: 2 TUNTI KAaHT AUabeTi, CTPENTO30TOLMH, Y-CayJie/ieHy, MeTabo-
JIU3M, UMMYHUTET, OKCUAATUBTI KyH3estic

Kipicne
Kasipri TaHja KaHT JuabeTi xkoHe UOH/JAYILbI Coy/iesieHy CUSKTbI CO3blIMaJbl MeTab0o/I1-
KaJIblK K9He IJKOJIOTHUSJIBIK (QaKTopJapAblH, aJaM arF3acblHAa KelleHJi acepi FbLIbIMU

KaybIMJIaCTBbIKTbIH Ha3apblH ayJapyAa. 2 THUNOTI KAHT AuabeTi — HWHCYJUHre ToyeJcCi3
TUNepriMKeMUsIMEH, KOMIpCy MeH JIMIMUATEP a/IMacyblHblH OY3bLIybIMEH CHUMNATTaJaTbIH

Tycri: 01.06.2025. Ka6bu1ganast: 30.09.2025. OniaiH Ko xkeTimai: 30.09.2025.
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Cmpenmo3omoyuHdik duabemmin arblMblHA UOHOAYW bl CIYAEHIH acepiH e2eyKylipblkmapdblH UMMYHOA02USNbIE
JHCaHe OUOXUMUAALIK KHeaFdaliblH maaday apKblibl 3epmmey

KkendakxkTopJsbl aypy. MoHAaylbl y-caysesieHy - KacyllasblK KypblabIMAapFa, acipece JJHK
MeH MMMYH/BIK >KyHe 3JIeMeHTTepiHe TiKeJiell >KoHe >XaHaMa 3aKbIM KeJITIpeTiH KyaTTbl
dusukanbik GakTop.

KaHT guabeTiHiH eki Heri3ri KJAMHUKa/bIK TYpi ablpaTblaaAbl. 1 TUNOTI KaHT AuabeTi
ayTOMMMYH/IbIK, MeXaHHW3M apKblLIbl [-Kacyllajap/blH >KOWbLIybIMEH cHUNAaTTalazbl. byu
KaFJaiijla UHCYJIMH 6HJAIpy MYJJeM TOKTaWAbl. 2 THUNOTI KaHT AuabeTi kebiHe epeceKTep
apacblHZia Tipkesefi »koHe ceMi3/liKk, GU3UKAIBIK OEJICEHAINIKTIH TeMeHJleyi MeH TYKbIM
KyaJJaUTblH 6eHiMAisiKk CUAKTbl (akTopsJapMeH 6aWlaaHbICTbl. bysa TypiHAe WHCYJIWH
YKeTKIJIIKTI MeJilepe eHAipiayi MyMKiH, 6ipaK HblCaHa-KacCylllaJapAblH OFaH Ce3iMTaJlAbIFbl
TeMeH/lell, UHCYJIMHOPe3UCTeHTTIK AaMu/bl [1,2]. KaHT frabeTi y3aK yaKbIT 60 bl 6aKblIayChi3
KaJIFaH/1a, aF3a/ia TYpJii KyHeJsliKk acKbIHyJIap JlaMybl MYMKiH: aHTMonaTUsAap, HepponaTus,
peTHHoONaTHs, KYPeK-KaHTaMblp XyHeci aypy/1apblHbIH, OHBIH illiHAe MUOKapA MHPAPKTi MeH
WHCYJbTTIH JaMy KaymiHiH apTybl )aTazbl [3].

Kant gua6eti (K/l) - aF3aHbIH MMMYH/IBIK XKYiieciMeH KypZAeJii e3apa 6alaHbIcTa 60/1aThIH
aypy. Kemipcysnap anMacybIHbIH 6y3blybl MEH UHCYJIMH TaNIlblJIbIFbl UMMYH/IBIK KayanThIH,
e3repyiHe acep eTce, KEPiCiHIIe, HUMMYH/IbIK KYHe€ e aypy NaToreHe3iH/ie, acipece 1 TUNTI KAHT
nuabeti (K/l1) ke3sinae, MaHpI3/bl pesiaTKapaabl. K/|1-ayToMMMyH/ABIK CHIATTaFbl aypy, MYH/A
aF3aHbIH MMMYH/bIK XyHeci YiKbIOe3/jiH MHCY/JIMH eH/ipeTiH B-kacyliasapblH 6erje peTiHae
TaHBbII, OJap/bl K0AAbl. AYTOUMMYH/IbIK, peaknuara HeridiHeH T-1umdonuTTep KaTbicajbl.
Onap [-xacywanapfblH, OeTKeHliHAeri aHTUreHJAepAi TaHU/bl >X9HE IUTOTOKCUKAJBIK
peakuusHbI icke Koca/bl [4,5].

Ocpuialilla, TrUNeprjiMKeMUs HWMMYHZBIK KYHMeHiH KbI3MeTiHe acep €eTil, aF3aHblH
MHOEKUANBIK areHTTepre Kapcbl Kypecy KabineTiH TemeHJeTeAi. Bys KaHT guabeTimeH
aybIpaThlH aJlaM/iapa Tepi, Hecem-KbIHbIC K9HE TBHIHBIC aly >KOJJAPbIHbIH MWHOEKIUAIBIK
aypyJlapbIHbIH >KUIJIIri MeH aybIpJIbIFbIHBIH apTyblHa bIKNaJ eTe/ii. COHbIMeH KaTap, AuabeTi
6ap HaykacTap/a »xui T-xxacymanblK AUcOYHKLIUSA OailKasia/ibl, OyJ Aa UMMYH/bIK, KayalThIH,
aJicipeyiHe ceben 60s1ybl MYMKiH [6,7].

KaHT guabeTi Ke3iHze keMipcynap aiMacybl 0y3bLIblI, KaHaFbl [VII0K03a JeHreli TYpaKThl
TYPZAE *KOoFapblianabl. ['UneprivkeMus ar3a/ia KeNTereH NaTOJAOTUAJBIK, YAepicTep/i, COHbIH
iminge nunuaTtepaid ackblH TOThIFY (JIAT) yAepiciHiH KylleroiH *koHe aHTUOKCUJAHTTHIK
KopFaHbIC »kyHeciHiH (AOX) TuimziniriniH TeMeHzeyiH TyblHAaTaAbl. Bys e3repictep
KaHT AuabeTiHiH acKbIHY/JApbIHbIH, JJaMyblHa bIKNaJ €TEeTiH MaHbI3/bl ¢aKTopJsap 6O0JibIN
Tabbl1abl [8]. Bescenai ortek TypusepidiH (BOT) Tysinyi TeHrepinreH Typje *ypeai koHe
oJlap UMMYH/IBIK, »KayanTbl Koca ajifaH/ia, 9pTypJ/li OMOJIOTHUAIBIK YZAepicTepre KaTbICa/bl.
Anaiina BOT wmamazaH ThIC XXMHAJIFAH KaF[aiJja TOTbIFY KyH3eJici TybIHaWAbI, Oy Ke3/e
60C pajuKaJap >kacylajaap MeH TiHAep/Ai 3aKkbiMan 6actanbl [9,10].

ACKbIH TOTBIFY 6HIM/epi »KacylliajlapFa ybITThI 9Cep €Til, MeMOpaHaiap/blH, TYTaCTbIFbIH
6y3aabl, Hopybi3gap MeH /JIHK KypblibiMbIH e3repTefi. Bys »kacyumanapiblH KapTaroblH
KeJleJ1eTin, MeTaboM3MHIH O0Y3blIybIHA XK9HEe CO3blIMaJIbl KAObIHY YAepicTepiHiH AaMyblHa
asbin keseai [11]. Kant auabeti xxargaibinga AOXK 6esiceHainiri TeMeHaen i, HOTHXKeCIHAE
6oc paaukangap meH JIAT eHiMaepiHiH acepi Kyliein, KaHT JuabeTiHe TOH aCKbIHYJIaP/bIH,
- peTuHONAaTHs, HeppomnaTUsi, HelponaTus KoHe aTepPOCKIEePO3/bIH — JaMyblHA bIKIaJ eTei
[12]. Ocblnaiiia, KaHT AuabeTi kesinge JIAT kyuieroi xxaHe AOXK aJicipeyi HaTHXKeCiH/le allKbIH
OKCUJATUBTIK KyH3esic fgamupabl. bysn ygepictep »xacymanapAblH 3aKbIMJaHYblHA >KoHE
JinabeTKe TOH CO3blJIMaJ/Ibl ACKbIHYJIaP/blH KaJbIITaCyblHA ceben 60J1a/bl.
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Honjayuibl cay/iesieHy TeK KaH »kacywasnapbl MeH /JIHK-Fa FaHa eMec, OyKisl aHJOKpUHAIK
KyHere fie acep eTei. ¥KpI 6e3i Je 6acKa ar3ajap CUAKTbI paJiMallUAHbIH, dcipece KOFaphl
Jl03aJ1apbIHbIH, 9CepiHeH 3aKbIMAalybl MYMKiH. MyH/Jjail acep (-KacyluasapAblH — UHCYJIUH
OH/JIipyre >KayamnThl >KacyllaJapAblH - KbI3MEeTiHiH Oy3blIyblHA JKeJil, HOTHXeCiHae
TUMIIePIJIMKEMUAHBl TyAblpybl bIKTUMaa [13]. Kelbip 3epTTeyiephid MaJjiMeTTepiHe
CYHMeHCeK, MOJIEKYJIAJIBbIK, JeHrelJe pajualusa UHCYJUH pelenTopJapblH, »KacyllaJapAarsbl
MUTOXOH/pUSA KYPbLIBIMJAPBIH 3aKbIM/All, 3aT aJIMaCyZAbl peTTEHTIH reH/iep/ie MyTanuaaap
TYFbI3ybl MYMKiH [14]. XKofapbla KeJTipiJreH JAepeKkTepre cyldeHe OTbIPBII, MOHJAAyLIbI
coyJsieJIeHy/IiH 3aT aJIMacyblHa )K9He KaHT AuabeTiHiH JaMyblHa acep eTy MexaHHU3M/lepiH oiaH
9pi 3epTTey OPBIH/BI el CAaHAWMbI3. KapacThIpbLIbIN OTBIPFAH YAepicTepal TepeHipeK TyCiHy
pafiMalUAIBIK 9CepP/iH MeTab0JINKa/bIK CaJapblH a3aliTyFa GaFbITTa/JFaH aJ/blH aly XKoHe
eM/ley CTpaTerusjaapblH a3ipJeyre MyMKiH/iK 6epefi.

KyMbIcTBIH MaKcaThl. MoHAay1Ib] CoyJIe/IeHy/iH 3KCIIePUMEHTTIK »K0JIMeH UHAYLIUPJIEHT eH
2 TUNTI KAHT JUabeTiKaFAalbIHAaFbl UMMYHOJIOTUSAJIBIK XK9HEe OMOXMMHUSAJIBIK KOpCeTKilTepre
9CEpiH 3epTTey.

MaTtepuangap MeH 3epTTey JjicTepi

KolibliFaH MakKcaTThbl iCKe acblpy YLIiH BUBApPHWUM »KaFJaWblHAA YCTAJbIHFAH CaJIMaFbl
20020 rpammM 60s1aTbiH 80 aK 3epTXaHaJbIK aTajbIK ereyKyipblKTapFa 4 cepus/iaH TypaTbiH
TaXipube xyprisinai. | — 6akpliay Tobsl; Il - 2 TunTi Kaut auabeti (KJA2) MmogenbaeHreH
»aHyapJiap; Il - caynenenreH »anyapsap; IV - 2 TUnTiI KaHT AuabeTi 6ap cayJiesieHreH a-
HyapJiap. EreykyipbiKTap TaxipubeZeH 3dUp HApKO3bl asiCblHJA TOJIBIK EMEC JleKaluTaLus
d/lici apKpLIbl, JIOKaJJAi I3THUKaJbIK KOMHUTETTiH Tasabbl OOWBIHIIA >XOHe XeJbCUHKHU
JeKJapalUAChIHbIH XaHyapJlapFa aZjaMrepllijiiknieH Kapay »KeHiHJeri XaJlblKapaJlblK IPUH-
qUInTepiHe corikec mwbiFapbiAbl [15]. [I1xaHe IV TonTaFbl 2kaHyapJiapFa 6ip peTTik 6 I'p fo3azaa
cayJieJieHy Kyprisinifi. 2 TunTi KaHT Auabeti ctpento3otouuuMer (MP Biomedicals, AKIII)
MHAyLYpaeHAi. Bys npenapat yhKbl 6e3iHiH [3-9HAOKPUHOLUTTEpPiHEe TPONThI dCep eTeni,
»kaHyapJiapfa 30 Mr/kr fo3a/a i KybicbiHa eHrisingi (11 »xone IV Tontap). By yiari agamzaasbl
2 TUNTI KAHT AuabeTiHe MaTOreHeTUKaJbIK >KaFbIHAH €H, KaKbIH KO0JIbl OOJIbIN CaHaJa/ibl.
KaHT auabeTiHiH 2 TUNIHIH KaJbINITACyblH pacTay VIUiH CTPeNTO30TOLUH €HTi3i/ireHHeH
KeWiH 2 anTa eTKeH COH, alll KapblH Ke3iHJe KaHJafbl IVIIOKO3a JeHreui aHbIKTaaabl. K/2
TOOBIHA >KaHyapJiap/ibl eHTi3y/iH KpUTEePHUi — IJII0K03a KOHIIEHTPALUUsAChIHBIH 7,0 MMOJIb /J1-
JleH >KOFapbl OOJIYbI.

Memab6oaukaablk kKepcemkiwmepoi aHblIKMay

[J1r0Kk03a Mesepi 3Kcnpecc-aAiclieH, AFHU IVIDKOMETpP apKblibl aHbIKTAAAbl. TypakThl
TUIEePIJIMKEMUSHbIH, KepceTKilli peTiHje rinkupJjeHreH remormiobuH (HbAlc) penreii
aHbIKTaNAbl. YWKbl 0Oe3iHiH [-kacyllasapblHblH (QYHKIMOHANABIK OeJICeH/iNIriH KoHe
MHCYJIMHTe Te3iMJiJNIK JopexeciH Oafajay ylliH KaH capbicyblHJAaFbl C-menTuj HeH KaH
IJ1Ia3MacblHAaFbl MMMYHOPEAKTHUBTI MHCYJUH KOHLIEHTPALMAChl apHaWbl TecT-XKyHheJsep
ApPKbLIbI 6JILLEeH/].

22 N23(152)/ JLH. 'ymunee amoindarel Eypasus yammeoik yHusepcumeminiy XABAPIIBICHI. Buo102usnblK Folablmoap cepusicyl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



Cmpenmo3omoyuHdik duabemmin arblMblHA UOHOAYW bl CIYAEHIH acepiH e2eyKylipblkmapdblH UMMYHOA02USNbIE
JHCaHe OUOXUMUAALIK KHeaFdaliblH maaday apKblibl 3epmmey

HmmyHonoz2usinbik kepcemkiumepdi aHblkmay

BapJibiK TexipubeJiik xaHyapJ/ap/a 1eTKepi KaHAaFbl XKaJlllbl JIEMKOLUTTEpP MeH JIMMQPOLUT-
TepAiH caHbl aHbIKTa/IZbL. B- :xoHe T-1TMMpoLUTTEep MeH 0JIapAblH, CyONony-IALHsa/IapbIHbIH, CAaHbI
MMMYHOQJIYOPeCLEHTTIK 605y dfjiciMeH aHbIKTal/pbl, oa yuwiH FITC-MeH KoHBloranusiiaHFaH
aHTHU/ieHeslep KOAaHbLIAbL. BosiiFaH xacyianap ¢Jiyopec-eHTTiK MUKPOCKOI apKbLIbI 3€PTTe-
Jli. AJIbIHFaH JiepeKTepAi caH/bIK, 6HJeY YIIiH UMMyHOperyasaTopiablk uHAekc (MPU) ecenrenpi.
JIeHKOIUTTEP/IiH, MUTPaLUSIChIH TeXeUTiH peakiusHbl (JIMTP) ¢utoremarritoruHuamen (PIA)
XKyprisinai [16]. AlHabIMAaFbl UMMYH/ABIK, KoMIIeKcTepiH (AVK) KoHIleHTpanysachl aHbIK-
Taaabl [17]. HelTpodunaepaiy 6esceHAainirin 6aranay yuliH HUTPOKOK-TETPA30JHUMN ChIHAFbI
(HKT) »xyprisingi [18].

Buoxumusiawlk Kepcemkiwmepoi aHblKmay

JIAT eHiMpzepiHiH 6ipi gueHAik koHblorattap ([AK) mesmepi smuMbouuTTep MeH YHKbI
6e3i romoreHaThIHAA aHbIKTaAAbl [19]. MJIA Mesepi anbiKTanAbl [20]. AOXK pepmeHTTEpI
ryTtaTuoHpeaykrasa ([1P)xoHe rmytatruonnepokcusasa (I'nll) depmenTTepiniz 6esceHainiri
aHbIKTanApb! [21] )xoHe kaTanaza (KT) pepmeHTi 6esiceHiisiri aHbIKTanAbl [22].

Cmamucmukasvlk 6Hoey

JepekTtepain ctatuctukaablk Tangaybl STATISTICA 8.0 6argapiamMmachkl apKblibl KYPri3iyifi.
TonThIK MasliMeTTep GoMbIHILIA OpTallia apudMeTHUKaIbIK MoH (M) *koHe cTaHJAPTThI AYbITKY
ecenTes/li. ARbIPMAIIbIIbIKTAPAbIH MaHbI3AbLIbIFEI CTbIOJEHTTIH t-KpUTepHili GoWbIHILIA
GaraJiaHbl.

3epTTey HOTHXKeJ1epi

JKCIIepUMEHTTIK >KaHyapJlap/blH MeTab0JMKaJbIK, CTATYChI

Bi3 KoJsilaHFaH CTPENTO30TOLMH MeH UOH/IAJIFAH CayJ/ieJIeHy aK ereyKyMpbIKTapAblH 6M0XHU-
MHUSAJIBIK KOpCeTKIIITepiH e3repTTi. CTPeNTO30TOLMH €HTi31/ITeHHEeH KeliH ereyKyrpbIKTapa
KaHJaFbl [JIIOKO3aHbIH €epKiH KOHLeHTpauusacel 7,0 MMoJb//-JeH »OFfapbl OOJIbIN, KAHT
nuabetinin 2-tuni (KJ2) nambiranel 6aiikangbl (Kecre 1).

Kecte 1
3epTTe/ireH TIKipHoGe ik xKaHyapJiapAaFbl MeTab0/IMKaAJIBIK KOpCceTKIIUTePiHiH e3repici

KepceTkiwrep [-6akbL1ay I1-KA2 [II-coyneneny | IV-KA2 + cay-
JieJieHy
[n10k03a KOHIEHTPALUSChI, MMOJIb /J1 6,02+0,32 | 7,25+0,52* | 10,24+0,81** | 10,78+0,93**
CnukupaeHreH reMorj06uH, % 2,85+0,22 3,35+0,23 3,22+0,18 3,76+0,24*
WUMMyHOpeaKTUBTI UHCYJIUH, HT'/MJI 0,64+0,09 | 0,87+0,07* 0,69+0,04 0,83+0,06
C-nentug, Hr/ma 2,01+0,2 2,95+0,19* 2,54+0,17* 3,32+0,25**

Eckepmy: 6aKbliay TONIEH CaJbICThIPFaHAa HAKTHI: *-p<0,05; **-p<0,01.
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MMMyHOpeaKTUBTI UHCYJUHHIH KoHLIeHTpanuschl I, Il xxane IV TonTapblH 6ap/ablFbiHAA
»KOFapblJlaFaHbIMEH, CTaTUCTUKAJIBIK TYPFbIAa HAKThI apTybl TeK KaHa AyabeT MaKbIpbLIFaH
tonTta 60sAbl, apTybl 36%-Ab1 Kypazbl (p<0,05). [Linkup/sieHreH reMorJioOMHHIH, JAeHreui
CTaTHUCTHUKAJIBIK TYP/le TEK CayJleJIeHyTe YilblpaFaH uabeT 6ap kaHyapsapza 1,3 ece apTKaHbI
anbiKTanasl (p<0,05). HbAlc kepceTkimi coHfbl 12 anTagafbl KaHJAafFbl OpTalla IJIOKO3a
MeJilepiH cunatTaiabl. [V TonTa r/l0KO3aHbIH €H, >KOFapbl KOHLIEHTPALUACHI TipKeai, Oy
[ TonmeH caJsbICTBIPFaH/Ja HAKTHI ©3repicke TyckeH. KaHZarbl [VIIOKO3a MeJillepi HeFypJibiM
»KOFapbl060Jica, reMOTJIOOMHMEH 63/1iriHeH 6ailaHbICAaTbIH MOHOCAXapU/ATeP/liH bIKTUMaJlIbIF bl
Jla COFYpJIbIM KoFapbl 6osajbl. 11 xaHe III TonTapaa miokKo3a KoOHIeHTpauusicel IV TonmneH
CaJIbICTBIPFaH[a L1aMaJibl TOMeH OosiFaH/bIKTaH, Hb-nieH 6aisiaHbICKaH MoJieKy/iajap CaHbI
Jla mamaJsibl a3jay 60Ji/bl, OYJ OJIap/AblH KOpCETKIllTepi MeH KaJsbIIThl TOIN apachbIHAAaFbl
albIpMallblIBIKTBIH, CTAaTUCTUKAJBIK TYpPFblIIaH ajifaH/a HaKTbl OoJiMayblHa ceben 60Jybl
MYMKIH.

C-nenTuj - 6yJ1 KEeTJITeH MHCYJIMHHIH NPEKYpCcopbl 6OJIbIN TaObLIAThIH MPOUHCYJIUHHIH,
NpOTeoIU3 yAepiciHze OeJsiiHin mbIFaThlH ¢pakyusacel. Kanga eJsimieHeTiH 60C WUHCY/IWH
a/JiilbIMEH 3H3MMOJIM3 HOTHXKECiHJe TrenaToLUTTepre TYCil, KeMiHHEH FaHa KaHaWHaJbIM
kyreciHe eTeni. COHABIKTAH UHCYJIMH KOHLEHTPALUSChI [3-KacylasapAblH, 6eceH/iiriHiH
HaKTbl KepceTkimi 6osa anMaiabl. An C-menTuj, KOHLEHTpaLUAChl YUKbIOe3iHaeri
NPOUHCYJIMH CUHTe3l JleHreHiH KepCeTil, CaJbICThIpMaJbl TYpZe TYpPaKTbhl KepCeTKill
caHasaAbl. bapsblK skcnepuMeHTTiK TonTapga C-nenTU/TIH capbicyAaFbl MeJillepi 6akpliay
TOOBbIMEH CaJIbICThIPFAaHAA CTAaTUCTUKAJBIK TYpPFbIJJaH HaKThl apTKaH: Il Tonta - 46,76
% (p<0,05), III Tonta - 26,36 % (p<0,05), IV Tonta - 65,17 % (p<0,01). Byn nepexrepre
CYMeHCeK, CTPeNnTO30TOLMHHIH, Jle, raMMa-CayJeJIeHY/iH [Je, OJapAblH KOocapJibl 9CepiHiH
Jie B-xacymanap (yHKUUSACBIHBIH TOJIBIK Oy3blIyblHAa aJblll KeJIMereHi aHbIK. WHCy/JWH
MeH C-menTup, JieHreuaepiniy apacblHAaFbl TONTap OOMbIHIIA KYHeJsi COMKecTik 60JiMaybl,
MHCYJIMHHIH 6ip 6eJiriHiH 6ayblp »KacyllajapblHJa XHMHAKTaJlyblHa 6GaillJIaHBICTbl 6O0JIybI
MyMKiH. [I] ;xoHe [V TonnTapga C-nenTua KOHIEHTPALUSCbIHbIH, AU TapJIbIKTal apTybl, UHCYJUH
JIeHTeliHiH a3 FaHa e3repyiMeH KaTap Kypyi, raMMa-cayJiesjep/iiH, HeMece eKi GaKTOp/ibIH
OipikTipinireH ocepiHeH NPOWHCYJUHHIH 3H3UMOJIM3iHIH TeXeayiH Ae KepceTyi MyMKiH.
CoHpali-aK 6apJiblK, TXKipubesik TonTapja KaHJarbl TJIIOKO3a AeHreliHiH CTaTUCTUKAJbIK
TYPFbIZIa alTapJbIKTal apTKaHbl 6akkaaabl: K2 ToobiHga - 20,43 % (p<0,05), coyeneny
To6bIHAA — 70,09 % (p<0,01), an KocapJibl acep anraH Too6biHAA - 79,06 % (p<0,01). UHCY/1MH
MeH OHBIH NPEKYpPCOPBLIHbIH MeJillepiHe KapaFraHja, lI, 11l »xeHe IV TonTapzaa B-kacyuasap
63 QYHKLMAJAPBIH caKTan KasiraH. Anaiza Il xxoHe [V TonTapaa KaH/aFbl TJIFOK03a MeJiiepi
Il TonneH HeMece GaKplLIayMeH CaJbICThIpFaHJa GipliaMa >Kofaphbl AeHreije 6o0abl. Jemek,
Y-coysiesiep CTPENTO30TOLMHIe KapaFaHJa WHCYJIMHIe PEe3UCTEHTTINIrIH apTThIpa TYCKEH,
aJs eki GaKTOp/ibIH, KOCapJibl 9Cepi 0ZjaH api KylllelTe TYCKeHi TipKeJJi. AJbIHFaH JepeKTep
CTPENTO30TOLMHMEH UHAYIIMPJIEHTEH 2 TUIITI KAHT ZihabeTi MeH UOH/AAYIlbl CayJe/IEHY XKeKe
acep eTKeHJe Jie MeTaboMKaJbIK OYy3bLIbICTAp TYAbIPATbIHbIH KepceTTi. Bys 6y3blabicTap
TUNEPIIMKEMUS )KOHE UHCYJIMH CEKPEeLUsChIHBIH 63TepicTepiMeH cunaTTanaabl. Ananaa 6y
dakTopaap/ibIH KOCapJibl dcepi aHaFYPJIbIM alKbIH MATOJIOTUSLJIBIK 63TepicTepre ajblil KeJTeH,
O0yJ/1 AMabeTTiK KaF/laliFa KapaFaHa pagydanusiblK GaKTOpAbIH KYILIEUTKIlI acepi 6ap eKeHiH
JaJienpenai.
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3epmmesizeH maxcipubeik HcaHyapaapoblH UMMYHObIK CMamycyl

Taxkipube TypiHJie [uabeT, MOHAAYIIbI COyJIeJIEHY KoHe 0JIapblH, KOCapJibl 9CEPiH CUMAT-
TaWTbIH KOPCETKILITEpPre KeJiCeK, JIEUKOUUTTIK koHe T-TMMQPOLUTTIK UMMYH/BIK ayanTbl
TexkereHi 6akasbl. by CD3" xeTinren T-Kacyasapbl MeH KaJllbl JIEHKOIUTTEPAIH, TUTPiHIiH,
6apJibIK TaxipubeJsik TonTapAa HaKThl TeMeHJeyiMeH pacTanbl (p<0,05). II TonTa guabet
CD8* men CD19" GesiceHpinirine aiitapybikTai acep ernered: CD8" TuTpi 6aKpliay TO6GbIMEH
canbicThipranaa 11%-ra Temeneres (p>0,05), an CD19* tutpi 12%-fa aptkan (p>0,05) (Kecte
2). bap/iblKk MMMYHOKOMIIETEHTTI »Kacyliajap TUTPiHiH e3repici 6ip 6aFbITTa — a3alo KaFblHa
Kapal XblDKbIFaH. JIUMPOUTTEp MeH JIEUKOLUTTEP/iH CyONMONyIaUsJapblHbIH, MeJiiepi
3aKbIM/IaHY JlI9pexKeciHe call TeMeH/lereHi ballKa/bl: €H >KOFapbl KOPCETKIII 3aHAbI TYpAe —
6aKblyiay TOObIH/IQ, lIaMaJIbl TOMEHI — IUabeTTiK TOObIH/A, OflaH Jla TOMEHI — paJualHsaIbIK
acep/leH KeNiHTi TOMNTA, aJl eH TOMeH KepCeTKillTe 60JIFaH — 1MabeT MeH cay/ieseHy/liH KocapJibl
acepiHe yubiparaH [V TonTarsl xaHyapJiapza Tipkeaji.

Kecre 2
3epTTesireH TIaXKipuGe ik JKaHyapJsiapAaFbl HIMMYHABIK, )Kylie KepceTKillTepiHiH e3repici

KepceTkiwrep [ - 6akbLIay I1-KA2 I1I - coyneneny | 1V - KJI2+cayneneny
Jletikonut x10°/n1 | A6c.can | 6,26+0,36 5,20+0,37 * 5,07+0,39* 5,09+0,24 *
Jlumponut x10°/n | A6c.can | 2,61+0,16 2,18+0,14 * 2,15+0,16* 2,08+0,11 *

% 35,78+2,17 | 33,64+2,05 32,54+2,35 31,44+1,73
T-numponut A6c.can | 1,58+%0,09 1,30+0,10 * 1,26+0,06* 1,18+0,07 *
(CD3+)x10°/n % 29,55+1,47 | 24,63+1,83 * | 25,01+1,71* 24,07+1,83 *
T-xennep A6c.can | 0,75%0,05 0,61+0,04 * 0,59+0,03 * 0,48+0,03**
(CD4+)x10°/n % 18,48+1,54 | 14,58+1,13* | 14,45+1,04* 13,71£1,02 *
T-cynpeccop A6c.can | 0,56%0,03 0,50+0,03 0,48+0,02* 0,44+0,02 *
(CD8+)x10°/ % 11,43+0,63 | 10,11+0,64 10,03+0,51 10,36+0,74
B-numonut A6c.can | 0,43+0,03 0,48+0,03 0,41+0,02 0,40+0,02
(CD19+)x10%/n % 6,64£0,48 | 7,76%0,53 6,08+0,35 6,55+0,42
WUPU - 1,34+0,07 | 1,22+0,08 1,22+0,05 1,09+0,06 *
JIMTP uHzgekc | 0,88+0,05 | 1,04+0,06* 1,13+0,08* 1,12+0,05 *
AVK 11.6. 1,36+0,08 | 1,12+0,08 * 1,08+0,06* 1,09+0,08 *
HKT-Tecri % 3,78+0,26 | 2,44+0,18 ** | 2,47+0,18%* 2,36+0,15 **

Eckepmy: 6aKpliay TOIIEH CaJbICThIpFaHAa HAKTHI: *-p<0,05, **-p<0,01.

Eki ¢pakTopblH KocapJibl acep >KaFAalblH/A €H KOl 3ap/ial leKKeH cybononyasanus — CD4Y,
osapzAbiH TUTpi 36%-Fa TemeHgereHn (p<0,05). CD8* meusmepi 21%-ra kemizai (p<0,05), an
CD19* Tek 7%-Fa a3alibln, 6yJ1 e3repic HaKTbI 60Mazbl (p>0,05). B-nuMdouuTTepaiy TUTpI yi
TIKIpUOeJiK TONThIH elKaNChICbIHA OaKbljlay TOOBIMEH CaJbICThIPFAH/A HAaKThl ©3repicke
yuibiparad oK. CD19" peuenTopsiapbl 6ap »keTiiMereH B-xacymiasap myJsibl KeTKIiJIKTI
60JIFaHbIMEH, TyMOpaJib/ibl UMMYHUTET NEeH aHTHJleHe Ty3ilyi Oy3bliybl MYMKiH, ce6ebi
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a"nturen/ii MHC Il MmosieKysiacbl apKbl/ibl TAHbIFAH COH, B-2-1uM$ouTTep/iiH TObIK 6esiceHyi
yiiiH CD4" -MeH 6aiaHbIiC KaxkeT 6oJiazbl. Kocapsibl acepseH kekiH T-xesmepJsiep TUTPiHiH
eJieysli ToeMeH/ieyi Oyl NpoLecTiH Oy3bLIybIHA 9KeJyi bIKTUMaJ [23]. UMMyHOperyasaTopJbIK,
nHaekc CD4" xacymanapbiHbIH TUTPiH CD8* *kacymasapbIHbIH MeJIIIEepiHE KAThIHACHI PETiH/Ie
ecenTesfi. bysJ KepceTKIWITiH e3repici UMMYH/bIK TalllbLJIBIKTBI HeMece ayTOUMMYH/bI
npouectepAi kepceTyi MYMKiH, a1 Kepi KaTblHac (1/1-1eH TeMeH) UMMYH/IbIK, )KYHEeHiH, eJieyi
Oy3bLIbICTApPbIH b6infipeni [24]. [luabeTke >koHe cayJieJieHyTre yliblpaFaH *kaHyapJapaa UPU
KepceTKili 6ipaed 60sb1 - 1,22, 6y/1 6aKbLIay TO6bIHBIH 91,0%-bIH Kypaabl. CD4 " xacymanapbl
TUTPiHIH KYPT TOMeH/JeyiHe KapaMacTaH, 0yJ e3repic HaKTbl 60s1Mazbl (p>0,05). An IV Tonta
WPHU 81,35%-Fa fieliid TeMeH/Jen, OyJ1 KepCeTKill 6aKblay TOOBIMEH Ca/IbICTBIPFaH/1a HAKThI
allbIpMallblIbIK kepceTTi (p<0,05).

HKT HerisiH/ie ajibIHFaH NalbI3/1bIK KOPCETKILITED /e TaKipubelik TonTapAa HaKThl TYp/e
TeMeHJgereH: Il Tonta - 35%-ra, Il Tonta - 34%-ra »koHe IV Tonta - 37%-Fa TeMeHJereHi
Tipkengi (p<0,01). Bya HaTwxkenep HeUTpoduaaepAiH HMMYHABIK (QYHKIUACHIHbIH,
aJicipereHiH kepceTepi. Erep osapzpblH MTON/Ia3MacklHAAFbl K6K GopMaszaH rpaHyJ/iajaapsl a3
6ouica, 6y HA/I®-okcuiasa pepMeHTiHIH 6esiceHANITIHIH ToeMeHAiriH 6ingipesi. By aH3uM
CYyNepOKCH/l paAvKaaZapblH TY3il, ¢aronuTTe/NreH naTtoreHjepaiH MeMOpaHacblH 0y3a/ibl.
Jlemek, 6ys1 TecT HelTpoduaep GYHKUUACBIHBIH, CeHiM/i MapKepi peTiHJe KapacTbIpblaybl
MYMKIiH »KoHe oJiapAblH, 6esceHginiri T-kunanepsep meH T-xennepJsep/T-cynpeccopJsap
CUHTEe3eUTiH IIUTOKWH/IEP apKbl/bl peTTesieTiHiH KepceTeai. AUK mesniepi fe Toxipubesik
TONTapAaFhbl )KaHyapJiapZa HaKThl TypJe TeMeH/JiereHi aubiKTaAbl (p<0,05). ATan alTKaH/a,
CTPenTo30TOLMH eHri3iireHHeH KeiliH AWK TuTpi 6akbliay TOObIMEH CasbICThIpFaHAa
17%-¥a, raMMa-cayJiesieHy afgaumbiHaa - 21%-fa, an KocapsaHFaH acep KesiHzae - 20%-fFa
TeMmeHJereH (p<0,05). AUK - anTureHziep MeH aHTuieHesepaeH (kebiHece IgG HeMece IgM)
’)KOHE KOMILJIEMEHT >XYWeCiHiH KOMIIOHEHTTepiHeH TypaTblH KelleHJep. OJiap KaJbIIThI
MMMYH/BIK KayalTblH, Kypamjac Oeuiiri 6osibin Tabbliagbl. Kanparbl AUK peHreiiniy,
TeMeHJieyi OipHellle MexaHU3M/JIEp apKbLibl KYpyli MYMKIiH: aHTUTreHJep/liH a3aiobl, He
6oJiMaca aHTH/leHeslep CUHTe3iHiH a3aiobl. JKyprisiyireH 3epTTey HaTHXKeJsepi Taxipubesik
TONTap/la UMMYH/IbIK KyHe TexesyiHe 6ainanbicTbl AUK TUTpiHIH TeMeH/ereHiH KepceTes,.
WUMMyHABIK CTaTyCThIH oJicipeyi Ke3iHAe B-1uMouuTTep CUHTE3[EUTIH aHTUZEeHeJsep
MeJiliepi e a3aobl MyMKiH. AHTH/IeHeslep a3aiifaH calblH aHTUTeHJepMeH OaliaHbICaThbIH
KellleHJep Je azasanbl, HoTwxkeciHae AUK meuiepi ge ToMeHaeyi MYMKIH.

['aMmMa-caysiesieHy MeH CTpenTo30TOLMHHIH acepi JIMTP-ra fa acep eTTi. byt KepceTKilTiH,
abCOJIIOTTIK MaHI OapJIbIK TOXKipHUOeiK TonTapa 6aKblaay TOObIHA KapaFaH/a »KOFapbl 60JIbI.
Atan aWTKaH/a, ctpenTo3oTolyH eHridy JIMTP kepcetkiuin 18%-fa, coyneneny — 28%-ra,
aJ oJlapAblH KocapJbl acepi — 27%-Fa apTThipAbl (p<0,05). Bys HoTHXKesiep cayJiesleHYAIH,
JIMTP kepceTkKillliHe CTPeNTO30TOLIMHMEH CaJIbICTbIpFaH/a KebipeK acep eTeTiHiH KepceTe/i.
JlediKOUUTTEPAIH MUTpaLUaabIK 6esceHAinirin T->kacymanap apKblibl peTTesaeTiH GyHKIUA
peTiHge 3eptTey — T-nTUuMbounTTEPAIH GYHKIIMOHANABIK OesiceHAINIriH 6aFanay/iblH CeHiMAl
dAicTepiHiH 6ipi. JIeMKOUUTTEPAiH MUTPALUSCBIHBIH TeXenyi T-kacylanap/blH 6eJceHAiairi
apTKaH Ke3Jle 6aliKasaabl, cebebi b6esceHipisireH JUMMQPOLUTTED XKOFApbl KOHLIEHTpalUaAa
cnenyuKaablK JUMPOKUHAEPAI 6eJiin mblFapajbl. Bys TUMMQPOKHUHAEP IPaHyJIOLUTTEPAIH,
MOHOIIMTTEP/IiH, koHe Makpodartap/blH epKiH Ko3faibicbiH Texeui [25]. II, III kone IV
TONTap/a JeMKOLUUTTEP/iH KO3Fablc 6esiceH/iiiri 6aKpliay TOObIHA KapaFaH[a )KoFapbl. By
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KYObLJIbIC FaMMa-cayJieJIeHy HeMece CTPEeNTO30TOLMH acepiHeH T-TMMPOLUTTIK UMMYH/BIK
6eJ1iriHiH TexxenyiH kepceTTi. COHbIMEH KaTap, CayJieJieHy KaFlalhblHJa UMMYH/bIK, »Kacylia-
JIapAblH, KO3FaJbIC KbLIJJaM/IbIFbl MHAYIMpPJEHTeH auabeTke KaparaHaa 10%-ra >xofapbl
OoJIFAaH/bIKTAH, raMMa-cayJiesiepaid T-KacylablK 6eJICeHITIKTI CTpenTo30TOLMHTe Kapa-
FaH/[a KYIITipeK TeXeWTiHi alKbIH OalKaJIibl.

3epmmeszeH Maxcipubeik HaHyapaapoblH 6UOXUMUSIbIK CMAMYCbl

Toxipubenik xanyapsapaa JIAT esrepici. Bysn cepusiza »kyprisisireH 3epTTeysep/iH,
MaJliMeTTepiHe KeJICeK, KAaHT AuabeTiHe yuibiparaH lI-11i TonTarel xkaHyapJ/1apza 6y/1 KepceTKi
0,94+0,08 wapTTh! 6ipsaikke aeiiH (p<0,05) apTKaH, 6yJ TUNepPIIMKEMHUS] MEH CO3bLJIMaJIbl
OKCUJIATUBTI KyM3eutic karfaibinga JIAT-HbIH, 6esiceHAiNIriHiH, apTKaHblH kepceTeAi. I11-mri
TONTAFbI caysiesieHreH kanyapJsapaa JJK aenreiti 1,18+0,10 wapTtTh! 6ipaikke (p<0,01) geiin
apTtkaH. An [V-uii TonTa, IFHU JuabeT MeH cayJiesieHy OipJsiece acep eTKeH >Kafjaiija, 6y
kepceTkim 1,27+0,12 mwapTThl 6ipaikke (p<0,01) geiiH xkeTKeH. Byl MasliMeT eki 3aKbIMay I bI
baKTOp/iblH CHHEPTUSJIbIK 9CEPIH K9HE >Kacylla illiJiKk aHTUOKCUAAHTTBIK, TOMEOCTa3/blH,
e/layip Oy3blIFaHbIH Oinfipesi. KaH iuMpouuTTepiHae e ocblHAal e3repictep 6anKa//ibl.
bakbliay To6bsiHga K 0,29+0,02, nuabeTtke yubiparavgapga - 0,35+£0,02 (p<0,05), caynere
»kaHyapJsiapaa - 0,47+0,04 (p<0,01), an exi ¢akTopabiH b6ipsece acepi kesinge - 0,48+0,03
mapTThl 6ipJik (p<0,001) Gosnabl. Bys HoTHXesep apTypJi KyHsesic dpakTopJapbl KesiHae
JIAT-bIH xyHeJi TypAe KylleleTiHiH kepceTeni (Kecte 3).

Kecre 3
3epTTesreH TIKipuGeik xkaHyapapaarsl JIAT eHimaepiHin e3repici

3epTTey HbICaHBI [- bakpLIay I1-KA2 Il - coyneneny | 1V - KJ12+cayneneny
AK YiKp1 6e3i 0,71+0,06 | 0,94+0,08 * 1,18+0,10 ** 1,27+0,12 **
Jlumdouut 0,29+0,02 | 0,35%0,02* 0,47+0,04 ** 0,48+0,03 ***
M/JIA YiKpI 6e3i 0,21+0,02 | 0,29+0,02* 0,33+£0,02 ** 0,40£0,03 ***
Jlumdouut 0,13+0,01 | 0,16%0,01* 0,22+0,02 ** 0,24+0,018 ***

Eckepmy: 6akbliay TONIEH CaJbICThIPFaHAa HAKThI:*-p<0,05, **-p<0,01, ***-p<0,001.

M/JA — JIAT-HbIH COHFBI K9He YBITThI 6HIMI Jie *KOFapblJa KOpPCETIJITeH e3repicTep CUAKTHI
KepiHic 6epreH. bakbliay ToobIH/a yHKbIOe3iHae M/IA neHreiti 0,21+0,02 mwapTThI 6ipJik 60J1ca,
KaHT JuabeTiHe yuibiparaH TonTa 6y kepceTkim 0,29+0,02 (p<0,05) geitin aptThl. Coysere
yuiblparaH ka"yapJapaa 0,33+0,02 (p<0,01) 6osapl, an eki pakTopAblH, 6ipJsece acepi 6ap [V-1ui
TomnTa OyJ1 KepceTkill eH kofapbl - 0,40+0,03 wapTtTs 6ipJikke (p<0,001) xeTkeH. By niepektep
»Kacyllla KypblIbIMJapbIHbIH aWKbIH TOTBIKTBI 3aKbIMIaHYbIH KepceTe/i. KaH tuMdonutrepin
3eprTereH keszge MJIA geHredi 6akpiiay To6biHzAa 0,13+0,01 kypaca, auabeTke yuiblparaH
»kaHyapJsapaa - 0,16+0,01 (p<0,05), 6ip Me3eTTik cayJsiesieHyTe VilblpaFaH *KaHyapJapia —
0,22+0,02 (p<0,01),an kaHT AMabETi MEH CayJiesIeHY/iH bipJiece acepiHe yllIbIpaFaH *kaHyapJiapZa
- 0,24£0,018 waptth! 6ipaikte (p<0,001) 60aabl. Byn M/IA-HBIH Xy#esik JeHreliHiH apTybl
JIMIIUATEP/IiH aCKbIH TOTBIFYbI Y/IEPICiHIH KYlLleHreHiH Oiaipesi.
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Backa aBTopJsiapAblH 3epTTeynepinge M/IA fgeHrelsiepiHe KaTbICTbl aFbIM/JaFbl 3€pPTTEY
HOTHXKeJIepiHe CoMKeC HOTHXKesiepre KOJI JKETKi3reH. 2 TUITI KaHT JuabeTi JIMNUATEP/iH
aCKbIH TOTBIFYbIHbIH, KOFapblJlaybIMEH OAW/IaHBICTBI €KEHiHe TaFbl Jja Ke3iMi3/i KeTKi3aiK.
AHTHOKCHU/AAHTTAp KAHT AWAbeTiHiH epllyiHe KoHe Maiaa 60JybIHA K0J1 6epMeNTiHi 6erii.
Boc papukangapzablH, Ty3iJyiH KaHJAafbl I[VIIOKO3aHbIH »KOFapbllayblH OOJblpMay >KoHE
KaH/J|aFbl TJIDKO3aHbIH, TYPAKChI3JbIFbIH 6aKbljay apKbljbl a3alTyFa 60J1aTbIHbI aHBIK. KaHT
[inabeTiMeH ayblpaTblH HayKacTapZa aHTUOKCUJAHTTapfa 6Te >XOfapbl (U3UOJIOTUAIBIK
KaXKeTTiJiK 60/1ybl MYMKiH [26-28]. CoHbIMeH 6ipre, 6acka 3epTTeyulisiep/iH HaTHXeJepi
KaHT AuabeTiH/ie leHeHiH TOThIFY KyH3eJliciHe ce3iMTasl eKeH/iri »koHe KaH1aFbl [VIIOKO3aHbIH,
YKOFaphbl AeHreli TunuATepAiH epKiH paguKaabl aCKbIH TOTbIFYbIMEH 6AaWIaHBICThI eKeH/ITi
Typajbl fAaJjenfiepAi pactagpl. KanT guabetinge MJIA-HbIH KoFfapbl JeHreii TOTBIFY
KYHU3eJliCiHiH »KypeK-KaH TaMbIpJapbl acKbIHYJapblHbIH, NaTOreHe3iHJe MaHbI3Jbl pPeJ
aTKapaTbIHbIH KepceTei. KaHT AuabeTiHAeri OKCUaHTThI )K9HEe aHTUOKCUJAHTThI XKyiesiep
apacbiHZia TeHrepimcizaik »xypreH [29, 30]. AnbIHFaH HOTHXKeJep KOpPCETKeHJeH, 2 THUITi
KaHT AuabeTi ne, y-caysneneny gae JIAT ypepicin kywedTeni. Byn esrepicrep K men MJIA
JleHrelepiHiH, HaKTbl >KOFapbllayblMeH cuNaTTaabl. EH >XOFapbl KepceTKiluTep AuabeT
IeH CcayJieJlIeHy/liH, KocapJibl acepi Ke3iHAe GalKasazbl, OyJ OJlapAblH, KyMYJISATHUBTI >KoHeE
3aKbIM/layLlbl 9CePiH JaJeIeni.

Toxipubeik >xaHyapJiapJarbl aHTUOKCHUIAHTTBIK XKyHecCiHiH e3repici. CaHAbIK MaJliMeTTepP
AHTUOKCHUAAHTTBHIK (epMeHTTepAiH OeJiceHAisiri 6akbliay TOObIHA KapaFaHJa OapJblIK
TOXKipubesiik TonTapAa TeMeHaereHiH kepceTTi (Kecte 4). Atan aTkKaHzga, [71P-HbIH, yHKbI
6e3i”geri 6esceHAiniri 6akplLiayaa 28,15+2,56 6ipJik 6oJica, KaHT AuabeTi 6ap kaHyapJsap/a
23,24+2,03-ke (p>0,05), coynenenrengepae 21,34+1,81-re (p<0,05), an auabeTrneH KaTap
coynenenrengepae 21,17+1,56-ra (p<0,05) peiin TemeHzereH. KaH numdouutTepiHze
o6ys1 depMeHTTiH GesceHAiniri 6akpuiayaan (13,14+0,97) auabet TonTapsiHga (10,33+0,81,
p<0,05), coysnenenren (8,18+0,63, p<0,01) xoHe auabeTneH cayJseneHrenaepae (8,24+0,72,
p<0,01) HakTel fAeHreiljle TemeHzereH. byn [P depmeHTiHIH KajnblHa KesTipy XoHe
AHTUOKCUAHTTHIK KOPFAHBICTAFbI POJIiHIH JICIpeyiH KepceTe|.

Kecre 4
3eprTesreH TaxipuoGe ik xxanyapsapaarbl AOK pepmeHnTTepi 6esiceHALNIriHIH o3repici

3epTTey [-6akplnay [I-K 212 [II-coyneneny | IV-K/J2+cayneneny
HBICAHBI
[nP YiiKp1 6e3i 28,15£2,56 23,24+2,03 21,34+£1,81 * 21,17£1,56 *
Jlumdouut 13,14+0,97 10,33+0,81 * 8,18+0,63 ** 8,24+0,72 **
Inll YHKbI 6e3i 158,24+10,17 | 143,26+12,37 | 138,26+£12,37 126,55%¥11,59 *
Jlumdouut 422,66+30,42 | 375,39+28,34 | 347,24+21,75* 333,11£19,45 *
KT YiKbI 6e3i 67,63%5,22 54,06+4,26 * 58,34+4,36 51,33+4,64 *
88,22+6,27 72,11+4,37 * 67,43+4,15* 67,96+4,22 *

Eckepmy: 6aKpliay TONIEH CalbICThIPFaHAA HAKThI: *-p<0,05, **-p<0,01.
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[nll-HbIH yHKbI Ge3iHjeri 6ecenaitiri 6akpiay ToobiHga 158,24+10,17 60s1ca, Toxipubeik
TONTApAa a3arobl OalKaabl: AuabeT kesinge 143,26+12,37 (p>0,05), coysesieHreH TomnTa
138,26%12,37 (p>0,05), nuabeT neH cayneneHren tonra 126,55+11,59 (p<0,05). Kan sum-
douutrtepinge [nll 6Gencenpiniri e 6Gakbliaygarbl KepceTkimmneH (422,66+30,42) ca-
JIBICTBIPFaHJAa TeMeHJereH: Auabet kesinge 375,39+28,34 (p>0,05), coaysesneHreH TomTa
347,24+21,75 (p<0,05),an kocapsibl acep ke3inge 333,11+£19,45 (p<0,05) 60s1FaHbI aHbIKTAbI.
ByJs nepokcuTepAi blAbIpaTy KabisleTiHiH TeMeH/ieyiHe XoHe OKCUAATUBTI 3aKbIM/IaHY/bIH,
KkyuleriHe anbin Kesefi. KT depmeHTi yiKbl 6e3iHzie 6aKbliay ToObIHAA 67,63+5,22 6oJica,
nuabet kesinge 54,06+4,26 (p<0,05), coynenenren tonta 58,34+4,36 (p>0,05), an KocapJibl
acep ke3inge 51,33+4,64 (p<0,05) 6osiransbl Tipkeasi. Kan inmdonutrepinge KT 6esncenainiri
6akbliaymeH (88,22+6,27) canbICThIpFaHJa OGapJiblK TXKipubesik TonTap/ia HAaKTbl TOMEH-
JereH: auabet kesdinge 72,11+4,37, coysneneHreH Ttonta 67,43+4,15 >koHe KocapJ/ibl acep
Ke3iHze 67,96%4,22 (6apsbirel p<0,05). KaTtanasa cyteri nepokcufjiH 6eiiTapantaysa MaHbl3-
Jibl pepMeHT O60JIFaH/bIKTaH, OHbIH TOMEH/IeYi KacyllalblK TOKCUHAEPAIH )KUHATYbIHA MOX-
oyp/ienai.

ByJ1 kepceTKillTep aHTUOKCUJAHTTHIK )KYHeHiH pepMeHTTik 6eiceHAiNiriHiH KaHT AuabeTi
MEH paJUallvsJbIK 9CePAiH bIKMaJblHAH auTapJblKTal TOMEHETeHiH XKoHe KocapJibl acep
Ke3iH/e OyJ1 e3repicTepAiH KylueieTiHiH 6inipesi. MyHaal depMeHT GesiceHAiNITiHIH TOMEH-
Jleyl OKCUJATHBTI KYHW3eJIiCTiH apTyblHa >K9HEe >Kacylla 3aKbIMJlaHyJlapblHA bIKNAJ €eTeji.
Kannel, pepMeHTTEPAiH Oe/iceHiNITiHIH TOMeHAEYi KaHT AabeTi MeH paAualUsibIK dCepAiH
OpraHu3MJieri OKCUJATUBTI KyHu3eJsiC AeHrehiH KYIIEWTETIHiH >XoHe aHTUOKCHUAAHTTBIK
KOpFaHbIC MeXaHU3M/ePiHiH OYy3blLIyblH KepceTe/i. 9cipece, [UabeT NeH paJualUsiHbIH, KO-
capJibl acepi ¢pepMeHTTIiK GeJsiCeH/IINIKTIH eH TeMeHTi JleHreliHe JeliH eTyi opraHu3MHiH,
AHTHUOKCUJAHTTBIK MNOTEHLMaJbIHbIH Kyp/e/i 3aKbIM/laHyblHA aJblll KeJqyi MyMKiH. by
»KaFJall >kacyllajap/blH 3aKbIM/JJaHybl MEH OJIapAblH KbI3MeTiHiH OY3blJIyblHA 9KEI COFbII,
NATOJIOTUAJBIK IPOLEeCTEP/iH aCKbIHYbIHA bIKIIAJI €Tyl MyMKIH.

Tasnkpliaay

ANbIHFaH JlepeKTep CTPENTO30TOLMHMEH WHAYLWpJeHreH 2 TUNTI KAaHT guabeTi MeH
WOHJAYIIbI CoyJIeJIeHY KeKe dcep eTKeHJe Jie MeTab0JUKaJbIK OY3blIbICTAp TYAbIPAThIHbIH
KepceTTi. Bys 6y3blibIcTap rUNEPIJIMKEMUS XKoHE UHCYJIMH CEKPEeLMSCbIHbIH 63repicTepiMeH
cunaTtTanajbl. Anaiijla 6ys1 dakTopJsap/blH, KocapJibl acepi Ke3iH/le aHaFypJibIM alKbIH
NaTOJIOTUAJBIK ©3repicTepre ajbll KeJreH, 0y AUabeTTiK xKaFfal 6ap Ke3/e pajuanysaiblK
dakTOp/bIH KYLIEUTKIll acepi 6ap ekeHiH gaJsenfeiii. CTpenTO30TOLUH-UHAYKIUsIJIaHFaH
2 TUNTI KaHT AUabeTi )koHe MOH/IayllIbl CayJieJIeHY/iH acepi, acipece oslapblH, KocapJjbl Ke3i
TOKIpUOeJiK ereyKyupbIKTapAblH UMMYH/BIK CTaTyCblHAA allKblH ©3repicTepre 9KeJIreH.
Bapabik Toxipubesik Tontapaa (II-1V) 6akbliay TonmneH cajbICThIpFaH/A JEUKOIUTTEP/iH,
»KaJIllbl CaHbIHBIH, HaKTbl TeMeHAeyi 6aiKangbl (p<0,05), 6ys1 aF3ajarbl KaH TY3iJyiHiH
TeXeJyiH )XKoHe aF3aHblH, UMMYH/bIK TO3iM/i/iriHiH TeMeH/eyiH kepceTeTTi. COHbIMEH bipre
JUMGOLUTTEDP KOHE CYNOMyJaslUsIapbIHbIH abcoIOTTI KepceTKiwTepi TeMeHzexi. CD3+
NONyJALMACBIH/A 63repicTep TybIHAAAbL: 0Jap/blH abCOJIOTTIK CaHbl 6ApJIbIK TaXipuobeaik
TONTap/Aa HAKThl TypAe TOMeH/le/li, 6Te KOFapbl HAKTbIJbIKIIEH 63repicke TyCKeH JuabeT 2
»KoHe cayJieJIeHY/iH, KocapJbl acepi Ke3iHje 6osfaHbl Tipkeazi (1,18+0,07x109/n wamazga
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6ou1ca, 6aKbliay ToobiHAA 1,58+0,09%109 /41 60417561, p<0,05). ConbiMeH 6ipre, CD4+ abcostoTTi
»KoHEe CaJIbICTbIpMaJibl KYPaMbIHbIH TOMeHeYi Ae 6ailKasa/bl, aja [V TonTa TeMeHaeyi HAKTbI
TYpAe *KoFapbl Aapexere xeTkeH (p<0,01). Bys UMMyHABIK KacyluajapAblH, KOONEepaTUBTI
OeJiCeHIiIriHIH TeXeayiH *KoHe THIMAI MMMYHJBIK >KayanThbl KaJbIITACThIPYy KabileTiHiH,
TeMeH/JeyiH KkepceTeTTi. CD8+ caHBbIHBIH a3awobl Jja XypreH, 6ipaK KapKbIHAbLIbIFbl CD4+
JUMoLUTTepiHe KapaFaH/a waMasbl 6osFaHbl Tipkeazi. CD19+ keseTiHn 6osicak, guabeTi
6ap TomTa oJIapAblH, CaHbIHJA 6Cy ypJici 6alKanjbl, ajJ cay/jesJileHreH TOITa »9He eKi
dakKTOop/ibIH KcoapJbl 9CepP eTy Ke3iH/le oJsiap/iblH JleHreli HaKTbl 60oJiMaca Ja TeMeH/IeTeH,
OyJ1 »KacyllasiblK MMMYHUTETTIH OY3blIyblHAa TyMOPaJbJbIK 66JIiMHIH KOMIIeHCAIUAJbIK
6aiianbIcbiH KepceTyi MyMKiH. JIMTP kepceTkiutiHiy, »xofapsbliaysl, acipece [I1-1V Tontapga,
JMabeTTiK MeTaboJIMKaJbIK 63Tepic ascCblH/JA >XoHe paJuallMsaJbIK Kyh3esicTiH acepiHeH
VMMYHOKOMIIETEHTTI KacywasapAblH, AapMeHci3airiH kepcerti. byn HKT-tect pepektepi
6o¥biHIIA GaronUTTep/iH, PYHKLMOHAJI/bIK OeJICEHAINIriHIH TeMeH/eyiMeH e pacTasbl
(p<0,01). Texipubenik TonTapzarbl AWK KOHIEHTpalUsACbIHbIH, TOMeHAeyl HUMMYH/bIK,
OeJiICeHIIIKTIH TexeJ yiHiH TaFbl 6ip KepceTKillNeH pacTaslbll TYP.

Korapbiga KenTipijireH MajiiMeTTep AMabeTTiK MeTabOJIMKaJbIK KyW3esic MeH pajua-
LUSIJIBIK 9CEPiH/IE, dcipece oJ1apblH KOCapJibl bIKNAJbIHAA UMMYH/BIK KyWe/le HaKThbl eJieyJi
TexeJy KyObLIbICTAPbIHBIH XKYPreHiH AaJiengei/ii. Bys esrepictep kaeTKaJlblK UMMYHUTETTIH,
aJicipeyimeH, GparouTTiK QyHKUUAIAPABIH OY3bIIYbIMEH JXKoHe peTTerim T-KacyuiasapbIHbIH,
JiUcOaJiaHCbIMEH cUMATTaaybl MyMKiH. Texipube TypiHAe a/blHFaH yJri MeTabOJMKabIK
aypyJapAafbl MMMYHABIK Oy3blIy/Jap/blH NaTOreHe3iH oJlaH 9pi 3epTTeyre, COHJAAM-aK
MMMYHOMOAYJISIMSAJBIK >KOHE PaJAWONpPOTEKTOPJbIK areHTTepAiH THIMJiJIriH 6arasayra
FbUIBIMM bIKNAJIbIH TYAbIpaJbl. Paguanusanblk GOHHBIH KOFapblLlay Kaymi 6ap ayMakrapza
TYpaTbIH AWabeTi 6ap afgaMJapAa UMMYH/bIK KYHeHiH JUMQOIUTTIK OybIHBIHBIH TeXeyi
KoHe HeUTpobuaepAiH OGesiceHAINITiHIH TeXeny MYMKiHAIri 6ap gen 6oJspkayra 060J1afbl.
MyHbI AUArHOCTUKAIBIK-NPOPUIAKTHUKAJBIK JeHrelje aTKapblJIaTbIH XXYMbICTapZa ecKepy
KaXKeTTIiliH KepceTei.

JlunuaTepAiH acKbIH TOTBIFBI 6HIMepi OpraHu3M/Ieri TOTBIFY KYW3eJliCiHiH JieHTreriH )XoHe
»KacyllaJbIK MeMOpaHaap/iblH 3aKbIMJAHY J9pexKeciH 6arasayFa MyMKiHik 6epeai. Taxipuoe
MaJjiMeTTepiHAe auabetr kesinge [K men M/ZIA peHreiiHiH HakKTbl TypZe >KOFapbliaybl
6aiikanabl (p<0,05).bysco3blIManbIrMNepranKeMUsI )KaFalbIH/janaia 60/1aThIHIHAOTEHAIK
aKTUBTI OTTeri TYpJIepiHiH apThIK TY3i/yiMeH *KoHe aHTUOKCUJAHTThIK, )KyHeHiH aJicipeyiMeH
6aiaHbICTHI 60J1ybl MyMKiH. CaysiesieHreH »kaHyapJsapga (III Ton) 6y kepceTkimTep ofaH
api aptThl (p<0,01), 6ys1 MOHAAYIIBI CAyJIeJeHY/liH TiKeJel MPOOKCHUAAHTTBIK dCepiH >KoHe
JIMIIMATIK MeMbpaHasiapFa 3aKbIM KeJITipeTiH 60C pafuKalAbIK MpolecTepAiH 6esiceHAaiiri
apTa TyckeHiH kepceTefi. EH »kofapbl MoHZep IV TonTa Tipkenai: IK men M/IA neHreunepi
yUKbIOe3e ae, tuMpouuTTepAie Ae HaKTbl apTKaH (p<0,001). Bysa »kargai KocapJiaHFaH
3aKbIMAaylibl GaKTOpJap/blH, KyMYJATUBTIK >KoHe CHHeprusblK acepiH kepceteni. JIAT
eHiIMJepiHiH 1IaMaZiaH ThIC apTyhI XKacyliajapAa TepeH OHOXUMHUSJIbIK KoHe KYPbIIbIM/bIK,
3aKbIM/laHy/IapAbIH JaMyblH, aHTUOKCUAAHTTBIK KOPFaHbIC MeXaHU3M/IepiHiH, aJICipeyiH XKoHe
TOTBIFY-TOTBIKCbI3/IaHy F'OMEOCTA3bIHbIH OY3bLIYbIH J19J1e/AeUTiHI aHbIK,. XKasnbl, aJblHFaH
HOTHXKeJiep AuabeT MeH Y-CayJieJIeHYiH apKaMuchIChl KeKe, COHAAM-aK KocapJacy Ke3iHJe,
JIAT ypepiciH 6ipmaMa KylelTeTiHiH kepceTefi. Bys KyOblibIc yna JeHrerdinje xxacyaJsblk
Oy3blIbICTap MeH MaTOQU3HOJIOTUSJIBIK 63TepicTep/iiH, AaMyblHa 9KeJsin cofaabl. MyHAau
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»KaFJaijap/a aHTUOKCUJAHTThIK KOPFAHBICThI KaJINIbIHA KeJTipy 6aFbIThIHAAFbI TePaNUsHbIH
KaXKeTTiJIir aHbIK KepiHeA|.

JKCcnepUMeHTTeri aHTHUOKCUJAHTTBHIK >Xylhe ¢QepMeHTTepiHiH OeJsiceHJisiriHe KeJseTiH
6osicak, [P GesiceHainiri yikKpl 6e3iHzae xoHe JUMPOUUTTEPAE AHUabeTi 6ap, cayJiesieHreH
»K9He KocapJibl d9cep asIFaH »KaHyapJ/apjAa auTapiblKrail Temengeni (p<0,01), 6ya TiHzep
MeH KaH Ky#eciH/ie KaJlllbIHA KeJTipy KabiJieTiHiH aJicipeyiH KoHe OKCUAATUBTI KYH3esicTiH,
KyuewiHn kepceteni. [l 6encenainiri yikpl 6e3iHAe HerisiHeH KocapJbl acep TONTapbIHAA
teMeHzeni (p<0,05), an KaH MMPOLUTTEpPiHAE - CIyJIeJIEHTeH K9He KocapJibl 9cep aJiFaH
tontapfa (p<0,05) TemeHpaey aHbIKTanAbl. Bbys ¢epMeHTAaTUBTIK aHTUOKCUJAHTTHIK
KOpFaHbIC JeHreliHiH oJicipeyiH KepcCeTTi, HOTH)KeCiHJle MNEepPOKCUATIK KOChLIbICTap/bIH
)KMHaJIybl MEH KJIETKaJ/bIK KYpbLIbIMAAPAbIH 3aKbiMJaaybl apTybl MyMkiH. KT - cyreri
NEepOKCU/IiH bIJblpaTaTblH $epMeHT - YHKbl 6e3iHfe AuabeTi Gap KoHe KocapJbl acep
tontapbiHga (p<0,05), an saumdouuTtTepae OapJblK Toaxipubesik Tontapaa (p<0,05)
HaKTbl TOMeHJereH. bys K/eTKasap/blH JeTOKCUKALUSJIbIK Ka0iJleTiHiH TOMeH/JeyiH KoHe
OKCUJIATUBTI 3aKbIMJIAHYAbIH KyllewiH 6ingipeni. CoHbIMeH, aHTHUOKCHUJAHTTBIK >XyHe
dbepMeHTTepiHiH 6esiceHAiNIriHIH 63repicTepi AUabeTi 6ap koHe paJUalUSAJIbIK 9CEP aFaH
»KaHyapJlapAa OKCUJATUBTI Kyu3eJsic JeHreHiHiH >KOFapbl eKeHiH KepceTezi, aJ KocapJibl
natosiorusagaa AOXK-HiH Kypaesi aJicipeyiH pgoasengenai. by MynbTUQaKTOPJBIK acepJiep
»KaFJaiblH/lJa aHTUOKCUJAHTTBIK >KYWeHiH »KaF/jaiiblH KellleH/li 6aFaiayAblH MaHbI3/1blJIbIFbIH
’KOHe OKCUJATHUBTI KYyM3eJIiCTI Ty3eTyre apHaJIiFaH THIMZI LWapajap/bl 93ipJey KaXeTTiriH
KepceTe[i.

KoOpbIThIHABI

JluabeT neH MOHAAYLbI Cay/eJIEHYAIH KeKeslel acepiHeH TybIH/aFaH MeTab0JMKabIK OY-
3bLJIBICTAPMEH CaJIBICTBIPFaH/a, OJIapAblH, KOCapJibl bIKINAJIbl OpraHW3M/e HEFYPJIbIM TepEeH,
NaTOJIOTHUSAJIBIK 63TepicTepre aJjblll KeJreHi aHbIKTanAbl. Bys peTTe, AUabeTTiK KyH asicblHAA
paavanuanblK GaKTOpPAbIH MeTAa00JUKaJIbIK OY3blIbICTAP/Abl KYIIEWTY BbIKINAJIbl aHAFYPJIbIM
»KOFapbl 6OJIFaH.

EKi ¢pakTop/bIH KocapJibl acepi ToXipubesik xkaHyapJiapAblH UMMYH/bIK KylecCiHe [ie auTap-
JIBIKTaM Tepic bIKNaJl KepceTTi, OyJ 0J1apAblH 3aKbIM/AAYIlbl 9CEPiHiH CHHEPTHUSAJIbIK CUMIAThIH
Jonenfeni. by »kannel elikouuTTep caHblHbIH, T-1uMbonuTTep, T-xennepJiep MeJLIepPiHiH,
COHJAM-aK MMMYHOPETYJSTOPJbIK MWHJAEKCiHIH TeMeHJeyiMeH cunattanibl. HKT-TecT
HaTUKeJiepi paronuTo3 npoueciHiy 6aceygereni, AUK geHreitiniy TeMeH ieyi UMMYyHUTETTIH,
cnenyprKaIbIK KoHe b6ercnenuPpruKaIbIK OYbIHAAPbIHbBIH, TEXeNAYiH alFaKTa/bl.

/lnabeT neH cayJiesieHyAiH KocapJbl acepi ke3inge JIAT eHiMAepiHiH AeHreli eH *KOFaphbl
KepcCeTKilITepre eTil, aHTUOKCUJAHTTBIK, KOPFAHbIC KYHeCiHiH HaKThl Oy3blJIFaHbIH 60JI-
»KayFa 6oJiaZibl. Byl maToJIOrUs/IbIK, e3repicTep »KacyliajapzblH 3aKbIMJAHYbIH KYLIEUTimH,
aypyJiapAblH epiuyiHe biKnasa etesi. COHAbIKTaH, MyJbTU(GAKTOPJIBIK IaTOJIOT U KaFAalbIHAA
AHTUOKCUAHTTBIK TepaluAaHbl KOJILaHy TUIM/I 9pi KaXKeTTi eKeHi Jaj1eaeHAl.

ABTOpJ1apAbIH, YJIeCi

0.3. - MaKaJlaHbl KOPBITBIH/bLIAY, dAic-Tacingepi 6eKiTy, MaKasa MaTiHiH xa3y; K.B. -
TY>KbIpbIM/IaMaJlay, MaKa/JaHbl CblHU TYpFblJaH KaWTa Kapay; M.E. - MMMyHOJIOTUAJBIK
esrepicrepre TyKbipbiMJaMa; LM. - MeTaGosMKa/bIK e3repictepre Ty:kblpbiMAama; LO. -
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6MOXMMHUSAIBIK 63repicTepre TyxbipbiMZama; HK.II. - e3exTisiriHe a1e6u 1041y, 9/jiCHaMaHbI
JlalbIHAAY.

KapxbuiaHabIpy:
byn 3eptreyani Kasakcran Pecny6sinkachkl FblbIM 2koHe »KOFapbl 6iJ1iM MUHUCTPJITiHIH,
FribiM KOMUTETI Kap>blaaHAblpAabl (TpanT Ne AP19677010).

Myaaenep KaKTbIFbIChI
BapJsiblK, aBTOpJIap MaKaJlaHblH Ma3MYHbIH OKbIN TaHbICKAH K9He MYAJeJiep KaKTbIFbICHI
*KOK,

ITHKaJIbIK HOpMaJIapAbl CAaKTay

’Kanyapsiapra »kyprisiireH 3epTTeysiepfie 6apJiblK paciMJiep 3THKaJIbIK HOpMaJiapblHa
(«ActaHa MepuuuHa yHUBepcuTeTi» AK-HbIH KepriJikTi 3TMKa KOMMUTETIHZEe KapaJibll,
3epTTey KyMbICbIHA pyKcaT 6epingi, xartama Ne8, 2022 »x 25 Kapaiua), coHbIMeH KaTap KP
»KOHEe XaJsIbIKapaJiblK, YHbIM/IAapAbIH OEKiTiJiITeH HOPMATHUBTIK KYKbIKTBIK aKTiJiepiHe colikec
KeJiegi.
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I/Isyqe}me BJIMAHUA HOHU3UPYIOLILETr0 U3/IYy4Y€HUA HAa TEYECHHE CTPEIITO30TOLLMHOBOI0 ,cma6e’ra
nyTeM aHa/JIn3a HMMYHOJIOTUYE€CKOTO0 U GMOXUMHYECKOTO COCTOSTHUSA KpbIC

0.3. Unbaep6aes*!, K.B. MyTur?, /I.E. Y36ekonB!?, .M. }Kapmaxanosa?, I.O. UnbaepGaenal,
2K.II. Cemb6aeBat
1Eepa3utickuli HQYUOHA1bHbILU yHUsepcumem umenu J1.H. l'ymunésa, Acmana, Kazaxcman
2[Iepsbili Mockosckull 2ocydapcmeeHHblll MeduyuHCKUll yHugepcumem umenu U.M. CeueHoaa,
Mockea, Poccus
33anadHo-Kazaxcmanckuill MeduyuHckutl yHusepcumem umernu M. Ochaxoea, Akmobe, Kazaxcma

AHHOTanusa. B HacTosilleM ucCCAeIOBaHWU W3Y4eHbl UHJUBHU/ya/bHble U KOMOWHUpPOBaHHble 3¢-
beKThI CTPEeNnTO30TOIUH-UHIYIIMPOBAaHHOTO CAXapHOT0 AUabeTa 2 TUIA U MOHU3UPYIOLIEro Y-U3IyIeHHUs
Ha opraHusM Kpbic. O1ieHMBaach JUHAMUKA MeTab0JUUYeCKUX, UMMYHOJIOTHYECKHUX U OUOXUMUYECKUX
noKaszaTeJsield. YCTaHOBJIEHO, YTO KaXK/bli U3 GAKTOPOB - KaK CTPENTO30TOIMH, TAK U Y-U3JyYeHUE -
BbI3bIBaJI TUIIEPIJINKEMUIO, CHUKEHH E CEKPELIUY UHCYJIMHA U 0CJ1ab/ieHHe aHTHOKCHUIaHTHOM 3al[UThI.
[Ipy UX COBMECTHOM BO3/IeICTBUM 3TU MATOJIOTUYECKHE H3MEHEHHUS] YCUJIUBAJIUCh: 3HAYUTEJTHHO
BO3pacTaJ/id YPOBHU IVIIOKO3bI U NPOAYKTOB IEPEKHUCHOI'0 OKUCJIEHUS JIMIIU/IOB, 0OTMEYAJI0Ch CHUXKEHU e
VMHCY/VMHA. BbisiBJieHbl BbIpaXK€HHble HapyLIEHHUS CO CTOPOHbI MUMMYHHOW CHUCTEMbBI: CHUXKEHHE
yucaa JedkouuToB, T-mumdonutos, T-xesmnepoB, UMMYHOPEryJsiTOPHOTO HHAEKCA, ocjaabJieHue
daronyTo3a U CHIKEHWE YPOBHSA HUPKYJIUPYIOIINX UMMYHHBIX KOMILJIeKCOB. Han6oJiee BeipakeHHbIE
3ddekThl HAGMIOAAIUCL TPU KOMOMHUPOBAHHOM BO3/I€MICTBUH, YTO YKa3bIBAET HA CUHEPTeTUYeCKUI
XapaKTep MNOBPEeXJamlLlero AelCTBUS CTPENTO30TOLMHA W Y-usjaydyeHus. [losydyeHHble [JaHHbIE
CBU/I€TEJIbCTBYIOT O BBICOKOU MHPOPMATUBHOCTU JAHHOMW 3KCIIePUMEHTATbHON MO/JIeJIU AJ1s U3YUEHUS
naToreHe3a MeTabOJHUYECKH M PAJAUANMOHHO-OOYCJOBJEHHOTO HWMMYyHOAepUIIMTA, a TaKXe [Jsd
OIleHKH 30 PEeKTHUBHOCTH HMMYHOMOAYJIUPYIOIINX U PaJUOTTPOTEKTOPHBIX ITPENapaToB.

KioueBble cj0Ba: caxapHbId AWabeT 2 TUIMA, CTPENTO30TOIUH, Y-U3JydeHUe, MeTab0oJIu3M, UMMY-
HUTET, OKCUAATHUBHBIU CTpecc

Investigation of the effect of ionizing radiation on the course of streptozotocin-induced diabetes
through the analysis of immunological and biochemical status in rats

0.Z. llderbayev*?, K.V. Mutig?, D.E. Uzbekov?, G.M. Zharmakhanova3,
G.0. llderbayeva?, Zh.P. Sembayeva?
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2L.M. Sechenov First Moscow State Medical University, Moscow, Russia
3West Kazakhstan Medical University named after Marat Ospanov, Aktobe, Kazakhstan

Abstract. This study investigated the individual and combined effects of streptozotocin-induced
type 2 diabetes mellitus and ionizing y-radiation on the rat organism. The dynamics of metabolic,
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immunological, and biochemical parameters were evaluated. It was found that each factor independently
induced pathological changes, including hyperglycemia, reduced insulin secretion, and impaired
antioxidant defense. Under combined exposure, these effects were significantly exacerbated: elevated
blood glucose and lipid peroxidation products, along with a decline in insulin levels, were observed.
Pronounced immune dysfunctions were recorded, including reductions in leukocyte count, T-lymphocytes,
T-helper cells, and the immunoregulatory index, as well as suppressed phagocytic activity and decreased
levels of circulating immune complexes. The most profound alterations occurred under combined action,
indicating a synergistic damaging effect of streptozotocin and y-radiation. These findings support the
utility of this experimental model for investigating the pathogenesis of metabolically and radiation-induced
immunodeficiency and for evaluating the efficacy of immunomodulatory and radioprotective agents.
Keywords: type 2 diabetes mellitus, streptozotocin, y-radiation, metabolism, immunity, oxidative stress
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Implementation of multiphoton intravital microscopy in mesenteric and
coronary artery research
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A.M. Seitaliyeva!
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Abstract. Advancements in intravital imaging technologies, particularly multi-
photon microscopy, have significantly improved our ability to visualize and
understand the dynamic interactions within vascular structures and various cell
types in real time. However, traditional in vitro techniques - such as isometric
myography - remain standard tools for assessing vascular reactivity. This study
aims to develop and integrate both in vivo and in vitro methodologies to evaluate
the functional and structural states of smooth muscle and endothelial layers in
mesenteric vessels at the cellular level. Using native microscopy techniques,
we assess morphological changes and correlate them with pharmacological
responses in both mesenteric and coronary arteries. A key objective is to
compare the capabilities and limitations of isometric myography and advanced
multiphoton microscopy in analyzing vascular contractility and relaxation
responses. The combined use of these techniques is expected to increase data
quality, reduce animal usage, and support longitudinal studies. This integrative
approach also enables the evaluation of both acute and chronic effects of
pharmacological agents under near-physiological conditions, offering a more
comprehensive understanding of vascular function.

Keywords: isometric measurements, mesenteric artery, intravital multi-photon
microscopy, endothelial cells, transgenic mouse

Introduction

In the contemporary scientific world, the integration of various research approaches and
technologies plays a key role in achieving significant results. The use of advanced technologies,
such as multiphoton microscopy, will open new possibilities for studying dynamic processes
with live cells in their natural environment - living tissues of the organism. This will significantly
enhance the value of the experiments conducted, allowing for a deeper understanding of
biological mechanisms and processes.

Current research methods help explain physiological and pathological alterations in the
regulation of vascular balance.
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There are two major approaches to studying vascular imbalance: one involves measuring
isometric and pressure-induced contractility properties, while the other assesses the relaxation
abilities of blood vessels. Pharmacology plays a key role in vascular research, as it enables the
use of various stimulants and inhibitors that target different receptors and mechanisms.

Changes in arterial contractility determine arterial resistance, which can increase in
atherosclerosis. Additionally, hypertension remains a major pathological condition, where
alterations in vascular mechanisms contribute to disease progression, with both age and
genetics playing significant roles [1].

The question of atherosclerosis development mechanisms and the involvement of
various cellular and molecular regulatory pathways remains relevant despite technological
advancements and modern methods. New methods for studying the functional activity of cells
in and around the vascular wall will make it possible to accurately study the pathogenesis of
various cardiovascular diseases, such as atherosclerosis, for more effective prevention and
treatment [2-6].

Vascular reactivity of the segment is measured under isometric conditions through a highly
sensitive and accurate transducer. The opposite side is attached to a precision micrometer,
allowing control of the vessel circumference.

The microscopic method enables the observation of anatomical changes occurring within
minutes during the development of an effect by capturing the activation process at a specific
moment.

Meanwhile, pharmacological methods help record contractile activity in response to various
agents, providing insights into both pathological and physiological conditions.

Vascular reactivity of the segment is measured under isometric conditions using a highly
sensitive and accurate transducer, while the opposite side is attached to a precision micrometer
for controlled adjustments of vessel circumference. The opposite side is attached to a precision
micrometer, allowing control ofthe vessel circumference. The segmentis keptunder physiological
conditions. contains up to 8ml of physiological salt solution (PSS), where the temperature is
maintained via the built-in heating. Gas inflow is individually controlled and easily regulated by
a needle valve (Figure 1).

Force
Transducer

Figure 1. Myograph DMT 620 [11]
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Simultaneously, a high-resolution microscopic method allows real-time observation of
anatomical and structural changes, capturing dynamic alterations at the cellular level during
the development of vascular responses. This combined approach enables the assessment
of contractile activity in response to pharmacological agents, providing insights into both
physiological and pathological conditions. By integrating mechanical, microscopic, and
pharmacological analyses, this method offers a comprehensive evaluation of vascular function
and remodeling.

Wire myography is an in vitro technique used to assess the functional responses and
vascular reactivity of isolated small resistance arteries. This method enables the examination
of vessels from various species, including transgenic models, across different vascular beds and
pathological conditions [7-11].

In recent decades, intravital two-photon microscopy has become a modern method for
visualizing cellular responsesinlive animals and has found particularapplications in neurobiology
and immunology [2-6, 12-13]. Two-photon microscopy allows for the visualization of cell
dynamics in their natural in vivo environment (Figure 2). The use of advanced technologies,
such as two-photon microscopy, enables the identification of complex spatiotemporal dynamic
interactions among different cell types (e.g., endothelial cells, T-lymphocytes, and macrophages)
involved in inflammation and atherogenesis [3-4,14].

Figure 2. A diagram of intravital multiphoton microscopy (MPM)

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N23(152)/ 41
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



A.A. Rakhymzhan, A.N. Aralbaeva, S. Guner, Z.D. Dushimova, TA. Akhayeva, A.M. Seitaliyeva

Multiphoton microscopy is widely recognized as the best available technology for high-
resolution intravital visualization of cell motility. A diagram of intravital multiphoton microscopy
(MPM) is presented (Figure 2), demonstrating a minimally invasive method for studying
biological processes in a living organism at the cellular level in real time. The key element of
the MPM is photophysical excitation using femtosecond laser pulses. Depending on the tasks,
different excitation modes can be used - two-photon, each of which hasits own characteristics and
ensures a comprehensive study of cellular behavior and functions in the natural environment. A
detailed description of the methodology is given in the work of Rakhymzhan et al. [10].

We are developing and implementing new optical tools and evaluation algorithms to improve
the quality ofimaging and quantitative assessment of cell functions in multiphoton microscopy of
live organisms. Key aspects of the development include (i) a multiphoton system for mesenteric
and coronary arteries, (ii) spatially and temporally synchronized dual near-infrared (NIR) and
infrared (IR) excitation for spectrally expanded intravital microscopy.

Multiphoton microscopy is widely recognized as the best available technology for high-
resolution intravital visualization of cellular motility at the cellular level. In this research,
we develop novel approaches to applying optical tools and evaluation algorithms to enhance
imaging quality and quantitative assessment of cellular functions in live-organism multiphoton
microscopy.

In this paper we try to develop methods of studying the alterations of cellular mechanisms
in blood vessels using myography, which will help understand the fundamentals of the
pathophysiological process ata deeper level and, in the long term, contribute to the development
of new approaches to the treatment and prevention of vascular diseases. The method will be
helpful in the study of the modification of the contractile activity of the mesenteric artery and
other arteries. The application of advanced technologies, such as two-photon microscopy, will
allow us to open the complexity of the spatiotemporal dynamicinteractions between various cell
types, including endothelial cells, vascular smooth muscle cells, that are involved in maintaining
the vascular balance.

Thus, this study aims to develop of in vivo methodology for measuring the state or structure
of smooth muscle and endothelial cell layers in mesenteric vessels at the cellular level. This will
allow the assessment of morphological changes in blood vessels in vivo or in vitro using native
microscopy, visualizing changes in a complex manner, and obtaining data in the pharmacological
studies of the functional responses of the mesenteric arteries in the future. In the next step, we
compare the advantages and disadvantages of two methods - assessing contractile activity by
myograph and visualization using two-photon microscopy.

Materials and methods

Materials and Animals Used in the Study

We used Cdh5:tdTomatox H2B: GFP (Cdh5:tdTom) transgenic mice (age 8-12 weeks) obtained
from Free University of Berlin (FUB), Germany, in which endothelial cells express tdTomato in
the cytoplasm and membranes (under the Cdh5 promoter) and H2B-GFP in the nuclei [13]. This
allows simultaneous visualization of endothelial cell morphology and nuclear dynamics in vivo.
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The study will involve 10 male mice aged 8 to 12 weeks, weighing between 25.0 and 30.0 g
(average: 33.5 g). All animals will be kept under controlled temperature (21.2°C) and humidity
(55.5%) conditions with a 14-hour light cycle and a 10-hour dark cycle. They will be fed
commercial food and will have free access to water. There will be no restrictions on water and
light throughout the experiment. All animals will receive humane care in accordance with the
Principles of Laboratory Animal Care of the National Society for Medical Research and the Guide
for the Care and Use of Laboratory Animals, prepared by the Laboratory Animal Resources
Institute, published by the National Institutes of Health.

At the end of the experiment, mice will be sacrificed using intraperitoneal injection of
ketamine hydrochloride (Ketalar) and xylazine hydrochloride (Alfasin) at doses of 80-100 mg/
kg 1 and 10-12.5 mg/kg 1 respectively.

Preparation of mouse models for intravital microscopy

1. Preparing mice for intravital microscopy. Note: Steps a) and b) should be performed at the
beginning of the experiment. a. Weigh the Cdh5:td Tom mouse (age 8-12 weeks). b. Prepare 800
ul of anesthetic (ketamine 60 mg/kg, xylazine 4.5 mg/kg, acepromazone 1.75 mg/kg in PBS). c.
Anesthetize the mouse. Inject intravenously with 200 pl / 20 g mouse. Monitor anesthesia by
finger pinching and respiratory rate.

2. Place the mouse on a heating pad and protect the eyes with eye gel.

3. Place a glass coverslip (35 mm diameter) in a 10-cm tissue culture dish having a 30-mm
diameter opening. Use oil to keep the dish in contact with the coverslip.

4. Using scissors, incise the abdominal skin to expose the peritoneum. Cut the peritoneum
with scissors to expose the intestine.

5. Add 200 pl of PBS (preheated at 37 °C) to the peritoneal cavity. Hold the mouse in your
hand and turn it face down so that the intestine emerges from the peritoneal cavity with gentle
pressure. Place the mouse in a tissue culture cup. 9. Using sterilized cotton swabs, gently remove
the intestine onto a coverslip to expose the mesenteric vessels.

6. Cut the paper tissues into strips and moisten them with PBS heated to 37°C. Immobilize
the intestine with pieces of paper towels to reduce the movements produced by peristalsis.

7. Place the tissue culture dish and mouse in a 37°C thermostated chamber on a custom-
made inverted microscope stand. Inject an anesthetic syringe intravenously into the hind paw.
NOTE: The mouse can also receive oxygen (0.5 L/min) using a mask.

8.Monitor the mouse's anesthesia by pinching its finger and checkingits respiratory rate every
30 min. If necessary, inject an additional portion of anesthetic (20 pl) to maintain anesthesia.
NOTE: Drying of the vasculature should be avoided. Therefore, its humidity is maintained by
regularly wetting the paper tissues used for intestinal immobilization with PBS heated to 37°C
with PBS [2-6, 10, 12, 14, 15].
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Figure 3. Mouse preparation. The picture from the paper published in 2015 by Emre and colleagues
[16]. Black arrows indicate PBS-wetted tissue used to immobilize the intestine. The white arrowhead
indicates the 10cm tissue culture dish. T indicates the aluminum custom-made tray stage that fits into
the microscope. Mesenteric blood vessels are nicely exposed at the center of the coverslip

Development of a methodology for the application of modern intravital microscopy in
pharmacology

Installation of a multiphoton laser-scanning microscope will be undertaken. Experiments
involving two-photon fluorescence imaging will be conducted using a specialized laser scanning
microscope based on a commercial scanning head (TriMScope I, LaVisionBioTec, Bielefeld,
Germany). For excitation, we will use a near-infrared laser (Ti:Sa, Chameleon Ultra II, Coherent,
Dieburg, Germany) and an infrared laser (Optical Parametric Amplification Throlabs Inc, USA).
The Ti:Sa and OPA laser beams, both linearly polarized, are combined in the scanning base
using a dichroic mirror (T1045, Chroma, USA). A water-immersion objective lens (25x, NA
1.0, Plan-Apochromat, Olympus Japan) is used to focus both laser beams on the sample. Laser
power is regulated using combinations of A/2 wave plates and polarizers. Ultrashort pulses
from both lasers are compressed with external optical compressors: a two-prism compressor
for Ti:Sa and a custom-built single-prism compressor for OPO. Fluorescence signals, SHG, SFG,
and wavelength-mixed signals are collected in a backward direction using a dichroic mirror
(775, Chroma, USA) and directed to six photomultipliers (H7422, Hamamatsu, Japan).

All PMT photomultipliers are arranged in a detection system with multiple optical channels,
where each channel is defined by a specific fluorescent filter and dichroic mirror set: 466 + 20
nm, 525 + 25 nm, 562 * 20 nm, 593 + 20 nm, 617 + 35 nm, 655 + 20 nm, and 710 + 20 nm. To
prevent photodamage, the average maximum laser power used in all imaging experiments is
set at 10 mW. Images with a field of view of 500 um x 500 um and a digital resolution of 1024 x
1024 pixels are captured with an acquisition time of 944 ms. We acquire z-stacks with a depth
of 40 um (z-step of 2 um) every 20 seconds for a total imaging time, typically around 30 minutes
[3-5,7].
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Isometric measurement of tension in mesenteric and coronary arteries

In this technique, blood vessels are carefully dissected, cleaned, and mounted onto a four-
channel myograph system under isometric conditions. Each vessel undergoes a normalization
process to determine its maximum active tension development, ensuring standardized
initial experimental conditions. This standardization is critical for accurately comparing
pharmacological responses between different vessels.

Preparation of mesenteric and coronary arteries for isometric measurement of their tensions

The superior mesenteric arteries (SMA) or coronary arteries were isolated and cleared under
a cold-light supported microscope in Krebs-Buffer (KB). The third branch of SMA was dissected
and mounted in a micro-vessel system. The temperature of KS in the bath was maintained at
37 °C during all experiments. The vessels were incubated for 40 minutes to allow the tissues
to recover from the stress of isolation, and the vessel's pressure was adjusted to 100 mmHg
tension in four consecutive steps spaced apart by two minutes [2, 5, 6, 8-13].

Vascular contraction levels are expressed in milligrams (mg) as a function of cumulative
agonist concentrations, ranging from 0.01 nM to 1 mM. Each dose-response experiment for a
contractile agonist lasted approximately 20 minutes. Baseline vascular tension varied between
samples and was determined through vessel normalization. Following each dose-response
experiment, the tissue baths were thoroughly washed multiple times until the blood vessels
returned to their basal state [2, 5, 6, 8-13].

Statistical methods for analyzing in vitro experiments

Maximum contractile responses and EC50 (pD2) value obtained from concentration-
induced PE and 5HT response curves can be analyzed using one-way ANOVA (Tukey's multiple
comparison test). cumulative dose response and differences in response to different doses
obtained from concentration-induced PE and 5HT response curves can be analyzed using Two-
Way ANOVA [16-20].

Dataanalysis.Image segmentationandtrackingofall cellswere performed using segmentation,
object-recognition, and tracking plugins in Imaris (Bitplane AG, Zurich, Switzerland). 3D
Reconstruction and Quantitative Analysis of Mesenteric and Coronary Arteries Using Imaris.
Three-dimensional reconstruction of mesenteric and coronary arteries was performed using
Imaris software. Vessels were processed using the IsoSurface tool to generate 3D visualizations,
with parameters adjusted to optimize surface rendering (threshold set to 5.000, smoothing
enabled, and border closure applied). The resulting scenes were saved for further analysis [21].

In Slice view, 2D cross-sections (e.g., slice 35) were used to guide segmentation. Perimeter
measurements ofarterial wallswere conducted using the “Point-to-Point Distance Measurement”
tool by drawing polygons along vessel borders, with cumulative distances recorded for analysis.

Morphometric and statistical characterization of vascular structures and endothelial cells
was achieved through object-based color coding (e.g., size, roundness), 3D volume rendering,
and temporal tracking via the “Track” component. Endothelial cells, nuclei, and vesicles were
visualized using specific color channels (green, blue, red, respectively). Quantitative parameters
were extracted under the “Statistics” tab, and exported to Excel for further evaluation [1-6, 8,
13-14, 21]. Cell tracks that were present in the field of view for more than 10 recorded time
points (i.e.,, 5 min) were included in the analysis. Statistical analysis of the data was performed
using Prism (Graph Pad Software Inc., San Diego, USA) [7, 22].
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Results and discussion

Emre and colleagues first described a novel method for in vivo investigation of mesenteric
arteries in 2015, marking a significant advancement in the field of vascular research [15,
23-24]. The introduction of genetically modified CDH5 Cadherin (Chd5:tdTom) mice further
expanded the potential of this approach by enabling precise visualization of specific cell
populations within the vascular environment. Building upon these developments, our study
proposes the integration of this advanced imaging technique into conventional vascular research
protocols [20]. Rather than replacing established isometric functional assays, we advocate for a
complementary approach that combines the strengths of both methodologies - leveraging the
cellular resolution of intravital microscopy while preserving the proven utility of traditional
isometric measurements [16, 25-26].

In vitro experimental paradigms allow for extended observation durations, typically ranging
from 10 to 16 hours, thereby enabling the utilization of a single vascular segment across multiple
experimental conditions. Given that certain vasoactive agonists induce transient effects lasting
approximately 5 to 15 minutes, experimental protocols extending up to one hour are often optimal
for characterizing both acute and sustained responses [18-22, 27]. This temporal flexibility
underscores the suitability of the isometric technique for such pharmacological investigations.
The highly controlled conditions inherent to in vitro systems support precise and reproducible
monitoring of vascular responses [21, 22, 27]. Additionally, the implementation of multi-
chamber organ bath systems (e.g., four or eight simultaneous baths) increases experimental
throughput and facilitates the detection of subtle variations in vascular reactivity. A further
advantage of the isometric method lies in its capacity to establish and monitor baseline vascular
tone, enabling the assessment of how shifts in basal tone modulate the vessel’s dose-dependent
contractile behavior [23-28, 15].

Our study demonstrates that combining in vitro isometric measurements with advanced in
vivo imaging techniques, such as two-photon microscopy, offers a comprehensive approach
to the functional and structural assessment of vascular tissues. The isometric method
allows for prolonged experimental durations, high-throughput data acquisition, and the
generation of objective, quantifiable parameters of vascular contractility. Its compatibility
with pharmacological modulation using receptor-specific agonists and antagonists further
enables mechanistic insights into vascular reactivity and tone regulation. Moreover, the ability
to measure basal tone and analyze dose-response relationships enhances its value in vascular
physiology studies [9-11, 15-22, 27].

Figure 4 shows myograms of the coronary (A) and mesenteric (B) arteries at rest and with
the use of vasoconstrictors. The figure illustrates the dose-response relationship of vascular
contraction in the presence of various antagonists in the mesenteric and coronary arteries,
assessed using isometric tension measurements with the Myograph DMT 630. Data acquisition
was performed using the Biopac MP30 system.
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Figure 4. Coronary and mesenteric arteries myograms (A - coronary arteries, B - mesenteric arteries)

Figure 5 illustrates differences in vascular contraction between blood vessels with and
without an intact endothelium, quantified in milligrams of contraction force. Notably, vessels
lacking endothelium exhibit a reduced contractile response, measuring approximately 1000 mg
less than intact vessels [2, 5-6, 8, 13].
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Figure 5. Vascular contraction between blood vessels with and without an intact endothelium
(A - coronary arteries, B - mesenteric arteries)

Figure 6 demonstrates that this method enables the continuous assessment of vascular
contraction and relaxation functions over an extended period, with recordings maintained
uninterrupted for 5-6 hours. Additionally, it allows simultaneous monitoring of the responses
of four blood vessels to different agonists or antagonists, facilitating the detection of subtle
variations in their reactivity [16-19].
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Figure 6. Continuous assessment of vascular contraction and relaxation functions
(A - coronary arteries, B - mesenteric arteries)

Thus, the use of isometric measurements, in particular the application of the myography
method, is a tool for the objective study of vascular function, pathways and mechanisms
of its control, which is the study of isolated vessels. Myography of isolated vessels makes it
possible to standardise the influence of physical factors (transmural pressure, shear stress on
the endothelium, composition of the environment, temperature), electrical stimulation with
currents of specified parameters, standardisation of the concentration of metabolic agents,
and, as a result, multiple control of the activation and functioning of vasomotor mechanisms.
Thus, working with a myograph allows for the analysis of both the contractile function itself
and the mechanisms underlying it [11]. Isometric methods allow assessing the functional state
of the body's vessels in vivo, while the MFM method makes it possible to visualize their deep
structure. Both methods are notable in that they allow conducting in vivo studies in real time.
Figures 7 and 8 show images of the vessel obtained using the MFM method.

Figure 7. Three-dimensional (3D) visualization of the coronary artery in a transgenic mouse using
two-photon microscopy. Imaging was performed with two-photon excitation at 930 nm. Endothelial
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cell nuclei expressing GFP signal are shown in green membrane, and cytoplasm expressing tdTomato

is shown in red, delineating the vessel walls. Collagen fibers are visualized in blue signal via a second
harmonic generation. The figure provides a detailed anatomical localization and distribution of
coronary arteries, including their abundance within the depth of cardiac tissue. Scale bar: 80 pm.

Additionally, this imaging approach enables the quantification of endothelial cell abundance
within coronary arteries. The ability to monitor dynamic changes in vessel diameter within a
five-minute timeframe facilitates the assessment of vascular reactivity. Notably, the extent of
diameter modulation varies depending on pathophysiological conditions such as hypertension
or atherosclerosis.

Furthermore, this method offers a unique perspective for examining coronary arteries,
allowing for precise measurements of endothelial cell thickness and providing valuable insights
into vascular remodeling under different physiological and pathological conditions.

Furthermore, this imaging approach enables visualization of the spatial arrangement and
depth-dependent distribution of connective and adipose tissues, allowing for quantitative
evaluation of tissue density. The structural composition of connective tissue is known to
undergo alterations in response to pathophysiological conditions such as hypertension and
atherosclerosis, primarily due to changes in collagen-to-fat ratios. This methodology provides
an advanced perspective for assessing connective tissue remodeling and enables precise
measurement of tissue thickness, offering valuable insights into disease-associated structural
modifications [5-6, 8, 13, 29-31].

Figure 8. Three-dimensional reconstruction of the mesenteric artery in mice using two-photon
microscopy. Imaging was performed at 930 nm excitation. Endothelial cell nuclei expressing GFP
appear in green, while membranes and cytoplasm expressing tdTomato are shown in red, outlining
vessel walls. Collagen fibers are visualized in blue via second harmonic generation (SHG). This image
enables detailed anatomical localization of mesenteric arteries and supports comparative analysis
of vascular architecture relative to the coronary circulation. Scale bar: 80 pm
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Additionally, this imaging technique enables the assessment of mesenteric artery density
at varying depths, as well as the quantification of endothelial cell abundance. The ability to
track dynamic changes in vessel diameter within a five-minute time frame allows for the
evaluation of vascular reactivity. Notably, the extent of diameter modulation varies depending
on pathophysiological conditions such as hypertension or atherosclerosis.

Furthermore, this method provides a unique perspective for examining mesenteric arteries,
facilitating precise measurements of endothelial cell thickness and offering insights into
vascular remodeling under different physiological and pathological states. According to these
results, we suggest using two-photon microscopy in vivo.

Conclusion

Complementing this, two-photon microscopy facilitates high-resolution, real-time, three-
dimensional imaging of cellular and subcellular vascular structures in living tissue. The dynamic
visualization of specific components, such as smooth muscle cells or myofibrils, is made possible
through the use of fluorescent markers, enabling long-term monitoring of physiological changes
under near-native conditions.

Together, these methodologies significantly expand the experimental capacity for studying
vascular function, reduce animal use through multiparametric analysis, and provide a powerful
platform for both short- and long-term investigations of vascular behavior in health and disease.
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Me3eHTepua Abl )KoOHE KOPOHAPJIBIK, ApTEPUSAHBI 3epPTTeyAe Kon(pOoTOHAbI UHTPABUTAIbAI
MHMKPOCKONUSAHbI KOJIJAHYbIH €HTi3y

A.A. Paxpimkan?, A.H. Apan6Gaegra’, III. T'ynep?, 3./1. ilymumosa’,
T.A. AxaeBa'*, A.M. CeiiTasineBa’
19a-@apabu amwindarsl Kazak ¥ammuik yHueepcumemi, Aamamol, Kazakcmat
2I0kcex Hxmucac yHugepcumemi, Ankapa, Typkus

Anpgarna. UHTpaBUuTanbAi GeilHes ey TEXHOJIOTUSIapbIH/AFb] XKETICTiKTep, acipece MyJAbTUDOTOHAbI
MUKPOCKOINHS, HAKTBI YaKbIT peXXUMiHJe TaMbIpJbl KYpbLIbIMAAP MEH apTYpJli Kacylla TypJiepiHiH,
JUHAMHUKAJIbIK 63apa opeKeTTecyiH BH3yalM3auUsay KOHE TYCiHy Kabinerimizgi alTapibiKTait
»KakcapTThl. JlerenMeH, AacTypJaiinvitrosgictepi (Mblcaibl, UI30MeTPUAIBIKMUOTPadHs ) TaMblpJIapiblH,
PEeaKTUBTLIITiH 6aFasayiblH CTAaHJAPTThI KypasJapbl 60JbiN Kasia 6epefii. bys 3epTTey xkacylasnbIK
JleHren/le Me3eHTepHaJib/bl TaMbIpJapAaFbl Teric OyJ/IIIbIKETTEP MEH 3HJOTEJNHUN KabaTTapbIHbIH
byHKIIMOHAI/IBIK XX9He KYPbLIbIM/IbIK KYyHJepiH 6aFajiay YIUiH in vivo aHe in vitro aficTreMesnepiH
a3ipJieyresxaHe 6ipikTipyre 6arbITTasFaH. JKeprijlikTi MUKPOCKONUSIJIBIK 9 icTep i naiasaHa OThIphII,
6i3 MopdoJioTUAABbIK e3repicTepAi 6aFasaliMbI3 XKoHe 0J1apAbl Me3eHTepHaJb/bl koHe KOPOHaPJIbIK
apTepusJiapfarbl $apMaKoJIOTUsJIBIK >KayanTapblMeH KoppeasauusaaaiMbel3. Herisri makcaT - KaH
TaMbIpJIapbIHbIH UbIPbLIYbl MEH peJslaKcalusl peakLuslapblH TalJjay/ia U30MeTpHUSIbIK MUorpadus
MeH JKeTiNipiireH MyJbTUPOTOHABI MUKPOCKOMUSHBIH MYMKIHZIKTEPi MEH LIEKTEYJIEPiH CabICThIPY.
Bya apicTepai GipikTipin nmaiifjasaHy AepeKTep camacbklH apTThIpajbl, XKaHyapJaapAbl NaijanaHy/ibl
aszalTabl )KoHe y3aK 3epTTeysep/e KoJAAaHblIaAbl Ael KyTiayne. bys uHTerpaTuBTi TOCiJ1 COHBIMEH
KaTap GU3M0J0TUANBIK XKaFalFa »KaKblH KaFAaiaapAa GapMaKoI0TUAIBbIK areHTTePAIH XKe/leJl )KkoHe
CO3bLJIMaJIbl 9CepiH 6aFasiayFa MyMKiHJAIK 6epefi, 6y/ TaMbIpJjap GYHKIUSCBIH XKaH-KaKThl TYCiHyTe
MYMKIiHJiK Gepeni.

TyiliH ce3aep: U30MeTPUAIBIK 6JlIeM/iep, Me3eHTepHa/b/bl apTePUsl, MHTPaBUTAIbJiI MyabTU(O-
TOH/bl MUKPOCKOII S, 9HA0TEeJNH Kacyllaniapsl

BHepeHue My/IbTUPOTOHHON UHTPABUTATIbHOU MUKPOCKONUU /151 UCCJIeJOBAHUA
OpbILKeeYHOM U KOPOHAPHOI apTepuu

A.A. PaxpimkaH’, A.H. Apan6aesal, III. T'ynep?, 3./1. lymumoBa’,
T.A. AxaeBa'*, A.M. CeiitaneBa’
KasHY umenu aav-®apabu, Aamamsl, Kazaxcmat
2Yuusepcumem kcex Hxmucac, Aukapa, Typyus

AHHOTanus. /locTixeHUs1 B 06JIaCTH TEXHOJIOTMM NPHMXKU3HEHHOW BU3ya/U3allUM, B 4YaCTHOCTH,
MHOTOQOTOHHON MHUKPOCKONHH, 3HAYUTEJbHO YAYYUIWIM HaUly CIOCOOHOCTh BU3YaJU3UPOBATh U
NOHMMAaThb AUHAMHUYECKHE B3aUMO/ e CTBHS BHYTPU COCYAUCTBIX CTPYKTYP Y Pa3JIMUHbIX TUIIOB KJETOK
B pexKMMe peasibHOro BpeMeHU. OJHAKO TpaJULIMOHHbIE METO/IbI in Vitro, Takue, Kak U30MeTpUYeCcKas
Muorpadusi, OCTAIOTCA CTAHAAPTHBIMU HHCTPYMEHTAMU [Jisl OLleHKH COCYAHUCTOW pPeaKTHBHOCTH.
[lesibr0 TAaHHOTO HCC/IE/IOBAHUS SBJISETCSA pa3paboTKa U MHTerpalus MeTOAUK in vivo u in vitro aus
OlleHKU QYHKIMOHATBHOTO U CTPYKTYPHOTO COCTOSIHUSA [VIaZIKOMBIIIIEUHBIX U 3H/I0TEUATbHBIX CJ10€B
OpbDKeeuHbIX COCYA0B Ha KJETOUYHOM ypoBHe. Mcnosib3ysd MeTO/ibl COOCTBEHHON MUKPOCKOIIUH, Mbl
olleHHMBaeM MOpPQOJIOruiecKrue U3MEeHEHUS U CONOCTAaBJsAEeM UX ¢ GapMaKOJOTHYECKUMHU PEAKIUAMU
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KaK B GpbDKeeUYHbIX, TaK U B KOPOHApPHBIX apTepusax. OCHOBHAs IieJib — CPAaBHUTb BO3MOXXHOCTH U
orpaHUYeHUsI U30MeTPUYeCcKOl MUorpadu 1 ycoBepLIeHCTBOBAaHHOW MHOIOQOTOHHOW MUKPOCKOTIUHU
IpY aHa/JM3e COKPATUMOCTH U peJlaKCallMOHHBIX peakuuil cocynoB. OkujaeTcsi, YTO COBMECTHOe
UCI0JIb30BaHME 3TUX METO/0B MOBBICUT Ka4eCTBO JAHHbIX, COKPATUT HCII0Jb30BaHHUE XKUBOTHBIX U
ob6ecrnedyuT BO3MOXKHOCTb NPOBEJEHUs] JJIUTEJIbHBbIX UCCAeL0BAaHUNA. JTOT UHTErPAaTUBHBIA MOAXO[,
TaK)Ke I03BOJIIET OLEHMBATb KaK OCTpble, TaK M XpoHUYeckHe 3PdeKTbl PapMaKoJI0ru4ecKUx
npenapaToB B yCJOBHUAX, GJU3KUX K QU3MOJOTHUYECKUM, obecredrBasi 6oJiee MOJIHOE NMOHUMaHue
COCYIUCTON PYHKIIUU.

Kiio4deBble c0Ba: M30MeTpUYECKHEe U3MePEHUs], OpblKeeyHasl apTepusl, MHTPaBUTa/lbHAas MYJIbTH-
doTOHHAsA MUKPOCKOIHUS, IHA0Te/IMalIbHbIe KJIeTKH, TPAaHCTeHHasl Mblllb

CBeaeHus 06 aBTOpax:

PaxwvimdtcaH AcvlixaH AHyap6eKyasl — K.$.-M.H., 1.0. foueHTa Kadepbl GyHAaMeHTaAbHON Meu-
UHBI, paKyJbTeT MeAULUHBI U 3ipaBooxpaHeHus1, HAO «KasHY um. anb-®apabu», Tose 61,96,050000,
Anmarsl, Ka3zaxcTtaHn.

Apanéaeea Apaiineim HyamaHoeHa - K.6.H., acc.mpodeccop, u.o.nmpodeccopa kadpe[pbl pyHAaMeH-
TaJIbHOW MeUIIMHBI, GaKyJIbTeT MeAUIMHEI U 3apaBooxpaHeHus, HAO «KazHY um. anb-Papabu», Tose
6u, 96, 050000, AnmaTsl, Pecny6sinka KazaxcraH.

TI'ynep Hlatika - Ph.D., accucTeHT npodeccopa, Kapeapa MeJULMHCKOW papMaKOJOTUU, MEIUITUH-
ckuit pakynbreT, YHUBepcuTeT H0kcek UxTucac, 06100, Aukapa, Typius.

Aywumosa 3aype JImumpueeHa - K.M.H., 3aMeCTUTeJNb JUPeKTopa Bricmield MKOAbI MegUIIMHBI
110 HAyYHO-MHHOBALIMOHHOU JlesITeJIbHOCTH, U.0. JIolleHTa Kadeapbl GyHAAMEHTAJbHOU MeAULIUHbI
dakysnbTeTa MeUIUHBI U 3ApaBooxpaHeHus, HAO «KasHY um. anb-®apabu», Tose 6u, 96, 050000,
Anmarsl, Pecniy6sinka KaszaxcraH.

Axaeea Tamuaa A6dukaauxkoseHa — Ph.D., noneHT Kadeaprl GpyHIaMeHTaJbHOU MeJUIMHBI, da-
KyJIbTET MeIUIUHBI U 3/paBooxpaHeHusi, HAO «KazHY um. anb-®apabu», Tose 61, 96,050000, AnmaTsl,
Pecny6inka KasaxcraH.

Celimaauesa Auda Myp3ekeHO8HA - K.M.H., 3aBejiyolas kapeapod pyHaaMeHTaTbHONW MeUIIH-
HOU daKy/bTeTa MeIUIUHBI U 3apaBooxpaHeHusi, HAO «KasHY um. anb-Papabu», Tose 6u 96, 050000,
Anmarsl, Pecniy6sinka KaszaxcraH.

ABTOpJ1ap Typasibl MaJIiMeTTep:

PaxwvimitcaH AcbLixaH 9Hyap6Gekyabl - G.-M.F.K., ipresi MeaunrHa KadepachbiHbIH JOLEHT M.a.,
MeJULMHA XK9He JleHcayJ/IbIK caKTay ¢akyabTeTi, a1 Papabu aTbiHjaFbl Kasak YATThIK YHUBEpPCUTETI,
Tesre 6u 96, 050000, AnMmaTsl, KazakcraH.

Apanéaesa Apaiireim HyemaHoeHa - 6.F.K., KaybIM/JACThIpbIIFaH mpodeccop, ipresai MegunuHa
kadepacbiHbIH Tpodeccop M.a., MeIULIMHA )K9He JleHCayJIbIK caKTay GaKky/ibTeTi, 9/1 @apabu aTbIH/AFbl
Kasak YaTTheiK YHUBepcuTeTi, Tesie 61 96, 050000, Anmatsl, KazakcTaH.

T'yuep Illaiika - PhD., npodeccop accucTeHT, MeJULIMHAJIBIK GapMaKo10rus kKapeapacsl, MeJULMHA
daxkynbreTi, lOkcek UxTucac YuuBepcurteTi, 06100, AHkapa, Typuusi.

54 N23(152)/ JLH. ['ymunes ameinoarel Eypasus yammuik ynueepcumeminiy XABAPIIBICBI. Buo.102us1blK FolablMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



Implementation of multiphoton intravital microscopy in mesenteric and coronary artery research

JAywumosa 3aype JAmumpueeHa - M.F.K., JKoFapbl MeJjullMHA MeKTe6i AUPEKTOPBIHBIH FHLIBIMHU-
WHHOBALUSJIBIK KbI3MET KOHiH/Erl opbIHO6ACapBIHBIH M.a., ipresi MeguuHa KadeapachIHbIH, [JOLEHTI,
MeJWIIMHA XKoHe JieHCay/bIK cakTay ¢akyabTeTi, o1 Papabu aTbiHAarbl Kazak YJATTHIK YHUBEPCUTETI,
Tesie 61 96, 050000, AnMaThl Kasackl, KazakcTaH.

Axaesa Tamuaa A6dukaauxkoeHa — PhD., ipreni Mmegunvna kadepacbIHbIH AOIEHTI, MeAULIMHA
»K9He JleHcayJIbIK caKkTay ¢akyabTeTi, 9,1 @®apabu aTbiHAarbl Kaszak Y ATThIK YHUBepcuTeTi, TeJsie 6u 96,
050000, Anmartsl, KazakcTraH.

Ceilimaauesa Auda Myp3eKkeHO8HA - M.F.K., iprejii MejuniiHa KadeapacblHbIH MEHTepyIlici, MeIu-
[[MHA >XoHe JieHcayJblK caKTay gaky/abTeTi, 911 Papabu aTbiHfarbl Kaszak ¥/ATThIK YHUBepcuTeTi, Toste
6u 96, 050000, Anmatsl, KazakcTaH.

Information about the authors:

Rakhymzhan Asylkhan - Ph.D., acting Associate Professor, Department of Fundamental Medicine,
Faculty of Medicine and Health Care, Al-Farabi Kazakh National University, Tole bi 96, 050000, Almaty,
Kazakhstan.

Aralbaeva Araylim - Candidate of Biological Sciences, Ass. Professor, Department of Fundamental
Medicine, Faculty of Medicine and Health Care, Al-Farabi Kazakh National University, Tole bi 96, 050000,
Almaty, Kazakhstan.

Guner Sahika - Ph.D., Asst. Prof. Dr. Department of Medical Pharmacology, Faculty of Medicine,
Yuksek Ihtisas University, 06100 Ankara, Turkey.

Dushimova Zaure - M.D., Deputy director on research and international collaboration, Higher School
of Medicine, PhD., Associate Professor, Department of Fundamental Medicine, Faculty of Medicine and
Health Care, Al-Farabi Kazakh National University, Tole bi 96, 050000, Almaty, Kazakhstan.

Akhayeva Tamila - Ph.D., Associate Professor, Department of Fundamental Medicine, Faculty of
Medicine and Health Care, Al-Farabi Kazakh National University, Tole bi 96, 050000, Almaty, Kazakhstan.

Seitaliyeva Aida - PhD, Head of the Department of Fundamental Medicine, Faculty of Medicine and
Health Care, Al-Farabi Kazakh National University, Tole bi 96, 050000, Almaty, Kazakhstan.

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N23(152)/ 55
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



JLH. I'ymunes amviHdarsl Eypasus yimmeolk yHueepcumeminiy XABAPIIIBICHL.
BULLETIN of L.N. Gumilyov Eurasian National University.

BECTHHK Espa3uticko20o HAyuoHa/1bHo20 yHusepcumema umeHnu JL.H. ['ymusesa.
ISSN: 2616-7034. eISSN: 2663-130X

MPHTH 34.39.23 https://doi.org/10.32523/2616-7034-2025-152-3-56-75
Hay4yHada cTaTba

BOBpaCTHbIe HCPIXO(l)PI?»PIOJIOI‘PI‘-IECKPIE 0COOEHHOCTH dCCOIIMATUBHOTO
Hay4Y€HHA C NIOAKPpEINJIEeHuEM
A. AoguabmanoB!”, LK. laTxa6aeBa' ”, M. XKosizacoBa' ~, A.M. Kycry6aeBa*!
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AHHOTanMs. AccollMaTUBHOE HaydyeHUe — T03HaBaTebHast GyHKIUs, obecIie-
YHBAWIIas a/[allTUBHOE MOBeJleHHe U 6e30MacHyI0 KU3HelesATeJbHOCTb. OHO
BKJIIOYaeT COBOKYIHOCTb KOTHUTHUBHBIX IPOLECCOB, BOBJEKAKIUX Helpoce-
TH 3aMHTEPECOBAHHbIX 30H M03ra, OTBeYaKLHUX 32 06paboTKy HHPOpMAIUH,
9K3eKYTUBHBIA KOHTPOJIb, CEHCOMOTOPHYI KOOPAHHALMIO, CyO'beKTHUBHOE
nepeXruBaHUe MOOU[PEeHUs] U HaKa3aHUs, U 3aBUCUT OT UX UHTErpaluu Mex-
Jly COO0M U CUTHaJIaMX 00paTHOM CBSI3U. BbIsiBJIeHHE TCUX0PU3U0JIOTHUUECKUX
3aKOHOMEPHOCTEeH HOPMaJIbHOTO Pa3BUTHUSI KOTHUTHUBHOW QYHKLHUH BaXKHO
JIJIsl TOHUMaHUS ee MEXaHU3MOB, YCTAHOBJIEHUSI BO3PACTHBIX HOPM U paHHe!
e HTUGUKAIMK OTKJIOHEHUH B pa3BUTHUM. Llesib ucciejoBaHUSA - U3yYeHUE
BO3paCcTHOW JJUHAMUKH IOBeJleHUECKUX ITI0Ka3aTeJiell HayuyeHHUs C Mo Kperlie-
HUEM y JleTell C MpUMeHeHUEM [ eTepPMUHUCTCKON IMOBeJleHYeCKON Mozeau
Hay4yeHUs. BbIsIBJIeHO, YTO CKOPOCTb CEHCOMOTOpPHOU peaknuu (CP) Ha 3pu-
TeJIbHble CTUMYJIbl 3HAYUMO BBIIIE Yy CTAPLIUX JleTel, 1 BpeMeHHasl IMHAMU-
ka CP c Bo3pacToM MeHsieTcs: Ha paHHUX 3Tanax HaydeHus1 CP pacTteT B 06eux
BO3pACTHBIX I'PyINax, a Ha MO3HUX NMaZjaeT y MJIAJIIUX AeTel U BbIXOAUT Ha
«IJIATO» y cTapiuux. [lokazaHo cxoAcTBO nattepHa guiykryanuit CP Ha paHHUX U
MO3/IHUX 3Tanax HaydyeHus:: pocT CP Ha MO3/IHUX 3Tanax HaydeHUs1 OTHOCUTE/bHO
paHHUX B 00eHMX BO3paCTHBIX rpynnax. Habsiwoaronuecs Bo3pacTHble 3aKOHOMep-
HOCTU MOTYT CBU/IETE/ILCTBOBATH 00 0COGEHHOCTSIX Pa3BUTUSI MEXaHU3MOB Hayye-
Husl. [losiydyeHHbIe pe3y/ibTaTbl MOTYT ObITh M0JIE3HBIMU [IJIs1 Pa3paboOTKU COBpe-
MEHHBIX MO/X0/I0B JIUAarHOCTUKU HapylIeHUs] Pa3BUTHSA JleTel, CBOeBpeMeHHOU
KOpPpEeKIIMU B 00YYeHHHU U NIPU MJIaHUPOBAHUU YyUeOHOM Harpy3KH B LIKOJIE.
Kio4deBble c10Ba: accoliyaTUBHOE HayuyeHUe, OAKpeIJieHue, pa3BUTHE KOr-
HUTUBHBIX QYHKIMN, BO3pACTHAs AUHAMUKA, ICUX0PU3UOJIOTUUECKHEe XapaK-
TEPUCTUKU

BBeaeHue

Crnoco6HOCTb K HAy4YEeHHUIO SIBJISIETCS BaXKHeMIlIed KOTHUTUBHOM QYHKIIMENA MO3Tra U JIEXKUT
B OCHOBeE a/JallITUBHOT0 NOBeJIeHUs], o6ecreunBaroiero 3¢ppeKTUBHY0 U 6€30NaCHYI0 KU3He-
JlesiTeJIbHOCTb. biarogapsi cnoco6HOCTH K Hay4YeHHI0 TPOUCXOAUT pa3BUTHE TO3HABATEbHBIX
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byHKUMH, TpUo6peTeHre UHAUBUAYAJIbHOTO ONIbITA, 3HAHUM, yMEHUI M HABBIKOB, OT KOTOPbIX
3aBUCAT BCe aCNEKThI )XKU3HU YesioBeKa [1]. UHAMBHUAYaIbHBIN ONBIT IPUOOpETaETCA 3a CYeT
Hay4yeHUsl C NepBbIX NMOINBITOK MyTeM NpPo6 U OLIMOOK, KOTAA OT aZleKBaTHOCTU peaKLUU Ha
BHEIIIHME BbI30Bbl 3aBUCUT >KU3HEHHO BaXKHOE [1JIs1 YeJIOBeKa MPUCIIOCO6JIeHHE K OKpYKalol el
cpene. UnauBua, Hab/0as pe3ysibTaTbl CBOUX JEMCTBHUM B Pa3/IMUHBIX YCAOBUSAX, MOJydast
HOJIOXKUTEJIbHYIO (B C/lydae yJadHbIX IONbITOK) MJIX OTPULIATEIbHYIO (IPU JO0NYILEHUU OIIUOKH)
00paTHYIO CBfI3b, TO €CThb MOJIOXKUTEJIbHOE WJIM OTPULIATeIbHOE MO KpeNeHre CBOUX peaK i
B OTBET Ha BO3HUKILYIO CUTYal[I0, yCTAHABJWBAET aCCOLMALMI0 MeX/y CBOUM JeHCTBHUEM U ero
NOC/IeCTBUSMH, YTO CIIpaBeJINBO JJi BCeX ITAaNOB OHTOreHe3a. HayyeHue, Bo3HMKamwlIlee Ha
OCHOBE YCTAaHOBJIEHHUS acCoLMallii MeX/y AeHCTBUEM B OTBET Ha ONpeJeJIEeHHYI0 CUTYallI0 U
ero pe3yJbTaToM (M0JIOXKHUTEJbHOU UK OTPULIATEIbHOM 06PAaTHOM CBA3bI0 /00U TENbHBIM
WU OTpULIATEJIbHBIM NOAKpEIJIEHHWEM), MOJYyYUJI0 Ha3BaHUE acCOLMAaTUBHOIO Hay4deHUs C
NOJKpeNnJeHWeM UM HaydeHHUs Ha OCHOBe 0O0paTHOM CBS3H [2].

HaydeHue c mojkpemnsieHWeM NpejCTaB/seT COO0W CJI0KHBIA KOTHUTHUBHBIA MpOIiEcC,
BKJ/IIOYAIOLUM BHUMaHUe, BOCIIPUATHE, NaMATh, MbILLJIIEHUE, IPUHATHE pelleHus, CEHCOMO-
TOPHbIE AKThl U 3aBUCALIUNA OT MX YCHEIIHOW HMHTEerpaluuy KakK MexAy co060H, Tak U C
CUTHaslaMU o6paTHOM cBsi3H [3, 4]. COOTBETCTBEHHO, IPU HAYYE€HUHU C OAKPEINJIeHHeM IPOU-
CXOAUT BOBJIeueHHEe AePUHUTHBHBIX paclnpefieieHHbIX HEUPOHHBIX ceTel [5], BXxoasAmux B
3aMHTepecoBaHHble 30Hbl MO3ra, OTBevYalwllue 3a 00pabOTKYy CEHCOPHBIX, CEMAaHTUUECKUX,
IPOCTPAHCTBEHHbIX XapaKTEPUCTUK CTUMYJIOB, POLecChl paboyeil MaMsATH, yIpaBJsioLiye
dYHKIIMY, CEHCOMOTOPHYI0 KOOpAWHALMIO, ABUraTeJbHbI KOHTPOJIb, CYObEKTUBHOE Iepe-
»KMBaHUe MOOUIpeHUs U HaKa3aHus [3].

Jl/1s1 U3y4eHHsI MO3TOBbIX MEXaHU3MOB Hay4eHHUsl C NMOAKPENJIEHUEM LIMPOKO MCHOJIb3YOTCS
NoBeJleHYeCKue MO/ieJH, IpeCTaB AL e COO0M KOMIIbIOTEPHBIE 33/1a4X HAa aCCOLUATUBHOE
HaydyeHMe C MoJKpelJieHHueM. B 3aBUCMMOCTH OT Liesiedl Uccief0BaHUS NMPUMEHSOTCA JBa
OCHOBHBIX MOAX0Ja — JeTEPMUHUCTCKUNA U BEpPOSATHOCTHBIW. /leTepMUHUCTCKasA napajurma
JlaeT MpPeuMylleCcTBO MPU MUCCIeJ0BAaHUM MEXaHHW3MOB Hay4eHMs, NPOUCXOASAILEro C mep-
BbIX NOMNBITOK, UIPAIOILEro BaXKHYH pOJib B >KU3HU UHJAUBHUJAA. B Hell ycTaHaB/IMBalOTCA
duKcUpoBaHHbIE NpaBuJia 06paTHOU CBA3U. B yacTHocTH, o6paTHas CBA3b JaeTcd Kak 3a
BCe NpaBUJIbHbIE OTBETHI (M0JIOXKUTEIbHbIN OT3bIB), TAK U 32 BCe HEMpPABUJIbHbIE pPEaKIIUU
(oTpuuaTenbHbIMA OT3bIB). [Ipy 3TOM C MOMeHTa YCHELIHOrO YCBOEHMsl NMpaBuJa HaKaTHs
Ha 33/laHHble KJaBUIIM KJaBUATypbl KOMIbIOTepa (MM KHOIKHU MyJbTa) B OTBET HA MOSB-
JIeHUe CTUMYJa, KOTOpOe JO0JKHO MPOU30WTHU C MEPBBIX MOMBITOK MyTEM NPOO U OLIUOOK,
MHPOpMaIMOHHAs pPOJib MOJIOKUTEJNbHOIO NOAKPEINJIeHUS MaZjaeT, TaK KaK ero nosiBJieHue
CTaHOBHUTCS OJJHO3HAYHO NpeJicka3yeMbIM [6].

[I[pyuMeHeHUe [J€TEPMUHUCTCKOM NapajurMbl MO3BOJISIET MPOU3BOAUTH pa3/esbHbIN
aHaJIM3 NCcUX0PU3MO0JOTUIECKHX KOPPEeSATOB HAa paHHEM 3Talle HayuyeHUs (Ha CTajuM pas-
raZiblBaHUsi NpaBuJa), KOrja MNOJIOXKWTesJbHass U HeraTMBHas OOpaTHasl CBfI3b SBJISIOTCSA
3HAYMMbIM CMTHAJIOM, U Ha MO3/IHEN CTaAuU BbINOJHEHUS 3aJla41 B COOTBETCTBHUH C YCIIEILIHO
YCBOEHHBIM NpPaBUJIOM, KOTJla CUTHAJ 0OpaTHOW CBSI3U TepsieT MOBBILIEHHYI 3HAUUMOCTb.
Takum 06pas3oM, mpocTble MOJAENU AeTEPMHUHUCTCKUX 3aJlad HauboJsiee pesieBaHTHBI [Jif
M3y4yeHUs JUCKPEeTHbIX U3MEHEeHUU B aKTUBHOCTH MO3ra [IpU Hay4yeHUHU [6] U UX BO3paCTHBIX
0COGEHHOCTEH B AMHAMUKE UHUBU/YaJbHOTO pa3BUTHS MO3Ta.

[Ipy momomy MeTOA0OB HeWpoBU3yanusauuu [3, 7] U perucrpanydu 3SKJIEKTUUYECKHUX
CUTHAJIOB MO3ra B Mpoliecce BbINOJHEHUS 3PUTENbHO MpeAbsaB/sieMblX 3a/jad Ha HayyeHue
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Cc moakperJieHueM [8] AOCTUTHYTO NMOHMMAaHHWE OMNpeJesieHHbIX MeXaHHW3MOB MO3TOBOIO
obecrnedyeHUsi HAy4YeHUsI B HOPMe U NPU Olpejie/ieHHbIX HapyueHusx [3, 9, 10]. B yuactHocTy,
NI0KAa3aHo, YTO B HAyYeHUE JHHAMHUYECKHU BOBJIeYeHbI J0paMUHIpPruiecKass Me3oJaMMOuIecKas
cuCTeMa BO3HarpaXK[eHus, BKJIIOUalOLlasg MpPoeKUUuU JAoPpaMUHEPIrUYECKUX HEHPOHOB
CpeZiHero Mo3ra BeHTpaJibHOU 06J1acTU nokphiiky (VTA) B nosiocaToe Tesio, npedpOHTaJbHYIO
KOpYy, MUH/JaJIEBU/IHOE TEJIO, TUINOKAMI U JpyTUe CTPYKTYpbl JTUMOUUECKOU cucteMbl [11],
6usaTepa/ibHO 3pUTesbHAsA, OpOoUTOPPOHTAIbHAS U BEHTpOMeJHaibHas npedpoHTaIbHas
KOpa, MeJhaibHasi TeMeHHas KOpa, BEpXHsA U HXKHSSA TeMeHHas [10J1bKa, MeiuaibHas JIoOHas
Kopa ([omoJIHUMTe/IbHAasi MOTOPHAas 06J1aCTh), CpeiHss JIoOHass U3BUJIMHA, TaJaMycC, CPeIHUM
OCTPOBOK, JieBasi MpeLeHTpabHasi U3BUJIMHA (IpeMOTOpHas 06/1aCTh) U Cpe/iHsIsA BUCOUYHAS
M3BUJIMHA [2, 6, 12]. [Ipy 3TOM NpenoiaraeTcs, YTO B HAyYeHUH C IOJKPEINJIEHUEM CTPUATyMy
NpPUHA/JIEXKUT pPOJIb HMHTerpaTopa 3pUTEeJbHO-MOTOPHOM HMH(OpMaLMUM C CUTHaJaMU O
[IeHHOCTH MO/ KpeIJeHUs B X0/ie BbINOJHEHUS 3aauH [2, 13].

J3T-uccnesoBaHusi HeUPOPU3UOJOTUYECKUX KOPPESATOB HAayyeHUs] C MPUMEHEHUEM
MeTO/I0B aHaJ/I13a NOTEeH1UaJI0B, CBSI3aHHbIX € cOObITUAMU (ERP) M lokasM3aluy UCTOYHUKOB
aKTUBHOCTH, yCTAaHOBUJIM IMHAMUY€ECKHe NMAaTTEPHbl MO3rOBOW aKTUBHOCTU NIPU HAayYEHHUH C
NOAKpeNnJeHHEM U PoJib GYHKIIMOHANbHBIX CUCTEM MO3ra, BOBJIEYEHHbBIX B OCYLeCTBJIEHHUE
3TOM >XU3HEHHO BaXHOM KOTHUTHMBHOW QYHKIMU y AeTed U B3POCAbIX B HOpMEe U IpH
onpeJenéHHbIX HapyuieHusx [10, 14]. OgHako MoJiHOe MOHUMMaHHWe MO3TrOBbIX MEXaHHW3MOB
Hay4yeHHUsl C NOJKpeIJIeHWEM, KaK W BCeX JAPYrUX KOTHUTUBHbIA (QYHKIUH, [a/leKO He
JIOCTUTHYTO, TaK e, KaK U He 10 KOHIIA PacCKpbIThl 3aKOHOMEPHOCTH Pa3BUTHUSA U CO3pEBAaHUA
HelpoceTeH, ABJASIOLUUXCSI MO3rOBbIM CyO6CTpaTOM HaydeHus [15, 16].

M3y4yeHre BO3paCTHBIX 0COOEHHOCTEN HAyYeHUSI UMEET KaK TEOPEeTUKO-METO/10/I0TUYECKOE,
TaK U INpaKTUYeCKoe 3HaueHUe. BbisiBjieHUMe MCUXOPU3UOJIOTHUYECKUX 3aKOHOMEPHOCTEeH
bopMHpOBaHUSAA KOTHUTUBHOU (QYHKLHUKM B IMpoliecce HOPMaJbHOTO HWHAWBUAYAJTbHOIO
Pa3BUTHS BHOCUT CYIIECTBEHHBbIM BKJAJ B UAEHTUDUKALMIO €e MO3TOBbIX MEXaHHW3MOB B
3peJsIoM BO3pacTe, a TAKKe JaeT BO3MOXXHOCTb YCTaHABJIMBAaTh BO3pacTHbIe HOPMBbI U BBISIBJIAATh
OTKJIOHEHHS B Pa3BUTUHM HA PaHHUX 3Talax, YTO BaKHO [Ji1 CBOEBPEMEHHOU KOPPEKLUU U
npeJoTBpalleHUs TPyLHOCTel B 00yyeHuH [1, 17].

[lenbto Haliero WccaeAoBaHUS ObLIO M3ydYeHHMe BO3PACTHOW JAWHAMUKM H3MEHEeHHUU
NOBeJleHYeCKUX MOKasaTeJied acCOUMaTHBHOTO HayyeHHUsl Ha OCHOBE IOJIOKUTEJNbHOU H
OTpULIATE/IbHOM O0OpaTHOM CBA3M C NpPUMEHEHUEM XOpOUIO 3apeKoMeHJoBaBUIeld cebs
JleTEpPMHUHUCTCKOM MOBeJleHYeCKoU Moziesu [3, 6]. [IpoBojuiack peructpanys 3JIeKTpUyeckon
aKTUBHOCTU ToJIOBHOTOo Mo3ra J3I' B mpouecce BbINOJHEHUSI MOBeJeHYECKOW 3aZadyd Ha
Hay4yeHHe C MOJKpelJIeHHheM JJisl MOCAey0Iero aHaarM3a BbI3BaHHbIX IOTEHLMAJIOB MO3ra
(ERP). B HacTosi1e# cTaThe NPUBOASTCS pe3y/IbTaThbl IOBEJeHUECKUX JaHHbIX UCCIeJ0BaHUS.

MeToauKa UCCeJ0BAHUA

YyacmHuku uccaedosaHrus

K yyacTtuio B ucc/lielOBaHUM AOMYCKAJUCh JE€TH-J00POBOJIbIbI, MO/NKCABIINE COOCTBEH-
HOopy4yHO (mpu Bo3pacTe OoT 18 sieT u crapiue) MHPOPMUPOBAHHOE cOTrJIacHe, JIUOO YbH
poauTeNd/ONeKyHbl JlaBaJid MUCbMeHHOe HWHQPOPMUPOBAHHOE COIJIacHe, OTBeyvaBIlIHe
KPUTEPUSAM BKJIIOUEHUS: OTCYTCTBHME B aHAaMHe3e XPOHHUYECKUX HEBPOJIOTUYECKUX H
ICUXUATPUYECKHUX 3a00JIeBaHUHM, TPaBM TO0JIOBbl, HOPMaJbHOE WJHU CKOPPEKTUPOBAHHOE
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Jl0 HopMaJsibHOTO 3peHue. Bo3pacT peteit coctaBua ot 11 g0 20 net (cpeAHUM Bo3pacT -
15,5+3,2). Bcero B uccyiejoBaHuU NpuHAI0 yyactue 90 aeteit (47 MabiUKOB U 43 1eBOUKH),
IIKOJIbHUKU CpeJHUX 06lLieo6pa3oBaTebHbIX LIKOJ ropoja AJIMaThl, CTy[eHTbl BY30B U
KoJlJIeJKel. YYaCTHUKU ObLJIM pa3/iesieHbl Ha 2 Bo3pacTHble rpynnbl: 11-15 sieT (23 Manbunka
Y 24 n1eBoYKH, cpeaHUM Bo3pacT — 12,8+1,6) 1 16-20 sieT (24 Mmasiburka U 19 feBoyek, cpeJHUI
Bo3pacT 18,4+1,4). [Ipu 3TOM J0/U AeBOYEK W MaJbYUMKOB B KaK/I0l BO3PACTHOW rpyIe
CTaTUCTUYECKU He pasindaiuch (p=0,33 mo KpUTepuUI0 XU-KBaJpaT), TO €CTb IPyNIbl MO
II0JIOBOMY COCTaBY ObIJIH COaJIaHCUPOBAHHBIMU.

[losedeHueckasa 3adaya HA Hay4yeHue C NOJAOHCUMEAbHOU U ompuyameabHol 06pamHol
C8513b10

KoMnbroTepHas 3a/iaya Ha acCOLjMaTUBHOE Hay4YeHHe 3allporpaMMUpoBaHa B cpefie E-prime
2.0 ¥ cuaxpoHHU3upoBaHa ¢ I3[ yepe3 KOMIbIOTEPHbIN UHTepdeiic, YTO M03BOJISIET IPOBOJUTD
aHaJIU3 BbI3BAaHHBIX MIOTEHI[MAJIOB M03ra Ha olpe/ieJIeHHble KaTeropur 3KCIePpUMEHTaTbHBIX
coObITUN. 3a/laya NpejcTaB/sgeT co60M MoAvdUKaLUI0 TecTa, pa3paboraHHoro Eliassen c
COoaBTOpaMH [6], U aflanTUpOBaHa JJisl IPUMEHEHHs] Ha Ka3aX0SI3bIYHOM U PYCCKOSI3bIYHOU
HOMYJISII[AU.

OT ucnbeITyeMoro Tpe60BaIoCh 3a NepBble TPU MOMNBITKU pa3rajaTh IpaBUJa HaXaTUs Ha
KJIaBUILIM KOMIIbIOTEPHOU KJIaBUATYPhbl B OTBET HA MOSIBJIEHWE KAPTUHKU TO Ha MpaBOH, TO
Ha JIeBOM CTOpPOHEe 3KpaHa B CJAy4YalHOM mnopsijike. TecTUpoBaHHEe HAYHWHAJIOCh C MOSIBJIEHUS
B LIEHTpe 3KpaHa MHCTPYKLMHU. [lasiee nosBJsIach TOYKA PUKCALMU B30pa B BUJe KpeCTHKaA.
3aTeM npejbsABJASAJACh KapTUHKA CJeBa WM ClipaBa OT TOYKUM QUKcAllMKU B30pa, CJAEJ0M -
IYCTOM 3KpaH, BO BpeMsl KOTOPOTO pebeHOK A0/KEH ObLI JaTh OTBET (HaXKaTh KJIaBUILY «1»,
COOTBETCTBYIOLYIO HAIPABJEHUIO «JIEBO», UJIU «2», 03HAYABILYIO «IIpaBo»). [locie mocTtynasaa
obpaTHasi CBfI3b. BpeMs 3KCMO3ULMU TOYKH QUKCALlMU B30pa, CTUMYJIOB M CHUTHAJIOB
obpatHoi cBsizu - 2000 Mc. JI1uTeIbHOCTDh MYCTOTO 3KpaHa BapbupoBaiack oT 500 fo 2250
Mc. Ha pucyHnke 1 nsobpakeHa BpeMeHHas cxeMa IoBeJleHYeCKOM 3a/la4M Ha acCollMaTUBHOE
Hay4eHHUe C NOJIKpeIJIeHUEM.

HucTpyRuns 2000 wmc.

Marc. 2250 mc,

. p— 2000 mc.

Hpanssauo

2000 mc.
CRL -{ Omubas

Aamre
crenwmel
cecoum

PI/ICYHOK 1. BpeMeHHaH cxeMa HOBE,&EH‘-IGCKOFI 3aa4y Ha aCCOUUATUBHOE HAaydYeHuUue
C mogKpenJjieHueM
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Kax/ibli1 BbIOOp KJIaBULIM MOJKPENJIsAAcs 06paTHOU cBA3blo B BUJe cioB «[IPABUJIBHO!»
(moyiokUTe/NIbHOE MOJAKpEeNJIEHHWe, eCAU HWCIbITYeMbl HaXKMMasl Ha HYKHYIO KJIaBUILY),
«OIINBKA!» (oTpuuaTesbHOe MNOAKpeEIlJIeHHE B CJlydae OLIMOKM) U 3HaKa Bompoca «?»
IpU OTCYyTCTBHUM OTBETA CO CTOPOHBI UCHBITyeMoro. Bcero aelictBoBasio 4 npasuia: 1) npu
NOSIBJIEHUU KapTHUHKH C JII060H CTOPOHBI HAXKUMAThb «IIPaBO»; 2) MPU NOSIBJIEHUU KaPTUHKHU C
JII060U CTOPOHBI HAXKUMATh «JIEBO»; 3) HAXKUMATb IPOTHUBOIOJIOXKHYIO KAPTUHKE CTOPOHY; 4)
HaXKMMaTb CTOPOHY, Ha KOTOPOH MOSABJSAETCA KapTHHKA.

IIpoyedypa skcnepumeHma

3a/laya Ha accoLMaTUBHOE HayuYeHUe COCTOs1/Ia U3 4 nocJie/joBaTebHbIX 6J10KOB/ceccuii (A,
B, C, D) mo 5 MUHYT Kaxkas. byiok BKJItoYas ceT U3 8 KapTUHOK, MPaBuJia HAXKaTHs Ha KJIaBUILY
NpU MOSIBJIEHUU KAPTUHKHA CMEHSJIMCb B paHJOMHOM nopszake. 06 M3MeHEeHHMM NpaBuJa
HCIIbITYeMbIM MOT J0ralaThCsl MO CO06lIeHHI0 06 omubKe. [los10kUTeIbHOE TOAKPEIIEHUE,
noJiyyaeMoe HECKOJIbKO pa3 noApsJ, CBUJETENbCTBOBAJIO 00 YCIENIHO BbISIBJIEHHOM MPaBUJIE.
Kaxaplii 6JI0K B LieJioM BKJOYaa 49 npeabsaBieHUN U3 8 4yepeZ0BaBUIMXCS B CJAy4YallHOM
nopsi/ike Hab0OpOB KAPTUHOK.

Kaxkgass npob6a cocrosiia U3 5-7 npeabsiBJeHUNM W CYMTANACh YCHEIIHO BbINOJHEHHOU
TOJIBKO B TOM CJiy4ae, ecJiM 00C/elyeMbli pasrajJibiBaj MpaBUJO 32 NepBble TPU MOMbITKH,
KOT/]a TIoJIy4aJl MOJIOKHUTENbHYI0 00paTHYIO CBSI3b, HAUMHas € 4 npeabsBeHUs1 (U1K paHee)
HeNpepbIBHO /10 KOHIA Npoo6kl. [lo siorvke TecTa AJisi pa3rajblBaHus NpaBuJa NMyTeM Npoob
Y OIIMOOK JA0CTAaTOYHO MEePBBIX ABYX-TPeX MONbITOK. Ecin HayYyeHHUS K 4 IpeAbsABJEHHUIO HE
NPoUCX0InJI0 (ObL XOTS Obl OJUH HENPAaBUJIbHbBIK OTBET, HAYUHAs C 4 Ipe’bsBJIEHHU), TAKUe
NpOoO6bI UCKJIIOYATUCh U3 YCPeJHEHHUS M0 3TanaM BbINOJHEHUS TeCTa.

Jlo Havyasa sKcrepuMeHTa NPOBOAUJICS MHCTPYKTAXK, U UCIIbITYeMbl€ BbINIOJIHSJIN IPOOHYIO
CeCCUI0 JI ySCHEHUA 3aJaHus. MHCTpyKTaXX M 3a/jaHue NpefbsBJAJUCb Ha Ka3aXCKOM
WJIM PYCCKOM $I3blKe B 3aBHCUMOCTH OT POJIHOTO si3biKa pebeHKa. [IpeaBapuTesbHBIH
CPaBHUTEJIbHbIM aHaJ/IM3 BBINOJHEHHUS 33a4 HAa KAa3aXCKOM M PYCCKOM si3blKaX He BbISIBUJI
JIOCTOBEPHBIX pa3viui. CTaTUCTUYECKUM aHa/JM3 He BBbIIBUJ JOCTOBEPHBIX Pa3IA4YUU
NCUX0(PH3UOJIOTUYECKUX NTOKa3aTeJlel HaydeHUs MeXxJy MaJbiuKaMU U ieBOYKaMu. B cBs3u
C 3TUM pa3s/ieJiIeHUs 10 A3bIKY U II0JIy He IPOBOAUIOCh.

Cmamucmuueckull aHaau3

B kauecTBe ncuxo$pu3noJ0TMYEeCKOr0 OKa3aTe sl HaydYeHHs BhICTYNUJIO BpeMsl peaKiuu
(BP) Ha mpepbsiBieHMe CTHMYyJa, TO €CTb BPEMEHHOM NPOMEXYTOK MeXZAy IMOsBJeHUEM
KapTUHKH Ha 9KpaHe U HaKaTUeM Ha KJIaBULLY «1» UJIH «2».

[lepBuyHble pe3ysbTaThl BP 6blu mosydyeHnsl ¢ nomoiibio E-Data Aid (https://support.
pstnet.com/hc/en-us/articles/115000902608-E-DATAAID-Opening-a-Data-File-22794). [lnsa
CTaTUCTUYECKOT0 aHa/IM3a NI0Ka3aTeJsieil BO3pacTHBIX 0COOEHHOCTEeN NCUX0(PU3H0JI0TUYEeCKUX
napaMeTpOB Hay4YeHUs MCIoJb30Bajsiack nporpamMMa IBM SPSS Statistics v21. [IpumeHsanuch
MeTO/Jbl ONUCAaTeJIbHOW CTAaTUCTUKH, BKJOYAsd TabOJIMIbl CONPSKEHHOCTH Kpocc-Tab ¢
KpUTEepUeM CTAaTUCTUYECKOW JOCTOBEPHOCTH pa3jMYMM XHU-KBaJpaT, OJHOPAKTOPHBIM
AucnepcuoHHbl aHanu3 (One Way ANOVA), aucnepcuoHHbii aHanin3 ANOVA ¢ noBTOpHBIMU
u3MepeHUsIMU repeated measures (MeXrpynmnoBod ¢(pakTOp - BO3pacTHas Cpymnna, BHYT-
purpynnoBble (GakKTOpbl — NOPAJAKOBBIA HOMep MONBITKM, PaHHAM W NO3JHUU 3Tambl
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BbINIOJIHEHUS 33/la4M, NOPSAAKOBbIA HOMEDP CepuH), MapHbli KpuTepud CThIOJEHTa C y4eTOM
MHO>XeCTBEHHOCTH U3MepEeHUH.

[log, paHHUM M NMO3HUM 3TallaMU HAay4YeHHUd I10Jpa3yMeBaIMCb COOTBETCTBEHHO IepBhIe
TPY MOMNBITKU U NOCJAeAy0lHe 4 NONBbITKU. JTalbl YCPeAHAIMCh TOJbKO IO TeM NpobaMm, B
KOTOPBIX UCIBITYeMbIN YCIEIIHO CIPABUJICA € 33Zla4el, TO eCThb Nocaeyrolue 4-7 MonbITOK
ObI/IM C IOJIOKUTE/IbHBIM NOAKPEIJIEHUEM.

19 mpocJieXXMBaHUA BO3PACTHBIX 0COOEHHOCTEW AMHAMUKM HaydeHUs ycpeaHsocbk BP
KaXKJIol MONbITKU 1o 4 ceccusiM. /[yl cpaBHUTeJbHOrO aHaau3a BP paHHero stana (sTan
Hay4yeHMs) W NMO3JHero 3TanoB (3Tan yCHeLIHOro Hay4yeHMs) ycpeJHeHHe NMPOBOAUJIOCH 110
BCceM 4 ceccusiM (A-D). [lns npocnexxvBaHUs BO3PAaCTHBIX 0COOEHHOCTEN AMHAMUKU Hay4YeHUs
OT NepPBOM CECCHUM K YeTBEpPTOU NPOBOAUJIOCH YCpeJHEHUE 10 3TalaM BBINOJHEHUSA 3aJa4U
BHYTPU KaXKJOW ceccMM (ycpeJHeHHe PaHHHUX IONBITOK CeCCUM A, ycpeJHeHHe MO3JHUX
HONBITOK CECCUU A U TaK B KaxJoM ceccuu Jio ceccuu D). Kpome Toro, g conoctaBieHUs
BO3paCTHBIX 0COOEHHOCTeN Hay4yeHUs ycpeJHsaoch BP Bcex olKM6G0O4YHBIX OTBETOB (mocie
TaKUX OTBETOB CJieJloBaJla OTpULaTe/ibHasA o6paTHas cBA3b) U BP Bcex npaBUJ/IbHBIX OTBETOB
3a Bce 4 ceccuu.

Pe3ysbTaThsl MCC/IeJ0BaHUSA

BpemeHHas duHamuka usmeHeHull 8pemeHU peakyuu

Ha pucyHke 2 npexcrtaBijieH rpaduK BpeMeHHOM JUHAMUKH U3MeHeHUH BP oT mepBoii
HNONBITKU K MOCJe[HEN, yCpeJHEHHbIX NI0 BCEM YEeThIpeM CECCHSIM B MJaJillell U cTaplieH
rpynnax Jered. 3Be3[j04YKaMU OTMeYeHbl CTAaTUCTHYeCKHe 3HayMMble MeXIpPyINIOBble U
BHYTPUTpPYNIOBble pasivuyUsA. MeXrpynmnoBou CpaBHUTeJbHbIM aHanu3 BP BeigBUJ, 4TO
CTaplive JeTH CTaTUCTUYEeCKU 3HAYMMO OTJIMYAIOTCS OT MJIAAIIMX CHUXKeHHbIM BP Ha BceM
NPOTSXKEHUM pellleHUs 3a/lauyM Ha HayyeHue ¢ noAkpenyueHueM (PucyHok 2).

Anann3 ANOVA c NOBTOpPHBIMU U3MEHEHUSIMY, T/le BHYTPUTPYNIIIOBBIM (pAaKTOPOM BBICTYAJ
HNOPSAAKOBBIA HOMEDP CTUMYyJa 33/la4M Ha HayuyeHHe — «Ilar», a MeXTIPyNIoOBbIM — «BO3PaCT»,
nokasaJs goctoBepHble 3¢ dekThl «Bo3pacta» (F=11,193 p=0.001), «mara» (F=68.06, p=0.00),
a TakXe HaJM4yue B3auMoJeWcTBUS (aKTopoB «mar» X «Bo3pacT» (F=6.039, p=0.016).
Pe3ysnbTaThbl CBU/IETENBCTBYET O TOM, UYTO BpeMs peaKkLMH y cTapliel rpynmbl o6cieayeMblx
HU>Ke 110 CPAaBHEHMIO C MJIa/llIel IPY HayYeHUU Ha BCeM MPOTSHKEHUHW BbINOJIHEHUS 3a/ja4uH,
a TaKXe 0 pas3/IMYUY BpEMEHHOM JMHAMUKU U3MeHeHUMU BP Mexay MiaJliMMU U cTaplIMMHU
ZleTbMU. B 4acTHOCTH, OT nepBOM MOMNBITKU KO BTOPOM M K TPeTbel MPOUCXOJUJI0 3HAYNMOEe
cokpalieHre BP B 06eux Bo3pacTHbIX rpynnax geted (PucyHok 2), ogHako nocse 3 NONbITKU
HAuYUHAJIOCh paCXOXJeHHWe B TpPAaeKTOPUHU HU3MEHEHUs CKOpPOCTHM peaKLUHU B Ipolecce
BBINIOJIHEHUS 33aJlauM Ha HaydeHue (PucyHok 2). B muapmeill rpynne fgeTedd HauMHaJIOCh
3HauYMMoe rpajiyajbHOe CHHXXeHHe CKOPOCTH peakuuu (poct BP), oco6eHHO BblpakeHHOe K
CaMOMY KOHIy UcnibITaHud (PrcyHOK 2), Kora CKOpoCTb peaKkLjMy yrnaJa [0 ypOBHS B TpeThe!
NOMNbITKe. B TO e BpeMs B cTapuieu rpyiine JeTeld HauyrMHasA C 4 NONbITKU CKOPOCTb pPeaKliuu
BBIXO/IMJIA Ha «IJIATO» U y/lep:K1BaJlach Ha OJJHOM YPOBHeE J10 KOHIIa UcnbiTaHusA (PucyHok 2).
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PucyHoOK 2. BpeMeHHaa AUHaMMKa U3MeHEHUH BpeMeHHU peaKLiMu Ha NIpe/ibsBJIeHUe CTUMYJIOB
33/1a4M 10 HAY4YEHHIO OT NTepBOU NMOMNBITKU K NOCTeJHEN Y MIalIeld U cTaplleld rpynn AeTer

Bpems peakyuu Ha paHHEM UM MI03/JHEM 3TallaX HayyeHus

Ha pucynke 3 mnokasaHa AuHaMmuka BP oT paHHero sTama Hay4yeHus (pa3srajblBaHHe
npaBuJa NMyTeM Npob6 M OWMOO0K) K No3JHeMy (MCNBITyeMbIH yCIEIHO YCBOWJI MPaBUJIO U
BBINOJIHAJ 33/ja4y [0 3a/laHHOMY NpaBuWJy), YCPeJHEHHOTO N0 BCeM 4yeThlpeM ceccusim A-D,
BbISIBJIEHHAsA NPH NIOMOLIY AucliepcMOHHOro aHanu3a ANOVA ¢ MOBTOPHBIMUA U3MEPEHUAMHU
(BHYTpUTrpynnoBod GpaKTOp — «3Tam», MEXTPYNIIOBOX — «BO3PACT»).

ANOVA c noBTOpHBIMU H3MepeHUAMHU (PrcyHOK 3) BbISIBUJI JOCTOBEPHbIN 3O PEKT BHYTPU-
rpynnoBoro ¢akrtopa «3tan» (F=80.808, p=0.000), B yacTHOCTH, 3Ha4yUMOe yMeHbllleHue BP
Ha MO03/JHEM 3Talle Hay4YeHHUs, KOT/a leTH YCIIelIHO YCBOMJIM NIPaBUJIO U BBINIOJIHAJM 10 HEMY
3aJlady, 10 CPaBHEHHUIO C HAaYa/IbHBIM 3TAllOM Hay4deHHsd, KOTa JeTH IMyTeM Npob M OlHO0K
pasrajJibiBajid npaBuJio. Takke BbISIBJIEH JOCTOBEPHBIA 3dPeKT MexrpynmnoBoro ¢pakropa
«Bo3pact» (F=10.794, p=0.001), noaTBep>x a0l MeHblliee 3Ha4yeHHe BP y cTapuiux aeteit
10 CPaBHEHHUIO C MJIaJILIMMH Ha BCex 3Tanax HaydyeHHUA. OJHaKO B3aMMoJelCcTBUE QaKTOpPOB
«3Tal» U «BO3pacT» He AOCTHUIJIO YPOBHA gocToBepHOCTH (F=3.337, p=0.060), yTO yKa3bpiBaeT
Ha CXOXKeCTb JMHAMUKH U3MEHEHUH BpeMeHHU peaKIMU OT HayaJIbHOI'0 3Talla K N03/JHEMY B
060uX BO3pacTHbIX rpynnax (PucyHok 3), a MMEHHO 3HAaYHMMbIH POCT CKOPOCTH peaKIMU NpU
YCBOEHMH NIpaBUJIa KaK Y MJIAJILINX, TAK Y CTAPLIUX JleTeH.

One Way ANOVA BrigaBuJI, 4yTo BP y cTapumiux feTei MeHblle 10 CPaBHEHUIO C MJIAAUIUMU
Kak Ha paHHeM (F=7.309, p=0.008), Tak u Ha no3gHeM (F=12.998, p=0.001) sTanax Hay4eHUs
(Pucynok 3).
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PucyHok 3. Bpems peaknuuy Ha npe/bsiBJIeHHE CTUMY/IOB HAa paHHEM U [103[HEM 3TaNax HayuyeHHUs
y MJajillieil ¥ cTaplieil rpynim geten

Ckopocmb peakyuu 8 3a8ucuUMocmu om UHOU8uUAya16HO20 ONbimMa

[ OueHKH BJIMSAHWSA MHAWBU/YAJbHOTO ONbITA pelleHUA 33J4ad Ha Mpouecc Hay4eHUd
y AeTell pa3HOro Bo3pacTa OblJ NMPOBeJieH AUciepCHOHHbIM aHaiu3 ANOVA ¢ mOBTOPHBIMHU
M3MepeHUsIMHU B NI0C/Ie[J0BaTe/IbHOCTH YeThIpeX CecCUi BbINOJIHeHUA 3aa4u (0T A 1o D, pakrop
«ceccusi») B KaXKJj0M BO3pacTHOM rpyIIie OTAe/bHO JJIsl paHHEr0 3Tana HayuyeHHUs U NMO3/{Hero.
Ha pucyHke 4 npesacraB/ieHa JUHaMUKa U3MeHeHUH BP oT ceccuu K ceccun Ha paHHeM aTale
HaydyeHUs B JBYX rpynmnax jeteil. ddeKT «ceccun» He BbIABUJ AocToBepHOocTH (F=3.664,
p=0.062) B MyaAlel rpynne, B TO BpeMsl KaK B CTaplied rpylllle OH MOKa3aJ 3HaYUMOCTb
(F=8.189, p=0.007). Eciu B muapmei rpynne geteii BP oT ceccun k ceccur He3HauuMMO
K0J1e6aJ10Ch B pa3Hble CTOPOHBI, TO B CTapllel Irpylne HEyKJOHHO U 3HAaYMMO YMEHbLIAIOCh.
[lonapHoe cpaBHeHue BP B d4eTelpex ceccusix 1mo mapHoMy KpuTepuio CTbrofeHTa AJd
3aBHCHUMBIX BbIOOPOK C MONPAaBKOM Ha MHO>KeCTBEHHbIe U3MepeHUsI [10Ka3aso, YTO B CTapLIei
rpynne feteit BP Ha cTuMysibl BO BpeMs epBOi M BTOPOM ceccuid 6b1J10 3HAUMMO HUXKE, YeM B
nocjeaHel yeTBepTou (PrucyHok 4).
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PucyHok 4. /lunamuka usmMmeHeHuil BP B nociiefjoBaTe/IbHOCTH YeThIpex CECCUM HAa paHHEM 3Tare
Hay4yeHUsd y MJIaJillleld U cTapllel Tpyni geTel

JluHaMuKa n3MeHeHUM BP oT ceccuu k ceccrM Ha mo3jHeM 3Tane HaydyeHus (PucyHok
5) okasajacb CXOJHOW C paHHMM 3TalNoM B 000uX rpynmnax jgeted. B yactHoctu, ANOVA
C MOBTOPHbIMM HU3MepeHUsIMU He BbIiBUA (F=0.891, p=0.448) poctoBepHocTU 3ddekTa
dakTopa «aTana» B MJa/illied I'pyIIie U 00Hapy»KuJ ero B ctapiuei rpynmne (F=5.979, p=0.001).
[lomapHoe cpaBHeHUe BP B deThIpex ceccusx ¢ NONPaBKOM Ha MHOXXeCTBEHHble U3MepeHUs
1I0Ka3aJio, 4YTO B CTaplued rpynmne geted BP Ha cTuMyJsbl BO BpeMs NepBON CeCCUU OBLIO
3HAYMMO HUXKe, 4YeM B nocseaHen (PucyHok 5).
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PucyHok 5. /lunaMuka usmMmeHeHui BP B mocsiej0BaTe/IbHOCTH YeThbIpeX CECCUU Ha O3 HEeM JTale
HayuyeHMs y MJIaJillied U CTaplleld rpynm geTel

Cxopocmb peakyuu npu ompuyameabHol U N0A0#UMeAbHOU 06pamHoll ces3u

JucnepcuoHHbld aHasiu3 ANOVA ¢ MOBTOPHBIMU HW3MEPEHUsIMH, TJle BHYTPUTPYINIOBOU
baKTOp «KOPPEKTHOCTb» W MEXIpyNnnoBod ¢(akTop «Bo3pacT» Mokasaa (PucyHok 6)
CTAaTUCTUYECKHU 3HAUYUMBbIN 3ddeKT PpakTopa «koppeKTHOCTb» (F=61.849, p=0.000). BP npu
NpaBUJIbHOM OTBETE AOCTOBEepPHO MeHbIle BP, yeM npu omubke B 06eMx BO3paCTHBIX Fpynnax
(Pucynoxk 6). ®aktop «Bo3pact» (F=10.148, p=0.002) u B3auMoeicTBre GaKTOPOB «BO3PACT»
X «KoppekTHOCTb» (F=8.934, p=0.004) 6blKM CTAaTUCTHUYECKHU AOCTOBEPHbIMU. [Ipu 3TOM
cpaBHeHue BP npu omnbke U BepHOM oTBeTe MexAy rpynnamMmu One Way ANOVA (PucyHok
6) yKasa/Ji0o Ha HaJMuue CTATUCTUYECKU 3HAYUMBIX Pa3IMYUil Mexay cTaplued U MJajuen
rpynnaMuy 1o CKOpOCTU peakLUU TOJbKO NMpU NpaBubHbiX oTBeTax (F=14.826, p=0.000), B
oT/in4Me OT HenpaBuabHbIX (F=3.265, p=0.072). B cTapiue# rpynne BP cHr»kasnoch B cpefjHeM
Ha 20,8%, Torga kak B MJajlieH Juiib Ha 2,5%.
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PUCYyHOK 6. BpeMs peaKLuy Py OIIMO60YHBIX U BEPHBIX OTBETAX B MJIailllel U cTapliel rpymnnax
neten

06cyxaeHHe pe3y/ibTaTOB

CorsacHo pesysbTaTaM MccCle[oBaHUs, AeTU 16-20 JieT 1o cpaBHEHUIO Cc AeTbMu 11-15
JIeT UMeI0T 60Jiee BBICOKYI0 CKOPOCTb CEHCOMOTOPHOM peaKLMM Ha 3pUTeJIbHble CTUMYJIbI
Ha BCEM NMPOTSKEHUU acCOLLMaTUBHOI0 HayYeHHUs], YTO MOXKET OTpakaTb 0O0JIbIIYIO 3Pes0CTh
LeHTPaJIbHbIX MO3TOBbIX MEXaHU3MOB, BOBJIEYEHHbIX B Hay4eHHe y cTaplliux geTeil. Tak, nmo
JIAaHHBIM JIUTEepaTypbl, MUEJUHU3allMsI MO3TOBbIX BOJIOKOH B OCHOBHOM 3aBepulaeTcsl K 5
roaam [18], oqgHako MUeIMHU3a1MA B PeTUKYJISIPHON dopMalii, UMEIOIIeX BaXKHOe 3HAaYEeHHU e
B Mpoljeccax BHUMaHUs [19], a Tak»ke BHYTPUKOPOBBIX BOJIOKOH B aCCOLMAaTUBHBIX 30HAX KOPbI
Mo3ra npogoJnkaertcs go 20 set [20-22].

AHa/iM3 BpeMeHHOW [VMHAaMHMKH HW3MEHEHUM CKOPOCTHU peaKIMy OT MEepPBOM MOMNBITKHA K
nocjefHed BbIIBUJ OCOOEHHOCTH, CBSI3aHHble C BO3pPacTOM, 3aKJ/HYalIHecs B TOM, UTO
CHayaJjla OT NepBOM MONBITKH K TpeTbel HabJoJasach CxO4Has JUHAMHUKa u3MeHeHUU BP
(HeykJIOHHOE cokpaleHre BP) B 06eux Bo3pacTHbIX rpynmnax AeTel, HO mocJe 3 MONbITKA B
MJIaZjlIeH TpymIne leTeld CKOPOCTh peaKLMY HavyaJsa 3Ha4MMO NaJjaTh, a B CTapliel BbIXOAUIA
Ha «IJIaATO» W yJlep:KUBajlaCcb Ha OJHOM YpPOBHe [0 KOHLA 20-MUHYTHOrO HCIBbITAaHUS
(PucyHok 2). YcTraHOBJIEHHbIe pa3J/iM4Ms MOTYT ObIThb CBSI3aHbl C IMOCJe[0BaTEJbHBIM
MOp(Oo-PyHKIIMOHAJNbHBIM CO3pEBaHHWEM HecHenuPHUUecKor CUCTEMbl aKTUBALlMM MO3ra
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[23], ueHTpa/sbHBIM 3BEHOM KOTOPOU ABJSIETCA peTUKy/AsApHass ¢opmanus Mosra [24], 4To
NPUBOJUT K YMEHBLIEHUIO PECYPCOB K KOHIY 20-MUHYTHOTO UCNIBITAHUSA Y MJIAIIUX [leTeH, B
OTJINYMeE OT cTapluuX. [[puMeHeHMe leTepMUHUCTCKOM TapaUrMbl B MO/ aCCOLLUaTUBHOTO
Hay4eHHUs C MoJKpeneHueM Ha B3POCJI0N NONYJISUU [6] HO3BOJIUI0 OOHAPYKUTh Pa3/IU4Us
KaK Ha IOBeJleHYeCKOM YpOBHE (B CKOPOCTH peakliuu), TaK U B NaTTepHaxX aKTUBALUU
HelpoceTell BO BpeMsl paHHEro0 U M03/JHEero 3TanoB HayyeHus. Ec/iM paHHUe 3Tanbl HAy4YeHus
COMPOBOX/AAJUCh 3aMe/lJIEHHON CKOPOCTbIO peaKliuy, MoOUIM3alen creluaJau3npoBaHHbIX
COMATOCEHCOPHBbIX M JAPYIMX 3aUHTEpPeCcOBAaHHBIX 30H MO3ra, BKJIIOYAasg MOTHUBALMOHHbIE
[IleHTPbl BO3HArpak/ieH!us U 06J1acTH, OTBETCTBEHHbIE 3a ynpaBJsione yHKIUU (CTpUaTyM
Y npeppoHTa/IbHasA Kopa), TO MO3HUE ITAlbl HAYYEeHUS OTIMYAIHNCh PE3KUM COKpallleHueM
BP u penykiuyeit akTuBalnyu B npepoHTaIbHON KOpe U cTpuaTyMe [6].

Kak oTMevasioch Bblllle, paHHUM 3Tall Hay4deHUs CBS3aH C aKTUBHBIM pasra/iblBAHUEM
npaBuJa MeTOJOM NpoO6 U OIIMOOK, TJle obpaTHasi CBSA3b CJAYKUT HHCTPYKTUPYIOUIUM
CUTHAJIOM JJI MOC/AeAYIOIUX NPUHATUMN pellleHUl, TOrla KaK Ha M03JHeM 3Talle HayuyeHUs
UCIIbITYyeMble YCIEUIHO BBINOJHST 33/ady 0 YCBOEHHOMY IpaBuJy, U UHPpopMalMOHHAs
pPOJIb MOJIOKUTEJNBHOTO MOAKpPEINJeHUsI CTAHOBUTCS OJHO3HAYHO MpeJicka3yeMbIM. B Halem
¥ccJieJOBaHUU Mbl BbISIBUJIM CXOAHBIM NaTTEPH QuiyKkTyauuii BP B 06enx rpynnax MCnbITyeMbIX,
YTO MOXET OTPaXkaThb JOCTATOYHYI0 CGOPMUPOBAHHOCTb CUCTEM BO3HArpaXKJeHUS B € TCKOM
BO3pacTe U COIJIaCyeTCd C JAAaHHBIMHU JIUTEpPATypbl O NOBBILIEHHOW POJIM 3THUX CUCTEM B
accoLMaTHUBHOM Hay4Ye€HHUHU C NOAKpENJIeHUEM Y [leTel U B 1]eJIOM O BbICOKOU YyBCTBUTEJIbHOCTH
MOTHBAILIMOHHBIX [IEHTPOB BO3HArpaXKJieHus y aetew [25].

Pe3ynpTaThl Halllero uccaefOBaHUSI CBUJETENBbCTBYIOT, UTO CTapliue JeTU YXKe MOTyT
YCIIeIIHO UCNOJIb30BaTh UHAUBU/YyaJbHbIA ONBIT pelleHUs 33/a4, COBEPIIEHCTBYS UHUBU-
JlyaJibHble MOAXOAbl K ee pelleH’I0, B OTJIMYMe OT MJIAAIIUX JeTel: y CTapliuX JleTed OT
CeCCHHU K CeCCUU CKOPOCTh PeaKIiMi 3HAYUMO POC/a KaK Ha paHHUX, TaK U Ha MO3/JHUX 3Tanax
HayyeHUs, B TO BpeMs KakK y MJAJAIMX AeTeld He MeHsaach (PucyHku 4-5). Ha6utogeHue
MOXKeT OBITb 00yC/I0BJIE€HO O0Jiee reHepaJM30BaHHbIM XapaKTepOM BOBJIEYEeHHUS HelpoceTel
MO3ra B BbINOJIHEHME 33/jladd Ha Hay4yeHUe y MJIAJIIMX JeTeld U aKTUBauued 6oJiee
JIOKaJIbHBIX CNelMaJU3UPOBAHHBbIX HelpoceTel y cTapliux AeTei. Takasd 3aKOHOMEpPHOCTb
NCUXOPU3UOJOTUYECKOTO PA3BUTHUS KOTHUTUBHBIX (YHKUUH OT TreHepaJM30BaHHOU
aKTUBALlMM MO3TOBbIX CUCTEM /10 JIOKaJIbHO-CHeliuPpUIeCKON akTUBALMU HelpoceTel onycaHa
B JIMTepaType AJis psijla KOTHUTUBHBIX QYHKIUH [26, 27].

AHa/v3 CKOpPOCTU peaKLMMU Ha NOosIBJIeHHWe CTUMYJIOB NpPU OIMOOYHOM M NpPaBUJIbBHOM
BbIOOpe KJaBUIIU (MPU OTPULIATEJbHON U MOJIOKUTEJIbHON 0OpaTHOW CBA3W) BbISIBUJ KaK
00111y10 3aKOHOMEPHOCTb B [IBYX rpyNIax JleTel, TaK U BO3pacTHbIe NCUXOPU3UO0JIOTUYECKHE
ocobeHHOCTHU HaydyeHHUs (PucyHok 6). O61as 3aKOHOMEPHOCTh 3aKJilo4yasach B TOM, 4TO BP
IpU NPaBUJIBHOM OTBeTe JOCTOBepPHO MeHblle BP, yem npu omunbke B 06erMX BO3PaCTHBIX
rpynmnax (PucyHok 6). Bo3pacTHasg 0co6eHHOCTb BbIpaXkajacb B TOM, YTO pa3indus Bo BP
IpY NMPaBUJbHOM U OIIMOOYHOM OTBETE JOCTOBEPHO 60Jiee BbIpaXKe€Hbl B CTapliel rpyiie
feten. Takke BP B crapuen rpynmne okasajacb JOCTOBEPHO MeHbllIe, YeM B MJlaJllel
rpyIie TOJbKO MPU NPaBUJIbHBIX OTBETAaX, B TO BpeMs KaK MPU OLIMOOYHBIX JOCTOBEPHBIX
pas3auuui He ObL10. OGHApy:KEHHble 3aKOHOMEPHOCTU MOTYT YKa3blBaTb Ha MeXaHU3Mbl
CO3peBaHUsA CTPYKTYyp MO3ra, YYacTBYIOLIMX B Mpoliecce HayuyeHUs y CTaplIUX JeTel, 4To
COOTBETCTBYET JINTEPATYPHBIM JAHHBIM O [NO3TAIHOCTHU U T€TEPOXPOHHOCTH CTPYKTYPHOIO U
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GYHKIMOHA/NBLHOIO CO3pEeBaHMS MO3ra B OHTOTeHe3€e, IPOUCXOAAILEro 3a CUeT KayeCTBEHHbIX
nepecTpoeKk HelpoceTel, 0COOEHHO NMPOJOJ/DKUTENbHO HAOMIOAAIIMNXCA B JIOOHBIX OTAeax
KOpbl U peTUKYJApHOW ¢opmauuu. [Ipy HenoCTaTOUHOM 3pesOCTH JAaHHBIX HeWpoceTel
BbINOJIHEHVME KOTHUTUBHBIX QYHKIMH OCYLeCTBJISAETCS 3a cyeT 6oJiee reHepaJu30BaHHOTO
(MeHee M30UpaTeJbHOIO) BKAKYEHUS HelpoceTel B QYHKLHOHAJIbHble 00beJUHEHHUS, YTO
Ha NOBeJleHYeCKOM YpOBHe IpOoSBJsETCA B 0oJiee MeJJIeHHOW CKOPOCTH CEHCOMOTOPHOM
peakuuu. [lo mepe Mopdpo-GyHKIIMOHANBHOIO CO3peBaHUsA M0O3ra 06ecre4ruBalTCa YCJI0BUS
JLJ15l peain3aliui KOTHUTUBHBIX QYHKIIMA MaKCUMaIbHO 3G PeKTUBHBIM, 5KOHOMUYHbIM Iy TEM
3a cyeT GOpMUPOBaAHUSA U30OUpaTebHbIX HanboJlee afleKBaTHbIX QYHKIHUOHAJIBHBIX CUCTEM,
OTBeYawIMUX 3a 00paboTKy cneyudprieckod MHGOpMALUU U yIpaBJeHHUe AeATeJlbHOCThIO
[28- 30].

3ak/iloueHue

Takum 06pasoMm, Npu MOMOIIM UCOBITAHHOW Ha B3POCJON MONYASLUU J€TEPMUHUCTCKOU
MOJieIM Hay4yeHHUs C MNOJKpeIIeHWEM, MO3BOJIAKILIEN H3y4YaTb JAUCKpPeTHble U3MEHEHMUS
aKTUBHOCTM MO3ra, U, COOTBETCTBEHHO, ICHUXOPU3HUOJIOTHUYECKUX MapaMeTpoB Ha
KayeCTBEHHO pa3JIMYHbIX 3TallaX aCCOLUATHBHOIO HAy4yeHWs], BbISBJIEHbl BO3pacTHbIE
NICUX0(PU3HO0JIOTMYeCKHe 0COOEHHOCTH Hay4€eHHs, a TaKXKe 001 1ie 3aKOHOMEePHOCTH Pa3BUTHS.
B yacTHOCTH, OKa3aHO, YTO CKOPOCTb CEHCOMOTOPHOM peaKLMU Ha 3pUTesIbHble CTUMYJIbI
CTaTUCTUYECKH 3HAUYUMO BbllIe ¥ AeTed 16-20 jieT o cpaBHeHUIO € AeTbMU 11-15 seT. Takke
YyCTaHOBJIEHbl BO3pacTHble pa3/iMyMs BO BpeMeHHOW JuHaMuke BP B xoje BbINnOJIHeHHA
3aJlayM: Ha paHHMUX 3TalaxX HaydyeHUs1 HEYKJIOHHOe cokpalieHve BP B 06enx BO3pacTHBIX
rpynmnax fieTel, 0JHaKo Ha [103/[HUX - IaJleHHe CKOPOCTH PeaKLMH B MJIaJillIeH IPYIIE U BBIXOJ,
Ha «IJIaTO» B cTapiueil. KpoMe TOro, BbISIBJIEHO, YTO CTAapLIXE JieTH, B OTJIMYHE OT MJIaJLIUX,
YCIELHO WCNOJb30Ba/Id CBOM ONBIT pelleHUs 3aJadH, OT CeCCHUM K CeCCUU JeMOHCTPUPYH
poCT ckopocTH peakuuu. CxoAcTBO narrtepHa ¢ykTyauui BP Ha paHHUX U O3 HUX 3Tanax
HaydyeHUs (CHMKeHUMe BP Ha mo3gHuX 3Tanax HayyeHHWs OTHOCUTEJbHO PaHHUX) B 00eux
BO3PACTHBIX IPYNIax MOT'YT CBUETEJIbCTBOBATH O JJOCTaTOYHOW CGOPMUPOBAHHOCTHU CUCTEM
BO3Harpax</leHus B JIeTCKOM BO3pacCTe U COIJIacyeTcs C JaHHBIMU JINTepaTyphl O NOBbIILIEHHOU
pOJIM 3TUX CUCTEM B HAyYeHUU C NOAKpENJIeHHWEM, U UX BBICOKOM YYBCTBUTEJBHOCTHU Y
JleTell. BbisiB/IeHHble BO3pacTHble 0COOEHHOCTH M 06LiMe 3aKOHOMEPHOCTH, NO-BUAUMOMY,
YKa3bIBAlOT Ha TMocTeneHHOoe Mop¢do-PyHKIHOHAIbHOE CcO3peBaHUe Hecneluduieckon
CUCTEeMBbl aKTHUBALlMX MO3ra y MJAJIUX JeTel, Ha OoJiee COBeplIeHHble HEMPOMEeXaHHU3MbI
Hay4eHMUs y CTaplIUX JeTel, U COTJIACylTCs C JUTepaTypPHbIMU JAaHHBIMHU O MO3TAHOCTHU U
reTepOXpPOHHOCTH CTPYKTYPHOT0 U QYHKLIMOHA/IbHOTO pa3BUTH S MO3ra 3a CYeT Ka4yeCTBEHHbIX
nepecTpoeK HelpoceTel, 0COOEHHO B JIOOHBIX OT/ie/1aX KOpPbl, 0TBEYAIIIUX 3a 9K3€KYTUBHbIU
KOHTpPOJIb. BbINo/siHeHMe KOTHUTUBHBIX QYHKLUMH Ha paHHUX 3Talax pa3BUTHUS BOBJIEKAeT
OoJiee reHepa/IM30BaHHYI0 AKTUBHOCTb HEMPOCETEeH, B TO BpeMs KaK C BO3pacTOM HabJ/110jaeTcs
60Jibllle BOBJIeYeHHE U3OUpaTeNbHbIX (QYHKIUOHAIbHBIX 00beJUMHEHUN, 00ecneyuBIOUIYI0
60Jiee 3prOHOMHUYHYIO0 peaju3alii0 KOTHUTUBHBIX 3a7ay. [losyyeHHble pe3ysbTaTbl MOTYT
OBbITb NOJIE3HBIMU JJI1 pa3pabOTKU COBpPEMEHHBIX MOAXOAOB JUAarHOCTUKU HapylleHUs
pa3BUTHA JeTel, CBOeBpeMEHHOM KOPPEKLMH B 0Oy4YeHUH U MpPU MJaHUPOBAHUU Y4eOHOU
HarpyskH B ILKOJIe.
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AcconuaTHBTI OKBITYAbIH, )Kac epeKiesiKkTepiHe 6ail/IaHbICThl ICUX0(PU3UOJTOTHSJIBIK,
epekueikTepi

O. A6aunbmanoB!, LK. latxa6aeBa’, M. JKosigacoBal, A.M. Kycty6aeBa*1
194-Papabu amviHdarbl Kazax yammeuik yHugepcumemi, Aamamel, Kazakcmax

AnpaTna. AccolMaTUBTI OKbITYy — OGeMimjesrimn MiHe3-KyJbIK NeH Kayinciz emip/ii KamMTa-Machbl3
eTeTiH TaHbIMJBIK GYHKIUsA. OJ1 aKnapaTTbl 6HJAEYTe, 3K3eKYTHBTI OaKbliayFa, CEH-COMOTOPJIBIK
KOOp/IMHAIYsIFa, MapanaTTay MeH XKa3aslay/lblH Cy O beKTUBTI ToXKipH6eciHe xayan 6epeTiH MUAbIH My eti
aliMaKTapbIHbIH HEHPOH/BIK JKeJIiJiepiH OipiKTipreH KOrHUTUBTI IPOolleCTeP/IiH > KUbIHThIFbIH KAMTHUIbI
»K9He 0JIap/blH 63apa XoHe Kepi 6ailJIaHbIC CUTHAJ/IAApbl apachlHAaFbl UHTErPalUsChbIHA 6ANJIAHBICTHI.
KorHUTHUBTI QYHKIUSHBIH KaJbIIThHI JaMybIHbIH [ICUX0U3HOJIOTHUSJIBIK, 3aHAbLIBIKTAPbIH aHbIKTAY
OHBbIH, MeXaHU3M/IEPiH TYCiHyTe, Kac HOpMaJIapblH OeJirijieyre koHe JaMy[aFbl aybITKyJapAbl epTe
aHBIKTAy VILUiH MaHbI3[bl. 3epTTeyAiH MaKcaTbl — JETEPMHUHUCTIK MiHe3-KYJbIK OKBbITY MOJeJiH
naijjajiaHa OThIPBIN, GaJjiajap/laFbl KYIIEWUTIITeH OKbITY/IbIH, MiHe3-KYJIbIK KOpCeTKIllTepiHiH kac
JUHaMUKaCbIH 3epTTey. Kepy cTuMysiapblHa CEHCOMOTOPJIBIK peaknusaHbIH (CP) »KbL11aM/IbIFbI epecek
Gasianap/ia alTapJibIKTal >KOFapbl eKeH/Jiri aHbIKTaJ /bl )koHe CP-HiH yakbITIIA JIUHAMHKACHI KacblHA
Kapal esrepeji: CP oKbITYAbIH afFallIKbl Ke3eHAepiHJe eKi kac ToOObIHAA A ecei, aa KeHiHipek oJ
Kimi 6asanapfa TeMeHAeNHAl xoHe YIKeHJep/ie «Oip KaabINThl» JeHrei i kepceTTi. OKbITYAbIH epTe
*koHe Kelll Ke3eHaepinzaeri CP aybITKybIHbIH 3aHbLIBIFbIHBIH YKCACTBIFbI KOPCETIJI/Ii: €Ki )kac TOObIHAA
Jla epTe Ke3eHaepre KapaFaH/1a OKbITYABIH Kelll Ke3eHAepiHeri CP xxorapbliazbl. YKacka 6ailaHbICThI
GaliKaJiFaH 3aH/bLJIbIKTAp OKbITY MEXaHU3M/IEPiHiH AaMy epeKIleiKTepiH KepceTyi MyMKiH. AJIbIHFaH
HOTIKeJIep 6asialapAblH JaMybIHbIH OY3bLIYbIH JUAaTHOCTUKAJIAY/IbIH 3aMaHayH TICI/IAEPiH 93ipJieyTe,
OKBITY/A YaKThLJIbI TY3€TyTe XK9He MeKTENTEr OKY *KYKTeMeCiH »KoclapJ/iayFa naijaabl 601ybl MyMKIiH.
Ty#iiH ce3aep: accolMaTUBTI OKbITY, 6eKiTy, KOTHUTUBTI QyHKIUsIapAbl JaMbITYy, ’Kac JUHAMHUKACHI,
ncuxodU3U0JIOTUSJIbIK CUIIaTTaMas ap
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Age-related psychophysiological parameters of associative learning with reinforcement

D. Abdilmanov?, G.K. Datkhabayeva?, M. Zholdassova?, A.M. Kustubayeva*!
1Al-Farabi Kazakh National University, Almaty, Kazakhstan

Abstract. Associative learning is a cognitive function that ensures adaptive behavior and safe
functioning. It includes a set of cognitive processes involving neural networks of interested areas of
the brain responsible for information processing, executive control, sensorimotor coordination, and
the subjective experience of reward and punishment, and depends on their integration with each other
and feedback signals. The identification of psychophysiological patterns of the normal development of
cognitive function is important for understanding its mechanisms, establishing age norms, and early
identification of developmental abnormalities. The research aims to study the age-related dynamics of
learning with reinforcement in children using a deterministic learning paradigm. It was revealed that
the rate of sensorimotor reaction (SR) to visual stimuli is significantly higher in older children, and the
temporal dynamics of SR change with age: at the early stages of learning, SR increases in both age groups,
and at the later stages, it decreases in younger children and reaches a "plateau” in older children. The
similarity of the pattern of SR fluctuations in the early and late stages of learning is shown: SR growth in
the late stages of learning relative to the early ones in both age groups. The observed age patterns may
indicate the peculiarities of the development of learning mechanisms. The results obtained can be useful
for the development of modern approaches to the diagnosis of developmental disorders in children,
their correction in the learning process, and in planning the educational load at school.

Keywords: associative learning, reinforcement, development of cognitive functions, age dynamics,
psychophysiological characteristics
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[Ipo6MOTHUKAJIBIK IpenapaTThIH, JUCOAKTEPUO3 XKaFJalbIH/IaFbl
TepanusJIbIK OeJICeH/IJIIriH 3epTTey

B.T. Baiikonbic*'"”, /I.E. Kypmanramu' ", Tysakosa A.K.'”, JK.M. bekumnu!“, LK. A6utaeBal

MuKkpoopeaHuzmdepdiH pecnybaukablk Koatekyuscol, Acmaxa, Kazakcma

AnpaTtna. lmek MUKpPOOHMOTACBIHBIH, TEHIrepiMcCi3/jiri KenTereH CO3blIMaJibl
aypyJiapZblH JaMyblHa 9KeJyi MyYMKiH, COHABIKTAH OHbIH, KaJbIIIThl KypaMbIH
KaJIllbIHA KeJTipy OYriHri TaHAa e3eKTi Macesesiep/iiH 6ipi 60JibIN caHaIa/ibl.
[Ipo6uOTHKAJBIK Tepanus illleKk OUOLeHO3bIH TUIMAI PETTEYAiH FbIJIbIMU He-
ri3fiesireH >xoHe Kayincis azici peTinzie keHiHeH 3epTTenye. Ocbl 6aFbITTa MPO-
OMOTHUKTIH TepanusJbIK 0eJICeH/i/IiriH 6arasay MaKcaTblHJda aHTUOMOTUKTeEP-
MeH UH/AYLUpPJIEHTEH illleK JUCOaKTepuOo3bl KaFlahblH/Aa 3epTTelil OThIpFaH
npernapaTTblH KypFaK YHTAFbI in vivo MoJeJibJe 3epTTesJli. 3epTTey YIIiH caJl-
Marbl 200-300 r apa/ibIFbIHAFB] 9D KbIHBICTAFbI AK, TYKbIMCbhI3 3epPTXaHaJIbIK,
ereyKympbIKTap KOJIJaHbLIAbl. DJKCIEpUMEHTTIH, 1, 8, 14 »koHe 18-11i KyHA€epiH-
Jle ileKk MUKpOOHUOTacCblH MUKPOOUOJIOTHSJIBIK 3epTTeyJiepre apHaIfaH 61o0Jio-
TUSIJIBIK MaTepHras (Haxic) anbiHabl 2KaHyapJsap keseci Tontapra 6es1iH/i: 6aKbi-
Jlay ToObI (OH, 6aKbLIay — GU3HOJIOTUSIIBIK, EPITiIH/A) )XKoHEe 3KCIEPUMEHTTIK TOI
(npo6uotuk 1x10° KKB/r). Hoxic KypaMbiHa MUKPOGHOJIOTUAIBIK, 3€pTTeyJIep
KYPTi3y YiliH 8 TypJii ceJIeKTUBTI KOPEKTiK opTara cebiHaiiep xacanzapl. JJucoak-
TEpHO3 Ke3eHiHJe WapTThl-naToreHi Mukpoopranusmgaep - Clostridium spp.
»koHe Salmonella spp. (6bakbutay ToobiHAa 9,75+0,31 1Ig KKB/r), Staphylococcus
spp. (8,13+0,27 Ig KKB/r), Enterococcus spp. (8,58+0,32 lg KKB/r), Klebsiella
spp- xaHe Enterobacter spp. (9,03+0,48 1g KKB/r), E. coli (8,46+0,45 1g KKb/r)
alTapJbIKTal apTThL. AJl eM/iey Ke3eHiHiH COHbIH/A 9KCIIEPUMEHTTIK TONTa Oy
KepceTKiluTepAiH enayip TeMeHzeyi 6aiikangbl: Clostridium spp. - 7,91+0,34
lg KKB /1, Staphylococcus spp. - 6,07+0,30 lg KKB/T, Klebsiella spp. - 5,33+0,56
lg KKB/T, E. coli - 6,92+0,44 lg KKb/r. ConbiMeH KaTtap, nangansl Lactobacillus
spp- canbl 6actankbl 8,57+0,37 lg KKB/r kepcetkimten coHbinaa 9,00+0,50-
re lg KKB/r feliin apTKaHbIH kepceTTi. 2KaHyapsiapFa xkKyprisijireH 3epTreyJiep
HOTWXKECIH/Ie, IJAKTOOAKTEepHUAIapFa HeTi3/le/ITeH *KaHa NPOOUOTHKTIH aHTUOUO-
THUKIIEH UHJAYLUUPJIEHTeH illleK AUCOAKTepUO3bIH TY3eTyAe THIMAIIIK KepceTil,
MUKPOOHOMHBIH, Tele-TeHiriH KallblHa KeJTipyre bIKNaJl eTeTiHiH Aa/e/1e .

Ty#iH ce3aep: NpoOUOTUK, JUCOAKTEPHO3, illIeK MUKPOOHUOTACh], MUKPOOHO-
JIOTUSIJIBIK TaJ1/1ay, MUKpOdJopa TEHTepiMi, TepanusiJiblK 6esceHaAiTiK

Tycri: 09.06.2025. Ka6bu1ganabt: 30.09.2025. OniaiiH Ko xkeTiMai: 30.09.2025.
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IIpobuomukavlk npenapammoly duc6akmepuos xHardatlblHdarsl mepanusiablk 6esceHdini2iH 3epmmey

Kipicne

AnaM ar3acblH/aFhI illeK MUKPOOUOTAChl KenTereH GU3NO0JIOTUAIBIK YepicTepre, COHbIH
imiHAe KOpeKTiK 3aTTap/blH CiHipiJlyiHe, UMMYH/IbIK, KayalThIH peTTeJyiHe KoHe MeTabo-
Jiu3Mre TikeJsiel acep eTefi. [mek MUKpodopachIHbIH TeHTepiMci3/iiri HemMece AUCOAKTEPHUO3
ceMi3JliK, KAaHT /juabeTi, KabbIHY aypy/lapbl )XxoHe HelpojereHepaTUBTI Oy3bLIbICTAp CUSAKTHI
9PTYPpJli NATOJIOTUSJBIK KaFAalaap/blH JaMyblMeH 6al1aHbICTHI [1].

[Ipo6UOTUKTED - KETKIMIKTI MeJepe KabblLIJaHFaH KafFAal/ia, aF3a vueciHe manasbl
acep eTeTiH Tipi Mukpoopranusmzep. Oyap iliek MUKPOOMOTACBIHbIH, KypaMblH KaJsllbIHA
KeJITipin, naToreHi 6aKkTepusiapAblH ocyiH Texeii. OcbLiaiiiia, aF3asa UMMYH/BIK >KoHe
MeTaboJIMKAJIbIK Tele-TeHJiKTiH caKTalyblHa bIKHaJ eTeai [2].

CoHFBI XKbLIJIapbl IPOOMOTUKTEP/IH, illeK MUKPOOHUOTaChIHA 9Cep €Ty MeXaHU3Mi MOJIeKY-
JIAJIBIK )KoHE UMMYHOJIOTUSIJIBIK TYPFbIJJaH )KaH->)KaKThl 3epTTenyze. [[po6uoTUKTep naToreH i
MHUKPOOPraHM3M/epAiH 6CyiH TeXell KaHa KOWMaM, COHbIMeH KaTap illleK TOCKAybLJIbIHbIH,
KbI3METIiH KYLIEHUTiN, MeTab0/J1M3M MeH UMMYH/IbIK, »KayallTbl peTTeyre KaTbICATbIHbI J9J1eJ1-
JleHreH [3,4].

CoHbIMEH KaTap, NPOOUOTHK KypaMbIHAAFbl Tipi MUKPOOpPraHU3M/ep/iH IITaMM/IbIK epeK-
HieJIiKTepi oJiapZiblH KJWHHUKAJIBIK TUIMJIiriHe Tikesed acep etefi. Kasipri seprreynepae
KOIKOMIIOHEHTTI >KoHe CHHOMOTHUKAJIbIK IpenapaTTap/blH apThIKIbIIbIFbI KEpCeTiireH [5,6].

KenTereH KJIMHUKAJBIK XoHe TIXKipubeslik 3epTTeysep NPOOUOTUKTEPAIH, illleK MUKpOd-
JIOpAChIH KaJIbIMIKA KeJTipy/Aeri, illiek aypy/iapbIHbIH, OeJIriiepiH XKeHiIgeTyAeri xKoHe KaJlIbl
JleHCayJIbIKThI KaKcapTy/laFbl peJiiH ganenaesi. Mbicasbl, Lactobacillus »xeHe Bifidobacterium
IITaMAaphl illleK KaObIpFAacblH HbIFAUTHIN, KaObIHyFa KapChl acep KepceTeJi KoHe illeKTiH
MMMYH/BIK Ky#eciH 6esiceHfipesi [7].

2023 Kblabl KYpPri3ijyireH MeTa-Tajlay HOTHXKeJiepi 60MbIHIIA, TPOOMOTUKTEPAI KaObLI-
Jlay ilek AuMcbakTepro3bl 6ap HayKacTapAa iluTiH KeOyi, aybIpybl »KoHe il eTy cekingi 6es-
rizepAiy aliTap/blKTal TeMeH/leyiHe asblll KesreHi aHbiKTa FaH [8]. COHbIMEH KaTap, Mpo-
OMOTHUKTEPJiH y3aK Mep3iMJi KOJAaHbLIybl MUKPOOUOTAHBIH, SPTYPJIJIIriH apTThIPHII,
naToreH/ji MUKpoOOpraHusM/epAiH 6esiceH/Iiirin TeMeHeTyre MyMKiH/JiK 6epeni [9].

[lek AUCO6aKTepUO3bIH eM/Jiey/ie NPOOHUOTUKTEPAIH HAaKThl Z03aCbl MeH LITaM/bIK, Kypa-
Mbl MaHbI3/bl peJ aTKapazabl. KIMHUKaNBIK 3epTTey/iep KopceTKeH/JeH, Kol ITaMM/bl IIpo-
OMOTHUKAJIbIK KellleH/lep MOHOIITAaMM/bl lpenapaTTapFa KapaFaH/Ja aHaFypJibIM TUIMAi acep
6epefi. bByJs oslapAbIH CUHEPTUSJIBIK 9cepJiepiHe 6aiaHbICThI 60J1ybl MYMKiH [10].

Kasipri TaHZa N1po6MOTUKTEP/IH TeK illeKk MUKpodIopacblHA FaHA eMeC, COHbIMEH KaTap
MMMYH/BIK >KayallTbl peTTeyre, illleK TOCKAybLIbIHbIH, TYTAaCTbIFbIH CaKTayfa >XKoHe MeTa-
6osiM3Mre acep eTyi KeHiHeH 3epTTenayze [11,12].

Anaiifa, npoOGUOTUKTEPAIH THIMALIIrE oJ1ap/blH A03acblHa, WITAMAbBIK KypaMbIHA K9HeE
KOJIIaHy Y3aKTbIFbIHA 6alJIaHbICThI ©3repin oTblpaZbl. COHABIKTaH, HAKTbl IPOOUOTHUKAJBIK,
KelleH/JepAiH AMCcOaKTepPHO3 KaFAalblHAA THIM/IITiH 6aFasay - MaHbI3/bl FhIJIBIMU KOHE
NpaKTUKaJIbIK MiHAETTEPAIH, 6ipi.

3epTTey/liH Heri3ri MakcaThbl - aHTUOMOTUKTEPMEH UHAYLUPJIEHTEH illleK JUCOaKTepHO3bI
YKaFalblH/la 3epTTeJiN OTbIpFaH KypFaK YHTAK TYPiHZEri )kaHa IPOOHMOTHKAJIbIK MpenapaTThIH
TepaneBTiK THIMJJIriH in vivo Mofesib/ie 6GaFasjiay *KoHe OHbIH, illleK MUKPOOHUOTACBIHBIH,
KaJlllbIHA KeJlyiHe 9CepiH MUKPOOUOIOTUSJIBIK 9/iCTep apKblJibl aHBIKTAY.
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3epTTey MaTepHuaAapbl MeH djicTepi

IIpobuomukasvik 6akmepusnap

3epTTesin OTbIpFaH MNPOOHOTUKAJBIK MpenapaTThlH KypaMbiHa KipeTiH Lactobacillus
plantarum 5 LB, Lactobacillus paracasei 2 LB, Lactobacillus fermentum BV-4 xaHne Lactobacillus
brevis 3 LB mtammaapbl «MUKpoopraHusaM/JepAiH pecnyo6/rkanblK, KoJsiekuusco» KIIC-
HiH ©HEepKICINTIK MUKPOOPTraHU3MAEP/iH YJATTHIK OWOOAHK Jeno3UTapUiiHEeH aJibIH/bI.
[Ipo6HOTHKaABIK MpenapaTThlH KypaMblHAa KipeTiH IITaMMJap/iblH TeHETHKAaJIbIK >XoHe
NpOO6MOTHUKAJIBIK KaCUeTTepi a/lZibIHFbl 3epTTey/epe cunaTtaafad [13].

AHmubuomukneH wWakbIpblaFaH duc6akmepuo3dvl modesbdey

AHTHOUOTUKIIEH WIAKbIPbLIFAaH AWCOAKTEPUO3 MOJIeJiH ’Kacay YIIiH ereyKyHpblIKTapfa
nepopasb/ibl TYpZie aMIULU/IUH (15 Mr/kr) xeHe MeTpoHUAaszona (10 Mr/kr) 7 KyH G0MbI
€HTri3y apKblJIbl UHAYLUPJIEH/].

3epmmey du3aliHbl

3epTTey xyMbIcblHa casMafbl 200-300 r apaiblFbIHAAFbl epecek akK J1abopaTOPUSJIBIK
ereyKyupbIKTapAblH, (Rattus norvegicus) 20 6acbl KO/14aHBLIbI.

Kanyapsap ke3zelcok Typze eki Tonka 6esiHzi (ap TonTa 10 )xaHyapAaH: 5 aTasbIK XoHe
5 aHasnbIK): Bakbliay To6bl — aHTHOUOTUK Kabbligan, 0,15M NaCl anaTbiH »aHyapJiap TOObI;
JKCNEepUMEHTTIK TON — aHTUOHUOTHUK KaObl/IjJaFaHHAH KeWiH NPOOUOTHKIIEH €M KYprisijireH
(1x10° KKB/r no3acbiHza).

8-kyHHeH 6actan keliHri 10 kyH 6o¥bl 6aKblLIay TOObIHA KYH cadblH 1,5 MJ KeJsieMiHze
busnosorusblK epiTiHAi eHrizinai. Al 3KCepUMEeHTTIK TOMKA [19J1 0Cbl KeJsieMze PpU3HO0-
JIOTUAJIBIK epiTiHAiAe epiTiireH 1x10° KKB/r go3acbiH/jaFbl IPOOHUOTHK €HTI3i1i.

MuKpoOUOIOTHUABIK 3epTTeyJiepre apHaJfaH CbiHaMaJsap TaXipubeHiH 1-uii, 7-11i *kaHe
1-1i KyHAepi anbIHABL.

JKkcneprMMeHT 6apbIChIH/A )KaHyapJiapAblH GU3UKa/bIK OeJICeHAiIr, leHe caiMaFbl, TOOETI
»K9He HIXKiCiHiH cunaThl YyHeMi 6aKbliay/a 60J14bl. BUOJIOTUABIK MaTepraJl YITrisiep 3epTTeyre
JeniH -80 °C TeMnepaTypaZa cakTaabl KaHyapJsiap y/riCiH KOJAaHy aZilaM aF3acblHJAFbl ileK
MUKpOQI0pachIHbIH 63repicTepiH MoJiesib/ey YIUiH KeHiHeH KoJilaHblIaAbl. By Taci in vivo
»KaFJaiblH/la IPOOUOTUKTIH HaKThl 9CepiH 6aKbliayFa MYMKIHAIK 6epe/ii 2kaHe XaJIblKapaJblK
ToXipubese cTaHAApT peTiHAe KabbuijaHraH [14,15]. Bapablk in vivo Texipubesiep 3epT-
XaHaJIbIK »KaHyapJlapMeH »YMbIC iCTey/iH 3TUKaJIbIK KaFuaTTapblHa COUKeC XKYPrisiaji.

ImukablK acnekmisaep

3epTTey 6apbicbiHAA JlyHUEXKY31/iK *KaHyapJapAbl KopFay KoFaMblHbIH (WSPA) ycbIHBIM-
Jlapbl, FBUJIBIMA MaKcaTTa MaWJaJaHblIaTbIH OMBIPTKAJ/IbI XXaHyapJapAbl KOpFay »eHiHeri
Eyponanbik koHBeHIIMsAHBIH (ETS N2123, CTtpac6ypr, 1986 k.) TaslanTaphl, COHAal-aK 603 TUKA
YKOHIH/IET1 KepriJiKTi KOMUTET OeKiTKEH 9KCIePUMEHTTIK »KaHyapJiap/ibl NaijjaniaHy TapTibi
TypaJibl epexxe 6aclublIbIKKA alblH/bI [16,17].
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Bakmepuosozusiabik 3epmmey adicmepi

[lexk MUKpodI0pachIHbIH, CaH/ABIK XoHe calasblK KypaMblH 6aFajiay YILUiH aJblHFaH GUO-
JIOTHUAJIBIK, MaTepauan yJrisepi Miles & Misra azjici 60bIHIIA KOPEKTIK opTaJsiapfa erijin
CaH/IbIK, KOHLIEHTPaLUsChl aHbIKTaN bl [18].

Mukpobuonozusablk 3epmmeysnep

Op6ip yarizeH 1 6uosorusibik MmaTeparas 1 mi 0,9% busroiorusibiK epiTiHgiMeH romo-
reHusauusianbin, 40-60 MUHYT 66eJiMe TeMIlepaTypacblHJa TYpyFa KalaAblpblajabl. OcbljaH
keitin 1073, 107 sxoHe 1077 cyHBUITY KaTapJapbl AalbIHAaAbI, 50 MK KejeMze apTypJi
KOPEKTIiK opTasiapFa cebii.

Kosijanbliran KopekTik opTasap (6apsbiFbl 8 TypJii): Cabypo arapbl; CHMMOHC LUTpPAT
arapsbl; BucMyT-cynbduT arapsl; CTapuioKoKThI arap; E. coli aHbIKTayFa apHaJIFaH XpOMOTeH/ i
arap; dJHTepokokThl arap; EIIA (et-nentouas! arap); MPII arapsl (Manu-Poroza-Illapmn).

Hukyb6anusa 37°C TeMnepatypazia 24-48 carat 60¥#bl xyprizinai. Kononusiaapabsig Mopdo-
JIOTHSACHI, TYCi, MeJllepi )koHe ecy cunaTTamasapsl Tipkeai. Canabik kepcetkimtep KKB/r
(kosioHMA Kypayuibl 6ipJik) 6ipJiiringe ecentengi [19].

Cmamucmukaavik maaday

3epTTey HOTHKeJiepi CaHAbIK KOpCeTKIlUTep peTiHJe opTalla MJH >KoHe CTaHAAPTThI
aybITKy (Mean * SD) dopmaThiHAA 6€epinji. Opbip sKCIepUMEHTTIK TON OOMBIHIIA XKYPri3iJiireH
3epTTey yll TayeJici3 KauTajJayMeH pacTaajbl. CTaTUCTUKAJIBIK 6HJey/ep/i Xy3ere acbipy
yutid GraphPad Prism 10 (GraphPad Software, AKIII) 6argapJsiaMma/iblK Kypasibl algaaaHblI/bl.
TonTap apacbiHJjaFbl albIPpMallbLIBIKTBIH, CEHIMAIIriH 6aFasay MakcaTbiHJa CThIOJEHTTIH,
t-TecTi K0J1JaHbL/IbII, OpTalla MaH/AepAeri ailbipMalblbIFbl p < 0,05 Kypazpbl.

Hatmxenep

JlucbakTepro3 Ke3iHAe MUKPOQJIOpPaHbIH CHNATTaMaJblK KOpiHici 06JUraTTbl MHKpPO-
dJyiopaHbIH MeJillepiHiH TeMeH/eyiMeH *koHe GaKy/JbTaTHUBTI, IAPTThI-NATOTeH/i MHUKpPO-
bJI0paHbIH MeJILIepiHiH apTybIMeH CUNaTTasla/bl. 3epTXaHa/IbIK )XaHyapJ/ap/blH JeHe cajlMa-
FBIH 0aKblJlay — aHTUOMOTHUKIIEH UHAYLIMPJIEHTeH AUCOAKTEPHUO3/bl MOZebJiey/ie MaHbI3/ bl
napameTp 60JibIN Tabbl1abl. JJOKCULIUK/IMH HEMece aMIIMLUJLJIMH TOpi3/i aHTUOAKTepUal bl
npenapaTTapzbl eHri3y illek MUKpOOHWOLLeHO3bIHbIH OYy3blIyblHA 9KeJin, OyJ1 e3 Ke3eriHze
»KaHyapJiapZblH JleHe ca/IMaFblHbIH, TOMeH/leyiMeH, ToOeTTiH HallapJsaybIMeH >KoHe >KaJllbl
rUIOJUHaMUsAMeH cunaTTaaazpbl. JKaHyapapbl )KyHeJii TypAe eJ1l1ey 0J1apblH )KaFJalbIHbIH,
JMHAMUKACblH OakKpliayFa >XoHe OY3blIy/Jap/blH, aWKbIHABUIBIK /[J3peXeCiH 06BbeKTUBTI
6arasayra MyMKiHJiK O6epezi [20,21]. 1-kecTefe KenTipiireH HOTHUKeJiep SKCIEPUMEHTTIK
TONTAp MeH 6aKpLIay TOObI apacblH/ia ereyKyHpbIKTap/blH, leHe CaJMaFblHbIH aliTapJblKTal
allbIpMallbl/IbIFbI 60JIMaFaHbIH KepceTe/|.

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N23(152)/ 79
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



B.T Baiikonvlic, J.E. Kypmanranu, Tysikosa A.K., ’K.M. BexwuH, I'K. Abumaesa

Kecte 1
Imek AUC6aKTEPUO3bIH MOJE/IbJeY Ke3iH/e ereyKyipbIKTapFa aCKa3aH apKbLibl GaKTepUusra
Kapchl IpenapaTTapAbl €Hri3y »koHe eM/iey 6apbICbIH/a JeHe caJMaFblH 6aKbliay

3eprresieTiH TonTap | EreyKyMpbIKTap/bIH, EreykyiipbIKTap- EreykyiipbIKTap-
6acTrankpbl AeHe AbIH JeHe caJMaFbl ABIH JeHe caJIMaFbl
caJIMarhbl, T 7-ToyJiKTe, T 14-Taynaikre, T
BakpLiay To6bI, @, n=5 213,2+7,1 224,6+6,4 255,2+10,6
BakpLiay To6bI, &, n=5 308,2+7,8 317,6+7,4 341,2+4,8
JKCIepUMEHTTIK TOT1], 214+6,7 226+8,7 254+8,4
Q@,n=5 p=0,937 p=0,843 p=0,931
JKCIepUMEHTTIK TOT1, 296+10,1 303,2+10,8 331,2+¥13,3
Jd, n=5 p=0,368 p=0,303 p=0,499
Eckeprre:
@ — aHaJIbIK JKbIHBICTHI JKaHyapJiapAbl 6iaipeTiH 6eJri;
G — aTaJbIK *KbIHBICTHI )KaHyapJaapAbl 6i14ipeTiH 6eri;
p - MaHBI3BLIBIK AeHreli, p<0,05 - 6aKbliay TOOBIHAAFBI THICTI MOHAEpPMEH CaJbICTBIPFaH/A CTa-
TUCTUKAJBIK TYPFbIJaH MaHbI3/bl albIpMallbLIBIKTAP;
n — TONTAaFbI 2KaHyapJiap CaHbI.

JlucbakTepuo3 Ke3eHiHJe KMHa/IFaH 6hMoMaTepras/ibl OpTajapFa ery HOTHXKeCiHJe erey-
KYHPBIKTapAblH illeKTepiH/e naToreH i MUKpooprauusmzep Memepiniy (108-10° KKB/mui)
apTKaHbl 6alKas/ibl, OyJI illleK MUKpPOQJiopackl 6a/IaHChIHbIH, OY3blJIFAaHbIH KOPCETE/I|.

[lI1eK MUKpPOGHOLIEHO3bIHAAFbl MUKPOOTBIK MONYJISIUAIAPAbI 3epTTey 6apbICbIHAA, 3€PT-
TeyJep 6acTasFaHfa AerdiH MUKpodJiopa KypaMbl HOPMaHbIH, LIeriHAe 60JFaHbl aHbIKTa/bl

(2-xecTe).
Kecre 2
Bakpliay »KoHe TKipu6eJliK TonTapAarbl opTalla KOJIOHHS TY3YyIli Gip/liKTep CaHbIHBIH,
(KKB/r) e3repici
KepceTkiw TonTap bacrankbl | [luc6aktepu- | ApasnblK | KOpbITBIHZbI
(Ig KKB/r) KOPCETKIIll | 03 Ke3iHJeri | KepceTKill | KepceTKil
KOPCETKILl
Yeasts & Fungi BakpLiay TOOBI 8,69+0,64 9,62+0,45 8,41+0,37 8,24+0,36
(Cabypo) JKcrepuMeHTTIK Ton | 8,69+0,64 | 9,09+0,60 | 823+0,26 | 8,10%0,41
Lactobacillus BakpLiay TOOBI 8,57+0,37 8,83+0,22 8,31+0,22 8,54+0,42
spp. (MP) JKcrepuMeHTTIK Ton | 8,57+0,37 | 8,79+0,27 | 8,99+0,56 | 9,00%0,50
Clostridium spp. BakpLiay TOOBI 4,98+0,50 9,75+0,31 8,06+0,39 7,95+0,05
& Salmonella spp. IKCIIEpUMEHTTIK TOI 4,98+0,50 9,23+0,55 8,17+0,49 7,91+0,34
(BucmyT-
CynbPUT)
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Staphylococcus BakpLiay TOOBI 4,51+0,40 8,13+0,27 7,34+0,36 6,69+0,42
Spp. JdKcnepuMeHTTiK Ton | 4,51+0,40 8,08+0,36 7,36+0,41 6,07+0,30
Enterococcus BakpLiay TOOBI 6,11+0,42 8,58+0,32 8,46+0,50 8,10+0,36
Spp. JKCIepUMeHTTIK Ton | 6,11+0,42 8,49+0,32 8,11+0,45 7,81+0,34
Klebsiella spp., BakpLiay TOOBI 4,96+0,54 9,03+0,48 6,93+0,31 6,00+0,52

Enterobacter dkcnepumeHTTiK Ton | 4,96+0,54 | 8,57+0,57 | 6,03+0,31 | 5,33+0,56
Salmonella spp.

(CummMoHC
LIUTpAT arapbl)
Escherichia coli bakbliay To6bl 5,88+0,48 8,46+0,45 7,37+0,32 7,91+0,48
JKCNepUMEHTTIK ToM 5,88+0,48 8,04+0,36 7,11+0,50 6,92+0,44
Kaanwi bakbliay To6bI 8,26+0,36 9,56+0,54 8,45+0,29 8,47+0,22

MUKDOOMBbIK JdKcnepuMeHTTiK Ton | 8,26+0,36 9,28+0,24 9,23+0,58 7,86+0,36
canvl (EIA)

3epTTey HITIKeJIepi illleK AUCOaKTEPHUO3bIH MOJesib/ley Ke3iH/le MPOOUOTUKTI KOIAAHY/bIH
TUIMJIiJIITIH pacTaZbl. AHTUOAKTepUaAbl IPenapaT eHri3iJiIreHHEeH KeliH apTThl-MaToreH i
MukKpoopranusmzaep (Clostridium spp., Staphylococcus spp., Klebsiella spp., Enterobacter spp.,
E. coli) caHbIHbIH eJ9yip apTKaHbl 6alKaaibl. ATan auTKaHuaa, Clostridium spp. »kaHe Salmonella
spp. 9,23 £0,55 1g KKB/r, Staphylococcus spp. - 8,08 + 0,36 1g KKB/1, Klebsiella spp. aHe
Enterobacter spp. - 8,57 + 0,57 1g KKB/r, E. coli - 8,04 + 0,36 Ig KKb/r neHreliHe xeTTi.

[IpoOUOTHUK eHTi3iITeH 3KCIIEPUMEHTTIK TONTA eM/ley KYpChl asiKTaJlFaH COH, OyJ1 KepceT-
KiluTepAiH TeMeHAaeyi Tipkenai: covikeciHiue, Clostridium spp. xxaHe Salmonella spp. - 7,91 + 0,34
lg KKB/r, Staphylococcus spp. - 6,07 + 0,30 1g KKB/r, Klebsiella spp. xxaHe Enterobacter spp. -
5,33+0,561g KKB/r, E. coli- 6,92 + 0,44 1g KKB/r.

CoHbIMEH KaTap, IPOOMOTHKTIH, illleK MUKPOOUOL,eHO3bIHbIH, CallajiblK KypaMbIHa OH, dcepi
6arikanabl: Lactobacillus spp. menmepi emzaey coHbiHga 9,00 £ 0,50 lg KKB/r peitin apTThl,
6yJs1 6actankbl kepcetkiwneH (8,57 + 0,37 Ig KKB/r) canbicThipFan/ia aWTap/ibIKTal »KOFaphl.
HoaTwmxecinge ilek MmukpodJuiopacbiHarbl Lactobacillus spp., Escherichia coli, Staphylococcus
spp., Enterococcus spp., Klebsiella spp. *koHe 6acKa a TypJiep/AiH y/eci HaKTbl aHbIKTaJ//bl.

Tankpliaay

Kyprizsinren Toxipnbe HaTHXKeepi NPOOMOTHUKAJBIK TpenapaTThl KaOblJaFaHHAH KeWiH
illlek MUKpPOOUOTAChIHbIH, KaJlllbIHA KeJy yAepici 6esiceH/i )KypeTiHiH kepceTTi. bys acipece
nangasbl Mukpodsiopa - Lactobacillus spp. nonyasinusiapblHbIH, 6CYiMEH >XKoHe IIapTThl-
naToreH/ii MUKpOOpraHU3M/iep/iiH a3alobIMeH KepiHeai [22-23].

AJIbIHFAH MaJIiMETTEP NPOOUOTUKTIH, i1IeK KaObIPFACbIH HbIFAUTY, MUKPOOMOTAdPTYPJIiJiTiH
apTThIPy K9He MaTOreHJi LITaMAapfa Kapchl TOCKAybLIJABIK 9cepiH pactanzabl. MyHzan
acepJiep MPOOMOTHUKTIH, KypaMbIHJaFbl OpPraHMKaJbIK KbIIIKbLIJAp MeH aHTUMHUKPOOTHIK
MeTaboJIMTTep 6H/ipiciHe 6aillJlaHBICTBI 60J1ybl MYMKIiH [24-28].

CoHbIMEH KaTap, illieK MUKPOOMOTAaChIHBIH, TOJIbIK KaJIIbIHA KeJlyi YIIiH MTPOOMOTHUKTI y3aK
Mep3iM/Jli KoJIZJaHy KaXKeTTiri 6akkasa/ibl. by kalT OypbIH KYPri3iJireH 3epTTeyJiepMeH fie
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coliKec KeJsieZli, OHJIa MPOOHUOTUKTEPAIH d9cepi YaKbITKa KoHe KOJIJJaHy Y3aKTbIFbIHA ToyeJi
ekeHi aTan eTijiireH [29-31]. Bys1 e3repicTep Npo6HMOTUKAJIbIK TePAalUSAHbBIH, ilIEKTiH KaJbIIThI
MUKpOodI0pachiH KaJlllblHA KeJITipyre OH 9cep eTeTiHiH KepceTe/i.

AJbIHFaH JepeKTep NPOOGUOTUKTEPAI AUCOAKTEPUO3/bl TYy3eTyre >KoHe illleK MUKpPOOU-
OTACBIHbIH, KaFJJaliblH KaKCcapTyFa KOJJAHY/bIH THIMJiJIriH pactaijbl, 6y 63 Ke3eriHjae
HaYKaCTbIH, CayJIbIFbIH KaJNbIHA KeJTipyre bIKIaJja €Tyl MyYMKiH.

KopBITBIHABI

JlucbaKkTepro3/bl OH KYH 601bI TPOOMOTUKIIEH eM/ey illleK MUKPO(JI0paChIHBIH KypaMbIHa
OH, 9cep eTim, eMJey asKTaJFaHHAH KeWiH MHUKpPOOHOTaJa OH e3repicTepjiH GalKaJyyblH
KepceTTi. Anai/ia, MUKpPOOpPraHMU3M/Jep apacblHJaFbl TOJIBIK Tele-TeHJIK TOJIbIK KasIblHa
KeJIMereHi 6aiiKasazbl. By MUKpOOGMOTaHbI y3aK yaKbIT 60¥bl IPOOGMOTUKTEPMEH KOChIMILA
KOJI11ayAblH MaHbI3/blJIbIFbIH KOpceTe/|.

ABTOpJ/IapABIH, KOCKAH YJIeci

B.I.b. - TyXbIpbIMAAMaay, afjicTeMe, MaKaJja MaTiHIH a3/ bl, FbIJIBIMU KYMBbICTbI KaJIIlbI
YyHJIecTipin, Herisri MasMyH MeH KypblibIMbIH KaabinTacTeipAbl; K.J.E. - TyKbIppiMaamalay,
dJlicTeMe, MaKaJlaHbl CbIHU TYPFbIaH KanTa Kapay; T.A.K. — TyKbIppIMZaMa MeH 9/jiCHAMaHBbI
JavbiHgaab; BK.M. - xx06aHbl 6acKapyabl Kagaranaabl; A.LK. - )ko6aHbl aKiMIIiieHgipyre
YKeTEKIIIIK eTTi, TY>KbIpbIMJJaMa MEH dJiCHAaMaHbl JalbIHAA/lbl, MaKaJaHbl CbIHA TYPFbIAAH
KauTa Kapazjpbl.
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W3y4yeHHe TepaneBTUYECKOU aKTUBHOCTU NPOGHOTHYECKOTO Mpenapara npu Juc6akrepuose

B.T. Baiikonbic*!, JI.LE. Kypmaunraau!, A.K. Tyakopa?, /.M. Bekmun?, I.LK. AGuraeBa?l
1Pecnyb.aukaHckas KOAAeKYus MUKpoop2aHuamos, AcmaHa, Kazaxcmau

AHHoOTanusa. /lucb6asmaHC KUIIEYHOM MHUKPOOHUOTHI MOXET CIOCOOCTBOBAaTb PA3BUTHI0 MHOTUX
XPOHUYECKUX 3a00JieBaHUM, T03TOMY BOCCTAaHOBJIEHHE €€ HOPMaJIbHOTO COCTaBa Ha CETOAHSIHUU
JleHb sIBJIsIeTCSl OAHOM M3 aKTyaJbHbIX 33jay. [[po6ruoTHYecKas Tepanus aKTUBHO UCCJeAyeTcsl Kak
Hay4yHO OOOCHOBaHHBIA U 6Ge3omacHblil MeTon 3GPEKTUBHONU pery/asiuu KHUIIeYHOro OHOleHO03a.
B laHHOM HampaBJ/IeHUU CyXOH NMOPOLIOK HcC/lelyeMOro npenapaTta 6bl U3ydeH in vivo Ha Mozesu
aHTUOUOTHUK-UHYLIMPOBAaHHOrO JMCOaKTepruo3a KHUILIEYHHKa C LeJbl0 OLEeHKU TepaneBTUYeCKOH
aKTHBHOCTHU MPOGUOTHKA. B MccieloBaHUM UCTIOJIb30BaIH GeJIbIX 6eCIIOPO/IHBIX JJab0PaTOPHBIX KPBIC
o6oux nosioB Maccoi 200-300 r. buosoruyeckuit Mmatepuasn (bekannu) AJsi MUKPOOHUOJIOTUUECKUX
HCC/IeIOBAHUM KHUILIEUHOW MUKpPOOHUOTHI oT6upasu Ha 1, 8, 14 u 18-1 JHM 3KCIEepUMEHTA.
’KuBoTHBIE GbLIM pasje-JeHbl Ha CleAyolihe IPyNbl: KOHTPOJAbHAsA (MOJIOKUTENbHbIN KOHTPOJIb
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- ¢usnosoruueckuii pactsop) u (npo6uoruk 1x10° KOE/r). /i MUKpPO6HOJIOTUYECKOTO aHa/lIu3a
comep)kuMoro ¢ekanuid ObLIM NPOU3BEJEHbl IOCEBbI HA BOCEMb pPA3JIMYHBIX CEJEKTHUBHBIX
NUTaTEeJbHBIX Cpel. B mepros auc6akTepro3a B KOHTPOJIBHOM Tpymie HaGJ/I0Aal10Ch JJOCTOBEPHOE
yBeJIMUeHUE KOJIMYECTBA YCJOBHO-MATOreHHbIX MUKpoOOpraHusmoB: Clostridium spp. u Salmonella
spp. - 9,75+0,31 1g KOE/r, Staphylococcus spp. -8,13+0,27 Ig KOE/r, Enterococcus spp. — 8,58+0,32 Ig
KOE/r, Klebsiella spp. u Enterobacter spp. - 9,03+£0,48 1g KOE /r, Escherichia coli - 8,46+0,45 Ig KOE/r. K
KOHILy Kypca JieYeHHs1 B 9KCIIepUMeHTa/IbHOH rpyIe 3apUKCUPOBAHO 3HAYUTEIbHOE CHXKEHUE ITUX
nokasarteseit: Clostridium spp. - 7,91+0,34 Ig KOE/T, Staphylococcus spp. - 6,07+0,30 1g KOE/r, Klebsiella
spp. - 5,33+0,56 1g KOE/r, E. coli - 6,92+0,44 1g KOE/r. Kpome Toro, yucso noJiesnbix Lactobacillus
Spp. YBEJIUYUJIOCH C HayasbHOTO ypoBHA 8,57+0,37 1g KOE/r no 9,00+£0,50 lg KOE/r. [IpoBesiéHHbIE
vccieIOBaHUS Ha JIa6OpaTOPHBIX XKUBOTHBIX NMOATBEPAUIN 3GPEKTUBHOCTh HOBOTO MPOOHUOTHKA Ha
OCHOBeE JIAKTOOAKTEPHUH NPU KOPPEKIIMK aHTUOUOTUK-MH/YIIUPOBAHHOI'0 KUILIEYHOTO UCcOaKTepro3a
¥ BOCCTAHOBJIEHWHU MUKPOGHOI'0 TOMEoCTa3a.

KiueBble cj0Ba: NpPoOMOTHUK, AUCOAKTEPUO3, KHUIleYHass MUKPOOUOTA, MHUKPOOUOJIOTHYECKUI
aHaJsu3, 6aj1aHc MUKPOGJIOPHI, TepaneBTHYEeCKask aKTUBHOCTh

Study of the therapeutic activity of a probiotic preparation under conditions of dysbiosis

B.T. Baikonys*?, D.E. Kurmangali?, A.K. Tuyakova?, Zh.M. Bekshin!, G.K. Abitayeva'
IRepublican Collection of Microorganisms, Astana, Kazakhstan

Abstract. An imbalance of the gut microbiota may lead to the development of many chronic diseases;
therefore, restoring its normal composition is considered one of the most pressing issues today. Probiotic
therapy is being extensively studied as a scientifically validated and safe method for effectively regulating
the intestinal biocenosis. In this context, the therapeutic activity of a dry powder form of the studied
probiotic preparation was evaluated in an in vivo model of antibiotic-induced gut dysbiosis. White
outbred laboratory rats of both sexes, weighing 200-300 g, were used in the study. Fecal samples were
collected on days 1, 8, 14, and 18 of the experiment for microbiological analysis of the gut microbiota.
Animals were divided into the following groups: control (positive control - saline) and experimental
group (probiotic 1x10° CFU/g). For the microbiological analysis of fecal contents, inoculations were
performed on eight selective nutrient media. During the dysbiosis phase, the control group showed
a significant increase in conditionally pathogenic microorganisms: Clostridium spp. and Salmonella
spp. - 9.75+0.31 1g CFU/g, Staphylococcus spp. - 8.13+0.27 1g CFU/g, Enterococcus spp. — 8.58+0.32 Ig
CFU/g, Klebsiella spp. and Enterobacter spp. - 9.03+£0.48 Ig CFU/g, and Escherichia coli - 8.46+0.45 lg
CFU/g. At the end of the treatment phase, the experimental group showed a notable reduction in these
values: Clostridium spp. - 7.91+0.34 1g CFU /g, Staphylococcus spp. - 6.07£0.30 lg CFU/g, Klebsiella spp.
-5.33+0.561g CFU/g, E. coli - 6.92+0.44 1g CFU/g. Additionally, the number of beneficial Lactobacillus spp.
increased from the initial level of 8.57+£0.37 1g CFU /g to 9.00+0.50 1g CFU/g. These findings demonstrate
the efficacy of the new lactobacilli-based probiotic in correcting antibiotic-induced intestinal dysbiosis
and in restoring microbial balance.

Keywords: probiotic, dysbiosis, gut microbiota, microbiological analysis, microbial balance, thera-
peutic activity
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FeibiMu MaKasia

Trichoderma harzianum casplpayKyJarbIHbIH, Cytospora TybICbIHA
»KaTaTbIH CaHbIPayKyJ/IaKTapFa KaTbICTbl aHTarOHUCTIK 6e/ICeHAIIK
»K9He U30JIATTAPAbIH, pUI0reHeTUKAJIbIK TaJ14aybl

AJK. XakcbuibikoB? “, K.A. liocem6aeB? ), C.K. HaekoBa'? ", JK. Hyp6ekoBa'~,
IILE. ApsicraHoBa! “, A.K. OcnanoBa®”, B.C. Kuau'?"~, JK.A. TysiereHoBa*!2

J1.H. I'ymunes amuiHdaFrel Eypasusi yammeotk yHusepcumemi, Acmata, Kasakcmat
2¥1immbliK 6uomexHo102usl opmanwiFsl, AcmaHa, Kazakcmat
39ukeli Mapryaan amsiHdaret [lasnodap nedazozukasbik yHusepcumemi, [lassiodap, Kazakcma

Anpartna. bys 3eprreyane Trichoderma harzianum caHplpayKyJ/1aFbIHbIH, XKeMiC
’)K9He OpMaH arallTapbIHbIH HEKPO3bl XKd9He KypFayblH TyAbIpaTbIH Cytospora
TYbICBIHBIH pUTONATOreH/ji CaHbIpayKy/IaKTapFa KapCbl aHTAarOHUCTIK 6esiceH-
Ainiri 6arananapl. T harzianum KyabTypasjapblHbIH, MOPQOJIOTUABIK, CANAT-
TaMachbl 60MbIHIIA MULEJIMI/IiH epeKllle KypbLJIbICbl MeH OeJiceH/ji criopaJsiaHa-
TBIHBIH KOpCeTTi, 6yJ oJlapAblH KOPEKTIK OpTaHbl Te3 UrepeTiHiH 6alKaTThI.
Bipre oTbIpfbI3bln 6cipy 6apbicbiHga C. chrysosperma, C. sorbina, C. parasitica,
C. pruinopsis naToreHJepiHiH eCyiHiH alKbIH Texenyi 6alKanabl. By KyO6blabic
MULEJIUNA TYCiHIH ©3repyiMeH, MaTOTeH KOJIOHUSAJAPbIHbIH JaMybIHbIH LIEK-
TeJlyiMeH >k9He oJ1 natoreH/iepai [leTpu TabakliasapbIHbIH Heri3ri aiiMakra-
pBbIHAH BIFBICTBIPYbIMEH KepiHic 6epai. MHKy6aluUsAHbIH ceri3iHili ToyJirinze
Cytospora TybICblHA »KaTaTblH (UTONATOTeHJi CaHbIpayKyJaKTapAblH 6cyi
Trichoderma harzianum aHTaroHUciMeH TexeJin, GesiceHJi cnopa Ty3yiMeH
KaTap xypAi. [TS alimaFbIH Tanjay Heri3iHAeri MoJieKynaablK UAeHTUUKALYS
OeJiiHiN asbIHFAH U30AATTapAbIH T harzianum TypiHe >KaTaTbIHbIH pacTa/ibl
(GenBank pepektepimen 100 % ykcacTbiK). KypbliraH QuoreHeTHKabIK
aFaul u30JATTap/blH T. harzianum TakCOHOMUSJIBIK TOObI KypaMbIH/1a »KOFaphbl
OyTCTp3aN-Ko/1JaybIMeH aWKbIH KJacTepJeHYyiH KepceTTi. AJIbIHFaH HOTHXe-
nep T harzianum-papl Cytospora TybICbIHBI )KaTaTbIH QUTONATOreH/Jepre Kapchl
eciMAiKTepAiH OMOJOTUABIK KOPFAHbBICbIHBIH THIM/Ii areHTi peTiHAe KoJ1JaHy
6os1alIaFbl 30p eKeHiH JAaJienfeiiii. COHbIMEH KaTap, aHTaroOHUCTIK KacHUeT-
TepAi 3epTTeyze MOpdOJIOrUsAIbIK dpi MOJIEKY1a/IbIK-T€eHEeTUKAJIbIK TalAayAbl
KaMTHUTbIH KellleH/i TOCiJIAiH MaHbI3/bl/IbIFbIH AU KbIHAAN/bI.

Tyuin ce3pep: Trichoderma harzianum, Cytospora spp., aHTarOHUCTIK 6eJiceH-
Jlstik, Mopdosiorus, GusoreHeTUKaIbIK TaaAay, 0Mo6aKblaay

Kipicne

Cytospora TybICblHA >XaTaTblH CaHbIpayKyJaKTap aJjeM OoibiHIIa 130-gaH actaMm araul
eciMZiikTepiH/le KaObIK HEKPO3bIH, AiHreK iCiriH xoHe epKeHAepAiH KypFayblH Ty/[blpaTblH
KayinTi ¢utonartorengep 6oJsbin TabbLiaAbl [1-3]. Bya Ko3abipFeiuiTap acipece Rosaceae

Tycri: 23.09.2025. Ka6su1ganast: 30.09.2025. OniaiiH Ko xketiMai: 30.09.2025.
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AJK. XKakcoinvikos, KA. Jiocembaes, C.K. Haekosa, 7K. Hypbekoaa, IIL.E. ApbicmaHosa, A.K. OcnaHosa, B.C. KusiH,
KA. Tynezenosa

TYKbIM/JIJACbIHA >KaTaTbIH >KeMiC AAKbLIJAAPbIHA, COHBIH, illiHJE a/Ma, aJIMYpPT >XKoHe CYMEeKTi
»KeMicTepre alTapJibIKTal 3USH KeJTipin, 6aK LIapyallblIbIFbIHAA YJIKEH 3KOHOMHUKAJbIK
IWbIFbIHJApFa oKeseni [1,2]. YKoFapbl sKOJIOTHUANBIK OeWiMAIIIK, KEH Heci ayKbIMbl >KoHe
MOpQOSIOTHUANBIK Oesrisiep/iiH, YKcacTbIFbl Cytospora exinjepiH A9CTYpJii >KOJIMeH aHbIK-
TayAbl KAbIHJATa/bl, COH/ABIKTAH TYPJiK KYpaM/bl HAKTbLIay YIIiH MOPOJIOTUSJIBIK CUIIAT-
TaMaJlapMeH 6ipre KemaoKyCcThIK GUI0reHeTUKAJbIK TalAay KHi KoJJaHblaa/bl [3-5].

JlacTypJli XUMUSAIBIK QYHTULMATEPAI KOJIJaHyFa Heri3fesreH Kypec ajicTepi 6ipkaTap
HIeKTeyJiepMeH OalJIaHbICThl: MATOTEHAEP/iH, TO3iMJiJNIriHiH AaMybl, 9KOJOTHUSJIbIK Taye-
KeJIJlep »KoHe aJjlaM JleHcayJbIFblHA KayiNTiliKTiH 60J1ybl [6-8]. OcblFaH 6ai/IaHbICTbI OH0JIO-
TUSIBIK, 6aKblaay eCiMAIKTepAi KOpFayAblH 3KOJIOTHUAJBIK 9pi THIMJI 6Gasamackl peTiHAe
KapacTbIpbLaajbl [7-9].

Epexkuie Hazap Trichoderma TybICbIHA >KaTaTblH CaHbIpayKyJaKTapFa ayAapbliajibl, 0Jap
KenTereH QUTONATOreHJepre Kapcbl aWKbIH aHTAroOHUCTIK OesiceHJinikke ue [11-13].
Bys1 caHbIpayKyJlakTap >Xbl1JaM ecyiMeH, 06acekere KabijieTTijliriMeH, aHTUOHUOTHUKTEPA],
YIIAThIH K9HEe YIIMAaWTbIH MeTaboJUTTEPAi, COHJal-aK >Kacylla KaObIpFasapblH Oy3aThbIH
depMeHTTEpAi (xMTHHA3A, 3-1,3-ry1t0KaHa3a) Ty3y KabisieTiMeH cunatTtanazpl [9, 11], conbiMeH
Katap Trichoderma spp. caHblpayKyJlaKkTapbl 6CiIMAIKTEP/iH 6CyiH bIHTAJaH/bIPbII, OJIAP/bIH,
»KyHeJsik Te3iMAiIIriH apTThIpaThIH KabiseTi 6ap [6, 8].

Arau TypJiepiHiH KayinTi flereH aypyJiapblHbIH, 0ipi — Cytospora spp.TybICbIHBIH, 6KiaAepi
TYZAbIpaTbIH LIUTOCIOPAJIbI icik. EH Kol 3epTTesireH Ko3/IbIpFBIIITHIH 6ipi Cytospora chrysosperma
60JIbIN TaObLIAABI, 01 TepeKkTepi (Populus spp.), Tangapabl (Salix spp.) *koHe 6acKa Aa araul
JiHreKTepiH 3aKbIMJaibl. Aypy [AiH MeH OyTakTapZa y3blHIIA iCiKTi »kapasap TypiHZe
KepiHin, KaObIKTbIH, KypFaybl »K9He CaHbIpayKyJIaKThIH >XKeMICTi JeHeJsiepiHiH Ty3isyiMeH
6ipre xxypeni. UHQekua afeTTe a/icipereH HeMece MeXaHHUKaJIbIK 3aKbIM/JJaHFaH aFaliTapja
JaMuJbl, anaiza GuTonmaToreH eHin ajfaHHAH KeWiH OeJsiceHAl TapaJsibll, KelleTTepAiH
»Kanmnau KypayblHa ceber 60J1ybl MyMKiH. COHFbI OHXbLIABIKTAP/a LU TOCIOPAJIbI iCiKTiH epIyi
KbiTaiiga, Uspaunbae xoHe AKII-Ta 6ipHelie peT Tipkesin, naHTanys/aap MeH KOPFaHbILI
KellleTTepiHe alTap/bIKTal 3UsiH KeaTipAi [14].

Bys aypyablH TapajyblH 6akKbliay A9CTYpJii Typ/le arpoTeXHUKAJbIK Taciijep MeH
byHruUUATEpZli KOJIJAHY apKblibl Ky3ere acblpbliajibl, JleTeHMeH MYHJal dJic apAaibIM
TYPaKThl HOTHXKe OepMel, KopllaFaH opTaFa Tepic acepiH Turisefi. OcbiFaH 6aiaHbICTbI OHO-
JIOTUSIIBIK, KOpFay 9/jicTepiHe KbI3BIFYIIbLIbIK apThill KeJieAdi, onapably iwinge Trichoderma
Spp. TYBICBIHBIH, CaHblpayKy/laKTapblH Nai/lajlaHy epeKlle opblHFa ue. bipkaTap 3epTTeysnep
T harzianum, T. viride xaHe T. atroviride iiTaMAapbIHbIH IUTOCIOPAJIbI koHe 6acKa Aa aFall icik
KO3/IbIPFbIIITApbIHA KAPChl TUIMZiJIIT] 3epTXaHabIK, *KaFAauaap/a Aa, AadajlblK CblIHAKTapZAa
Ja nasenneni [14].

MaTtepuangap MeH 3epTTey JjicTepi

Yazinepdi any xcaHe canbipayKy1akmapdsl oKwayaay

[cikneH 3aKbIMJJaHFAaH ajJMa afralTapblHblH (copTTapbl: lana, 'pennu Cmut, Qymxu,
Canpais, Ctap Kpumcon, l'onpen Pawm, 3utepnpaus, Peg Jenuuec, longen Jenuumec, [IuHk
Jlepy, Pep JlxxoHanpuHL) 6yTaKTapbl MeH epKeHepi AIMaThbl 06J1bICBIHAAFBI aAThl TYPJli KOM-
MepLusIbIK 6aKkTapblHaH: AsMa Ucceik, MaHuyk, OHupyT, ApHay Arpo, Aceln Arpo, bakgana
*KUHaKTa/bl. CaHbIpayKyJIaKTap/ibl 66JIin any yiliH ajajbiMeH yurisiep 70 %-AblK 3TaHOJIMEH
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JlesuHpeKLUANaHbll, KeliH HeKpo3JaHFaH OeJiikTepJeH JAuaMeTpi 5 MM TiH KeciHAinepi
anblHABL. Kecinginep kapTon-ritoko3a arapsl 6ap [leTpu TabakasapblHa OpHaJaCThIPbLIbIII,
Ta3a caHbIpayKyJaK KyJbTypachlH 6eJin any yuid 27 °C TemnepaTypaja UHKyOalMsJIaH/AbI.
KosioHus1apblH, MakpoMoOpQOJIOTUAJBIK CUNIaTTaMalapbl 6CyiHiH 5 »xoHe 8-1 KyHiHZe
©JILLIEHII TipKeaA|.

Mouekynaavik udenmugrayus

JAHK kuaccukanbik ¢peHon-xa0podopM daiciHiH MogubUuKaLvsaIaHFaH HYCKAChl OOUbIHIIA
6esinAi [15,16]. KapTon-ritoko3abl arap (PDA) opTackiH/a ecipifireH caHblpayKy/aak U30JT-
TapbIHbIH MULeJUH] Ky/JIbTYpa 6eTiHeH aJIbIHBbII, 2 MJIKeJiIeM/eri CTepUJIb/ji MUKpOLeHTpUdyra
npob6upKacbiHa opHaaacThipblaAbl. JIHK-HBIH Ta3a/bIFbIH apTTHIPY YLIiH eHTpUudyraiay/aH
keliH 100 Mk cysbl pasa anbiHbin, 600 Mk GpeHoJ-X10podOpM Kocnachl KOChLIbI.

CaHbIpayKyJ/laK, M30JATBIH MJeHTUPUKaLUAIAy YIUIH IIIKI TpaHCKpUOWpPJIEHETIH clew-
cep (ITS) aiimarst ITS1 (5-TCCGTAGGTGAACCTGCGG-3') »xane ITS4 (5'-TCCTCCGCTTATTGA-
TATGC-3") mpaiimep KynTapbiH KOJIAaHy apKbLIbl aMIIMpUKanusaanabl. [ITP jxanmnbl 25 MK
peakUUsIbIK KesieMe xKyprisingi. Kypambi: 1 Mmxa renombiK JJHK (~20 Hr), 1 MKJ Typa xoHe
kepi npaimepsiep (10 nM), 12,5 mxa HS-Taq (OKILIC «BbuoJ/labmukc», Peceid) xxoHe 10,5 Mk
HyKJiea3achbi3 cy [17].

[ITP peaknusicbiHbIH 6afAapiaMacbkiHa 95 °C-Ta 5 MUHYTTBIK 6acTalKbl leHaTypalus, CoAaH
KeliH 35 nuKJieH TypaTbiH AeHaTypauus (95 °C-ta 15 cekyH/j), npaiiMepJiepiH 6ai1aHbICy bl
(57,5 °C-ta 30 cekyHna), anoHranus (72 °C-ta 1 MuHyT) 0He 72 °C-ta 10 MUHYTTBIK, COHFbI
asoHranus KipZi. [ITP enimzaepi 1,0% araposzsl resib/ie BU3yaau3anusaaHbl.

dunozeHemukanblK maaoay

[ITP enimzepinin TazapThuiybl 2 Mka ExoSAP-IT (Applied Biosystems, Yontem, MaccadyceTc,
AKII) pearenTin 5 Mk [ITP eHiMiMeH apanacTbipy apKplibl XKyprisingi. AMminukanusiaHFaH
JAHK ¢parmenTTepi Canrep oaaici 6orbiHIIa BigDye Terminator v3.1 (NimaGen, Helimeres,
Hupepaan/bl) >KUBIHTBIFBIH KOJIJJaHY apKbLibl cekBeHUpJieHAil. CekBeHupJiey eHiMzaepi ABI
3130xl reneTukasbiK aHanusatopbiHga (Applied Biosystems, YoaTem, Maccauycetc, AKIII)
3eprTengi. Ocbl 3epTTey HOTHKECIHZEe aJiblHFaH aMIUIMQUKaLUsJaHFaH TeHeTUKaJsbIK
JIOKyCTapAbIH HYKJIEOTU/TIK Ti3bekTepi GenBank nepekTep 6a3acbiHa IeNOHUPJIEH .

AJbIHFAaH HYKJEOTUATIK Ti36ekTepAiH OUOMHPOpMATUKaIBIK TalAaybl MOJIEKYJIAJbIK,
3BOJIIOLMSAHBI CTATUCTUKAJIBIK Taj1/jay XKoHe QUI0TeHeTUKAJIbIK aFallTap/ibl KypyFfa apHaJfaH
MEGA 12 koMnbloTepJiik 6aFap/amMmackl keMeriMeH xyprisingi. Kentik typanaynap MUSCLE
asnroputMi xxoHe MEGA 6afaapJsiaMasiblK NaKeTi apKblibl OPbIHAAAABL. JBOJIIOLUSIJIbIK TaApUX
NeH Ti30eKTep apacblHJaFbl JUBEPreH Ul MaKCUMaJ bl bIKTUMa/bIK 94ici >koHe Tamypa-Heit
MOJieJiH Mal/ia/laHy apKblibl aHbIKTaJ/ibl [23]. ®Ua0reHeTHKAJbIK aFallThl Kypy yuliH BioN]
aJIrOpUTMIi KoJsidaHbliAbl. Knaganapapiy ceHimziniri 1000 6yTcTpan-penJinkanuus HerisiHzae
GaFraJjlaHbl.

HaTtmxesnep
Yazi scunakmay 2eoepagusicui

3epTTey 6apbIChbIHAA LUTOCHOpPAJbI iCIKTiH allKbIH Oesrisiepi 6ap mHbenUpeHreH aaMa
(Malus domestica) 6ytakTapbl MeH epKeHJepi AsmaTbl 00JibICbIHbIH, (KasakcTaH) aaThbl
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AJK. Xaxkcoiavikos, K.A. [iocembaes, C.K. Haekosa, K. Hyp6ekosa, LILE. ApbicmaHoga, A.K. Ocnanosa, B.C. KusiH,
KA. TynezeHosa

KOMMEPUHUSJIbIK OaFbIHAH >KHMHaJAAbL. YJri ajblHFaH O0akTapfa [ana, [peHHu Cmut, Pymku,
Canpais, Ctap Kpumcon, lonpen Pawm, 3utepnpaus, Peg Jenumec, longen Jenuumec, [TuHk
Jlepy xoHe Pes [P)XOHANpUHL, cCOPTTAPHI KipAi.

Yarinep AnMa-Hccebik, Manykk, FOHupyT, ApHay Arpo, Acbli Arpo xkaHe bakjana mapya-
IIbLIBIKTapblHaH KUHaAAbL. Oylap AJIMaTbl OGJIBICBIHBIH OPTAaJbIK, )XoHE OHTYCTiK-LIBIFbIC
6esiringie opHanackaH (Cypet 1). Kapta 3epTTesireH 6aKkTapAblH allMaKTaFbl UHTEHCUBTI aJi-
Ma ecipyziH Heri3ri ailMakTapbiH - TasiFap *koHe EHOeKIIiKa3aK ayAaHJapblH, COHAaK-aK, lie
AnaTtaybIHbIH 66KTEePiH KAMTUTBIHBIH KepceTe/li.

’KunanraH MaTepuas Kafa3 KalTaMajapZa 3epTXaHara »KeTkisijin, 2024 »xbia1 MeH 2025
KbLJIJIbIH, OipiHILI )KapThICBIH/AA KO3/ bIPFBILITAPAbI OKLIAy/ay XoHe 9pi Kapal 3epTTey YLIiH
naugajaaHblIgbL.
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Eckepmy: MapkepJ/iepMeH YJITi aJIblHFaH [IapyallblIbIKTap 6e/riieHreH: Kok — AnMa-HUcchbIK, capbl —
MaHUyK, kacel1 - FOHUPYT, Kbi3bl1 - ApHay Arpo, KOHbIp — AcbL1 Arpo, KyJriH - Bakaana

CypeTt 1. AsiMaThI 06JIBICBIHJAFbI 3€PTTEJNTeH KaPKbIH/AbI aIMa 6AKTAPbI

CaHpbIpayKyJ1aKTap/blH MOPOJIOTHUSAJIBIK CUIIATTaMAacChl, MOJIEKY/IAJIbIK UAEHTUPHUKALMACHI
YKoHe PUJIOTeHeTHUKaJbIK Taljaybl

ByfaH JieliiH quTOCnopaJibl icikneH 3aKbIMaHFaH ajiMa OyTaKTapblHaH 6eJiiHreH Cytospora
TybICbIHA >KaTaTblH (QUTONATOTeHJi CaHblpayKyJlaKTapFa KyJAbTYpaszbl-MOPOJIOTUsIbIK
YKOHe MOoJIeKy/1aJbIK 3epTTey Kyprisinai. Hotmxkecinge C. chrysosperma, C. sorbina, C. parasitica
oHe C. pruinopsis TypJiepi aHBIKTaJblll, TypJepre MopQpoJOTUSJBIK KoHe MOJIEeKYJIalbIK-
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6uorMHbOpMaTUKaIBIK TaaAay )kacanzbl [19]. Ocel 3epTTeye Lo ocbl liTaMMaap Trichoderma
harzianum aHTaroHUCTiK 6eJiceH/Ii/IiriH 6aFasay yiliH naijasaHbLI/bl.

3epTtTey 6apbicbiHa Cytospora TYbIChIHBIH 6KiJJlepiHe KaThICTbl aHTAarOHUCTIK 6eJiIcCeH 1Tk
kepceTkeH Trichoderma harzianum W30JATTapbl aTajJfaH allMaKTapJaFbl cay aFalliTap/blH
O6yTaKTapblHAAFbl 93HAO0QUTTIK MUKpodopa peTiHZe OeJiHIN ajJblHAbL. AJFalIKbl Ke3eHJe
T harzianum KoJIOHUsIIAPbIHBIH KAPTON-TJII0OK03a arapblH/Aa MOpP(OJIOTUABIK epeKIIeNiKTepi
3eprrenagi (Cypert 2).

MHKy6auusiHblH, 6eciHui Toayniringe T harzianum KOJIOHUSICbI KapTOMN-IJIIOKO3a arapkl
6ap IleTpu TabaKuacblHbIH GETiH TOJIBIK Kayblll, YKOFapbl 6CY KAapPKbIH/AbLIBIFbIH KOPCETTI.
Kosionust T harzianum caHblpayKy/JaFblHa TOH payas/bl-30HaJbIK KYpbLJIbIMFa Ue 60JIJbI.
OpTanblK GeJiriHje »acblijay-39MTYH TYCTi allKblH cllopa Ty3yiMeH 6ipre MUIeJUHJIH
TBIFbI3/anybl 6aiiKaaabl. Ciopa Ty3iJlyiHiH KOHLEHTPJi caKhHalaphl alllbIK »K9He KO TYCTi
alMaKTap/blH Ke3eKTeCe 6CETiHiH KOpPCEeTTi.

KosloHUsIHBIH, 1IEeTi aK TYCTi 60JIbIN, KOPEKTIK opTa O6eTiMeH GeJsiceHAi TapaJsiaTbhlH MOJI,
yAniiiek MuLeauiMeH kabbLibl. Ciopa Ty3ilireH aiMakKTa KOJIOHUsI 6eTi GapKbIT-YHTAK
TOpIi3Ai, a1 meTTepiH/le - BereTaTUBTI MUIEJUNU/iH O6esiceH/ i ecyiHe 6alIaHbICThI YANIAEK
60/17bl. AyasiblK MUILIEJUNA opTalla 6UiKTIKTi, 60C, opTacbiHa Kapad GipTiHAeN ThIFbI3/[aH/Ibl.
KoHuusaMbIK KypblLIbIMAAP/AbIH TY31/1yi HEri3iHEH opTaJiblK akMaKTa Xypil, TyCi aKTaH alllbIK
KaChLJIFa, KEMIiH 39U TYH -)KaCblJIFA aybICTHI.

Cyper 2. UHKy6aIUusHbIH 5-TOyJIiriH/Ae KapTOI-TIJIF0K03a arapbiHAa eckeH Trichoderma harzianum
KOJIOHUSICBIHBIH, JIaMYbI

TyBICTBIK >k0He TYpJliK UJIeHTUPHUKALIUAHBI MOJIEKY/IABIK JleHrel/ie pactay yiuiH Trichoderma
Spp. TYbICBIHBIH, 2 u3o0aATbIHAA ITS-alimak ammianukauusaad/bl. [ITP-aMmnaudukauusagas
KeliH a/JiblHFaH Y3bIHABIFbI laMaMeH ~550 »xkyn Heri3/i aMmniukoH CaHrep aficiMeH cekBe-
HUpJieH1. U3onsaTTapably cekBeHupJiey fepektepi BLASTn tanpayeiHaH Kerin NCBI xanbIk-
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apasblK Jepekkopbl, GenBank-tarbl Trichoderma harzianum (PV810166.1, PV810187.1)

TizbekTepiMmeH 100 % yKcacTbIK KOPCETTI.

99
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100
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KT852808.1 Trichoderma atroviride
PP504238.1 Trichoderma atroviride
OP810421.1 Trichoderma viride
MN634490.1 Trichoderma viride
MEZ804359 1 Trichoderma koningii
ON3E3905.1 Trichoderma koningii
KYER48524 1 Trichoderma polvsporum
KY 7305201 Trichoderma polvsporum
LC533971.1 Trichoderma reesei
MH512972 .1 Trichoderma reesei
KY643785.1 Trichoderma asperellum
MH260587.1 Trichoderma asperellum
NE134420.1 Trichoderma plewroticola
NR145035.1 Trichoderma pleuroticola

- PV810187.1 Trichoderma harzianum

PQE21093.1 Trichoderma harzianum
MTa26717.1 Trichoderma harzianum
PV810166.1 Trichoderma harzianum

ON927100.1 Trichoderma spirale
MW393869.1 Trichoderma spirale

Eckepmy: Tanpay yuuiH ¢uioreHeTHKaNbIK aFawl BioN] anroputmimeH xoHe 1000 KaitTanay 6yTcTpaI-
TeCTi apKbLIbl cayiblHAbL. OCbl 3epTTEY/e aJlbIHFaH U30JSTTap KaJbIH IWPUPTIEH 6eyriyieHreH

Cyper 3. ITS aiimaFrbI HeriziHAe MaKCHMaJiibl BIKTUMAJABIK 9/liciMeH KypbLiFaH Trichoderma

TYypJiepiHiH ¢pusorpaMmacel

ITS reHeTuKasbIK JOKYCbIHbIH, Ti3bekTepiHe Heri3gesin, 1000 6yTcTpan-penMKayUsHbI
KOJIlaHa OTbIPbIN, MaKCUMaJl/ibl bIKTUMaJJbIK 9/iiciMeH puioreHeTUKaIbIK aFall KypblJJbl
(Cypet 3). IBpUCTHKaJBIK i3/ley 6apbIChIHJAa OacTalKbl afFallTap MaKCUMaJAbl YHEMJiIiK
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dJlici apKbLIbl aBTOMATThl TYpJA€e aJiblH/bl. AHAJUTUKAJIBIK MpOLEeJypa COHFbl JAepeKTep
KUBIHTBIFbIHAAFbI 1818 no3unusicel 6ap 20 HYK/IEOTU/TIK Ti30€KTi KaMThI/Ibl. JBOJIIOUABIK
tangay MEGA12 6araapsiaMachiHzia 7-Te AeliH napassiesib/ii ecenTey aFbIHAAPbIH NaijanaHa
OTBIPbIN XKYPri3iazi.

KypbliFaH ¢uioreHeTHUKasbIK afall 3epTtesreH Trichoderma spp. U304 TTapblHbIH 6ip-
Hellle KJlacTepre 66JIiHreHiH KOpCeTTi, 0JlapAblH 9pKaNChIChl TybIC illliHAETT TAKCOHOMHSJIBIK,
TONTapFa COMKec KeJse/li. AUKbIHAAJIbIN TYpFaH Kaactepre T. atroviride uzonstrapsl (72-99%)
kipeai, congaii-ak T viride knactepi (99%) aubikTangpl. T. koningii *eke, »kaKCbl K0J1/jay TalKaH
TapMakThbl (100%) kypaiabl. T polysporum (100%) xaHe T. reesei (100%) Ti36ekTepi 6esek
TonTasnfaH. T asperellum n3onaTTaphbl XKOFaphl KoJiZjayFa ve kiaactepre (100%) 6ipikTipisreH.
Keke opnanackan T pleuroticola Tiz6ektepi 90% KosajaymMeH 6ipTyTac TapMak Ty3eAi.
T harzianum w3zonaTtTtapbl 91% 6yTCcTpan-Ko/JayMeH OpTak KjaacTepre Tontacazpl. /lanekTi
TypAe T spirale ToGbI 6eJiekTeHe/, 01 eKi U30aaTThI 6ipikTipeai (94%).

Cytospora mypaepine Kapcwl Trichoderma harzianum-HbiH aHmazoHucmik 6eceHdinizi

Trichoderma harzianum MeH Cytospora TybICBIHbIH, 6KiJJlepiH KapTON-IJII0K03a arapblH/a
6ipre ecipreH ke3/ie allKblH aHTAaroHUCTIK ©3apa apekeTTecy 6aWKa/jbl. OcyiHiH 6eciHui
Tayairinae T harzianum Munenuii opta 6eTiH/e 6esiceH/li TapaJiblil, MaTOTeH KOJIOHUSIJIApbIMEH
Tikesiel 6aiylaHbicKa TycTi. balysianbic aiMaFbiHAa Cytospora TypJiepiHiH ecyiHiH Texenyi
»KOHe MULeJIMHU TYCiHiH e3repyi Tipkesi, 6y GUTONATOreHHIH aJicipeyi MeH bIFbICTBIPBLIYbIH
kepcetezi (Cyper 4).

Cytospora chrysosperma Typi 6ap Tabakuaga (Cypet 4A) T harzianum KyaTypackl naTo-
reH/ii 6ejiceH/li Typ/le TEXell, XkaHacy aliMaFblH/ia MOJI CIlopa Ty3y KaJblTacTeipabl. C. sorbina
TypiMeH yprisiireH taxipubege (Cypet 4B) naToreHHiH ecyi alTap/blKTal 1eKTeAAi, MULle-
JIUHM 6aKpliay KyJbTypaJapbIMeH CaJbICThIPFaH/ia alllbIK TYCTi api cupek 6oaapl. C. parasitica
TypiMeH 6Gipre ecipisireH Hyckaza (CypeT 4C) naToreH KOJIOHUSICBIHBIH 6CYi aHbIK, IIEKTeIin,
an T harzianum e3apa opeKeTTecCy IlleKapacblHJA TbIFbI3 CIIOpaJiaHy KaJbIITACTbIPADL.
C. pruinopsis-neH 6ipre oTbIpFbI3blIFaH kaffahaa (Cypet 4D) nmaToreHHiH ecyiHiH eH au-
KbIH 9cepi 6alKa//ibl, 0J MHUIEJUNA TYCiHiH KOIO KOHbIpFa 63repyiMeH KaTap XYp[Ai, Oy
CaHbIPAYKYJIaKTbIH CTPeCC peaKUsACbIH KOpPCeTyi MYMKIH.
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Cyper 4. UnkybGauusaHblH 5-ToyJuirinae Trichoderma harzianum-abiH Cytospord TYKbIM/IaChIHbIH,
eKisJiepiHe Kapchl aHTAaroHUCTIK acepi A - Cytospora chrysosperma; B - Cytospora sorbina;
C - Cytospora parasitica; D - Cytospora pruinopsis

Mukyb6auusHblH cerizidui Taysiringe Trichoderma harzianum-ubiH, Cytospora TybICbIHBIH,
eKiJlepiHe Kapcbl aHTAarOHUCTIK GeJsiceHZiiri ofaH api kyuede TycTi. bapJblk Taxipube
HycKaJsiapblHJa T harzianum aHTaroHUCiHIH KapKbIH/bl JaMybl MEH MOJI Cliopa Ty3yi OailKa-
JIbIN, MATOTEHAEPAIH ecyi alTapJblKTal Texesin, osap [leTpu TabakiiasapblHbIH, OPTaJbIK
allMaKTapblHaH bIFbICTBIPBLIABI (CypeT 5).

C. chrysosperma TypiMeH 6ipre oTbIpfbI3blIFaH HycKaza (CypeT 5A) natoreHHiH ecyi
TOJIBIKTAM Texeai. Munesni TabaKlaHblH [IEKTeYJ1i akMaFbIH FaHa aJibl, OHbl T harzianum-
HbIH, OeJiCeH/li TapasIFaH MULeJMUI TOJNBbIKTal KanThl, OyJ1 KApKbIH/bI ClIOPaJlaHYMeH KaTap
KypZi. C. sorbina TypiMeH »xacanraH Toxipubege (Cypet 5B) maToreHHiH ecyiHiH agepJiik
TOJIBIK, Texeyi 6akKaabl. OHbIH, MULEJUNA] CHUpeK 9pi Hallap AaMbIFaH KyWze KaJjbl, a
T harzianum TabakllaHbIH HETi3ri 66JiriH KaMThI, Kacbl1Jay-capbl TYCTi ThIFbI3 CAKWUHAJIbI
CropaJjlaHy aMMaKTapblH KaJblNTacThlipAbl. C. parasitica naToreHiMeH OTbIPFBI3bIJIFAH Kaf-
nanga (Cyper 5C) nmaToreHHiH ecyi aHTAaroHUCTIIEH TOJIbIK, LiekTeszi. ’KaHacy aliMaFbiH/A
T. harzianum-HbIH 6e/iceHi cnopaiaHybl alKbIH 6alKaJIblIl, 0J1 paJdajiJbl Tapasbll, OPTAHbIH,
aliTapJsiblKTal OeJiiriH »kanTel. C. pruinopsis naToreHiMeH acajraH Taxipubege (Cypet
5D) maToreH Mule/qUHiHIH AaMybl I1eKTey/ai 00Jiblll, ©3repreH TyCiMeH cuUnaTTa//bl, aj
T harzianum opTaHbl OeJiceHA] TYpAe KOJOHU3aLUsIAy/Abl XKaJIFACThIPhIN, OipKesaKi api MoJ
CropaJiaHy KaJbIITaCThIPABbI.
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Cyper 5. UnkyGanusiHbiH 8-TayJirinae Trichoderma harzianum-abiH Cytospora TYKbIM/IaChIHbBIH,
eKiZiepiHe KapCcbl aHTAaroOHUCTIK acepi A - Cytospora chrysosperma; B - Cytospora sorbina;
C - Cytospora parasitica; D - Cytospora pruinopsis

Kecre 1
Trichoderma harzianum aHe Cytospora spp. u30aaTTapbiHbiH, PDA opTaceiHga Gipsiecin

ecipy »ar-JalibIHAAFbI KOJIOHHUS OCYiHiH, JUHAMHUKACHI

[TaToren 5-i Toyslik: KOJIOHUSA 8-1 TayiK: KOJIOHUA O©3apa apekeTTecy CUIaThl
pasuycel, MM pasuycel, MM
C. Th:40+1,2 Th:56 £0,7 8-1i ToysiKTe maToreHAi
chrysosperma Cc:20£0,8 Cc:4+£0,3 TOJIBIK, bIFBICTBIP/IbI
C. sorbina Th:42+0,7 Th:53+0,5 8-1i ToysiKTe maToreH Al
Cs:18+1,1 Cs: 7204 TOJIBIK, BIFBICTBIP/bI
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C. parasitica Th:38+1,1 Th:43+1 8-111i Teys1iKTe naToreH i
Cpa:22+x09 Cpa:17+0,3 »KapThLIal bIFbICTbIP/bI

C. pruinopsis Th:35%+1,3 Th:39+1,1 8-11i ToysiKTe naToreH i
Cpr:25+£0,6 Cpr:25+04 [IaMaJibl bIFbICTBIPAbI

HoaTnxesiep MeH TasKbliay

3eptTey HoTwxesepi Trichoderma harzianum sugoduTiHiy, Cytospora spp. naToreHji ca-
HblpayKyJlaKTapblHa KapChl »KOFapbl aHTAaroHUCTIK GeJsiceHJiNiriH KepceTTi. by fepekTep
OCbl TYKBIMJACTBIH OKiJJepi KeH ayKbIMAbl (UTONATOTEHJAEp/i BIFbICTbIPA aJaTbIHBIH
CUNATTAUTBHIH 9/1e0UeTTeri MaJsiiMeTTepMeH calikec Kesefi. byran aeiin T harzianum meH
T viride-uiy, Fusarium proliferatum xane Fusarium verticillioides-ke Kapcbl TUiMJiniri faen-
JleHin, ecyiniy 60-80% TexeJyi »xoHe alKbIH MUKOMAPa3UTTIiK acepi aHbIKTa FaH [20]. YKcac
HaTWXeJsep Alternaria alternata, Colletotrichum capsici, Rhizoctonia solani »kaHe 6acka puTona-
TOTEH/IepTre KapChl 3epTTEYJ/IEpP/e [le aHbIKTAJIFaH, 0J1 )Kep/ie KO3AbIpFbIITapAbIH ecyi 70-85%
JneiH TeMenzerex [10,21,22].

Biznin gepekrtepimia T harzianum-HblH Cytospora Spp. KApCbl aHTarOHM3MiHiH Herisri MexaHHU3Mi
MHKONAapa3suTU3MMEH, CyOCTpaT YILUiH O9CeKeJIeCTIKIIEH XoHe EeKiHIII PeTTiK MeTabouTTep
TY3i/lyiMeH 6ail/IaHbICTbI eKeHiH pacTaii/ibl. BypbiuFbl 3epTTeynepae Trichoderma spp. 6esceHiiri
Heri3iHeH XWTHUHAa3a, LeJI/II0J1a3a, IpoTeas3a CUSIKThl FMAPOJUTHUKAIBIK GepMeHTTep/i, COHJau-
aK 6-NeHTWJI--TMPOH MeH NenTauboJiJapAbl Koca aJifaH/laFbl aHTUOMOTUKTepAi 6esyimeH
aHbIKTa-JIaTbIHbI KepceTiireH [23-25]. T. harzianum >kofapbl XUTUHA3AbIK OeJICeH/Ii/TIKKe Ue,
OyJ1 NMUA3/bIH, KYJTiH JaKThl aypybIHbIH KO3/ bIPFhIlIbl Alternaria porri canblpayKyJaaFbIMeH
)KYprisisireH Texxipubesiepie pacTajifaH: MaTOreHHiH 6CyiHiH Texesy aeHreui 73%-ra xeTi,
KbLIbDKAKM >KaFqallblHAaFbl OMOOAKbLIAY THIMAIIITT XUMUSABIK QYHTULUATEPMEH CaJibIC-
ThIpbLJIFaH [8].

Epekiiie Hazap ayiapaTbiH xalT — Trichoderma spp. TYbICBIHbBIH XeKeJIeTeH IITaM/lapbIHbIH
QHTAroHUCTIK KacUueTiH/eri Heri3ri alblpMallblIbIKTAP: TIMITi 6ip TYp/AiH illliH/ie reHeTUKabIK,
9PTYPJIiJIiK eH 3KOJIOTUSAJIBIK 6eliMaenyre 6aiJlaHbICThl esley/i TYpillilik Baprabeabaiaik
6aiKanazapl [26, 27]. 3epTTenin oTbipFaH T harzianum vu3oasTTapblHA XKYPTi3ijireH ¢usore-
HETUKAJIbIK TaJJay 3epTTeyAe KOJAAHbLIFAaH WITaMJAAapAblH, TAaKCOHOMUSAJIBIK THICTIJIIriH
HakKTbLi1am, Cytospora spp. eKinjepiHe Kapcbl 6MobaKbliayia 6o0/allaKTa eH TUIMZI 60JIybI
MYMKIiH 6aFbITTap/ibl aHbIKTAayFa MYMKiH/iK 6epeji.

KoOpbIThIHABI

Kyprisinren 3septreynep HaTwxeciHfe Trichoderma harzianum wusonsaTTapbl 6eJiiHim,
onapblH Cytospora spp. eKijiepiHe Kapchl >KOFapbl aHTarOHUCTIK GeJICeHA T cunaTTalbl.
Mopddosiorusablk Tanjay KOJOHUSJIAP/AbIH Typre ToH KYPbLJIbICHIH XoHE KapKbIHAbI Cllopa
TY3y NpolLecCiHZie KOPeKTiK OpTaHbl Te3 Urepyre MyMKIiHZIriH KOpPCeTTi.

ITS-aiiMaFblH Tasjay Heri3iHAeri MoJieKyJaajblK UJAeHTUPUKaALUS 3epTTereH H30JIAT-
TapAblH, Trichoderma harzianum TypiHe »aTaTbIHbIH, XaJblKapayiblK NCBI fepekTep 6a3achl
6oibiHIAa 100% yKcacTbiKNeH pacTajbl. KypbuiFaH ¢UI0OTeHeTUKAJbIK aFalll 3epTTeJireH
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M30JIITTap/blH 3BOJIOLUS/IbIK OalIaHbICTAPbIH aHBIKTAI, OJIap/bl >KOFapbl Oy TCTPIN-KoJ14ay
MoH/lepiMeH aWKbIH KJyacTepJieyzi kepceTTi, 6yn Trichoderma spp. TYKbIMJacblHa KATBICThI
Ka3ipri TAKCOHOMHUSJIBIK JIepeKTepPMeH CoOUKeC Kese/i.

C. chrysosperma, C. sorbina, C. parasitica aHe C. pruinopsis GuTonaToreH/ii caHblpayKyJiak-
TapbIMeH OipJiecin ecipy »kaFalblHAA NaTOTeHJEPAiH OCYiHiH aWKbIH TexXeJyi, oJlap/blH
MULEJUNAIHIH MOP(OJIOTUSAIBIK 63repicTepi »KoHe aHTAarOHUCTTIH 6eJiceH/ i cnopa Ty3yiMeH
6ipsiece xypai. EH KylTi acep MHKyOalMsIHbIH, CeTi3iHli TayJiringae 6ankaaael: T harzianum
naToreHZepAiH JAaMyblH TOJIBIKTald TOKTAThIl HeMece aWTapJ/blKTall LIEeKTelN, TYPaKThbI
6aceKeJsIeCTiK apThIKLIBIIBIK KOPCETTI.

AnpinraH HaTwxesep T harzianum-ubiH Cytospora spp. pUTONATOTeHAI caHblpay-Ky/1aKTa-
pbIHA Kapchbl »KOFapbl 61M006aKblIay dJeyeTiH fAaJennenii. MopdooruaabliK, KyJab-TypaablbIK,
YK9He MOJIEKYJIa/IbIK-TeHeTUKAJIbIK, TaJAayAbl KAMTUTBIH KelleHJi TaCia OyJ1 U30JaaTTapkbl
eCiM/IiKTep/iiH, OMO0JIOTHUSAIbIK KOPFAHbIChIHBIH, THIM/li areHTTepi peTiHAe KoJAaHyAbIH 60J1a-
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AHTaronucrudeckas akTuBHocTb Trichoderma harzianum B oTHOIeHVH TPUGOB poaa
Cytospora u uioreHeTu4eCKuil aHaIu3 U30JISTOB

AK. XKaxkcsibikoB?, KA. locem6aeB'?, C.K. HaekoBa'?, 7K. Hyp6ekoBal, IIL.E. ApsicTaHoBa?,
A.K. Ocnanoga?, B.C. Kuau'?, JK.A. TynereHopa*?
!Eepasutickull HAYUOHAAbHbIU yHUgepcumem umeru J1.H. 'ymuaesa, AcmaHa, KazaxcmaH
2HayuoHasvHbll yeHmp 6uomexHosozuu, Acmana, Kazaxcmat
3[asnodapckull nedazozuveckuli yHugepcumem umeHu Asikest Mapeayaama, Ilasaodap, Kazaxcmau

AHHOTanusA. B faHHOM wHcciieloBaHUM Oblia NMPOBeJeHa OLleHKAa aHTaroHMCTUYECKOW aKTHUBHOCTH
Trichoderma harzianum no oTHOLIEHUIO K GUTONMATOreHHBIM rprbam poza Cytospora, KOTopble BbI3bIBAIOT
HEKpO3 M YChIXaHHE IJIOAOBBIX U JIECHBIX APEBECHBIX KyaAbTyp. Mopdosoruieckass XxapakTepUCTHKA
kynbTyp T harzianum nokasajia XapakKTepHOe CTPOeHHe M MHTEHCHBHOE CIIOPOHOIIEHWE MHUIEJHS,
obecrnedynBaBlIee OBICTPOE OCBOEHME NHUTATENbHOW cpefbl. [Ipy COBMECTHOM KYJIbTUBUPOBAHHHU
BBISIBJIEHO BBIpaQKEHHOE yTrHeTeHHWe pocrta martoreHoB C. chrysosperma, C. sorbina, C. parasitica,
C. pruinopsis, KOTOpOe MNPOSBJSAJOCh U3MEHEHHEM OKpPAaCKH MHILE/Us, OrPAaHUYEHUEM PaA3BUTHUSA
KOJIOHUH NAaTOTeHOB M UX BbITECHEHHEM M3 LIEHTpaJbHbIX 30H yamlek [lerpu. Ha BocbMbie cyTku
HMHKy06al U1 pocT GUTONATOTEeHHbIX IPU60OB poza Cytospora nmojaasJisijics aHTaroHuctoM Trichoderma
harzianum, conpoBOX/AasiCb aKTUBHbBIM CIIOPOHOIIeHHeM. MoJieKy/isipHas uAeHTUUKALMS HA OCHOBE
aHasu3a ITS-pervnoHa noATBepAW/Ia NPHUHA/JIEKHOCTD BbIJEJEHHBIX U30JATOB K BUAY T harzianum
(100% cxonctBo ¢ maHHbIMH GenBank). [locTpoeHHOe ¢uoreHETHYECKOE AEPEBO MOKA3aJ0 YETKYIO
KJIaCcTepu3aLUI0 U30JSTOB B COCTaBe TAKCOHOMUUYeCcKOH rpynnsl T. harzianum c BbICOKOH 6yTCTp3I-
noagepkkoi. IlosiydeHHble pe3yJabTaThl NOATBEPKAAIT, 4YTO HcHoJb3oBaHue T harzianum B
KavyecTBe 3P PEeKTUBHOTO areHTa GUOJIOTMYECKOU 3al[UThl PaCTEHUN MPOTUB IpuboB poaa Cytospora
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NEePCIEeKTUBHO U ITO14EPKUBAIOT BAXKHOCTb KOMIIJIEKCHOI'0 IIOJX0/1a, BKJII0YAIOIero Mopdo/IoruyecKui
¥ MOJIEKY/ISIPHO-TeHEeTUYeCKU I aHa/IM3 NPU UCCJIeJOBAHUN aHTAarOHUCTUYECKUX CBOMCTB.

KmoueBsble cioBa: Trichoderma harzianum, Cytospora spp., aHTaroHUCTHYeCKasi aKTUBHOCTb, MOP-
dosorus, pusoreHeTHYeCKUN aHaIU3, GUOKOHTPOJIb

Antagonistic activity of Trichoderma harzianum against Cytospora fungi and phylogenetic
analysis of isolates

A.Zh. Zhaxylykov?, K.A. Dyussembayev'?, S.K. Nayekova'?, Zh. Nurbekova’, Sh.E. Arystanova’,
A.K. Ospanova3, V.S. Kiyan'?, Z.A. Tulegenova*'?
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
ZNational center for biotechnology, Astana, Kazakhstan
3Paviodar Pedagogical University named after Alkey Margulan, Pavlodar, Kazakhstan

Abstract. This study evaluated the antagonistic activity of Trichoderma harzianum against phytopa-
thogenic fungi of the genus Cytospora, which cause necrosis and dieback in fruit and forest tree species.
Morphological characterization of T harzianum cultures revealed typical structures and intensive
sporulation of the mycelium, ensuring rapid colonization of the nutrient medium. During dual culture,
pronounced inhibition of the pathogens C. chrysosperma, C. sorbina, C. parasitica, and C. pruinopsis
was observed, manifested by changes in mycelial pigmentation, restricted colony development, and
displacement of the pathogens from the central zones of Petri dishes. By the eighth day of incubation,
the growth of Cytospora phytopathogens was suppressed by the antagonist T harzianum, accompanied
by active sporulation. Molecular identification based on ITS-region analysis confirmed that the isolates
belonged to T harzianum (100% identity with GenBank data). The constructed phylogenetic tree showed
clear clustering of the isolates within the T. harzianum taxonomic group with high bootstrap support.
The results confirm that T harzianum is a promising biological control agent against Cytospora fungi and
highlight the importance of an integrated approach combining morphological and molecular-genetic
analyses in studies of antagonistic properties.

Keywords: Trichoderma harzianum, Cytospora spp., antagonistic activity, morphology, phylogenetic
analysis, biocontrol
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Hay4yHada cTaTba

dsiopucTHYecKre 0CO6eHHOCTH 03ep KocTtaHacKoH 06/1acTH

LK. Cynranrasuna*!' ~, A.H. Kynpusanos? -, 0.A. KynpusiHos?"~, C.B. Kyanbsimo6aes! -,
A.Y. blckak!"”, B.H. YamkoBs!

KocmaHatickuli pezuoHaibHblil yHUgepcumem umeru Axmem Batimypcoinyael, Kocmanaii, Kazaxcman
2Kys6acckuli 6omaHuveckuli cad, @edepasvHulii uccaedosamenvckutl yenmp yaas u yesaexumuu CO PAH, Kemepoeo,
Pocculickas ®edepayus

AHHOTanuMs. B pe3ysbTaTe UccieJ0BaHUS NOJyYeHbl HOBble PyH/[aMeHTalb-
Hble 3HaHUs 0 GJIOPUCTHUYECKOM COCTaBe OeperoB 12 ecTeCTBEHHBIX 03€p CTeIl-
HoM 30HbI KocTaHalckoi 06J1acTH (8 mpecHbIX U 4 COJIEHbIX B Pa3HOM CTENEHH).
N3y4yeHre ocobeHHOCTEN PJIOPUCTUYECKOTO COCTAaBa 03ep MPOBOJUIIOCH B TPEX
30Hax (/aMTOpaJsibHas, cynpajdTopasbHasg U o3epHas Teppaca). 06uuit ¢Jo-
PUCTUYECKHUM CIHUCOK GeperoB MCCIeZ0BaHHBIX 03ep cocTaBJsieT 146 BUJIOB,
oTtHocsamuxcs K 100 pogam v 37 ceMelCTBaM BbICIIMX COCY/IMCTBIX PACTEHHUM.
JlutopasibHasa 30Ha npejcraBieHa 29 BugaMu. Haubosibliieil akTUBHOCTBIO B
IPECHOBO/IHBIX 03epax obJsaaeT Phragmites australis, KOTOpbIX Ha GOJIbIIMH-
CTBe IIPECHOBOJAHBIX 03ep 06pasyeT WIUPOKYI0 noJsiocy go 100 (150) m. Buno-
BOM COCTaB IpeJCTaBJeH B OCHOBHOM TMAPOPUTAMU U THAPOTUTPOPUTAMM.
CynpasuTopasibHas 30Ha NpeJcTaBieHa 56 BujgaMu. Han6ob1IMM NpOeKTUB-
HbIM NOKpbITHEM (35,62%), BcTpedyaeMocTblo (62%) U aKTUBHOCTbIO (46,99)
obJsiafaet Phragmites australis. B cynpaiuTopasbHON 30He 3aCOJIEHHbIX 03ep
HauboJIblIeN aKTUBHOCTbIO 06JiafaeT Salicornia perennans (11,21). ®sopa
03epHBIX Teppac HacuuThIBaeT 94 Buja. HanboibliuM NpOEKTUBHBIM MOKpPbI-
tHueM (13,64%) u akTUBHOCTBIO (22,16%) obsafaeT Calamagrostis epigeios.
diopa 6eperos 03ep xapaKkTepusyeTcs 60JIbIIUM KOJTUYEeCTBOM COPHbIX pacTe-
HUH (25 BUZOB), 4yTO cocTaBiasieT 17% oT ob61ero yucsaa BuoB. Cpey COPHBIX
BU/I0B UIMPOKO pacpoCTpPaHeH U aKTHBEH aJJBEHTUBHbIN U MHBAa3UOHHBIN BU/|
Hordeum jubatum, npouspacrtawiiuii B 6oJbiieit yactu CeBepHO AMEPUKU U
Ha ceBepe BoctouHoil CubupH.

KiloueBble cioBa: o3epa KasaxcraHa, mpecHOBOAHbIE U 3acOJIEHHbIE O3e-
pa, ¢yopucTrUyeckoe pa3HO0Opasue, JUTOpasbHAsA 30HA, CylpaJdTOpasibHas
30Ha, 03epHas Teppaca

BBeaeHue

BO,Z[HaH ©€e30IMacHOCTh CTpaHbI ABJIA€TCA OAHUM U3 (1)aKTOpOB obecreyeHus HaLlI/IOHaJIbHOI‘/JI
68301'IaCHOCTI/I, B TOM 4YHUCJIE HpOﬂOBOHbCTBeHHOﬁ U 3KOJIOTUYECKOM. HOA BO,E[HOﬁ 6e3ormna-
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K. Cynmaneasuna, A.H. Kynpusinos, O.A. KynpusaHos, C.b. Kyanviwoéaes, A.Y, blckak, B.H. Yawkos

CHOCTbI0 NOHUMAETCs 3aljMLEHHOCTb »KM3HEHHO BaXKHbIX MHTEPECOB 00111ecTBa (30pOBbe
JIIOZleH, oKpyKarolas cpejia, TPOU3BO/CTBO) OT FUAPOJIOTHYECKUX yTpo3 [1].

Hapsay ¢ ucciaejoBaHUSAMU HACTOSLIEro U GyAyllero BoA006ecne4eHHOCTH pecny6JInKu
(peyHOM CTOK, OJ3eMHBbIE U JIeJHUKOBbIE BO/bl, BOJOXPAaHUJIMLIA), CYILLECTBYET HEJOCTATOK
noJIHOM MH$OpMaILMU 0 coCTOossHUM o3ep KasaxcTaHa [2].

CyMmMapHas nioima/b noBepxHocTH o3ep CeBepHoro KasaxcraHa 6oJiee 19 Thic. KM2, 31€Ch
HacyuTbIBaeTcs 6oJiee 11 ThIC. IpeCcHBIX 03ep U 2,5 ThIC. COJIEHBIX 03€ep C IJIOIA/bl0 3epKaJia
ot 0.01 go 50 kM2 u 60sblie [3,4]. B CeBepHoM KasaxcTaHe MHOrue o3epa 06pa3oBa/IMCh
B JI0)kOMHax ApeBHUX pek. Ha TypralickoM mjiaTo o6pa3oBaHMe HeOOJBIINX KOTJIOBUH U
CTeNHbIX OJI0AeL cBsA3aHO ¢ cypdo3rel U NpocaJiKoi, a MECTAaMHU C APEBHUM TEPMOKApPCTOM
Mep3JibIX ToJIL. Takue 03epa NoAAepKUBAIOTCSA CHETOBBIM M IPYHTOBBIM MUTaHUeM. OObIYHO
3TU O03epa pacloJliaralTcs LEeNoykKod M HMMeKT mnpojoJroBatyio ¢opmy. OfHa U3 TaKHUX
«Llel0YeK» 3aHUMaeT JIPEeBHIO0 JI0XKOMHY peku Typrai. Bcs aTa AyiMHHadA 1jenb ¢ IPEeCHBIMU U
COJIEHBIMM BOJIOEMaMU, C 6beperaMy, yTONMALUMU B 3apPOC/IsIX TPOCTHUKA UJIU ONMYLIEeHHBIMU
coJIOHYaKaMH, TsHeTcs 6oJiee yeM Ha 500 kM [2]. N. Querry u K. Harper (2018), usyuyaBuiue
3apactaHue OeperoB o3ep KaHagbl nmpuuuin K BBIBOAY, YTO OOraTCTBO TPaBSIHUCTOMU
pacTUTENbHOCTU 06EPEXbsl 03ep TECHO CBA3aHO C BBICOKMM CTPYKTYPHBIM pa3HOOOpa3ueM
B IPUOPEXHBbIX 30HAX [5-7].

BojHble U NpubOpeXHO-BOJHbIE PACTEHUS SBJISIOTCS BaXKHbIM KOMIIOHEHTOM HPUPOAHbIX
3KOCHUCTEM, UMEIOT O0JIbLIOE 9KOJIOTHUYeCKOe U X035MCTBEHHOE 3HaUYeHHUeE.

AKTyanbHOCTb HCC/IEJOBaHWM CBSI3aHA KaK C QpyHJaMeHTaJbHOM 3ajadyeld — U3ydeHUeM
$JI0pUCTHYECKOT0 M LIEHOTUYeCKOI'0 pa3HO00pa3ns BOAHBIX QUTOLEHO30B, TAK M CIIPUKJIAHOU
- OLIEHKOM COCTOSIHMSl BOJHBIX KOCUCTEM IO 3KOJOTMYECKHUM XapaKTEPUCTUKAM BBICUIMX
BOJIHbIX pacTeHUil. [locienHee naeT BO3MOXHOCTbh 3apUKCHMPOBATh HayajJo M3MEHEHUU B
OKpy>Kalollel cpejie, U3y4YUThb pa3BUTHE 3TUX U3MEHEHUH BO BpeMEHU U IPOCTPAHCTBE.

dyiopa MakpopUTOB He SIBJISIETCS MOCTOSHHOW B MPOCTPAHCTBEHHO-BPEMEHHOM KOH-
TUHYYMeE, a 3aBUCUT OT KOMILJIEKCA JeUCTBYOINX PAaKTOPOB KaK MPUPOJAHBIX, TAK U aHTPO-
noreHHbIX. [I[pyMepoM AelcTBHA COBPEMEHHBIX BO3MYIAOIIUX GaKTOPOB ABJISAIOTCS YCA0BUSA
ypOaHHU3UPOBAHHOM Cpeibl, B Ipe/iesiaX KOTOPbIX peruoHasibHas ¢pJiopa TpaHCPOpMUPYETCS B
aIalTUPOBAHHBIN K JAHHOMY peXXuMy BapyaHT [8-10].

YcusieHUe aHTPOMOreHHBbIX U TEXHOTEHHBbIX GaKTOPOB, IJI00aJbHOE MOTEeNJeHUEe BeJeT K
M3MeHeHHI0 QJIOPUCTUYECKOr0 COCTAaBa BOAHBIX U NMPUOPEKHO-BOJHBIX PACTEHUH, YTO BbI-
3bIBaeT HEOOXOAMMOCTb UHBEHTapU3alnuu GpJ0prUcTUIECKOT0 cocTaBa. HOBM3HA MPOBOAMMBIX
MccaeloBaHUM CBsi3aHa C KpalHe HeJ0CTAaTOYHbIMU CBEJIeHUSMU MO 3apacTaHUI0 MPUOpex-
HO-OeperoBbIX 30H 03ep, pacnoJiaraeMbix B KocTaHaiickol 06/1aCTH, MOABEPKEHHbBIX aHTPO-
OTeHHBbIM paKTOpaM, a TAaKKe U3MEeHEeHUeM KJIMMarTa.

[lenpto NpPOBOAMMBIX HCCJIE€JOBAaHUN SBJAJOCH H3yuyeHHe (GIOPUCTUYECKOTO COCTaBa
€CTEeCTBEHHBIX 03ep CTEMHOM 30Hbl, HAXOAAIMXCS HAa TeppuTOopuu KocTaHalicKkoi 06J/1aCTH.

MaTepHaJ’IbI U MeTOoJAbl HCCZIEA0OBAHUA

B MeToAMYECKOM IJIaHe Ype3BbI4alHO BaXXHO OINpe/le/INTh PAHULIbl BOJOEMa, YTO 04eHb
BaXKHO il cybapuJHOU 30HbI KasaxcTaHa ¢ 4ype3BblYallHO H3MeHsollelcs GeperoBoi
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rpaHuLed (BbICOKUH YPOBEHb BO/Ibl B BeCEHHee BpeMs U oOMesieHUe K oceHHU). [loaTomy npu
a”asu3e QpJIopUCTUYeCKU pparMeHT GpJIOpbl BOAOEMOB HE MOXKET IOHUMAThCS Y3KO, BblZeJisis
TOJIbKO F'MIpOQUJIbHBINI 3JIEMEHT, He BKJII0Uasi B HETO llepevyeHb IPUOPEXKHO-BOLHBIX PaCTEHUI
[11-15]. U3yueHue ocobeHHOCTEN HIOPUCTHUUECKOTO COCTAaBa 03ep MPOBOAUJIOCH B TPEX 30HAX.
JluTopanbHada 30HA ompejensanach OT ype3a BOAbI A0 HW)XXHEW IpaHHUIbl INPOU3PaCTaHUA
BBICIIMX LBETKOBbIX pacTeHUU (Pucynok 1, I). O6bIYHO ucClef0BaHUS NPOBOAUJIUCH OT
ypes3a BoAbl 0 riyouHbl 1,5-2,0 M. CynpanuTopasibHasi 30Ha — y4acTOK Gepera, KOTOpPbIN
epuoJUYEeCKH 3aTOIJISIeTCS BO BpeMs NaBOAKOB U 0CBOOOkAaeTcsl kK oceHU (Pucynok 1, II).
3necb popMuUpyeTCs Tak Ha3bIBaeMbIi 3peMepeTyM — COBOKYITHOCTb OBICTPO pa3BHBAOLHXCS
BU/I0B Ha MJIOBATbIX 3aTONJISIEMO-0CYIIaeMbIX IPUOpeKHBIX yyacTkax [16, 17]. [lo MHeHuto R.]
Naiman c cotp. (1988, 1997), npubpexxHble pacTUTeJIbHble COOOLIECTBA AAIOT MIpe/iCTaBJIeH e
0 pa3HO06pa3svMu BUJOBOTO OOraTcTBa B Pa3/IMYHbIX NPOCTPAHCTBEHHBIX UM BpPEMEHHBIX
MacuiTabax, MNOCKOJIbKY OHHU MOJJIePKUBAIOT CJ0XKHbIE YYAaCTKU Cpefibl 0OUTaHHUS, KOTOpbIe
CO3AI0TCA U pa3pyllalTcs B pe3y/bTaTe MAPOJOTMYECKUX HapyLIeHWH, YTO NPUBOJLUT K
eXXeroJJHoMy nepepacrpejesieHno BuaoB [18,19].

O3epHas Teppaca - TEppPUTOpPHS, KaK NpPaBWJO, He 3aTallJiiBaeMasi B BeCEHHee BpeMs
Y [BJIAIIOLASCSA MepeXoAHOM 30HOW OT MOMMEHHOM 4YaCTHU K KOPEHHOM pacTUTEJNbHOCTHU. Bo
$JIOpUCTHYECKOM OTHOILLEHUH OHA HECEeT 3JIEMEHTHhI CYyNpPaJUuTOPaJbHON 30HbI U KOPEHHOU
pactutenbHocTH (Pucynoxk 1, II).

PucyHok 1. I - 1utopanbHas 30Ha, Il - cynpanuTopanbHas 30Ha, III - 03epHas Teppaca

[lo cTeneHu 3apacTaHUA TUTOPATbHOM 30HbI BbIJ|€JIEHBI CIEAYIOLHEe TPy bl B3aBUCUMOCTH
oT cteneHu 3apactanus [20]: [ - He 3apacTarwinue (MeHee 1%); Il - ciiabo 3apacratouiue (1-10%);
III - ymepeHnHo 3apactawinue (11-25%); IV - cuabHo 3apacrawiue (26-50%); V - oueHb
cuJibHO 3apacTtatinue (51-95%); VI - nosiHocThbio 3apociuue (100%).

Bcero o6cnenoBano 12 o3ep Kocranaiickoi o6sactu (Pucynok 2-5; Tabauna 1).
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Ta6smmna 1
Touku npoBeaeHUA GIOPUCTUIECKUX ONMUCAHUN
Ne C.II. B.J. JKoTOI CreneHb
3apacTaHus
Ne1. 03. XKapxkouib 4 53.19450 63271410 [Tostoruii 6eper, VI
M poKas
JINTOpaJibHas 30Ha
Ne2. 03. Xapkouib 3 53.183260 63.261910 noJIoTui 6eper, II
MOKPBITHIA IECKOM
Ne3. 03. XKapkoJib 2 53.181440 63.211113 [Tosioruii Geper, VI
M poKas
JINTOpaJibHasi 30Ha
Ne4. 03. XKapkouib 1 53.153290 63.155460 [Tosioruii 6eper, VI
M poKas
JINTOpaJibHas 30Ha
Ne 5. BoJibioe 53.113970 63.170730 [Tonorui 6eper, VI
03epo 6Js1u3 HIMpoKas
c. BacusbeBka JINTOpaJibHas 30Ha
Ne 6. 03. 53.071800 63.168190 [Mosioruii Geper, VI
Kamunusckoe I poKas
6s113 c. BacunbeBka JINTOpaJibHas 30Ha
Ne 12. BespIMsiHHOE 52.507220 64.004620 3acosieHHOE 03epo I
03epo
Ne 13. Os. 52.5531990 64.691860 [Tosioruii 6eper, VI
KymmypyH HIMpOKas
JIUTOpaJibHas 30Ha
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Ne 14. Os. 52.448790 64.51160 3acoJieHHOE 03epo |
BaJIbIKTBIKOJIb
(coneHoe 03.)
Ne 19. Os. Koitbarap 52.720890 65.624820 [Tosioruii 6eper, VI
(okp. moc. XKymaryu) HIMpoKasi
JIUTOpaJibHasd 30Ha
Ne 20. Os. 52.721910 65.803770 3acoJieHHOE 03epo [
TroHTIOTYp
(oxp. c. TroHTIOTYD)
Ne 25. BespIMsAHHOE 52.488120 63.861830 Cnabo 3acosieHHOE VI
03epo, 6113 03€epo, MUpoKas
c. HoBonexxnHka JIUTOpaJibHas 30Ha

dakTuyecKUM MaTepuasJ cobOpaH B XOJle PEKOTHOCLUPOBOYHOIO TUAPOOOTAaHUYECKOTO
o6cnenoBaHus o3ep Kocranaiickoi o6JiacTy B uMwJie — aBrycte 2025 roga. [eoboTaHHuecKue
OTMCaHUsI POBOAMIMCH B KXK/I0H M3 Tpex 30H. [11o1aib mpo6HOM MoKy coctabssiia 100 M2,
Onpeaenisizioch 061ee U YacTHOe NMpoeKTUBHOe NMoKpbiTHe (%) [21]. KauecTBeHHbIH yyeT
pacTeHHW NPOBOJUJICS COIJIACHO MPHUHSATBHIX MeTOAMK [22, 23]. Onpenensiiiocb KOJHUYECTBO
BUJI0B (LIT.), BCTpeyaeMocThb, %, naplyajbHOe NPOeKTHUBHOe MOKpbITUe, %. [Ipn aHanuze
3K0JIOT0-1JeHOTUYeCKUX Py BblAEJSJIMCh COPHBIE U aIBEHTUBHbIE pacTeHus. B npukiagHon
60TaHUKEe TEPMHUH «COPHbIE pPACTEHUSA» NPUJI0KHUMO K CeJbCKOMY x034uicTBy. B.B. Hukutun
(1983) cunTas, 4TO COpHbIE PACTEHUS — 3TO HE KYJIbTUBUPYEMbIe YeJI0BEKOM, HO UCTOPUYECKHU
NPUCIOCOOUBUIMECS K YCJIOBUAM BO3/eJIbIBAaHUS KYJbTYPHbBIX paCTEeHUH, pacTyllie BMeCTe C
HUMHU U HaHocs e uM Bpef [24]. TH. YnbsHoBa (2005) cuuTaeT, YTO COPHBIM pacTEHHE ieJlaeT
€ro 3K0JIOTUsl BTOPUYHOI0 MECTOOOUTAHUS U OTHOLLEHHe YeJI0BEKAa K HEMY Ha Ollpe/ie/;IeHHOM
oTpe3Ke BpeMeHHU [25]. B HalieM HcciejoBaHUU YCI0BHO COPHBIMU PACTEHUSIMU Mbl CHUTAEM
Te BU/bI, KOTOPble He OTHOCATCA HU K BOJHBIM PacTEHUSM, HU K TPUOPEKHBIM UJIU JIyTOBO-
CTENHbIM pacTUTEJbHbIM COOOLIECTBAM.

[ cyMMapHOW OLleHKM LLleHOTHYECKOTO MOJIOKEHUS BU/IA MCIOJIb3YyeTCs KOMIJIEKCHBIN
NoKasaTeJb aKTUBHOCTH BUZa (%), KOTOPBIN MOKa3bIBaeT Mepy *KU3HEHHOTO MpeyclieBaHUs
BH/Ia HA JJAHHOW TePPUTOPHH, OHO M3 BbIpaXKeHUH «Beca BUia» B laHHOU duiope [26]. PacueT
AKTUBHOCTH BHU/I0B BblNoJIHsAeTCs B cucTteMe IBIS [27] mo popmyute:

N
A
Cx100% 24 ICx 4 W,
Act:\ 0 il :IOXQ%
N N N
rae ACt - paC‘{eTHaH dKTHUBHOCTb TAKCOHa AJIisd MOHI/ITOpI/IHFOBOI‘/JI nmjaomaau B HpoueHTaX

(0+100%);

N - 4UCJI0 YYETHBIX IJIOIA/0K (3/1eMEeHTapHbIX METPOBLIX P06 );

C - IOCTOSAHCTBO TAKCOHA — a6COJIIOTHOE YKMCJI0 YYETHBIX IJIOLIA/0K, T/l 3aperuCTpUpoBaH
TaKCOH;

A, - IPOEKTHUBHOE NOKPbITHE TAKCOHA Ha i-0if y4eTHOM MJI0Ia/IKe;

A, - cyMMa IPOEKTHBHBIX OKPBITHH TAKCOHA Ha BCEX yYETHBIX MJI0I[a/IKaX.
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®Paopucmuueckue ocobeHHocmu 03ep KocmaHatickoii o6.aacmu

PesynbsTaThl

JlumopaavHas 30Ha

JluTopasibHas 30Ha NpeJicTaBjieHa 29 BUIaMU, OTHOCSLUMUCA K MakpoduTam (Tabauna 2,

PucyHok 6).

Ta6smmna 2

djiopuicTHYECKHE 0COGEHHOCTH Haubo0Jiee aKTUBHBIX BU/A0B JINTOPaJIbHOU PppaKuumn

¢10psI 6eperos o3ep (12 o3ep)

Bugbl pacTeHuit Ob1ee BcTpeyaeMocTh, | AKTHUBHOCTBH BH/IOB,
IPOEKTHBHOE % %
HoKpbITHE, %
Phragmites australis (Cav.) Trin. 45,23 54 49,42
ex Steud.
Potamogeton perfoliatus L. 1,50 38 7,55
Triglochin palustre L. 1,00 38 6,16
Hydrocharis morsus-ranae L. 4,65 8 6,10
Bolboschoenus planiculmis 1,92 15 5,37
(Fr. Schmidt) Egor.
Typha latifolia L. 1,58 31 6,99
Persicaria amphibia (L.) 0,77 15 3,40
S. E Gray.
Batrachium rionii (Lagger.) Nym. 0,50 23 3,39
Lemna minor L. 0,65 23 3,88
Agrostis stolonifera L. 0,62 15 3,04
Lemna trisulca L. 0,65 15 3,13
Potamogeton natans L. 0,46 15 2,63
Salix viminalis L. 0,46 15 2,63
Schoenoplectus lacustris (L.) 0,46 15 2,63
Palla
Carex riparia Curtis. 0,77 8 2,48
Potamogeton lucens L. 0,50 15 2,74
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PucyHok 6. O3epo XKapkouib: a) - iuTOopasibHasi 30Ha (3apociau Batrachium rionii (Lagger.) Nym.);
0) - cynpasuTopasibHasd 30Ha (3apocau Phragmites australis (Cav.) Trin. ex Steud.)

Haubospl1eil akTUBHOCTBIO IPECHOBOJHBIX 03ep obJsazaeT Phragmites australis, KOTOpbIA
Ha 60JIbLIMHCTBE IPECHOBO/IHBIX 03ep 00pa3yeT KpoKyto nosiocy fo 100 (150) m. B cpegnem
ero BCTpPe4aeMOoCTb cocTaBuia 54%, npoeKTUBHOE MOKpbITUE — 45,2%, akTUBHOCTD — 49,4%.
Jlanee c 60/bIIMM OTCTaBaHUEM pacnoJsararTcd Potamogeton perfoliatus — aKTHBHOCTb
7,55%, Typha latifolia - aktuBHOCTb 6,99%, Triglochin palustre v Hydrocharis morsus-ranae
- aKTHUBHOCTBb 6,16 u 6,10% cooTBeTCTBEHHO. BUI0BOM cOCTaB Mpe/cTaBJeH B OCHOBHOM
rugpobutamu (Batrachium rionii, Hydrocharis morsus-ranae, Lemna minor, L. trisulca,
Potamogeton lucens, P. natans, P. perfoliatus) v rufporurpo@uraMy, cpesijd KOTOPbIX Hau-
OoJsiblliee y4yacThe NpUHUMAIOT Agrostis stolonifera, Bolboschoenus planiculmis, Phragmites
australis, Triglochin palustre, Typha latifolia v ip.).

CynpasuTopasibHas 30Ha

CynpanuTtopasibHas 30Ha npejcraBjeHa 56 sugamu (Tabauua 3, PucyHok 7, 8).

Ta6smna 3
diopucTHYECKHE 0COGEHHOCTU Haubo0Jiee aKTUBHBIX BUL0B CYNIpaJIuTOPaaIbHOMN
30HBI QJ10pEI 6eperos o3ep (12 o3ep)

Bubl pacTeHui Ob1wee BcTpedaeMocTs, AKTHBHOCTB
NPOEKTHUBHOE % BUZ10B, %
HoKpbITHE, Y%
Phragmites australis (Cav.) Trin. 35,62 62 46,99
ex Steud.
Salicornia perennans Willd. 3,31 38 11,21
Calamagrostis epigeios (L.) Roth 5,00 23 10,72
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Puccinellia distans (Jacq.) Parl. 2,58 23 7,70
Suaeda acuminata (C.A.Mey.) Mogq. 1,54 23 5,95
Bolboschoenus planiculmis 1,12 31 5,88
(Fr. Schmidt) Egor.

Artemisia abrotanum L. 1,23 23 5,32
Bidens tripartita L. 1,08 23 4,98
Hordeum jubatum L. 1,08 23 4,98
Tripolium pannonicum (Jacq.) 0,85 23 4,41
Dobrocz.

Elytrigia repens (L.) Nevski 1,15 15 4,16
Atriplex cana C. A. Mey. 1,00 15 3,87
Suaeda corniculata (C. A. Mey.) 1,00 15 3,87
Bunge

Puccinellia tenuiflora (Griseb.) 0,54 15 2,84
Scribn. et Merr.

Artemisia dracunculus L. 0,46 15 2,63
Oenanthe aquatica (L.) Poir. 0,46 15 2,63
Saussurea amara (L.) DC. 0,46 15 2,63
Hordeum brevisubulatum 0,77 8 2,48
(Trin.) Link.

Typha angustifolia L. 0,77 8 2,48
Alisma lanceolatum With. 0,31 15 2,15
Cirsium setosum (Willd.) Bess. 0,31 15 2,15
Plantago major L. 0,31 15 2,15

Pucynok 7. 03epo XKapkoJib: a) - cynpasnTopanbHasi 30Ha (Ha nepejHeM 1iaHe Lepidium latifolium L.);
6) - peaxuii Bug, Rhaponticum serratuloides (Georgi) Bobr.
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B cynpanuTopa/bHOM 30He HauOOJIbLIMM MPOEKTHBHBIM NMOKpbITUEM (35,62 %), BcTpe-
4aeMOCTbI0 (62%) M akTUBHOCTBIO (46,99) 06.1ajaeT Phragmites australis, KOTOpbIN B3TOW 30He
IPOSIBJISIET CBOM Me30TUTPOPUTHBIE CBOMCTBA. Jlasiee Ha CyNpaiMTOPAIbHON 30HE 3aCOJIEHHBIX
03ep HauboJiblllell aKTUBHOCTBIO 06s1aZiaeT Salicornia perennans (11,21), B cy6iuTOpasibHON
30HEe MpeCcHbIX 03ep HauboJIblIel aKTUBHOCTbIO o0JiafaeT Calamagrostis epigeios (10,72%).
B cynpanuTopasibHOM 30He NPECHBIX 03ep BbICOKOW aKTUBHOCTbIO 006s1a7at0T Bolboschoenus
planiculmis (5,88 %), Artemisia abrotanum (5,32%), Bidens tripartite (4,98%), Tripolium
pannonicum (4,41%), Elytrigia repens (4,16%). B cynpaiuTopa/bHON 30He 3aCOJIEHHBIX 03ep
BBICOKOUM aKTUBHOCTBbI0 0busiafiatoT Puccinellia distans (7,70), P. tenuiflora (2,84), Atriplex cana
v Suaeda corniculata (no 3,87).

PucyHok 8. 3acosieHHOe 03epo 6113 ¢. KymimMypyH: a) - iuTopasbHasi 30Ha;
0) - cynpasimTopaJibHasA 30Ha
diopa 03epHBIX Teppac HacuuThiBaeT 94 Buja (Tabsauna 4, PucyHok 9).

Ta6auua 4
dopucTnyecKrue 0CO6eHHOCTU HanGoJiee aKTUBHBIX BUAOB 03€PHBIX Teppac

Buabl pactenuit O6ee BcTrpeyaemocTs, AKTHBHOCTb

NPOEKTHUBHOE % BU/10B, %
HnoKpbITHE, %

Calamagrostis epigeios (L.) Roth 13,64 36 22,16

Phragmites australis (Cav.) 10,91 36 19,82

Trin. ex Steud.

Artemisia nitrosa 4,45 55 15,65

Web. ex Stechm.
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Hordeum jubatum L. 1,95 55 10,37
Sonchus arvensis L. 2,32 45 10,21
Saussurea amara (L.) DC. 2,00 45 9,49
Atriplex tatarica L. 4,64 18 9,14
Elytrigia repens (L.) Nevski 3,05 27 9,07
Achillea nobilis L. 1,18 55 8,06
Artemisia abrotanum L. 2,09 27 7,51
Festuca valesiaca Gaud. 1,09 45 7,01
Sonchus oleraceus L. 4,55 8 6,03
Poa pratensis L. 1,00 27 5,20

PucyHnok 9. Ozepo TwoHTIOTYp: a) - 6eper 03epa; 6) - Hordeum jubatum Ha 03epHOU Teppace

Ha o3epHbIX Teppacax HaW6O0JIbIIMM NPOEKTUBHBIM NOKPbITUEM (13,64%), 1 aKTUBHOCTbIO
(22,16) obnagaet Calamagrostis epigeios. Ha BTOpoM MecTe C HeGOJIbLIMM OTCTaBaHUEM
HaxoguTcsd Phragmites australis (aktuBHOCTh 19,82 %). Jlanee cienyrot Artemisia nitrosa
(15,65%), Hordeum jubatum (10,37 %), Sonchus arvensis (10,21 %), Saussurea amara (9,49 %),
Atriplex tatarica (9,14 %), Elytrigia repens (9,07 %).

O6cyxaeHue
[Ipu MapLIpyTHOM UccaeoBaHUU QJiopbl 03ep KocTaHalickol 06J1acTU HAMU YyCTAHOBJIEHO,

4YTO 061IMU PJIOPUCTUYECKUM CTMCOK OeperoB U3yUYeHHbIX 03ep cocTaBJsieT 146 BU/I0B, OTHO-
camuxcs k 100 poagam 1 37 ceMelcTBaM BbICIIUX COCYIUCTBIX pacTeHU (Tabsuna 5).
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Ta6smmna 5
CucremaTuuyeckuii coctaB ¢pJ10phI 6eperos 03ep
CeMeiicTBa Yucao | yucao | % ot oGuiero
poaos BHJAOB | YHcCJIa BUJ0B

Asteraceae Dumort. 25 36 24,7
Poaceae Barnhart 16 19 13,0
Chenopodiaceae Vent. 5 10 6,8
Polygonaceae Juss. 2 8 5,5
Cyperaceae Juss. 4 7 4.8
Ranunculaceae Juss. 3 6 4,1
Brassicaceae Burnett 4 5 3,4
Scrophulariaceae Juss. 3 5 3,4
Caryophyllaceae Juss. 3 4 2,7
Fabaceae Lindl. 3 4 2,7
Rosaceae Juss. 3 4 2,7

71 108 74,0
OcTtanbHble 26 ceMeicTB: Apiaceae Lindl.,, Plantaginaceae 29 38 26
Juss., Potamogetonaceae Dumort., Alismataceae
Vent., Juncaceae Juss., Lamiaceae Lindl., Lemnaceae
S.F. Gray, Salicaceae Mirb., Typhaceae Juss., Alliaceae
J. Agardh, Butomaceae L.C. Rich., Dipsacaceae Juss.,
Elaeagnaceae Juss., Euphorbiaceae Juss., Frankeniaceae
S.F. Gray, Gentianaceae Juss., Hydrocharitaceae Juss.,
Plumbaginaceae Juss., Malvaceae Juss., Nymphaeaceae
Salisb., Orchidaceae Adans., Primulaceae Vent., Rubiaceae
Juss., Sparganiaceae Rudolphi, Tamaricaceae Link,
Juncaginaceae L.C. Rich.

OauHHagLaTh ceMeUcTB coAepkaT 108 BUao0B, uTo coctaBisieT 74 % Bcex BUZ0B. K Beaymum
110 YUCJTY BUJ0OB ceMelCcTBaM oTHocsATcs Asteraceae (36), Poaceae (19), u Chenopodiaceae (10).
Bricokoe nosioxkeHue Chenopodiaceae cBsi3aHO € HaJIMYMEM 3acOJieHHbIX 03ep U popMHUpo-
BaHMUS MO OeperaM rajoUTHOro KoOMIJIeKkca BHUAOB. HauW6oJbIIMM TaKCOHOMHUYECKHUM
pasHoo6pasueM otinvaeTcsa pof Artemisia. PUTOLEHOTUYECKUM aHA/IM3 IOKasaJ, YTO BO
¢dJiope GeperoB 03ep oTMedaeTcs: 60JIbIII0e KOJMYECTBO COPHBbIX pacTeHUM (17 % oT ob61iero
yyca BU0B). CyMMa akTUBHOCTH COPHBIX BU/JJ0B Hau60J1bIlIasi B30He 03epHbIX Teppac —-43,5%
OT 006111eM aKTUBHOCTH U B CynpaJuTOpasibHOM 30He — 11,8%. Cpeiu COpHbIX BUJIOB 0OpalllaeT
BHUMaHHE JOBOJIbHO BBICOKYIO BCTPEYaeMOCTb U aKTUBHOCTb Hordeum jubatum. H. jubatum
3aHOCHOW, MHBA3WOHHBIA BHJ, KOTOPBIM LIWPOKO PaCHpOCTPAaHAETCS N0 aHTPONOTeHHO
HapylleHHBbIM 3eMJisIM. [loBceMecTHOe BHe/jpeHUe U HaTypaJu3alys arpecCUBHBIX 3aHOCHbBIX
BU/JIOB MPUBOAUT K CMeHe CyLleCTBYIOIIUX PaCTUTEJbHBIX COOOLIeCTB Ha 0OeJHEHHbIe
3aMellaruide ¢ JOMUHUPOBAaHUEM YyKEPOJHbBIX BUJ0B, UYTO OTPULIATEJbHO CKa3bIBaeTCA HA
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6uopasHoobpa3uu peruoHa. Hordeum jubatum siBisieTcss abOpUTreHHbIM Ha OOJIbIIEN YaCTH
CeBepHOU AMepHKH, a TakKe Ha ceBepe BocTtouHoit Cubupu [28]. B CeBepHO#l AMepUKe U Ha
Assicke Bo BTOpOH noJioBHHE XX B. OH CTaJl 6bICTPO pacceisAThCs 0 HapyLIeHHbIM OOUTaHUSM
[29, 30]. B KazaxcTaHe oH BIiepBble ObLJI OTMeU€eH B cepe/jiHe XX BeKa B OKp. I. /lke3kasraH H.B.
[TaBsoBbIM [31]. B HacTosiiee BpeMs BUJ, BHeceH B UepHyto kHury CpeaHelt nosockl Poccuu
[32] u YepHyto kHUry Psiopsl Cubupu [33].

3ak/iloueHue

B pe3ysibTaTe GJIOPHUCTUUECKUX UCCIeJ0BAHUN YCTAHOBJIEHO, UTO 00IIMUM GJIOPUCTHYECKU U
CIIMCOK OeperoB U3y4YeHHbIX 03ep BkJw4daeT 146 BUA0B, oTHocauuxcad K 100 pogam u 37
CeMeNCTBaM BBICIIUX COCYAUCTBIX PAaCTEHUHU.

JluTopasibHas 30Ha npejcTaB/eHa 29 BujamMmu. Hanbosibiie akTHBHOCTbIO MPECHOBOHBIX
o3ep obJiasaeT Phragmites australis, KoTopblil Ha 60/JIBIIMHCTBE IPECHOBOJHBIX 03ep 06pasyeT
KUpoKyto noJsiocy Ao 100 (150) M. BuzoBoii coctaB npejicTaB/ieH B OCHOBHOM I'HApopUTaMHU
(Batrachium rionii, Hydrocharis morsus-ranae, Lemna minor, L. trisulca, Potamogeton lucens,
P natans, B, perfoliatus) u ruiporurpopuTaM, Cpeid KOTOPbIX HAUOOJIbLIEee yYacTHe IPUHUMAIOT
Agrostis stolonifera, Bolboschoenus planiculmis, Phragmites australis, Triglochin palustre, Typha
latifolia v pp.).

CynpanuTopasibHasi 30Ha Npe/icTaBjeHa 56 BuJaMu. B cynpasnTopasbHON 30HE HAUOOJIb-
IIMM NPOEKTHUBHBIM NOKpbITHEM (35,62 %), BcTpeyaeMocThbo (62%) 1 akTUBHOCTbIO (46,99)
obsamaet Phragmites australis, BbicOokOoll aKTHBHOCTbIO 06JiafiatoT Calamagrostis epigeios
(10,72%), Bolboschoenus planiculmis (5,88 %), Artemisia abrotanum (5,32%), Bidens tripartite
(4,98%), Tripolium pannonicum (4,41%), Elytrigia repens (4,16%). Ha cynpaiuTopaibHO#i 30He
3aC0JIEHHBIX 03ep HauboJIbllell aKTUBHOCTBIO 0bJiafaeT Salicornia perennans (11,21), a Takxe
Puccinellia distans (7,70), P. tenuiflora (2,84), Atriplex cana v Suaeda corniculata (no 3,87).

diopa 03epHbIX Teppac HacyuTbiBaeT 94 Bujja. Han60/b1IMM NPOEKTUBHBIM MOKPbITUEM
(13,64%), u akTuBHOCTbIO (22,16) obsnagaet Calamagrostis epigeios. Ha BTopoM MecTe c
HeOOJIbIIMM OTCTaBaHHWEM HaxoAuTcsl Phragmites australis (akTuBHOCTH 19,82 %). [asnee
cnenytT Artemisia nitrosa (15,65%), Hordeum jubatum (10,37 %), Sonchus arvensis (10,21 %),
Saussurea amara (9,49 %), Atriplex tatarica (9,14 %), Elytrigia repens (9,07 %).

Cpezu cOpHBIX BUJIOB 0OpalljaeT BHUMaHHUeE JOBOJIbHO BbICOKAasi BCTPEYAEMOCTb U aKTUB-
HOCTb a/IBEHTMBHOI'0, MHBa3UOHHOTO BUAa Hordeum jubatum. B cynpaauTopaJbHON 30HE €ro
BCTpe4aeMoCThb cocTaBifeT 23 %, akTUBHOCTb — 4,98 %, a Ha 03epHbIX Teppacax BCTpe4aeMOoCTh
cocrtaBJfgeT 55 %, akTUBHOCTE — 15,65 %.

OTMeyeHa BbICOKasi aHTPOIOreHHasl Harpy3ka Ha CyNpaJIMTOPaJibHYI0 30HY U O3epHble
Teppachl, UYTO BbIpaXkaeTcsl B 60JIbLIOM KOJIMYECTBE CHHAHTPOMHbIX pacTeHUH (25 BUZ0B), 4TO
cocTaBJisieT B 0611eM 17 % oT 0611iero 4rcaa BUA0B. ITO CBUETENbCTBYET 06 3KOJIOTUYECKOM
He6J1aronoy4uu NpuopexHbIX 30H.

TakuM o6pa3oM, aHTponoreHHasi TpaHcpopmalus 6eperoB U3y4YeHHbIX 03ep B HACToOsIILee
BpeMsl BbIpa)KaeTcs KaK B 3aHOCE psi/ia aiBEHTUBHbIX BU/IOB, TaK U B TpaHCcOpMaL UM, Ucye3-
HOBEHUHM €CTEeCTBEHHBIX PACTUTEbHBIX COOOILECTB M MOSIBJIEHUU HOBBIX — CHHAHTPOIMHbIX
IPYNIKMPOBOK PAaCTEHUH.
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duHaHCUpOBaHUE

PaboTa BbINoJIHEHA 1O HAay4yHO-TeXHUYeCKoW mporpamMme BR24992785 «OpraHuszanus u
poBeJieHue KOMIIJIEKCHBIX UCCJIeJOBAHMU 0 06eclieyeH U0 YCTOMYMBOT0 pa3BUTHSA arponpo-
MBIIIJIEHHOT'0 KoMIlJIeKca KocTaHalckol 06J1acTH € CO3JjaHHEM Hay4YHO-UCC/Ie0BATEIbCKOTO
TEXHOJIOTUYECKOT0 [ieHTpa».

KoHuKT nuHTEpecoB
ABTOpBI 3a9BJAIOT 06 OTCYTCTBUU KOHQPJIMKTA UHTEPECOB.

CoGi0AeHH e 3TUYECKUX HOPM
HacTtosinjas cTaTbsi He COJEPKHUT OMUCAHHUS BBINOJHEHHBIX aBTOPAaMU HCCJeJ0BaHUU C
y4acTHUEM JII0Jel UK UCTI0JIb30BaHUEM KUBOTHBIX B KaueCTBe 06'bEeKTOB.
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K. Cynmaneasuna, A.H. Kynpusinos, O.A. KynpusaHos, C.b. Kyanviwoéaes, A.Y, blckak, B.H. Yawkos

KocTaHaii 06/1bICHI K6J1AepiHiH GIOPUCTUKAIBIK epeKIIeTiKTepi

LK. Cynranrazuna*!, A.H. Kynpusanaos?, 0.A. KynpusiHor?, C.B. Kyansim6aes!?,
A.Y. blckak?, B.H. Yamkos!
IAxmem BatimypcuiHyasl ameiHdarsl Kocmanatil eHipaik yHusepcumemi, Kocmauati, Kasakcmau
’Ky3z6ac 6omaHukaavlk 6arbl, PFA Cb kemip dcaHe kemip xumusicel Pedepasbdi 3epmmey opmanwiFbl,
Kemeposo, Peceii @edepayusicobl

Anpgartna. 3eptTey HaTXeciHJe KocTaHall 06JbICHIHBIH JAajia aWMarbiHJaFbl 12 Taburu keuiiH (8
TYIIbI K9HE TY3/bLJIbIFBI 9PTYPJIi Jopexelti 4 keu1) karasnay GpJiopasblK KypaMblHa KAThICThI 2KaHa ipreJii
6iniM anbiuabl. Kengepaiy ¢pioprucTHKANBIK KYPaMbIHbIH epeKIIeiKTepi yil alMakKTa (JIMTOpaJib/bl,
CynpaJINTOpaJib/bl )KoHe KeJIAiK Teppaca) 3epTTe Al 3epTTe/reH KeJAepAiH }KaFalayblHaFbl }KOFaphl
CaThIJAFbl TYTIKTI eciMAikTepAiH ®Kannbl ¢pyopanbik TiziMi 100 Tybic eH 37 TYKbIMAACKA )KaTaTbiH 146
TYp/ZleH Typaabl. JIuTopaababl akMakKTa 29 Typ aHbIKTaAbl. TylIbl KeJep/e eH }KoFaphl 6esiceHIiTiK
KepceTeTiH Typ - Phragmites australis, on kenTtereH Tyubl kesjepae eHi 100-150 metpre jeitin
KeTeTiH KeH 6engey Ty3efi. TypJik KypaMbl HeridiHeH ruipoduTTep MeH TUJporurpoduTtep/ieH
Typabl. CynpaauTopanbabl ailMakTa 56 Typ ke3feceai. by aitmakTta Phragmites australis npoeKTUBTI
&KaMbLIFbICBI (35,62%), Kesgecy »xuiniri (62%) »xoHe 6escenpiniri (46,99) 6oMbiHIIA 6acbIM.
Ty3abl KesfepAiH CcynpaiuTopaib/bl aiMarbIiH/Ja eH GesiceHAl Typ — Salicornia perennans (11,21). Ken
TeppacajiapbiHblH, yiopackiHAa 94 Typ 6ap. byn aiimakTta Calamagrostis epigeios TPOEKTUBTI XaMbLJIFbI
(13,64%) »xoHe bescenpinik (22,16%) 6oibiHILIa 6ackiM. Keu xaFanayapblHblH ¢yiopackl apaMIlIenTepiH,
KONTiriMeH cunaTTanajbl — 25 Typ, 6y XKaJnbl TYP CaHbIHbIH, 17%-bIH Kypalabl. ApaMiuenTep/iH
iminae Hordeum jubatum xeH TapaJifaH xaHe 6esiceH/i, 6ys Contyctik AMepuka MmeH lbirbic CibipaiH,
COJITYCTIK 6eJIiriH/ie eceTiH MHTPOAYIEHTTI }Xo9He UHBA3USJIBIK TYP.

Tyiin ce3aep: KaszakcTaH keJsfiepi, TYIbl XK9He TY3/bl Kejjep, PJOPUCTHUKANBIK alyaH TYPJIIK,
JINTOpaJIbAbl aliMakK, CylpajuTopaabbl alMak, KeJJik Teppaca

Floristic features of the Kostanay region's lakes

G.Zh. Sultangazina?, A.N. Kupriyanov?, 0.A. Kupriyanov?, S.B. Kuanyshbaev?’,
A.U. Yshak?, V.N. Chashkov?
1Akhmet Baitursynuly Kostanay Regional University, Kostanay, Kazakhstan
2Kuzbass Botanical Garden, Federal Research Center for Coal and Coal Chemistry SB RAS,
Kemerovo, Russian Federation

Abstract. As a result of the study, new fundamental knowledge was obtained on the floristic composition
of the shores of 12 natural lakes in the steppe zone of the Kostanay Region (8 freshwater and 4 saline
to varying degrees). The study of floristic features was carried out on the littoral, supralittoral zones,
and the lake terrace. The total floristic list of the shores of the studied lakes is 146 species belonging
to 100 genera and 37 families of higher vascular plants. The littoral zone is represented by 29 species.
Phragmites australis has the highest activity in freshwater lakes, forming a wide strip up to 100 (150)
m in most freshwater lakes. The species composition is mainly represented by hydrophytes and
hydrohygrophytes. The supralittoral zone is represented by 56 species. Phragmites australis has the
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highest projective coverage (35.62%), occurrence (62%), and activity (46.99). In the supralittoral zone
of saline lakes, Salicornia perennans is the most active species (11,21). The flora of the lake terraces
includes 94 species. Calamagrostis epigeios has the highest projective coverage (13.64%) and activity
(22.16%). The flora of the lake shores is characterized by a large number of weeds (25 species), which
accounts for 17% of the total number of species. Among the weeds, the adventive and invasive species
Hordeum jubatum, which is native to most of North America and northern Eastern Siberia, is highly
prevalent and active.

Keywords: lakes of Kazakhstan, freshwater and saline lakes, floristic diversity, littoral zone, supralittoral
zone, lake terrace
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YyxepoaHble ApeBeCHble PACTeHHs YIbITAyCKOr0 perioHa: MHBAa3UOHHbIN
MOTEeHIMAJI ¥ IyTH HAaTypa/IM3aLuH1

A.C. EckaHoBa'”, A. A6ayxaapip*'™, B.A. MacasioBa! ", I'T. CutnaeBa' “, H.E 3BepeB'~,
B.I. InukreroB'”, B.K. Busin6aesa! ', U.B. Ba6aii' “, C.B. Ha6ueBa' ", K.C. U36acTuHa??

HHcmumym 6omanuku u gumounmpodykyuu, Aamamsi, KazaxcmaH
2AcmanuHckuti 6omanuyeckuli cad, iucmumym 6omanuxu u gumournmpodykyuu, Acmaua, Kazaxcmat
3Kazaxckuli azpomexruyeckutl uccaedogamenwvckuli ynusepcumem um. C.Celighyanuna, Acmama, KazaxcmaH

AnHoTanmsa. HacTosiliee vccieoBaHMe MOCBAILEHO U3YYEHUIO pacnpocTpa-
HEHHUS U 3KOJIOTUYECKOU OIleHKH YY>KePOJHbIX JpeBECHBIX U KYCTapPHUKOBBIX
BU/I0B Ha TeppUTOpUM YKaHaapKMHCKOU U YIbITayCKUX PaOHOB Y/IbITayCKOH
o6siactu LlenTpanbHoro KazaxcraHa. AKTyaJIbHOCTb TeMbl 06yCJIOBJIeHA HEOO-
XOZMMOCTBI0 PAHHETO BBISIBJIEHUS U OLeHKHU NMOTEHLMaJbHOM MHBAa3MOHHOMN
OMaCHOCTU UHTPOAYLIUPOBAHHBIX BU/IOB B YCJOBUSAX CTENHbIX U JIECOCTEMHbIX
JKOCHCTEM, ySA3BUMBIX K BHELIHEMY BO3JeicTBUIO. llesblo Hcciej0BaHuUS SB-
JISIJIOCh BbISIBJIEHHE YY>KEPOJHBIX JIpeBECHbIX PAaCTEHUH B IPUPOJHBIX 6UO1Lle-
HO3ax peruoHa. B 3ajauy ucciesoBaHUi BXOJUJIO ONpeJiesieHHe cTaTyca Ha-
Typasv3alliid WHBAa3MOHHBIX BU/IOB, YCTAaHOBJIEHME BO3MOXXHOTO MCTOYHUKA
MX paclnpocTpaHeHHUs, OlleHKa arpeCCUBHOCTH, MaclITabbl pacnIpoCTpaHeHus,
yrposa abopureHHoi ¢Jiope U NMyTH CHUXKEHUSI pHUCKa 3aHEeCeHUs] NHBA3UOH-
HBbIX PacCTEHUH B eCTeCTBEHHble pacTUTeJibHble coobuiecTBa. UccnenoBanus
MOKa3bIBAIOT, UTO OLleHKa 4y»KepoAHOW JeHApodJiopbl B JJAaHHOM peruoHe
paHee He M3yyasacb, 0COOEHHO C yYeTOM CTelleHW HaTypau3alilu, XapaKTe-
pOM pacnpocTpaHeHHUs], a TaKKe BJIHUSHUS Ha abOPUTeHHYI0 PacTUTEIbHOCTD.
HayyHas HOBM3Ha 3aKJ/04YaeTCsd B KOMILJIEKCHOW OLieHKe 4yKepOJHOH JieH-
Zipodsiopbl B paHee cJab0OU3y4YeHHOM pervoHe, C y4eTOM CTeleHHU HaTypa-
JIN3alluK, XapaKTepa pacnpocTpaHeHUsl U B3aUMOJeMCTBUSA ¢ aGOpUTeHHOMH
pacTUTeNbHOCThI0. B paboTe Mcnosib30BaHbl MOJIeBble MaplIpyTHbIe 06ce-
Jl0BaHUS, TAKCOHOMHUYECKUH aHaJ/IU3, LIKaJa OLeHKHM UHBAa3UBHOCTH Ha OCHO-
Be MoJUUIIMPOBAaHHOM Kjaccupukauuu «Kogekca ynpaBieHUs] UHBa3UOH-
HBIMHU 4y>KePOJHbIMU BH/JIaMHU pacTeHUH B 60TaHMYeCKUX cajax cTpaH CHI'»,
a Tak)ke MeTo/ibl CPAaBHUTEJbHOTI0 GJIOPUCTUYECKOTO aHau3a. B pesysnbrare
MCC/eJOBaHUN B Y/IbITAyCKOW 06/1acTH ObLI BbIsIBJIEH 21 4yKepoJHBINA Ape-
BECHBbIA TAKCOH, MPEUMYLIeCTBEHHO KYJbTUBHPOBAHHbIM B paMKax JiecoMe-
JINOPATUBHBIX MEPONPUATUN WIM O3ejieHEHUs HaceJ€éHHbIX NMYHKTOB. YCTa-
HOBJIEHO, UTO YYy>KepOJHble JIpeBeCHble pacTeHUs], Takue, Kak Acer negundo,
Populus balsamifera, Fraxinus americana, npeuMy111eCTBEHHO JIeMOHCTPUPYIOT
CIopaZiiyecKUil XapaKTep pacnpoCTpaHeHUs], He MPOsIBJIsAS BBICOKOW CTENeHHU
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arpeccuBHoOCTH (paHr 0-3). OgHako Ha/JUuMe eJMHUYHbIX BCXO/0B 3a IpeJe-
JJAMU MaTepPUHCKUX KPOH M NPU3HAKHU FeHepaTUBHOM aKTUBHOCTHU Yy HEKO-
TOPBIX TAKCOHOB YKa3bIBalOT Ha MOTEHLUA/JbHYI0O MHBAa3UOHHYIO ONACHOCTD.
[losiydeHHble JaHHbIe UMEIT NpPAaKTUYeCKoe 3HaueHWe NPU IJIaHUPOBAHUU
JIECOBOCCTAHOBUTEJIBHBIX U IPUPOLOOXPAHHBIX MEPONIPUATHH B 3aCYyILLJIMBBIX
30Hax KasaxcraHa.

KiroueBnle cioBa: YibiTay, 4yKepoJHble pacTeHUs, UHBAa3WUOHHAsA JeHJpo-
¢dJi0pa, paHT arpecCUBHOCTH

BBejgeHue

M3ydyeHre MHBA3UBHBIX BU/IOB pAaCcTeHUM CTa/0 BaXXHEHILIMM HalpaBJieHHWEM COBpeMeH-
HOTr'0 3KOJIOTUYECKOTO MOHUTOPHUHTA MOCJe Kaaccuueckod pabotsl Y. Antona (Elton, 1958),
KOTOPBIN BIlepBble 0003HAYUJ CYLHOCTb OMOJOTUYECKUX MHBA3UK U UX pa3pylIUTesbHOe
BJIMSIHUE Ha 3KocucTeMbl [1]. B mocnepywoimue pecATUNeTUs BHUMaHUe HUcc/ae/oBaTesel
COCpeIOTOYMJIOCH Ha BbISIBJIEHUU (PAKTOPOB ycllexa UHBAa3UBHBIX BU/0B, TAKUX, KaK TMIIOTe3a
«Evolution of Increased Competitive Ability» (EICA), 06bsicHsAIOL[asl, KAK OTCYyTCTBHE HATY-
paJIMCTUYECKUX BParoB [103BOJIsIeT MHBAa3MBHbBIM BU/IaM llepepacnpe/iesiiTh peCypchl B 0Jb3y
pocTa U pa3MHOXKeHHUA [2]. B MUpoBOM MaciiTabe UcCCAeI0BaHUS NOCAEAHUX JIECATUIETUN
JleMOHCTPUPYIOT PaCTYILYI yrpo3y 4y>KepoJHbIX PacTEHUH Ha MeCTHble 3KOCUCTEMBI, Ha
ceJIbCKOe XO035MCTBO, NPOMBIIIJIEHHOCTb, MHQPACTPYKTYpPy U Ha 3/70pOBbe 4yesioBeka [3].
MHBa3uBHble BHU/bl CIHOCOOHBI BBITECHATb aOOpUreHHble pacTeHUs IOCPeACTBOM IMps-
MO KOHKYpPEHTHOH 60pbObI 32 pecypchl CpeAbl OOMTaHMUs, a TAaKXe 3a CUET aJljeJiona-
TU4YeCKUX 3 PeKTOB, yrHETAIOUIMX POCT U pa3BUTHE coceJHUX BUJ0B [4,5]. Kpome Toro, onu
NpeJCTaB/JAT NOTEHLHUAJbHYI0 yrpo3y reHeTHYeCKOMY pa3HO0Opas3uio MeCTHOW (Jiophl,
BbI3bIBasi MEXBUJO0BYI0 TMOpU/U3alMI0 ¢ abOpUTreHHbIMU BUaMu [6]. Bo3zelicTBue Takux
BU/IOB Ha 3KOCUCTEMY MOXKET PaCIpOCTPAHATLCA U HA )KUBOTHBIM MU, Hapyllas yCTOMYUBOCTD
Y TpPOPUUECKYIO CTPYKTYPY MECTHBIX OUO1eHO30B [7].

B TeueHuUe INTE/ILHOTO BpeMeHH Ha TeppuTopur KasaxcTaHa ocylecTB/is/1ach akTUBHas
UHTPOAYKLMUSA IpeBECHO-KYCTAPHUKOBBIX PACTEHUH B JieCHble MAacCUBBbI, O3eJIeHeHHEe J0pOT,
OXBaThIBawIllasl KaK BUJIOBbIe, TAK U JleKOpaTHMBHble pacTeHUs. B mectax ¢popmMupoBaHUA
HaceJ€HHBIX NYHKTOB YeJIOBEK lieJleHallpaBJeHHO BHeJpsiJl HOBble JJI1 perMoHa TaKCOHBI
C LleJIbI0 MOBBILIEHUSI KOMPOPTHOCTHU OKpykKarwliei cpebl [8]. B yacTHOCTH, 6bLIM MIHMPOKO
UHTPOAYLUPOBAaHbl KyJIbTHUBapbl IJIOAOBLIX JepeBbeB. OJHOBpeMEHHO MPOBOJAUJIMCH
MepONpUATHSA MO 03eJIeHEHHUI0 HaceJeHHBIX MYHKTOB C MCHNO0JIb30BaHUEM OBbICTPOPACTYILHUX
MHTPOJAYLUPOBAHHbIX JEKOPAaTUBHbIX BUJ0B, TakuX, Kak Acer negundo L., Ulmus laevis
Pall., Syringa vulgaris L., Ulmus pumila L. Ribes aureum Pursha, a Take 3akJiaZjbIBaJlCh
noJie3alUTHbIE JIeCHble MOJIOChI JIJIl OXPaHbl CeJbCKOX03IMCTBEHHBIX 3eMeJib OT BETPOBOM
¥ BoAHOU 3po3uu. B 1950-1960-x rogax B CBA3U C MaCUITaOHBIM CTPOUTEIBCTBOM aBTOMO-
OMJIbHBIX JOPOT HayaJlaCcb aKTUBHAs peasiM3alus NPOEKTOB M0 CO3JaHUI0 JJOPOXKHBIX JIeCO-
3alUTHBIX HacaxaeHui [9,10]. KpoMe Toro, ¢ 1je/1b10 yBeJUYEHUS JIECUCTOCTU CTPaHbI OCY-
11eCTBJISAJIOCh UCKYCCTBEHHOE JlecOpa3Be/ieHue Ha TEPPUTOPHUU IPUPOJHBIX IKOCUCTEM, TaKHe
paboThl IPOBOAATCA U O CeH JieHb.
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YyscepodHble dpesecHble pacmeHusl Yavlmaycko2o pecuoHa: UH8A3UOHHbLI hOMeHYuaa U nymu Hamypaausayuu

M3ydyeHreM MHBa3MOHHOM (yy>xkepo/iHoil) ¢sioprl B KazaxcTaHe yze/leHO BHUMaHUe CpaB-
HUTeJIbHO HeJaBHO. B npunaToM B 2023 rogy 3akoHe PK «O pactutensHom mupe» Ne 183 VII
oT 2 sauBaps 2023 roga opuipajibHO BBEJEHO MOHSATHE «UyKEPOJHBIA BU/l pacCTeHUHN — BUJ,
pacTeHWH, HECBOMCTBEHHBIN AJI JAHHOU TEePPUTOPUH, KOTOPBIA B Cy4yae NPOHUKHOBEHUS
B €CTeCTBEHHbIE PaCTUTEJIbHbIE COOOIECTBA MOXKET HAHECTU BpeJ, pAaCTUTE/IbHOMY MUPY», a
TaK)Ke BIlepBble YCTAHOBJIEHbI TPeO0BaHUSA K GUTOCAHUTAPHOMY MOHUTOPUHTY, BbISIBJIEHUIO
U 60pbbe C 4y>KepoJHbIMU BUJIaMH PAaCTEHUH, BKJ/OYash UX paclpoCTpaHEHHe KaK yrposy
pactutenbHomy mupy ([1aBa 1, cratb4 1, n.23, 3akoH PK «O pactutenbHoM Mmupe» Ne 183 VII
oT 2 siuBaps 2023 roza).

B 2024 ropy BnepBble 33/l0KyMEHTHPOBaHbl KpyIHble odaru Heracleum sosnowskyi u
Echinocystis lobata Ha 10ro-BOCTOKe CTpaHbl, CIOCOOHblE GPOPMUPOBATH MJIOTHbIE 3apPOCIU
M HapyllaTb ecTecTBeHHble coobuiectBa [11]. B arpapHoi 30He AyiMaThl 3apUKCHPOBAHBI
MHBa3UBHble U KapaHTUHHbIEe BU/bl, B TOM 4ucie Ambrosia artemisiifolia, Cuscuta spp. u
Acroptilon repens, oka3plBarole OTpULLATENbHOE BJIHUSIHME HA CeIbX03YT0/bsl U YPOXKaNHOCTb
[12].

B 2023 rony y4éHbiMU UHCTUTYTa 60TaHUKU U QUTOUHTPOAYKIMU Obla ONyOJMKOBaHA
nepBas B uctopuu Kazaxcrana «4épHast kKHUra AJIMaTUHCKOM 00/1aCTH», B KOTOPO 06006 11eHbI
cBefleHHs1 o 71 HauboJiee HIHMPOKO PACHPOCTPAaHEHHOM HWHBA3WUBHOM BHUJE COCYAUCTbBIX
pacteHui pervoHa [13]. HecMoTps Ha pervoHa/IbHbIA 0XBaT UCCJIeJOBAHUS, TOJI0XKUTEIbHAs
JIMHAaMUKa paccejieHWs] MHBa3UBHbIX BUJI0B GUKCUPYeTCsl Ha Bcel TeppuTopuu KazaxcTtaHa,
YTO CBU/IETEJIbCTBYET 006 YCUIEHUU OMOJIOTUUECKHUX MHBAa3UM B MacliTabax CTpaHbl. B cBs3u
C 3TUM paHHee BbISIBJIEHUE U MOHUTOPUHI OYaroB pPacHpOCTPaHEHHS MHBA3UBHbIX BH/IOB
NpeJCTaBJASAT COO0M KJ/O4YEeBOW 3/7eMeHT 3PpPeKTHBHOM CHUCTEMbl NPEBEHTUBHBIX Mep,
HanpaBJ/IeHHbIX Ha OTPaHUYEHUE UX Jla/ibHENIero MPOHUKHOBEHHUS U CHU>KEHUE HEeraTHBHbIX
3KO0JIOTO-9KOHOMUYECKUX TMOCJeACTBUMA. IJKOJOTMYEeCKHe W 3IKOHOMHUYECKHE YOBITKH,
00yC/IOBJIEHHbIE PACpOCTPaHEHHUEM UY>KepPOJHbIX HWHBAa3MBHbIX PacTEHUH, 00yC/IaBJIMBAIOT
Heo6X0AMMOCTb 6€e30T/IaraTe/ibHOr0 MPUHATHUS HOPMaTHUBHO-NIPABOBBIX Mep KaK Ha YpPOBHe
pervuoHaJbHbIX NMPAaBUTEJbCTB, TaK U CO CTOPOHbI OTBETCTBEHHbIX OPraHOB yNpaBJIeHUS
npupoAHbIMU pecypcamu [14]. IPdekTUBHOE NPOTHUBOJENCTBUE OHOJOTUYECKUM UHBA3USAM
TpebyeT UX PacCCMOTPEHUS B KOHTEKCTEe MeX/yHapoJHOr0 COTPYJHUYECTBA U KOOPAUHALUU
yCUJIUHM Ha r/106aibHOM ypoBHe [15]. HecMoTps Ha HapacTalllyo aKTyaJlbHOCTb MPO6JIeMbl
O6MO0JIOTUYECKMX WHBa3uM, B cTpaHax LleHTpasbHOW A3MM [0 HeJaBHEro BpeMeEHHU
OTCYTCTBOBAJIM CUCTEMAaTHU4YeCKHWe MCCAeLOBAaHUS, HaIlpaBJeHHble Ha HWHBEHTApU3aLMIo
Yy>KepOAHbIX pacTeHUM. B yacTHOCTH, B TakUX rocypapcrBax, Kak KasaxcraH, Tafgxukncras
M TypKMeHHCTaH, HaljMOHa/IbHble NMEepPeYHU HUHTPOJAYLMPOBAHHbIX U HMHBA3WBHBIX BH/IOB
cocyucToM GJiopbl He 6bLIM 0PULIMaTBHO CGOPMUPOBaHHI [3].

B 2024-2025 rr. B paMKax peanu3saunuu nporpaMmbl «Co3zaHue Kajgactpa pacTteHui
YnbITayckod 06J1acTM Kak peanu3anus 3afad 3akoHa PK «O pactuTesbHOM Mupe» s
YCTOMYMBOIO MCHOJb30BaHUsSI OOTAaHMYECKHUX pPEeCypcoB peruoHa» ObLIM MpOBeJeHbl
1eJieBble 3KCNEeAULMOHHbIE HCCIeL0BaHUs B 00/1aCTh Y/bITay Ha NPUPOJHblE TEPPUTOPUU
KaHaapKMHCKOro M YibITayCKOro panoOHOB, pacnoJsiokeHHbIX B lleHTpasipHoM KasaxcraHe.
OCHOBHOM Lie/IbI0 HACTOSAILEr0 MCCJAe[0BAaHUSA fBJAJACh WHBEHTApHU3aLUs 4YYy»KepOAHbIX
JlpeBECHBIX BU/I0B, MHTPOAYLIMPOBAHHBIX MJIM HAaTypaJM30BaBLIMXCA B COCTaBe MPUPOAHBIX
HOMyJISIUM YKa3aHHbIX PEruoHoOB. BbisiBIeHUEe eCcTeCTBEHHOW JpeBeCHO-KyCTapHHUKOBOMU
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bJ10peI 06C/I€[lyeMBbIX PETHOHOB /IS U3YyYEeHHsI CTEeleHU POHUKHOBEHHS B 3TH COO6IIECTBA
Yy»KEPOJHBIX BU/IOB. B CBSI3W € 3TUM B 33/1a4y MCCJIeIOBaHUI BXOAUJIO ONpe/iesieHHe CTaTyca
HaTypa/iu3alldi WHBA3WOHHBIX BU/JOB (YCTAHOBJIEHHE BO3MOXXHOTO HCTOYHHMKA HX pacl-
poCTpaHeHHus ), OlleHKa arpecCUBHOCTH, MacIITabbl pacnpoCcTpaHeHUs], yrpo3a abopUreHHOM
bJiope ¥ My TH CHUXKEHUS] PHUCKA 3aHECEHUs] PAaCTEHUH B eCTECTBEHHbIE PACTUTE/bHbIE CO00-
1eCTBa.

06 BbEKTHI 1 METO/bI MCCJIeJOBAaHUM

O6'beKTOM MCCIEe[0OBAaHUS BbICTYNAET TEPPUTOPHS YIBITAYCKOTO pailoHa, 3aHUMMarouias
miomaab 12 293 105 ra. CorsiacHo JaHHbIM HaloHa/ibHOT'O 3aNI0BEeIHUKA-MY3es «YJIbITay»
Y CBOAHBIM KJIMMAaTH4YeCKUM XapaKTepUcTHUKaM KynpusaHOBa, perMoH OT/IMYaeTCs pPe3Ko
KOHTHUHEHTAJIbHBIM M 3aCyLIJIMBbIM KJIMMaTOM. JIeTHUM NIepuo/, XapaKTepHU3yeTCsl BBICOKUMHU
TeMIlepaTypaMH, JOCTUTaUMMu +45 °C, Torja Kak 3MMOM OTMeYalTCsl CUJIbHble MOPO3bI
¢ MMHUMyMaMu 0o -46 °C. KosimuecTBO 0caJlkoB B XOJIOJHBIA Ce30H (C HOSAOpsS MO MapT)
BapbHpyeT B npejenax 50-75 MmM. CHeXKHbI MOKPOB KoJiebsieTcs oT 12 cM Ha wore a0 20 cm
Ha ceBepe pailloHa, A0CTUrasi MaKCUMaJbHbIX 3Ha4YeHU# 710 40 cM. ITO NPUBOAUT K IVyOOKOM
IpOMEep3JIOCTH MOYBbl — JO 2 MeTpoB. [IpoJo/nKHTeNbHOCTh 6€3MOpPO3HOro mNepuoja
coctaBJsiseT 113-170 gHel, BereTallMOHHbBIM epuof — okoJio 172-178 nHel. Knnmatuueckue
yCJIOBUS OCJIOXKHSIIOTCS YaCThIMU 3UMHUMHU OypaHaMU M CHEXKHbIMU 3aHOCaMH, BbI3BAaHHbIMU
I0ro-3anaJHbIMU BeTpaMH, YCUJIeHHe KOTOpPbIX OOYC/JI0BJIEHO PAaBHUHHBIM XapaKTepoM
pesnbeda. BecHa HacTymaeT OBICTPO, Iepexoj MexJy ce30HaMu pe3kuil. OCHOBHasi 4acCTb
roJloBbIX 0caZiKoB (10 250 MM) BblNIalaeT c anpeJisi [0 OKTAOPb, C MAaKCUMYMOM B UIOHe. BTopas
II0JIOBMHA JIETa CONPOBOXKAAETCA AJUTENbHOU 3aCyX0H, YTO HAPAAY C CUJIbHBIMUA BETPaMH U
IbLJIbHBIMU OYpPsSIMU CIOCOGCTBYET UCCYILLIeHUI0 oYB [16,17].

Penbed TeppuTOpuM mpejCcTaB/eH 4YepesjOBaHUEM MEJIKOCOMOYHbIX, XOJMHUCTBIX MU
HU3KOTOPHbIX GOpPM C OOIIMPHBIMHA MEXCONOYHBIMM BHAJUHAMHU. ['MAposioruyeckasi ceTb
BKJIt0O4aeT 12 pek, 6osiee 100 pogHukoB U 11 o3ep. Haubosiee npoTs»KeHHOU AIBJSETCA peKa
Kapakenrup (okosio 350 kM). B sieTHUH nepuof 3HaUMTeJibHasi YacTb BOJAOEMOB YAaCTUUYHO
nepecbiXxaeT WJIU CylleCTBEHHO COKpallaeTcs B miowaau. Cpeau Haubosiee 3aMeTHBIX 03ep
pervoHa cjaefyeT orTMeTUTh KapakolbiH, Aliukosb, bapakkosb 1 Kockoib.

Hamu uccieoBaHusi OpPUEHTUPOBAJIMCb Ha BbISIBJIEHUE UyKepOoAHOH ¢Jopbl myTeM
BU3YyaJIbHOTO OCMOTpa MPUPOAHBIX COOOLIECTB U MNPU OOHAPYKEHUHM 3aKJIaAblBaIUCh
MOJieJIbHble IJIOUIAJIKM B TPEXKPAaTHOW MOBTOPHOCTU C MaKCUMaJIbHOU mowazasio 20x20
M, U ¢pukcayueir GPS koopauHaT. Ha ucciaefyeMbix ydyacTKax MPOBOAMJICA YYET BUA0BOIO
pa3Hoobpas3us JpeBeCHOU U TPaBSHUCTOM paCTUTENbHOCTH C pa3TPaHUYEHUEM 10 IPOUCXOXK-
JleHH10: abopUreHHble BU/bl, IpeiHAMEPEHHO UHTPOYLIUPOBaHHbIE JipeBeCHbIE YyKEPOAHbIe
BU/Ibl, NHBAa3MOHHbIE TAKCOHBI, @ TaKXKe Yy:KepoJHble BU/bl, 006J1alal0le CIOCOOHOCTbIO K
HaTypa/iausauuu. OneHKa ocyliecTBIIAIach B KOJMYeCTBEHHOM BbIPaKeHHUH.

CTeneHb arpecCMBHOCTH YyKEPOJHBIX BHUJOB OCYILECTBJIAJACh MO0 METOAMKe, IpenJio-
YKEHHOH B KOJIJIEKTUBHOM MOHOTpadUu «ACCOPTUMEHT Y KaTaJoT JpeBeCHbIX paCTeHUH, PEKO-
MEeH/I0BaHHbIX JJis1 03esieHeHHUd TI. AsiMaThl» [18]. [l/1g OLleHKH arpecCUBHOCTU YYy>KepOJHbIX
BU/IOB B IPUPOJHbBIX NONMYJIALHMAX Obla ajlallTUPOBaHa CyLeCTBYIOLAsi MeTO/MKa HAa OCHOBE
kaaccupukanuy, npejyoxkeHHorM B «Kojekce ynpaB/ieHMS] MHBAa3MOHHBIMU 4y:KePOJAHBIMU
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BUJIAMHU pacTeHUM B 60TaHMYecKUX cajax crpaH CHI'» [13,19]. B cooTBeTCTBUM C LieJSIMU
Halllero Ucc/ae/J0BaHUSA LIKaJla arpecCUBHOCTH 6bl1a MoAUMpULMPOBaHa: NyTéM 00'beJUHEHUS
OT/eJIbHBIX PAHT'0OB 00lIjee KOJIMYeCTBO KaTeropui 6b110 cokpaieHo ¢ 10 70 9. O6HoBIEHHas
Bepcus npejcTaB/ieHa B Tabaule 1. OnpesesieHrve BUJ0BOW NPHUHA/JIEKHOCTH TPOBOJUIIOCH
no ®nope Kaszaxcrana (1956-1966) u unTepHeT-ucTOo4HUKY [lnantapuym [20,21].

Ta6smmna 1

CpaBHPITeJIbHaH TaGJII/I].la PAHI OB arpeCCUBHOCTH

CraTyc ByivsiHue Ha pacTUTe/bHbIe coobuiecTBa | OIleHKa CTeNeHU arpecCUBHOCTU
no «Kozekcy ynpaByieHds MUHBa3UOHHBIMU | JpeBECHBIX 4yKEPOJHBIX BU/I0B
Yy>KepOAHBIMU BUJAMU pacTEHUHN
B 60TaHUYeCcKUX cajax cTpaH CHI'»
Cratyc 1 AKTHUBHO BHeJPSIIOTCS B eCTECTBEHHbIE U | 8 — 3ace/isieTcsl MOBCEMECTHO B
Bugpbr - [0JIyeCTECTBEHHbBIE COOOLECTBA, U3MEHS- | IPUPOJHbIE 3KOCUCTEMBI;
«TpaHchopMephI» | IOT 0O6JMK IKOCUCTEM, HAPYLIAIOT CyKLec- |9 - YcTaHOBJIEHBI CIydyau NpUo6-
CHUOHHBIEe CBfI3H, BLICTYNAIOT B KA4YeCTBe peTeHUs1 BUAO0M JJOMUHHUPOBAHUSA
341 PUKATOPOB U JJOMUHAHTOB, 06pasys B IPUPOAHBIX 3KOCUCTEMAX C
3HauYMTeJbHbIE N0 [JIOLAJY OJJHOBU/IOBBIE | Ipeobpa3oBaHueM UX GUTOLEHO-
3apOCJIY, BBITECHAIOT U IPENATCTBYIOT THUYECKOI'0 COCTaBa
BO300HOBJIEHUIO BU/IOB NPUPOAHOH dJi0-
pbI
CraTyc 2 AKTHUBHO paccesdwiiuecd M HaTypaausy- | 6 — [locessgeTca eAMHUYHBIMY pac-
IOl ecs B HApYIEeHHBIX I0JIyeCTeCTBEH- | TEeHUAMM 3a NIpeJieJlaMU y4acTKa,
HBIX U €CTECTBEHHbIX MECTOOOHUTAHUSAX rZle Ipou3pacTalT MaTepUHCKHE
pacTeHusd;
7 - IlocensaeTca KypTUHAMU U
polMLIaMHy JajaeKo 3a npejeaMu
y4acTKa, TZie Ipou3pacTarT MaTe-
PHUHCKHE pacTeHHUs
Cratyc 3 Paccendwmueca u Hatypaausywiueca B | 3 - EJMHUYHBIe [TOCeJeHUs 3a
HacTosllee BpeMs B HapyLIEeHHbIX MECTOO- | TPaHULAMH KPOH MaTEPUHCKOTO
OUTaHUSX, B X0/le Ja/ibHelIlIel HATypalu- | pacTeHus;
3allMM HEKOTOPBIE U3 HUX, T0-BUAUMOMY, |4 - O6pa3yeT KypTHHbI U POLHLbI
CMOTYT BHEJIDUTBCH B I0JIYeCTeCTBEHHbIE | 3a IpeJieJlaMU KPOH MaTEPHUHCKUX
Y eCTeCTBEHHbIE COOOLIeCTBa pacTeHul;
5 - 3acenseTca noBceMeCTHO Ha
y4acTKe, I/le IpoM3pacTaroT MaTe-
PHUHCKHE pacTeHHUs
CraTyc 4 [ToTeHLiMa/IbHO MHBAa3UOHHbIE BU/IbI, 0 - duToLEHOTHYECKAS arPeCcCUB-

CIIOCOOHBIE K BO3OOHOBJIEHUIO B MeCTax
3aHOCa U l'IpOHBI/IBH.II/Ie Ce6H B CMEXHBIX
peFI/IOHaX B Ka4yeCTBe HHBA3WMOHHBIX BU/J0B

HOCTb He BbIABJIEHA,

1 - EAMHUYHOe NocesieHue Mo/
KPOHOW MaTEPUHCKOTO pacTEHUS;
2 - MaccoBoe nocesieHU€e O, KpO-
HaMHM MaTEPUHCKOTO pacTEHUs
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PesynbsTaThl

Jl/1s1 OLleHKY MHBAa3WOHHOTI0 MOTEeHLMaJa PeBECHBIX Uy>KEPOJAHbIX BU/I0B, BbISIBJIEHHBIX Ha
TEPPUTOPUU U3y4YaeMbIX MPUPOAHBIX U aHTPONOreHHO TPaHCHOPMHUPOBAHHBIX IKOCUCTEM,
IprYMeHeHa CpaBHUTeJibHas LiKaja arpeccuBHocTU (Tabsauua 1). /laHHas kjaaccudukanus
N03BOJIIET Pa3TPaHUYUTb BH/Jbl N0 CTENEHUM HUX BJIMSAHUS Ha MeCTHble (QUTOLLEHO3bl U
XapaKTepy paccejieHUs. B ocHOBe mo/ixo/ja JIeXKUT KOMIIJIEKCHbIM aHa/Iu3 TaKUX MPU3HAKOB,
KaK CIIOCOOHOCTb K BOCHPOM3BO/CTBY, CTENeHb HaTypa/M3aluyd, UHTEHCUBHOCTb PacnpocT-
paHeHUsl 3a NpejesaMd MeCT MHTPOAYKLMH, a TaKXXe WX BO3JleCTBUE Ha CTPYKTYpy H
JMUHAMUKY pacCTUTEJIbHbIX CO0011eCTB. Kaxk/ib1i B/ OTHECEH K OJJHOMY M3 YEThIPEX YCIOBHBIX
CTaTyCHBbIX PAaHTOB — OT MOTEHLHUAa/JbHO WHBA3UBHBIX [0 BUAOB-TpaHCHOpPMEPOB, aKTUBHO
3aMellallUX ab0pUreHHYI ¢GJiopy U MOAMPULUPYIOIIUX IKOCUCTeMHble cBsA3U. OueHka
CTelNeHU arpecCMBHOCTU CONMPOBOX/AJach MCIOJb30BaHUEM OalibHOW wiKasbl (0T 1 g0 9),
OTpakarollleid MHTEHCMBHOCTb paccejieHUs M CIOCOOHOCTb K GOPMHUPOBAHUIO YCTOMUUBBIX
HnonyJasuil. Pe3ysnbTaThl KiaccupUKaL UK peJCTaBJAeHbl HUXE.

OyeHKka azpeccusHocmu YyxepoodHblX OpesecHO-KyCmapHUKosblx 8udos 8 KaHaapKuHCKoM
patioHe

[To pesysibTaTaM 06c1eoBaHUA B 2 KaHaapKMHCKOM pailoHe 6b1710 3adUKCUpoBaHO 13 BHU/10B
YY>KepO/JHbIX JpeBeCHO-KYCTapHUKOBBIX pacTeHUl (Tabsvua 2). Haubosbliee KOJM4YeCTBO
YYaCTKOB C yYaCTHEM YYyXKEPOAHBIX BUJ0B 3aperucTpupoBaHo ausa Ulmus pumila (15 yyacTkoB),
Populus balsamifera (14 yyactkoB), Acer negundo (11 yyactkoB) u Ulmus glabra (10 yyacTkoB).

Ta6smmna 2
To4yKH MCC/IeAOBAHMS YYKEPOAHBIX pacTeHUu# B JKaHaapKUHCKOM paiioHe YIbITayCKO# 06/1acTH

leorpaduueckue | HasBaHHe MecTHOCTH HasBaHue pacTeHui PaHr arpeccuBHOCTH
KOOP/IMHATHI
N 48°56'36.91” Tpacca Ha blHTasMBI, Malus domestica (Suckow) 0
E 71°12’55.80” Mausbiit TepbyTait Borkh.
OyJ1aK
N 48°55’38.82” Tpacca Ha blHTasbI, Acer negundo L. 0
E 71°04’22.82" JlecosauuTHas moJsioca Ulmus pumila L. 0
Ulmus glabra Huds. 0
Populus balsamifera L. 2
Ribes aureum Pursh 0
N 48°55’3.85” Tpacca Ha blHTas1BI Ulmus pumila L. 0
E 71°0'32.21” Acer negundo L. 0
N 48°55’38” TeppuTtopus Pinus sylvestris L. 1
E 70°56’53” Kapaaramickoro Populus balsamifera L. 3
Jlecxo3a Ulmus pumila L. 0
Fraxinus americana L. 2
Elaeagnus angustifolia L. 0
N 48°52°41.23” Bogoxpanunuie Ulmus pumila L. 0
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E 71°35°7.71” uapoanus AKTacTUH- Populus balsamifera L. 2
CKO€ BOJIOXpaHUJIUIILE Caragana arborescens Lam. 0
N 48°58'07” Tpacca KM-4 Acer negundo L. 4
E 71°15°35” Malus baccata (L.) Borkh. 0
N 48°46’58” buavkckoe Bogoxpa- Acer negundo L. 4-7
E 72°02°29” HUJIU1LEe Ha p. Capbicy Populus balsamifera L. 3
Salix alba L. 0
Ulmus pumila L. 0
Ribes aureum Pursh 0
Elaeagnus angustifolia L. 0
N 48°47'12” P. Capsicy, Elaeagnus angustifolia L. 0
E 71°59°05” KaHaapKuHCKUHA Acer tataricum L. 0
paloH, MoCT Acer negundo L. 0
Ulmus pumila L. 0-3
Populus balsamifera L 2
N 48°50’31” Peka llleTeH Ulmus pumila L. 0
E 72°03'46” Elaeagnus angustifolia L 0
N 47°48'49.08” [opsl ATacy Ulmus pumila L. 0
E 71°58°2.26” Ulmus glabra Huds 0

ITHU BUABI JEMOHCTPUPYIOT YMEPEHHYIO CTelleHb HaTypaJu3alUu U YCTOMYUBOE BOCIPO-
M3BO/ICTBO B NPUpPOAHOU cpesie. 0COGEHHO BbIpaXKeH arpecCUBHbBIN MOTeHLal Acer negundo,
KOTOPbIN BCTpevyaeTcst Ha 5 yyacTKax ¢ 6a/jioM 7, YTO COOTBETCTBYET CTaTycy 2. JJaHHbIN BUJ
AKTHUBHO PaCpOCTPaHSETCs U MPOSIBJISIET CIOCOGHOCTD K HATYpaIM3alliU KaK B HapyIlIeHHbIX
MI0JIyeCTECTBEHHbIX, TAK U B OTHOCHUTEJIbHO CTAOUJIbHBIX €CTeCTBEHHbIX MeCTOOOUTAHUSX,
OCBavBasi HOBble y4acTKM W (OpMHUpYs yCTONYMBBIE MNOMNYJSLIMU 32 IMpeJesaMu 30H
IepBOHAYa/JIbHOTO UHTpoAyLMpoBaHus (PucyHok 1a). 3adpukcupoBanbl nocaaku Kiena ame-
PHUKaHCKOrO Ha BHUJAaWKCKOM BOJOXpaHUJIMILE, MPUBEJIINE K BbITECHEHHUIO €CTEeCTBEHHBIX
MBHAKOB (Salix caspica Pall., Salix cinerea L., Salix tenuijulis Ledeb. v Salix viminalis L.)

Bugbl Populus balsamifera v Fraxinus americana (Pucynoxk 1b u 1c¢) npogeMoHCTpUpOBaIu
yMepeHHbIN YpOBEeHb arpecCMBHOCTH, He NpeBblIAWIUN 3 6asjioB, COOTBETCTBYOIUN 3
CTaTyCy, Ha OT/leJIbHBIX y4acTKax 3apUKCHPOBAHO PACIPOCTPAHEHHE 3a KPOHAMU MaTEPUHCKUX
pacTeHUH. ITO MOXKET CBUZAETEJNbCTBOBATh O HAayaJbHbIX CTAAUSAX HATypaJU3alUU JJaHHbBIX
TAaKCOHOB U OTEHI[MA/IbHON BO3MOXKHOCTH UX JajibHeH1Iero pacnpocrpaHenus. HecMoTps Ha
OTCYTCTBHE IPU3HAKOB BbICOKOW arpecCUBHOCTH, UX YCTOMYHUBOE MPUCYTCTBUE HA HECKOJIBKUX
ydacTkax (cooTBeTcTBeHHO B KapaarauickoMm Jiecxo3e) Tpe6yeT BHUMaHUsl, 0COOEHHO B CBeTe
BO3MOXXHOT'O GY/IyIlero YCUJeHUs1 UX MHBAa3UOHHBIX CBOMCTB MPU U3MEHEHUH IKOJIOTUY€ECKUX
ycinoBUK. P balsamifera [eMOHCTpPUpYET BBbIPaKEHHYI CIIOCOOHOCTb K BereTaTUBHOMY
Pa3MHOXKEHHUIO 3a CUET MOPOC/IH, AKTUBHO PaCCeIsisiCh B IIpeiesiax JIeCO3alUTHOM MOJIOCHI, YTO
CBUZETEJILCTBYET O BLICOKOM YPOBHE €r0 a/JallTAllMOHHOTO0 NOTEHIMAJIA K YCJIOBUSM peruoHa.
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PucyHok 1. a) [lnogoHoweHue Acer negundo o pyciy pyubsi; b) [lopocnieBoe paccenenue Populus
balsamifera B neco3amuTHOM noJsioce ¢) Camopaccesnienue Fraxinus americana B ieconocajkax
B Kapaarauickom Jiecxose

B TO >xe BpeMs 60JIbLIMHCTBO APYTUX MHTPOAYLIMPOBAaHHBIX BUJ0B, TAKUX, Kak Malus domestica,
Malus baccata, Salix alba, Acer tataricum, Caragana arborescens v ip., 3apeTMCTPUPOBaHbl Ha
1-2 y4acTkax ¥ He NIPOSABJAIOT IPU3HAKOB 3HAYUTEJbHOW MHBAa3MOHHOM aKTUBHOCTH (6aJ1J1bl
0-2, craTtyc 4), 4TO MOXeT CBUJETEeJbCTBOBaTb 00 UX OFPAaHUYEHHOM pPaCHpOCTPaHEHUU
10/i KpOHAaMM MaTepPUHCKHUX pAacTeHUW WM HadaJbHbIX CTaJUAX WUHTPOAYKUUU. Bup Pinus
sylvestris, ucnosb3yeMbli B Kapaaramickom JecHH4YecTBe B KadeCTBe JIeCOKYJbTYPHOU
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OPO/AbI, MO pe3yJbTaTaM HalllMX HAbJII0JeHUH OTHeCEH K 1-My paHTry arpecCUBHOCTH. [Ipu
3TOM B OTJeJIbHBIX Cly4asX 3apUKCUPOBAHO OIPaHUYEHHOE CeMEHHOe BO30OHOBJIEHUE, HE
CBUJETEJIbCTBYIOILEE O TEHJAEHIIMU K aKTUBHOMY HaTypaJIM3allUOHHOMY IPOLLECCY.

TakuM 06pa3oM, Mo COBOKYNHOCTH IOKa3aTeJsiell 6b110 BbisiBJIeHO 3 BUJa (Acer negundo,
Populus balsamifera, Fraxinus americana) ¢ BbICOKHM UHBa3WUOHHbBIM MIOTEHIIMAIOM, TPEOYIOINX
Jla/IbHeN1Iero MOHUTOPUHTA U IPUMEHEHUSI Mep M0 OTPAaHUYEHHI0 UX PACIPOCTPAHEHUSI.

HccienoBaHus, NpoBei€HHbIE B IPUPOJHBIX 9KOCUCTEMAX C 1I€JIbI0 BbISIBJEHUS Yy KEPO/I-
HbIX JIpeBECHO-KYCTAPHUKOBBIX BUJOB, OKa3a/y, YTO HA 006C/Je0BaHHbIX y4acTKax UHTPO-
YU eHTbl, KaK MpaBUJO, He TMPOSBJSIOT BbIPAXKEHHOW arpecCUBHOCTHM W COXpaHSETCs
YCTOMYMBOE MPUCYTCTBHE AOOPUTE€HHOW PACTUTEJbHOCTU. B 4aCTHOCTH, TaKhe BH/bI, KaK
Spiraea hypericifolia, Caragana frutex, Rosa cinnamomea, Rosa glabrifolia, Salix cinerea, Salix
tenuijulis, Ribes aureum, Betula pendula, Juniperus sabina, Populus tremula, Lonicera tatarica,
Tamarix sp. v Jpyrue JeMOHCTPUPYIOT BbICOKYI YCTOMYUBOCTb K BO3/]eICTBHI0O MHBA3UBHBIX
BUJ0B. Tak, Ha mJouiaJikax C paHroM arpecCMBHOCTH 4YY>XePOJHbIX BUJ0B 4-7 6a/0B,
npucBoeHHoOU Acer negundo, Populus balsamifera u Ulmus pumila, 66111 Takxe 3apUKCUPOBAHbI
abopureHHble KYCTapHUKHU U [iepeBbs, BKJIO4asa Spiraea hypericifolia, Salix spp., Ribes aureum,
Caragana frutex, Rosa spp. B 11eJ10M B3ToM palioHe HaMU 3apUKCHPOBaHO 33 BUa abOpUTEeHHbIX
JIpeBEeCHO-KYCTapHUKOBBIX PACTEHUH.

HecMoTpsi Ha Ha/IMUMe YyKEPOJIHBIX JlePEBbEB HA MHOTHUX y4YacTKax (B TOM YMCJie B JIeCo-
10J10CaX, MPUOPEXHbIX 30HAX, BJ0Jb TPACcC U OKOJIO BOJAOXPAaHUJIMI), HUKAKUX NMPU3HAKOB
IIOJTHOT'O BbITECHEHUSI MECTHBIX BHJIOB He 3adUKCUPOBAaHO. BMecTo 3Toro HabGJ0faeTcs
COCyILleCTBOBaHHeE, IPU KOTOPOM abOpUTeHHble pacTeHUsI NPOAOJIKAIT BBINOJHATb 3KO0JIO-
ruyeckde QyHKUUM B O6uoueHo3axX. TakuM ob6pa3oMm, MecTHass ¢Jiopa JeMOHCTPUPYET yc-
TOMYMBOCTh K HMHBA3WOHHOMY JIaBJIEHHIO, XOTs Ha OTJeJbHbIX ydacTKax (0Co6eHHO B
JIeCO3alUTHBIX 10J10CaX U BOJIM3U BOJLOEMOB) TpeOyeTCs] MOHUTOPUHT B CBSI3U C BO3MOXKHOM
TpaHcpopMaL el pacTUTENbHOr0 MOKpoBa. [losyyeHHble JJaHHblE MOJYEPKUBAIOT HEOHXO-
JIUMOCTb OLleHKU KOHKYPEHTHbBIX B3aUMOOTHOILEHUH MeX/1y ab0OpUTeHHbIMH U 4yKePOJHbIMHU
BU/IaMH, 2 TAKXKe MPOA0KEHUS HAO/II0jeHUH 3a UX IUHAMUKOM BO BpEMEHH.

OyeHka azpeccusHOCMU 4yxHcepoodHbIX dpesecHO-KyCmapHUKOo8bIX 8Ud08 8 Y1blmaycKoM patioHe

[lonieBble uccaefoBaHUdA, IPOBeAEHHbIE HAa TeppUTOopUU ['ocysapcTBEHHOr0 HalUOHAJb-
Horo npupozaHoro napka (ICHII) «YabiTay» U npuierarouyx NpupoAHbIX y4acTKaxX YIbITayCKOU
006.J1aCTH, BbISIBUJIM3HAYUTEIbHOE BUJ0BOE PA3HO0Opa3reaboprureHHOW JpeBECHO-KYCTapHUKOBOM
bJiopbl. Bcero Ha 06c/1ejoBaHHBIX 33 TOYKaX ObLIO BbISIBJIEHO 24 JJpeBeCHO-KyCTapHUKOBbBIX
TakcoHa. HanboJsiee yacTo BCTpeyarIMMUCS PeJCTaBUTESIMUA KOPeHHOU (J10pbl OKa3alUCh
BU/Ibl pOAi0B Spiraea, Rosa, Salix, Populus, Caragana, Lonicera v Betula, xapakTepu3youuecs
IIMPOKOM 3KOJIOTMYECKOW aMIIUTYOM U CIIOCOOHOCTBIO aJaNTHUPOBATBhCA K Pa3IUYHbIM
MUKPOKJIMMaTUYEeCKUM YCJI0BUSAM pervuoHa. OcCOGEHHO BbIJEJATCS TaKue BH/bIL, KakK
Spiraea hypericifolia L. u Rosa glabrifolia C.A.Mey. ex Rupr., IpUCyTCTBYIOLHA€E HA OOJILIINHCTBE
o6cyielOBaHHBIX IJIOLIAJI0K, BKJIKOYas TPYAHOAOCTYNHble TOpPHble YYacTKU U NOUMEHHbIe
3KOCUCTEMBI.

O HOBpEMEHHO C 3TUM Ha 4YacTU 00CJe[J0BaHHbBIX MJIOLIAJ0K ObLIM 3adpUKCUPOBaHbI 8
Yy>KepOoJHbIX JpeBeCcHbIX BUJ0B (Acer negundo, Ulmus pumila, Populus balsamifera, Malus
domestica v ip.), 0fHAKO UX pacpOCTpaHEeHUEe HOCUT XapaKTep TOUYeUHbIH, 6e3 06pa3oBaHus
KPYIHbIX, YCTOWUUBBIX NONY/ALMNA UJIU JOMUHUPOBaHUA B coobuiectBe (Tabanna 3).
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Ta6smna 3
To4yku Mcc/lef0BaHMS ApPeBeCHO-KYCTAPHUKOBOU ¢QJI0pbI B YIBITAYyCKOM palOHe
YibITayCKOM 06J1aCTH

HasBaHue MeCTHOCTH, Rosa glabrifolia C.A. Mey. ex Rupr.
reorpapuyecke KOOpAMHATE Rubus caesius L ViHBa3uBHbIE /I/K BU/bI
C paHI'OM arpeccuBHOCTH
Tpacca Xeskasras - YiabiTay, Atraphaxis sp Populus balsamifera - 0
poaHuk Kymbicoyiak Spiraea hypericifolia L. Ulmus pumila - 0
N 48°02°59.08” Lonicera tatarica L. Ulmus laevis - 1
E 67°11°05.32” Rosa spinosissima L. Populus italica - 0
Rosa glabrifolia C.A. Mey. ex Malus domestica - 0
Rupr. Acer negundo - 0
Salix alba L. Syringa josikaea - 0

Rosa laxa Retz.
Rosa acicularis Lindl.
Caragana frutex (L.) K. Koch

03epo Kymabaii, HIII «Ynbr- Caragana frutex (L.) K. Koch

Tay» Spiraea hypericifolia L.
N 48°36’56.77” Salix caprea L.
E 67°01'12.49” Caragana sp

Rosa persica Michx. ex Juss.
Rosa glabrifolia C.A. Mey. ex Rupr.
Rosa spinosissima L. He o6Hapy»xeHO
Lonicera tatarica L.
Betula pendula Roth
Populus tremula L.
Salix caprea L.

Topsl Yaertay, 'HIIII «Yabitay» Spiraea hypericifolia L.
N 48°35’48.05” Rosa persica Michx. ex Juss.
E 66°57'47.71” Caragana frutex (L.) K. Koch

Rosa glabrifolia C.A. Mey. ex Rupr.
Populus tremula L.
Lonicera tatarica L.

Rosa cinnamomea L.

Crataegus korolkowii L. Henry Ulmus pumila - 0
Caragana sp Acer negundo - 0
Rosa spinosissima L.
Amygdalus nana L.

Cotoneaster melanocarpus
Fisch. ex Blytt
Betula pendula Roth
Juniperus sabina L.
Cotoneaster oliganthus Pojark.
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T'opsl ApraHartsl, peuka, 'HIIII Salix sp
«YneITay» Spiraea hypericifolia L.
N 49°01'53.51” Rosa spinosissima L.
E 67°02°32.66" Atraphaxis sp
Populus tremula L. Malus domestica - 0
Salix caprea L.
Betula pendula Roth

Rosa glabrifolia C.A. Mey. ex Rupr.
Lonicera tatarica L.

[HIII «YnerTay», peka basnra
N 49°20'13.24” Spiraea hypericifolia L. He o6HapyxeHO
E 66°56'31.22”

03epo Kockosb

N 49°29'42.83" Salix viminalis L. Populus balsamifera - 0

E 67°02°41.81" Ulmus pumila - 0
3umMoBKa llloH bIK Salix viminalis L.

N 49°15’42.58” Populus tremula L. He o6HapyxeHO

E 67°02°33.13" Betula pendula Roth

Salix caprea L.

Rosa glabrifolia C.A. Mey. ex Rupr.
Rubus caesius L

T'opsl YabiTay, fopora BA0JIb Populus tremula L.
peku XKeTbIKbI3 Betula pendula Roth
N 48°43'04.25" Spiraea hypericifolia L.
E 66°58°02.48” Salix viminalis L. He o6HapyxeHO
Rosa glabrifolia C.A. Mey. ex
Rupr.

Salix caprea L.
Tamarix ramosissima Ledeb.

HauboJsiee yacTo BcTpevyarouMMcs 4y»KepoJHbIM BU/JIOM OKa3ascs Acer negundo, OTMeYeH-
Hblil Ha HECKOJIbKHX IJIOLaJiKax, BKJIOYas TEPPUTOPHUU C YCTOWYUBBIMHU MOMYJISALUIMHU
abopureHHbIX BUJ0B. HecMOoTps Ha NpUCYTCTBUE HUHTPOAYLEHTOB, arpeCCUBHOTO BbITEC-
HeHUSI MEeCTHBIX BUJIOB 3aQUKCHMPOBaHO He ObL10. Bo Bcex ciydyasax MHTPOAYLEHTHI He 00pa-
30BbIBAJIM MOHOJOMUHUPYHOUIUX KYPTUH U COXPaHSAJU COCYLeCTBOBaHHME C KOPEHHBIMU
npencTaBUTeNsIMUA QJIOPBI, YTO CBUJETEJNbCTBYET O CTAOUJIBbHOCTHU PACTUTEJBbHBIX CO00-
IIEeCTB U COXpaHEHWM NPUPOAHOro 06JIMKAa UCCAeAyeMbIX 3KocucTeM. Bupa Acer negundo,
MHTPOAYLIUPOBAHHBIH C L|eJIbI0 yBEJIMYEH U JIECOMOKPBITON MJIOLa/|1 ¥ 3aperuCTPUPOBAHHBIN
Ha NATH y4yacTKaX B TrOpHbIX pailoHax Tepputopuu ['HIIIl «YnerTay», HaxoauTcsa B reHe-
paTuBHOW ¢da3e U XapaKTepu3yeTc OOWJBbHBIM IUIOJOHOLWIeHHWeM. OJHAaKO Ha MOMEHT
06cejoBaHUSA BCXO/ bl IO/, IOJIOTOM MaTEPUHCKUX JepeBbeB 3aPpUKCUPOBAHbI HE ObLJIH, UTO
MOXKeT CBU/eTeJIbCTBOBATh O HEMOJIHOM aZlalTalluy BHU/A K clieiuPUIECKUM 3KOJIOTUUYECKHUM
YCJIOBUSIM TOPHOM MECTHOCTHU. TeM He MeHee NPU AaJibHeNIEM aKKJIUMaTU3alMOHHOM ycliexe
HeJIb351 UCKJII0UYaTbh BO3MOXKHOCTb MacCOBOT0 IPOpacTaHus ceMsH B byayiieM. Takum o6pasomM,
JlaHHble HUCCIeJ0BaHUA YKa3blBAalOT HA OTHOCUTEJIbHO HEBBICOKYIO CTelleHb HaTypaJM3aluu
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Yy>KepPOJHbIX BUJO0B B NPUPOJHBIX IKOCUCTEMAX Y/IBITAYyCKOTO perMOHa, TeEM He MeHee OHU
NOAYEePKUBAIOT BAXKHOCTb NIPOJOJKEHUA MOHUTOPHUHTA )11 pAHHET 0 BbIABJIEHUS BO3MOXHbIX
IPHU3HAKOB arpecCMBHOIO NOBeJEHUS WHBA3UBHbIX BUZAOB. TakMM 00pa3oM, pe3yJibTaThbl
NpOBEJIEHHOT0 MCCJe[J0BAaHUS CBU/ETEJbCTBYIOT O TOM, UYTO OOJIBIIMHCTBO YY>XepPOJHbIX
BU/IOB, BbISIBJIEHHbIX Ha 00C/eJOBaHHBbIX TEPPUTOPUAX YIbITAYCKOrO0 paliOHa, OTHOCATCA K
4-My cTaTyCy HaTypaJHU3alUHu U XapaKTepU3yTCd HU3KUM YPOBHEM arpeCcCUBHOCTH, OLleHHU-
BaeMbIM B npe/iesiax paHra 0-1.

O6cyxxaeHue

O6uias nuomniaib aecHoro ¢oHa pecny6auKu 0kos10 26-30 MJIH T, 4TOo cocTaBasseT 11-13 %
TEPPUTOPHUHU CTPaHbL. 3 HUX JlecaMU OKPBITO JIUIIb 0K0J10 13,6 MJIH ra, uiiv npuMepHo 5 % ot
Bcel miowagu [22,23]. [lo ;zaHHBIM rOCyAApCTBEHHOIO Y4YeTa JIeCHOTO POH/Ia, 10 COCTOSIHUIO
Ha 01.01.2023 roga siecucTocTh B 06Ji1acTu YabiTay coctaBisieT 0,1% [24]. B obcnenyemMom
HaMU pervoHe Npeo6J/a/lal0T KOJIOYHBIE Jieca, MJIOLAJb OTJe/bHbIX KOJIKOB HebOJbllas,
npuMepHo oT 1 0 50 ra. HauboJsiee KpynHble KOJKH, pacoJioXKeHHble 6JIM3KO JpyT OT ApPYra,
NpUYpPOUYEHbl K 30HE JIYTOBO-4ePHO3eMHbIX MOo4YB. KoslouHbIe Jieca COCTOSAT B OCHOBHOM U3
HacaxJeHUn 6epesbl (Betula pendula) nperMylieCTBEHHO NOPOCJEBOr0 MPOUCXOXKAEHUS C
He3HAYMTeJbHOW NpuMecbio ocuHbI (Populus tremula). B HeKOTOpBIX MecTax npeob6JiajaeT
OCHHa.

Jleca Bosib110r0 YabITay 0XBaThIBalOT OTHOCUTEJIBHO OFPAaHUYEHHYI0 TEPPUTOPHIO /101 b0
O0KoJio 58 ThIC. ra U MpPUypOYEHbl NMPEUMYIIECTBEHHO K MEXCOMOYHbIM MOHWXKEHUSIM TOp
ApraHaTbl, IOMMaM py4beB, palOHaM BOKPYT POAHUKOB, @ TAKXKe pe/iCTaBJIeHbI 0T/ eJIbHbIMU
HeOOJIBIIMMU KOJOYHbIMUA MaccuBaMU. OCHOBY JIECHBIX HacaXK/JleHUH COCTaBJISIIOT OCUHOBO-
6epé3oBble COO0OIIEeCTBA C MOJJeCKOM, CHOPMHUPOBAHHBIM CTENHBIMU KYCTapHHUKOBBIMU
BU/IaMU, TAKUMH, Kak Caragana frutex, Spiraea hypericifolia, Rosa acicularis, Rosa spinosissima,
Cotoneaster melanocarpus. B noliMeHHbIX y4yacTKaX py4ybeB IpeobJsiafialoT Lonicera tatarica,
Padus avium, Frangula alnus, Rhamnus cathartica, Crataegus altaica, Rosa laxa, Rosa majalis,
Rubus caesius. Vckno4ynTeslbHOEe BHUJ0BOE pa3HOOOpa3ve XapaKTepHO [/ NOWMEHHbIX
HMBHSIKOB, B COCTaBe KOTOpbIX HauboJiee 4acTo BcTpedarTcs Salix bebbiana, S. caspica,
S. pentandra, S. rosmarinifolia. IIpy 3TOM KyCTapHUKOBbIE 3apOCJHU B NOMMax GOPMUPYIOTCSA
NpeuMylLIeCTBEHHO 3a CYET S. caspica, S. triandra, S. bebbiana c yuacmuem Rosa acicularis v R.
laxa B kayecTBe conyTcTBY0IUX BUAOB [17]. CorslacHO uccnefoBaHUAM, ¢Jiopa rop Yaeitay
BKJIlOYaeT 542 BUJA COCYAMCTBIX pacTEeHUH, 00beAWHEHHBIX B 282 pojga u 71 cemelcCTBO.
TakcoHOMUYecKOe JOMHUHUPOBAaHUE B CTPYKType (Jiopbl NPUHAAJIEKUT MpeSCTaBUTENAM
cemeiicTB Asteraceae, Poaceae, Fabaceae, Rosaceae, Brassicaceae, Scrophulariaceae,
Boraginaceae, Lamiaceae, Polygonaceae u Apiaceae. KpoMe Toro, 3ap MKCUpPOBaHO IPUCYTCTBHE
18 aH/leMUYHBIX BU/I0B, YTO NOAYEPKUBAET BBICOKYIO CTENIEHb PJIOPUCTUYECKOT0 CBOe0Opa3us
pervoHa [25]. B pa6ote C.A. KybenTaeBa (2024) npeacrasieH cnucok 20 BugoB u3s KpacHou
kHUrY KasaxcTtaHa, 3aperucTpMpoOBaHHBIX B PETHOHE, @ TaKXKe PEeKOMEH/J0BaHO BKJIIOYEHHE
ellé 8 JIoKaJIbHbIX 9HAEMHUKOB [26].

CoxpaHHOCTb NPHUPOAHBIX JIECHBIX MacCUBOB Ha 00cCjefyeMbIX TEPPUTOpPUAX obece-
ynBaeTcs ['ocyjapcTBEHHBIM HalMOHAJbHBIM IPUPOAHBIM NapkoM «Yabitay» U KI'Y «Kana-
ApKUHCKOe XO34KWCTBO MO OXpaHe JIeCOB U >KMBOTHOTO MHpa» YIpaBJeHHUS NPUPOAHBIX
pecypcoB U peryJMpoBaHus NPUPOAONOAb30BaHUSA 00J1aCTH YbITAY.
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Co3zmaHve mepBBIX JIECHBIX KYJbTYp Ha TeppuTopuu KasaxcraHa oTtHocuTca K 1881 T,
pacuipeHue JiecHoro ¢oHAA KOCHyJoCb U 3eMe b lleHTpanbHoro KasaxcraHa. PanHue
Jleco3allUTHble MeponpusTus B lleHTpasbHOM KasaxcTaHe, BKJlO4Yasi palloHbl Y/bITay,
ocyuiectBasarcb CCCP ¢ uesbro 3akpenieHUs NoJBepKEeHHbIX 3p03UH 3eMeJib. B 4yacTHOCTH,
B [lpukacnuiickor u lleHTpaJbHOM CTENHOM 30HAaX NPOBOAMJIMCH NMOCALKU Cakcaysa U
BUZ0B Ulmus jsi1 60pbObl C BETPOBOW 3pO3Uel M YJydllleHHUS] CTPYKTYpbl 3€MeJIbHOIO0
nokpoBa [27]. Ha TeppuTopuu Kapaaramickoro JiecHU4eCcTBa B X0Je 06cCJie[JoBaHUS ObLIU
M3y4eHbl JieCHble Tocajiku Pinus sylvestris u Populus balsamifera, 3a10XeHHble B YKa3aHHbIU
UCcTOpUYecKud nepuof. PacnpoctpaHeHue P sylvestris B JJaHHOM paliOHe OLleHUBaeTcsl Ha
ypOBHe 1-ro paHra arpecCMBHOCTHU: MOJ NOJOTOM MaTepUHCKUX 0cobed 3adpUKCUPOBaHBI
JIMIIb €IMHUYHBIE CJIy4ad caMoCceBOB. B To ke BpeMa P. balsamifera feMOHCTpUpyeT paHHHUE
IpY3HAKW MHBA3UBHOI'O [10BeJleHHUS, IOCKOJIbKY ero BCXO/Jbl OTMeUYeHbl 3a NpeJieJlaMyi KpPOH
pPOAUTENbCKUX JlepeBbEB; 3TOMY BUAY NpucBoeH paHr 3. Hacaxpenus Fraxinus americana,
BbICaKeHHble TnpeuMyliecTBeHHO B 2000-x rogax, nepeuuwid B TeHepaTUBHYyH a3y H
XapaKTepHU3yTCcs OOUJIbHBIM IJIOAOHOIIEHHEM. XOTA MacCoBOe CeMeHHOe BO30OHOBJIEHHE
II0OKa OTCYTCTBYET, Ha OT/le/IbHBIX yYacTKax 3aPUKCUPOBAaHbI eJUHUYHbIE CIy4aUl BCXOZ,0B, UTO
MOXeT CBUZEeTeJIbCTBOBATh O Ha4yaJle IPOLeCCOB HaTypau3aLuy.

ComocTaB/jieHMe pe3y/JbTaTOB Halllero0 MCCAeJ0BaHUA C JAaHHbIMH, ONMyOJHMKOBAaHHBIMU
HaMU paHee, NPOBEAEHHOTO Ha TeppuUTOpUU KeThICycKOM 006J1acTH, BbIIBUJIO DSAJ
CyLleCTBEHHbIX pa3/IMYMU B COCTaBe U CTENeHM HMHBA3UBHOCTU YYXKEPOJHBIX JApeBeCHbIX
BUJ0B [28]. B YabiTayckoil o6siacTh HaMM 3adUKCUpPOBaHO 21 4yKepoJHblI JApeBeCHbIN
TAKCOH, IPeMMYIILeCTBEHHO KYJbTHUBUPOBAHHbIM B paMKax JIeCOMeJIMOPATUBHBIX MEPONPHUS-
TUMA WJHA O3eJIeHEHUs HaceJIéHHbIX NYHKTOB. Hanbosiee 4yacTo BCTpevyaroIMMUCA CTaH
Acer negundo, Populus balsamifera, Ulmus pumila v Malus domestica. Ilpu 3TOM HU OJJUH U3
3aQUKCUpPOBAaHHBbIX BHUJO0B He [EeMOHCTpPUpPYeT INPHU3HAKOB AKTHBHOW HaTypaJU3aLUu:
caMoceB JIMOO OTCYTCTBYeT BOBCe, JIMOO NpeJCTaB/eH eJUHUYHBIMU 3K3eMIJIIpaMHU, KaK B
caydae c Pinus sylvestris. [IprucBoeHHble paHT'Y arpeCCUBHOCTH BapbUPYIOT B nipefesiax oT 0 g0
3, IpY 3TOM abCOJIIOTHOE 60JIBIIMHCTBO BU/I0B OXapaKTepHU30BaHbI KaK TPYAHOIPOHUKAOLIMe
B ecTeCTBeHHble QUTOLIEHO3bl U OTHECeHHBI K cTaTycy 4. B cooTBeTCcTBUM ¢ pa3paboTaHHOU
HaMHU MOJIepPHM3UPOBAHHOM 1IKa/JIOHN OLLeHKH, K NOTEeHI|MaJIbHO arpeCCUBHbIM OTHOCSIT BU/IbI,
KOTOpBbIe NOKA He MPOABJAKT NPU3HAKOB MHBAa3MOHHOCTH, HO 00JIalAl0T CIOCOGHOCTBIO K
OBICTPOMY yBeJIMYEHUI0 YUCJIEHHOCTH WU CTPEMUTENBHOMY pacnpocTpaHeHUwo. K paHHOM
rpyIie Mbl OTHOCUM TaKCOHbI, NOJy4YUBLIKMe 3 U 6oJiee 6ajIOB MO lIKaje WHBA3MOHHOCTH.
Takue BHUABI, 10 HAalleMy MHEHHIO, MOTYT OKa3bIBaTb BJMAHUE HAa CYKLeCCHOHHbIE MPOLeCChI
B NpPUPOAHBIX OuoLeHOo3aX. TakuM 06pa3oM, pacTeHHUs, CIOCOOHbIE K CaMOCTOSITEJIbHOMY
pacnpocTpaHeHHUIo 3a Npesiesibl KPOH MaTEPUHCKUX 0COOEeN Y MOJTYYUBLIME OLeHKY B 3 6aslia,
clefyeT pacCMaTpUBaTh KaK NOTEeHIMa/IbHO HHBA3MOHHBIE.

B oT/inyure 0T 3TOTO, KaKk IOKa3aHo B Tab.iuIle 4, B XKeTbICycko# 06/1aCTH 6b1J10 BbIsSIBJIEHO 17
BU/IOB Uy>KEPOJHBIX APEBECHbIX PACTEHUH, 6 U3 KOTOPBIX OTHECEHBI K TPAHCPOPMHUPYIOLUM
3JieMeHTaM (paHI arpecCUBHOCTU 6-8), JeMOHCTPUPYIOIUM YCTOMYUBOE CEMEHHOE B0O3006-
HOBJIeHUE, pOPMHUPOBaHUE CAMOTIO/AAEP>KUBAIOILUXCS TOMYJISALIUNA U BITECHEHHE AbOpUTeHHbIX
BU/0B [28]. Takre pa3sin4us, BeposTHO, 00yCJI0BJIEHbI KaK OMOKJIUMAaTUYeCKUMU GaKTOPaMHU
(MeHbLIas apUAHOCTD M 60J1bLIAsA TPOJYKTUBHOCTb MeCTOOOUTaHUM JKeThICy), TaK U CTEeNEeHbIO
aHTPOIIOreHHOI'0 BO3JEeHCTBUSA, BKJ/KWYasd OoJiee IIHMPOKOMACLITAOHble O3eJIeHUTeJbHble
paboThl B IpeAropbax Anaray.
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Takum o6pa3oM, psiopa YabITaycKOro perdoHa Ha JJaHHbIA MOMEHT JIEMOHCTPUPYET YCTOM-
YHUBOCTb K HATYpPa/IM3alU1 YY>KEePO/IHbIX APEBECHBIX BUOB, OJHAKO HAJIMYHe reHepaTUBHBIX
ocobeit (Acer negundo, Populus balsamifera u Fraxinus americana) TpebyeT NpoJ0JXKEHUs
MOHUTOpPHUHTA. CYMTAETCs, UTO Ha 3Tale nepexoza ot lag-pasnbl k pase akTUBHOT'O PaclpocCT-
paHEeHUs y YyKEPOAHBIX paCTEeHUH MPOUCXOAAT U3MEHEHUS GHOJIOTMYEeCKUX XapaKTEePUCTHUK,
CBUZETEJIbCTBYOIME 006 UX aJlaNTalMu K HOBbIM 3KOJIOTHYECKUM YCI0BUSIM 06UTaHusA [29].
IT0 0COGEHHO BaXKHO B YCJI0BUSAX U3MEHSIOLIET0CS KJIMMAaTa, CHOCOOHOT0 U3MEHUTD I'PAaHUILbI
3KOJIOTUYECKOM YCTOWYHMBOCTU U MOBBICUTh MHBA3UOHHBINA IOTEHIUAJ paHee CTAaOWJIbHbBIX
MHTPOAYLIEHTOB.

Ta6smmna 4

CpaBHUTEJ/IbHBIN aHA/IN3 Yy KEPOJHOH AeHAPOGI0PHbI YIBITAYCKOH 1 ZKeTbICyCKOH 06/1aCTH

[TapameTp

YnbrTayckas 06J1acThb

’KeTbicyckas o6JacTh [28]

O611ee YHCI0 3aperuCTPUpPO-
BaHHBIX YY>KEPO/IHbIX BU/IOB

13

17

Hau6oJsiee yacto
BCTpeYallyecs Yy>Kepo/iHble
BU/ bl

Acer negundo, Populus
balsamifera, Ulmus pumila,
Malus domestica, Fraxinus

americana

Acer negundo, Fraxinus
pennsylvanica, Ulmus laevis,
Prunus domestica,
Quercus robur

PaHr arpeccuBHOCTH (Makc.)

4-7 - Acer negundo;
3 - Ulmus pumila, Populus
balsamifera;
2- Fraxinus americana
BoapmuHcTBO BHU0B — 0-1

6-8 n1g 6 BUJI0B
(TpaHcdopmephl)

CTaTyc WHBA3WMOHHOCTH

[IpenmyecTBeHHO cTaTycC 4
(TpyZAHO HaTypa/u3yoIUecs)

BkJirovaet crartycel 1-3;
6 BU/I0B KJ1acCUPUITMPOBAHBI
KakK TpaHcdopMephl

XapakTep caMOCeBOB

[IpakTHYecKH OTCyTCTBYeET (ce-
MeHHOe BO30OHOBJIEHHE peJiKoe
WJIY He YCTaHOBJIEHO)

3aduKcupoBaHbl MaccoBble
BCXO/Ibl U CAMOCEBBI 110/}
I10JIOOM UHTPOAYLEHTOB

Tunbl MECTOOOUTAHUN

ApI/I,EleIe TFOpPHbIE 3KOCUCTEMBI,
MOMMeHHbIE y4acCTKH, KOJIKHU

Me3oduTHbIEe MTOWMEHHBIE,
TyralHble, ypOaHU3UPOBaHHbIE
30HBI

Posb a60pI/IFeHHbIX BHUO0B

YctoiuuBoe CoCylieCTBOBaHHUe,
OTCYTCTBHE BbITECHEHHUA

OTMeYyeHO BbITECHEHHE
a60pI/II‘EHHbIX BHUJAOB Ha pdAne
Yy4aCTKOB

BbIBOJ, M0 MHBa3MOHHOM

Huskas, Ha HavyaJIbHOU CTagnu

Bricokast, c BbIpaxKeHHOH

HYI0 HATypa/JIn3aluio

aKTUBHOCTH HaTypau3anuu TpaHchopMainuen coobIecTB
Heo6xonumocTtb Ha6swoneHve 1 paHHee Pazpa6oTka Mep Mo KOHTPOJIIO,
BMeIIaTeJ bCTBA pearnupoBaHue Ha NOTEHIUAJb-

ylnpaBJ€HHUI0 U OTPaHUYE€HUTI0

B paMKax FOCYﬂapCTBeHHOﬁ 3KO0JIOTUYECKOH NMOJUTUKHU PeCHY6J'II/IKa KazaxcTaHn peainsyeTt

CTpaTernieCKnue Mephbl

N0 yBEJIHWYEHHIO JIECUCTOCTH TEpPPUTOPHUH, B COOTBETCTBHUH C
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MeX/1lyHapOoAHbIMU 00513aTe/IbCTBAaMU B paMKax MHULUATUBBI Bonn Challenge. B Tlocianuu
[IpesupenTa Pecny6smku KaszaxcTaH mocTaBjieHa 3ajijadya J0BeJieHHUSl YPOBHSI JIECUCTOCTHU
ctpaHbl 0 5% k 2030 roay, 4yTo mpejmnoJiaraeT peajuM3alydi0 MaclITaOHOW MPOrpamMMbl,
BKJIIOYAIOLI el OCa/IKy 2 MUJIJIMAPA0B JlepeBbeB B JieCHOM GoH/Jie U 15 MUJIIMOHOB JlepeBbeB
B HaceJIEHHbIX IYHKTaX B TeyeHue nATU JieT [30]. OLZHMM U3 1IaroB Ha MYTH BbINOJHEHUS
JlaHHOM 3a/1a4M CTaJsIo CO3/laHue MUTOMHHMKA B KapaaralickoM JieCHU4YeCTBe, T/ie IPOBOAUTCS
BbIpallliBaHUe I0CaJ0UHOT0 MaTepUaJsia u3 ceMsH Acer negundo.

Bri6op uMeHHO Acer negundo (kJ1€H aMepUKaHCKUI) 00YCI0BJIEH €ro BBICOKOW CKOPOCThIO
pocTa MU YCTOMYMBOCTBbIO K HeOJAaronpuUsaTHbIM [OYBEHHO-KJIUMAaTHUYECKUM YCIOBUSM.
CeMeHHOU MaTepHaJl 6bLJ COOpaH B 6JIM3JIeXKAlUX HACEJIEHHbIX YHKTAaX, YTO NpeJnoJaraet
Ha/lMyMe y pacTeHUM aJlalTalMOHHbIX NPU3HAKOB K MECTHbIM ycJ0BUAM. OJHaKO HallU
UccaeloBaHUsl MOKa3asM, 4YTO, HeCMOTPsS Ha XOpOollHWe MOoKa3aTeJu MPUKUBAEMOCTH MU
MHTEHCUBHOCTb pOCTA HAa paHHUX CTaJUAX pPa3BUTHUSA, HUCHIOJb30BaHUe Acer negundo,
COGCTBEHHO, KakK U Fraxinus americana B 03eJleHEHUU NPUPOJHBIX TEPPUTOPUI YIbITAyCKOU
06J1aCTU HEeCET MOTeHLUaJIbHYI0 yrpo3y. B HacTosillee BpeMsl perMoH OT/IMYaeTCs HU3KUM
YPOBHEM HHBAa3WM UyKEPOAHBIX BHJOB IO cpaBHeHMIO € KeTbicyckoil ob6JiacTbio. OnbIT
MaclITabHOro0 O3eJieHeHUs Mocje/iHel, rjge 6e3 J0CTaTOYHbIX OOTAHMKO-3KOJIOTHYECKUX
OLIEHOK BHE/JPSJUCh YY>KepOJHble TAKCOHbI, CBUJETEJbCTBYeT O PHUCKE MNOCIEeAYIOLIEro
HEKOHTPOJIMPYEMOI'0 paccesJieHUsI U arpeCCUBHOIO BbITECHEHUSI abOpUTeHHOU QJIophI CYCTS
50-60 jsieT (MM Aaxe paHblie). ITO MOXKET MOBJIeYb 32 COG0M HApyLIEeHUs CYKLeCCUOHHBIX
IPOLECCOB M YCTOMUUBOCTH €CTECTBEHHBIX GUTOLEHO30B.

YuuTbiBas NOTEHLMATbHbIE 9KOJIOTUYECKUE PUCKHY, NIpe/iCTaB/seTcsl 60Jiee onpaBAaHHbIM
MCII0JIb30BaHKe abOpPUTeHHbIX APEBECHBIX NOPOJ, aJalTUPOBAHHBIX K IPUPOLHBIM YCA0BUAM
YnbiTaycKOro pervoHa, Takux, Kak Populus tremula, Betula pendula, Crataegus korolkowii,
Crataegus altaica v fp. HecMOTpsi Ha TO, UTO Pinus sylvestris iBJsieTCs 4y>KepOAHbIM JJ1s1 JAHHOT'O
pervoHa, no pesysjbTaTaM HalllMX HAOJIOJAEHUN BH/L HE OKa3blBaeT CTOJIb CUJIBHOTO BJIUSIHUSA
Ha TpaHcpopManuio JaHamadpTa U GJIOPHUCTUUECKOTO COCTaBa, Kak Acer negundo, © MOXeT
paccMaTpUBaTbCA Kak IpUeMJeMbli TaAKCOH J1Jis1 ONlpe/ie/IEHHbIX 3a/1a4 Jiecopa3Be/leHusl.

3ak/iloueHue

[IpoBeiéHHBbIE HUCCIEIOBAHUS Ha TEPPUTOPHUHU YJIbITAYCKOTO U YKaHAaapKUHCKOTO paiOHOB
YneiTaycko o6sacth Pecny6sivku KazaxcTaH MO3BOJIMJIM BBISIBUThH TeKYIllee COCTOSIHUE
JIpeBECHO-KYCTapHUKOBOU PAaCTUTEJbHOCTH U CTENEHb IPOHUKHOBEHUS Yy KEPOAHBIX BUI0B
B NMPUPOAHbIE U TOJIYeCTECTBEHHbIE 3KOCUCTEMbI peruoHa. HecMoTpsi Ha 3KcTpeMaJibHble
KJIMMaTHYeCKHe YCJIOBUSI, BbIpa)KeHHbIE B pe3KOW KOHTUHEHTA/IbHOCTH KJIMMaTa, 3aCyIJIMBOM
JleTe U YacTbIX BETPOBBIX SIBJIEHUSX, B PErvuoHe COXPaHsEeTCs BbICOKOE pa3Hoobpasue
abopureHHOU GpIOpPbI. YCTAHOBJIEHO, YTO IPUPOAHBIE Jieca YIbITay Npe/CTaBJIeHbI BOCHOBHOM
06epe30BbIMU U OCUHOBBIMHU HACAKAEHUSIMHU U TYTaWHHOU PACTUTENbHOCTBIO, TPUYPOYEHHBIMU
K TOMMaM peK, pOJHUKAM M MEeXCOMOYHbIM MOHWKEeHUSAM. XapaKTepHbIMU abOpPUTeHHBIMU
BUJlaMU aBJs0TCS Betula pendula, Populus tremula, sudut Salix, Spiraea hypericifolia, Caragana
frutex, Bunb1 Rosa, Crataegus, Lonicera tatarica v Jip.

YykepoZiHble JpeBecHble BU/bl, Takue, Kak Acer negundo, Populus balsamifera, Fraxinus
americana, Ulmus pumila v Pinus sylvestris, B 60JIbIIKHCTBE CJy4aeB JEMOHCTPUPYIOT CIabyI0
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A.C. Ecxcanosa, A. A6dyxadvip, B.A. Macasosa, I'T. Cumnaesa, H.E. 38epes, B.I' Inukmemos, b.K. buau6aesa,
U.B. Baé6ati, C.B. Habuesa, K.C. Us6acmuHa

CMOCOOHOCTDb K HaTypaJM3allid U He BbIpaXKalOT MPU3HAKOB aKTUBHOM MHBa3uM. COryiacHo
MOJIEPHU3UPOBAHHOM LIKaJle OLeHKUM WHBA3WOHHOTO MOTEHLHasla, UX PaHT arpecCUBHOCTU
coctaBJisieT oT 0 710 3, YTO COOTBETCTBYET CTATYCy HU3KOM WJIU IOTEHLIMA/IbHOM MHBa3UBHOCTH. Ha
OT/le/IbHbIX y4acTKax 3apUKCUPOBaHbl €IMHUYHbIE CAMOCEBDI 3a Ipe/ieslaMy KPOH MaTepUHCKUX
JlepeBbeB, 0cobeHHO y Populus balsamifera v Fraxinus americana, 4To TpebyeT JajbHENIIEero
MOHHUTOPUHTIA. 3 BcexX BbISIBJIEHHbBIX BU/IOB TOJIbKO Acer negundo nposiB/isieT BbICOKUIM paHT
arpeccuBHOCTH (paHr 7) B ’KaHaapKMHCKOM JIECHUYECTBe, a OCTa/lbHble 4y)KepO/iHble BUJbI
SIBJISIIOTCS OTEHI[UAJIbHO arpPeCCUBHBIMU U TPEBYIOT MOCTOSHHOT'0 MOHU-TOPHHTA.

AHanus GJIOpUCTUYECKOT0 COCTABA PACTEHUM HA UCCIelyeMON TEPPUTOPUU MOKA3bIBAET,
YTO YyKepOJHble TAKCOHbl BCTPEYAIOTCS MPEUMYIIECTBEHHO B aHTPOIOreHHO TpaHcdop-
MHUPOBAHHbIX MECTOOOUTAHUSAX U BOJIU3U UHPPACTPYKTYPHBIX 0O'BEKTOB ([JOPOTH, 3allUTHbIE
JIECOII0JIOCH], HaceJIEHHble MYHKTHI). [Ip1 3TOM c/iyyau NPOHUKHOBEHUS MHTPOAYLIMPOBAHHBIX
BU/I0OB B OTHOCUTEJIbHO HETPOHYThIE NPUPOJHbIE OGUOTONBI UMEIOT JIOKaJIbHBIN XapaKTep.

OCHOBHBIM IyTeM BHeJpeHUS YY>KePOJHbIX BUJOB B NPUPOAHbIE NMONYJALUN SBIAETCH
AHTPOIOreHHbIH (AKTOP, @ UMEHHO: BbICAJIKA JIECHBIX KYJbTYpP W3 YyKEPOAHBIX BUOB B
Jlecx0o3ax, CO3/jJaHue MOoJIe3alUTHBIX JIECHBIX IOJIOC HA CEeJbCKOXO3IMCTBEHHBIX 3eMJISIX U
03eJlIeHEHHe aBTOJOPOT U HacesJeHHbIX MyHKTOB. HaGJ/to/ileHHs] YKa3bIBAlOT, YTO OCHOBHOE
pacrnpocTpaHeHHe CeMsIH 4YY»KepOJHbIX TAKCOHOB OT MAaTOYHBbIX PAaCTEHUH MNPOUCXOAUT
BETPOIIEPEHOCOM, a Ha JjaJIbHUE PACCTOSIHUSA 10 BOJAHOM MOBEPXHOCTH PEK U 03€P.

B HacToAMIA MOMEHT 4y>Kepo/Hble JipeBeCHble BU/ bl B YILITAYCKOM PErvoHe He IpeJCTaB-
JIIIOT HENOCPeJICTBEHHOW Yrpo3bl i abopureHHou ¢Gjopbl B MPUPOJAHBIX COOOILECTBAX.
OfHaKO psiJi TAKCOHOB JIEMOHCTPHUPYET NPU3HAKY aJIlallTAl[MU U MOTEHIUAJ K HATYpaIU3aliuy,
YTO TpebyeT BHeJApPEHUS MOCTOSHHBIX Mep 3KOJOTMYEeCKOTO0 MOHHUTOPHHIA, HANpPaBJEHHBIX
Ha NpejoTBpalleHue BO3MOXKHON TpaHcPopMallMM eCTECTBEHHbIX KocucTeM. [losyyeHHbIe
JlaHHble MOTYT ObITh UCI0JIb30BaHbI /sl IJIAHUPOBAHUSI MEPONPUATHH 110 COXPAaHEHUIO 6UO-
pa3Hoo6pa3us ¥ ynpaBJeHHMI0O MHBa3UBHBIMU BUJJaMU B YC10BUsX LleHTpasbHOro KasaxcraHa.

B pesysbTaTe MoJiyueHHbIX J@HHbIX U aHaJM3a 0COOEHHOCTEN paccesieHUs 4y>KepOoJHbIX
JIpeBECHBIX pAaCTeHUW Ha TeppUTOPUM YJABITAyCKOM 06J1IaCTU ObLIM CHOPMYJIUPOBAHBI
cleAymoliye peKoMeH/Jalluy, HanpaBJieHHble Ha Mpeynpex/jeHue NHBa3UBHOTO MOBeJeHUSs
YY>KepPO/IHbIX TAKCOHOB U COXpPaHEHUE YCTOMYUBOCTU MPUPOAHBIX IKOCUCTEM peruoHa:

1. OTka3 oT UCNoJIb30BaHHs NMOTEHUATbHO MHBAa3UBHbIX BUJI0B, B TOM uucie Acer negundo,
B MpOeKTax 006JieCeHUsi U 03eJIeHeHUs] NMPUPOAHBbIX TeppUTOpUM. /laHHBIA BUJ, HECMOTpS
Ha OBICTPYI NMPUKMUBAEMOCTb U POCT, JEMOHCTPUPYET aKTUBHOE IeHepaTUBHOE Pa3BUTHE,
CIIOCOOHOe NPHUBECTH K CHOHTAHHOM HaTypaJv3alldd W PacnpoCTPaHEHUIO 3a IpejeJibl
MOCA/IOYHBIX YYACTKOB B OyIyIIEM.

2. IlpeamnouyTeHue NpH O3eJIeHEHUH OTAABATb aOOPUTeHHbIM, aZlallTUPOBAHHBIM K yCJIO-
BUSM YJIBITAyCKOTO peruoHa BUJaM, TakuM, Kak Populus tremula, Betula pendula, Crataegus
korolkowii, Crataegus altaica, Rosa glabrifolia, Spiraea hypericifolia v fip., 06/1aal01IUM BbICO-
KOU CTeneHb0 COBMECTUMOCTH C MECTHOM PJIOPOH.

3. [lpoBesieHMe TMpeABapUTENbHON GMOMHBA3MOHHOM OLIEHKH TAKCOHOB, HAMEYEHHBIX K
BHE/IPEHUI0 B IPUPO/IHbIE SKOCUCTEMBI, C UCIIOJIb30BAaHUEM IIKaJIbl arPeCCUBHOCTH M0 MOJH-
dunMpoBaHHOM KJ1accuPpuKaL My, aJalTUPOBAHHOM K yCJIOBUSM CTENHOM 30HbI LleHTpaibHOTO
Kazaxctana [13]. Buzibl c paHroM 3 U Bblllle pacCMaTPUBATh KaK MOTEHLMA/JIbHO MHBAa3HOHHBIE,
Jla)Ke eCJIM OHU [10Ka He JIeMOHCTPUPYIOT BBIPa)KEHHOT'0 arpeCCUBHOT0 IOBEJJ€HUS.
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4. OpraHuszanusi MOHUTOPHHIA 3a MNOCAJIKaMU YY>KEePOAHBbIX JpeBECHbIX pAaCTeHUH B
NPUPOAHBIX WU TMOJYyeCTEeCTBEHHBbIX MECTOOOMTAHUAX, BKJ/OYasg KOHTPOJIb T€eHEPaTUBHOIO
Pa3MHOXEHUS], CTelleHb HAaTypa/Iu3alluy U pacnpoCTpaHeHUe 3a MpeJieJibl 30H KyJIbTHUBALMHU.

5. CucremaTu3anusa U NyOJMKanys peruoHaJbHbIX CIIMCKOB YyKePOAHBIX BUJ 0B C YYETOM
CTEeNEeHU UX HaTypasM3allH, arPECCUBHOCTH U NMOTEHI[UAJbHOTO BJAUSHUS Ha eCTeCTBEHHbIE
6HOIeHO03bl, 10 aHAJIOTUU «YEépHON KHUTU» YKeTbhICycKOH 006J1aCTH.

6. BHepeHHe OrpaHUYUTE/IbHBIX Mep MO MOCaJiKe 4YyKEPOJHbIX BUJOB BOJIM3U MPUPO-
JlOOXpaHHbIX TEPPUTOPHUH, B TOM YHMCJIE B 30HaX peKpealjMOHHOTO Jlecopa3Be/ieHUs U B 0ydep-
Hbix 30Hax ['HIII «YnbiTay», rae 3adprMKCUpPOBAaHO HaWMeHblllee MPUCYTCTBUE YYKEPOJHOU
by10pHI.

ITU Mepbl HalpaBJieHbl HA CHUKEHUE pUCKa 6MOpPa3HO06pasus U NpeaynpexjeHre HHBa-
3WBHBIX [IPOLECCOB, aHAJIOTUYHBIX yKe HabJl0/jaeMbIM B [pyTux pernoHax KaszaxcraHna.
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Y ibITay OHIpiHiH Gerje arail oCiMAiKTepi: ”HBA3UAJIBIK dJIeyeT »KoHe HaTypa/iu3anusa
JKOJIAAPBI

A.C. EcxanoBal, A. A6ayxaapip*!, B.A. MacanoBa?l, I'T. CurnaeBal, H.E 3Bepes!?, B.I. InukTeToB?,
B.K. Busmm6aesa’, U.B. Ba6aii!, C.B. HaoueBa', K.C. U36acTuna®?
l«BomaHuka jxcaHe pumouHmpooyKyus uHcmumymui», Aamamsi, Kazakcman
2Acmana 6omanukaavlk 6arbl, Acmaxa, Kazakcmax
3C. Celighynnun amwvindarsl Kazak azpomexHukaivlk 3epmmey yHusepcumemi, Acmana, Kazakcmau

Anpgarna. 3eprrey Optanbik KazakcraH YsbiTay oOGJbICHIHBIH KaHaapKa »koHe YJibITay ayaaHja-
pBIHBIH, ayMaFbIHJaFbl 6erfe aram-6yTa TypJepiHiH TapaayblH >XK9HE 3KOJIOTHSJIBIK OaFacblH
3epTTeyre apHaJfaH. TaKbIpbINTBIH ©3€KTJIIri ChIPTKbl dcepsjepre ocaj JAaja XoHe OpMaHJbI
Jajla 3KOoXyWesiepiHJeri MHTPOAYKUUSAABIK TYpJep/liH, bIKTHUMaJ HHBa3UsJIbIK KayilTijliriH epre
aHBIKTAy K9He Oafasiay KaKeTTijiriMmeH 6ai/laHbICThl. 3epTTeyAiH MaKcaTbl aWMaKTblH, TaOUFH
OuolleHO3JapbIHAaFbl 6erJe araml ociMIiKTepiH aHbIKTAy O0JJbl. 3epTTeyAiH MiHAeTTepiHe
WHBA3UBTI TYpJiep/liH HAaTypaau3anusi MapTe6eciH aHbIKTAY, 0JIapAblH, TAPaJybIHbIH, BIKTUMaJ KO3iH
aHBIKTay, Tapasly ayKbIMbIHBIH arpeCCUBTIJIIriH OaFasiay, KepriJiKkTi ¢pJiopara :KoHe TabUFU 6CIMAIKTED
KaybIMJACTbhIFbIHA MHBA3UBTI 6CIMAiIKTep/i eHridy KaymliH asalTy »xoJjjapbl KipAi. 3epTTeysep
KepceTKeH/leW, Oy alMaKTarbl Oerfie AeHApodJiopaHbl Oarasay OYpblH 3epTTeJMereH, acipece
HaTypaJiu3alus JopeKecCiH, Tapajly CUIIaTbIH, COHBIMEH KaTap »KepriuliKTi eCiIMZiIKTepre acepiH eckepe
OTBIPBIN 3epTTesJMereH. TbIIbIMU >KaHa/lbIK-HAaTypaJu3alus JdpeKeciH, Tapaly CHUNATbIH >XKoHe
YKEePTUTiKTI eciMiKTepMeH 63apa 9peKeTTecyiH ecKepe OTBIPHIN, OYpPbIH 3epTTeJMereH aiMaKTaFbl
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A.C. Ecxcanosa, A. A6dyxadvip, B.A. Macasosa, I'T. Cumnaesa, H.E. 38epes, B.I' Inukmemos, b.K. buau6aesa,
U.B. Baé6ati, C.B. Habuesa, K.C. Us6acmuHa

6erze geHapodopaHbl KelleH i 6arasay. JKyMbicTa AaanblK MapLIPYTTHIK, LLOJ1Y1ap, TAKCOHOMHUSIBIK,
tangay, «TM/| engepinig 60TaHUKaIbIK 6aKTapbIHAa UHBA3UBTI 6er/e eciMJlikTep TypJ/iepiH 6ackapy
KOJIEKCiHiH» e3repTiJireH KaaccuPUKaAIMACh HeTi3iH/le NHBA3UBTIIKTI 6aFaJiay IIKalacbl, COHbIMEH
KaTap CasbICThIpMaJibl GJIOPUCTUKAJBIK TaNJay dicTepi KOJJaHbLIa/bl. YJbITAY eHipiH/e KyprisiireH
3epTTey/iep HITWXKeCiH/le HerisiHeH opMaH/ibl MeJiMopalys/iay HeMece eJifii MeKeHAepAi abaTTaH/bIpy
HapaJsiapbl asiCbIH/Aa ecipijieTid 21 6er/e aFail TYKbIM/1ac TAKCOH/|Ap aHbIKTaNbl. Acer negundo, Populus
balsamifera, Fraxinus americana cusiKTbI 6er/ie aFalll eCiM/iKTepi arpecCUBTIMIKTIH XOFapbl A9pexKeciH
kepceTnecteH (0-3 gapexe) Ke3/elcok Tapasy y/AriciH kepceTeTiHi aHbIKTa//bl. JlereHMeH, aHaJbIK
TIXKJEPAEH ThIC KaJIFbI3 6PKeH/ep/iH, 60JIybl XKoHe Kelbip TakcoHAap/Aa reHepaTUBTI GesiceHiTiK
Gesrijiepi, bIKTUMaJ UHBA3USJIBIK KayillTi kepceTe/i. AJbIHFaH MaJliMeTTep KasaKCTaHHBIH KypFak
allMaKTapbIH/JaFbl OpMaH/ap/bl KajlblHa KeJTipy xKaHe TabUFaTThl KOPFay l1apaJlapblH KocnapJayza
NpaKTHUKaJbIK MaHbI3bI 6ap.

TyiiH ce3gep: YabiTay, 6erjie eciMAikTep, UHBA3USIbIK JeHAPOPJI0pa, 6CIMAIKTEPAIH arpeccUBTINiK
Japexeci

Alien woody plants in the Ulytau region: invasive potential and naturalization pathways

A.S. Yeszhanoval, A. Abdukhadyr*!, V.A. Masaloval, G.T. Sitpayeva!, N.E. Zverev?, V.G. Epiktetov’,
B.K. Bilibaeva’, I.V. Babay*, S.V. Nabieva', K.S. Izbastina?3
Institute of Botany and Phytointroduction, Almaty, Kazakhstan
2Astana Botanical Garden, Astana, Kazakhstan
3S. Seifullin Kazakh Agro Technical Research University, Astana, Kazakhstan

Abstract. This study is devoted to the distribution and ecological assessment of alien tree and shrub
species in the Zhanaarka and Ulytau districts of the Ulytau region in Central Kazakhstan. The relevance
of the topic is due to the need for early detection and assessment of the potential invasive threat of
introduced species in steppe and forest-steppe ecosystems that are vulnerable to external influences.
The study aimed to identify alien woody plants in the natural biocenoses of the region. The research
tasks included determining the naturalization status of invasive species, establishing the possible source
of their spread, assessing the aggressiveness and scale of their spread, assessing the threat to native
flora, and ways to reduce the risk of invasive plants entering natural plant communities. Research shows
that the assessment of alien dendroflora in this region has not been studied before, especially with
regard to the degree of naturalization, the nature of distribution, and the impact on native vegetation.
The work uses field route surveys, taxonomic analysis, an invasiveness assessment scale based on a
modified classification from the “Code for the Management of Invasive Alien Plant Species in Botanical
Gardens of the CIS Countries,” as well as methods of comparative floristic analysis. As a result of research
in the Ulytau region, 21 alien tree taxa were identified, mainly cultivated as part of forest reclamation
measures or greening of settlements. It was found that alien woody plants such as Acer negundo,
Populus balsamifera, and Fraxinus americana mainly show sporadic distribution without displaying
a high degree of aggressiveness (rank 0-3). However, the presence of isolated seedlings outside the
parent crowns and signs of generative activity in some taxa indicate a potential invasive threat. The data
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obtained are of practical importance for planning reforestation and nature conservation measures in
arid areas of Kazakhstan.
Keywords: Ulytau, alien plants, invasive dendroflora, aggressiveness ranking
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Abstract. Seawater intrusion (SWI) has emerged as a critical environmental and
socioeconomic challenge in the coastal belt of Badin District, Pakistan. This study
investigates the impacts of SWI on rural livelihoods, food security, and migration
through household surveys and socioeconomic profiling. Findings reveal that
agriculture remains the dominant livelihood, engaging 55% of respondents, yet
declining freshwater availability and salinization have degraded nearly 22% of
cultivated land, reducing crop productivity and livestock resources. Average
monthly household income (Rs. 17,042) barely exceeds expenditures (Rs. 16,072),
leaving families highly vulnerable to food insecurity. Poor infrastructure, limited
access to healthcare and safe water, and exploitative credit systems further
exacerbate poverty. Natural hazards, including floods, unseasonal rains, and
storms, compound the impacts of SWI, while the malfunctioning Left Bank Outfall
Drain (LBOD) has intensified land degradation and crop loss. Consequently,
migration has become an adaptive strategy, with over 100 households relocating
from affected union councils due to declining agricultural opportunities. The
study underscores that SWI is not only an ecological issue but also a driver of
socioeconomic instability, poverty, and rural-urban migration. Urgent policy
interventions such as regulated freshwater releases downstream of Kotri Barrage,
rehabilitation of LBOD, embankment reinforcement, and stricter industrial
effluent management are essential to mitigate SWI impacts and safeguard food
security. These findings highlight the pressing need to integrate climate adaptation,
sustainable water management, and community resilience into national strategies
for coastal development.

Keywords: seawater intrusion, food security, coastal livelihoods, land degra-
dation, district Badin, Sindh

Introduction

Seawater intrusion (SWI) is a growing environmental challenge in coastal regions worldwide,
posing serious risks to human health, agricultural productivity, and sustainable economic
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development [1,2]. The problem is intensified by climate change, unsustainable agricultural
practices, and over-extraction of groundwater, which disrupts the freshwater-saltwater balance
and degrades soil and water resources [3-6]. As a result, SWI reduces freshwater availability,
contaminates aquifers, and undermines food production in many vulnerable regions. Coastal
communities in developing countries are particularly exposed due to their heavy dependence
on natural resources [7,8]. In Pakistan’s Sindh province, Badin district provides a striking case
where agriculture, supporting over 70% of the population, faces increasing stress from salinity
intrusion and rising temperatures. Productive farmland has been degraded, crop yields have
declined, and food insecurity has intensified as household incomes drop [9,10].

Food security, which includes the dimensions of availability, access, utilization, and stability
[11-13], is directly threatened in SWI-affected areas. Salinization reduces agricultural output
and food availability, while inflation and unemployment constrain household access to food
[14-16]. These pressures are compounded by poor education, weak market access, and limited
livelihood opportunities, which reinforce chronic poverty and vulnerability.

The Sindh coastal belt, stretching across Badin and Thatta, illustrates these interlinked
challenges. Freshwater flow downstream of Kotri Barrage has sharply declined from 400
million tons of nutrient-rich silt annually to nearly 100 million tons, leading to severe salinity
intrusion and hyper-saline conditions (40-50 ppt compared to 15-20 ppt a few decades ago)
[17]. Badin, one of the most hazard-prone districts, has been repeatedly affected by cyclones,
floods, droughts, and heavy rains, leaving communities with degraded land, contaminated
water, and weakened livelihoods [18]. The consequences are profound: nearly 1.2 million acres
of farmland in Sindh have been rendered unproductive, aquifers have been contaminated, and
rural households face migration, indebtedness, and increased exposure to waterborne diseases
such as malaria and cholera [19]. Women and children are disproportionately affected, as
freshwater scarcity increases the burden of labor, reinforcing poverty and inequality [20,21].

Against this backdrop, the present study investigates the socioeconomic impacts of seawater
intrusion on livelihoods, infrastructure, and food security in the coastal belt of Sindh, with
particular focus on Badin and Shaheed Fazil Rahoo Talukas. By analyzing household conditions,
economic activities, and social vulnerabilities, this research seeks to provide evidence-based
insights for designing adaptive strategies and policy interventions aimed at strengthening food
security and resilience in Pakistan’s coastal communities.

Materials and research methods

Research Design

The study adopted a mixed-methods approach, integrating both quantitative and qualitative
techniques to comprehensively analyze the socioeconomic effects of seawater intrusion on food
security and rural livelihoods. Primary and secondary sources of information were utilized to
strengthen the validity and reliability of the findings.

Study Area and Sampling

The research was conducted in District Badin, Sindh, one of the most severely affected
regions by seawater intrusion. Two talukas were purposively selected based on their exposure
to salinity and livelihood dependency on agriculture and fisheries. From each taluka, two union
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councils (UCs) were selected, and 14 households from each UC were surveyed using a stratified
random sampling method, resulting in a total of 56 respondents.

Data Collection

Primary Data

Primary data were collected through structured questionnaires, key informant interviews
(KIIs), and focus group discussions (FGDs). The pretested questionnaire (Annexure 1) included
modules on household demographics, income and expenditure, agriculture, health, education,
migration, assets, and the effects of seawater intrusion on livelihoods and food security. KIIs
were conducted with community leaders, government officials, and NGO representatives, while
FGDs were organized to capture community perspectives and triangulate findings.

Secondary Data

Secondary data were obtained from published reports, government records, academic
literature, and documents from relevant organizations such as the Government of Sindh,
International Union for Conservation of Nature (IUCN), Worldwide Fund for Nature (WWF-P), UN
agencies, Asian Development Bank (ADB), and NGOs including Pakistan Fisherfolk Forum (PFF)
and Rural Support Programmers (RSPs). These sources were used to develop a socioeconomic
profile of the area and contextualize the impact of seawater intrusion in relation to past natural
disasters and climatic variations.

Socioeconomic Indicators

Socioeconomic characteristics of respondents were examined to assess their influence on
household vulnerability and food insecurity. Key indicators included family size, education,
household income, access to health facilities, food and non-food expenditures, housing,
agriculture and non-agricultural occupations, water supply, and sanitation.

Data Analysis
Quantitative data were entered in Microsoft Excel and analyzed using the Statistical Package
for Social Sciences (SPSS). Descriptive and inferential statistics were applied

Results

District Badin

The district derives its name from the headquarters town of Badin. District Badin is spread
over a geographical area of 6,726 square kilometers. The district is administratively divided into
5 talukas, 46 union councils, and 511 dehs. Two talukas of Badin district (Badin and Shaheed
Fazil Rahoo) are coastal, being geographically located on the eastern periphery of Sir Creek.

Table 1
Taluka-wise geographic area of the district Badin
S. No. Name of Taluka Areain (sq km)
1 Badin 1763.200
2 Matli 1056.480
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3 Shaheed Fazil Rahoo 1572.340
Talhar 804.127
5 Tando Bago 1513.640

Badin Taluka occupies the largest area (1,763 km?), followed by Shaheed Fazil Rahoo (1,572
km?). Together, these two coastal Talukas represent nearly 49 % of the district’s total area
(Table 1). Their economies are highly vulnerable due to the degradation of natural resources
such as land, water, and forestry.

Infrastructural Damages

Frequent natural disasters and reduced Indus River flows have facilitated significant seawater
intrusion reported up to 30-50 km inland. A 2001 survey by the Sindh Irrigation and Power
Department and the Board of Revenue found that in the Badin and Shaheed Fazil Rahoo Talukas,
10 dehs (35,785 acres) were completely eroded and 22 dehs (44,046 acres) were partially
affected by seawater [22].

Table 2
Land degradation due to Seawater intrusion in Badin
Taluka Total Total Area | Dehs Fully Eroded | Dehs Partially Total Area
Dehs (acres) (acres) Affected (acres) | Affected (acres)

Shaheed Fazil 102 440,504 1(6,772) 5(23,853) 30,625

Rahoo

Badin 140 352,681 4 (28,986) 6 (20,193) 49,179

Total 242 793,185 5 (35,758) 11 (44,046) 79,804

Socio-Economic Characteristics of Respondents

Demographic Profile

Table 3 presents the descriptive socioeconomic characteristics of the respondents. The
average age of respondents was 40.78 years (SD = 12.72), with a minimum of 20 years and a
maximum of 65 years. The average household size was relatively large, with 10.85 members per
family, ranging from 2 to 30 members. On average, households comprised 5.19 male members
(range: 1-14) and 5.66 female members (range: 1-16), indicating a slightly higher proportion
of females compared to males. The number of working members in each household was limited,
averaging only 2.19 members (range: 1-5). Thus, a relatively greater ratio of female members
was noted as compared to male members in our research study area.

Table 3
Descriptive socioeconomic characteristics of the respondents
Family size Average Minimum Maximum
Age 40.78 20 65
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Total family members 10.85 2 30
Male in Household 5.19 1 14
Female in Household 5.66 1 16
Working member in HH 2.19 1 5
Education

Education is considered as most important indicator for the socio-economic development
of any society. It is commonly believed that through the literacy ratio of any community, we
understand the social structure of that society. Results in the above figure (Figures 1 and 2)
reveal that the education level of respondents was recorded as 10.71% Bachelors (B.A. and
B.Sc.), 10.71% were intermediate, 12.5% were matriculation, 23.21% primary, and 42.86% of
respondents were illiterate in the study area.

Housing features

In rural areas, housing features reflect the economic dynamics of households with respect to
rural development. In this research, it is recorded that (Figure 1a and b) about 77% households
were dwelling in wood-made houses in our study area, where 12% people were living in semi-
kacha houses, while the rest, 5% in kacha houses, 4% in pacca homes, and 2% people were
residing in Jhopra houses.

() (b)

BA/Bsc,
1

Pacca
4% Sami kacha
12%
jhopra
2%

Intermediate,
10.71

Matriculation
,12.5

Figure 1. (a) Literacy ratio of respondents in percentage, (b) Household classification

Main sources of income

During the research study, it was noted that (Table 4) the coastal area peoples’ livelihoods
were mainly dependent on agriculture and livestock. In fact, fishing, wage labor, government
employment, and small-scale private business were partially sources of their income of study
area peoples. The Average/percentage households’ sources of income were agriculture 55.36
(55.83%), livestock 18.93 (19%), fishing 3.21 (3%), wage labor 10.71 (11%), government
employee 10 (10%), and 1.78 (2%) people used to do their own business.

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N23(152)/ 151
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



LA. Bozdar, R. Ahmed, A.B. Chachar, R.N. Malano, H. Magsi, A.A. Mahesar

Table 4
Primary and secondary Sources of income

Sources Percentage
Agriculture 46
Livestock 16
Fishing 3
Wage Labor
Government Employer 24
Business 2

Monthly income of respondents

[t was revealed that respondents relied primarily on agriculture and livestock as their major
sources of income, while other livelihood options such as fishing, wage labor, government
employment, and small-scale business played a relatively minor role (Table 5). Among all
income sources, agriculture contributed the highest share, with an average monthly income of
Rs. 9,412, ranging widely from Rs. 833 to Rs. 70,000. Livestock followed, contributing an average
of Rs. 2,275 per month. In contrast, fishing and wage labor generated relatively lower returns,
averaging Rs. 437 and Rs. 1,223 per month, respectively. Income from government employment
stood at Rs. 3,428 per month, while business activities contributed the least, with only Rs. 267
per month on average. These results highlight that agriculture remains the economic backbone
of the study area. However, the heavy dependence on low-return sectors such as wage labor
and fishing, coupled with minimal earnings from private business, reflects limited livelihood
diversification and weak entrepreneurial development, thereby exposing coastal households to
greater socioeconomic vulnerability.

Table 5
Monthly income of respondents

Sources Average Minimum Maximum
Agriculture 6500 833 70000
Livestock 2275 300 15000
Fishing 437 2500 15000
Wage labor 1223 1000 10000
Government Employee 3428 9000 25000
Business 267 1500 12000

Land holding and its use pattern

Pakistan is primarily an agricultural country, and rural communities largely depend on
farming for their livelihoods. In the study area, the majority of households were engaged in land
cultivation, making agriculture the dominant economic activity. The findings (Table 6) show
that, on average, households cultivated 25.47 acres (69%) out of a total 36.73 acres (100%)
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of landholding. However, approximately 7.92 acres (22%) of agricultural land have been lost
due to seawater intrusion, while an additional 3.33 acres (9%) remained fallow for various
reasons, such as lack of inputs, irrigation issues, or salinity problems. The landholding size
varied considerably among respondents, ranging from a minimum of 2 acres to a maximum of
200 acres per household.

Table 6
Land use pattern

Description Average Minimum Maximum SD
Total farm size 36.73 2 200 32.11
Cultivated 25.47 2 120 21.86
Fallow land 3.33 1 30 8.74
Seawater effected 7.92 6 80 13.64

Tenancy status

Field observations (Figure 2) revealed that the majority of respondents (76%) owned
agricultural land, which served as their primary source of income. In contrast, approximately
20% of households were tenants cultivating land on lease, while a smaller proportion (4%)
shared their land with neighbors either on a rental basis or under fixed-term contractual
arrangements.

Shared out
4%

76%

Figure 2. Tenancy status

Power sources

In rural areas of Pakistan, tractors have largely replaced bullocks as the primary source
of power for agricultural activities. Traditionally, bullocks played a vital role in conventional
farming systems, particularly for tillage and transportation. However, in the study area, the
results (Figure 3) show that 96% of households cultivated their land using rented tractors, while
only 2% owned tractors or relied on bullocks for land preparation and cultivation purposes.
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m Bullock = Own Tractor = Rented Tractor

Figure 3. Power sources

Animals kept by households

Livestock plays a crucial role in the national economy, contributing 53.2% to agricultural
value added and 11.4% to the national GDP during 2009-10 (GOP, 2013; SCCDP, 2012).
Findings from the field survey (Table 7) indicate that, in the study area, households owned on
average 2.32 sheep/goats and a similar number of buffaloes. The average number of cows was
1.82 per household, while the presence of bullocks and donkeys was negligible (0.01 each on
average). The number of livestock per household varied widely, ranging from a minimum of 1
to a maximum of 20 animals.

Table 7
Animals per household
Sources Average Minimum Maximum S.D
Sheep/Goat 2.32 1 15 7.92
Buffalos 2.37 1 15 8.32
Cow 1.82 1 20 7.55
Bullock 0.01 1 7.55
Donkey 0.01 1 7.55
Budget and expenditure

The analysis of household budgets provides insights into the income utilization patterns and
socio-economic priorities of rural families in the study area. Results show that food was the
dominant expenditure head, accounting for the majority of household spending. On average,
67% of total income was allocated to food items, leaving a relatively smaller share for education,
health, utilities, and other needs. Apart from food, significant expenditures were also made on
clothing, land preparation, and agricultural inputs such as fertilizers, insecticides, and seeds.
Less frequent but important expenditures included the purchase of agricultural implements,
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livestock, and house construction. Details of household major expenditures are presented in
Table 8.
Table 8
Household major Expenditures in general items

Particulars Frequency Ranking
Food 56 1
Clothing 56 1
Land Preparation 51 2
Fertilizer/Insecticide/Seed 50 3
Agriculture Implements 40 4
Animal Purchasing 5
House Construction 5

A more detailed breakdown of monthly expenditure indicates that the average household
spent Rs. 7,830.42 on food, Rs. 912.50 on education, and Rs. 767.85 on mobile communication.
Expenditure on health care averaged Rs. 558.92, while ceremonies and social functions
accounted for Rs. 730.35 per month. Expenditure on animal feeding (Rs. 428.57), utilities
(Rs. 303.57), travel (Rs. 502.85), and washing (Rs. 424.10) were also recorded. Non-essential
expenses, including junk food (Rs. 502.85) and smoking-related items, were observed in several
households. The details are summarized in Table 9.

Table 9
Household Food and Non-Food Expenditures per Month in Rupees

Particulars Average Minimum Maximum SD
Food 7830.4 3000 20000 407191
Education 912.5 200 6000 1405.1
Utility 303.57 200 2000 434.64
Health 558.92 200 2000 402.31
Junky 502.85 300 3000 699.09
Ceremonies 730.35 500 2000 731.01
feeding 428.57 500 10000 1723.52

Drinking Water 0.11 500 500 9292

Mobile 767.85 200 5000 913.19
Travelling 502.85 720 3000 950.91
washing 424.1 100 1500 236.53

Household Assets
The distribution of major household assets among the respondents. Electrical assets form
the largest share, accounting for 41 percent of total possessions, reflecting the importance of
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appliances such as fans, televisions, and other electronic equipment in daily life. Motorcycles
follow with 30 percent, indicating their role as a primary and affordable means of transportation.
Weapons make up 13 percent, suggesting that many households keep arms for protection or
cultural reasons. Jewelry represents 7 percent, serving both as an adornment and a form of
savings. Freezers account for 6 percent, highlighting limited cold-storage capacity, while motor
cars and tractors are least common, at only 2 percent and 1 percent respectively, showing
minimal ownership of high-value transport and agricultural machinery. Overall, the data reveal
a strong preference for practical assets that support mobility and household functionality, with
comparatively low investment in larger or more capital-intensive equipment (Figure 4).

Motor Cars
2%

Tractor

1%
Jewelry Freezer
7% 6%

Figure 4. Household & agricultural assets possessed by respondents
Basic amenities available to the households

Households were also asked to share their opinion about whether they are availing basic
facilities of life provided by the government. In response, most respondents reported that shops
and roads were available and ranked them first (Table 10). Moreover, the School ranked as 2nd,
Public transport as 3rd, Electricity as 4th, and Health center facilities on 5th ranking.

Table 10
Available basic facilities in the study area
Facilities Percentage Frequency out of 56 Ranking
Shop 73.21 41 1
Road 73.21 41 1
School 69.64 39 2
Public transport 66.07 37 3
Electricity 62.5 35 4
Health center 12.5 7 5
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Loaning and credit facilities availed by the respondents

One proverb is popular in our society for the farming community is “Born in debt, lives in
debt, and dies in debt.” This is a clear and pour picture of our country's farmer community. In
this regard, the respondents were asked to provide data on the credit sources, where in response
of the question, it is accounted that about 64% of respondents take loans from shopkeepers,
23% household from land lard, 9% from relatives, and 4% household depend on their friends
(Figure 5). They were further asked that why percent of interest (commission) those lenders
are demanding when you take loans from them, thus the response was 10% to 35% per year.

relative
9%
friends
4%

Figure 5. Credit facilities acquired by the respondents

Sea water intrusion impacts and food security challenges

This section is comprised over climate change impacts (in particular seawater intrusion) on
rural poverty, migration of the local population, and food security challenges. Therefore, this
study was designed to investigate that whether seawater intrusion in the coastal belts of Badin
District is causing food insecurity and rural unrest in the study area.

Opinions on Climate Change

Respondents were asked specific questions regarding resource degradation and its perce-
ived impacts on their livelihoods. The findings (Table 11) show that seawater intrusion and
unseasonal rains were identified as the most destructive factors, reported by more than 50
respondents and ranked first. Storms were ranked second, followed by rural migration (third),
high temperature (fourth), and heavy rainfall (fifth).

Table 11
Recent changes in the climatic felt by the respondents
Categories Frequency Ranking
Seawater intrusion increased 54 1
Unseasonal rain 54 1
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Storm 45 2
Rural migration 40 3
High temperature 38 4
High Rain 19 5

Major issues and challenges faced by the respondents in the study area

Food is a fundamental human need, yet food insecurity has become one of the most pressing
challenges in Pakistan, particularly in disaster-prone regions. The district of Badin has faced
six major natural disasters in recent years, which have severely affected the livelihoods of its
population. In this study, respondents were asked to identify the main issues contributing to
food insecurity in the region. Their responses were summarized in Table 12. Results in Table 12
expose thatnatural disasters remained the main causes of food supply and lower agricultural and
livestock productivity, followed by seawater intrusion, which has transformed agricultural lands
into barren and water-logged lands. Badin, being in lower repine, there is unavailability of fresh
water, which is ranked as 3rd and is pointed out by 45 respondents. Besides that, unemployment
is also highlighted and ranked as 4th, which has lowered the income of the local population and
caused starvation among many families, which is of course the result of a low level of education
among them. Some of the households also signaled that in rainy seasons, the Left Bank Out-fall
Drain (LBOD) has flowed inversely (from tell to head) and caused floods to local communities of
Badin, which has not only washed their resources but also forced the local population to migrate
from the region. A few of the households have also highlighted that food supply is in efficient in the
region because of poor infrastructure and high prices of the food items.

Table 12
Main issues faced by the respondents in Badin and Shaheed Fazil Rahoo Talukas

Categories Frequency Ranking
Natural disaster 56 1
Seawater intrusion 51 2
Fresh water 45 3
Unemployment 37 4
Education 37 4
LBOD 27 5
High prices of food items 19 7
Infrastructure 19 7

Discussion

The findings of this research clearly indicate that seawater intrusion (SWI) is a major driver
of rural poverty, food insecurity, and migration in the coastal belt of Badin District. The illiteracy
rate in the study area was recorded at approximately 43 percent, which is lower than the
national literacy level of around 50 percent [23]. With more than half of the respondents (55%)
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engaged in agriculture and 19 percent in livestock rearing, it is evident that agriculture remains
the backbone of the local economy. However, the average monthly household income was only
Rs. 17,042, reflecting limited economic opportunities. Landholding patterns further reinforce
inequality; although the average household owned 36 acres of land, with holdings ranging
between 2 and 200 acres, this distribution is highly skewed. As highlighted by Hashmi [24],
nearly 80 percent of agricultural land in Pakistan is controlled by just 5 percent of landlords,
leaving smallholders and tenants highly vulnerable. In the study area, 76 percent of respondents
reported owning land, while 20 percent were tenants.

The analysis also revealed the weak infrastructure and limited access to social services in
coastal communities. Most householdslived in wooden houses (77%) with an average household
size of ten members. While basic facilities such as roads, schools, public transport, electricity,
and shops were available in some villages, access to healthcare centers, drainage, and water
supply systems remained inadequate [22]. To sustain livelihoods, 96 percent of respondents
relied on rented tractors for cultivation. Livestock assets were minimal, averaging two goats/
buffaloes and one cow per household. A critical challenge observed was the degradation of
natural resources due to seawater intrusion. Approximately 22 percent of cultivated land had
become degraded and barren because of rising salinity and waterlogging. This has directly
reduced crop productivity, undermined the food supply, and pushed households deeper into
poverty. Since agriculture is the dominant livelihood, the decline in cultivable land translates
into lower incomes and higher levels of unemployment. Consequently, rural households are
increasingly dependent on credit, primarily obtained from shopkeepers (64%) and landlords,
often at exploitative terms.

The impacts of seawater intrusion are compounded by recurrent natural disasters such
as floods, storms, and heavy rains. Respondents identified SWI, unseasonal rains, and storms
as their primary sources of unrest, noting that these hazards not only destroy crops but also
damage infrastructure and homes. Natural disasters were ranked as the leading cause of food
insecurity, followed by seawater intrusion and lack of freshwater availability. The Left Bank Outfall
Drain (LBOD) was highlighted as another critical challenge. Initially designed to lower the water
table and salinity in upper Sindh, the project failed due to flawed design and frequent natural
disasters. Instead of draining into the sea, brackish water accumulated in agricultural fields and
water bodies of Badin, leading to widespread land degradation and crop losses. In 2003, the failure
of LBOD caused the destruction of millions of acres of cultivated land. Even today, during floods,
the drain continues to overflow, causing extensive damage in the district. Nearly 50 percent of
respondents considered LBOD to be one of the most pressing problems in the region.

The socioeconomic implications of these environmental and infrastructural challenges are
severe. Households reported an average monthly expenditure of Rs. 16,072, mostly on food
(67%). Limited income opportunities, coupled with high expenditures, leave families with
little scope for savings. In fact, food insecurity is escalating in Badin’s coastal belt due to the
unavailability of freshwater, degraded land resources, and rising food prices. Similar to other
food-insecure regions such as Tharparkar, households in Badin are increasingly unable to meet
their nutritional needs [25]. Migration is becoming a coping strategy; the study documented
that 117 households had already migrated from just four union councils of Badin and Shaheed
Fazil Rahoo talukas due to declining agricultural opportunities and lack of basic amenities. This
trend poses alarming implications for rural stability, as migration disrupts social networks,
increases urban poverty, and exerts pressure on urban infrastructure.
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The study also underscores the larger context of climate change. Pakistan’s agrarian
economy is highly sensitive to rainfall variability, temperature fluctuations, and monsoon
patterns. Seawater intrusion, unseasonal rainfall, and heatwaves collectively threaten
agricultural production, livestock, forestry, and overall food security [26]. Previous studies
suggest that simulation models, statistical approaches, land-use change analyses, and agro-
climatic indicators can be used to assess and predict these impacts [27]. In this context, the
challenges faced by Badin reflect broader national vulnerabilities to climate change and
environmental degradation. Based on community feedback, several recommendations emerged
for the sustainable development of the coastal belt of Badin. These include ensuring the release
of sufficient freshwater downstream of Kotri Barrage, effective management and redesign of
the LBOD system, reinforcement of embankments with stone pitching to prevent seawater
intrusion, and stricter regulation of industrial effluents such as wastewater from sugar mills.
Respondents emphasized that without urgent interventions, the combined effects of seawater
intrusion, natural disasters, and poor resource management would continue to exacerbate
poverty, migration, and food insecurity in the region.

Conclusion

This study demonstrates that seawater intrusion has critically undermined the socioeconomic
fabric and food security of coastal communities in Badin. Agriculture remains the primary
livelihood, with more than half of households engaged in farming and one-fifth in livestock
rearing; however, 22% of cultivable land has been degraded by seawater intrusion, forcing
many households to abandon farming or migrate. Livestock ownership remains modest (about
two goats/sheep, two buffaloes, and one to two cows per household), yet feed scarcity due to
salinity further limits productivity.

Households reported low literacy (43%), high dependence on rented machinery (96%),
and limited incomes averaging Rs. 17,042 per month, barely sufficient to meet expenditures.
Housing conditions are poor, with the majority (77%) living in wood-made houses, and the
average household size is large (10 members). Migration of 117 households from four union
councils illustrates the increasing unviability of farming-based livelihoods. Overall, seawater
intrusion, coupled with poor water management and inadequate infrastructure, is driving
poverty, livelihood insecurity, and food shortages in Badin. Without immediate interventions
such as the release of freshwater downstream of Kotri, improved management of the Left Bank
Outfall Drain, and protective embankments, food security and rural livelihoods in the coastal
belt will remain under severe threat.
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TeH{i3 CybIHBIH, »KaFaJjiayAaFbl arpo3KoXKyliegepre eHyiHiH GMOJIOTUSJIBIK »KOHE J/IeYMETTiK-
3KOHOMUKAJIBIK, Ca/1IAaphbl

U.A. Bo3aap!, P. Axmea!, A.B. Yauap*!, P.H. Manano?, X. Marcu?, A.A. Maxecap?
LAybin wapyawbiabiFbl 3KOHOMUKACH! KAgedpachl, ayblAWapyaiblablk a1eyMemmik Fblibimoap
dakyabmemi, CuHd ayblawapyablasbiK yHugepcumemi, Tandoscam, [lakicman

Anpgarna. TeHi3 cybinbiH enyi (TCE) I[MokicTaHHbIH, BauH ayqaHbIHBIH KaFajay adiMaFbliH/Ia MaHbI3/Ibl
3KOJIOTHSIJIBIK YKOHE 9JIeYMeTTiK-9KOHOMUKAJIBIK, MaceJiere aiHalAbl. bys 3epTTey yi IIapyallblIbIFbIH
cayaJlHaMaJlap MeH 9JIeyMeTTiK-3KOHOMUKAJBIK MPOPUJIb/EY apKblibl aybLIJaFbl 6Mip Cypyre, a3bIK-
TYJIK Kayinciszirine »xoHe kewi-KoHra TCE acepin 3epTTeifi. HoTrxkenep aybla mapyallblIbIFbIHbIH,
Heri3ri KyHKepic ke3i 6oJiblll Kajsa OGepeTiHiH KepceTTi, pecnoHAeHTTepAiH 55%-bl aliHa/IbICAAbI.
Anaijia, TY1bI Cy/IbIH a3alobl )K9HE TOMbIPAKThIH COPTaHAaHYbl 6HJeJeTiH )epJepAiH 22%-Fa )KybIFbIH
HallapJaThl, ericTik eHiM/iIiri MeH MaJsl 6acblHbIH, a3aloblHa 9KeJi/i. YU 1apyaliblIbIFbIHbIH, OpTalia
alnbIK Tabbichl (17 042 pynuit) weiFbicTapgad (16 072 pynuii) apeH, aceln Tycefi, 6y oT6acbliapibl
as3bIK-TYJaiK Kayimncisfirine eTe ocan eTefi. Hamap uH$pakypblibiM, MeJULIMHAJIBIK, KOMEKKE >KoHe
Kayilci3 cyFa KoJ1 KeTIMAIIKTIH, leKTe yi >KoHe Nai/ia/laHaTblH HecHe Kyieci KeelJIiKTi ofaH api
YIIBIKTbIPa/ibl. TaOUFU aniaTTap, COHBIH, illliH/le CY TaCKbIHBI, Me3riJici3 )kaHObIpJap MeH Jayblagap TCE
dcepiH KyllelTei, ai akayJibl coJl xKaFasayarsl gpeHax xkyheci (CXKK) »kepiH TO3ybIH KoHe eTiHHIH
»KOFa/lyblH KyuelTTi. HaTuxkeciHze Kelli-KOH »XeHy cTpaTerusicblHa aiHaJAabl xaHe 100-7eH acTam
y# IIapyallbLIbIKTaphl ayblILIapyallblIblK MYMKiHJAIKTEpiHIH TeMeHJeyiHe OalJaHBICThI 3apjan
IIEKKEeH KocCinoAaK KeHecTepiHeH KOHBIC ayfapyfa MaxoOyp 6osabl. 3eptTey TCE TeK 3KOJIOTHUSIBIK
npo6JieMa FaHa eMeC, COHbIMEH KaTap 9JIEyMeTTiK-3KOHOMHUKAJBIK TYPaKChI3/IbIKTbIH, KeJIEUTIKTiH
»K9He aybl/I/IaH KaJlaFa Kellli-KOHHBIH ApaiiBepi ekeHiH kepceTei. TCE acepiH a3ailTy *koHe a3bIK-TYJIiK
KayincisziriH KaMTamMachI3 eTy YIIiH INYFbLI casgcaT lapajapbl KAKeT, MbIcasibl, KOTpu 6ereTiHeH TeMeH
Kapail peTTeJieTiH Ty1bI cyAbl wbiFapy, CXK/XK KannbiHa KeTipy, 66TeTTi HBIFAUTY *K9HEe 6HEepPKaCINTiK
aFbIH/Ibl CyJapAbl KaTaH Oackapy. bysn TyXKblpbiMJap KJUMAaTThIH, e3repyiHe 6ediMjenyai, cy
pecypcTapbiH TYPaKThl 6acKapy/bl 2K9He KaybIMJACTBIKThIH TYPaKThIIBIFbIH KaFa/iay/bl JaMbITYJbIH
YJITTBIK CTpaTerusapblHa eHri3yAig WYFbLI KK TTIJIIrH KepceTesi.

TyiiH ce3aep: TeHi3 CybIHBbIH €Hyi, a3blK-TYJiK Kayinci3ziri, xafanaygarbl eMip cypy Kypaajapsbl,
epAiH ferpagaunudacel, bagus ayganel, CuH/,

BuoJsioruyecKke U COMa/IbHO-3KOHOMHYECKHE MOC/IeJCTBUS HHTPY3UH MOPCKO BOJbI
B IPHGPEKHBbIE arPO3KOCHCTEMBI

H.A. Bo3aap!, P. Axmea!, A.B. Yauap*!, P.H. Manano?, X. Marcu?, A.A. Maxecap?
Kagedpa azpapHotl skoHomuku, Dakysbmem azpapHulX COYUAILHBIX HAYK, CeabCKOX035UCcmaeHH bl
yHugepcumem Cunda, Tandodaxcam, llakucmau

AnHoTanusa. UHTpysusa mopckoil Bogbl (MMB) cTraso KpUTHYECKOH 3KOJIOTMYECKOW M COIIUaIbHO-
3KOHOMHUYECKOU Mpo6JieMoil B mpubpexkHOH 30He okpyra bagun, [lakucraH. B JaHHOM Hcc/ie0BaHUA
u3ydaercsd BiusHue HMMB Ha Ku3HeobGecrnedyeHUE CeJbCKOr0 HacCeJIeHHs], MPO/0BOJbLCTBEHHYIO
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LA. Bozdar, R. Ahmed, A.B. Chachar, R.N. Malano, H. Magsi, A.A. Mahesar

6€e30MaCHOCTb M MUTPALUI0 MOCPEJCTBOM ONPOCOB JOMOXO3SIMCTB U COIUAJTbHO-3KOHOMUYECKOTO
npoduarpoBaHus. Pe3ysbTaTbl MOKAa3bIBalOT, YTO CeJbCKOE XO3MCTBO OCTAeTCd OCHOBHBIM
HWCTOYHHUKOM CYIIeCTBOBAaHUS, 3aHUMasACh 55% peCcnoH/IEHTOB, OJHAKO COKpallleHHUe JOCTYNHOCTU
IpeCcHOM BO/Ibl U 3aCOJIEHHE MOYB MPUBEJH K Jlerpafaluu nouTH 22% o6pabaThiBaeMbIX 3eMeJlb, YTO
IIPUBEJIO K CHIKEHUI0 YPOXKAWHOCTH CeJIbCKOXO3SWCTBEHHBIX KYJbTYP U COKpAIleHHUI0 MOr0JIOBbSA
ckora. CpegHeMecAYHBbIN f0X0/ AoMoxo3sicTBa (17 042 pynuu) efBa mpeBbliliaeT pacxoznl (16 072
PyIUU), YTO JleJlaeT CeMbU KpaiiHe YS3BUMbIMU K OTCYTCTBHUIO PO 0BOJIbCTBEHHON (G€30MaCHOCTH.
HepasButass MHPpacTpyKTypa, OrpaHUYEHHBbIA AOCTYN K 3/[paBOOXpPaHEHHI0 W 0e30MacHOH BoJe,
a TaKXe 3KCIJIyaTaTopcKasi KpeJuTHasl CUCTeMa elle 6oJiblle ycyry6/sioT 6efHOCTb. CTUXHUIHBbIE
6e/ICTBUs, BK/II0Yast HABOIHEHM 1, HECE30HHbIE JI0XK/IU U I TOPMBI, yCyTyOIsAI0T nocaeAactBus UMB, B To
BpeMs KaK HeUCIIpaBHas cucTeMa jeBobepexxHoro ctoka (CJIC) ycuinia erpaZjanuio 3eMeJib U IOTEPU
ypoxasi. B pesysbraTe MuUrpanus crajaa aJJanTUBHOU cTpaTeruel, U 6osee 100 Jo0MOX034AUCTB GbLIN
BbIHYK/I€HbI N1epeceJINThCS U3 MOCTPaAaBLINX COIO3HBIX COBETOB M3-3a COKpAIlleHHUs] BO3MOXKHOCTEHN
JUIS BeIEeHUS CeJIbCKOTO X035 CcTBa. B vcciienoBanuy noauepkuBaetcs, ytTo UMB sBisieTcs He TOBKO
3KO0JIOTUYECKOM MPo6JieMOH, HO U GaKTOPOM COI[HATbHO-I9KOHOMUYECKON HECTAOUIBHOCTH, 6€THOCTH
¥ MUTPAIMU U3 CeJIbCKOW MeCTHOCTU B ropoja. [l cMardeHus nocaeactBuii UMB v obecneyeHus
IPO/I0BOJIbCTBEHHOM 6€30MaCHOCTH HEOOX04HMbI CPOUYHbBIE MEPHI TOJIUTHKY, TAKHE KaK PeryJnpyeMbli
cOpoc TmpecHOW BOJIbl HMXKe MO TeyeHHWI0 OT MaoTHHbI KoTpu, BoccraHoBieHue CJIC, ykpernieHue
JaMObl U 60Jiee CTpoOroe ynpapJjeHHe NPOMbILIJIEHHBIMU CTOKAaMHU. JTH Pe3yJbTaThl MOLYEPKHUBAIOT
HACYI[HYI0 HEOOXOJUMOCTb UHTErpaly Mep IO aJanTallid K U3MeHeHHUI0 KJIMMaTa, YCTOWYHUBOTO
yHpaBJeHUs1 BOAHBIMU PECYPCAMU M YCTOMUUBOCTH COOOIIECTB B HALMOHAIbHBIE CTPATETUH PA3BUTHSA
NpUGpPEXHBIX PAHOHOB.

Kniwo4yeBble c/0Ba: MHTPY3UsT MOPCKOH BOJbI, NMPO/OBOJILCTBEHHAs Ge30MaCHOCTb, MPUOPEXKHbIE
WUCTOYHUKM CYLeCTBOBAaHUS, ZIerpaJiaius 3eMeJib, okpyT baauH, CunH
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